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PROCEEDINGS OF THE THIRTY-FIRST ANNUAL CON- 
VENTION OF THE ASSOCIATION OF OFFICIAL 

AGRICULTURAL CHEMISTS, 1914. 

THIRD DAY. 

WEDNESDAY—MORNING SESSION. 

No report was made by the referee on the general subject of separation 

of nitrogenous substances. 

REPORT ON SEPARATION OF NITROGENOUS SUBSTANCES 
(MILK AND CHEESE). 

By Leroy S. Patmer (Agricultural Experiment Station, Columbia, Mo.), 
Associate Referee.} 

The referee on separation of nitrogenous substances (milk and cheese) 

was appointed in March to fill the vacancy due to the resignation of O. 

B. Winter, and there was not time for definite coéperative work before 

the close of this fiscal year. 

No recommendations have been made since 1911 and, as far as could be 

learned by the associate referee, no work has been done along the line of 

the separation of the amino acids in cheese recommended at that time. 

It was decided, therefore, with the consent of the referee on the separation 

of nitrogenous substances, to lay plans for taking up work of a more gen- 

eral nature, where it was felt there was some need. 

The associate referee has been impressed for some time with the need of 

a careful study of the determination of the so-called albumin of milk, lead- 

ing if possible to the adoption of an accurate, reliable method, and, as as- 

sociate referee, at once saw the opportunity of obtaining the codperation 

of the association in this subject as no official method has ever been 

adopted. L. L. Van Slyke, who devised the present provisional method, 

as referee in 1908, recommended for study during the following year the 

selection of an official method for the determination of milk albumin. 

The recommendation either was not approved or did not come up in time 

for approval. Further evidence of need along this line is shown by the 

frequently recurring articles in the chemical journals, of improved methods 

1Presented by P. F. Trowbridge. 



2 ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS [Vol. II, No. 1 

for milk albumin. One which appeared during the past year! pointed 

out the varying results obtained by the provisional method of this asso- 

ciation. ‘To obtain further evidence a letter was sent to the chemists who 
had indicated their willingness to codperate in the milk and cheese pro- 
tein work containing the following inquiries: 

1. Do you use the provisional method of the Association of Official Agricultural 
Chemists for milk albumin? 

2. If so, do you find it entirely satisfactory? 

3. If not, what modification do you use and what is its basis? 

Three of the four codperators replied as follows: 

R. E. Stallings: We use the provisional method in this laboratory. 
C. O. Swanson: We do not find the provisional method for milk albumin satis- 

factory because it is almost impossible to get constant results. The amount of al- 

bumin obtained depends to such a large extent upon conditions of temperature, 

time of heating, and the personal equation that it is very difficult to get comparative 

results. We have not worked out any modification of the method. 

A. W. Bosworth: We use the provisional method for the determination of albumin 

in milk. The method originated in this laboratory and, although it is not entirely 

satisfactory, it seems to be the best one available. 

It is now purposed to make some recommendations to the association 
in regard to milk albumin, but before doing so attention is called to a 

point in the nomenclature of the milk proteins, especially in regard to the 

so-called albumin. To any one familiar with the composition of milk it 

is obviously not strictly correct to call the heat-coagulable protein of milk, 

albumin, when there is recognized in milk the presence of a heat-coagulable 

globulin which is precipitated with the albumin in the present provisional 

method. It has always seemed that the more correct nomenclature of 

the milk proteins, as determined by the present methods, should contain 

the terms casein and heat-coagulable proteins (albumin and globulin) in 

place of the present terms casein and albumin. 

If the association approves the recommendation to make studies leading 

to the selection of an official method for milk albumin, the question arises 

as to the definition of the term albumin, whether strictly as lact-albumin, 

or in the sense in which it is used at present, that is, heat-coagulable pro- 

tein. The associate referee is inclined to think that a separate determina- 

tion of albumin and globulin would not be wise, but that better success 
lies in the improvement of the present provisional method for the so- 

called albumin. Should the association agree, it is suggested that the 

matter of changing the nomenclature be taken up with the view of indi- 

cating the correct character of the protein obtained on coagulation with 

heat. 

1 J. Ind. Eng. Chem., 1914, 6: 573. 
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Another matter concerning the milk proteins that is believed would be 

profitable for the association to consider is the selection of official methods 

for the determination of the protein substances in milk other than casein 

and the heat-coagulable albumin and globulin. Reference has not been 
made to all the association reports, but in 1901 Mr. Le Clerc, referee on 

dairy products, called attention to the fact that the protein substances 

in milk, not precipitated by acetic acid or heat, amount in many cases to 

from 10 to 12 per cent of the total protein. Mr. Le Clere urged at that 

time that some attention be given to the determination of these bodies. 

The determination of these substances which we recognize as caseoses, 

albumoses, globuloses, peptones and other protein-like substances and ni- 

trogenous extractives, is important not only because of their presence in 

fresh milk, but especially because of their increase in milk after it is drawn, 

due to the action of proteolytic enzymes. A study! of their relative pro- 

portion in milk of various states of freshness and under other conditions 

leads to important results from the standpoint of the nutritive value of 

the milk. While it would probably not be feasible for the food chemist 
to go into the separation of the individual members of this group of sub- 

stances, it would be a very simple matter to separate them into two groups: 
namely, (1) the proteoses and peptones; and (2) the remaining nitroge- 

nous substances, which might be called residual proteins. Such a separa- 

tion is readily made by tannic acid. A number of analyses made in this 

manner have shown that tannic acid divides the non-casein non-heat- 

coagulable proteins into approximately equal parts, both of which are 

usually greatly increased in old milk. 
In conclusion attention is called to the fact that studies in the preserva- 

tion of milk for chemical analysis, which have long been of interest to this 

association, are often useless inasmuch as the methods for the analysis 

of the proteins remain unsatisfactory. It is urged, therefore, that the 

association take up these matters for study. The following recommen- 

dations are accordingly offered for approval. 

RECOMMENDATIONS. 

It is recommended— 
(1) That the nomenclature of the so-called albumin of milk be changed 

to heat-coagulable proteins (albumin and globulin) in order that the true 

character of the protein thus obtained be shown. 
(2) That studies be made leading to the adoption of an official method 

for the determination of the heat-coagulable proteins (albumin and globu- 

lin) of milk. 

(8) That studies be made leading to the adoption of methods for the 

determination of the proteoses, peptones, and residual nitrogenous sub- 

stances in milk. 

1 J. Biol. Chem., 1913, 16: 331. 
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THE SO-CALLED NEUTRALIZATION PRECIPITATE OF COWS’ 
MILK. 

By Leroy 8. Patmer (Agricultural Experiment Station, Columbia, Mo.). 

Van Slyke and Hart,! in 1903, called the attention of this association to 

the fact that the filtrate from the acetic acid precipitation of the casein 

of cows’ milk (by the official association method) gives more or less of a 

precipitate on neutralization. -They stated that this precipitate usually 

amounted to 0.1 per cent of casein. The explanation offered for this phe- 

nomenon was as follows: When cows’ milk is treated with 1.5 per cent 

acetic acid, as in the official method, the precipitate formed is wholly 

casein-diacetate. A small portion of this is dissolved by the excess acetic 

acid used and reappears when its solution, the filtrate from the casein 
precipitation, is neutralized. Whether this neutralization precipitate is 

in the form of casein or its acetic acid compound was not stated. 

Later work by Van Slyke and Van Slyke? on the action of dilute acids 

upon casein, would indicate that this explanation requires some modifica- 

tion. These investigators definitely showed that casein does form acetic 

acid, as well as other acid compounds, which are somewhat soluble in an 

excess of the acid used. That these acid compounds are of a definite 

character, however, was not borne out by the investigation. They ap- 

peared to be adsorption compounds rather than chemical combinations. 
It was also shown that the acid-casein compounds, when in solution, 

give up their acid on neutralization. It would appear from this that the 

neutralization precipitate, if it arises from an acid-soluble casein-acetate, 
should be free from acetic acid. 

Interest in the so-called neutralization precipitate grew out of its in- 

variable appearance, in greater or less amount, in some studies of new 

methods for the determination of the heat-coagulable proteins of cows’ 

milk, in all of which the casein was first removed by acetic acid. It seemed 

possible that the protein character of the neutralization precipitate, as 

indicated by the previously mentioned work, might have a bearing on the 

determination of the casein or the heat-coagulable proteins. 

Van Slyke and Van Slyke showed that the precipitate, obtained on care- 
ful neutralization of solutions of casein-acid compounds, had all the prop- 

erties of casein, being readily soluble in an excess of alkali, and reappearing 

again on neutralization. They also found that the precipitation of the 

casein on addition of alkali was practically complete before the neutral 

point was reached, but could be prevented entirely if the alkali was added 
rapidly. 

1 Bur. Chem. Bull. 81, p. 91. 
2 Am. Chem. J., 1907, 38: 383. 



1916] PALMER: NEUTRALIZATION PRECIPITATE OF COWS’ MILK 5 

A brief study of the properties of the neutralization precipitate obtained 

on addition of sodium hydroxid to the casein filtrate showed that it also 

possessed the property of being precipitated before neutrality was reached, 

and of dissolving again on addition of acid. It was not found possible, 

however, to bring about a solution of the precipitate in sodium hydroxid. 

This insolubility in sodium hydroxid did not appear to be affected in any 

way either (a) by the manner of adding the alkali, whether rapidly or 

drop by drop, or (b) by the amount of sodium hydroxid added, or (ce) 

by the temperature of the solution. In fact practically no solution 

occurred even on long boiling in sodium hydroxid solution. This treat- 

ment, however, resulted in rendering some of the precipitate insoluble in 

acetic acid. 

The question at once arose, is the so-called neutralization precipitate 

casein? 

As a preliminary investigation, casein was prepared from milk by the 

addition of acetic acid, according to the method used by Van Slyke and 

Van Slyke. Solutions of this casein and also of Merck’s c. p. casein (ac- 

cording to Hammarsten) were made in sodium hydroxid and in glacial 
acetic acid. These solutions were then neutralized with acetic acid and 

sodium hydroxid, respectively, and the casein precipitated from the neutral 

solutions by acetic acid under conditions as nearly identical as possible 

with those which apparently cause the formation of the neutralization 

precipitate in the case of milk. The filtrates were then examined for 

neutralization precipitate. None was found in any case. 

This result also throws great doubt upon the supposition that the neu- 

tralization precipitate is casein. On the other hand, the properties of the 

neutralization precipitate already described were so suggestive of tri- 

calcium phosphate that a calcium and phosphorus analysis seemed war- 

ranted. For this analysis the neutralization precipitate was isolated from 

one liter of skim milk as follows: 

One liter of fresh skim milk was diluted with one-half liter of water, and 150 cc. 

of 10 per cent acetic acid added, the diluted milk being at a temperature of 40°C. 

After cooling, the casein was filtered off. Several filtrations were required to get 

a clear filtrate. Sodium hydroxid solution (10 to 20 per cent) was now added to the 

filtrate to a faint alkaline reaction (to phenolphthalein). A heavy flocculent pre- 

cipitate appeared. It was filtered off, washed somewhat with water, and then sus- 

pended in water to which 40 cc. of 10 per cent acetic acid had been added. All but 
traces of the precipitate dissolved readily in this solution. The acid solution was 

now placed on the steam-bath for an hour and then boiled for several minutes. The 

coagulated proteins thus formed were removed by filtration. The filtrate was 

treated with 10 to 20 per cent sodium hydroxid solution to faint alkalinity. A 
heavy flocculent precipitate came down, most of it before the neutral point was 

reached. The neutralization precipitate was filtered off, washed thoroughly on 

the paper, and then suspended in water and dissolved by the addition of dilute 
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acetic acid. Sodium hydroxid was added to this solution, bringing about repre- 

cipitation. This precipitate was washed many times by decantation. It was 

finally dried on a porous plate in the electric oven at 105°C., yielding a fine, pure white 
powder, which was dried to constant weight at 105°C. before analysis. About 1.8 

grams of dry material were obtained, no allowance being made for losses in isolation. 

The results of the analysis of the neutralization precipitate are here given. 

On ignition at red heat it gave off water and blackened. After burning 
off the carbonaceous matter the ash was analyzed for calcium and phos- 

phorus. 
Per cent 

Total'loss on ignitions: . ccs. es eee oe erica Seer 16.92 
Water lostionitgnition: <<. 5.cen sece cree ee ce oe oe a oiele oe Onna 6.95 
Nitrogen in dry substancewas-- ae eee eee eee eee 0.46 
Caletumin‘ash’: «:/s:c22oe eee eee ee Ene eee eer ee 36.16 
Phosphorus‘in' ash... 4. {caste eer eee ace oe eos e eee 21.12 

The results were found rather difficult to interpret because of the large 

loss on ignition. A calculation based on the results obtained, however, 

shows that a mixture of 72.5 per cent of Ca3(POx)2, 24.5 per cent of CaHPOs,, 

2 per cent of H.O and 2.8 per cent of protein (caseinor albumin) would 

give results conforming very closely to those obtained. The relation be- 

tween the theoretical analysis of such a mixture and the results found is 
indicated in the following table: 

Theoretical Found for 
mizt re  neutralizatimn precipitate 
per cent per cent 

@aletumes? Sk fone Ot ORE eR EOE eee = 68)55 32.60 
PHOSPHOLus is. .)o/2 cictorecie eictelesoe oteserels eater en eee 19.55 19.10 
Waterlostion ignition... cle wee sto dessin eee 6.57 6.57 
INDtrOpeN Ses sects. se cic inc ae eee Oe Pete cee eee 0.46 0.46 

If the protein in the precipitate be considered as casein, the relation be- 

tween the theoretical results obtained from the ash of such a mixture and 

the results obtained for the neutralization precipitate would be those given 

in the following statement: 

ASH ANALYSIS. 

Theoretical mixture Neutralization precipitate 
per cent per cent 

Calcium sto. 2 acer ho een ae OEE POE 36.18 38.45 
Phosphorus << oii: Si actac saa ee ee eee 21.138 22.58 

The greater difference in this case is due to the unexplained loss on 

ignition. 

These results make untenable the previously advanced explanation of the 

origin and character of the so-called neutralization precipitate of cows’ 

milk. Instead of being a portion of the casein which has been dissolved 

by the excess of acid used, it appears to be almost entirely a mixture of di- 
and tricalcium phosphates. Whether the protein obtained in the analyses 

is a contamination or an essential part of the precipitate is not apparent. 
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It may be stated, however, that the method of isolation would seem to 

preclude a protein contamination, which is also borne out by the ready 

solubility of the isolated precipitate in acetic acid. 
The source of the neutralization precipitate is a question of considerable 

interest, especially since some evidence can be presented in regard to it. 
Lindet! has recently shown that casein, which has been precipitated from 

cows’ milk by rennet, will yield CaO and P:O; on treatment with dilute 

acetic acid, equivalent to 3.45 per cent Cas3(PO,)2 and an additional 1.84 

per cent CaO. Since this result is obtained merely by washing with 

dilute acid, it would seem that the explanation of the origin of the cal- 

cium phosphate of the neutralization precipitate is very simple. It is 

possible, of course, that some of the calcium phosphate, especially the 

dicalcium phosphate, may result from preéxisting phosphates in the milk 

serum. In view of Lindet’s results and the fact that it was not found 

possible to bring about a further liberation of calcium phosphate (neu- 

tralization precipitate) from casein which had been thrown down by acetic 

acid, it would seem to be a very easy matter to demonstrate whether the 
source of the neutralization precipitate is the caseinogen of the milk or 

preéxisting phosphates of the serum, or whether it arises from both of these 

sources. According to Lindet’s results, casein precipitated by rennet 

should yield a neutralization precipitate after treatment with acetic acid; 

and if this is the only source of the neutralization precipitate, the filtrate 

from the rennet coagulation should yield no neutralization precipitate. 

In the acetic acid coagulation of casein, the filtrate from the coagulation 

of the albumin and globulin by heat will usually show the neutralization 

precipitate as readily as the filtrate from the casein coagulation. 

No difficulty was experienced in showing the absence of neutralization 

precipitate in the filtrate from the rennet coagulation of casein, either be- 

fore or after coagulation of the albumin and globulin with heat. On the 

other hand, neither was it found possible to show that rennet-coagulated 

casein will yield a neutralization precipitate after treatment with acetic 

acid. In this study practically the same procedure was followed as in the 

previous study of the acid-coagulated casein, with the exception that 

ammonium hydroxid? was used for the alkaline solvent in place of sodium 

hydroxid. Calcium phosphate being somewhat soluble in ammonium ace- 

tate solution, it was necessary in this case to remove the ammonia by 

distillation in the presence of fixed alkali, before testing for the neutrali- 
zation precipitate. 

The explanation of this result is not apparent. Possibly the condi- 

tions were not right, or the calcium phosphates obtained in the usual 

1 Proc. 8th Intern. Cong. Appl. Chem., 1912, 19: 199. 
_? Lindet states that rennet-coagulated casein dissolves in ammonium hydroxid 

without liberation of calcium phosphate. 
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neutralization precipitate are the result of a chemical reaction and not of a 

mere washing with dilute acetic acid. Even then, it is not apparent 
why a repetition of Lindet’s work did not yield a precipitate of calcium 
phosphate on neutralization. 

CONCLUSIONS. 

(1) The so-called neutralization precipitate obtained from the filtrate 

of the acetic acid coagulation of cows’ milk appears to be largely a mix- 

ture of di- and tricalcium phosphates. The precipitate isolated in this 

study was mixed with a small proportion of protein, probably casein 

or albumin, either as a contamination or as an essential part of the 

precipitate. 

(2) The origin of the calcium phosphates of the neutralization precipi- 

tate would presumably be largely the caseinogen of the milk, but attempts 

to show this fact, using casein coagulated by rennet, have so far been 

unsuccessful. 

(3) The very small amount of protein contained in the neutralization 

precipitate precludes its being an important factor in the determination 

of casein or the heat-coagulable proteins. 

REPORT ON DAIRY PRODUCTS. 

By Lewis I. NuRENBERG (State Board of Health, Boston, Mass.), Referee.* 

The following recommendations were made for collaborative work: 

(1) That the copper sulphate method of preparing milk serum be studied with a 

view of its adoption as an optional provisional method. 

(2) That the Harding-Parkin method for fat determination be studied in com- 

parison with the present official and provisional methods. 
(3) That in U. S. Bur. Chem. Bull. 107, Rev., p. 122, after the paragraph on 

Cream, the following paragraph be inserted under the heading ‘‘Condensed Milk 

(Unsweetened)’’: ‘‘Dilute 40 grams of the homogeneous material with 60 grams of 

distilled water, and proceed as directed under ‘Milk’, and correct the results for 
dilution’’; and that the word “‘Sweetened”’ be inserted before the word ‘‘Condensed’”’ 

in the subsequent heading. 

(4) That subjects now under consideration be given further study. 

No work on the copper sulphate method has been reported to the asso- 

ciation since 1909. In the study of the copper sulphate method it was the 

referee’s idea to collect and compile figures from all available sources. 

Twenty-two letters were sent out to the various food and dairy depart- 

ments, asking for figures on known purity milk by the copper refraction 

1 Presented by H. C. Lythgoe. 



1916] NURENBERG: DAIRY PRODUCTS 9 

method, together with figures on solids, fat, etc., on the same milk, and 

if the milk was from individual cows, the name of breed and amount of 

milk given at the time of milking; if from a herd, the number and breed of 

cows and the amount of milk produced at the time of milking. Figures 

were also requested on the comparison of the copper and acetic methods for 

the preparation of milk serum, comparison of the copper method on night’s 

and morning’s milk, and on the different stages of lactation. Eleven replies 

were received, two of which contained some of the desired figures. One 

reply was from H. Louis Jackson of the Idaho Board of Health, and the 

other was from E. M. Bailey of the Connecticut Agricultural Experiment 

Station. The referee has obtained figures on 834 samples of known 
purity milk, examined during the past eight years in the laboratory of 

food and drug inspection of the Massachusetts Board of Health, and, 
unless otherwise stated, all analyses are from that laboratory. 

In 698 cases where the samples came from individual cows the breed 

was known and is distributed as follows: Jersey 47; Guernsey 38; Grade 

Jersey 45; Grade Guernsey 26; Grade Durham 27; Grade Ayrshire 54; 

Swiss 12; Grade Holstein 198; other grades 13; Ayrshire 48; Dutch Belt 

51; and Holstein 139. A little more than one-half of the total number, 

therefore, represent low grade milk. The samples were collected during 

different seasons of the year and during varying periods of lactation, so 

that it is proper to consider them as fairly representative of all influencing 

conditions. 

PREPARATION OF THE COPPER SERUM.! 

Dissolve 72.5 grams of copper sulphate in water and make up to 1 liter. Adjust 

this solution to read 36 at 20°C. on the scale of the Zeiss immersion refractometer. 

Add 4 volumes of milk to 1 of the copper sulphate solution, shake well and filter. 
Determine the index of refraction of the filtrate at 20°C. A reading below 36 is 

indicative of added water. 

Table 1 presents the refractions of the copper sulphate serums on 834 
samples of known purity milk. The variation in readings extends from 

3640.4. The largest number of samples, 16.7 per cent, refracts be- 

tween 37.8 and 38.0, only 3.1 per cent from 36-36.2 and practically 

none above 40. The range of readings is, therefore, small, much less 

than that of the acetic serum which extends from 39-46. 

Sone State Board of Health Rept., 1908, p. 594; U.S. Bur. Chem. Bull. 132, 
p+ 122% 
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TABLE 1. 

Refractions of copper sulphate serum on 834! samples of milk of known purity. 

READING Sets. READING OT eae READING ed te ne 

36.0 14 37.5 27 39.0 28 
36.1 9 37.6 36 39.1 4 
36.2 3 37.7 38 39.2 8 
36.3 8 37.8 28 39.3 8 
36.4 10 37.9 39 39.4 5 

36.5 15 38.0 72 39.5 5 
36.6 19 38.1 32 39.6 1 
36.7 10 38.2 41 39.7 di 
36.8 22 38.3 40 39.8 il 
36.9 13 38.4 33 39.9 

37.0 24 38.5 33 40.0 1 
Stal 18 38.6 23 40.1 2 
Slee 28 38.7 24 40.2 oe 
Bice 28 38.8 22 40.3 1 
37.4 33 38.9 20 40.4 1 

1 This figure includes 53 samples from H. Louis Jackson, State board of health, Boise, Idaho, 53 from W. 
G. Tice, State board of health, Trenton, N. J. (U.S. Bur. Chem. Bull., 132, p. 130) and 14 from FE. M. Bailey, 
agricultural experiment station, New Haven, Conn. 

TABLE 2. 

Composition of milk of known purity. 

(H. Louis Jackson, Idaho.) 

SPECIFIC GRAVITY PAT BY . CORRECTED COPPER 
at 15.5°C. BABCOCK METHOD TOTAL SOLIDS! SOLIDS NOT FAT SERUM 
(WESTPHAL) (TESTED BOTTLES) READING aT 20°C. 

per cent per cent per cent 

1.0307 4.1 12.61 8.51 37.2 
1.0313 4.5 13.24 8.74 38.1 
1.0314 4.2 12.90 8.70 38.0 
1.0314 6.5 15.66 9.16 37.9 
1.0296 5.0 13.41 8.41 38.5 

1.0327 Ua) 17.67 9.77 38.8 
1.0293 4.5 12.74 8.24 37.4 
1.0318 5.5 14.57 9.07 38.7 
1.0324 5.5 14.72 9.22 38.4 
1.0297 3.6 11.76 8.16 37.2 

1.0316 4.5 13.31 8.81 37.9 
1.0312 5.1 13.94 8.84 37.6 
1.0324 4.1 13.03 8.93 38.2 

1 Leach. Food Inspection and Analysis. 1913, 3rd ed., p. 154. 
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TABLE 3. 

Composition of milk of known purity. 

(H. Louis Jackson, Idaho.) 

FAT BY BABCOCK TOTAL SOLIDS CORRECTED COPPER 
METHOD (5 GRAMS FOR 3 HOURS SOLIDS NOT FAT SERUM 

(TESTED BOTTLES) ON THE WATER-BATH) READING aT 20°C. 

per cent per cent per cent 

3.80 12.57 8.77 38.9 
3.55 11.39 7.84 38.7 
3.35 12.41 9.06 38.5 
3.25 11.77 8.52 38.4 
3.40 11.36 7.96 36.3 

3.30 11.73 8.43 38.5 
3.60 11.58 7 98 
4.60 13.52 8.92 38.0 
4.40 13.31 8.91 38.0 
3.40 11.52 8.12 tere 

3.80 12.76 8.96 38.0 
3.95 12.60 8.65 38.2 
3.70 12.80 9.10 38.3 
6.40 15.25 8.85 39.5 
3.50 12.29 8.79 38.3 

3.50 12.23 8.73 38.0 
3.30 11.87 8.57 37.5 
3.80 12.61 8.81 37.8 
0.88! 9.34 8.46 36.5 
3.60? 12.71 9.11 38.5 

10.00? 18.53 8.53 38.3 
3.854 12.38 8.53 37.8 
3.35° 11.60 8.25 37.7 
3.958 12.90 8.95 38.0 
4.007 12.86 8.86 37.7 

1Fore milk. Just after milking began. 5 From next 5 gallon can filled. 
2 Drawn at the middle of the milking. 6 From next 5 gallon can filled. 
3 Strippings. 7 From next 5 gallon can three-fourths filled. 
‘From first 10 gallon can filled. 

TABLE 4. 

Composition of milk of practically known purity. 

(H. Louis Jackson, Idaho.) 

- SPECIFIC FAT BY CORRECTED 
GRAVITY AT | BABCOCK |TOTAL SOLIDS COPPER 

15°C. METHOD BY SOrIDS SERUM REMARKS 
15° (TESTED CALCULATION NOTRE READING AT 

(wEsTPHAL) | BOTTLES) 20°C. 

per cent per cent per cent 

1.0335 3.9 12.06 8.16 38.4 
BaOnee 4.6 S60D0 50600 38.6 Night’s milk. 
poet 5.6 el ds aoa 38.75 | Morning’s milk. 
Semete 4.28 anti eter: 38.2 Morning’s milk. 
Berne 6.4 Pains Wares: 38.9 Morning’s milk. 
ae sastoe 3.3 eps Lobe 38.96 | Morning’s milk. 
eet 4.6 Raeeaere alee 38.0 Morning’s milk. 
Briana 6 5.1 sens fib: 40.3 Morning’s milk. 
selects 4.8 Adon saree 37.0 Morning’s milk. 
600800 6.0 eee iats sara 40.1 
Woleieces 4.25 Meee ear 38.6 Composite of 4 cows.! 

1 No. 1, Black Jersey } Holstein, 1 gallon of milk; No. 2, full blood Black Jersey, 2 gallons of milk; No. 
3,4 Short Horn 4 Durham, 4 gallon of milk; No. 4, 4 Black Jersey 4 Short Horn, 3 gallons of milk. 
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Milk from pure Guernsey from registered slock (age 10-11 years). 

FAT BY BAB- | TOTAL SOLIDS CORRECTED 

PART OF UDDER er atereor © gene pike 3 |sourps Nor Fat scala 
BOTTLES) WATER-BATH) aT 20°C. 

per cent per cent per cent 

Teftthind teatses...0te-cce eee 6.13 14.88 8.75 37.62 
Left front teat................% 6.3 14.96 8.66 37.79 
Right fromtiteatn. a...) ccs es 4.15 13.45 9.30 38.36 
Right shinditeat:)s. «acl /t ili tey= 8.23 17.24 9.01 37.95 

In the preceding tables it will be noticed that the lowest copper re- 
fraction from the milk of individual cows is 36.3, the highest 40.1, while the 
herd milk refracts at practically 38.0. 

E. M. Bailey of New Haven sent in copper refraction figures on the milk 
of 14 herds of Holstein and Grade Guernsey cows. The range of the 
copper readings extended from 36.8-39.4. 

The copper serum method besides having a narrow range of readings 

has several other advantages; it 1s simple, the serum is very quickly pre- 

pared without the use of heat, no loss by evaporation and the determina- 

tion may be made on a small quantity of milk, sufficient serum being ob- 

tained with 17.6 cc. of milk and 4.4 cc. of copper sulphate solution. 

PREPARATION OF ACETIC SERUM.! 

The refractions of the acetic serums on 554 samples of known purity 

milk are shown in Table 5. From this table it will be noted that the 
greatest percentage of samples refracts between 43 and 43.5, practically 

none below 40, and from 4-5 per cent about 45. 

During the past five years in the laboratory of the Massachusetts Board 

of Health the refractive index has been determined on the sour serum of 

milk. 

PREPARATION OF SOUR SERUM.” 

Allow the milk to sour spontaneously, filter and determine the index of refraction 
of the clear serum at 20°C. by means of the Zeiss immersion refractometer. Re- 
fractive indices have been made on 515 samples of known purity milk and are given 
in Table 6. About 50 per cent of these samples refract between 41.0 and 43.0. 

The number of refractions between 40.0 and 41.0 and between 43.0 and 
44.0 is nearly the same, that is, 15 percent. Five per cent of the samples 

are between 38.0 and 39.0 and 1 per cent is above 45.0. This method 
has been found especially useful in cases where a sample of milk presents 

the least sign of souring. 

1 Provisional method. U.S. Bur. Chem. Bull. 107, Rev., p. 120. 
2Z. offent. Chem., 1903, 9: 173. 
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TABLE 5. 
Refraction of acetic acid serum on 557! samples of milk of known purity. 

1916] 

NUMBER NUMBER 

READING oF READING oF 

SAMPLES SAMPLES 

39.0 1 41.0 13 
39.1 ote 41.1 4 
39.2 1 41.2 4 
39.3 2 41.3 9 
39.4 1 41.4 6 

39.5 He 41.5 11 
39.6 2 41.6 13 
39.7 1 41.7 14 
39.8 1 41.8 17 
39.9 2 41.9 2 

40.0 5 42.0 17 
40.1 ee 42.1 13 
40.2 4 42.2 15 
40.3 3 42.3 20 
40.4 7 42.4 11 

40.5 5 42.5 16 
40.6 4 42.6 14 
40.7 5 42.7 9 
40.8 3 42.8 21 
40.9 5 42.9 19 

1 This figure inclu 
Chem. Bull., 132, p. 

READING 

oe) 

. . © O00 Noukw NHEOSD 
cS 5: So 

READING 
NUMBER 

OF 
SAMPLES 

READING 

45.0 
45.1 
45.2 
45.3 
45.4 

45.5 
45.6 
45.7 
45.8 
45.9 

13 

NUMBER 

OF 

SAMPLES 

ll 

Cre et bo 

sd samples from W. G. Tice, State board of health, Trenton, N. J. (U. S. Bur. 

TABLE 6. 

Refractions of sour serum on 504 samples of milk of known purity. 

NUMBER NUMBER NUMBER NUMBER 

OF READING OF READING OF READING r 

SAMPLES BAMPLES SAMPLES SAMPLES 

4 40.3 11 42.3 9 44.3 1 
2 40.4 9 42.4 19 44.4 3 
2 40.5 6 42.5 6 44.5 3 
3 40.6 8 42.6 7 44.6 1 
2 40.7 9 42.7 10 44.7 2 

2 40.8 10 42.8 10 44.8 1 
1 40.9 6 42.9 5 44.9 2 
9 41.0 18 43.0 14 45.0 2 
5 41.1 10 43.1 8 45.1 1 
6 41.2 11 43.2 8 45.2 1 

2 41.3 15 43.3 5 45.3 ae 
9 41.4 10 43.4 i 45.4 se 
af 41.5 17 43.5 10 45.5 1 
2 41.6 10 43.6 5 45.6 oye 
4 41.7 13 43.7 11 45.7 1 

5 41.8 13 43.8 4 45.8 
8 41.9 11 43.9 3 45.9 

11 42.0 15 44.0 4 
3 42.1 18 44.1 2 
8 42.2 19 44.2 4 
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Tables 7, 8 and 9, present the relations existing between (a) the cop- 

per and acetic serum, (b) the copper and sour serum, and (c) the acetic 
and sour serum. In Table 7 the range of the acetic refractions is twice 

as large as that of the copper refraction, so that the ratio of 3 copper 

refractions to the copper limit is the same as 6 acetic refractions to the 

acetic limits. The table has, therefore, been arranged in that manner. 

In Table 8 the ratio is 4 copper refractions to 9 sour serum refractions, 

while in Table 9, 6 sour serum refractions equal 7 acetic refractions. 

In Table 7, 20 per cent of the copper samples refracted between 37.8 

and 38.0 and 21 per cent of the acetic between 42.6 and 43.1. Twenty- 

five samples, or 7.7 per cent of the total samples, had both copper and 

acetic refractions within the above-stated limits. From this point the 

relationship between the 2 serums is fairly uniform. 

TABLE 8. 

Relation between refractions of copper and sour serum on 364 samples of milk of 
known purity. 

! 

BEFRACTION OF \ 
SOUR SERUM REFRACTION OF COPPER SERUM 

PER CENT OF 
SAMPLES ; e_ | 36.0- | 35.4- | 36.8- | 37.2- | 37.6- | 33.0- | 38.4- | 38.3- | 39.2- | 30.6- 

Reading at 20°C. | 363 | 36.7 | 37.1 | 37.5 | 37.9 | 38.3 | 38.7 | 39.1 | 39.5 | 39,9 {Totals 

Number ot samples 

37 .9-38 .7 41 4 ae Ae oe Ee oe 8 2.2 
38 .8-39.6 5 13 6 3 1 ae he 28 (hath 
39.7-40.5 6 8 20 6 4 2 a 53 46 | 12.6 
40.6-41.4 4 y a 23 18 11 4 2 ne 71 | 19.5 
41 .5-42.3 bes 2, 4 11 21 32 19 if she 96 | 26.4 
42.443 .2 BP Ke 1 3 9 20 17 13 4 $3 67 | 18.4 
43 .3-44.1 1 ‘Xe 1 xe A a 11 5 4 2 31 8.5 
44.2-45.0 ae 1 1 2 ae 6 1 2 13 3.6) 
45 .1-45.9 Ar ot 1 1 a a 2 4 Mea 

PROUAISs ame e 20} 30| 40] 46 | 54 75 51 33 9 6 | 364 

Per cent of 
samples...... 5.5 | 8.2 | 11.0} 12.7] 14.8] 20.5) 14.0) 9.1 | 2.5 | 1.6 100 

‘ Lowest sample: sour serum 38.3; copper serum 36.0. 

In Table 8, 20 per cent of the copper refractions were between 38.0 

and 38.3, and 26 per cent of the sour refractions between 41.5 and 
42.3; 32 samples, or 8.7 per cent of the total, gave copper and sour serum 

readings between the above-stated limits. The relationship here is not 

so uniform as in the case of the copper and acetic comparison, but this is 
due, undoubtedly, to the unusual forms of fermentation occurring during 

the souring of the milk. 

In Table 9, 19.8 per cent of the acetic refractions were between 43.0 

and 43.5; 22.1 per cent of the sour refractions between 41.5 and 42.1; 

10 samples, or 6 per cent of the total, gave sour and acetic readings between 
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TABLE 9. 

Relation between refractions of acetic and sour serums on 167 samples of milk of known 
purity. 

NONwWePRNAONM 

fete A REFRACTION OF ACETIC SERUM 5 

zy 2 

n ° 40.0-| 40.6-| 41.2-| 41.8-] 42.4-| 43.0- 6- :2- .8- | 45.4- RB 
Reading at 20°C. | 49/5 | 41.1 a3 42.3 [42.0 | 43°3 | 441 | 3 ee | #4 3 & 

re 
Number of samples 5 aa 

38 .0-38 .6 1 eae (OE Meetrse| herr eal Pee eet sts iain 2) 
38.7-39 .3 1 Sens 1 Lorilee lance, Ree al eae | eae 1 Sees 
39.4-40.0 1 1 3 EePsis| (pede Stel |iesesttall Wee e Mller leet Gl) 35 
40.1-40.7 5 1 6 6 1 2 1 oe ecto iss 22'| 13. 
40.8-41.4 she 3 a 4 6 4 1 2 Rete es 24 | 14 
41.5-42.1 1 4 | 13 7 ii 3 mete 2 Ace 37 | 22 
42.2-42.8 rer sits fees) 5 | 10 4 4 eli tee 29 | 17 
42.9-43.5 ast eee 3 7 4 2 2 22a 
43 .6-44.2 1 2 1 3 3 pine, 2 1 1183 || 7 
44 .3-44.9 ees te bal: ape pede 1 1 1 2 Clee 

Motalssna- ee 8 6. | 19 | 32 | 25 | 33 | 20° | 11 7 6 | l6valleeee 

Per cent of 
samples...... 4.8) 3.6) 11.3) 19.1] 15.0} 19.8) 12.0} 6.6) 4.2) 3.6) ... {100 

1 Lowest sample: sour serum 38.3; acetic serum 40.1. 

the above-stated limits. In general, the sour serum refracts lower than 

the acetic. The largest number of samples (13 or 7.8 per cent) with acetic 

refractions of 41.8 and 42.3 and sour serum refractions of 41.5 to 42.1 

would, without doubt, not occur at this point if a larger number of samples 

had been examined. 
During the past three years determinations have been made of the ash 

of the sour serum. 

Allow the milk to sour spontaneously, pipette 25 cc. of the clear serum into a flat- 

bottomed platinum dish and evaporate to dryness over the water-bath. Heat 

cautiously the contents of the dish over a small flame (to avoid sputtering) until 
charred. Perform the final heating in the electric muffle (with a pyrometer con- 
nected) at a heat not greater than 500°C. or 900°F. A white ash is almost invariably 

obtained after once leaching. 

In the original article as described by A. Burr and F. M. Berberich,' the 

authors have outlined the following method: 

Measure 50 ce. of the serum into a platinum dish, evaporate to dryness and car- 

bonize over alow flame. Extract the char with hot water, burn the insoluble residue, 

add the solution to this ash, evaporate to dryness, ignite at a low temperature and 

weigh. 

Experience has shown, however, that with the exercise of care and an 

accurate pyrometer the former stated method is as accurate as the latter 

and involves less manipulation. 

1 Chem. Ztg., 1908, 32: 617. 
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Table 10 gives the ash of the sour serum, expressed in grams per 

100 cc., of 371 samples of known purity milk. 

TABLE 10. 

Ash of the sour serum on 871 samples of milk of known purity. 

(Expressed in grams per 100 cc.) 

NUM- NUM- NUM- NUM- 

Bese) | SEESr amy REECE) lat) [er NU amet, 8 BERGE 
LES LES LES LES 

0.730-0.734) 22 0.790-0.794| 20 0.850-0. 854: 2 0.910-0.914 
0.735-0.739 8 0.795-0.799| 16 0.855-0.859 4 0.915-0.919 
0.740-0.744| 26 0.800-0.804) 22 0.860-0 .864 6 0.920-0 .924 
0.745-0.749) 12 0.805-0.809} 13 0.865-0.869 6 0.925-0.929 

0.750-0.754) 14 0.810-0.814) 19 0.870-0.874 3 0.930-0 .934 1 
0.755-0.759} 10 0.815-0.819 8 0.875-0.879 1 0.935-0.939} .. 
0.760-0.764| 26 0.820-0.824} 17 0.880-0.884 2 0.940-0 .944 2 
0.765-0.769} 11 0.825-0.829 4 0.885-0.889 3 

0.770-0.774; 16 0.830-0 .834 4 0.890-0.894 1 
0.775-0.779 9 0.835-0 .839 2 0.895-0.899 i 
0.780-0.784) 28 0.840-0.844, 5 0.900-0.904; 2 
0.785-0.789} 17 0.845-0.849 Uf 0.905-0.909 1 

As will be noticed, practically the same percentage of samples, 18 per 

cent, was found with ashes between the following limits: 0.730 and 0.749; 

0.750 and 0.769; 0.770 and 0.789; 0.790 and 0.810; or, in 72 per cent of the 

cases the limits of the ash extended from 0.730-0.810. Thirteen per 

cent of the samples had ashes from 0.810-0.830. Five per cent of the 

ashes were from 0.830-0.850 and 5 per cent from 0.850-0.870, mak- 

ing 10 per cent between 0.830 and 0.870. The remaining 5 per cent gave 

figures above 0.830 which were distributed as extensively as the first 72 
per cent. 

TABLE 11. 

Composition of 67 samples of herd milk. 

(Arranged in order of Total Solids.) 

TOTAL SOLIDS Faq nor rar | repraction | nernaction | RerRaction | as 

per cent per cent per cent reading reading reading TCG ron | 

15.32 5.30 10.02 38.2 41.4 Sea aunt ats 
14.80 5.90 8.90 38.5 Weise 43.3 0.964 
14.57 5.40 ts )aale? 38.5 44.1 Sonne ite Geos 
14.40 5.00 9.40 38.6 44.6 avert) || oy aeetepo ore 
14.19 5.00 9.19 38.3 saree 42.7 0.792 

13.84 4.50 9.34 38.0 38 41.9 0.808 
13.73 4.60 9.13 37.7 42.4 41.8 0.806 
13.68 5.10 8.58 38.8 ae 42.7 0.960 
13.68 4.80 8.88 37.8 41.6 42.1 0.796 
13.60 4.45 9.15 38.7 45.4 tg cole wit aenete 
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TABLE 11.—Continued. 

SOLIDS COPPER ACETIC SOUR SERUM | SOUR SERUM 
TOTAL SOLIDS wax NOT FAT REFRACTION | REFRACTION | REFRACTION ASH 

per cent per cent per cent reading reading reading i less 

13.48 4.40 9.08 38.0 42.3 41.9 0.788 
13.48 4.10 9.38 37.8 42.3 42.4 0.810 
13.46 4.50 8.96 38.0 42.4 42.0 0.809 
13.45 4.35 9.10 S008 43.6 201 hl | eerrees 
13.44 4.10 9.34 38.2 43.4 ROreeM Ih © Soc.5¢ 

13.40 4.20 9.20 38.5 aay 42.2 0.780 
13.35 4.00 9.35 ere 44.3 42.8 | eree 
13.34 4.30 9.04 38.3 eats 42.2 0.800 
13.32 5.00 8.32 38.0 staan 43.5 0.800 
13.28 4.50 8.78 38.2 43.1 SOM TL Mics on 

13.27 4.40 8.87 37.7 stale west tl] aera 
13.08 4.75 8.33 37.7 42.2 joe ol eee 
13.08 4.30 8.78 38.2 ses 42.1 0.740 
13.08 4.10 8.98 37.7 se 41.3 0.788 
13.06 4.05 9.01 38.1 42.3 42.6 0.812 

12.97 4.40 8.57 38.0 eetags 42.3 0.760 
12.96 4.00 8.96 ae 42.1 43..0)° ||. ee 
12.95 4.00 8.95 37.7 42.0 sean ol eae 
12.92 4.20 8.72 38.0 42.0 41.6 0.796 
12.88 4.00 8.88 37.5 < 41.4 0.771 

12.80 3.80 9.00 37.9 42.3 0.776 
12.76 4.40 8.36 aoe 42.5 4) 5) 3) eaeee 
12.76 3.80 8.96 37.8 cise, | eee 
12.73 3.80 8.93 38.0 41.4 0.800 
12.72 3.90 8.82 38.8 6000 43.0 0.792 

12.67 3.90 8.77 wHirons 43.5 Ee AN Sone 
12.64 3.60 9.04 38.2 Rain 43.0 0.800 
12.62 3.85 8.77 37.2 ats Spd) ||. acess 
12.59 3.70 8.89 38.3 eels 41.4 0.768 
12.58 3.60 8.98 38.0 heres 42.0 0.812 

12.57 4.00 8.57 38.1 43-1 |" t.28) eee 
12.57 4.00 8.57 37.2 ate 41.5 0.766 
12.56 4.20 8.36 37.9 43.1) saike SP eRe 
12.55 3.65 8.90 Biers 43.4 Ja 
12.53 3.70 8.83 37.7 A006 41.5 0.808 

12.52 4.00 8.52 37.2 41.0 Goo ul dooce 
12.49 3.65 8.84 Sead 43.0 42:3. | aes 
12.45 3.60 8.85 38.3 stare ace it. ere 
12.44 3.70 8.74 38.0 er 42.0 0.750 
12.36 3.90 8.46 38.0 40.2 40.3 0.794 

12.26 3.70 8.56 37.5 ooK 40.7 0.820 
12.25 3.70 8.55 suae 42.9 cco. of) See 
12.24 3.7 8.54 AVS - S15. s3;: ||| ee 
12.22 3.50 8.72 43.9 42:6. ||. eee 
12.18 3.80 8.38 37.9 42:00 Bie eas. |) ee 

12.07 3.40 8.67 37.1 Aerie Ul @ pepies 14) 
12.03 3.60 8.43 38.5 A2NG: |, osc. ||) (Racers 
12.02 3.40 8.62 SY (ars 41.8 41.9 0.764 
12.00 3.90 8.10 36.7 Ziad 40.0 0.788 
11.96 evap 8.61 37.2 A232: .|. | o> See 
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TABLE 11.—Continued. 

TOTAL soLips | FAT not Fan | REPRACTION | REFRACTION | REFRACTION | ASH 

per cent per cent per cent reading reading reading CE aaa 

11.84 3.50 8.34 37.7 Bota Bese fo) tactecaes 
11.80 3.55 8.25 as 42.5 AL Ohuly ||lPer cerat eis 
11.74 3.40 8.34 37.0 oe 39.6 0.780 
11.74 3.30 8.44 37.4 cod 40.3 0.786 
11.28 3.20 8.08 37.1 Bein) 39.5 0.752 

11.25 3.60 7.65 36.6 slivape good.) te oapleeo 
11.06 3.30 7.76 36.6 Sees meres TIN psreretere 

Total sam- 
ples 67 67 67 56 34 42 34 

Maximum 
15.32 5.90 10.02 38.8 45.4 43.5 0.964 

Minimum 
11.06 3.20 7.65 36.6 40.2 39.5 0.740 

Average 
12.83 4.06 8.77 37.9 42.7 41.7 0.798 

The above 67 herds are representative of all the breeds mentioned on 

page 9 of this report. 

Here, as would be expected in herd milk, the copper, acetic and sour 

serum refractions and the sour serum ash figures are higher than the 

minimum obtained from individual cows. The lowest figure approaching 

nearest to the minimum copper limit (36.0) is 36.6; to the minimum 

acetic limit (39.0) is 40.2; and to the sour serum limit (38.3) is 39.5; and 

the nearest approach to the sour serum ash limit (0.730) is 0.740. The 

sour serum ash figures are high, not only in the greater majority of cases, 

but particularly wherever there is a tendency for the copper, acetic or 

sour serums to refract lower than the average figures given above. 

COMMENTS OF ANALYSTS ON THE COPPER METHOD. 

A. G. Woodman: My work on milk has been almost entirely on isolated samples 
for educational purposes, and practically no samples of undoubted authenticity, 

so I can give you no figures that would be of use to you. Personally, I much pre- 
fer the copper method to the acetic acid as we get a clear serum with much less 

trouble, and I hope that the copper method will be adopted by the association. 
Wm. Frear: In Pennsylvania we are using the Woodman acetic acid method, not 

because of any particular preference, except that the records from its use give a 
wider range for comparison than are available from any other copper sulphate 

method. 

W. C. Woodward: Owing to our extremely limited laboratory facilities and the 

large number of analyses made, we have accomplished little research work of any 
kind, and therefore have no data available on the subject. The laboratory has, 

however, tested this method to some extent, and although comparing favorably 
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with the acetic acid method as to efficiency we prefer the latter as the serum is un- 

colored, the line of refraction more clearly defined, and therefore much more easily 

and accurately read, especially in sera which are not absolutely clear. 
H.H. Hanson: Although we are using the copper sulphate method in our labora- 

tory, we have no determinations upon milk of known purity. 

H. Louis Jackson: I abandoned the acetic acid method of preparing the serum 

several years ago and much prefer the copper method. I feel that it should most 

certainly be made at least an optional provisional method. 

E. M. Bailey: I made the suggestion in regard to the copper serum at the meet- 

ing last year because so much data had already been collected and because so many 
ana ysts seemed to be using it in preference to the acetic acid serum. Mr. Conn of 

our State board of health has used it for some years and his experience coincides 

with mine as regards range of readings. I have never found a milk which I thought 
was straight which read below 36. 

Lythgoe’ has criticized the copper method, and subsequently Ackermann,? on 
account of the dilution necessary in the preparation of the serum, but this is offset 

by less variation in the serum from different samples. Another disadvantage is 

that it is not possib e to use the values of the ash of the copper serum in detecting 
added water because the amount of copper in the serum is higher in watered milk 

than in unwatered milk, and consequently the ash in the serum of watered samples 
is but little less than in the serum of the original milk before watering. 

RECOMMENDATIONS. 

It is recommended— 

(1) That the following be adopted as auxiliary provisional methods: 

DETECTION OF ADDED WATER. 

(a) Copper serum.*—To 1 volume of copper sulphate solution (723 grams of cop- 

per sulphate per liter, adjusted if necessary to read 36.0 at 20°C. on the scale of the 

Zeiss immersion refractometer, or, to a specific gravity of 1.0443 at a) add 4 

volumes of milk. Shake well and filter. Determine the refractive index of the clear 

serum by means of the Zeiss immersion refractometer. A reading below 36.0 indi- 

cates added water. 

(b) Sour serum.‘—Allow the milk to sour spontaneously, filter and determine the 
index of refraction of the clear serum by means of the Zeiss immersion refractometer. 

A reading below 88.0 indicates added water. 

(c) Ash of sour serum.*—Allow the milk to sour spontaneously and filter. Trans- 
fer 25 ec. of this serum to a flat-bottomed platinum dish and evaporate to dryness 

over the water-bath. Heat the contents of the dish over a small flame (to avoid 

sputtering) until charred. Place the dish in an electrically heated muffle (with 

pyrometer connected) and ash at a temperature not greater than 500°C. or 900°F. 

Cool and weigh. Express results as grams per 100 ce. An ash below 0.730 indicates 
added water. 

(d) Ash of acetic serum.—Transfer 25 cc. of the serum to a flat-bottomed platinum 

1 Proc. 8th Intern. Cong. of Appl. Chem., 1912, 1: 308. 
2Z. Nahr. Genussm., 1912, 24: 612. 
3 Mass. State Board of Health Rep., 1908, p. 594. 
4Z. offent. Chem., 1903, 9: 173. 
5 Chem. Ztg., 1908, 32: 617. 



22 ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS [Vol. II, No. 1 

dish and proceed as directed under (c). An ash figure below 0.715 grams per 100 cc. 
indicates added water. 

It is recommended in conjunction with the copper, acetic or sour serum 

refraction method that the determination of the ash of the sour serum 

or of the acetic serum be made in all cases where the indices of refrac- 

tion fall below the minimum limit so as to eliminate all possibility of 

the sample being abnormal milk from a sick cow. The acetic serum ash 
multiplied by the factor 1.021 equals the sour serum ash (dilution of the 

acetic serum being 2 per cent). 

(2) That further study be made on the Harding-Parkin'! method for 

fat determination in comparison with the present official and provisional 

methods. 

(3) That in U. 8. Bur. Chem. Bull. 107, Rev., p. 122, after the 

paragraph on Cream, the following paragraph be inserted under the 

heading ‘‘Condensed Milk (Unsweetened)’’: “Dilute 40 grams of the 
homogeneous material with 60 grams of distilled water, proceed as di- 

rected under ‘Milk’ and correct the results for dilution”; and the word 

“Sweetened” be inserted before the word “‘Condensed’”’ in the subsequent 

heading. 

(4) That further study be given to enzyme reactions of milk. 

REPORT ON SEPARATION OF NITROGENOUS SUBSTANCES. 

By A. D. Emmerr (Agricultural Experiment Station, Urbana, II.), 

Associate Referee.” 

During the past year samples with detailed outline of directions were 

sent out to five laboratories. Owing to pressure of other duties, only 

two reports were received, and but one of these was complete. As a 

result, the referee feels that the data given in the following tables are 
inadequate for definite deductions, and suggests that the work be continued 

along these lines another year. 

It is suggested that the Folin method for creatin and creatinin deter- 

minations, as outlined for meats and meat extracts, be made official but 

that the standard used be the usual potassium dichromate, until more 

work has been done on obtaining perfectly satisfactory salts of creatinin. 

It would appear from the ammonia determinations (Table 3) that the 

use of sodium hydroxid has a definite and distinct effect in comparison 

with potassium carbonate. Whether this additional liberation of am- 

monia is due solely to the breaking up of the ammonium magnesium phos- 

phate is not as yet clear from these data. ‘This point should be studied 

more thoroughly. 

1 J. Ind. Eng. Chem., 1918, 6: 131. 
2 Read by P. F. Trowbridge. 
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TABLE 1. 

23 

Percentage of creatin and creatinin in meat extracts and meats (Folin method). 

CREATIN CREATININ 

Sie F.C. CoRR: A.D. F.C. CARs A.D. 
Cook Moulton Emmett Cook Moulton Emmett 

Meat Extract: 
1 3.31 2.95 2.82 4.11 4.41 4.66 
2 3.07 2.96 2.99 4.13 4.47 4.46 
3 3.09 3.691 Bes 4.19 4.33 4.59 

Average......... 3.16 2.95 2.90 4.14 4.41 4.57 

Driep Meat: 
1 1.30 1.84 1.23 
2 1.31 1.87 1.25 
3 1.40 1.83 hte 

AVETARC 3-2 5)s<,0:5.- 1.33 1.85 1.24 

1 Omitted from average. 

TABLE 2. 

Percentage of amino nitrogen in meat extracts and meats. 

VAN SLYKE METHOD KOBER METHOD 

SAMPLE 

F. C. Cook A. D. Emmett F. C. Cook 

Mear Extract: 
1 116) 0.70 0.41 
2 1.22 0.50 0.47 

Driep Meat: 
1 0.22 0.59 0.33 
2 0.25 0.70 0.30 

TABLE 3. 

Percentage of ammonia nitrogen in meat extracts and meats. 

F. C. COOK AND J. B. WILSON A. D. EMMETT 

BAMPLE Aeration method Magnesium Aeration method Macnostins 

OXI i 
Folin Steel-Gies method Folin Steel-Gies tog 

(K2COs) (NaOH) (K2COs) (NaOH) 

Mear Extract: 
1 0.402 0.498 0.468 0.644 0.712 0.479 
2 0.393 0.458 0.485 0.633 0.702 0.481 
3 0.332 0.361 0.507 0.612 ORS | eee 

Average......... 0.376 0.439 0.487 0.633 0.709 0.480 

Driep Meat: 
1 0.055 0.197 0.225 0.086 0.257 0.111 
2 0.055 0.203 0.225 0.091 0.272 0.147 
3 QROSS A apeteerosn [> eo eumarcy We omomioeea | thou epee wee 

AV CT ARCH sclslers 0.054 0.200 0.225 0.088 0.264 0.129 
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TABLE 4. 

Percentage rate of liberation of ammonia by aeration methods. 
(By A. D. Emmett.) 

FOLIN METHOD STEEL-GIES METHOD 

SAMPLE ; ; Total ; < Total 
20 min-}20 min- 20 min-|20 min- om 

1 hour 1 hour 24 1 hour 1 hour 23 
utes utes hours utes utes hours 

Breer Extract: 
1 0.491) 0.069} 0.042) 0.042} 0.644) 0.513) 0.081} 0.052) 0.066) 0.712 
2 0.466] 0.095} 0.036/ 0.036] 0.633} 0.511] 0.077] 0.049) 0.065] 0.702 
3 0.482) 0.057} 0.040} 0.033] 0.612) 0.525) 0.082} 0.045) 0.061) 0.713 

Average....... 0.483) 0.074! 0.039) 0.037) 0.633) 0.516} 0.080) 0.049) 0.064) 0.709 

Percentage....| 76.3 | 11.7] 6.2] 5.8 | 100.0) 72.8] 11.3] 6.9] 9.0] 10.00 
Percentage in- 

crease due 
to Sugiura- Giles mothea|) 6:4)|' O17 120-45 r4aao8| a0r7 

PLAN FOR COOPERATIVE WORK. 

It is suggested that the work be undertaken along the following lines: (a) Further 

study of the determination of creatin and creatinin nitrogen; (b) determination of 

amino nitrogen (amino acids); and (c) ammonia nitrogen. 

The determinations should be made in triplicate if possible, that is, on three por- 

tions of the original sample. 
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SAMPLES. 

The samples to be studied consist of desiccated lean beef and beef extract. 

The meat was first thoroughly dried by a special procedure at room tempera- 

ture, then in vacuo. Care should be taken to make all weighings by difference and 

to keep the bottle covered when not in use. If possible, keep the samples in a 

refrigerator until ready to analyze. 

Before making any weighings mix carefully each sample. In the case of the meat, 

rotate the bottle in various directions and in the case of the beef extract, warm the 

jar on the edge of the steam-bath for 5-10 minutes, then stir and transfer a por- 

tion to a weighing bottle and allow it to cool for weighing. 

PREPARATION OF BEEF EXTRACT SOLUTIONS. 

Weigh off (by difference) about 5 grams of the sample into 150 cc. beakers. Dis- 

solve in cold (20°-25°C.) ammonia-free distille 1 water. Transfer the solution care- 

fully to a 250 cc. measuring flask. Dilute to the mark and mix thoroug ily. 
Take in duplicate the following quantities, mixing each time before measuring: 

(a) creatinin, 5 cc.; (b) creatin, 20 cc.; (c) amino acids, 20-40 cc.; (d) ammonia 

(aeration method), 25 cc.; (magnesium oxid method), 50 ce. 

I. CREATIN AND CREATININ.! 

Solutions and reagents.—Ten per cent solution of sodium hydroxid, carbonate-free ; 

picric acid, saturated solution, 1.2 per cent; potassium dichromate, and standard 

creatin solution. 

Apparatus.—Two hundred ce. volumetric flasks; 100 cc. volumetric flasks; auto- 

clave; colorimeter, Duboscq if possible. 

(a) CREATIN. 

Determination. 

(a) Meats.—Transfer 5 grams of the fresh meat, or 2 grams of the dried meat 

(weighed by difference), to a 200 cc. Erlenmeyer flask. Add 100 cc. of N/2 sulphuric 

acid. Cover the flask with tinfoil or a crucible lid and heat in the autoclave at 

130°-135°C. for 30 minutes. Allow the temperature of the autoclave to fall and 

remove the flask. Cool it under running water and transfer the solution to a 

200 cc. volumetric flask, using cold distilled water to aid in the transfer. Shake, 
to break up the flocculent skeletons of the tissue, dilute to the mark, and mix 

thoroughly. 
Pour the solution on a quantitative filter, collecting filtrate in a dry flask or 

beaker. Titrate 10 cc. with 10 per cent sodium hydrate, using phenolphthalein as 

indicator. Measure 10 cc. into a 100 ec. measuring flask, add 20 ce. of the saturated 
picric acid and ‘‘enough 10 per cent sodium hydrate solution to give 1.5 cc. over and 

above that required for the neutralization of the sulphuric acid”; let stand 10 minutes, 

dilute to the mark, mix, and read in the colorimeter. 

Use the standard creatinin-zine chlorid solution sent out with the sample (1.389 

grams per liter or 1 mg. of creatin per cc.). Set the standard at 10 mm. 

(b) Beef extract.—Transfer 20 cc. of the beef extract to a 200 ce. volumetric flask 

1 Reprints by Folin accompanied instructions to collaborators. 
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add 100 ec. N/2 sulphuric acid and proceed exactly as directed under (a) for creatin 

in meat. Set the standard at 15 mm. 

(b) CREATININ. 

Determination. 

Beef extract.—Transfer 5 cc. of the beef extract solution to a 100 cc. volumetric 
flask, add 20 cc. of the saturated picric acid and then 1.5 cc. of the 10 per cent sodium 
hydrate solution. Mix and let stand for 10 minutes, after which dilute to the mark 
and mix and read in colorimeter. Set the standard at 20mm. If the readings are 
too low adjust the standard at 15 mm. The creatin determination in the beef ex- 
tract includes the creatinin and proper corrections should be made for obtaining the 

actual creatin, namely, subtract the preformed creatinin from the total creatinin 

and multiply the difference by 1.16. 

Nore.—In all of the work on creatin and creatinin if the readings are less than 
two-thirds or more than one and one-half those of the standard, the determinations 
should be repeated with more or less of the solution. 

II. AMMONIA. 

(a) AERATION METHOD.! 

Solutions and reagents.—Saturated solution of potassium oxalate (325 grams per 

liter), potassium carbonate (817 grams per liter), sodium hydrate (506 grams per 

liter), and kerosene to retard foaming. Sulphuric acid (1 to 4) for wash bottle. 

Seventieth-normal acid and seventieth-normal alkali. Alizarin red as indicator. 

Apparatus.—Test tubes, 10 x1 inch, or lipless cylinder 8 x 1} inches; 150 ec. Flor- 

ence flasks; rubber disk to prevent splashing into receiving flask; suction pump. (See 
J. Biol. Chem., 1912, 11: 499). 

Determination. 

Transfer about 5 grams of dried meat or 10 grams of fresh meat (weighed by 
difference) or 25 ec. of the beef extract solution to a test tube or cylinder. Add 3 

to 5 grams of thoroughly washed sand, 10 cc. of distilled ammonia-free water and mix 

with a glass rod, then add 10 ec. more of water and stir. Remove the rod, washing 

it down with5cc. of distilled water and 10 cc. of the oxalatesolution. Add3to4drops 

of kerosene and then 5 cc. either of the potassium carbonate or sodium hydroxid 
solution. At once connect up the apparatus, and start the suction or pressure, gently 
increasing it during the first minute or two. Allow the air current to run at a high 

rate for 45 minutes. Then replace the receiving flask with a second one which con- 

tains 5 cc. of the standard acid. Continue the aeration for 20 minutes longer. Re- 

place the second receiving flask with another containing 5 cc. of acid and let the op- 

eration continue for 20 minutes. Replace the third flask and continue the aeration 
for an hour. Titrate each distillate with seventieth-normal sodium hydroxid, using 

5 drops of alizarin red. 

nome Make a comparison of the effect of using potassium carbonate and sodium 
hydrate. 

(b) MAGNESIUM OXID METHOD. 

(See U. 8. Bur. Chem. Bull. 107, Rev., p. 9.) Use 50 cc. of the beef extract 
solution. 

1 Reprints by Folin and Farmer and Folin and Macallum, and Shulansky and Gies 
accompanied instructions to collaborators. 
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Ill. AMINO ACID NITROGEN. 

(a) VAN SLYKE METHOD. 

Solutions and reagents.—Alkaline permanganate, 50 grams of potassium perman- 

ganate and 25 grams of potassium hydroxid per liter; sodium nitrite, 300 grams per 

liter; glacial acetic acid; caprylic alcohol; sulphuric acid, 1 per cent solution; 25 per 
cent (316 grams per liter) sodium hydrate solution; 50 per cent acetic acid solution; 

and 95 and 80 per cent ethyl alcohol. 
Apparatus.—A special apparatus is required for this method. This can be pro- 

cured from Emil Greiner, 45 Cliff Street, New York City. The micro-apparatus is 
preferable. Mr. Van Slyke suggests that in ordering, it be specified that a 2 cc. 

cylinder be attached to either apparatus for the caprylic alcohol. It is sometimes 

necessary in working with tissue to add the alcohol quickly to stop foaming. 

Five hundred and 1000 ce. double-necked distilling flasks; and 25 ec. volumetric 

flasks. 
Determination. 

(a) Meats.—Take in duplicate 10 grams (dried meat) or 40 grams (fresh meat), 
weighed by difference. Transfer it to 200 cc. Erlenmeyer flasks. Add 100 cc. of 
boiling water to which 1 cc. of 50 per cent acetic acid per liter is added. Stir and 
digest for 15 minutes at 100°C. Decant the solution through a glass wool filter, 
taking care to prevent the particles of meat from passing over. Add to the residue 
75 cc. of the hot acid water and heat for 5 minutes. Decant the solution on the same 
filter. Repeat the extraction 4 more times. Transfer the extract to a liter double- 

necked distilling flask and concentrate under diminished pressure until the volume 

of the solution is about 20 ec. Allow the distillation to continue as rapidly as pos- 
sible without loss of solution by foaming. Transfer the solution to a 250 cc. volu- 
metric flask, using 2 portions of about 5 cc. each of water, then 3 portions of 10 cc. 

each of 95 per cent alcohol, dilute to the mark with 95 per cent alcohol, mix thoroughly 

and measure off 100 cc. for the Kober-Sugiura method, and let the remainder stand 
overnight. Filter the alcoholic solution through a folded filter into a liter distilling 

flask, wash with 80 per cent alcohol. Add, drop by drop, to the filtrate enough 25 
per cent sodium hydrate to make the filtrate alkaline to phenolphthalein. Again 

concentrate under diminished pressure to remove both ammonia and _ alcohol. 

When the volume of the concentrating solution has reached 10 or 20 cc. the distilla- 

tion is interrupted and enough 50 per cent acetic acid added to acidify the solution. 

About 50 ec. of water are also added, in order to insure that the last traces of alco- 

hol are driven off, and the concentration continued. Evaporate to 10-15 cc. and 

transfer cautiously with water to a 25 cc. volumetric flask. Dilute to the mark and 

mix. 

Take 10 cc. portions of this solution for the large apparatus and 2 cc. portions for 
the micro-apparatus. Continue the procedure exactly as described by Van Slyke 
(J. Biol. Chem. 1911, 9: 189; 1912, 12: 279; and 1914, 16: 121.) The time for the 

reaction should be maintained carefully; for temperatures 15°-20°C., 4-5 minutes; 

for 20°-25°C., 3 minutes; and for 25°-30°C., 2} minutes. In calculating the results 

consult the table given in the J. Biol. Chem., 1912, 12: 284. 

(b) Beef extract.—Take 25-40 cc. of the original solution and transfer it to a 250 

ce. volumetric flask, dilute to the mark with 95 per cent alcohol. Measure out 100 cc. 
for the Kober-Sugiura method, and let the remainder stand overnight. Filter ona 

folded filter and proceed exactly as directed under (a) for this stage of the work. 
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(b) KOBER AND SUGIURA METHOD.! 

Solutions and reagents.—Cuprie hydroxid; anhydrous cupric chlorid solution, 5 

per cent; barium hydroxid, saturated solution; sodium hydroxid, normal solution; 
alkaline sodium boric acid solution; hydrochloric acid, tenth-normal solution; 

glacial acetic acid; phenolphthalein, 0.10 per cent solution; four-thousandths -nor- 

mal sodium thiosulphate solution; starch solution; potassium iodid crystals; 
alcoholic solution zine chlorid, saturated. 

In the preparation of the cupric hydroxid and “‘buffer’’ solution the details should 
be followed exactly as given by the authors. 

Determination. 

(a) Meats.—Take the 100 ce. of the alcoholic solution prepared by the Van Slyke 
method as directed under (a), transfer to a 100 cc. volumetric flask and add a few 

drops of the alcoholic zine chlorid to assist in removing proteins and coloring mat- 

ter (Folin. J. Biol. Chem. 1912, 11: 529). Dilute to the mark with 95 per cent ethyl 
alcohol and mix. Let stand for a couple of hours, until the precipitate separates 
out. Filter through dry, folded filter. Take 75 cc. of the filtrate, transfer to a double- 

necked distillation flask and remove ammonia according to Van Slyke process; that 
is, add drop by drop to the filtrate enough 25 per cent sodium hydrate to make the 

filtrate alkaline to phenolphthalein. Again concentrate under diminished pressure 
to remove both ammonia and alcohol until the vo'ume is 10-20 cc. Then add 

to the flask 50 per cent acetic acid until the solution is acid. Also add about 50 ec. 
of water and continue the concentration. Evaporate to 10-15 cc., and very 
cautiously transfer with water to a 50 cc. volumetric flask. Dilute to the mark and 
mix. 

Take 25 ec. of the solution. Transfer to a 50 ce. volumetric flask. Make neutral 
or slightly alkaline to phenolphthalein. Dissolve any insoluble substances with the 

aid of tenth-normal sodium hydroxid, using not more than 5-6 ec. Keep the 
flask stoppered to avoid the presence of carbon dioxid. Add 20 cc. of the ‘‘buffer’’ 

solution and a little of the freshly made cupric hydroxid. Shake the mixture vig- 
orously for about a minute. If there is an excess of the cupric hy ‘rate, after bring- 

ing it to room temperature, dilute to the mark, and shake for 2 3 minutes. Filter 

through dry filters (S.and S.No. 590 11 cm.). The filtrate is supposed to contain 

all the soluble complexes and the insoluble residue on the filter the insoluble com- 

plexes and the excess of copper hydroxid. 
An aliquot portion (25 cc.) of the filtra e is then taken and after acidification with 

1-3 ce. of glacial acetic acid, 5 cc. of the potassium-iodid-starch solution are added 
and the solution titrated with four-thousandths-normal thiosulphate solution. Every 
cubic centimeter of thiosulphate solution is equivalent to 0.0003184 gram of 

cupric oxid or 0.0001120 gram of amino acid nitrogen or 1 ec. of one-thousandth- 

normal thiosulphate solution is equivalent to 0.0000280 gram of amino acid nitrogen. 

(b) Beef extracts —Take the 100 cc. of the alcoholic solution prepared by the Van 

Slyke method, transfer it to a 110 cc. volumetric flask and add a few drops of the 

alcoholic zine chlorid solution. Dilute to the mark with 95 per cent ethyl alcohol 
and mix. Continue exactly as outlined for meats by this method. 

1 Reprints by Kober and Sugiura accompanied instructions to collaborators. 
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REPORT ON FEEDS AND FEEDING STUFFS. 

By G. L. Briowetu (Bureau of Chemistry, Washington, D. C.), Referee. 

The subject of the nitrogen factor has been before the association for 

several years. The factor 6.25 has been used for nearly 70 years and, 

when recent additions to the knowledge of the proteins are considered, 

is it not proper to ask if that value is not antiquated, and if it is not time 

to change to one which will give results nearer the truth? When substances 
containing a few well-known proteins are considered, such as dairy prod- 

ucts or wheat flours, there can be no argument but that the change 

should be made from 6.25 to a factor that is known to be nearer cor- 

rect. But in the case of feeding stuffs, especially from a control or inspec- 

tion standpoint, there is a different set of conditions. In the first place, 

there are about 100 different products that enter into the composition of 

stock feeds. Ten or fifteen different products are derived from corn alone. 

From wheat we get bran, middlings, red dog, ship stuff and wheat screen- 

ings. Because wheat has a factor of 5.7, it does not follow that bran, mid- 

dlings, and red dog, have the same factor nor is it likely that bran has the 

same factor as red dog. As for screenings, how is the factor to be deter- 

mined? If it should be determined, would there ever be another sample 

of screenings which would have the same factor? 

Now, consider the labor involved in determining the factor to apply 

to any one substance. ‘This is not a problem to be solved by some as- 

sistant in a few weeks. It would be necessary to determine the amount 

of each protein in that substance, then to prepare it in a pure condition 
so that the per cent of nitrogen might be determined therein. This is a 

problem for the specialist who has available almost unlimited time and 

money. But if there were factors of all the ingredients of feeds could they 

be used? About 45 per cent of the feeds examined in the Bureau of 

Chemistry for the past two years were mixed feeds, and even when coarsely 

ground, the trained microscopist. could not tell, except within very wide 

limits, the amounts of the various ingredients present. If different fac- 

tors were used for the various feed stuffs, it would still be necessary to 

have a general factor for mixtures. If the factor for corn meal should 

be 6 and wheat by-products 5.7 and a mixture of 97 per cent middlings 

and 3 per cent corn meal were being analyzed, the general factor would 

still have to be used, whatever that might be. Although 5.7 would be the 

factor that would give nearest correct results, it would be impossible to 
tell the relative amounts of middlings and corn meal and therefore the 

only course left would be to use the general factor. Now, keeping in 

mind that we are considering this from the control and inspection stand- 

point, is it ever desired to know the actual amount of protein in a feed? 

It is known that the different proteins vary a great deal in composition, 
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some having less than 15 per cent nitrogen and others having over 17 

per cent. But is there anything to show that a pound of one of these is 

equal to a pound of the other in feeding value? It seems reasonable to 
suppose that the amount of nitrogen may be a better index of the value 

of the proteins of a feed than the actual weight of the protein itself. For 
nearly 70 years the per cent of nitrogen has been multiplied by 6.25 and the 

result called protein, but all this time it is the nitrogen percentages that 

have been compared. If another factor were adopted the same ratios 

would still be used when comparing the protein content of feeds; that is, 

the percentages of nitrogen would still be used even though they were 

multiplied by a factor. There are several hundred thousands of analyses 

of feeds on record and nearly all of them employ the factor 6.25. If the 

factor were changed the results of analyses would no longer be comparable 

with former analyses. It is too much to hope that all chemists would 

adopt the new factor. Experience has also shown that it would be im- 

possible to persuade all chemists to indicate the factor they employed. 

It seems, therefore, that a change would cause endless confusion and give 

no compensating advantages. Of course it should be understood that 

these arguments do not apply to investigational work or work that is 

restricted to single well-known substances such as those mentioned in the 
first part of this report. 

RECOMMENDATIONS. 

It is reeommended— 

(1) That 6.25 be retained as the factor to change nitrogen to protein 

in all feeding stuffs control and inspection work. 

(2) That the subject of improvements in the determination of fiber be 
further studied. 

REPORT ON CRUDE FIBER. 

By Cuarures K. Francis (Agricultural Experiment Station, Stillwater, 

Okla.), Associate Referee. 

The work on crude fiber has been confined to determinations on one 
sample of cottonseed meal. The sample was sent to the collaborators 

without special instructions, other than to determine the crude fiber and 

report the details of the method used. 

The well-known official method for determining crude fiber has been 

subjected to criticism by many chemists. The chief trouble seems to be 
with the filtering materials, linen, asbestos, or glass wool. These sub- 

stances vary in their physical characteristics and necessarily in filtering 
efficiency. The determinations reported show a sufficient range of ma- 

terials, and certainly the results suggest a need for further study. Except 
where otherwise indicated, the official method was used by the collaborat- 

ing chemists. 
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RESULTS OF COOPERATIVE WORK. 

Crude fiber in cottonseed meal. 

COLLABORATOR eee REMARKS COLLABORATOR yee REMARKS 

per cent per cent 

J. M. Pickel, Ral- A. S. Wells, Port- 
eigh, N. Cc. 6.94 | Filtration, for|} land, Ore........ 10.96) Silk filter. 

6.72 acid diges- 11.42 
6.05 tion, upward 11.20 
6.69 Su ct 1 on : 
6.21 through lin-|} Average......... 11.19 
6.62 en stretched = 

over a fun-||C, Kennedy, St. 
nel. Paul, Minn......| 10.77; Sweeney meth- 
a 10.35) od, Ken- 

Average........ 6.54 nedy modi- 
Sa fication. 

C. G. Remsburg, Linen filter. 
None Park, = = 

Maaco ties eaters 7.99 | Muslin filter. Average.........| 10.56 
7.88 ——— 

8.07 A. A. Jones, Still- 
8.15 water, Okla.....| 9.50] Sweeney meth- 
SS 9.54, od, modi- 

Average......... 8.02 fied. 

a Asbestos filter. 
C. Cutler, Lafay- ih cas 

ette, Ind.....:.. 7.85 | Driedat100°C.|| Average......... 9.52 
8.09 | Linen filter. 

7.76 O. C. Smith, 
8.15 Stillwater, Okla.| 10.55] Sweeney meth- 
7.91 10.83) od, modi- 
SS 10.25) fied. 

Average......... 7.95 Asbestos filter. 

J. H. Roop, La- Average......... 10.54 
fayette, Ind..... 8.33 | Dried at 100°C. —— 

8.15 | Linen filter. |/G. Merry, Still- 
8.30 water, Okla.....| 9-76] Sweeney meth- 

SSS SS 9.14) od, modi- 
AVeTAge.. 2.2.05. 8.26 9.55] fied. 

—— = Asbestos filter. 
C. E. Mangels, ——— = 
Columbia, Mo...] 8.54 | Muslin filter. Average......... 9.48 

8.86 — 
8.56 J. W. Chewning, 
8.51 College etation, 

ia MeXas¥ierecces.: 8.76] Asbestos filter. 
VeIA Oy (cise cei- 8.62 [es 

CB. Mangels, Deceacn aa 
Columbia, Mo...| 8.59 | Sweeney meth-|| Texas ; 8.99} Asbestos filter. 3153 Od. || PeXaS-- reese eee 8.67 

Average......... 8.56 Average......... 8.83 
er ay ——- 

General aver- 
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RECOMMENDATIONS. 

It is reeommended— 

(1) That the Sweeney method, and some of its modifications, be studied. 
(2) That asbestos be specified as the filtering material. 

(3) That the official method be compared, with linen and asbestos 
filters specified. 

THE DETERMINATION OF CRUDE FIBER. 

By G. L. Browett anp G. P. Watton (Bureau of Chemistry, 

Washington, D. C.). 

DISCUSSION. 

The official method for the determination of crude fiber is considered 

far from satisfactory by many feed analysts. This is apparently due to 

difficulties in manipulation and to the time necessary tocomplete the 

determination. Several modifications of the method have been pro- 

posed with the view of eliminating various objectionable features or of 
shortening the time required. An investigation of the official method 

and one of the more promising of the proposed modifications has been 

undertaken. 

For this purpose 4 representative feeding stuffs, having a fairly wide 

range in crude fiber, were selected. 

Description of samples used in this investigation. 

BAMPLE CRUDE FIBER? 

per cent 

Oatsi(cContaininevoat /hulls)iaasee veer oeeeaee tit 11.30 
Corn! (Argentine) i socc,chiccvaes teeen ae eee ei ecieeeieene 1.80 
Cottonseed! meal. soc. c cei ere oe eee amie sien oratcinemveteterletrer 12.33 
Roughage (a composite of several forage plants).............-...--. 26.57 

1 Average of 8 separate determinations by the official method. 

A large sample of each was carefully prepared by grinding, sifting and 

thoroughly mixing. 

Each sample was extracted with ether before the crude fiber determina- 

tion was made. 

Kennedy has proposed a modification of the Sweeney method, endeav- 
oring to eliminate the acid filtration which is considered one of the prin- 

cipal drawbacks to the official method. Her method is as follows: 

Boil fat-free material for 30 minutes under a reflux condenser with 200 cc. of a 
1.25 per cent solution of sulphuric acid, add 200 ec. of boiling 3.52 per cent solution 

of sodium hydroxid; boil 30 minutes longer, filter through linen, wash first with a 
little hot water, then thoroughly with a boiling 1.25 per cent solution of sulphuric 
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acid, and then with hot water, transfer to a Gooch crucible, finish washing with hot 

water, then with 95 per cent alcohol and finally with ether. Dry to constant weight 

at 110° C., weigh, incinerate, weigh, and the difference is crude fiber. 

The following table gives the results obtained by this method: 

Per cent of crude fiber. 

METHOD 

SAMPLE Z E f 
ptennedy Official Kennedy ner 

OF Ge OOOO DOA G COUCH ADIGT CLC Er rEer ras 12.30 11.30 1.00 
(Olin pase Bson oso don co GUO Or CORRE BOT acme 2.29 1.80 0.49 
Wouttonscedimesleccgeseicerrcctsieiciele eisicecis viesis ¢ 13.56 12.33 1.23 
INOUE Sopp Bosna denonagecgundcoosauoodoT 26.70 26.57 0.13 

From the writers’ experience the official method takes less time than 

the Kennedy modification. The slow final filtration, the time consumed 

by washing with the dilute sulphuric acid and transferring the residue from 

the linen to the crucible more than make up for the time consumed in the 

acid filtration in the official method. To throw light on the high result 

by the Kennedy method another set in duplicate was run varying from the 

official method only by the addition of a sufficient amount of sodium sul- 

phate to both solutions to give the same concentration of this salt as that 

resulting from the neutralization of the sulphuric acid inthe Kennedy 

method. Although this solution boiled at 102°C. its dissolving or disin- 

tegrating action was less than that of the regular reagent. The average 

percentage figures obtained were: oats 11.87; corn 2.18; cottonseed meal 

13.51; and roughage 27.72. 

A charge of cottonseed meal was boiled with the acid as in the official 

method. After filtration the acid filtrate was treated with 200 cc. of 

8.52 per cent of sodium hydroxid solution. The precipitate formed was 

filtered and washed with boiling 1.25 per cent solution of sulphuric acid; 

0.85 per cent, calculated on the original charge of cottonseed meal, re- 

mained undissolved. 

Since crude fiber is not the name of a definite substance but only a 

convenient and somewhat descriptive term used to denote the result ob- 

tained by treating a feed by the official method, several determinations 

were made to show the effect of variations of those factors which define 

that method. When using 400 cc. for each of the reagents instead of 200 

ec., the results were only a trifle less than by the official method. Changing 

the concentration of the reagent affected the results appreciably, as is 

shown in the following table: 
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Per cent of crude fiber obtained with solutions of varying percentage composition. 

STRENGTH slates OATS CORN COTTONSEED MEAL ROUGHAGE 

0.78 12.23 1.97 13.44 28 .38 
1.25 11.30 1.80 12.33 26.57 
2.00 10.52 ILC 11.01 24.73 

The percentage of crude fiber obtained is inversely proportional to the 
concentration of the reagents. 

To show the effect of variation in the time of boiling, sets were run 

with the regular acid and alkali solutions, for the following periods of time: 
20 minutes; 45 minutes; 60 minutes; and 90 minutes. The results showed a 

continuous decrease in the percentage of crude fiber with no indication 

that a point might be reached beyond which further boiling would cease 

to cause a decrease in crude fiber. 

The role performed by each of the reagents was next investigated. 

Sets were run in duplicate with acid alone for 20, 30 and 45 minutes. 

Per cent of residue obtained. 

TIME OF BOILING OATS CORN COTTONSEED MEAL ROUGHAGE 

minute 

20 23.00 9.97 26.74 48.94 
30 20.22 9.00 24.15 46.56 
45 18.50 8.26 22.63 44.64 

Considering the total material dissolved in the official method as 100 

per cent, the amount dissolved by acid in the oats is 89.94 per cent; in the 

corn 92.67 per cent; in the cottonseed meal 86.85 per cent; and in the 

roughage 72.78 per cent. 
SUMMARY. 

Inasmuch as crude fiber designates simply a numerical value obtained 

by following the official method which is strictly an empirical one, any 

deviation therefrom will give incorrect results. This is the strongest and 

all important objection to any material change in a method for official 

endorsement. The writers have found that by observing certain precau- 

tions, the results by the official method will check very closely and the 

difficulties and tediousness will be eliminated. In fact, they have been 

unable to make the determination by any of the proposed modifications 

in any less time than by the official method. 

PRECAUTIONS. 

(1) The solutions should be of proper strength and mixed thoroughly. 
(2) The charge should be practically free from fat and about 1-2 

grams of ignited asbestos added to render the filtration quicker. 
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(3) The boiling should be under a reflux condenser to prevent concen- 

tration of the reagent. 

(4) The time of boiling and filtration should be uniform, as the length- 
ening of either tends to lower results. The linen should be selected care- 

fully. It is possible to filter and wash a set of 10 determinations obtaining 

a clear filtrate in about 15 minutes. This is true of cottonseed meals as 
well as the more readily filtered materials. 

(5) The washings should be made with very hot water. 

(6) The wash water after the acid filtration should be allowed to drain 
so as to avoid diluting the alkali solutions. 

If these precautions are observed in conjunction with the directions 

found in U. 8S. Bur. Chem. Bull. 107, Rev., it is believed that little 

fault will be found with the official method. 

GOSSYPOL, A TOXIC SUBSTANCE IN THE COTTONSEED. 

A PRELIMINARY Note By W. A. WITHERS AND FRANK E. CarruTH 

(Agricultural Experiment Station, Raleigh, N. C.). 

Gossypol occurs in the peculiar resin glands of the cottonseed. Oil was 

removed from ground up cottonseed kernels by petroleum ether, leaving 

gossypol undissolved. This was subsequently extracted by ethyl ether. 

The gossypol extract was dissolved in purified cottonseed oil and fed to 
rabbits by catheter and also by intraperitoneal injection. It was fatal 

in every case in a few hours. The extract was mixed with corn meal and 
molasses and fed to rabbits. It was uniformly fatal in 9 to 16 days. 

A product precipitated from the ‘‘gossypol extract’’ by petroleum ether 

was also poisonous. 

A crystalline product corresponding in properties to the phenolic sub- 

stance gossypol, isolated by Marchlewski! from crude cottonseed oil was 
dissolved in purified cottonseed oil and administered to 2 rabbits intra- 

peritoneally. It caused death within 6 hours. 

It is difficult to extract gossypol completely as this material is held 

dye-like by the seed tissue and some of the resin glands are perhaps not 

penetrated by the solvent. Thoroughly extracted kernels were fed over 
long periods without fatal results. 

The properties of gossypol may be used to explain the fact that boiling 

alcoholic alkali removes the toxicity of cottonseed meal,? and iron salts 

act as antidotes for cottonseed meal.’ In alkaline solutions the sub- 

stance oxidizes with a purple coloration which subsequently disappears. 
Ferrous sulphate forms an insoluble lake with gossypol. 

The occurrence and properties of gossypol are being further studied and 
will form the basis of a later report. 

LJ. prakt. Chem., 1899, 60: 80. 
2 Science, 1912, 36: 31. 
3 J. Biol. Chem., 1913, 16: 161. 
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REPORT ON FEED ADULTERATION. 

By CarLETON CUTLER (Experiment Station, Lafayette, Ind.), Associate 
Referee. 

The study of feed adulteration was added by the association at its last 

meeting to the subjects for codperative investigation. The growing im- 

portance of this subject is due to the many new sources of feeding stuffs 

resulting from increased demand and higher prices received for concen- 
trated feeds. The utilization of numerous and varied by-products affords 

many opportunities for adulteration. 

Because of the small amount of other data available, this report is 
confined to feeding stuffs inspected in the laboratory of the associate 

referee. Methods of adulteration have been outlined and a brief résumé 
prepared of some of the adulterations with methods for their detection. 

For the examination of feeding stuffs for adulteration the following ap- 
paratus is necessary: a set of sieves from 20 to 70 mesh inclusive, a 

hand lens, a compound microscope with low and high power lenses, and 

a set of instruments, including dissecting needles, scalpels, ete. Certain 

reagents are necessary, such as clearing reagents and stains for cellulose, 

woody fiber, fats, oils, starch, proteid matter, etc. It is also desirable to 

have apparatus for making permanent mounts of substances of known 

purity for comparisons. 

TYPES OF ADULTERATION AND METHODS OF DETECTION. 

(1) Total substitution of one material for another.—Corn feed meal is 

sometimes substituted for hominy feed. Upon sieving the sample, a 

preponderance of fine starchy material and an absence of corn germ in- 

dicates adulteration. A quantitative determination of crude fat and 
protein is necessary for confirmation. Thirty-two samples of corn feed 

meal analyzed in the laboratory of the associate referee carried 3.9 per 
cent fat and 8.6 per cent protein as against 7.7 per cent fat and 11.2 per 

cent protein as the average of 72 samples of hominy feed. 

(2) Use of a substance of an inferior quality—Linseed meal containing 

ground flaxseed screenings is sometimes found. Upon sieving and ex- 

amination a large amount of finely ground weed seed coatings is found. 

The characteristic odor of this adulterant is generally sufficient for 

detection. A protein determination generally gives confirmation. 

(8) Intentional addition—Cocoa shells may be added to a compounded 
feed. The cocoa shells can be separated from the coarser portion of the 

sample after sieving and can be identified by the practiced eye with cer- 

tainty under the hand lens. The shell, chocolate brown on the outer 

surface and a silver brown on the inner surface, is thin and brittle to 

the touch of the dissecting needle. For confirmation one should clear, 
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mount, and examine with the compound microscope. Some of the most 

prominent characteristics are the longitudinally elongated polygonal cells 

underlying the cross cells of the endocarp, the spiral cells of the spongy 
parenchyma and the thickened stone cells. The elements must be 

familiar from the examination of the pure substance. 

Peat dried at a high temperature may be added to mixtures containing 

tankage, molasses and the like. No satisfactory method has been dis- 

covered for detecting this adulterant. 

(4) Accidental addition.—Often in milling the flour stuff is not thoroughly 

removed from the bran coating. The microscopist who is familiar with 

wheat by-products can generally detect this with the hand lens after 

sieving. For confirmation, a quantitative determination shows a low 

content in both fat and protein. 

(5) Omission.—Often in a proprietary feed one of the most expensive 

ingredients is omitted, the manufacturer, no doubt, trusting that because 

of the complexity of the mixture it will not be missed. Feeds of this 

class may be rubbed gently in the palm of the hand before sieving. This 

does not destroy the character of the individual ingredients, but renders 

them more recognizable for the examination under the hand lens. Fre- 

quently in finely ground feeds it is necessary to make repeated mounts 

for examination with the compound microscope before the absence or 
presence of the ingredient can be confirmed. 

(6) Intentional abstraction and addition.—A linseed meal may contain 
15 per cent of pressed flaxseed screenings and 10 per cent of medium 

cottonseed meal and be sold for linseed meal, as the fat and protein content 
will approximate closely with that of pure linseed meal. The odor will 

indicate flaxseed screenings. If some of the adulterated sample is placed 

on the moistened finger and rubbed, the characteristic yellow of the cot- 

tonseed meal is noticed. After rubbing gently in the palm of the hand and 

sieving, one can easily detect weed seed coatings, fragments of cotton- 

seed hulls and fine particles of meal by use of the hand lens, and by the 

use of a dissecting needle can pick out a considerable percentage of 
cottonseed product. 

Other adulterations observed are as follows: 
Finely ground corn cobs added to hominy feed; white corn meal to wheat 

middlings; ground and whole wheat screenings to wheat bran and mid- 

dlings; corn screenings, containing considerable cob, to chop feeds; clover 

seed and wheat screenings to poultry feeds; oat clipping by-product to 

proprietary feeds; and cottonseed hulls to cottonseed meal. 

By the use of sieves, the hand lens and a compound microscope, the 

microscopist is able to detect these adulterations with considerable 

accuracy. A quantitative determination of protein, fat and fiber acts as 

a guide in detecting adulteration. The chances of adulteration are so 
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numerous that the microscopist should be continually on the alert for 

new adulterants, and methods for their detection. It is important that 
he should be thoroughly familiar with feeding stuffs, their process of 

manufacture and the by-products used in the compounding of feeds. 

The economic importance of adulteration is worthy of consideration, 

both from the viewpoint of the manufacturer and the consumer. 

RECOMMENDATIONS. 

It is recommended— 

(1) That samples be sent out for the quantitative determination of 

adulterants in amounts varying from 5-25 grams to determine the 

smallest amount necessary to give concordant results. 

(2) That samples be sent out containing unknown adulterants for 

qualitative detection of the same. 

(3) That methods for the detection of peat dried at high temperature 
in feeding stuffs be investigated. 

(4) That the maximum percentage of foreign materials permissible in 

mill by-products be investigated. 

No report was made by the referee on sugar. 

REPORT ON TESTING CHEMICAL REAGENTS. 

By J. B. Ratuer (College Station, Texas), Referee. 

The work for the past year dealt with the following chemicals: 
1. Crude caustic soda. 

a. Determination of nitrogen. 

b. Methods for the determination of sodium hydroxid and sodium 

carbonate. 

Molybdie acid. 

a. Determination of molybdenum trioxid. 
b. Determination of phosphoric acid. 

3. Ethyl ether. 

a. Determination of solids non-volatile at 100°C. 

4. Citric acid. 

a. Determination of impurities. 

i) 

CRUDE CAUSTIC SODA. 

Determination of Nitrogen. 

Method (A).—This method is similar to the method of Krauch-Merck 

for the determination of nitrogen in caustic soda, using, however, a 40 

1Presented by G. S. Fraps. 
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gram sample, which is the approximate amount of solid caustic soda used 

in the ordinary nitrogen determination. 

Method (B).—In this method the above described procedure was 

modified by distilling the ammonia into distilled water containing no acid, 

then redistilling the distillate into fifth-normal hydrochloric acid in the 

usual manner. = 

Method (C).—In this method the procedure, outlined in (8), was 

further modified by the use of a blank titration of fifth-normal hydro- 

chloric acid, which was intended as a correction for error of standard 

solution, titration, etc. 

The results of the single distillation process (A) were quite variable, 

ranging from 0.03 to 1.75 ce. of fifth-normal acid. This was probably 

due to traces of alkali carried over in the distillate. The results by the 

redistillation process (8), which was devised to correct for this defect 

of method (A), vary from 0.03-0.75 cc. of fifth-normal acid. 

Determination of Sodium Hydroxid and Sodium Carbonate. 

The direct titration method with phenolphthalein and methyl orange 
for the determination of sodium hydroxid and sodium carbonate in caustic 

soda was compared with the method of Tillmans and Heublein (Z. Angew. 
Chem., 1911, 24: 874), and it was found that the latter method gave 
better results. 

MOLYBDIC ACID. 

Determination of Molybdenum Trioxid. 

The method used was the lead molybdate method, recommended by 

Krauch-Merck, as modified by the referee as follows: After solution of 

the molybdenum trioxid in ammoniacal water, it was filtered to remove 
iron and alumina; and further, the precipitate was washed by decan- 

tation a number of times before filtering through a Gooch. The results 

by different analysts agreed well except in a few instances. 

Effect of varying some conditions of the Krauch-Merck method.—The 

possible effect of a number of factors in the determination of molybdenum 
trioxid in molybdic acid by the lead method were studied in order to 

find a possible reason for the variations sometimes occurring in the 

analyses. The results of the investigation showed: (1) that the quantity 
of lead acetate used does not greatly affect the results; (2) that the purity 

of the lead acetate does not affect the determination (The same results 

were obtained using a sample of “technical” lead acetate as when using 
a so-called ‘‘chemically pure” crystallized sample.); (3) that the addition 

of enough sulphates to cause an increase of 0.25 per cent in the supposed 

molybdenum trioxid content of the sample, caused an increase of 0.20 per 
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cent in the results (Larger amounts of sulphates caused larger increases, 

but not in proportion to the amount of sulphates added. Further study 
will be required to determine the effect of the presence of sulphates.) ; 

(4) that the acidity of the solution may be varied within wide limits 

without affecting the accuracy of the method. 

Determination of Phosphoric Acid. 

The method for the determination of phosphoric acid in molybdic acid 

as outlined in last year’s report was further tested. 

The results showed that small amounts of phosphoric acid (1 mg. or 

less) can not be determined always when the solution is diluted to 75 

cc. or more. At a volume of 50 ce., all of the added phosphoric acid 
was recovered. 

ETHYL ETHER. 

Determination of Solids Non-Volatile at 100°C. 

The method consisted in evaporating to dryness 100 cc. in a tared 

dish on the steam-bath and drying to constant weight at 100°C. The 

solids obtained varied from 0.0006-0.0034 gram. This would affect 

the results of a fat determination, calculated on the basis of a 2 gram 

sample, from 0.02-0.17 per cent. The results indicate that if ether 

be used for fat determinations, it should be tested for non-volatile solids 

regardless of its supposed purity. 

CITRIC ACID. 

Determination of Impurities. 

This work was devised to study the accuracy of the methods used last 

year for the determination of sulphuric acid and oxalic acid in commer- 

cial citric acid. 

Sulphuric acid.—This was determined in the ordinary way by precipi- 

tation with barium chlorid. 

Oxalic acid.—This was determined by neutralizing with ammonia 

and precipitating with calcium chlorid in a strongly acidified acetic acid 

solution. After standing a few hours the precipitate was filtered, washed 

and ignited in the usual manner. If the solution is not strongly acid, 

calcium citrate precipitates when the solution is heated or stands over- 
night. Any moderate amount of the citrate will be removed in the 

washing of the precipitate of calcium oxalate. 

The results show that the method for the determination of sulphates 
is adequate for amounts varying between 0.01 and 3.00 per cent. The 
results in the oxalate determination were not quite satisfactory. 
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RECOMMENDATIONS. 

It is recommended— 
(1) That the double distillation method (B including C) for the de- 

termination of nitrogen in crude caustic soda, the modified lead method 

for the determination of MoO; in molybdic acid, and the method for the 

determination of solids in ethyl ether non-volatile at 100°C., as given in 

this report, be studied further with the view of incorporating them in 

the official methods for nitrogen, phosphoric acid, and crude fat or ether 

extract, respectively. 
(2) That the direct titration method and the Tillmans and Heublein 

method for the determination of NaOH and NazCO; in crude caustic 

soda and the method for the determination of P,O; in molybdic acid, 
as given in this report, be studied codperatively next year, and that the 

effect of the presence of sulphates on the determination of MoO; in molyb- 

dic acid, together with the causes of the variations in the determination of 

MoO; in molybdic acid by the modified lead method, be studied further. 

(3) That the study of the nature and amount of the impurities in com- 

mercial citric acid be discontinued for the present. 

A paper “On the Colorimetric Determination of Small Quantities of 

Hydrocyanic Acid” by Arno Viehoever and C. O. Johns of the Bureau of 

Chemistry, was read by Mr. Johns. This information has since been 
published (J. Am. Chem. Soc., 1915, 87: 601). 

C. H. Jones presented the following recommendations of the Executive 
Committee, which were approved: 

(1) That the proceedings of this association be published in the form of 

a quarterly. 

(2) That a one-half day session be given to section meetings to be 

arranged by the Executive Committee. 

(3) That the matter of the revision of the Constitution and By-Laws 

relating to annual dues be left until the 1915 meeting. 

REPORT OF COMMITTEE A ON RECOMMENDATIONS OF 
REFEREES. 

By B. B. Ross, (Agricultural Experiment Station), Chairman. 

(Phosphoric acid, nitrogen, potash, soils, inorganic plant constituents, 

insecticides and water.) 

PHOSPHORIC ACID. 

It is reeommended— 

(1) That further work be done on the methods for basic slag as reported 

this year. 

Approved. 
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(2) That special attention be given to standardizing the alkali solution 
used in the volumetric method. 

Approved. 

(3) That the methods given in this year’s report be tried out on as 
many samples as possible. 

Approved. 

(4) That the associate referee give attention to the question of whether 

neutral ammonium citrate, sodium citrate, or citric acid solution should 

be employed as a solvent in the determination of reverted phosphoric 
acid in fertilizers. 

Approved. 

NITROGEN. 

It is reeommended— 

(1) That the zine-ferrous-sulphate-soda method for nitrates be further 

studied during the coming year with a view of its final adoption as official 
in 1916 and that it be now adopted as provisional. 

Adopted, final action as provisional; approved for final action as official 

in 1916. 

(2) That the Jones and Street methods for the determination of organic 

nitrogen activity be further studied during the coming year with the 

special purpose in view of improving or modifying the manipulations in 

the conduct of each process, so as to increase the accuracy of the water- 

insoluble organic nitrogen determinations, and, in the case of the Jones 

method, to overcome the difficulties experienced by most analysts in the 
distillation with alkaline permanganate; and that they be now adopted 

as official. 

Adopted, final action. 

POTASH. 

It is reeommended— 

(1) That further study of the perchlorate method be made with special 

reference to the method for washing the potassium perchlorate precipitate. 

Approved. 

(2) That codperation be secured to test the necessity for the addition of 

hydrochloric acid to the potash extract, with special reference to the 

reason why the hydrochloric acid is added. 
Approved. 

(83) That denatured alcohol made up according to formula 1 (U. 8. In- 

ternal Rev. Reg. No. 30, Rev., Aug. 22, 1911, p. 45. To 100 parts by 

volume of ethyl alcohol, not less than 180° proof, there shall be added 10 

parts by volume of approved wood alcohol and one-half of one part by 

volume of approved benzine) with sufficient water added to make 80 per 
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cent alcohol by volume, be further tested for washing potassium chloro- 
platinate, with a view of its adoption officially in 1915. 

Approved for final action as official in 1915. 

SOILS. 
It is recommended— 

(1) That a further test of methods for the determination of soil car- 

bonates be made, comparing the Marr procedure with methods which 

involve the use of dilute hydrochloric acid (1 to 15) and constant aspira- 

tion of air with and without heating. 

Approved. 

(2) That the wet combustion method with the mixture of chromic and 

sulphuric acids for the estimation of organic carbon be further compared 
with combustion of the soil in furnace. 

Approved. 

(3) That, at the suggestion of O. M. Shedd of Kentucky, a study be 

made by the association of a method for lime requirement of soils by 

H. B. Hutchinson and K. MacLennan (Chem. News, Aug. 7, 1914, p. 61). 

Approved. 

(4) That the methods for nitrates, nitrites, and ammonia, as adopted 

for waters, in conformity with the recommendations of Committee A in 

1913, be now adopted as official methods for the determinations of these 
constituents in aqueous soil extracts. 

Approved for final action as official in 1915. 

(5) That the official process for the determination of carbon dioxid in 

soils be stricken from the methods of the association. 

Approved. 

(6) That the official method for alkali waters be provisionally adopted 
for alkali soils. 

Approved for final action in 1915. 

INORGANIC PLANT CONSTITUENTS. 

No report or recommendations. 

INSECTICIDES. 
It is reeommended— 

(1) That Method I for total arsenious oxid in Paris green, as described 

in U.S. Bur. Chem. Bull. 107, Rev., pp. 25-26, be changed as de- 

scribed in this year’s report, and that the method thus modified be 

studied further with a view of its adoption as an official method in 1915. 
Approved. 

(2) That Methods II and III for total arsenious oxid in Paris green 

(U. 8. Bur. Chem. Bull. 107, Rev., pp. 26-27) be discarded. 
Approved. 



44 ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS [Vol. II, No. 1 

(3) That Methods II and III for total arsenic in Paris green, de- 

scribed in this year’s report, be studied further with a view of their adoption 

as official in 1915. 

Approved. 

(4) That the official method for the determination of moisture in 

Paris green be extended to include determinations of moisture in Bor- 

deaux mixture, Bordeaux and Paris green mixtures, and Bordeaux and 

lead arsenate mixtures, when these materials are in the form of a powder, 

and that Method (b) for the determination of moisture in Bordeaux 

mixture, Bordeaux and Paris green mixtures, and Bordeaux and lead 

arsenate mixtures, when in the form of pastes, as described in this year’s 

report, be studied further with a view of its adoption at the proper time 
as an official method. 

Approved. 

(5) That the method for the determination of carbon dioxid in Bor- 

deaux mixture, Bordeaux and Paris green mixtures, and Bordeaux and 

lead arsenate mixtures, as described in this year’s report, be studied 

further with a view of its adoption as an official method in 1915. 

Approved. 

(6) That the electrolytic method for the determination of copper in 

Bordeaux mixture, as described in this year’s report, be studied further 

with a view of its adoption as an official method in 1915. 
Approved. 

(7) That the thiosulphate titration method for the determination of 
copper in Bordeaux mixture, as described in this year’s report, be studied 

further with a view of its adoption as an official method in 1915. 
Approved. 

(8) That the method for water-soluble arsenious oxid in Bordeaux and 

Paris green mixtures, as described in this year’s report, be studied further 

with a view of its future adoption as an official method. 

Approved. 

(9) That the distillation method for the determination of total arsenic 

in Bordeaux and Paris green mixtures, as described in this year’s report, 

be studied further with a view of its future adoption as an official method. 

Approved. 

(10) That the methods of C. M. Smith and C. C. Hedges for the deter- 

mination of total arsenious oxid in Paris green, as described in this year’s 

report, be studied further with a view of their future adoption as official 

methods for the determination of arsenious oxid in Bordeaux and Paris 

green mixtures. 

Approved. 

(11) That the electrolytic method for the determination of copper in 

Bordeaux and lead arsenate mixtures, as described in this year’s report, 
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be studied further with reference to its applicability to the determination 
of copper in both Bordeaux and Paris green mixtures and Bordeaux and 

lead arsenate mixtures. 
Approved. 
(12) That the thiosulphate titration method for the determination of 

copper in Bordeaux and Paris green mixtures, as described in this year’s 

report, be studied further. 

Approved. 
(13) That the method for water-soluble arsenic oxid in Bordeaux and 

lead arsenate mixtures, as described in this year’s report, be studied 

further with a view of its future adoption as an official method. 

Approved. 

(14) That the method for the determination of lead oxid in Bordeaux 

and lead arsenate mixtures, as described in this year’s report, be studied 

further. 

Approved. 

(15) That Procedure (b) of the silicotungstate method for the deter- 

mination of nicotin, as described in this year’s report, be studied further 

with a view of its adoption as official in 1915. 
Approved. 

(16) That further work on the Lloyd method for the determination of 

nicotin be discontinued. 

Adopted. 
(17) That the codperative work on insecticides for the coming year 

comprise a study of the following: 

(a) Methods for the determination of Asii and As¥ in the presence of 

each other and in the presence of one or more of the following: lead, 

copper, zinc, and calcium. 

(b) A method other than an electrolytic one for the determination of 

copper, lead, and arsenic in a Bordeaux and lead arsenate mixture. 

(c) Methods for the determination of the principal ingredients in zine- 
arsenic compounds, alone and in combination with Bordeaux mixture. 

Approved. 

WATER. 

It is recommended— 
(1) That methods for the determination of strontium be studied further 

during the coming year. 

Approved. 
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REPORT OF COMMITTEE B ON RECOMMENDATIONS OF 
REFEREES. 

By P. F. TrowsripGe (Agricultura) Experiment Station, Columbia, 
Mo.), Acting Chairman. 

(Dairy products, feeds and feeding stuffs, sugar, water in foods and 

feeding stuffs, organic and inorganic phosphorus in foods, feeding stuffs, 
and drugs, separation of nitrogenous substances, testing chemical reagents, 

tannin, medicinal plants and drugs.) 

DAIRY PRODUCTS. 

It is reeommended— 

(1) That the copper serum method, as given in this year’s report, be 

adopted as an optional provisional method for the detection of added 

water. 

Adopted, final action. 

(2) That the sour serum method, as given in this year’s report, be 

adopted as an optional provisional method for the detection of added 
water. 

Approved for final action as provisional in 1915. 

(3) That the ash of the sour serum method, as given in this year’s report, 

be adopted as an optional provisional method for the detection of added 
water. 

Approved for final action as provisional in 1915. 

(4) That the ash of the acetic serum method, as given in this year’s 

report, be adopted as an optional provisional method for the detection of 

added water. 

Approved for final action as provisional in 1915. 

(5) That in conjunction with the copper acetic or sour serum refraction 

method, the determination of the ash of the sour serum or of the acetic 

serum be made in all cases where the indices of refraction fall below the 
minimum limit so as to eliminate all possibility of abnormal milk from a 

sick cow. 

Approved. 

(6) That further study be made of the Harding-Parkin method for fat 

determination (J. Ind. Eng. Chem., 1913, 5: 131) in comparison with the 

present official and provisional methods. 

Approved. 

(7) That in U. S. Bur. Chem. Bull. 107, Rev., p. 122, after the 

paragraph on Cream, the following paragraph be inserted under the 

heading ‘“‘Condensed Milk (Unsweetened)’’; “‘Dilute 40 grams of the 

homogeneous material with 60 grams of distilled water, proceed as directed 



1916 TROWBRIDGE: REPORT OF COMMITTEE B 47 

under ‘ Milk’, and correct the results for dilution’’; and the word ‘“‘Sweet- 

ened’”’ be inserted before the word ‘‘Condensed”’ in the subsequent 

heading. 

Adopted. 

(8) That further study be given to enzyme reactions of milk. 

Approved. 

FEEDS AND FEEDING STUFFS. 

It is recommended— 
(1) That no change be made in the nitrogen factor for protein. 

Approved. 
(2) That there be a thorough investigation of the methods for crude 

fiber determination. 

Approved. 

(3) That samples be sent out for the quantitative determination of 

adulterants in amounts varying from 5-25 grams to determine the 

smallest amount necessary to give concordant results. 

Approved. 
(4) That samples be sent out containing unknown adulterants for 

qualitative detection of the same. 

Approved. 
(5) That methods for the detection of peat dried at high temperature 

in feeding stuffs be investigated. 

Approved. 

(6) That the maximum percentage of foreign materials permissible in 
mill by-products be investigated. 

Approved. 

SUGAR. 

No report or recommendations. 

WATER IN FOODS AND FEEDING STUFFS. 

It is reeommended— 
(1) That the investigation of desiccating agents, with and without 

increase in temperature, be continued. 

Approved. 

(2) That moisture determination by the vacuum method over sul- 

phuric acid (U. S. Bur. Chem. Bull. 122, p.219) be made an optional official 

method. 

Recommended in 1913 and unconsidered in 1914. 
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ORGANIC AND INORGANIC PHOSPHORUS IN FOODS, FEEDING STUFFS, AND 
DRUGS. 

It is recommended— 

(1) That the magnesia mixture method of E. B. Forbes and his asso- 
ciates for the determination of water-soluble inorganic phosphorus in ani- 

mal substances, as described in this year’s report, be adopted as an official 

method. 
Approved for final action as official in 1915. 
(2) That further effort be made on methods of separation of organic 

and inorganic phosphorus in vegetable substances. 

Approved. 

SEPARATION OF NITROGENOUS SUBSTANCES (MEAT PROTEINS). 

It is reeommended— 

(1) That work on ammonia and amino nitrogen be continued. 

Approved. 

(2) That the Folin method for estimating creatin and creatinin in meat 

and beef extract, as given in the 1913 report, be made official. 

Adopted, final action. 
(3) That the proposed method for determining the coagulable protein in 

meats (U. S. Bur. Chem. Bull. 107, Rev., p. 108, 7 (d)), be made optional. 
Adopted, final action. 

SEPARATION OF NITROGENOUS SUBSTANCES (VEGETABLE PROTEINS). 

No report or recommendations. 

SEPARATION OF NITROGENOUS SUBSTANCES (MILK AND CHEESE). 

It is reeommended— 

(1) That studies be made leading to the adoption of methods for the 

determination of the noncasein proteins and the products of protein 

decomposition in milk. 

Approved. 

TESTING CHEMICAL REAGENTS. 

It is reeommended— 
(1) That the double distillation method (B including C) for the de- 

termination of nitrogen in crude caustic soda, the modified lead method 

for the determination of molybdenum trioxid in molybdic acid, and the 
method for the determination of solids in ethyl ether non-volatile at 100°C., 

as given in this year’s report, be studied further with the view of incor- 
porating them in the official methods for nitrogen, phosphoric acid, and 

crude fat or ether extract, respectively. 
Approved. 
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(2) That the direct titration method and the Tillmans and Heublein 

method for the determination of sodium hydroxid and sodium carbonate 

in crude caustic soda and the method for the determination of P.O; in 

molybdie acid, as given in this year’s report, be studied codperatively 

this coming year, and that the effect of the presence of sulphates on 

the determination of molybdenum trioxid in molybdic acid, together 

with the cause of the variations in the determination of molybdenum 

trioxid in molybdie acid by the modified lead method, be studied further. 

Approved. 
(3) That the study of the nature and amount of the impurities in 

commercial citric acid be discontinued for the present. 

Left for the next referee to decide. 

TANNIN. 

No report or recommendations. 

MEDICINAL PLANTS AND DRUGS. 

It is recommended— 
(1) That the work on medicated soft drinks, especially the methods 

for estimating phosphoric acid and glycerin, be continued. 
Approved. 

(2) That the method for the determination of caffein and acetanilid, 

as given in this year’s report, be adopted as a provisional method. 

Approved by the committee on recommendations of referees for final 

action as provisional in 1915. 

(3) That the method for the determination of caffein and antipyrin, as 

given in this year’s report, be adopted as a provisional method. 

Approved by the committees on recommendations of referees and edit- 

ing methods of analysis for final action as provisional in 1915. 

(4) That the method for the determination of caffein and acetphenet- 

idin (U.S. Bur. Chem. Bull. 162, pp. 193-194), as slightly modified in this 

year’s report, be adopted as an official method. 

Approved by the committees on recommendations of referees and edit- 

ing methods of analysis for final action as official in 1915. 

(5) That the method for the determination of acetanilid and acet- 

phenetidin, as given in this year’s report, be adopted as a provisional 
method. 

Approved by the committees on recommendations of referees and edit- 

ing methods of analysis for final accion as provisional in 1915. 

(6) That the method for the determination of acetanilid and sodium 

salicylate, as given in this year’s report, be adopted as a provisional 
method. ; 
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Approved by the committees on recommendations of referees and edit- 
ing methods of analysis for final action as provisional in 1915. 

(7) That the method for the determination of acetanilid and quinin 

sulphate, as given in this year’s report, be adopted as a provisional method. 

Approved by the committees on recommendations of referees and edit- 
ing methods of analysis for final action as provisional in 1915. 

(8) That the method for the determination of acetphenetidin and salol, 

as given in this year’s report, be adopted as a provisional method. 

Approved by the committees on recommendations of referees and edit- 
ing methods of analysis for final action as provisional in 1915. 

(9) That the method for the determination of caffein, acetanilid, and 

sodium bicarbonate (U. 8. Bur. Chem. Bull. 132, pp. 197-198), as 

slightly modified in this year’s report, be adopted as an official method. 

Approved by the committees on recommendations of referees and 

editing methods of analysis for final action as official in 1915. 

(10) That the method for the determination of caffein, acetanilid, 

sodium bicarbonate, and sodium bromid, as given in this year’s report, be 

adopted as a provisional method. 

Approved by the committees on recommendations of referees aad 

editing methods of analysis for final action as provisional in 1915. 
(11) That the method for the determination of caffein, acetanilid, so- 

dium bicarbonate, and sodium salicylate, as given in this year’s report, 
be adopted as a provisional method. 

Approved by the committees on recommendations of referees and 

editing methods of analysis for final action as provisional in 1915. 

(12) That the method for the determination of caffein, acetanilid, 

sodium bicarbonate, and codein sulphate, as given in this year’s report, 

be adopted as a provisional method. 
Approved by the committees on recommendations of referees and 

editing methods of analysis for final action as provisional in 1915. 

(13) That the method for the determination of caffein, acetanilid, 

sodium bicarbonate, and quinin sulphate, as given in this year’s report, 

be adopted as a provisional method. 

Approved by the committees on recommendations of referees and 

editing methods of analysis for final action as provisional in 1915. 

(14) That the method for the determination of caffein, acetanilid, 

sodium bicarbonate, sodium salicylate, and codein sulphate as given in 

this year’s report, be adopted as a provisional method. 

Approved by the committees on recommendations of referees and 

editing methods of analysis for final action as provisional in 1915. 

(15) That the method for the determination of caffein, acetanilid, and 

sodium salicylate, as given in this year’s report, be adopted as a provisional 

method. 
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Approved by the committees on recommendations of referees and 

editing methods of analysis for final action as provisional in 1915. 

(16) That the method for the determination of alcohol, caffein, acetan- 

ilid, and sodium salicylate (U.S. Bur. Chem. Bull. 152, pp. 236-239), 
as slightly modified in this year’s report, be adopted as a provisional 

method. 

Approved by the committees on recommendations of referees and 

editing methods of analysis for final action as provisional in 1915. 

(17) That the method for the determination of caffein, acetanilid, and 

codein sulphate (U. 8S. Bur. Chem. Bull. 162, pp. 195-196), as slightly 

modified in this year’s report, be adopted as a provisional method. 

Approved by the committees on recommendations of referees and 
editing methods of analysis for final action as provisional in 1915. 

(18) That the method for the determination of caffein, acetanilid, and 

antipyrin, as given in this year’s report, be adopted as a provisional 

method. 

Approved by the committees on recommendations of referees and 

editing methods of analysis for final action as provisional in 1915. 

(19) That the method for the determination of acetanilid, sodium sal- 

icylate, and codein sulphate, as given in this year’s report, be adopted 

as a provisional method. 

Approved by the committees on recommendations of referees and 

editing methods of analysis for final action as provisional in 1915. 

(20) That the method for the determination of antipyrin, acetphenet- 
idin, and codein sulphate (U. 8. Bur. Chem. Bull. 162, pp. 197-198), as 

slightly modified in this year’s report, be adopted as a provisional method. 

Approved by the committees on recommendations of referees and 

editing methods of analysis for final action as provisional in 1915. 

(21) That the method for the determination of acetanilid, quinin sul- 

phate, and morphin sulphate, as given in this year’s report, be adopted as 

a provisional method. 

Approved by the committees on recommendations of referees and 

editing methods of analysis for final action as provisional in 1915. 

(22) That the method for the determination of caffein, acetanilid, 

quinin sulphate, and morphin sulphate (U. 8. Bur. Chem. Bull. 162, pp. 

200-201), as slightly modified in this year’s report, be adopted as a pro- 

visional method. 

Approved by the committees on recommendations of referees and 

editing methods of analysis for final action as provisional in 1915. 

(23) That the method for the determination of acetphenetidin and 
heroin, as given in this year’s report, be adopted as a provisional method. 

Approved by the committees on recommendations of referees and 

editing methods of analysis for final action as provisional in 1915. 
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(24) That the method for the determination of caffein, acetphenetidin 

and codein sulphate (U.S. Bur. Chem. Bull. 152, pp. 239-240), as slightly 

modified in this year’s report, be adopted as a provisional method. 

Approved by the committees on recommendations of referees and 

editing methods of analysis for final action as provisional in 1915. 

(25) That the method for the determination of antipyrin and acetan- 

ilid (U.S. Bur. Chem. Bull. 152, pp. 240-241), as slightly modified in this 

year’s report, be adopted as a provisional method. 

Approved by the committees on recommendations of referees and 

editing methods of analysis for final action as provisional in 1915. 

(26) That the method for the detection of thujone in liqueurs, as given 

in this year’s report, be adopted as a provisional method. 

Approved by the committees on recommendations of referees and 

editing methods of analysis for final action as provisional in 1915. 

(27) That the method for the determination of santonin in Levant 

wormseed, as given in this year’s report, be adopted as a provisional 

method. 
Approved by the committees on recommendations of referees and 

editing methods of analysis for final action as provisional in 1915. 

REPORT OF COMMITTEE C ON RECOMMENDATIONS OF 
REFEREES. 

By H. E. Barnarp (State Board of Health, Indianapolis, Ind.), Chairman,! 

(Food adulteration.) 

COLORS. 

It is recommended— 
(1) That the investigation of methods for the separation and identifi- 

cation of the important natural coloring matters be continued. 

Approved. 

SACCHARINE PRODUCTS. 
It is recommended— 
(1) That the work on the detection of artificial invert sugar in honey 

be continued for another year, studying the tests which proved the most 

satisfactory in the hands of all the collaborators, namely, (1) the original 

Fiehe test allowing the color to develop for twenty-four hours; (2) Hart- 

mann’s modification of the Fiehe test, noting the color immediately after 

the addition of the reagent; (3) Bryan’s modification of the Fiehe test, 

changing the word “vigorously” to “gently”; (4) Feder’s anilin chlorid 

test; with a view of adopting these methods as provisional in 1915. 

Approved. 

1 Presented by H. E. Bishop. 
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FRUIT PRODUCTS. 

It is reeommended— 

(1) That the proposed methods for the determination of malic and 
citric acids, as given in this year’s report, be given further study. 

Approved. 

WINE. 

It is reeommended— 

(1) That the proposed method for the determination of total tartaric 

acid, as given in the 1913 report, be studied further with regard to its 

applicability to red wines. 

Approved. 

(2) That the suggested use of Rochelle salt addition instead of tartaric 

acid, as provided in the Hartmann and Eoff method, be further studied. 
Approved. 

BEER. 

It is recommended— 

(1) That Method 3 for the determination of phosphoric acid in beer 
by the addition of calcium acetate, and subsequent ashing, as given in 

the 1913 report, be adopted as a provisional method in place of the direct 

volumetric determination with uranium acetate. 

Adopted, final action. 

DISTILLED LIQUORS. 
It is reeommended— 

(1) That the Allen-Marquardt method for fusel oil determination 
(U. S. Bur. Chem. Bull. 107, Rev., p. 98 (b) ), be modified as follows: In 

the fourth line after “‘is collected” add ‘‘Whenever aldehydes are present 

in excess of 15 parts per 100,000, add to the distillate 0.5 gram of 

metaphenylene diamin hydrochlorid, reflux for an hour, distil 100 cc., 

add 25 cc. of water and continue distillation until an additional 25 cc. is 
collected.” 

Approved for further study with collaboration. 

(2) That the associate referee be directed to confer with chemists en- 

gaged in spirits analysis, to do such collaborative work as is necessary, 

and to submit at the next meeting a revised Allen-Marquardt method 

containing such changes in details and manipulation as experience 
justifies. 

Approved. 

VINEGAR. 
It is reeommended— 

(1) That Methods 6, 11, 15, 16, and 17, as given in U. S. Bur. Chem. 

Bull. 152, pp. 126 and 127, be adopted provisionally. 

Approved for final action as provisional in 1915. 



54 ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS [Vol. II, No. 1 

(2) That Methods 10 and 20, as given in U.S. Bur. Chem. Bull. 152, 

pp. 126 and 127, be given further study following the suggestions in U.S. 
Bur. of Chem. Bull. 162, p. 81. 

Approved. 

FLAVORING EXTRACTS. 

It is reeommended— 

(1) That the saponification method of Hortvet and West for winter- 

green extract, as described in the J. Ind. Eng. Chem. 1909, 1: pp. 84-95, 

and slightly modified in U.S. Bur. Chem. Bull. 152, p. 141, be adopted 
as a provisional method. 

Approved for final action as provisional in 1915. 

(2) That the method of Hortvet and West for anise and nutmeg ex- 

tracts, as described in the J. Ind. Eng. Chem. 1909, 1: pp. 84-95, be given 

further study. 
Approved. 

(3) That the slight modification of the Howard-Mitchell method for 
peppermint extract, spearmint extract, and other extracts, be given 

further study. 

Approved. 
SPICES. 

It is reeommended— 

(1) That final action regarding the lactic and citric acid methods be 

withheld pending further study and collection of data. 

Approved. 

(2) That the methods for determining insoluble solids and sand, as 

applied to ketchup (U.S. Bur. Chem. Bull. 162, pp. 128-129), be adopted as 

provisional methods. 

Approved for final action as provisional in 1915. 

MEAT AND FISH. 

It is recommended— 

(1) That the recommendations of 1913 be continued. 

Approved. 

FATS AND OILS. 

It is reeommended— 

(1) That the Bureau of Animal Industry method for the detection of 

phytosterol in fats (U. S. B. A. I. Cir. 212) be adopted as a provisional 

method. 

Approved for final action as provisional in 1915. 

(2) That the digitonin method, as described in this year’s report, be 

adopted as a provisional method. 

Approved for final action as provisional in 1915. 
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DAIRY PRODUCTS. 

It is recommended— 

(1) That the method proposedin 1911 (U.S. Bur. Chem. Bull. 152, p. 101; 

Cir. 90, p. 10) as applied to evaporated milk, sweetened condensed milk, 

thin cream, and ice cream, and recommended in 1913 for final adoption 
as provisional in 1914, be given further study. 

Approved. 

(2) That special attention be given to the Roese-Gottlieb method with 

a view of correcting its deficiencies, if such exist, particularly with refer- 
ence to its use in sweetened and unsweetened condensed milk. 

Approved. 

(3) That the modification for rich cream (U.S. Bur. Chem. Cire. 108, p. 12) 

be given further study with a view of its final adoption as provisional in 
1914. 

Recommended in 1913 and unconsidered in 1914. 

CEREAL PRODUCTS. 
It is recommended— 

(1) That the recommendations of 1913 be continued. 
Approved. 

VEGETABLES. 
It is reeommended— 

(1) That the recommendation of 1913 be continued. 

Approved. 

COCOA AND COCOA PRODUCTS. 

It is reeommended— 
(1) That the associate referee for the coming year make a study of the 

manufacture of milk chocolate with the view of finding out whether or 
not the casein is rendered insoluble in the reagents by different methods 
of manufacture. 

Approved. 

TEA AND COFFEE. 
It is recommended— 

(1) That the Fuller method for the determination of caffein in tea and 
coffee be studied further with a view of improving the method of extrac- 
tion and filtration. 

Approved. 

(2) That the Gérter method be studied further with a view of purifying 
the caffein with sodium carbonate solution for direct weighing. 

Approved. 

(3) That the combination method, using the Fuller and Garter methods, 
as proposed by Hanson in this year’s report, be studied. 

Approved. 
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(4) That the modified Stahlschmidt method be given another trial for 
the determination of thein in tea. 

Approved. 

PRESERVATIVES. 
It is reeommended— 

(1) That the Fincke method for formic acid (Biochem. Z., 1913, 51: 
253) be adopted as a provisional method. 

Approved for final action as provisional in 1915. 

(2) That the natural occurrences of formic acid in food products be 
further investigated. 

Approved. 

(3) That the Wegner method (Z. anal. Chem., 1903, 42: 427) be sub- 

mitted to trial as a confirmatory test and that steps be taken to secure a 

reliable quantitative method for the determination of saccharin in foods. 
Approved. 

HEAVY METALS IN FOODS. 

It is reeommended— 

(1) That the methods for the determination of lead in baking powder 

and baking powder materials be made the subject of further study, with 

the codperation, if possible, of the associate referee on baking powder. 

Approved. 
(2) That further study be made of the Gutzeit determination for 

arsenic as carried on this year, especially as to the proper strength of acid 

to be used. 

Approved. 

(3) That a study of some modification of the Marsh method for the 

determination of arsenic be made. 

Approved. 

(4) That the gravimetric tin method and Baker’s volumetric tin method 

be studied further. 
Approved. 

(5) That the volumetric tin method of Bloomberg and Lourie be 

studied further. 

Approved. 

(6) That methods for the determination of copper, zinc, nickel, and 

aluminium in food products be made the subject of study by the associa- 

tion as soon as possible. 

Approved. 

BAKING POWDER. 

It is reeommended— 

(1) That a comparative study be made of the Seeker, Exner, and 

Remington method for the determination of lead. 

Approved. 
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~ A motion, made by William Frear, that the Chairmen of Committees 

A, B and C meet to discuss the method of preliminary research and the 

conduct of the work of the association, was carried. 

REPORT OF COMMITTEE ON RESOLUTIONS. 

By Wixi1amM FRear (State College, Pa.), Chairman. 

Resolved, That, by the death, on July 31, 1914, of Prof. Francis H. Storer, Emeri- 

tus Professor of Agricultural Chemistry of Bussey Institution, Harvard University, 
America has lost one of her pioneers in the application of chemistry to the art of 

agriculture, a teacher whose widely inclusive studies, instructive writings, and 

earnestness in his chosen field, have done much to inspire the later generation of 
American agricultural chemists with a realization of the value of their science as 

applied to agriculture, and to impress upon the minds of the farming public also its 

importance in the solution of farm problems. 

REPORT OF THE AUDITING COMMITTEE. 

By R. T. Davipson (Polytechnic Institute, Blacksburg, Va.), Chairman. 

The following report by the secretary-treasurer was examined by the 

auditing committee and found to be correct: 

REPORT OF THE SECRETARY-TREASURER FOR THE YEAR 
ENDING NOVEMBER 15, 1914. 

Receipts: ; 

Balances Novem berils:aLOlSaecmacrriciernccrcsy cio iecrsiotintee cieloe eis niraiororolsioterels $120.02 
Dues for the year 1912 to 1913 received from 3 States, (North Dakota, 

Tennessee, and Vermont) after the report for that year was submitted 6.00 
Dues for the year ending November 15, 1914, from 58 Federal and State 

OLE AMUS AL GLOUS epee rete etezate esos sista ara vevsveraseretor aestave iahete areietenere ve esta paiensforel ius etnieiovere 116.00 

MMOH ALERE COLD ES! i012 selsjarssevalsvers et ouevereraletecote sls are lesiererocerelatoe i anctate cial cle cahanet siakainarentg 242 .02 

Expenditures: 

Telephone calls, Raleigh Hotel, 1913 meeting....................0eeeeee $0.65 
Mrps Raleigh Hotel; 1913:meetin gia... scin-ae cieivriecio sisi sie Seine einen sie 3.00 
PUL Veo ye OLA SEBTDS fe sors/sloyatersyata cre olete oie sls laietsls:auajateieieieoiois ciaretensletes ecertelele 2.00 
January 5, 1914. 500 Circulars, 300 one-cent envelopes, plain........... 12.85 
anusryel 419140) ol rubber stampe.ncc esis cir ce ecricicietc/aisrsietsronara ore ose el oks 0.70 
memo O14. s00!/two-centienvelopesir:cfceen ncjpc.soue. scsee em sie trees vie eerste 6.47 
neyo wLOl4 eso OMetter circularsis.csacce sce ec eteyotontre oeiee oe ati 3.75 
ulya2t O14. (500;stampedienvelopes®). 3/2 is.« aclscuierieroeiscietaecewediene 11.00 
ITV ASU elo 4 ee SOOLANNOUNCEMENGUS:.2)5 515 -)=/ve1e es roses siey<feiefereyersierataisiersretiererane 16.75 
Hxpressazeon badges for 1914 meeting... .. ne .j.secisies cieicieiecis cticieie eecleele 0.42 
S00ibadgesiirom: Bastian Brothersi@o. 22)... este senses miceine veetecie closer 23.00 

Motaliexpendituress. aie <p ctverec cleiovveis savers ale) sseyeleieiele Gleaner $80.59 

BalancemNovembers Gil Olan actin ccotacie 2 orev italoelaivertehette ke deities $161.43 

Respectfully submitted, 
(Signed) C. L. Auspera, 

Secretary-Treasurer. 
Examined and found correct: 

(Signed) R. J. Davipson, Chairman, Auditing Committee. 
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H. C. Lythgoe made a motion, which was carried, that the consti- 

tution be so amended that municipal chemists be eligible to membership 

in the association, and that the matter be referred to the proper 
committee. 

REPORT OF COMMITTEE ON NOMINATIONS. 

By W. A. Wiruers (College of Agriculture, Raleigh, N. C.), Chairman. 

The committee submitted the following nominations for officers for the 

year ending November 1915: President, C. H. Jones, of Vermont; Vice- 

President, R. N. Brackett, of South Carolina; Secretary-Treasurer, C. 

L. Alsberg, of Washington, D. C.; additional members of the executive 

committee, Julius Hortvet of Minnesota, and E. F. Ladd of North 

Dakota. 

The secretary was instructed to cast the unanimous ballot of the asso- 

ciation for these officers. 

No report was made by the referee on tannin. 

The subject of tannin was dropped from further study by the 

association. 

The association adjourned at 12.30 P.M. to reassemble at 1.30 P.M. 



THIRD DAY. 

WEDNESDAY—AFTERNOON SESSION. 

REPORT ON MEDICINAL PLANTS AND DRUGS. 

By W. O. Emery (Bureau of Chemistry, Washington, D. C.), Referee. 

RECOMMENDATIONS. 

It is reeommended— 

(1) That the work on medicated soft drinks, especially the methods for 
estimating phosphoric acid and glycerin, be continued. 

(2) That the following method for the estimation of caffein and acet- 
anilid in mixtures, be adopted as official: 

CAFFEIN AND ACETANILID. 

(W. 0. EMERY METHOD.) 

Preliminary Treatment. 

I. If the sample is already in powder form, reduce to the finest possible con- 

dition and uniformity by rubbing in a mortar, then keep in a tightly corked tube or 

flask until required for analysis. Powders in paper, cachet or capsule containers 

are frequently of such fineness as to require little further trituration except to 

produce a more uniform product, in which event the above treatment should be 

performed carefully prior to the weighing of the sample. Ona small tared filter (5.5 
em.) weigh out 0.3-0.5 gram of the product thus prepared, or, if preferred, an 

amount equal to, or a multiple of, the average unit dose (previously ascertained by 

weighing collectively 20 or more such doses), wash with successive small portions of 

residue-free chloroform, 30-50 cc., sufficient at least to insure complete extrac- 

tion. Collect the solvent in a 200 ec. Erlenmeyer, then distil by gentle heat to 

about 10 ce., using in this and similar operations, if available, a small spray trap, 

substantially like that shown in U. S. Bur. Chem. Bull. 152, p. 239. Add 10 ce. of 
dilute sulphuric acid (1 to 10), remove to a steam-bath and proceed as directed 
under caffein. 

II. If the caffein is present in the citrated form, or the composition of the mix- 
ture is such as to preclude complete extraction by the filter method, weigh out on 

a metal scoop or watch glass the desired amount of the prepared sample, transfer 

to a separatory funnel of the Squibb type, add 50 ce. of chloroform and 20 ee. of 

water, shake vigorously and after clearing, draw off the lower layer through a small 

dry filter into a 200 cc. Erlenmeyer. In the ease of coated tablets and pills, take 

one or more for each determination, first crushing them in a mortar before treatment 

inaseparator. Repeat the extraction twice with two 50 ce. portions of chloroform, on 

the completion of which any caffein-acetanilid mixture observable about the apex of 

the delivery tube of the separator or edge of the filter and tip of the funnel should be 

recovered very carefully by judicious washing with chloroform, such washings being 
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subsequently united with the main portion. Distil the combined chloroformic 
portions to about 10 ec., then proceed as directed under caffein. 

III. If the product under examination be an aqueous-alcoholic solution, evapo- 

rate a measured quantity on the steam-bath (or take an aliquot of the residue from 

an alcohol determination) until most of the alcohol has been expelled,transfer to a 

separatory funnel by pouring and rinsing with a minimum of water so that the 

final volume does not greatly exceed 20 ec., then, in order to regenerate any acetan- 

ilid possibly hydrolyzed during evaporation, add a little solid sodium bicarbonate, 
1 drop of acetic anhydrid and 50 cc. of chloroform, shake vigorously and, after clear- 

ing, draw off the solvent through a filter into a 200 cc. Erlenmeyer. If the prepara- 

tion contains alkaloids, acidify with a few drops of dilute sulphuric acid immediately 

after the above prescribed acetylation and prior to treatment with chloroform, 
in order to insure retention of such basic material in aqueous solution. Repeat the 

extraction twice with two 50 cc. portions of chloroform and treat the solvent sub- 

stantially as in the two preceding cases preliminary to hydrolysis as outlined under 

caffein. 

A gross separation of the active ingredients from vehicular matter having been 

effected in accordance with one of the above procedures, the next step consists in 

the conversion of acetanilid into acetic acid and anilin sulphate, from which caf- 

fein is readily separable by means of chloroform, the anilin salt being under the 

conditions of the experiment insoluble in this medium. The acid hydrolysis of 
acetanilid leaves caffein intact. 

Determination. 

Caffein (CsHioN 402), melting point about 235°C.—Digest on the steam-bath the 
aqueous acid mixture containing caffein and acetanilid until the contents of the 

flask are reduced to 5 ec., add 10 cc. of water and continue the digestion until the 
liquid is again reduced to 5 cc., cool, pour and rinse into a separatory funnel with a 

minimum of water, so that the final volume does not greatly exceed 20 ce. Add 50 

ce. of chloroform, extract in the usual way and after clearing withdraw the lower 

layer through a small dry filter into a 200 cc. Erlenmeyer. Repeat the extraction 

with two 50 ce. portions of chloroform. On completion of the third and final ex- 
traction, recover carefully all traces of caffein observable about the tip of the de- 
livery tube and the edge of the filter, then distil the combined solvent to about 10 
cc., finally transfer the residual liquid, by pouring and washing with chloroform, to a 

tared beaker or crystallizing dish, and allow the solution to evaporate spontaneously 

or by gentle heat and blast to apparent dryness. Cool and weigh until constant. 

Acetanilid (C;H;NHCOCHS), melting point 113° C.—Draw off into the Erlenmeyer 
the aqueous-acid solution of anilin sulphate remaining in the separator used in 

effecting hydrolysis, rinse several times with 5 cc. portions of water to insure com- 

plete removal of former contents, and then heat the liquid for 10 minutes on the 

steam-bath to expel all traces of chloroform. Wash the filter, used in the preceding 

operation to dry the chloroformic solution of caffein, once with 5 ce. of water, and 

add later to the main solution of anilin sulphate. Add 10 cc. of concentrated hy- 

drochloric acid, then run in a standard solution of bromin (1 ce. of which is equiva- 

lent to about 5 or 10 mg. of acetanilid) until a faint yellow coloration persists. 
While adding this reagent, or after each small addition thereof, rotate the flask 
sufficiently to agglomerate the precipitated tribromoanilin, thus clarifying the super- 

natant liquid and rendering the state of titration more apparent to the operator. 

Multiply the number of ce. required to complete the precipitation by the value of 

1 cc. in terms of acetanilid in order to ascertain the quantity of this substance 

originally present in the sample taken. 
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COMMENTS AND SUGGESTIONS BY THE REFEREE. 

Tared filters for use in this and similar work may be conveniently prepared as 
follows: Fold, adjust dry in a short-stemmed funnel of about 1.5 inches in diame- 

ter, moisten and fit carefully so that the entire rim of filter closes snugly onto the 
glass. After drying, keep in a balance case or other convenient receptacle and when 

needed weigh on a small glass tripod, an appliance easily constructed in the 

laboratory. 

It is self-evident that all manipulations with tared filters at the balance should 

be performed under comparable conditions. If, for example, the first weight is 
taken when the hygrometer indicates a humidity of 50 per cent, the second weigh- 
ing should clearly be made only when the moisture content of the air is approxi- 
mately the same. This is indispensable when it is desired to estimate the quan- 

tity of chloroform-insoluble residue (as sodium bicarbonate in acetanilid com- 

pound) or excipient (starch, sugar, talc, etc.) employed, as in tablets containing 

but one active ingredient. Experience has shown, however, that a variation in 

humidity up to 5 per cent between the 2 weighings would not be productive of 
material error. 

It not infrequently happens that certain brands of compressed tablets, when 

treated on the filter according to Procedure I do not yield to chloroform all the 

drug actually present in the mass. Such failure in apparently simple combinations 
to give up all their active principles to a suitable solvent is unquestionably due to 

the nature of excipient employed in the process of granulation. Starch paste, 
sirup, dextrin, gum, etc., as ordinarily applied, may easily and doubtless do dis- 

solve and on drying hold or occlude appreciable quantities of any substance possess- 

ing a fair degree of solubility in aqueous media. In support of this assumption may 

be mentioned the fact that, in the case of certain caffein-acetanilid tablets, the 

chloroform-insoluble residue even after exhaustive treatment with the solvent still 

showed traces of the active principles in question, while in tablets containing the 

more insoluble acetphenetidin, no such resistance to extraction was observed. One 

should therefore not be surprised, in applying the first or filter treatment to caffein- 
acetanilid mixtures, to discover appreciable amounts of these drugs persisting in the 
chloroform-insoluble residue. While the quantity thus occluded is usually so small 

as to be almost negligible, the careful analyst will undoubtedly desire to check the 
accuracy of the first procedure by applying the second also, involving the use of a 

separatory funnel. In operating, therefore, according to Procedure I it is wise to 

apply the isocyanid test to the chloroform-insoluble residue, in order to prove the 

absence of even traces of acetanilid, which may be present in the occluded state in 

the powdered mass. Asa means of control or in very exact work, it is recommended 
that the sample be subjected to both Procedures I and II. 

Before making an extraction in a separatory funnel, the valve should be “‘locked’’ 

with a drop of water in order to reduce the tendency to loss from capillarity. All 

chloroform used in drug analysis should be carefully redistilled, unless it is posi- 

tively known to be a residue-free product. It should also be neutral in reaction. 
All cork stoppers employed in connection with the distillation of chloroform should 

have been previously digested with this solvent a sufficient length of time to remove 

all extractives, which would otherwise contaminate the substances in course of 

estimation, and thus vitiate the results. 

In the operation of withdrawing chloroform from a separatory funnel on comple- 

tion of an extraction, it will frequently be found advantageous to free the solvent 
as much as possib'e from mechanically suspended water, which would otherwise be 

carried along and in the end contaminate, by virtue of dissolved salts, the substance 
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it is desired to estimate. The chloroform is accordingly made to pass first, through 

a small, dry pledget of chloroform-washed cotton, pushed up into the delivery tube 
of separator, and second, a small (5.5 em.) dry filter prior to reception in an Erlen- 

meyer from which distillation is effected. After each withdrawal of chloroform, the 
cotton is removed to the separator by means of a wire, and, on completion of the 

following extraction, a fresh pledget substituted in its place. The filter is allowed 
to dry completely between extractions. 

Preparations containing, in addition to caffein and acetanilid, powdered cinna- 

mon, celery seed, ginger or other vegetable products, yield to chloroform certain 

oils, fats, waxes, resins, pigments and other extractives, which in due course ap- 

pear either in suspension or solution after the caffein-acetanilid mixture has been 

subjected to digestion, and finally also contaminate the caffein as first isolated. 

Any suspended impurities may be eliminated readily by passing the aqueous-acid 

liquid through a small moistened filter tightly packed in a funnel, prior to extraction 

with chloroform. Should the caffein, as first recovered and weighed, be deeply col- 

ored or apparently contaminated with foreign matter, it may be purified in the fol- 

lowing way: Dissolve in very dilute sulphuric acid, pass, if necessary, through a 

moistened filter to eliminate suspended impurities, add to the clear solution 15-20 

ec. of Wagner’s reagent, sufficient at least to render the supernatant liquid dis- 

tinctly claret in color, stir, then allow to stand an hour. Filter and wash the 

peroxid with a few ce. of iodin solution, transfer both filter and precipitate to a 

separatory funnel, using for this purpose not more than 20 ce. of water, decolorize 

with a crystal of thiosulphate, then extract with three 50 ec. portions of chloroform 

and proceed as directed under caffein. 

To prepare a standard solution of bromin, add bromin in slight excess to a con- 

centrated aqueous solution of caustic potash (50 grams), dilute with water to dis- 

solve any separated salts, boil to expel excess of bromin, and finally dilute to 1 

liter. Standardize this solution with weighed amounts of pure anilin, or better 
with recrystallized and dried acetanilid, and finally adjust by proper dilution until 

1 cc. is equivalent to 5 or 10 mg. of acetanilid. 
Caffein and acetanilid are the two principal ingredients of the preparation known 

as ‘“‘acetanilid compound’’, a further constituent being sodium bicarbonate. The 

last named substance appears as the chloroform-insoluble residue and may be ac- 

curately determined by titrating such residue, or one obtained by igniting a por- 

tion of the original mixture, with standard acid in the presence of congo red as 
indicator. The bicarbonate may likewise be determined by igniting the original 
sample, or the chloroform-insoluble residue, with sulphuric acid and weighing the 

resulting sodium sulphate. 
Should the ‘‘acetanilid compound’”’ be combined with sodium bromid, the latter 

substance, in the absence of other halids, is easily estimated volumetrically by means 

of standard silver nitrate in combination with potassium sulphocyanid and ferric 

ammonium sulphate. 

(3) That the following method for the estimation of caffein and acet- 

phenetidin (phenacetin) in mixtures be adopted as provisional: 
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CAFFEIN AND ACETPHENETIDIN. 

(Ww. O. EMERY METHOD.) 

Preliminary Treatment. 

With preparations containing acetphenetidin (phenacetin) instead of acet- 

anilid, but otherwise identical, a gross separation of the caffein-acetphenetidin 

mixture is effected by practically the same preliminary treatment as that accorded 

caffein-acetanilid. Only in the matter of subsequent hydrolysis and regeneration 

of acetphenetidin is it necessary to observe the most careful circumspection as 

regards minor details involved in the various operations. 

Caffein.—After distilling the chloroformic solution of caffein-acetphenetidin 

to about 10 ecc., add 10 ce. of dilute sulphuric acid (1 to 10), then remove to the 

steam-bath and digest until the liquid is reduced to about 5 ee. Dilute with 10 ce. 

of water and continue the digestion until the volume is again reduced to 5 ec., then 

add a second and final 10 cc. of water and continue heating until the residual liquid 
amounts to 8-10cc. If, during the process of digestion, particles of acetphenetidin 

persist on the sides of the flask, add, from time to time, a few drops of chloroform 
in order to bring such particles more completely within the radius of hydrolytic 
action. Cool and transfer to a separatory funnel by pouring and rinsing with 

water, until the final volume of liquid does not greatly exceed 20 cc. Extract, by 
means of vigorous shaking, with three 50 ce. portions of chloroform, manipulating 

the solvent and caffein substantially as under caffein-acetanilid treatment. 

Acetphenetidin (C2H;OCsHsNHCOCH;), melting point 135°C.—Wash the filter used 

to dry the chloroform in the preceding operation once with 5 cc. of water, receiving 
the latter in the separatory funnel containing the aqueous-acid solution of pheneti- 

din sulphate. Treat with successive small portions of solid sodium bicarbonate 
until, after complete neutralization of free acid, an excess of the former persists at 

the bottom of the mixture. Then add 50 cc. of chloroform and, for every 100 mg. 

of acetphenetidin known or believed to have been present, 5 drops of acetic anhydrid; 

shake vigorously for some time, allow to clear, then withdraw the chloroform into a 
second separator containing 5 cc. of water. Shake this mixture and, after clearing, 

pass the solvent through a small dry filter into a 200 ec. Erlenmeyer. Distil over 

about 40 ec. of the chloroform, make up to 50 cc. with fresh solvent and extract 
again. Withdraw to the second separator, wash and distil as before, about 50 cc., 

which are applied on the third and final extraction. Then distil the chloroform to 

about 10 ce., transfer the residue to a 50 cc. tared crystallizing dish or beaker, by 

pouring and rinsing with sufficient fresh solvent, evaporate on the steam-bath to 

apparent dryness, finally removing any considerable excess of acetic anhydrid by 

repeated additions of 1 cc. of fresh chloroform, to which has been added a drop of 

alcohol. The regenerated acetphenetidin should finally appear as a whitish, erystal- 

line mass with a faint acetous odor. The latter will completely disappear on stand- 

ing some hours in the open, or in a vacuum desiceator over lime. Weigh from time to 

time until the final weight differs from the preceding not more than 0.5 mg. 

COMMENTS AND SUGGESTIONS BY THE REFEREE. 

Acetphenetidin, owing to its greater insolubility in aqueous-acid media, is cor- 

respondingly more difficult of hydrolysis than acetanilid. In order therefore to in- 

sure complete conversion to phenetidin sulphate, special attention should be di- 

rected to the end that any crystalline deposits (acetphenetidin), which may appear 

in the beginning of the operation on the sides of the flask just above the liquid, 

should be forced back into the hot liquid by an occasional gentle rotation of the 
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flask or, better, by the occasional addition of a few drops of chloroform. It isself- 
evident that, if hydrolysis is incomplete, subsequent extraction with chloroform will 

remove not only caffein but also any acetphenetidin that may have escaped hy- 

drolytic action, and thus vitiate the results for caffein. Great care too should be 
given the degree of evaporation. Should the aqueous-acid solution and suspension 
of caffein-acetphenetidin be concentrated far beyond the limits indicated in the 
method, more or less phenetidin sulphonate is likely to be formed, which later resists 

acetylization and conversion to acetphenetidin. 

(4) That the method for the estimation of caffein and antipyrin in 

mixtures,' as given in this year’s report, be adopted as provisional: 

CAFFEIN AND ANTIPYRIN. 

(W. O. EMERY AND 8. PALKIN METHOD.) 

Antipyrin (CiHi2N20), melting point 113°C.—Transfer about 0.25 gram of the 

caffein-antipyrin mixture to a 150 cc. separatory funnel by means of two 5 ce. por- 

tions of alcohol-free chloroform followed by 10 cc. of water, add 1 gram of sodium 

bicarbonate and 10-15 cc. of fifth-normal iodin (or double the quantity of tenth- 
normal iodin), this reagent being applied in successive small portions and the mix- 

ture shaken vigorously 15-20 seconds after each addition. When all the iodin 

has been thus added, a decided excess of this reagent should be apparent in the 

liquid after a final vigorous shaking of 1 minute, in which event all the antipyrin 

will have been converted into the moniodo derivative. If, however, all the iodin 

previously applied should appear to have been expended, a little more must be added 
to insure an excess, and the mixture again shaken. Now discharge the uncombined 

iodin by means of a small crystal of sodium thiosulphate, add 15 cc. of redistilled 

U.S. P. chloroform, shaking vigorously for 1 minute. After clearing, wash the sol- 
vent in a second separator with 5 cc. of water, finally passing through a small dry 

filter into a tared 50 ce. beaker and evaporating to apparent dryness on the steam- 

bath, accelerating this operation with an air blast. Repeat the extraction with two 
(three, in case tenth-normal iodin is used) 25 cc. portions of chloroform, and wash, 

filter and evaporate each portion in rotation as in the first instance. Recover any 

crystalline product separating about the tips of the delivery tube and the funnel, 

and the edge of the filter, by judicious washing with chloroform. Dry the nearly 

colorless crystalline residue of caffein and iodoantipyrin for 30 minutes at 105°C., 

then cool and weigh. Designate this weight A. 

Dissolve the composite residue in 5 ce. of glacial acetic acid, add 10 ce. of satu- 
rated aqueous sulphur dioxid solution, then transfer the resulting liquid by dilut- 
ing, pouring and rinsing with hot water to a 400-500 cc. beaker until the final 

volume amounts to about 200 ce. Add aqueous silver nitrate solution (about 0.3 

gram of silver nitrate), sufficient at least to precipitate all the halogen, follow with 

a few drops of nitric acid, then heat nearly to boiling, stirring the while in order to 

agglomerate the silver iodid. Add 15 cc. of concentrated nitric acid, cover the 
beaker with a watch glass and boil gently for 5 minutes. Filter by decantation 
through a tared Gooch, washing the precipitate once with a little alcohol, then with 

two 100 ec. portions of boiling water, and finally transfer the iodid completely to the 

crucible. Wash several times with hot water and again with aleohol to remove 

traces of organic matter, prior to drying for 30 minutes in the air-bath at 110°C. 

Cool and weigh. The weight of silver iodid multiplied by the factor 0.8012 yields 

the quantity of antipyrin present in the mixture. 

1J. Ind. Eng. Chem., 1915, 7: 519. 
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Caffein.—Ascertain the quantity of caffein by subtracting the product obtained 
by multiplying the weight of silver iodid by the factor 1.3374 from the weight of 
residue A. 

COMMENTS AND SUGGESTIONS BY THE REFEREE. 

In practice, the preliminary or gross separation of the caffein-antipyrin mixture 

from the usual excipients of tablet and pill combinations is most conveniently ef- 

fected by extraction of the finely powdered mass with chloroform on a tared filter, 

this solvent, together with its attendant alcohol, being subsequently expelled com- 

pletely, first by gentle distillation and finally by evaporation on the steam-bath, 
prior to proceeding with the separation proper. Likewise in the case of alcoholic 

preparations containing caffein and antipyrin as essential ingredients, the recovery 

of these two substances is best made after evaporation of the alcohol on the steam- 

bath. The residual menstruum is thereupon exhausted with chloroform in the 

usual way, the resulting solution of caffein and antipyrin being treated precisely 

like the one obtained from tablet or pill combinations. 

The use of alcohol-free chloroform in connection with the halogenation of antipy- 
rin is necessary in order to preclude the possible formation of iodoform, the pres- 

ence of which in the composite residue A would naturally vitiate the analytical 
findings. 

The application of iodin in small portions appears to favor the production of a 

purer iodoantipyrin than when this reagent is added all at one time, as evidenced 

by the color of the caffein-antipyrin residue. In order to free the latter from all 

contaminating volatile products under the conditions outlined in the method, par- 
ticular attention should be given to actual working conditions of the drying oven,! 

since incomplete or improper desiccation must lead necessarily to widely divergent 

caffein values, while heating at temperatures materially higher than 105°C. is 

found to exert an unfavorable influence on the recovery of both caffein and anti- 
pyrin. 

The color changes following the addition of strong nitric acid are quite charac- 

teristic, passing from colorless through deep red to pale yellow in the course of 5 

minutes’ boiling. In view of this somewhat radical treatment to which the caffein 

is likewise subjected, any direct determination of this substance becomes imprac- 

tical. The quantity of caffein is ascertained indirectly therefore with a reasonable 

degree of accuracy by subtracting the weight of iodoantipyrin (calculated) from that 
of the composite residue A. 

In the analysis of a mixture containing caffein, antipyrin, acetanilid and sodium 

salicylate, the following essential steps are suggested in effecting a separation: 

(1) Extraction of caffein, acetanilid and antipyrin from the aqueous soda solution. 

(2) Hydrolytic treatment of the three substances eliminated with sulphuric acid 

preliminary to the isolation of caffein and antipyrin, which are thereupon subjected 

to the procedure just described. 

(5) That the following method for the estimation of acetanilid and 

acetphenetidin (phenacetin) in admixture,? be adopted as provisional: 

1J. Ind. Eng. Chem., 1914, 6: 585. 
2 Tbid., 665. 
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ACETANILID AND ACETPHENETIDIN. 

(w. 0. EMERY METHOD.) 

Acetphenetidin.—Introduce 0.2 gram of the acetphenetidin-acetanilid mixture 

into a small (50 cc.) lipped Erlenmeyer flask, add 2 cc. of glacial acetic acid, heat 

gently over wire gauze to complete solution, then dilute with 40 ec. of water, pre- 
viously warmed to 70°C. Transfer the clear acetous liquid to a glass stoppered, 

graduated 100 cc. flask, by pouring and careful washing of the flask with two 10 cc. 
portions of warm (40°C.) water into which have been run previously from a burette 

25 cc. of standard iodin of a strength slightly above N/5and warmed to 40°C. Rotate 

the resulting menstruum to uniformity, closing the flask meanwhile, then add 3 ce. 

of concentrated hydrochloric acid, close the flask anew and continue the rotation 

until copious crystallization is apparent, then set aside to cool. If the ratio of 

acetphenetidin to acetanilid is equal to or greater than 1, the formation of crystal- 

line scales will be almost immediate on the addition of acid. As the proportion of 

acetanilid increases, however, the periodid is not only more inclined to maintain the 
liquid state, with the result that crystallization becomes proportionately slower, 

but its separation also from the menstruum itself is in a measure apparently re- 

tarded. In such cases, gentle agitation of the liquid or rotation of the flask in 

water warmed to 40°C. or less tends to promote the formation of crystals. When 

the contents of the flask have assumed the room temperature, fill with water to 
within 2-3 cc. of the mark, rotate to uniformity and allow to stand overnight. 

Fill to the mark with water, mix thoroughly, then after standing for 30 minutes 

withdraw a 50 cc. aliquot of the clear liquid by passing through a small (5.5 em.) 
dry, closely fitted filter into a graduated 50 cc. flask, rejecting, however, about 15 

cc. of the first runnings, the latter being received in any convenient container for 
eventual later use, along with the additional filtrate, for the recovery of acetanilid. 

Transfer the 50 cc. aliquot to a 200 cc. Erlenmeyer flask by pouring and washing and 

titrate with tenth-normal sodium thiosulphate. 

If reference is had to the composition of the insoluble addition product, consti- 

tuting the basis for the foregoing separation, 

(C2:H;O.CsHsNH.COCHs):HI. I, 

it will be noted that, for every molecule of acetphenetidin involved, 2 atoms of 
iodin are required, hence from a titrimetric standpoint 1 atom of iodin is equivalent 

to one-half molecule of acetphenetidin. If, therefore, the quantity of iodin ex- 

pended in the formation of insoluble periodid is ascertained as the result of such 

titration, the quantity of acetphenetidin thereby involved is readily calculated 

from the expression, 

acetphenetidin = 1(0.008890 * N), 

in which 0.008890 represents the quantity of acetphenetidin in 1 cc. of a tenth-nor- 
mal solution of this substance, N the normality of a standard thiosulphate employed, 

while I represents the number of ce. of such thiosulphate corresponding to the 

iodin entering into combination with phenacetin isolated as periodid. 
The gravimetric determination of acetphenetidin may, if desired, be effected sub- 

stantially as follows: Filter off the periodid, collect it on the filter and wash with 
10-15 ee. of standard iodin solution, preferably by suction, then transfer, together 

with filter (likewise any particles of precipitate eventually remaining in the gradu- 

ated flask), to a separatory funnel, using not over 50 cc. of water. After discharging 

both free and added iodin with a few small crystals of sodium sulphite, extract the 
liquid with three 50 cc. portions of chloroform, subsequently washing each portion 
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in a second separatory funnel with 5 ec. of water. After washing and clearing, with- 
draw the solvent through a small (5.5 em.) dry filter into a 200 cc. Erlenmeyer flask, 

distil off most of the chloroform, transfer the residual 5-10 cc. to a small tared 

beaker or crystallizing dish by pouring and washing with fresh solvent. Evaporate 

to dryness on the steam-bath, cool, and weigh. 

Acetanilid.—Should the combined weight of the acetphenetidin-acetanilid mixture 

be known, that of the latter constituent can be determined by difference or, if neces- 

sary, estimated directly from a second aliquot of the filtrate from the acetphenetidin 
periodid. 

To this end, transfer 25-30 ce. of the clear liquid to a separatory funnel by 
means of a pipette, decolorize with sufficient solid sodium sulphite, and solid sodium 

bicarbonate in slight excess, follow with 1 or 2 drops of acetic anhydrid, then ex- 

tract with three 60 ce. portions of chloroform, passing the solvent when cleared 

through a small, dry filter into a 200 cc. Erlenmeyer, from which the chloroform is 

distilled, by the aid of gentle heat, to about 20 cc. Then add 10 ce. of dilute sul- 

phuric acid (1 to 10) and digest the product on the steam-bath until the aqueous 

residue has been reduced one half, add 20 cc. of water and continue the digestion 

for an hour, add a second 20 cc. portion of water and 10 ce. of concentrated hydro- 

chloric acid, then titrate very slowly, drop by drop, with standard potassium bro- 

mid-bromate (1 ec. of which is equivalent to 5-10 mg. of acetanilid), until a faint 

yellow coloration persists. While adding this reagent, the flask should be rotated 

sufficiently to agglomerate the precipitated tribromoanilin and thus clarify the 

supernatant liquid. The number of ce. of standard bromid solution required to 
complete the precipitation, multiplied by the value of 1 cc. in terms of acetanilid, 

will give the quantity of this substance present in the aliquot taken. 

COMMENTS AND SUGGESTIONS BY THE REFEREE. 

The preliminary or gross separation of acetphenetidin and acetanilid from com- 

plex mixtures is materially lengthened, if the preparation contains, in addition to 
those substances, caffein or antipyrin, or both, in which event it would be necessary 

to subject the mixture of four ingredients to hot digestion with dilute sulphuric 

acid in order to convert acetphenetidin and acetanilid to phenetidin and anilin sul- 

phates, respectively, from which caffein and antipyrin could be easily separated by 

means of chloroform, after which acetphenetidin and acetanilid should be regen- 

erated by treating the aqueous-acid solution of the corresponding sulphates with 
solid sodium bicarbonate in slight excess, thereupon with a few drops of acetic 

anhydrid, followed by extraction with chloroform. 

In the operation of transferring the acetous solution of acetphenetidin-acetan- 
ilid mixture to the graduated flask containing standard iodin, great care must be 

exercised that none of the dissolved substances crystallize out as such during or 
after the transfer, either in the liquid or about the neck of the Erlenmeyer, since 

any undissolved acetphenetidin introduced into the iodin reagent would fail in 

obtaining its full complement of iodin, thus vitiating the determination. The neces- 

sary transfer is effected most conveniently, and indeed without loss, by the use 

of an Erlenmeyer provided with a lip, a form easily made in the laboratory from 

the ordinary type by heating the neck of the flask in a moderate blast flame, then 
by the aid of a file or other suitable instrument pulling down the rim to the de- 
sired pitch. Thus modified, the flask delivers aqueous solutions with little or no 
tendency to run down on the outside of the neck. 

1U.S8. Bur. Chem. Bull. 162, p. 197. 
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The standard solution of iodin employed in the foregoing separation and the one 

giving the best results has a strength slightly above fifth-normal; that is, a solu- 

tion containing 30 grams of iodin and 40 grams of potassium iodid to the liter. 

To prepare, dissolve the potassium iodid in the least possible quantity of water, 

add the iodin and, after complete solution, dilute to 1 liter. Twenty-five cc. of 

this reagent, the volume taken for each determination, are standardized with a solu- 

tion of sodium thiosulphate containing 30 grams to the liter, the value of which has 

been ascertained in turn by titration with very carefully purified iodin. The end 
point is best observed by adding to the liquid 1 or 2 drops of freshly prepared starch 

solution toward the close of the titration. In measuring off the standard iodin, 
make the readings by the aid of transmitted light. This is easily done by holding 
an electric bulb just back of the burette, thus bringing the lower meniscus into sharp 

relief. 

For this and similar iodometric operations, very pure iodin was prepared by dis- 
solving the commercial resublimed product in concentrated aqueous potassium iodid, 

pouring the clear liquid into a large volume of water, filtering and washing the 

finely precipitated iodin on a porous plate several times with water, then drying 

first in the air and finally in a desiccator over sulphuric acid, where it was kept for 
future use in a glass stoppered weighing tube. To standardize the sodium thio- 

sulphate, weigh about 0.3 gram of pure iodin in a small glass capsule (about 4 inch 

high and 3 inch diameter), provided with a closely fitting glass cap or stopper, 

which, together with capsule and cover, is transferred to a 200 cc. Erlenmeyer, con- 

taining 0.5 gram of potassium iodid dissolved in 10 cc. of water. After complete 
solution, titrate the iodin with sodium thiosulphate, using 1 or2 drops of starch 

solution as indicator. 

In the qualitative examination of preparations or mixtures, of which acetphenet- 
idin alone is a known or declared ingredient, suitable tests, such as are prescribed 

in the U. S. Pharmacopoeia or in Allen’s Commercial Organic Analysis, should be 

applied in order to verify the presence or absence of acetanilid. For the identification 

of acetphenetidin, either alone or in admixture with acetanilid, the following test, 

in addition to those ordinarily employed for this substance, will be found of value: 

To 1-2 mg. of the sample in a test tube add a drop of acetic acid, 0.5 cc. of water 

and 1 cc. of tenth-normal iodin, warm the mixture to about 40°C., then add a drop 

of concentrated hydrochloric acid. Almost immediately if acetphenetidin alone 

is present, or on cooling and agitating the liquid, if the sample consists in large part 

of acetanilid, the iodin addition product of acetphenetidin separates in the form of 

reddish brown leaflets or needle-like crystals. In the presence of considerable 
acetanilid, the periodid first separates as minute oily globules, which on vigorous 

shaking gradually become crystalline aggregates. This test is so delicate that as 
little as 0.5 mg. of acetphenetidin may be detected, if alone, in the form of its char- 

acteristic periodid. 

(6) That the following method forthe estimation of acetphenetidin 

(phenacetin) and salol in mixtures,! be adopted as provisional: 

ACETPHENETIDIN (PHENACETIN) AND SALOL. 

(w. 0. EMERY, G. C. SPENCER AND C. C. LEFEBVRE METHOD.) 

The separation proper follows two distinct lines of procedure, involving, on the 

one hand, acid hydrolysis of acetphenetidin, on the other, alkaline hydrolysis of 

salol. In the first instance, a direct estimation of acetphenetidin only is contem- 

1J. Ind. Eng. Chem., 1915, 7: 681. 
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plated, the salol being determined by difference in all cases where the combined 

weight of both constituents is known or can be ascertained conveniently. In this 
procedure, the acetphenetidin is converted temporarily into phenetidin sulphate and 

acetic acid, while in the case of salol partial volatilization results during the pro- 

cess of digestion. The phenetidin salt, by virtue of its insolubility in chloroform, 

is freed readily from further contaminating salol by treatment with that solvent, 
then by means of acetic anhydrid and sodium bicarbonate reconverted into acet- 
phenetidin, the latter being isolated subsequently and weighed. 

In the case of alkaline hydrolysis, the salol is converted first into sodium sali- 

cylate and phenolate, from which the acetphenetidin is separated easily and subse- 

quently recovered by extraction with chloroform. The salol is thereupon treated in 
rotation with standard bromin solution in excess, hydrochloric acid, potassium iodid 

and sodium thiosulphate, with the net result that 12 atoms of bromin are expended 

on every molecule of salol. Titration of the iodin liberated by unexpended bromin 
affords sufficient data for determining the salol content. 

Acid Hydrolysis. 

Acetphenetidin (C2Hs;0CsHsNHCOCHs), melting point 135°C.—Weigh, on a small 

(5.5 em.) tared filter, an amount of the sample equal to, or a multiple of, the average 

weight of a unit dose, wash with successive small portions of chloroform (about 
40 cc.), sufficient at least to insure complete extraction of all acetphenetidin and 

salol present in the mixture. Collect the solvent in a 100 cc. tared beaker, and 

evaporate by means of a blast to apparent dryness. During this operation, the 
beaker may with advantage be allowed to stand on a warm plate (50°-60°C.) with- 

out undue loss of solid substance. Permit the beaker to remain 24 hours in the 
open at the ordinary temperature, weigh several times until practically con- 

stant, then transfer the crystalline residue to a 50 cc. lipped Erlenmeyer by dis- 
solving in and washing with sufficient chloroform, evaporate the solvent by means of 

a blast and gentle heat, add 10 cc. of dilute sulphuric acid (1 to 10) and digest at full 

steam-bath heat until the liquid is reduced one half. Add 10 cc. of water and con- 

tinue the digestion as before, adding finally a second 10 cc. of water and evaporating 

to 5 cc. as in the two preceding cases. Transfer the residual liquid to a small sepa- 

ratory funnel by pouring and washing with about 20 cc. of water and extract in 

rotation with 15, 10 and 5 cc. of chloroform, washing each portion as obtained with 

5 cc. of water in a second separator, in order to recover traces of phenetidin sulphate 

possibly taken up by the chloroform, finally rejecting the latter since it contains 

all the salol not previously eliminated during the process of digestion. 
Treat the aqueous-acid solution of phenetidin sulphate in the first separatory 

funnel, to which likewise the wash water used in the second separator has been 

transferred, with sodium bicarbonate preliminary to regenerating acetphenetidin, 

substantially as prescribed in the method for the estimation of caffein and acet- 

phenetidin in mixtures. 

Salol (HOC;H,CO.C;Hs), melting point 42°C.—Ascertain the quantity of salol 
present in the sample by subtracting the weight of acetphenetidin, as found above, 

from the combined weight of the two ingredients determined in the preliminary or 

gross separation. 

Alkaline Hydrolysis. 

Acetphenetidin.—Weigh an amount of the sample containing not more than 100 

mg. of salol on a small tared filter, exhaust with chloroform as in acid hydrolysis, 

collecting the solvent in a small lipped Erlenmeyer flask. Add 10 cc. of 2.5 per cent 

sodium hydroxid solution and heat for 5 minutes on a steam or vapor-bath at the 
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temperature of boiling water. At the end of this period, remove from the bath and 

cool quickly to room temperature in running water in order to reduce to a minimum 

any tendency of the acetphenetidin to undergo partial hydrolysis. Transfer the 

liquid to a separatory funnel by pouring and washing with a minimum of water, 

finally rinsing out the flask with the first 20 ec. portion of chloroform used in extrac- 

tion. Extract the aqueous-alkaline solution with three 20 ce. portions of chloro- 

form, washing consecutively each portion as obtained in a second separator with 

5 ec. of water, prior to passing the solvent through a small, dry filter into a 200 ee. 

Erlenmeyer, from which the combined chloroformic portions are distilled to a residue 

of about 5ec. Transfer the latter to a small tared beaker or crystallizing dish, by 
pouring and washing with sufficient fresh chloroform, evaporate on the steam-bath 
with the additional aid of a blast if available, cool and weigh the residual acetphenet- 
idin at intervals ‘until constant. 

Salol.—Unite the aqueous-alkaline solutions from both separatory funnels in a 

suitable (500 cc.) glass-stoppered bottle, dilute with water to about 200 cc., run in 

from a burette an excess (about 45 cc.) of seventh-normal potassium bromid-bro- 

mate, follow with 10 cc. of concentrated hydrochloric acid, close the flask and shake 

for 1 minute, then at intervals over 30 minutes. At the end of this time, add 10 ce. 

of 15 per cent potassium iodid solution, agitating the closed flask at intervals for 

15 minutes. Titrate the free iodin with standard thiosulphate (preferably seventh- 

normal), previously adjusted to the standard bromin solution, 1 ec. of which is 

equivalent to 0.002548 gram of salol. From the number of ec. of standard bromin 
solution expended, calculate the salol on the basis of 12 atoms of bromin to 1 molecule 
of salol. 

COMMENTS AND SUGGESTIONS BY THE REFEREE. 

In order to facilitate the work and minimize errors due to recharging burettes, 

seventh-normal solutions are advocated so that the volume of thiosulphate required 
may not exceed the capacity of a 50 ec. burette. The thiosulphate is standardized 

against pure iodin. The strength of the bromin solution may also be determined by 
the aid of pure acetanilid.! 

(7) That the following method for the estimation of acetanilid and 

sodium salicylate in mixtures, be adopted as provisional: 

ACETANILID AND SODIUM SALICYLATE. 

(w. 0. EMERY METHOD.) 

Weigh on a metal scoop or watch glass an amount of the powdered sample equal 
to, or a multiple of, an average unit dose, transfer to a separatory funnel containing 

10 cc. of water and, for every unit dose, 100 mg. of solid sodium bicarbonate. In the 

case of coated tablets and pills, take one or more for each determination, first 

crushing in a mortar prior to treatment in the separator. In the examination of alco- 

holic preparations, concentrate a measured volume on the steam-bath until the 
alcohol is expelled, transfer to a separatory funnel with a minimum of water, add 

sufficient solid sodium bicarbonate (0.5-1.0 gram) and proceed as follows: 

Acetanilid (CsHs;NHCOCHs), melting point 118°C.—Extract with three 50 ce. 
portions of chloroform, wash each in rotation with 5 cc. of water in a second separa- 

tor, and collect the solvent without previous drying in a 200 ce. Erlenmeyer. Dis- 

til the chloroform very gently to about 5 cc., add sufficient dilute sulphuric acid 

1U.S. Bur. Chem. Bull. 132, p. 198, footnote b. 
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and digest on the steam-bath to complete hydrolysis, titrating the anilin sulphate 

substantially as outlined under estimation of caffein and acetanilid in mixtures. 

Sodium salicylate (HO.CsH,CO2Na).—Acidify the aqueous solution of sodium 

salicylate with a few drops of concentrated hydrochloric acid and extract with three 
to five 25 cc. portions of chloroform, sufficient at least to exhaust the salicylic acid 

present in the mixture. Treat each portion in rotation in a second separator with 

20 ec. of water containing, for every 100 mg. of salicylic acid known or believed to 

be present in the sample under analysis, 1 gram of anhydrous sodium carbonate. 

Shake vigorously and, after clearing, wash each portion again in a second separator 

with 5 ce. of water, which on completion of this operation is united with the main 

aqueous-soda solution of sodium salicylate. Dilute to a known volume, withdraw an 
aliquot, representing about 100 mg. of salicylic acid, to a 200 cc. Erlenmeyer, make up 

to 100 ce., heat nearly to boiling, then run in from a burette 25-40 cc. of strong 

(about fifth-normal) iodin solution, sufficient at least to insure an excess of this 

reagent during digestion of the product for an hour on the steam-bath. Discharge 

the free iodin with a few drops of thiosulphate solution, decant the clear liquid 
through a tared Gooch, care being taken that most of the precipitate (CsH2I.0)., 
remains in the flask. To the latter add 50 cc. of boiling water, digest for 10 min- 

utes on the steam-bath, filter, gradually washing all the reddish substance into a 

Gooch, using for this purpose and final washing about 200 cc. of hot water. Dry to 

constant weight in an air-bath at 100°C. Multiply the weight of the precipitate by 

the factor 0.4658 to obtain the quantity of sodium salicylate present in the aliquot 
taken. 

COMMENTS AND SUGGESTIONS BY THE REFEREE. 

Should the combination contain caffein or antipyrin, or both, these substances 

_ will appear with acetanilid in the first chloroformic extraction and require a treat- 

ment substantially as outlined on pages 64-65. In the event of replacement of 
acetanilid by acetphenetidin, the general procedure would not be materially altered, 
this substance being weighed directly after recovery from its washed chloroformic 

solution as separated from sodium salicylate. If, instead of sodium salicylate, the 
combination contains the free acid or its ammonium salt, the analyst should have no 

difficulty in meeting such conditions by appropriate modifications in detail; for 

example, the addition of a larger quantity of sodium bicarbonate to insure an excess 
of this reagent above that required for the production of sodium salicylate prior to 
extraction with chloroform. 

In the analysis of a mixture of caffein, acetanilid, sodium salicylate and codein 
sulphate, the following essential operations would be appropriate: 

(1) Extraction of caffein, acetanilid and salicylic acid from the acidified solution. 

(2) Washing the chloroformie solution with aqueous soda solution for the recov- 
ery of salicylic acid, preliminary to its treatment with iodin solution. 

(3) Separation of caffein and acetanilid as outlined on page 60. 

(4) Recovery of codein from the solution of its sulphate after treatment with 
sodium bicarbonate and chloroform. 

(8) That the following method for the estimation of caffein, acet- 

anilid and quinin sulphate in mixtures, be adopted as provisional: 
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CAFFEIN, ACETANILID AND QUININ SULPHATE. 

(w. O. EMERY METHOD.) 

The separation of caffein and acetanilid from quinin sulphate is based on the 

fact that the bisulphate of this alkaloid in aqueous media is practically insoluble 

in U.S. P. chloroform, while the first named substances are readily taken up by this 
solvent. The gross separation, therefore, resolves itself into the following main 

operations: 

Transfer to a separatory funnel one or more average unit doses of the powdered 

(crushed, in the case of pills and coated tablets) sample, follow with 20 cc. of water 

and 50 cc. of chloroform, add 10 drops of dilute sulphuric acid, then extract in the 

usual way. After clearing, wash the solvent in a second separator with 5 ce. of 

water prior to reception in a 200 cc. Erlenmeyer. Repeat the foregoing operations 

with two 50 cc. portions of chloroform, finally distilling the united solvent by gentle 

heat to about 10 ec., preliminary to the hydrolytic treatment of the caffein-acetan- 

ilid mixture, and subsequent separation and estimation of these two drugs in accord- 

ance with the procedure outlined on page 60. 

Quinin sulphate, (C2oH2sN202)2.H2SO, + 7H20.—Unite the wash water used in 

the second separator with the aqueous-acid solution of quinin bisulphate, add solid 

sodium bicarbonate in slight excess, then extract with three 50 ce. portions of chloro- 
form, washing each portion in rotation with 5 cc. of water in a second separator, 

prior to passing through a dry filter into a 200 ce. Erlenmeyer and distillation 
therefrom to about 5 cc. Evaporate the residual liquid on the steam-bath to ap- 
parent dryness, dissolve the amorphous alkaloid in 5 ec. of neutral aicohol and 

titrate with fiftieth-normal hydrochloric acid (using 2 drops of methyl red solution 

as indicator) until the yellow color changes to faint red. Remove to steam-bath and 

heat until most of the alcohol has been expelled. Should the color have reverted to 

yellow as the result of such treatment, add sufficient acid to just restore the red, 

note the number of cc. of acid expended and multiply same by the factor 8.66, the 
number of mg. of quinin sulphate equivalent to 1 ec. of fiftieth-normal hydrochloric 

acid, to ascertain the quantity of quinin sulphate present in the mixture. 

COMMENTS AND SUGGESTIONS BY THE REFEREE. 

Since quinin sulphate readily loses a portion of its water of crystallization when 

exposed to dry air, it follows that the commercial product employed in compound- 

ing medicinal preparations may contain an appreciably greater quantity of the alka- 

loid than is represented by the formula and, finally, that the quantity of the drug 

as ascertained by analysis may be appreciably in excess of the declaration. 

In the event that the mixture contains acetphenetidin in place of acetanilid, the 

separation of the several ingredients differs in no material way from the procedure 

just outlined. 

(9) That the following method for the estimation of caffein, acetanilid, 

and codein sulphate in mixtures, be adopted as provisional: 

CAFFEIN, ACETANILID AND CODEIN SULPHATE. 

(w. 0. EMERY METHOD.) 

The entire treatment is similar in every way to that prescribed for caffein, acet- 

anilid and quinin sulphate, except that in the case of codein direct weighing of the 

alkaloid may be resorted to advantageously prior to titration. 
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Codein sulphate, (CisH2:NO3)2.H2SO4 + 5H.0.—Transfer the chloroformic solu- 

tion of codein to a small tared beaker by pouring and rinsing with sufficient solvent, 

evaporate to apparent dryness on the steam-bath, add a few drops of alcohol to the 

amorphous residue, then a like amount of water and evaporate again, cool finally 

and weigh the usually crystalline product until constant. The weight of this resi- 

due multiplied by the factor 1.3144 will give the quantity of codein sulphate origi- 
nally present. 

In order to check this result volumetrically, dissolve the codein in 3-5 ec. of 

neutral alcohol and titrate with fiftieth-normal sulphuric acid (using methyl red 

as indicator), until the yellow color is replaced by a faint red. Multiply the num- 

ber of ce. of standard acid thus expended by the factor 7.80, the number of mg. of 

codein sulphate equivalent to 1 cc. of fiftieth-normal acid. The quantity of codein 
sulphate as found by weight will usually be slightly greater than that determined 

by titration. 

(10) That the following method for the estimation of caffein, acet- 

anilid, quinin sulphate and morphin sulphate, be adopted as provisional: 

CAFFEIN, ACETANILID, QUININ AND MORPHIN SULPHATE. 

(w. O. EMERY METHOD.) 

As in the combination, caffein, acetanilid and quinin sulphate, so also in one 

containing the additional constituent morphin sulphate, the alkaloidal content is 

readily separated from the two first-named substances by means of chloroform, while 

the separation of the alkaloids themselves is based on the ability of morphin to 

yield a morphinate insoluble in chloroform with a metallic hydroxid. The pro- 
cedure thus resolves itself into the following particulars: 

Caffein and acetanilid.—Transfer to a separatory funnel an amount of the pow- 

dered sample equal to, or a multiple of, a unit dose (the quantity of material taken 

for an individual analysis should not contain less than one-half grain of morphin), add 

20 ec. of water and 10 drops of dilute sulphuric acid, then extract with three 50 ec. 

portions of alcohol-free chloroform, washing each in rotation in a second separator 

with 5 cc. of water, which is subsequently united with the alkaloidal solution in 

the first separator. Treat the chloroformic solution of caffein and acetanilid as 
outlined on page 60. 

Quinin sulphate.—Add 4-5 cc. of aqueous sodium hydroxid (5 grams of pure 

sodium hydroxid in 50 ce. of water), to the solution of quinin and morphin sulphates 

and extract with four 40 ec. portions of chloroform (U. 8. P.), wash each in rota- 

tion with 5 ce. of water and pass the clear solvent through a small dry filter into a 

200 cc. Erlenmeyer, from which the solvent is later removed by gentle distillation, 

the residual quinin being titrated with fiftieth-normal hydrochloric acid as already 
outlined on page 72. 

Morphin sulphate, (C\i;HisNO3)2.H»SO, + 6H,0.—Wash the filter employed in 

the preceding operation with 5 cc. of water, and unite with the aqueous-alkaline 

solution of the morphinate. Then add 0.5 gram of ammonium chlorid (or an amount 

slightly in excess of that required to free the morphin as well as convert all of the 

sodium hydroxid to sodium chlorid) and to the resulting ammoniacal solution add 45 

cc. of U.S. P. chloroform and 5 cc. of alcohol, then extract in the usual way, washing 
the solvent in a second separator with 5 cc. of water. After clearing, pass the 

chloroform through a small dry filter (as well as a pledget of cotton if deemed neces- 

sary) into a 200 cc. Erlenmeyer. Repeat the extraction with three 40 cc. portions 
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of U. S. P. chloroform, wash and filter as before, finally collect all the solvent in 

an Erlenmeyer and distil therefrom to about 10 ce. Transfer to a small tared 

beaker by pouring and washing with additional chloroform, evaporate to apparent 
dryness, add 0.5 ce. each of water and neutral alcohol, induce crystallization by 
stirring with a glass rod and final evaporation to dryness. Cool and weigh until 

constant. Check the weight of morphin thus determined by titration with fiftieth- 

normal sulphuric acid, using a drop of methyl red as indicator. To this end dis- 

solve the alkaloid in 1-2 ec. of warm neutral alcohol, then after solution is com- 

plete, add the acid until the color passes from yellow to red. Evaporate most of 

the alcohol on the steam-bath, and in the event that the color reverts to yellow 
add just sufficient acid to restore the red. Note volume of acid expended, multi- 
plying the number of cc. by 7.53 (the number of mg. of morphin sulphate equivalent 

to 1 ce. of fiftieth-normal acid) to ascertain the quantity of morphin sulphate present 
in the mixture. 

COMMENTS AND SUGGESTIONS BY THE REFEREE. 

For the purpose in question, alcohol-free chloroform is readily prepared by wash- 
ing the U. 8. P. product repeatedly with water. 

In the various operations involving fixation and subsequent liberation of morphin 

by means of fixed alkali and ammonium chlorid, the most careful attention should be 
paid to the manner of adding these reagents, since any undue excess of either might 

nullify the entire procedure. Any large excess of sodium hydroxid would naturally 

require for its reduction a correspondingly large amount of ammonium chlorid, the 

latter in turn yielding its pro rata of hydroxid, relatively large quantities of which 
through interaction with sodium chlorid tend to inhibit any permanent liberation of 

alkaloid and thus prevent complete extraction. Furthermore, ammonium chlorid in 

large amount operates retentively on the morphin in solution, due in part possibly 
to the formation of an alkaloidal hydrochlorid. 

Despite all precautions looking to the exclusion of impurities from the morphin 
as weighed, the amount of this substance thus determined will usually be greater 
than that found volumetrically. In order to insure the greatest possible accuracy 

in volumetric operations on alkaloidal residues like quinin, morphin, and codein, 

it is suggested that whenever possible the strength of the standard acid used be 
checked by titration against the pure alkaloid under examination. 

(11) That the following method for the evaluation of gum tragacanth,' 

be adopted as provisional: 

TRAGACANTH. 

(w. 0. EMERY METHOD.) 

A knowledge of the quantity of volatile (acetic) acidity developed in the acid 

hydrolysis of gum tragacanth (Astragalus gummifer) affords a valuable index of the 

purity of this commodity when compared with results obtained by similar treatment 
of so-called “Indian gum’’ (Cochlospermum gossypium and Sterculia urens), a not 
uncommon substitute and adulterant of tragacanth. The term ‘‘volatile acidity”’, 

as here used is the number of cc. of tenth-normal potassium or sodium hydroxid 
required to neutralize the volatile (acetic) acid obtained by subjecting the prod- 

ucts of the action of boiling aqueous phosphoric acid on 1 gram of the gum to dis- 
tillation withsteam. As the result of such treatment of numerous authentic samples 

1 J. Ind. Eng. Chem., 1912, 4: 374. 
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of whole and powdered tragacanth, it was found that 3.6-3.7 cc. (averages obtained 

with 35 samples whole and 21 samples powdered gum, respectively) tenth-normal 

alkali represents the volatile acidity of this gum, corresponding to 2.15-2.20 per 

cent of acetic acid, while in the case of Indian gum 26.7-26.5 ce. of tenth-normal 

alkali (corresponding to 15.97-15.79 per cent of acetic acid) were obtained as aver- 

ages of 9 samples of whole and 14 samples of powdered gum respectively. 

In determining the volatile acidity, the following procedure was used: 

Treat 1 gram of the whole or powdered sample in a 700 cc. round-bottomed flask, 

provided with a long neck, for several hours in the cold with 100 cc. of distilled 

water and 5 ce. of sirupy phosphoric acid until the gum is completely swollen. Boil 

gently for 2 hours in connection with a reflux condenser, whereby a nearly clear, 
colorless solution is effected. A very small amount of cellulose substance will re- 

main undissolved. Then subject the hydrolyzed product to slow distillation in a 

vigorous current of steam until the distillate amounts to 600 ec. and the acid resi- 
due to about 20ece. This should not be driven too far, however, otherwise there may 

be danger of scorching the non-volatile, organie degradation products, with conse- 

quent possible contamination of the distillate. It has been found that a spray trap 

of the form shown in U. 8. Bur. Chem. Cire. 94, p. 4, if used in connection 

with the flask containing the hydrolyzed gum, is effective in preventing traces of 
phosphoric acid being carried over into the distillate. Titrate with tenth-normal 

potassium hydroxid in connection with 10 drops of phenolphthalein solution, finally 
boiling the liquid under examination untila faint pink color persists. Runacontrol 

on the same amount of distillate obtained by a parallel operation, with the omission 

of the gum, but using like quantities of other ingredients and observe the same 
conditions as in the test. 

It should be noted in this connection that while tragacanth yields a practically 
colorless solution when boiled with aqueous phosphoric acid, Indian gum, on the 
other hand, gives a pink or rose colored solution, a sure indication in an unknown 

sample that the last named product is present. 

REPORT ON SYNTHETIC PRODUCTS. 

By W. O. Emery (Bureau of Chemistry, Washington, D. C.), Assoczate 

Referee. 

During the past year, codperative work on synthetic products has been 

restricted to mixtures containing two drugs, caffein and antipyrin. On 

account of similarity in behavior towards the more common immiscible 

solvents, a quantitative separation depending on any simple extraction 

method was considered impracticable. Accordingly, recourse was had 

to a procedure based on the fact that, when an aqueous solution of iodin 

and sodium bicarbonate is permitted to react with antipyrin, either alone 

or in the presence of caffein, mono-iodoantipyrin is formed. This latter 

substance, together with caffein, is thereupon extracted with chloroform, 

the weight of extractives ascertained and the iodin therein estimated as 

silver iodid, from which the antipyrin can be calculated by means of the 

appropriate factor. This procedure was very carefully tested under a 
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variety of conditions prior to submission to the collaborating chemists, 
hence there was every reason to expect satisfactory results from workers 

of average skill in the art. 

The following instructions were sent to collaborators: 

COOPERATIVE WORK. 

CAFFEIN AND ANTIPYRIN IN ADMIXTURE. 

PREPARATION OF SAMPLE. 

Powder No. 16.—Prepared by triturating anhydrous caffein and antipyrin (1 to 4) 
in a mortar and subsequent sifting. 

DETERMINATION. 

Weigh on a metal scoop or watch glass 0.25 gram of the sample, transfer to a 

150 cc. separatory funnel with 5 cc. of alcohol-free chloroform and 10 ce. of water, 
add 0.5 gram of sodium bicarbonate and about 10 ce. of fifth-normal iodin (or double 
the quantity of tenth-normal iodin), then shake vigorously for 1 minute. After this 

operation a slight excess of iodin should still be apparent in the liquid menstruum, 

provided all the antipyrin has been converted to iodoantipyrin. If, however, all 

the iodin has been thus expended, a little more should be added and the mixture again 

shaken. Then discharge the uncombined iodin by means of a small crystal of 

sodium thiosulphate, add 20 ce. of U. 8. P. chloroform and shake. After clearing, 
draw off the solvent into a second separator containing 5 cc. of water, shake and after 

clearing pass the chloroform through a small, dry filter into a 50 ec. tared beaker, 

evaporate to apparent dryness on the steam-bath, accelerating this operation by 

means of an air blast, if available. Repeat the extraction with two (three, in case 

tenth-normal iodin were used) 25 cc. portions of chloroform, washing, filtering and 

evaporating each portion in rotation substantially as directed for the first portion. 
Recover all traces of crystalline products separating about the tips of funnels and 

edge of the filter by judicious washing with chloroform. Dry the final colorless, 
crystalline residue of caffein and iodoantipyrin for 30 minutes at 100°C., then cool 

and weigh. Designate this weight A. 

Dissolve this residue in 5 ce. of glacial acetic acid, add 10 cc. of saturated aqueous 
solution of sulphur dioxid, then transfer the resultant liquid to a 400-500 cc. beaker 

by pouring and rinsing with hot water until the final volume amounts to about 200 
cc. Add aqueous silver nitrate solution (containing about 0.25 gram of silver ni- 

trate) and follow with a few drops of nitric acid, then heat nearly to boiling, stirring 

the wh'le in order to agglomerate the silver iodid. Add about 15 cc. of concen- 

trated nitric acid, cover the beaker with a watch glass and boil gently for 5 minutes. 

Filter by decantation through a tared Gooch, wash the precipitate twice with boil- 

ing water, finally transferring the silver iodid completely to the Gooch, washing 

several times with hot water and finally with alcohol. Dry for 30 minutes in an 
air-bath at 110°C., cool and weigh. 

The weight of silver iodid multiplied by the factor 0.8012 yields the quantity of 
antipyrin present in the sample taken. The quantity of caffein present in the 

sample is ascertained by subtracting the product, obtained by multiplying the 

weight of silver iodid by the factor 1.3374, from the weight designated A. 

PREPARATION OF SAMPLE. 

Liquid No. 17.—Obtained by dissolving 5 grams of anhydrous caffein and 25 grams 

of antipyrin in water and diluting to 1 liter at 25°C. The liter flask employed was 

standardized at 20°C. 



1916 EMERY: SYNTHETIC PRODUCTS ide 

DETERMINATION. 

By means of a pipette standardized at 20°C., transfer 10 cc. of the solution, pre- 

viously warmed or adjusted to 25°C., to a 150 cc. separatory funnel containing 0.5 

gram of sodium bicarbonate. Add about 15 cc. of fifth-normal iodin (or double the 

quantity of tenth-normal iodin), then shake vigorously for 1 minute. All succeed- 

ing operations are identical with those outlined for the powder mixture. 

Report recoveries in mg. and parts per 100. 

The foregoing procedure is based on the fact that, when an aqueous 

solution of iodin and sodium bicarbonate is permitted to react with anti- 

pyrin, whether alone or with other substances, such as caffein, mono- 

iodoantipyrin is formed. This latter substance, together with caffein, is 

thereupon extracted with chloroform, the weight of such mixture ascer- 

tained and the iodin therein estimated as silver iodid, from which the 

antipyrin is calculated by means of the appropriate factor. In view of the 

somewhat radical treatment with dilute nitric acid, to which the caffein 

is necessarily subjected incidental to the precipitation of silver iodid, a 

direct determination of that substance is impracticable. The quantity of 

caffein is, however, ascertained by subtracting the amount of iodoantipy- 

rin, as calculated from the silver iodid, from the combined weight of 

caffein and iodoantipyrin. 
The use of alcohol-free chloroform is specified in order to preclude the 

possible formation of iodoform, the presence of which would necessarily 

render the method valueless. 
The final washing of the silver iodid with alcohol should be thorough 

in order to eliminate certain unidentified organic substances arising from 

the action of the nitric acid on the antipyrin complex. 

DISCUSSION OF RESULTS. 

Examination of the following tabulated data reveals the fact that a ma- 
jority of the collaborators were able to obtain quite satisfactory results. 

A few, however, report values so divergent from the theory as to indicate 

that somewhere in the procedure the directions may not have been 

sufficiently clear to insure uniformity in manipulation. Wherever such 

discrepancy is material, low antipyrin and high caffein values were found 

almost without exception, unquestionably due for the most part to in- 

complete iodation. Assuming all apparatus used to have been strictly 

clean and chemicals pure, further contributory causes for antipyrin 

shortage and caffein excess may have been due to the following causes: 

(a) Failure to properly desiccate or remove all volatile substances from 

the composite residue A; (b) incomplete removal of alcohol-soluble 

material associated with the silver iodid; or, (c), faulty technique. 
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Coéperative results on the recovery of caffein and antipyrin in admiztures. 

POWDER, NO. 16 LIQUID, NO. 17 

Ape tae Antipyrin | Caffein | Antipyrin | Caffein 
80.00 20.00 83.33 16.67 

per cent per cent per cent per cent 

J. M. Bartlett, Orono, Mei... 32. ..-0--0---- 70.88 28 .72 81.47 17.03 
70.36 27.56 78.80 21.43 

A. Brown, Lexington; Keys... sce eet 79.35 22.44 82.10 23 .63 
78.96 22.96 83 .37 25 .87 

KE. O. Eaton, San Francisco, Cal............ 80.92 18.96 82.80 17.30 
Boviona | assem 83 .00 16.87 

W. O. Emery, Washington, D.C............ 79.96 19.96 82.97 16.77 
79.76 20.28 83:27 16.73 
79.96 20.04 82.93 17.17 

C.O: Ewing, Washington,DC ietean.ne sell sce ||| veer 83.43 16.40 
Rion ecco 83.10 16.77 
Cb llesente 83.37 16.37 

J. F. Darling, New York, N. Y............. 73.04 28.04 82.33 22.73 
79.56 15.44 81.17 18.50 
79.99 20.12 82.87 17.80 
peoou |!) ooodd 82.13 18.67 
meee || soe 83.97 16.93 

H. Engelhardt, Baltimore, Md.............. 79.80 19.24 83.50 20.00 
79.80 19.24 83.60 18.96 
79.16 21.48 82.27 20.84 
79.56 21.36 82.80 20.56 

H. ‘©. Fuller; Washington, DSC rasccrcia-- 79.44 22.44 82.60 17.85 
79.16 22.56 82.63 17.53 

CORK. Glycart (Chicago Mlle ee cryeer- 78.44 19.76 82.53 17.37 
78.76 21.08 82.67 17.07 
79.04 2064. Sesiers |) Sees 

A. W. Hansen, Honolulu, Hawaii...........} 73.32 26.60 81.27 20.33 
77.84 22.56 80.50 20.73 

R. Hertwig, Honolulu, Hawaii.............. 73.00 26.12 78.50 21.10 
77.24 285047 cn ae3-), Ure 
79.04 PO Ee) eas Wes 3 
79.00 QM AZT Wetec aeer ||| eee 
79.08 212601 |! 2.3.5 11) eee 
79.08 23220) Iii ke eee 
79.64 2Y520 |)... lee 

H. B. Mead, Philadelphia, Pa...............] 79.08 21.40 83.60 17 .93 
80.48 19.84 83.50 17.57 
79.88 27 .04 83.57 19.13 
80.16 21.32 82.70 18.60 

C. B. Morison, New Haven, Conn.......... 77 32 23 .32 83 .00 16.73 
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Coéperative results on the recovery of caffein and antipyrin in admixtures.—Continued. 

POWDER, NO. 16 LIQUID, NO. 17 

AA Antipyrin | Caffein | Antipyrin | Caffein 
80.00 20.00 83.33 16.67 

per cent per cent per cent per cent 

S. Palkin, Washington, D. C................ 80.12 19.88 83.33 17.10 
79.76 20.56 83.17 16.97 
Ber hes |) arora 83.23 16.43 

G. C. Spencer, Washington, D. C...........} 79.16 20.63 83 .03 17 .33 
79.28 21.06 82.56 17.93 
79.40 20.60 82.50 18.06 

At: todd; lansing; Michtos ts.) ice soi 74.67 28.40 81.27 20.20 
74.12 29.00 81.17 19.87 
73.90 28.16 80.97 20.27 
aquou. ||, -soacs 80.33 18 .00 
Soden tl opoda 80.50 18 .37 

C. D. Wright, Washington, D.C............ 79.00 21.40 82.90 17 .00 

COMMENTS. 

L. A. Brown suggested a greater number of extractions with chloroform since in 

his opinion caffein and iodoantipyrin continue to be recovered even up to the 
eighth or ninth extraction. 

J. F. Darling recommended that in order to insure a more complete desiccation 
of the composite residue A, the time of heating be extended one-half hour. 

H. Engelhardt facilitated the final expulsion of chloroform from this residue by 

the addition of a little ether prior to heating in the air-bath. 

H.C. Fuller suggested the employment of a third separator for the assembling of 
all three (or more) chloroformic portions prior to passing through cotton into the 

tared beaker. 

R. Hertwig and A. W. Hansen recommended washing the silver iodid once by 

decantation with alcohol after first decanting off the hot aqueous solution. 
The referee suggests the following procedure if it seems desirable to recover 

most of the chloroform: 

Withdraw the several portions into a 200 cc. Erlenmeyer instead of the tared 
beaker, distil most of the solvent by gentle heat, then transfer the residue to the 
tared beaker by pouring and washing with sufficient fresh chloroform for treatment 
as specified in the method. 

The following committee on revision of the constitution was appointed: 

William Frear, of Pennsylvania; R. J. Davidson, of Virginia; and E. W. 

Magruder, of Virginia. 

DETERMINATION OF SANTONIN IN LEVANT WORMSEED. 

By E. K. Netson (Bureau of Chemistry, Washington, D. C.). 

In view of certain difficulties reported in the determination of santonin, 
an investigation of the various methods in use was undertaken, experi- 

ments being conducted with the Thaeter method, the Katz method, 
and Fromme’s modification of the Katz method. 
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The Katz and Katz-Fromme methods necessitate the use of a solu- 

bility correction factor which is avoided in the Thaeter method. With the 

latter method, however, all of the santonin was not recovered, and as 

it is altogether cumbersome and tedious it was dropped from further 
consideration. 

The chief difficulty found with the Katz-Fromme method was that 

the santonin residues were not free from resinous impurities, and were 

consequently discolored and returned a santonin value in excess of the 

truth. Accurate checks were not obtained on account of the incomplete 
elimination of impurities. 

With certain precautions in its use the Katz method, with slight modi- 

fications, was found to give concordant and evidently accurate results. 

The santonin residues were of good color, and the method is very simple 

and easy to operate. 

SUGGESTED MODIFICATION OF THE KATZ-FROMME METHOD. 

Extract 10 grams of medium ground Levant wormseed in a Soxhlet extraction 

apparatus for 3 hours with chloroform. Distil off the chloroform till 7-8 grams 

remain, add 100 grams of a 5 per cent solution of barium hydroxid, and heat on the 

steam-bath till the odor of chloroform has disappeared. Boil for 5 minutes, cool and 

pass carbon dioxid (washed through sodium bicarbonate solution to free it from 

traces of acid which might be carried over mechanically) till saturated. An excess 

of carbon dioxid will dono harm. Filter by suction, preferably on a small Biichner 

funnel, and wash twice with 10 cc. of water. To the filtrate, heated on a steam- 

bath, add 5 ce. of 25 per cent hydrochloric acid and warm for 5 minutes. Cool till 

lukewarm and extract with 20, 15 and 15 cc. of chloroform, passing the solvent 

through asmall filterintoa flask. Evaporate to dryness, being careful to see that the 
last traces of chloroform are removed. Add7.5 grams of absolute alcohol to the 
residue, and dissolve (by gentle warming if necessary). Then add 42.5 grams of 

water heated to 60°-70°C., stopper the flask and allowtocool. (At this point it is 

advisable to see that crystallization starts, which can be done by scratching the 

side of the beaker or adding a minute crystal of santonin. Samples put aside in a 

cool place for 24 hours, and which contained santonin in liberal amount have been 
found in a supersaturated condition where this precaution was not observed.) Keep 

the flask at a temperature of 15°-17°C. for 24 hours. Filter and wash with 2 por- 

tions of 10 ce. of 15 per cent alcohol by weight. Dry the flask and filter at 100°C., 
dissolve the santonin left in the flask in chloroform and filter into a tared beaker. 

Wash the santonin out of the flask and filter thoroughly with chloroform, evapo- 

rate the filtrate and dry at 100°C. till all traces of chloroform are gone. To the 

weight found add 0.04 gram for the santonin dissolved in the dilute alcohol, and 

multiply the total by 10 for the per cent of santonin. 

(The solubility factor was found correct for a temperature of 15°-17°C. At 
30°-32°C., 0.054 gram of santonin was left in solution.) 

The above method was submitted to a number of chemists for co- 

operative work and criticism, with a uniform sample of Levant wormseed. 

The results obtained are as follows: 
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Results of codperative work on santonin. 

SAN- | ANALYST Be ANALYST ae 

per cent per cent 

C. K. Glycart, Chicago, Ill........]| 2.44 | J. G. Roberts, Philadelphia, Pa.1} 2.96 
2.44 | 2. 
2.52 | fs 

| H. C. Fuller, Washington, D.C. .| 2.81 
J. F. Darling, New York, N. Y....| 2.77 | 3.11 

P. Rothberg, New York, N. Y....| 2.74 || J. M. Francis, Detroit, Mich...... 2752 
| 2.75 

J. Ehrlich, New York, N. Y.......| 2.65 | 
| H. Engelhardt, Baltimore, Md... .| 2.79 

H. Runkel, St. Louis, Mo......... 3.02 | 2.83 
2.89 Perit 

B. H. St. John, Washington, D.C. | 2.85 | E. K. Nelson, Washington, D. C..| 2.87 
2.66 

H. M. Rhea, Washington, D.C... .| 2.62 | 2.61 
2.58 | 2.69 
2.62 | 2.58 
2.48 | 2.138 

PASTE TEV CMe yets overs oie tey sie aloes onaie,b1 <j syoye ls al Sievers (sino <i ole ysib ies pays rey dis oye e0ar\ «rev ersieneke ol 2.72 
Wiles Shi Nitiaa cea Uaneereetene so COC e tc Gos GUC n ee Or Crome ime ay 3.11 
MATa 4AS ANID ee tetas shearer, aaa at eee Gare evehihedsvos Syanel sisi ar sir «1s (hisieus wleraneteporelenae 2.44 

1 The solubility factor used was 0.054. When the factor 0.04 was used these results became 2.82 per cent 
and 2.77 per cent. 

COMMENTS BY ANALYSTS. 

J. G. Roberts, of Smith, Kline & French: Although somewhat elaborate, the 

method submitted is satisfactory. It gives concordant results and yields santonin 
in a crystalline state, apparently free from resin and having only a little color. 

However, there is one feature that may operate against the general adoption of the 

method and that is the requirement that crystallization shall be conducted at 15°- 
17°C. for 24 hours. We consider that 2°C. is a rather limited range to maintain for 

24hours. We consider also that the method would be improved if instructions were 
given to have the diluted alcohol used for washing the crystals at the same tem- 

perature as the solution containing the crystals of santonin. In order to eliminate 
as much error as possible we filtered and washed the santonin crystals at 30°C, and 

used the correction of 0.054 gram given in the method for that temperature. 

H. C. Fuller: In both determinations by the Nelson method the identical pro- 

cedure was used, but the second assay contained some resin and was darker than the 

santonin in the first sample. 
J. F. Darling: The chloroform extraction appears to be more efficient than the 

extraction with ether, and the residues obtained by the modified method are much 
cleaner than in the method of J. Katz which we have hitherto used. 

J. M. Francis: We do not think that 3 hours’ extraction in a Soxhlet is sufficient 

for the thorough extraction of the drug. In the first assay the extraction was con- 

tinued to 34 hours, the distillation of the chloroform being moderately rapid through- 

out the process. In the second case the extraction was allowed to proceed for about 

an hour and the heat was then shut off for the night, the drug being left well covered 

with chloroform in the Soxhlet extractor. In the morning the chloroform in the 

Soxhlet was very deeply colored, and the extraction was continued for 3 hours 

longer in the usual way. 
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We are of the opinion that there is a distinct advantage in Fromme’s original 
process of maceration with occasional shaking for 12 hours or more, and then of 
removing an aliquot portion of the chloroformic solution for the assay. 

A 5 per cent solution of barium hydroxid is directed. Owing to the limited solu- 

bility a 5 per cent solution can only be obtained by warming to a temperature of 

30°-40°C. If this strength is desired, therefore, specific instructions should be 
included, directing that the solution be warmed. 

On the whole, we consider that the process works very well, and doubtless with a 

little practice results would be obtained which would check better than those 

indicated above. 

H. Engelhardt: The santonin obtained was by no means pure and colorless, the 

color varying from light brown to dark brown. Some time ago I made quite a 

number of assays of samples of Levant wormseed and I have found that by the 

Katz-Fromme method (which is rather convenient inasmuch as no Soxhlet is used 

for extracting the drug) reliable.and uniform results could be obtained, the san- 

tonin being in most cases very pure. I applied this method to the powder submitted 

and obtained 2.67 per cent and 2.70 per cent, respectively, which correspond fairly 

well with those obtained by the other method. The santonin was of a creamy 
white, thus showing that only a very small percentage of impurities was present. 

H. Runkel: I wish to state that these residues were exceptionally pure considering 

the fact that there is a large amount of resinous material, etc., which must be re- 

moved. I find, however, that boiling with barium hydrate for a full 5 minutes is 

quite essential. 

No report was presented by the associate referee on medicated soft 

drinks. 

A paper on the “‘Comparison of the Physical Properties of Some Official 
Volatile Oils with Special Reference to the Requirements of the U. S. P., 

1910,” by Frank Rabak of the Bureau of Plant Industry, was read by Mr. 

Rabak. This article-has since been published in the J. Am. Pharm. Assoc., 

1914, 3: 670. 

No report was made by the associate referee on alkaloids. 

REPORT ON BALSAMS AND GUM RESINS. 

By E. C. Merrit (Bureau of Chemistry, Washington, D. C.), Associate 

Referee. 

The object of this work was to secure data which would indicate the 

extent to which the lead number method for asafoetida would check when 

used by independent chemists working on samples of known character. 

It was further desired to verify the efficacy of certain color tests for 

foreign resins which are later bulletined in the method. 
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PREPARATION OF SAMPLES. 

For these purposes a large sample of good asafoetida, about 10-12 

pounds, was procured. This was run through a power sausage grinder 

several times in order to thoroughly mix the samples. The friction of the 

sample passing through the machine warmed the product to a temperature 
of about 110°F. when it became a semi-fluid mass, easily stirred, and 

homogenous. This sample was divided into two portions, A and B. 

Sample A was transferred to } pound tins. 

Two and ten-hundredths pounds of powdered rosin were added to the 

remainder of the sample, 5.25 pounds, and the latter passed through the 

grinder several times to insure a uniform mixture. The amount of 

adulterant in this case was about 28.5 per cent. This mixture was put 
up similarly in quarter pound tins and marked B. 

Sets of Samples A and B accompanied the instructions sent to 
collaborators. 

ASAFOETIDA. 

LEAD NUMBER, 

(1) Preparation of Resin. 

Use a sample (about 20 grams) sufficient to furnish between 5 and 10 grams of 
the ether purifiedresin. Determine the alcohol insoluble material in the usual manner. 
Transfer the first 2 filtrates, representing the major part of the sample, toa casserole or 

a flat-bottomed porcelain dish, and evaporate the alcohol on the steam-bath. Treat 
the resinous mass with ether (sometimes it is necessary to warm gently to facili- 

tate solution of the resin). Filter the ethereal solution into a separatory funnel 
and wash with water until the aqueous layer separates without any milkiness. 

(If the ether solutions persist in remaining turbid, more ether may be added, or 

it may become necessary to dry the ether solution by shaking with sodium chlorid 
in the separatory funnel after as much as possible of the aqueous solution has been 
removed.) Then filter the ethereal solution through a folded filter paper, moistened 

with ether, into a flask or beaker, and evaporate the solvent on the steam-bath. 

(2) Determination. 

(The residual ether purified resin from the above preparation is now in a state 

where it can usually be broken up when cold, and powdered.) 
Into a small tared beaker (about 75 cc. capacity) weigh roughly about 1.1-1.2 

grams of the resin prepared in (1) and dry for 5 hours in the air-bath at 110°C. Place 
in a desiccator, cool and weigh. (The weight noted is to be used in subsequent 

calculations.) Dissolve in 20 ce. of 95 per cent alcohol, boil gently until the resin 

is in solution, transfer to a 100 cc. graduated flask, wash the beaker with hot 95 

per cent alcohol, care being taken that the final volume does not exceed 70 cc. Add 

25 cc. of the alcoholic lead acetate (A), agitate and allow to stand overnight. Make 

up to the mark with 95 per cent alcohol, shake well, allow to stand a few minutes, 

and then filter through a fluted paper and pipette an aliquot of 25 cc. from the 
filtrate into a beaker. Add 10 cc. of water and evaporate to 10 cc. Add 5 ce. of 10 

per cent sulphuric acid and then 100 ce. of alcohol, stirring vigorously to dissolve 
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any separated resin, and heat if necessary. Allow to stand for an hour, then filter 

the lead sulphate on a tared Gooch, wash with alcohol and finally with ether, dry at 
100°C. to a constant weight and weigh. 

Run a blank on the alcoholic lead acetate solution, and calculate the amount of 

metallic lead absorbed by 1 gram of the dried resin. The mg. of lead per gram of 

sample represent the lead number. The factor for the conversion of lead sulphate 
to metallic lead equals 0.6830.! 

QUALITATIVE TESTS FOR PURITY. 

(1) Copper Acetate. 

Transfer about 40 cc. of the alcoholic solution (obtained by determining the 
alcohol insoluble) to a separatory funnel, add 80 cc. of petroleum ether, mix 

thoroughly, then add 50 ce. of water and shake for 30 seconds. Allow to separate 

and discard the aqueous milky layer. Wash the petroleum ether layer with water 

until the wash water and petroleum ether are both clear. Add 30 ce. of } per cent 

copper acetate solution and shake well. No green color should appear in the 
petroleum ether. The appearance of a green color indicates the presence of 
foreign resins. 

(2) Concentrated Hydrochloric Acid. 

Transfer 3-5 cc. of the alcoholic solution (obtained by determining the alcohol 

insoluble) to a small beaker, add concentrated hydrochloric acid, drop by drop, 
until a faint turbidity appears on agitation, then add sufficient alcohol to clear up 

the turbidity. A green color results which fades within 10 minutes. The appear- 
ance of a red or violet color indicates the presence of galbanum or other foreign 

resins. (The temperature at which this reaction takes place should be kept 

below 35°C.) 

(3) Ferric Chlorid. 

To 1 or 2 ce. of the alcoholic solution diluted to 5 cc. with 95 per cent alcohol, 

add a few drops of ferric chlorid solution (10 per cent). A clear, green color re- 

sults. The appearance of a red tinge or a dark red or a brownish color indicates 
sophistication with foreign resins. 

REMARKS AND COMMENTS BY COLLABORATORS. 

Earl B. Putt: When the acid is first added in the hydrochloric acid test the green 

coloration is very pronounced, but this color soon fades and a variety of color shades 

are produced when alcohol is added in varying amounts. Therefore, this test does 

not appear to be especially indicative. The ferric chlorid test is quite satisfac- 
tory and seems to require a rather strong solution of ferric chlorid. The test is 

improved rather than interfered with by an excess of ferric chlorid. 
The copper acetate test is very satisfactory. In giving directions for the above 

qualitative tests it might be well to state in each case the approximate weight of the 

sample represented in the volume of alcoholic solution taken. Different analysts 

will use different quantities of alcohol in determining the alcohol soluble portion, 
hence concentration of the alcoholic solution will vary. 

H. Runkel: The concentrated hydrochloric acid test with B does not fade like A. 

1For the preparation of alcoholic lead acetate dissolve 5 grams of normal lead 
acetate in 20 ec. of water and add 80 cc. of 95 per cent alcohol. A turbidity gener- 
ally results, due to the precipitation of lead carbonate caused by carbon dioxid in 
the alcohol. Allow the solution to stand overnight. The clear, supernatant liquid 
can then be used without filtering for the determination of the lead number. 

The blank on 25 ce. of alcoholic lead acetate solution should be equivalent to at 
least 1 gram, calculated as PbSOs. 

—— 
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Lead number and color tests for foreign resins obtained on Samples A and B. 

CONCENTRATED 

ANALYsT! a rene nee Perea meee 
A A A B A 

E.O. Eaton, San Francisco, Cal.| 200.0} 109.0] O.K. OMK O.K. 

H. Kleuter, Madison, Wis...... 233.2] 160.0] Light Violet Brownish 
green 

E. C. Merrill, Washington, D.C.| 240.4] 151.1] Negative | Green, fad-| Green 
ing grad- 
ually 

E. B. Putt, New York, N. Y....| 288.0] 165.0] Negative | Green, Green 
chang- 
ing to 
blue- 
green 

S. Palkin, Washington, D. C...| 245.6] 158.8] O.K. O.K. CONES 

P. Rothberg, New York, N. Y. | 241.0] 164.0] Negative | Green to | Yellowish 
pinkish green 
brown 

J. K. Rippetoe, New York, N. Y.| 220.1] 144.9] Negative | Blue green] Yellow 
green 

N. Smith, New York, N. Y..... ZLS AAR TAD A eRe cy arenes ells ersicics Aoroys, ca ree eeeereetere 

H. Runkel, St. Louis, Mo.......] 201.0] 147.9} Negative | Green fad- | Clear 
ing in 3 green 
minutes 

H. A. Seil, New York, N. Y....| 240.1] 154.7] Negative | Green to | Green 
light 
pink 

A. E. Taylor, San Juan, P. R...| 207.0] 166.1] Negative Green, Clear olive 
fading solution 
to very 
light 
pink 

J. F. Darling, New York, N. Y. | 237.7| 143.2| Negative Faintly Negative 
positive 

E. Clark, Boston, Mass........ 237.5] 164.7) Negative | Reddish Positive 
brown 
to violet 
tinge 

F. M. Boyles, Baltimore, Md...| 184.0] 104.0] Negative |............J............ 

J. B. Luther, New York, N. Y. | 245.6| 151.6] Negative | Green, fad-| Green 
ing to 
faint red 

He Daicad sPhiladelphiabas.|(22226) 440i) Maint) eee em cekialiis sce cree 
green 

1 The associate referee desires to acknowledge his indebtedness to the analysts whose names appear in 
this column for the assistance rendered in this work. 
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Color tests obtained on Sample B. 

CONCENTRATED COPPER ACETATE FERRIC ANALYST! HYDROCHLORIC ACID TEST pes CHLORID TEST 

E. O. Eaton, San Francisco, Cal...| Resins present] Resins present| Resins present 

H. Kleuter, Madison, Wis.......... Deep green Not red or vio-| Brownish 
let 

E. C. Merrill, Washington, D. C....} Intense green} Green, quickly| Brownish yel- 
changing to} low 
dark yellow 

E. B. Putt, New York, N. Y........| Bright green | Green Red 

S. Palkin, Washington, D. C........] Resin indicat-| Positive Positive 
ed (green) 

P. Rothberg, New York, N. Y...... Strongly posi-| Green to Brown 
tive brown 

J. K. Rippetoe, New York, N. Y....| Green Grayish Reddish 
brown 

H. Runkel, St. Louis, Mo........... Decided Faint green Decided red 
green tinge 

H. A. Seil, New York, N. Y........ Strongly posi-| Green to dark| Brownish 
tive (green)} yellow 

A. E. Taylor, San Juan, P. R.......| Green Green, fading | Brown _ solu- 
to yellow tion, slight- 

ly turbid 

J. F. Darling, New York, N. Y.....| Strongly posi-| Negative Positive 
tive 

E. Clark, Boston, Mass............ Positive Negative Positive 

F. M. Boyles, Baltimore, Md....... 

J. B. Luther, New York, N. Y..... 

Decided green)... /. 22.) oan ced ieee 

Intense green | Green, fading | Yellowish 
to colorless brown 

H. B. Mead, Philadelphia, Pa...... Strongigreen)||ta. cst e sects siete ete ener 

1 The associate referee desires to acknowledge his indebtedness to the analysts whose names appear in 
this column for the assistance rendered in this work. 

COMMENTS BY THE ASSOCIATE REFEREE. 

It is believed, in view of the results obtained by the other collaborators that the 

lead numbers by Messrs. Eaton and Boyles are abnormally low and are probably 

due to misinterpretation of the method at some stage in the process. The figures 

obtained by Messrs. Runkel and Taylor on Sample A also appear somewhat below 

the average. In the knowledge of the associate referee, Messrs. Eaton, Putt, 

Rothberg, Seil, Darling and Clark were previously familiar with this method and 

there appears to be a general concordance in the results obtained by them. 
The general average of the lead numbers on A, excepting the 4 previously men- 

tioned, which appear to be abnormal, is 234.2. The widest variation from this 

a 

wheter 
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figure is roughly about 10 per cent in one instance, while the remainder of the figures 

differs by about 5 per cent or less. The general average of the lead number for 

B, not taking into account 2 results which appear abnormal, is 154.0, with a maxi- 

mum variation from this figure of less than 5 per cent. 

The copper acetate test for colophony appears satisfactory. 
The concentrated hydrochloric acid test appears of doubtful value as an index for 

foreign resins. 
The ferric chlorid test in the hands of different chemists leads to varying con- 

clusions and is therefore doubtful. 

SUMMARY OF RECOMMENDATIONS. 

It is reeommended— 

(1) That the lead number test for asafoetida be adopted unofficially 

by the association, and that the method be further studied during the 

coming year. 

(2) That further work be done to establish more satisfactory color 

tests for foreign resins. 
(3) That the iodin number of cinnamein in Peru balsam as an index 

to true or artificial Peru balsam be studied during the coming year with a 

view to later collaboration. 

REPORT OF COMMITTEE ON REVISION OF CONSTITUTION. 

By Wm. Frear (State College, Pa.), Chairman. 

The resolution introduced by Mr. Lythgoe having been considered, it is 

recommended that Paragraph 2 be amended by the insertion after the 

first sentence of the following: 

Analytical chemists connected with municipal laboratories that perform work 

upon any of the subjects specified in Paragraph 1 hereof, shall be entitled ex officio 

to associate membership, with the privilege of discussion but without those of 

entering motions, voting or becoming eligible for office. 

Approved. 

REPORT OF COMMITTEE ON RECOMMENDATIONS OF 
REFEREES:.! 

By P. F. Trowsrmce (Experiment Station, Columbia, Mo.), Chairman. 

It is believed that the present system of referees and the assigning of 

special subjects to associate referees for investigation is the best policy 

for the association. 

1 Presented by B. B. Ross. 



88 ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS [Vol. II, No. 1 

The committee therefore recommends that the executive committee 

be authorized to appoint additional associate referees to investigate 
special problems, when in their opinion there is need for such special 

investigation. 

Adopted. 

Mr. Frear moved that a vote of thanks be given the President, which 

was unanimously carried. 

The association adjourned. 
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Wooster, Ohio. 

Associate Referees. 

Phosphoric acid: W. J. Jones, Jr., Lafayette, Ind. 

Nitrogen: 
Determination: H. D. Haskins, Amherst, Mass. 

Special study of Kjeldahl method: I. K. Phelps, Washington, D. C. 

Separation of nitrogenous substances: 

Milk and cheese: Leroy 8. Palmer, Columbia, Mo. 
Meat proteins: P. F. Trowbridge, Columbia, Mo. 
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Potash: 

Determination: T. D. Jarrell, College Park, Md. 

Soils: 

Nitrogenous compounds: C. B. Lipman, Berkeley, Calif. 
Dairy products: J. T. Keister, Washington, D. C. 

Feeds and feeding stuffs: A. C. Summers, Columbia, 8. C. 
Feed adulteration: Carleton Cutler, W. Lafayette, Ind. 

Crude fiber: C. K. Francis, Stillwater, Okla. 

Food adulteration: 

Colors: W. E. Mathewson, New York, N. Y. 
Saccharine products: F. L. Shannon, Lansing, Mich. 

Fruit products: P. B. Dunbar, Washington, D. C. 
Wine: B. G. Hartmann, Chicago, Ill. 

Beer: H. 8. Paine, Washington, D. C. 

Distilled liquors: A. B. Adams, Washington, D. C. 

Vinegar: C. M. Bradbury, Richmond, Va. 

Flavoring extracts: A. E. Paul, Chicago, Ill. 

Spices: H. E. Sindall, Philadelphia, Pa. 
Baking powder: H. E. Patten, Washington, D. C. 

Meat and fish: E. D. Clark, Philadelphia, Pa. 

Fats and oils: R. H. Kerr, Washington, D. C. 

Dairy products: Julius Hortvet, St. Paul, Minn. 
Cereal products: L. A. Fitz, Manhattan, Kans. 
Vegetables: W. D. Bigelow, Washington, D. C. 
Cocoa and cocoa products: H. C. Lythgoe, Boston, Mass. 

Tea and coffee: J. M. Bartlett, Orono, Me. 

Preservatives: A. F. Seeker, New York, N. Y. 

Heavy metals in foods: E. L. P. Treuthardt, Washington, D. C. 

Sugar: M. N. Straughn, Washington, D. C. 

Insecticides: O. B. Winter, East Lansing, Mich. 
Inorganic plant constituents: R. W. Thatcher, St. Paul, Minn. 

Medicinal plants and drugs: 

Synthetic products: W. O. Emery, Washington, D. C. 

Medicated soft drinks: W. F. Sudro, Fargo, N. Dak. 

Medicinal plants: Frank Rabak, Washington, D. C. 

Alkaloids: H. C. Fuller, Washington, D. C. 

Balsams and gum resins: E. C. Merrill, Washington, D. C. 

Pepsin: V. K. Chestnut, Washington, D. C. 

Water: H. P. Corson, Urbana, III. 

Testing chemical reagents: C. S. Lykes, Clemson College, S. C. 

PERMANENT COMMITTEES. 

Coéperation with Other Committees on Food Definitions. 

William Frear, State College, Pa., Chairman. 

Julius Hortvet, St. Paul, Minn. 

J. P. Street, New Haven, Conn. 
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Recommendations of Referees and Revision of Methods. 

(Figures in parentheses refer to year in which appointment expires.) 
P. F. Trowbridge, Chairman. 

SuscommirTEeE A: A. J. Patten (1918), W. W. Skinner (1916), Chairman, Bureau of 

Chemistry, Washington, D. C., B. B. Ross (1920). (Phosphoric acid, nitrogen, 

potash, soils, inorganic plant constituents, insecticides, water.) 

SuscommitTece B: R. E. Stallings (1918), Chairman, Department of Agriculture, 

Atlanta, Ga., P. F. Trowbridge (1916), H. C. Lythgoe (1920). (Dairy products, 

feeds and feeding stuffs, sugar, water in foods and feeding stuffs, organic and 
inorganic phosphorus in foods, feeding stuffs, and drugs, separation of nitrog- 

enous substances, testing chemical reagents, medicinal plants and drugs.) 

SuscoMMITTEE C: L. M. Tolman (1918), H. E. Barnard (1916), Chairman, State Board 

of Health, Indianapolis, Ind., R. E. Doolittle (1920). (Food adulteration.) 

SprcraL CoMMITTEES. 

Editing Methods of Analysis (U. S. Bur. Chem. Bull. 107, Rev.). 

R. E. Doolittle, New York, N. Y., Chairman. 
W. A. Withers, Raleigh, N. C. 

J. P. Street, New Haven, Conn. 

A. F. Seeker, New York, N. Y. 

G. W. Hoover, Chicago, IIl. 

B. L. Hartwell, Kingston, R. I. 

Proposed Journal of Agricultural Chemistry. 

C. H. Jones, Burlington, Vt., Chairman. 

R. N. Brackett, Clemson College, S. C. 

C. L. Alsberg, Washington, D. C. 
Julius Hortvet, St. Paul, Minn. 

E. F. Ladd, Fargo, N. Dak. 

Availability of Phosphoric Acid in Basic Slag. 

C. B. Williams, West Raleigh, N. C., Chairman. 

C. G. Hopkins, Urbana, IIl. 

H. D. Haskins, Amherst, Mass. 

B. L. Hartwell, Kingston, R. I. 
J. A. Bizzell, Ithaca, N. Y. 

Review of the Analysis of Lime-Sulphur Solutions. 

R. J. Davidson, Blacksburg, Va., Chairman. 

C. 8. Cathcart, New Brunswick, N. J. 

H. H. Hanson, Orono, Me. 
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OFFICERS, REFEREES, ASSOCIATE REFEREES AND COM- 
MITTEES OF THE ASSOCIATION OF OFFICIAL AGRI- 

CULTURAL CHEMISTS, FOR THE YEAR ENDING 
NOVEMBER, 1916. 

Honorary President. 

H. W. Witry, Woodward Building, Washington, D. C. 

President. 

R. N. Brackett, Clemson College, 8. C. 

Vice President. 

J. K. Haywoop, Bureau of Chemistry, Washington, D. C. 

Secretary-Treasurer. 

C. L. Atssrere, Bureau of Chemistry, Washington, D. C. 

Additional Members of the Executive Committee. 

W. J. Jonss, Jr., La Fayette, Ind. E. B. Hotuanp, Amherst, Mass. 

Referees. 

Phosphoric acid: W. J. Jones, Jr., La Fayette, Ind. 

Nitrogen: 

Determination: H. D. Haskins, Amherst, Mass. 

Separation of nitrogenous substances: L. L. Van Slyke, Geneva, N. Y. 

Potash: E. E. Vanatta, Columbia, Mo. 

Soils: J. W. Ames, Wooster, Ohio. 

Dairy products: Harry Klueter, Dairy and Food Department, Madison, Wis. 
Foods and feeding stuffs: A. C. Summers, Department of Agriculture, Commerce 

and Industries, Columbia, S. C. 

Food adulteration: Julius Hortvet, Dairy and Food Commission, St. Paul, Minn. 

Sugar: C. A. Browne, Sugar Trade Laboratory, New York, N. Y. 

Insecticides: R. C. Roark, Bureau of Chemistry, Washington, D. C. 

Inorganic plant constituents: A. J. Patten, East Lansing, Mich. 

Medicinal plants and drugs: W. O. Emery, Bureau of Chemistry, Washington, 

D. C. 
Water: W. W. Skinner, Bureau of Chemistry, Washington, D. C. 
Water in foods and feeding stuffs: W. J. McGee, U. S. Custom House, Savannah, Ga. 

Testing chemical reagents: C. O. Ewing, Bureau of Chemistry, Washington, D. C. 

Organic and inorganic phosphorus in foods, feeding stuffs and drugs: E. B. Forbes, 

Wooster, Ohio. 

Lime requirements of soils: F. P. Veitch, Bureau of Chemistry, Washington, D. C. 
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Associate Referees. 

Phosphoric acid: C. 8. Lykes, Clemson College, 8. C. 

Nitrogen: 

Determination: R. B. Deemer, La Fayette, Ind. 

Special study of Kjeldahl method: I. K. Phelps, Bureau of Chemistry, Wash- 
ington, D. C. 

Separation of nitrogenous substances: 
Milk and cheese: Leroy 8. Palmer, Columbia, Mo. 

Meat products: P. F. Trowbridge, Columbia, Mo. 
Potash: 

Determination: T. D. Jarrell, College Park, Md. 

Soils: 

Nitrogenous compounds: C. B. Lipman, Berkeley, Cal. 

Dairy products: J. T. Keister, Bureau of Chemistry, Washington, D. C. 

Foods and feeding stuffs: P. H. Smith, Amherst, Mass. 

Feed adulteration: Carleton Cutler, W. La Fayette, Ind. 

Crude fiber: C. K. Francis, Stillwater, Okla. 

Food adulteration: 

Colors: W. E. Mathewson, Bureau of Chemistry, Washington, D. C. 

Saccharine products: (not appointed). 
Fruit products: P. B. Dunbar, Bureau of Chemistry, Washington, D. C. 

Wine: B. G. Hartmann, Transportation Building, Chicago, Ill. 

Beer: H. S. Paine, Bureau of Chemistry, Washington, D. C. 

Distilled liquors: A. B. Adams, Bureau of Internal Revenue, Washington, D.C. 

Vinegar: E. H. Goodnow, Federal Office Building, Minneapolis, Minn. 

Flavoring extracts: A. E. Paul, Transportation Building, Chicago, Ill. 

Spices: H. E. Sindall, Weikel & Smith Spice Co., Philadelphia, Pa. 

Baking powder: H. E. Patten, Bureau of Chemistry, Washington, D. C. 

Meat and fish: E. D. Clark, 1833 Chestnut Street, Philadelphia, Pa. 

Fats and oils: R. H. Kerr, Bureau of Animal Industry, Washington, D. C. 

Dairy products: Julius Hortvet, Dairy and Food Department, St. Paul, Minn. 

Cereal products: J. A. LeClere, Bureau of Chemistry, Washington, D. C. 

Vegetables: W. D. Bigelow, National Canners Association, Washington, D. C. 

Cocoa and cocoa products: E. Bloomberg, Federal Building, Buffalo, N. Y. 

Tea and coffee: H. M. Loomis, Eastport, Me. 

Preservatives: A. F. Seeker, U. S. Appraiser’s Stores, New York, N. Y. 

Metals in foods: David Klein, State Food Commission, Chicago, III. 

Sugar: M. N. Straughn, Bureau of Chemistry, Washington, D. C. 

Insecticides: O. B. Winter, East Lansing, Mich. 

Inorgame plant constituents: R. W. Thatcher, University Farm, St. Paul, Minn. 

Medicinal plants and drugs: 

Synthetic products: W. O. Emery, Bureau of Chemistry, Washington, D. C. 

Medicated soft drinks: W. W. Skinner, Bureau of Chemistry, Washington, D. C. 
Medicinal plants: A. Viehoever, Bureau of Chemistry, Washington, D. C. 

Alkaloids: H. C. Fuller, Institute of Industrial Research, Washington, D. C. 

Balsams and gum resins: E. C. Merrill, Bureau of Chemistry, Washington, D. C. 

Pepsin and papain: V. K. Chesnut, Bureau of Chemistry, Washington, D. C. 

Water: H. P. Corson, Grove City, Pa. 

Lime requirements of soils: W. H. McIntire, Knoxville, Tenn. 
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PERMANENT COMMITTEES. 

Coéperation with Other Committees on Food Definitions | 

Wm. Frear (State College, Pa.), Chairman. 

Julius Hortvet, St. Paul, Minn. 

J. P. Street, New Haven, Conn. 

Recommendations of Referees and Revision of Methods. 

(Figures in parentheses refer to year in which appointment expires.) 

P. F. Trowbridge (Agricultural Experiment Station, Columbia, Mo.), Chairman. 

SuscommirTee A: A. J. Patten (1918), W. W. Skinner (1916), (Bureau of Chemistry, 

Washington, D. C.) Chairman, B. B. Ross (1920). (Phosphoric acid, nitrogen, 

potash, soils, inorganic plant constituents, insecticides, water and lime require- 

ments of soils.) 

Suscommirres B: R. E. Stallings (1918), (Department of Agriculture, Atlanta, Ga.) 

Chairman, P. F. Trowbridge (1916), H. C. Lythgoe (1920). (Dairy products, 

foods and feeding stuffs, sugar, water in foods and feeding stuffs, organic and in- 
organic phosphorus in foods, feeding stuffs and drugs, separation of nitrogenous 

substances, testing chemical reagents and medicinal plants and drugs.) 

Suspcommirrer C: L. M. Tolman (1918), H. E. Barnard (1916), (State Board of 

Health, Indianapolis, Ind.) Chairman, R. E. Doolittle (1920). (Food adulter- 
ation. ) 

SPECIAL COMMITTEES. 

Board of Editors. 

C. L. Alsberg (Bureau of Chemistry, Washington, D. C.), Chairman. 

L. L. Van Slyke (1916). «J.P. Street (1918). | 
KE. F. Ladd (1917). R. E. Doolittle (1919). | 

Editing Methods of Analysis (U. S. Bur. Chem. Bull., 107, Rev.). 

R. E. Doolittle (U.S. Appraiser’s Stores, New York, N. Y.), Chairman. 

W. A. Withers. A. F. Seeker. 

J. P. Street. G. W. Hoover. 

B. L. Hartwell. 

Availability of Phosphoric Acid in Basic Slag. 

C. B. Williams (College of Agriculture and Mechanic Arts, 

West Raleigh, N. C.), Chairman. 

C. G. Hopkins. B. L. Hartwell. 
H. D. Haskins. J. A. Bizzell. 

Amendment to the Constitution and By-Laws. 

B. B. Ross (Polytechnic Institute, Auburn, Ala.), Chairman. 

C. L. Alsberg. H. D. Haskins. 

MEMBERS AND VISITORS PRESENT. 

Abbott, J. S., Bureau of Chemistry, Washington, D. C. 

Adams, A. B., Bureau of Internal Revenue, Washington, D. C. 
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Albrech, M. C., Lutz and Schramm, Pittsburgh, Pa. 

Albright, A. R., Bureau of Chemistry, Washington, D. C. 

Allen, R. M., Agricultural Experiment Station, Lexington, Ky. 

Alsberg, C. L., Bureau of Chemistry, Washington, D. C. 

Anderson, Fred T., Bureau of Chemistry, Washington, D. C. 

Atwater, C. G., American Coal Products Co., 17 Battery Place, New York, N. Y. 

Bailey, H. 8., Bureau of Chemistry, Washington, D. C. 

Bailey, Lorin H., Bureau of Chemistry, Washington, D. C. 
Baker, E. L., Patent Cereals Co., Geneva, N. Y. 

Baker, H. A., American Can Co., 447 W. 14th Street, New York, N. Y. 

Balcom, R. W., Bureau of Chemistry, Washington, D. C. 

Barnard, H. E., State House, Indianapolis, Ind. 

Bartlett, G. M., Jos. Campbell Company, Camden, N. J. 

Bartlett, James M., Agricultural Experiment Station, Orono, Me. 

Baston, Geo. H., Bureau of Plant Industry, Washington, D. C. 

Bates, C., Bureau of Chemistry, Washington, D. C. 

Baughman, Walter F., Bureau of Chemistry, Washington, D. C. 

Beal, W. H., States Relations Service, Washington, D. C. 

Beyer, G. F., Bureau of Internal Revenue, Washington, D. C. 

Bidwell, G. L., Bureau of Chemistry, Washington, D. C. 

Bigelow, W. D., National Canners Association, 1739 H Street, N. W., Washington, 

DAC: 

Birckner, V., Bureau of Chemistry, Washington, D. C. 

Boughton, E. W., Bureau of Standards, Washington, D. C. 

Bower, J. H., Bureau of Standards, Washington, D. C. 

Boyle, Martin, Bureau of Chemistry, Washington, D. C. 

Boyles, Frank M., McCormick & Co., Baltimore, Md. 

Brackett, R. N., Clemson Agricultural College, Clemson College, S. C. 

Brattain, Paul H., George Washington University, Washington, D. C. 

Breckenridge, J. E., American Agricultural Chemical Co., Carteret, N. J. 

Brewster, J. F., Bureau of Chemistry, Washington, D. C. 

Brinton, C. S., Food and Drug Inspection Laboratory, U. 8. Appraiser’s Stores, 

Philadelphia, Pa. 

Broughton, L. B., College Park, Md. 

Brown, B. E., Bureau of Plant Industry, Washington, D. C. 

Brown, Lucius P., Bureau of Food and Drugs, City Department of Health, New 

York, N. Y. 

Brown, Wager S., 5301 Connecticut Avenue, Washington, D. C. 

Browne, Chas. A., New York Sugar Trade Laboratory, New York, N. Y. 

Bryan, T. J., Calumet Baking Powder Co., 4100 Fillmore Street, Chicago, IIl. 

Bunzell, H. H., Bureau of Plant Industry, Washington, D. C. 

Burnet, W. C., Bureau of Chemistry, Washington, D. C. 

Burnett, L. B., Bureau of Chemistry, Washington, D. C. 

Campbell, W. G., Bureau of Chemistry, Washington, D. C. 

Carpenter, F. B., Virginia-Carolina Chemical Co., Richmond, Va. 

Carroll, John S., German Kali Works, Atlanta, Ga. 

Cathcart, Chas. S., Agricultural Experiment Station, New Brunswick, N. J. 

Catheart, P. H., National Canners Association, 1739 H Street, N. W., Washington, 

DAC: 
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Cavanaugh, Geo. W., Cornell University, Ithaca, N. Y. 

Chernoff, Lewis H., Bureau of Chemistry, Washington, D. C. 

Chesnut, V. K., Bureau of Chemistry, Washington, D. C. 

Chittick, J. R., Jaques Mfg. Co., Chicago, Ill. 

Church, Margaret B., Bureau of Chemistry, Washington, D. C. 

Clark, A. W., Agricultural Experiment Station, Geneva, N. Y. 

Clark, E. D., Food Research Laboratory, 1833 Chestnut Street, Philadelphia, Pa. 

Clevenger, J. F., Bureau of Chemistry, Washington, D. C. 

Cochran, C. B., State Dairy and Food Commission, West Chester, Pa. 

Collins, W. D., Bureau of Chemistry, Washington, D. C. 

Conner, S. D., Agricultural Experiment Station, La Fayette, Ind. 

Conover, Courtney, Bureau of Chemistry, Washington, D. C. 

Coopersmith, S., Bureau of Chemistry, Washington, D. C. 

Craig, R. Sewell, City Health Department, Baltimore, Md. 

Custis, H. H., Bureau of Animal Industry, Washington, D. C. 

Cutler, Carleton, 461 Vine Street, W. La Fayette, Ind. 

Dancy, F.B., F. 8. Royster Guano Co., Baltimore, Md. 
Daudt, H. W., Bureau of Chemistry, Washington, D. C. 

Davidson, J., Bureau of Chemistry, Washington, D. C. 

Davidson, R. J., Polytechnic Institute, Blacksburg, Va. 

Davis, R. O. E., Bureau of Soils, Washington, D. C. 
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New York, N. Y. 

Doran, James M., Bureau of Internal Revenue, Washington, D. C. 

Doyle, Aida M., Bureau of Chemistry, Washington, D. C. 

Dubois, W. L., Hershey Chocolate Co., Hershey, Pa. 

Dunbar, P. B., Bureau of Chemistry, Washington, D. C. 

Ellett, W. B., Agricultural Experiment Station, Blacksburg, Va. 
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PRESIDENT’S ADDRESS. 

THE STORAGE OF SUGAR IN THE MAPLE TREE. 

By C. H. Jones (Agricultural Experiment Station, 
Burlington, Vt.), President. 

Maple sugar is obtained mainly from the species of maple known to 
botanists as Acer saccharum. Census returns indicate a total yearly 

production in the United States of the equivalent of some 45,000,000 

pounds. The more northern sections contribute most largely to the 
supply. The yield is subject to extreme variations, being dependent on 

certain daily weather conditions during a few weeks in early spring. 

Although insignificant in amount when compared with the world’s pro- 

duction of cane and beet sugars, yet as a table luxury maple products 

have long held an honored place among our food products. 

ECONOMIC INVESTIGATIONS. 

Economic investigations connected with the production of maple 

sugar and sirup have occupied the attention of many students of the 

subject and their observations have been recorded in various publications 
of a scientific and popular nature. They include data on the history of 

the maple industry, composition and flow of maple sap, the action of 

micro-organisms on sap and their effect on the finished product, together 

with a vast amount of strictly chemical data directed toward a proper 
standardization of the marketable product and the detection of adultera- 
tion therein. 

Chemically speaking, the sugar from the maple has been shown to 

be identical in composition with the ordinary granulated sugar secured 

from the cane and beet. The importance it holds as a delicacy is due 

to a characteristic and pleasing flavor associated with it which, however, 

is destroyed if the usual methods of sugar refining are applied to the 

crude product. 

The nature of the considerations about to be presented is funda- 

mental rather than economic; fundamental in that they deal with the 

tree itself and seek to indicate the various changes taking place within 

the trunk at different seasons of the year and their visible manifestations 

as indicated by pressure and sap flow. Before proceeding further a brief 

description of maple wood will be given. No attempt is made to describe 

the several structures in detail but attention is directed to such tissues 

as seem most directly concerned with our general subject. 

1 Presented Tuesday, November 16, as special order of business for 11.30 o’clock. 
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GENERAL STRUCTURE. 

In general structure, the maple trunk or stem (xylem) may be divided 

into a brown heart wood (duramen) and a white sap wood (alburnum). 

The sap wood contains the living cells and is the main conducting medium 
for water and food. The heart wood is relatively lifeless and functions 

largely as a mechanical support for the crown and as a reservoir in which 
to store water during the winter months. 

The stem is composed of three kinds of cells, viz., wood fibers, wood 

parenchyma and vessels, without intercellular spaces. At right angles 

to these cells, extending from the circumference toward the heart, are 

the medullary rays. These are living cells. They vary greatly in width 

and length and serve as the main centers for the storage of starch. Meas- 

urements of the medullary rays in the maple have shown that they oc- 

cupy about 18% by volume of the outer or recently formed sap wood. 

The starch grains found in the maple are angular, not uniform in shape, 

and vary in size from 1.4—5.7 microns in diameter. The characteristic 

blue color is obtained by treatment with iodin solution. Starch is stored 

not only in the medullary rays but also in the wood (parenchyma) which 

in some cases forms pockets, visible to the naked eye. These as a rule 

extend at right angles to and border on the medullary rays. Starch may 

also be found in the rows of cells (from three to many) formed in the 

summer wood of the past few years. 

Between the medullary rays are longitudinal cells often of great length 

containing water and food ready for transference throughout the tree. 

They are known as tracheae. Associated with these are similar but 
shorter cells known as tracheids. Both tracheae and tracheids are dead 

cells. They comprise about 7% by volume of the sap wood. 

CHEMICAL PHASES OF SUGAR STORAGE. 

A consideration of the more strictly chemical phases of sugar storage 

in the maple will indicate conditions existing within the tree during the 

year. The specimens used in determining this matter were second growth 

maples, quite uniform as to size, age and leaf area, which grew near each 

other, under similar general conditions of soil formation and exposure. 

Differences due to these causes were thus minimized and as samples 

were taken monthly for 29 months a period is represented including 3 

successive sugar seasons, 2 full periods of growth and 3 periods of rest. 

To further confirm these observations precautions were taken during 

the second 12 months to secure 2 trees on the dates which the first year’s 

work indicated to be what may be termed critical points in the yearly 

cycle. 

The several trees were felled, measured and immediately brought to 
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the laboratory where suitable sections representing the base (outer and 

inner wood) and the top wood were reduced to sawdust by means of a 

circular saw. The samples thus prepared were subjected to chemical 

analysis directed primarily to ascertain the content of moisture, sugar, 

and starch, which are assumed to be the so-called readily available stored 

foods. The last transformation of the sugar molecule used for plant 

food purposes is outside a strictly chemical province, being rather a prob- 

lem for the plant physiologist. 
While variations in the results obtained for corresponding months in 

different years were noted, and individual differences were occasioned 

by samples and natural fluctuations in soil moisture, sunlight and tem- 

perature conditions, yet the same general trend of all results was plainly 

manifested during successive seasons. 

Instead of burdening you with a mass of data representing monthly 

conditions for 29 months the results have been summarized in a, brief 

table where the months of the year are divided into 4 groups, each group 
representing a distinct epoch in the life functions of the tree. 

The first division includes the months of December, January and Febru- 

ary, the winter months, during which interval the tree is generally con- 

sidered dormant as regards development. The second division com- 
prises the months of March and April. The sap flow occurs during this 

TABLE 1. 

Percentage of available carbohydrate food in maple wood. 

DETERMINATION yanvany ano | MARCHAND | "SOEY'Anp’ | ocropER AND 
FEBRUARY ca AUGUST NOVEMBER 

Outer Base Woop: 
\WEIG Se sadcadto meee oo mco one 35.01 32.86 30.30 29.80 
SUCKOSE Herero ey ter 0.94 0.80 0.36 0.72 
Reducing sugars.............- 1.40 0.53 0.13 0.41 
SAD oan do Si RAI Do poaae. 0.78 0.96 1.01 1.43 

Inner Base Woop: 
Witthelomety Corecess canines 30.28 29.64 26.87 29.05 
SUICKOBEN ye ae ie sates 0.49 0.52 0.18 0.41 
Reducing /sugars........0:.... 0.65 0.33 0.09 0.26 
SCALCHE Meee oe calc aohs 0.43 0.49 0.62 0.51 

Tor Woop (outer and inner): 
\WENe SOSA Att a COSTE AD meet 33.85 31.36 32.46 32.14 
SIICKOBSC Mey meee ao ene 1.12 1.04 0.41 0.83 
Reducing sugars.............. 1.79 0.67 0.23 0.59 
SLALGH ec ei ees ence mnie sks 1.09 1633) 1.23 1.63 

Roots 
Water: caccacti tne te ickett 33.07 35.46 31.00 30.23 
SUCTOSeso serene ne 1352 0.93 0.66 1.41 
Reducing sugars:............. 1.00 0.79 0.42 0.32 
Starchia.5) sae eee ens see 3.92 2.25 3.41 5.76 
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period which, in northern latitudes, is designated the sugar season. The 

tree is preparing for its yearly work of growth and reproduction. The 

third period, May, June, July and August, represents the time of bud and 

leaf development, the formation of the annual ring and the storage of 

reserve food. The fourth division, September, October and November, 

is a period of gradual preparation for the cold of winter. Early in this 
period, as the leaves fall, reserve foods are deposited largely in the form 

of starch which later may be changed in part to sugar. 

SUCROSE IN TRACHEAE AND TRACHEIDS. 

When fresh maple wood is taken from a tree, for example during March 
or April, suitably pulverized, and treated with water, the resulting solu- 

tion is found to contain both reducing sugars and sucrose. Maple sap 

as it flows from the tree has been shown repeatedly to be practically free 

from reducing sugars, but to contain sucrose. This would indicate that 

there is a separation of the two sugar solutions in the tree. 

By taking a suitable section of maple wood and subjecting it to a water 

pressure of about 30 pounds, it was found that only sucrose was removed, 

no reducing sugars being washed out. The amount of sucrose thus ob- 

tained depended to some extent on the quantity of water forced through 

the stem. Three trials on different samples using 1250, 900 and 2500 

cc. of water removed 28, 51 and 67% respectively of the total sucrose pres- 

ent. It would seem, therefore, that sucrose must be stored chiefly in 

the tracheae, the long longitudinal tubes, to which mention has been 

made, while the reducing sugars must be contained in the cell sap of the 
living cells. 

CONSIDERATION OF RESULTS. 

From a study of Table 1 it is clear that marked variations exist in the 

water, sugar and starch content of wood in different parts of the maple 

tree at similar periods and also that the composition is not constant dur- 

ing the year. Further, that the top wood is supplied more abundantly 

with sugars and starch than either the outer or inner base wood. 

Considering the results obtained in the periods indicated, it is noted 

that the amount of water present is greatest in the outer, inner and top 

wood sections during the cold winter months, December to February. 

Similarly, the sugars are also higher. The starch, on the other hand, 
is less at this time than at other intervals during the year. The percent- 

age of water is lowest in the inner wood but if account is taken of the 

total bulk of wood represented a large excess of water would be found 

in the inner, over that contained in the outer, base tissues. 

The March-April period shows a slight reduction in the water content 

of the several sections. The sugar percentages continue to decrease as 

warmer weather approaches, while the starch content increases. 
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The third period, representing the season of growth, indicates that the 

amount of water in the tree is at its minimum, large amounts having 

been given off by transpiration. The percentage amount of sugars 

present is small but it remains quite uniform during the growing season. 

The starch content is practically unchanged in the outer and top wood, 

while the inner tissues show an increase. The small amount of sugars 

present during this period of active photosynthesis is explained first, 
by the fact that these constituents have been drawn on to feed the de- 

veloping buds and leaves and, secondly, by the fact that the elaborated 

food is used immediately in the development of the annual ring. 

The last period, September to November, finds the water content of 

the outer and top wood remaining constant while a decided gain in mois- 

ture is observed in the inner section. The sugars show an increase of 
some 130% over amounts present during the growing season. In like 

manner the starch percentages have become augmented in the outer 

and top sections. 

The roots exhibit the highest water content in March and April, the 

highest sugar content from December to February and the lowest be- 
tween May and August. The starch content of the roots greatly ex- 

ceeds that found in the trunk wood regardless of season. It is most 

abundant during the autumn months, September to November, when 

an average percentage of 5.76 was obtained. This gradually decreases 

during the cold winter months and is lowest during the period just pre- 

ceding the renewal of spring activities when but 2.25% was indicated. 

RELATION OF SUCROSE TO REDUCING SUGARS. 

There is a condition shown by the results in Table 1 to which special 

attention should be directed and that is the relation between the per- 

centages of sucrose and reducing sugars and the relation of both to the 

starch content. Reducing sugars are greater in amount than is sucrose 

during only one period of the year, December to January. Sucrose pre- 

dominates throughout the remaining months. The change in relativity 

begins just previous to the sugar season, March and April. Coincident 

with the decrease in reducing sugars an increase in starch percentage is 

observed. The roots throughout the year show a predominance of su- 

crose over reducing sugars, particularly in the autumn months of Septem- 

ber, October and November. Mention already has been made of the 

large starch content. 

DENSITY OF SAP SOLUTIONS. 

Investigators are most familiar with the composition of maple sap, se- 

cured during March and April by the ordinary tapping process, from 

that part of the tree designated in Table 1 as outer base wood. It is 
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commonly known that maple sap is essentially a dilute solution of su- 

crose containing small amounts of mineral matter and that its sugar con- 

tent varies from 1-7% with an average of approximately 3%. Refer- 

ence to Table 1 shows that but 0.80% of sucrose was present in the bas- 

wood. This amount, however, must have been held in solution by the 
water in the tree trunk, as were the reducing sugars, and a simple caleue 

lation will show the sucrose content of the sap to have been 2.34%. This 

represents an average for several young trees during 3 successive sugar 
seasons. 

The grouping of averages by periods in Table 1 does not emphasize 

the high concentrations obtained on certain dates. Thus, when the in- 

dividual tree data are consulted, instances are not lacking which show 

that this concentration during the sugar season ran as high as 5% of su- 

crose and that even a total sugar concentration of 12% occurred during 
extremely cold weather. 

In order that the density of the sugar solutions found in the tree may 

be readily compared the results already tabulated have been calculated 
to a concentration or density basis. 

TABLE 2. 

Percentage density of sugar solutions in maple wood. 

MAY, JUNE, SEPTEMBER, 
DETERMINATION aes CAE Eee JULY AND OCTOBER AND 

FEBRUARY AUGUST NOVEMBER 

Outer Base Woop: 
SUCrOsetaare rine tenit nce 2°52) 2.34 iL slle/ 2.33 
Reducing sugarsys ccc circ « 3.75 1.55 0.42 1.33 

InnER Base Woop: 
Sucrosesocsce eee eee 1.56 Teal 0.66 1.38 
Reducing sugars).cee esos. cle. 2.07 1.08 0.33 0.87 

Top Woop (outer and inner): 
Sucrosessceeeceeneeericceern 3.05 3.14 1.24 2.47 
Reducing sugars.............. 4.87 2.03 0.69 1.76 

Roots: 
Sucrose-e) hae eee 4.27 2.50 2.06 4.41 
Reducing sugars.............. 2.81 2.12 1.31 1.00 

The same general variations already discussed are again in evidence 

but these figures more nearly represent the density of the sucrose and re- 

ducing sugar solutions found in the cells and tissues composing the tree 

structure. Starch, being insoluble in water, is not included in this cal- 

culation although one would be justified in so including it for it is well 

known that starch is one of the reserve foods stored by the maple and 

that it must be transformed into soluble sugars before it can be 
transported. 
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DENSITY OF SAP INCREASES FROM BASE TO TOP OF TREE. 

The ascent of water and food to the tops of tall trees has long occupied 

the attention of scientists. No explanation, entirely satisfactory, thus 

far has been presented although many theories have been advanced. Data 

as to the amounts of soluble sugars and water in different parts of the 

tree undoubtedly have a bearing on this question. The increased car- 

bohydrate concentration in the top wood of the maple over that in the 

base section has been noted. For several reasons, particularly when the 

structure of the wood and region of consumption of food are considered, 

it seems logical to assume that this increase in concentration of the sugars, 

together with the higher starch content, should be a gradual one, as we 
ascend the tree. 

A small maple tree cut early in May was examined in sections of 4 feet 

each, from the base to the top, with the following results: 

TABLE 3. 

Percentage density of sugar solutions. 

REDUCING 
SECTION WATER STARCH SUGARS SUCROSE TOTAL SUGARS 

ste (ase) )ss<5005.0+ 29.07 0.83 0.10 1.82 1.92 
OG | 35 ec Ore eae 33.15 0.81 0.21 1.78 1.99 
OL ena iialoeisis cals ses 28.97 0.92 0.37 2.26 2.63 
HCL Stic Re ORC 26.85 1.06 0.32 2.92 3.24 
ila’, (G00) 9) Sapeeaeane 25.84 1.10 0.30 3.10 3.40 

Table 3 would seem to indicate that the sugar concentration of both 

active cell, and tracheae, sap gradually increases from the lower portions 

of the tree trunk upward. Starch also shows a similar increase. On the 

other hand, water, in this instance, decreases in amount as we ascend. 

INTERPRETATION OF RESULTS. 

It is a relatively easy matter to present for consideration data secured 
by physical and chemical operations in the field and laboratory but the 

significance of such data when applied to the solution of nature’s processes 

is not so readily formulated. A lengthy interpretation of the results 

bearing on the phenomena of sugar formation and sap flow will not be 

attempted but a few general deductions enumerated. 

The work of numerous investigators has shown clearly that sunlight, 

leaf area and soil moisture are factors influencing the abundant storage 
of starch and sugars. A correlation table, showing relationships between 

stored carbohydrates on the one hand, and sunlight, leaf area and rainfall 

on the other, undoubtedly would give most suggestive results. It is a 

different matter to prove the relationship from a practical or economic 

standpoint as weather conditions at the time of sap flow seriously affect 
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results. In other words, one can determine with reasonable certainty 

that an abundance of carbohydrates has been stored in the tree but the 

best of prophecies fail when attempts are made to predict the amount of 
sugar likely to be secured the following spring. 

The yearly life cycle of the maple tree has for its objects nutrition 

and reproduetion. Green leaves manufacture starch daily in sunlight. 
At night it is transformed to soluble carbohydrates and carried down the 

inner bark and cambium layer where it is again deposited in the medul- 

lary rays as starch or remains in solution in the tree tissues. The excess 
only is thus deposited, what is necessary being used for the formation 

of the annual ring. 

When the leaves fall in the autumn a protective enzyme action may 

take place in the medullary rays, and sucrose is ultimately formed and 

distributed through the tracheae. The increased concentration of the 

sugar solutions in the maple trunk during the cold weather period appears 

to have for its purpose the protection of the tree tissue from freezing, so 

that an early transference of abundant water and food materials to the 

leaf-bearing sections of the tree may be established. The maple is the 
earliest of northern trees to develop its buds and leaves in spring. 

The rate of movement of sap in the tapped tree has been measured 

by injecting lithium chlorid and noting the time of its appearance in the 

sap from holes at known distances above and below the point of inser- 

tion. A rate of 2-6 inches per minute was observed. Since this flow 

is an artificial one, stimulated nevertheless by conditions within the 

tree, it does not follow that sap movement up and down within the un- 

tapped tree trunk, before leaf formation has started, parallels these rates. 
Doubtless the water movement is far less rapid, although there is war- 

rant for asserting that changes in sugar concentration and water content 

in different sections of the tree are taking place constantly. 

Considerable work has already been done touching the matter of direc- 

tion of sap flow and pressure under the artificial conditions created by 

the ordinary tapping process. It has been shown that during certain 

weather conditions in early spring, characterized by a sharp frost at night 

and a rise in temperature to a few degrees above the freezing point the 
following day, a state of pressure is manifested in the tree trunk and sap 

is exuded at the tap hole or point of least resistance. This pressure may 

vary from 1-25 pounds and while the flow of sap is not necessarily in 

direct proportion to the pressure, there is strong evidence nevertheless 

that some relation exists. During the greater part of the year a state of 

negative pressure or suction is exerted by the tree. 

The simple determination of the water content of maple wood at dif- 
ferent seasons of the year is not without interest. It is more thana 

coincidence and doubtless for a definite purpose that the highest water 
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content always precedes the leaf formation and transpiration period and 

that the lowest amount is present when the leaves have ceased their 

activities. 
Beginning in December, the reducing sugars exceed the sucrose content 

of maple wood until March when a decided decrease occurs in the per- 
centage of reducing sugars. A relatively high percentage of sucrose 

obtains until May. A predominance of sucrose over reducing sugars, 

though in reduced amounts, is maintained through the summer and fall, 

until, in December, the reducing sugars again take the lead. Thus a 

high sugar content is found during the coldest period, reducing sugars 

predominating over sucrose, the ratio of reducing sugars, starch and 

sucrose being 1.5:0.8: 1. As warm weather approaches the total sugar 

content decreases and a most pronounced increase of sucrose over re- 
ducing sugars occurs, the above ratio becoming 0.7 : 1.2 :1. 

Warm weather favors the deposition of starch from soluble carbohy- 

drates. Continued cold weather causes the insoluble starch to decrease 

in amount, transforming it to soluble carbohydrates, thus increasing the 

total sugar content during the winter months. 

From the chemical evidence presented it is plain that changes are tak- 

ing place within the tree throughout the year. A fall deposition of starch 

occurs. Later, as cold weather approaches, the leaf-manufactured food 

that has been deposited as starch is changed in the living protoplasmic 

cells to reducing sugars and sucrose which, held in a water solution, fill 

the vessels throughout the tree. These sugars are most abundant in 

the young living tissues of the trunk nearest the cambium layer. 

Reducing sugars and starch seem to be most intimately associated 

with the living protoplasmic cells, while a considerable portion at least 

of the elaborated sucrose fills the dead vessels. These channels, it is 

well established, serve as quick carriers for water and sucrose to upper and 

distant parts of the tree, and are in direct communication with the roots 

or water-gathering system. The uniformity of sap concentration during 

the four months comprising the growing season indicates that the leaf 

elaborated carbohydrates are used, either directly or indirectly, for the 

development of the annual ring. Until that duty is performed no marked 

increase in soluble carbohydrate storage is noted. 

OUR JOURNAL. 

In conclusion I desire to say a few words on the subject of our new 

JouRNAL. The problems confronting us and the ways and means for 

dealing with them were ably considered by my predecessor in his annual 
address one year ago. As you all know this association now has a quar- 

terly publication and our deliberations, printed in a most attractive form, 

r 
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will soon be placed promptly at our disposal. This publication is not a 

one man volume and every member should be allowed and encouraged 

to do his share. It is needless for me to urge the members to subscribe 

but I do want to ask particularly that the younger members not only 

subscribe but also read and study the JouRNAL with a view toward de- 

tecting shortcomings and rectifying them in the future. 

It is too early to predict the ultimate outcome of our venture. We 

have men enough, brains enough and, I hope, a loyalty to our chosen pro- 

fession sufficient to carry on this project. 



PROCEEDINGS OF THE THIRTY-SECOND ANNUAL 
CONVENTION OF THE ASSOCIATION OF OFFICIAL 

AGRICULTURAL CHEMISTS, 1915. 

FIRST DAY. 

MONDAY—MORNING SESSION. 

The thirty-second annual convention of the Association of Official 

Agricultural Chemists was called to order by the President, C. H. Jones, 

of Burlington, Vt., on the morning of November 15, 1915, at the Raleigh 

Hotel, Washington, D. C. 

REPORT ON WATER. 

THE SEPARATION AND DETERMINATION OF CALCIUM AND 
STRONTIUM. 

By W. W. Sxrnner (Bureau of Chemistry, Washington, D. C.), Referee. 

As a result of the experimental work reported by the referee last year, 

the Stromeyer-Rose method for the separation and determination of 

calcium and strontium was modified by substituting for cold water here- 

tofore used a 1% solution of ammonium oxalate for washing the precipi- 

tate of the mixed oxalates. Asshown by Holleman, Kohlrausch, Richards 

and others, the solubility of calcium oxalate in cold water and also in 
hot water is so low that it may be disregarded as a factor of accuracy 

in ordinary analytical work. The error in the determination of calcium, 

due to the solubility of the oxalate, should not be in excess of 1 mg. of 

calcium when the quantity of precipitate is such that 200 ce. or less of 

wash water are required. 

Strontium oxalate, however, as shown by the experimental work re- 

ported last year, is quite soluble in hot water and sufficiently soluble in 

cold water to cause serious error in the determination of strontium. This 

is particularly true when relatively small amounts of strontium are to 

be separated from large amounts of calcium, requiring a greater amount 

of washing of the precipitate. The method was further modified by pro- 

viding for 2 extractions of the mixed nitrates with the ether-aleohol mix- 

ture, which increased the quantity of solvent used. 

The method as modified is as follows: 

113 
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DETERMINATION OF CALCIUM AND STRONTIUM. 

Calcium. 

Combine the 2 filtrates obtained from the precipitates of iron and aluminium, 
concentrate to 150-200 ce. and to this solution, containing not more than 0.6 gram of 
calcium, calculated as calcium oxid, or 1 gram of magnesium, calculated as mag- 

nesium pyrophosphate, add 1-2 grams of oxalic acid and sufficient hydrochloric acid 
to clear the solution. Heat to boiling and neutralize with ammonium hydroxid, 
stirring constantly. Add ammonium hydroxid in slight excess and allow tostand 

for 3 hours in a warm place. Filter off the supernatant liquid and wash the precip- 
itate once or twice by decantation with 1% ammonium oxalate solution. Dissolve 

the precipitate in hydrochloric acid, dilute to 100-200 ce., add a little oxalie acid, 
and precipitate as above. After standing for3 hours, filter, wash with the ammonium 

oxalate solution as before, dry, ignite, heat over a blast lamp, and weigh as calcium 

and strontium oxids. Subtract from this weight the weight of strontium oxid 
equivalent to the strontium sulphate found. The difference is the weight of calcium 
oxid. Calculate to calcium. 

As a check on the calcium oxid, evaporate to dryness the combined filtrates from 

the strontium nitrate, dissolve the calcium nitrate in water, precipitate as oxalate, 
filter, wash, ignite and weigh as calcium oxid. 

Strontium. 

Dissolve in dilute nitric acid the oxids obtained in the determination of calcium 

and test with the spectroscope for strontium. If strontium is present, transfer the 

nitric acid solution to a small Erlenmeyer flask. Evaporate nearly to dryness over 

a low flame and heat in an air bath at 150°-160°C. for 1 or 2 hours after the water 
is evaporated. Break up the dried material with a stirring rod, add 10-15 ce. of a 

mixture of equal parts of absolute alcohol and ether to dissolve the calcium nitrate. 
Cork the flask and allow to stand with frequent shaking for 2 hours or longer. De- 

cant the solution through a 5.5 em. filter, preserving the filtrate. Wash the residue 

several times by decantation with small portions of ether-alecohol solution. Dry 

the residue and the filter paper and wash the filter paper repeatedly with small 
portions of hot water, collecting the filtrate in the flask containing the main portion 
of the strontium nitrate residue. Add 1 or 2 drops of dilute nitric acid, evaporate, 

dry, pulverize, and treat with 10-15 ce. of ether-aleohol mixture as before. Cork 

the flask and let stand for about 12 hours with occasional shaking. Filter, wash 

with ether-alcohol mixture until a few drops of the filtrate evaporated on a watch 

glass leave practically no residue. Dry the paper and precipitate. Dissolve the 
strontium nitrate in a few ec. of hot water. Add a few drops of sulphuric 

acid, then a volume of alcohol equal to the volume of the solution and allow to 
stand for 12 hours. Filter, ignite, weigh as strontium sulphate and calculate to 

strontium. Test spectroscopically for absence of calcium. 

A copy of this method, together with the sample specially prepared 

for the purpose, was sent to 10 chemists who had signified a desire to 

undertake the codperative work and reports have been received from 

6 of them. 
The solution, prepared for the codperative work contained in the 

aliquot taken for examination 203 mg. of calcium and 21.8 mg. of 

strontium. 
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Results of cobperative work on calcium and strontium. 

ANALYST eect CALCIUM DIRECT STRONTIUM 

Mg. in 10 rad Mg. in 10 cc. Mg. tn 10 ce. 

H. P. Corson, Illinois State Water 200.9 198.6 21.9 
Survey, Urbana, II. 

O. B. Winter, Agricultural Experi- 204.6 197.1 yeaa 
ment Station, East Lansing, 203.9 196.1 16.9 
Mich. 

E. L. Griffin, Department of Agri- 203 .2 201.5 18.1 
culture, Washington, D. C. 203.5 200.1 18.1 

203.4 203.2 17.9 

P. L. Hibbard, Agricultural Experi- 203 .2 lost 20.0 
ment Station, Berkeley, Cal. 202.3 lost 21.9 

202.8 lost 21.0 
202.9 201.8 21.0 

J. W. Sale, Bureau of Chemistry, 203.9 202.6 19.1 
Washington, D. C. 203.8 2038 .2 18.8 

202.8 202.9 19.0 
203.7 202.7 19.6 

W. F. Baughman, Bureau of Chem- 204.1 202.1 19.3 
istry, Washington, D. C. 203.7 202.1 20.1 

204.3 201.9 20.3 

WaxTIMUMy. eastngisls serie) sioee eens 204.6 203 .2 21.9 
IMiamtratiaaeseeteisee sae Soriole sevneisicie 200.9 196.1 16.9 
FAW CLAP GMP sie fe ani sfers ai vorcich eeveVersichohtioe: 203.3 201.1 19.4 
PRC OLA eee esses estcciee 203.0 203.0 21.8 

By referring to the table it will be noted that the average of the 17 

results reported for calcium by difference varies from theory by only 

0.3 mg. or 0.15%; while the difference between the highest and the low- 

est result is only 3.7 mg. These results are as good as could be ex- 

pected and confirm the observations of the referee upon the results 

reported in 1913 to the effect that the method for the separation of cal- 

cium from strontium and the determination of calcium by the indirect 

method leaves little to be desired. The calcium direct is slightly low, the 

average for the 14 results reported being 1.9 mg. or approximately 0.93% 

below theory. The cause of the low results may be due to an imperfect 

extraction by the ether-aleohol mixture of the calcium nitrate from the 

mixed calcium and strontium nitrates but, if so, it apparently does not 

affect the final result for strontium. 

The results reported for strontium while uniformly slightly lower than 

theory are fairly satisfactory. The results reported by the 6 analysts 

at this time are fairly concordant and much superior to the results re- 

ported in 1913. The work this year and that of previous years shows 

conclusively that the separation of the calcium and strontium nitrates 
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by the 2 or more treatments with the ether-alcohol mixture is quite satis- 
factory, and also that the modified method, substituting a 1% ammonium 
oxalate solution for cold water in the washing of the mixed oxalates, has 

eliminated the error in the determination of strontium due to the solu- 
bility of strontium oxalate in washing. And while it must be admitted 

the method gives slightly low results for strontium, due probably to the 

fact that strontium does not completely precipitate as oxalate,—con- 

siderably less so than does caletum,—the results of the investigation and 

study of the method extending over a period of 4 years are such as to 

warrant the Association in adopting the method as official and it is so 

recommended by the referee. The method is presented for its first 

reading for final adoption as provided in the By-Laws of the Association. 

DISCUSSION. 

Mr. Skinner: The Committee on Editing Methods of Analysis, Mr. Doolittle, 

Chairman, early in the year asked the referee to review the methods for the analysis 

of water. This review showed our methods to be incomplete in that certain stand- 

ard methods in general use had never been proposed for coéperative work by any 

referee and had therefore never been adopted as official or provisional methods by the 

Association, and furthermore, that certain new methods had been substituted for 

older methods that were not at the same time repealed. It appeared advisable, 
since the methods were to be printed in the JourNAL, that such standard methods be 

included for the sake of completeness, even though they had not been adopted by 

the Association. These methods were inserted therefore and described as “ten- 

tative’ to distinguish them from the official and provisional methods. The de- 

terminations involved are: turbidity, color, odor, oxygen required (when the chlorin 

content of the sample is high), dissolved oxygen, specific gravity, hydrogen sulphid, 

free carbon dioxid, temporary hardness, total hardness, permanent or non-carbonate 

hardness. 
It seemed equally advisable to omit from the Journat those methods which have 

been superseded, but which have not been officially repealed by the Association. 

The methods involved are the Pettenkofer method for carbon dioxid and the ammo- 

nium sulphate method for barium and strontium. 

Under the direction of the referee some time has been devoted to a study of meth- 

ods for the determination of the radioactivity of waters. The referee has asked Mr. 

Furber of the Water Laboratory of the U. S. Bureau of Chemistry to present a brief 

statement of the method and the work. 

REPORT ON THE DETERMINATION OF RADIOACTIVITY. 

By F. B. Furser (Bureau of Chemistry, Washington, D. C.). 

The Water Laboratory of the U. 8S. Bureau of Chemistry has been con- 
cerned for some time with the examination of substances claimed to be 

radioactive, chiefly in connection with the enforcement of the Federal 
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Food and Drugs Act. The samples have been the so-called “radio- 

active” bottled mineral waters and various therapeutic preparations. 

This paper is based partly on work reported to the U. 8S. Bureau of 

Chemistry, January 1, 1915, by Mr. W. D. Collins. Radioactive meas- 

urements made by the writer since that time have confirmed Mr. Collins’ 

results and have also established the value of certain other methods. This 
brief account of the experience of the laboratory is presented merely to 
bring the matter to the attention of the Association with the hope that 
eventually uniform procedures for the measurement of radioactivity may 
be adopted by the Association. 

In connection with the routine work, various methods of measurement 

have been tried and different forms of apparatus used. 

The fontactoscope, an apparatus which comprises a gold leaf system 

and a very large detachable discharging chamber to hold samples of water 
from which the emanation is separated by shaking, would seem to be 

unsuited for accurate laboratory measurements, but in the field it is 

considered serviceable by many!. The U. 8. Bureau of Chemistry has 

not found field experiments necessary as yet. 

The gamma ray electroscope, which is used in measuring quantities of 

radium as large as a milligram, has not been needed. 

An alpha ray electroscope? used by this laboratory for measurement of 

the radioactivity of substances in solid form makes possible a very rapid 
and fairly accurate examination of certain drugs and minerals. 

An active solid introduced into the discharging chamber gives off 

chiefly alpha particles which ionize the enclosed air, thus allowing the 

charge imposed on a gold leaf to escape rapidly. The rate of fall of the 

leaf is noted just as with an emanation electroscope. 

The electroscopes most used in this laboratory are of the emanation 
type and resemble one made by Charles W. Cook (Manchester, England) 

after the pattern of Rutherford’. They were made according to speci- 

fications which allowed for some modifications of the original. The com- 

paratively small number of samples to be examined made it unnecessary 

to use an interchangeable electroscope of the kind described by Lind‘. 

Also, since in many samples no radioactivity could be detected, it seemed 
better to have the measuring apparatus in complete fixed units. 

For making accurate measurements of low radioactivity the Water 

Laboratory has followed the generally used method, which is to separate 

the radium emanation from the substance to be examined and then, by 

1 Engler, Sieveking and Koenig. Chem. Ztg., 1914, 38: 425-7, 446-50; Physik. Z., 
1914, 15: 441-7. 

2 Rutherford. Radioactive Transformations. 1906, p. 28. 
2 Rutherford. Radioactive Substances and Their Radiations. 1913, p. 90. 
4 J. Ind. Eng. Chem., 1915, 7: 406-10. 
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means of an electroscope, to compare the effect of this with the effect of 

emanation from a known amount of radium. 

If the sample to be tested is a mineral water or solution, but little treat- 

ment is needed before separating the emanation by boiling. Soluble 
solids are dissolved in water or acids. Insoluble substances are fused 

with mixed sodium and potassium carbonates. This fusion is treated 

with dilute sodium carbonate solution and the residue remaining after 

filtration is dissolved in acid. This acid solution and the alkaline ex- 

tract, which is now acidified, are placed in separate flasks, boiled and 

sealed. After about 4 days, half the emanation has formed and the 

gases containing it are collected. Boltwood’s apparatus! for separating 

and collecting the emanation has been found very satisfactory. If the 

solution is boiled for about 20 minutes, the emanation appears to be 
separated completely. 

The Schlundt and Moore apparatus? for collecting emanation by boil- 

ing it out, does not work properly unless given very closeattention. It 

is possible also to extract emanation from solutions by bubbling air through 
while heating® and this method is often more simple and convenient than 
others. The gases obtained by boiling the solution are kept for 10 min- 

utes, to allow for the decay of any thorium emanation present, and then 

transferred through a calcium chlorid drying tube to the discharging 

chamber of an emanation electroscope. The rate of fall of the charged 

gold leaf is observed about 3 hours after this. The electroscope is cali- 

brated by measuring the rate of discharge caused by a known amount 

of emanation formed in a standard radium solution. The solution of 

radium barium bromid in hydrochloric acid (1.10 sp. gr.) used in the 

U.S. Bureau of Chemistry was furnished by the U. 8. Bureau of Standards. 

The electroscopes have been calibrated also by the use of pitchblende, 

the uranium content of which was determined as described by Brearley?. 

A sample of the ore is dissolved in nitric acid and the emanation collected 

and passed into the electroscope by Boltwood’s method. Correction 

is made for the emanation lost spontaneously by sealing up a quantity 

of the ore in a glass tube and at the end of a month transferring the col- 

lected emanation to an electroscope by means of a stream of air. The 

temperature at which the sample is kept has an appreciable effect on the 

amount of emanation given off by the ore. If time permits, this correc- 

tion may be eliminated by using the mcthod of solution described by 

Lind and Whittemore® in which the ore is sealed up for a month in the 

flask where it is to be dissolved. Then, when the emanation in equilibrium 

1 Phil. Mag., 1905, 6th ser., 9: 599-613; Am. J. Sci., 1904, 4th ser., 18: 378-87. 
2 J. Phys. Chem. 1905, 9: 320-32. 
3Curie. Traité de Radioactivité. 1910, 1: 284. 
‘Brearley. The Analytical Chemistry of Uranium. 1903; see also U. S. Bur. 

Mines Bull. 70, and J. Am. Chem. Soc., 1914, 36: 2075-8. 
5 J. Am. Chem. Soc. 1914, 36: 2071-2. 

—e- — 
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with the ore is all confined, solution in acid gives the total emanation cor- 

responding to the radium present. 

In many eases, to save time and manipulation, departure has been 

made from approved methods given in the literature but a detailed dis- 

cussion is impossible here. For example, in most of the Water Labora- 

tory’s work the extra flask of Boltwood’s collecting apparatus has been 

found unnecessary and a plain 100 ce. Erlenmeyer flask has been used for 

dissolving certain minerals and boiling strongly active solutions. 

There has not been, as yet, occasion for making an extended investi- 

gation of thorium preparations. Thorium emanation has so short a life 

that it must be measured by passing it in a continuous stream through 

an electroscope. The method of Mache and Bamberger! seems to be 

the most satisfactory of any in the literature. 

In dealing with mineral waters and most medicinal preparations this 

laboratory reports radioactivity in millimicrocuries (billionths (107°) 

of a curie)? per liter of solution or gram of substance. Many results in 

the literature have been expressed in mache or electrostatic units, 

but since so many investigators have not allowed for corrections (chiefly 

the Duane’ correction) it is hard to place absolute reliance on their re- 

sults or to make comparisons between results stated in the two different 

systems. For most purposes, however, the mache unit equals 0.37 x 107° 

curies or the electrostatic unit equals 0.387 x 10~* curies is accepted as 

a satisfactory conversion ratio. The Water Laboratory accepts also 

the uranium-radium ratio of Heinmann and Marckwald*. (One gram 

of uranium equals 332.8 x 107° grams of radium.) 

In regard to the magnitude of amounts of emanation determined, it 

may be said that the emanation electroscopes of the Water Laboratory 

have a limit of sensibility corresponding to 0.005 x 10~° grams of radi- 

um, and will measure easily amounts of emanation corresponding to 

20 x 10-° grams of radium. 

Some samples of artificial waters and medicinal preparations have 

been found to be as radioactive as claimed on the label. Most natural 

waters, when bottled, lose all their radium emanation after 30 days, 

because they do not contain dissolved radium salts or insoluble suspended 

radioactive matter to make them permanently active. Such waters, 

therefore, and also a number of artificial products, have been found so 

slightly radioactive at the time of sale that, in comparison with actual 

doses of radium salts used in medicine, and with the waters of natural 

springs known for their radioactivity at source, the radioactivity is wholly 
negligible. 

1 Sitzb. kais. akad. Wiss. Wien. Abt., 1914, 123 (IIa): 334-45. 
? One curie is the radioactivity corresponding to one gram of radium element. 
3 Compt. rend.. 1905, 140: 581-3; 1910, 160: 1421-3. 
4 Physik. Z., 1913, 14: 303-5. 
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WATER IN FOODS AND FEEDING STUFFS. 

By W. J. McGue (Food and Drug Inspection Laboratory, 

U.S. Custom House, Savannah, Ga.), Referee. 

The principal object of this year’s work was the study of the method 

of drying without heat in a vacuum over sulphuric acid. The following 
outline of the method was sent out for trial: 

DRYING IN VACUO WITHOUT HEAT.—OPTIONAL. 

(This method was first suggested by Mr. Trowbridge at the meeting 

of the Association in 1909; approved in 1913 for final action as an optional 

official method in 1914; final action not yet taken.) 

Mix the sample thoroughly and weigh about 2 grams by difference from a stop- 

pered weighing bottle into tared crucibles provided with covers which are tared 

with crucibles. Place 200 ec. of fresh C. P. sulphuric acid in a good 6 inch vacuum 

desiccator. Put triplicate samples in the desiccator, smear the edges of the latter and 

the stop-cock with lubricant (a mixture of 3 parts of hard paraffin and 5 of vaseline) 

and exhaust by means of a vacuum pump. If a pump is not available, place 10 ec. 

of ether contained in a small beaker in the desiccator and exhaust with a water 

filter pump. It will be found convenient to interpose between the pump and the 
desiccator an empty bottle next to the desiccator and a bottle of water following 

this. Draw the air from the desiccator through the water and turn the desiccator 

stop-cock at just the instant when the water begins to rise in the tube leading from 

the empty bottle. Gently rotate the desiccator 4 or 5 times during the first 12 hours 
to mix the sulphuric acid with the water which has collected as an upper layer. At 

the end of 24 hours open the desiccator, forcing the incoming air to bubble through 

C. P. sulphuric acid. If a good vacuum has been maintained the samples are ready 
for the first weighing. After weighing place in a desiccator with fresh C. P. sulphuric 

acid and exhaust as before. Rotate the desiccator once or twice during the interval 

and weigh again at the end of 24 hours, repeating this process of drying in vacuo over 

sulphuric acid until the weight is constant. 

REPORTS OF COLLABORATORS. 

W. D. Richardson: Sausage meat (vacuwm method).—Constant weight in about 
208 hours with a loss in weight of about 1% less than by the heating methods. 

D. B. Bisbee: Cheese (vacuum method).—Weight nearly constant eighth day. 
Loss of weight about 0.4% less than by heating methods. 

J. O. Clarke: Cottonseed meal (vacuum method).—Weight practically constant in 

9-15 days with loss about the same as in heating methods. 

Corn meal.—In vacuum desiccator dried to approximately constant weight in 4 

days and the loss was about 0.4% less than by heating methods. 

Tomato ketchup.—With water content of 83.11% as indicated by heating at 100°C. 

in water oven, lost 80.15% in vacuo over sulphuric acid in 5 hours, and 81.21% in 

5days. In another experiment lost 80.53% in 18 hours and 80.72% in 42 hours. Both 

of these experiments were terminated by accident before constant weight was 

attained. 

a& 
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Hamburger steak.—In vacuo over sulphuric acid lost 70.42% of its weight in 4 days; 

by heating methods, 71.09%. 
Lean meat.—Ground fine lost 65.56% in 44 hours and 67.10% by heating methods. 

Apple jelly.—Lost 21.66% in 48 hours and 27.45% in vacuum oven at 70°C, 

Cattle Food Laboratory, U. S. Bureau of Chemistry: Comparison of this method 
with drying at 100°C. at the house vacuum (average 86.4) gave the following results: 

Mized alfalfa, molasses, corn feed at 100°C.—Average pressure 86.4 mm. Mois- 

ture, 3.60%. 

At 27°C.—Average pressure 7.5mm. Moisture 1.89%. 

Bran at 100°C.—Average pressure 86.4mm. Moisture 10.79%. 

At 27°C.—Average pressure 7.5 mm. Moisture 10.43%. 

Linseed meal at 100°C.—Average pressure 86.4mm. Moisture 10.86%. 

At 27°C.—Average pressure 7.5 mm. Moisture 10.71%. 

TABLE 1. 
Moisture determinations under varying conditions. 

(J. H. Roop, Indiana.) 

D 6 
DRIED 5 HOURS IN DRIED HOURS Ser eee 

SUBSTANCE H OGE °° = a ecm ezrauctes || ese 
AVERAGE 

Per cent loss Per cent loss Per cent loss 

Cottonseed meal...............0.... 8.75 8.10 Cf otats) 
NWihestabran iis, cece vscrmeevncee 11.65 127, 11.04 
@Wornigermimeal ae scccnc cece + ce 4.82 4.45 4.36 
inseedumenlesenetcserrsrtateyar tee 9.97 9.57 9.15 
WorntanGdhoatetee mn cece ue leewtecieros 13.01 12.42 12.68 
Dishillens FoTAINS dace evecare c\e\elsiele 8.90 7.95 7.64 

C. O. Swanson: This method has been in use at the Kansas Agricultural College 
for several years and is considered very satisfactory. For flour the drying is con- 

tinued for from 3-5 days. Very moist samples are allowed to remain in the desiccator 
for 3 weeks. A shaking machine is employed to keep the acid stirred up. 

COMMENTS BY THE REFEREE. 

It has been found at the U. S. Food and Drug Inspection Laboratory at Savannah 

that the desiccator acid containing ether and water can be recovered by digesting 

for about 4 hours over a free flame in a Kjeldahl flask with a drop of mercury. A 

study of this method from the work of this and previous years seems to show that it 
can be relied upon when heating the sample is inadmissible; and that it is valuable 
also when subsequent fat extraction is contemplated and heating would tend to 

harden the sample too much. For work of this kind in which time is not a factor it 

may be very convenient to have an official method. 
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TABLE 2. 

Comparison of dehydrating powers of reagents used in desiccators at room temperature 
of 20°-33°C. and at atmospheric pressure. 

sunsrance Se auf oe (oes ee 
Days Percent | Percent | Percent | Percent | Percent | Percent 

loss loss loss loss loss loss 

Corn meal!: 1 10.18 UDO raadonp.c 9.54 9.22 | 7.76 
2 11.13 LOSS Tee eee 10.69 9.84] 8.72 
3 11.49 A225 eee. eel. L209 10.05 9.21 
4 11.60 U7 4! 38 errs c 11.03 10.02 | 9.06 
5 11.74 Thee Be ee es 11.20 10.10 | 9.19 
6 11.82 ite el apeeecians 11.22 10.14 9.28 

7 11.87 TS OSM eae ee 11.30 10.14 | 9.23 

Lean meat, finely 1 GEV TAD | Oar) AG ORS SS Saka 280770" |e 
ground?: 2 65.15 | 63.22) 62.69 |........ ORCA Sonos 

3 GGRO4T GOR OOM Goeoou|lseanesars 64:085|F ears 
4 66.40 | 65.97 | 63.89 4........ 640750 |e 
5 66.56 | 66.10} 63.98 |........ 645904): fences 
6 663657) 662274) G4e03) aera 65.1225 ase 
a GGR7S5|) (6B 38il (642235... 65).25))|"aeee ee 

10 66.98 | 66.62] 64.40|........ 65/50 |. eee 

Hours : 

Hamburger steak’: 3 OOD?) THOR ne sc ostlbootenst 8.78: 2 eee 
Days 

1 BO 26 34| SG2 07ers craretarell etetateterass 5AS74)|Gaeeee 
2 GOFSOR ACO SAO N eee eis ereeraatere 69/151) here 
3 COBO ODA leeesec cdlloae saoo 69..82:"|jacemeee 
4 ORAT& tek O24 |S eevee | eeterer aed (OS 145) eee 

Tomato paste!: 1 77.51 AO FUGH| Medea OlN eerie e325) eee 
2 77.67 WO240 Np doonleacaaericts Ville a IA ooo 2c 
3 CEOS) nde al Ol ee tide OO) | eetete erate 0, 64S) | Pereerense 

Glucose and apple 1 18.91 LOR 5O | ie cea | eee ee 16:439\ 22 eee 
jelly®: Die Nicaeeicrers 19.62 1SEO Ta leeeeecee 16257) |Gesee er 

Pure apple jelly®: 1 LOR 20" 20 AAS ce ete 18:90) oio:c%isec 2] serene 
2 ZO PL 7ial | Pe 2OSSAS Re ae are nt a (Jel peter fio os <i > 
pi lle Ge aes DLO RS eer 20/191) ..5< .<;0c| eee 

1 Vacuum oven 12.60%; in hydrogen 13.51%. 
2 Loss at 100°C., 67.10%. 
3 Loss at 100°C., 71.09%. 
«Vacuum oven at 70°C., 78.4%. 
5 Vacuum oven at 70°C., 23.83%. 
6 Vacuum oven at 70°C., 27.45%. 

It appears from this work and from the experience of previous years, particularly 

as reported at the meeting in 1913, that calcium carbid is a desiccator reagent nearly 
as efficient as sulphuric acid and one that is portable. This reagent is good until a 

large percentage of the lumps have loosened up into powder. 
It will be best, however, to continue using sulphuric acid, lime or calcium chlorid 

for precipitates of copper suboxid. 

Leaving phosphorus pentoxid out of the question on account of its high cost and 
its rapid decrease in efficiency, it appears that the 3 best desiccator reagents are 

sulphuric acid, calcium carbid and calcium oxid, in the order named. 
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RECOMMENDATIONS. 
. 

It is recommended— 

(1) That further work be done in comparing the drying of various 

food and feeding products over sulphuric acid, calcium carbid and cal- 

cium oxid, with any other reagents thought desirable, at atmospheric 

pressure and in a partial vacuum. 

(2) That the method of drying without heat over sulphuric acid as 

outlined above be finally made an official optional method. 

DISCUSSION. 

P. F. Trowbridge: Mr. Grindley of the University of Illinois has used the method 
with good results—much better than we have been able to obtain at our Missouri 

Laboratory. Some materials present difficulties because they dry to a horn-like 

substance. The referee has not sufficiently emphasized the need for a good vacuum. 

Seven millimeters of mercury are not enough. A pump is necessary. With a pres- 

sure not exceeding 1 mm. it is possible to obtain from 2-10% more moisture from 

grain than by drying at 102°C. 

REPORT ON FOODS AND FEEDING STUFFS. 

By G. L. Browett (Bureau of Chemistry, Washington, D. C.), Referee. 

The codperative work this year was all in charge of associate referees. 

It is recommended— 

(1) That the method for the detection of oats bleached with sulphur 

dioxid!, be made official. 

(2) That the method for determining the acidity of corn’, be made 

official. 
(3) That the method for determining the acidity of corn be studied 

to see if it is applicable to other materials. 
(4) That the effect of preliminary drying on the ether extract content 

of feeds be studied. 

(5) That the use of toluol or other suitable substance as a preservative 

for feed samples be studied. 

(6) That the method of Bryan, Given and Straughn* for the estima- 
tion of sugar in feeds be studied and made official. 

FEED ADULTERATION. 

By C. Curter (Agricultural Experiment Station, La Fayette, Ind.), 

Associate Referee. 

The work during the past year was confined to the following recommen- 

dation, approved at the 1914 meeting: 

“(1) That samples be sent out for the quantitative determination of 

1U.S. Bur. Plant Industry Cire. 40. 
2 Tbid., Bull. 199; U.S. Dept. Agr. Bull. 102. 
3U. 8S. Bur. Chem. Circe. 71. 
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adulterants on amounts varying from 5-25 grams to determine the small- 

est amount necessary to work with to get concordant results.’ 

The following instructions were sent with the samples to 9 prospective 
collaborators: 

INSTRUCTIONS FOR COLLABORATIVE WORK. 

Quarter the samples, discard alternate quarters until the residue weighs approxi- 

mately 25 grams. Procure a 10 gram sample in the same manner. A hand lens 
may be used in picking out small pieces of adulterants. The use of 20, 30 and 40 
mesh sieves aids the work. 

Sample No. 1 (wheat bran and screenings).—Determine the total amount of foreign 
material in 10 and 25 gram portions and identify the same. 

Sample No. 2 (linseed meal containing cottonseed meal and hulls).—Determine 

the total amount of cottonseed meal and hulls in 10 and 25 gram portions. 
Sample No. 8 (scratch feed).—Determine the total amount of grit in 10 and 25 

gram portions; also the total amount of weed seeds present, identifying the prin- 

cipal ones. 

Sample No. 4 (scratch feed containing coarse grit). 
Sample No. 5 (wheat bran containing screenings). 

RESULTS OF COLLABORATIVE WORK. 

Per cent of adulterants found. 

FOREIGN - 
MATE- Se Bk: WEED SEEDS GRIT GRIT SCREENS 
RIALIN | J opisinsaM-| IN SAMPLE IN SAMPLE | IN SAMPLE | INGS IN 
SAMPLE |" ~~ 2 No. 3 No.3 No. 4 Se 
No. 1 PLE NO. nwo. 5 

ANALYST 

g2\s2| ax | ge] ge 2 | g2|g2|s2lselaeigelgs 
Saige) 3 & ao a2 ga. i eit ea ASE belts 
S/S] oe | Hs hg 8 HH | he] Se | SS as ae hq 

os a 3 g 3 3 os Ss os Ss s s 
S852) oa ap 8B oa 1p @ OM |wBl]OAlDGoLloaloa 
= a — a = a 1 a = a ho = IN 

A. W. Clark and O. 
C. McCreary, Ag- 
ricultural Experi- + |4.2/3.2) 5.0 | 4.1 | 32.11] 32.91] 22.6/24.0)....]...]...]...]... 
ment Station, Ge- 
neva, N 

B. H. Silberberg, 
Bureau of Chem- 
istry, Washington, 
D.C. 

G. Smith, Trans- 
portation Build- 
ing, Chicago, Ill. 

5.1/4.2/0.582 0.452] 33.51] 33.61] 23.6/21.1]....)...]...]...J... 

P. H. Smith and 
Geo. H. Chapman, 
Agricultural Ex- 
periment Station, 
Amherst, Mass. 

Byacretel nnerctae 15543) 1403) 219) 23 eer) eee crete|| ate bo _ to ou 

| 
) 

Carleton Cutler, Ag- 
ricultural Experi- ‘ 9. ment Station; La 5.815.7| 6.8 | 6.6 | 25.9 | 24.1 

Fayette, Ind. 

1Includes millet. : A ase 
2Cottonseed hulls. Estimation of cottonseed meal present based on microscopical examination, 3-5%. 
* Includes timothy, but not shrivelled alfalfa and clover seeds. 
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The greatest variation in these results is in the determination of grit 
in Sample No. 3. However, the average of the 10 gram samples com- 

pares favorably with the average of the 25 gram samples. 

Sample No. 4, scratch feed, contained very coarse limestone grit. De- 

terminations were made on carefully quartered 25 and 50 gram samples. 

The 2 determinations on the 50 gram sample gave 6.0 and 6.4% grit, show- 

ing a variation of only 0.4%; while the 10 gram sample gave 5%, and 

the 25 gram sample 7.4%. Thus, the larger sample gives more con- 

cordant results on feeds containing coarse grit. 

The variation in percentage of weed seeds found by different analysts 

in scratch feed No. 3, is due to the fact that all small seeds, including millet, 

were determined by 2 of the collaborators reporting. The determinations 

on the 10 and 25 gram samples agree very closely, the average variation 

on 3 determinations being only 0.3%. 

The determinations of screenings in Sample No. 1, and cottonseed 

meal and hulls in Sample No. 2, are fairly concordant on 10 gram and 25 

gram samples. 

The results on Sample No. 5, wheat bran and screenings, made on 10 

and 25 gram samples show identical percentages of foreign materials. 

RECOMMENDATIONS. 

Based upon the facts brought out in this year’s results, together with 

experience obtained during the past several years, it is reeommended— 

(1) That the following method for the approximate estimation of 

foreign material, excluding grit, in feeding stuffs, be adopted aS a pro- 
visional method: 

PREPARATION OF SAMPLE. 

Thoroughly mix the original unground sample, quarter, discard diagonally op- 

posite quarters until the remaining 2 quarters weigh 10 grams. 

DETERMINATION. 

Separate the 10 gram sample by means of 20, 30, 40 and 50 mesh sieves. With 

the aid of a hand lens, or other magnifying instrument, pick out foreign materials; 
first from the finest portion, and then from the next finest, and so on in order until 
all portions have been examined. Combine the foreign materials separated and 
weigh. 

(2) That the size of sample of scratch and poultry feeds necessary 

to get concordant results on quantitative grit determinations be fur- 
ther investigated. 

(3) That the following recommendations of 1914 be studied during 

the coming year: 

“3. That methods for the detection of peat dried at high temperatures 

in feed stuffs be investigated,” and ‘4. That the maximum percentage 

of foreign materials permissible in mill by-products be investigated”. 
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REPORT ON CRUDE FIBER. 

By C. K. Francis (Agricultural Experiment Station, Stillwater, Okla.), 

Associate Referee. 

The work on crude fiber has been confined to a study of the official 

method, with linen and asbestos filters, and the one filtration method, 

using paper as a filter. 

Samples of fat-free kafir corn and cottonseed meal were sent to the 
coéperating chemists with the following instructions: 

INSTRUCTIONS TO COLLABORATORS. 

Pass the sample through a 20 mesh sieve. Make all determinations in triplicate 
and report the time required for the analysis under each method. 

Weigh portions of 2 grams on hard filter papers and extract 4 times with ether, or 

use the residue from the crude fat determination. 

DETERMINATION OF CRUDE FIBER. 

Method 1.—Official'. 

Make the first filtration through linen and the second through asbestos. Report 
fineness of the linen in number of threads to the inch, counting both ways. Dry 

and incinerate as directed under Method 2. Make blank determinations to show 

any loss of weight of the asbestos. 

Method 2.—One Filtration Through Paper. 

Brush carefully the dry, fat-free residue into an 800 ce. lipless beaker. Add 200 ec. 

of boiling 1.25% sulphuric acid and boil for 30 minutes, using round-bottomed flasks 

filled with cold water as condensers placed on top of the beakers. The flasks should 

fit closely if the beakers are round and have well-formed rims. (Kjeldahl flasks are 

used in the associate referee’s laboratory.) Direct a gentle blast of air into the 

beaker when the foaming becomes serious. At the end of 30 minutes add 200 cc. of 

boiling 3.52% sodium hydroxid and continue the boiling for another 30 minutes. 
A Biichner funnel, outside diameter 10.5 cm., is prepared with a 9 em. 8. & 8. No. 

575 hard filter paper. The paper should be moistened with water and pressed well into 

place, so that there will be no holes uncovered and no open channels left about the 
edges. It is advisable to place a glass filter plate over the paper, to protect it and 

to prevent excessive packing of the fiber. 

After the 30 minutes alkali boiling, filter rapidly with the aid of suction, wash with 
boiling water, then with a 1.25% solution of concentrated hydrochloric acid (14 ce. 

made up to 500 cc. with water), until the washings are acid. Much time may be 
saved if the liquid is set aside for about 2 minutes to allow the fine material to settle 
so that the clear liquid may be decanted. Wash with hot water until free from chlo- 
rids, and finally wash the filter several times with 80% alcohol. Remove the paper 
from the funnel. Transfer the residue to a Gooch crucible with the aid of a spatula 

and a small amount of 80% alcohol. Rub the paper lightly with the finger to de- 

tach the last traces of the fiber residue. 
Place the crucible in an oven heated to 105°-110°C. for from 2-6 hours, cool and 

weigh. The material may become dry in 2 hours but when large quantities of fiber 

1U.S. Bur. Chem. Bull. 107, Rev., p. 56. 
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are present a longer heating will be necessary. Heat for 30 minutes before weighing 
the second time. _ 

Partially cover the crucible and incinerate at a low red heat for 15 minutes or 
until a white or light gray ash is obtained. Cool and weigh. The loss of weight 

is crude fiber. 
RESULTS OF COLLABORATIVE WORK. 

TABLE 1. 
Determination of crude fiber and time required. 

NUMBER OF KAFIR CORN COTTONSEED MEAL eR ORON 

ANALYST —  _]T0 THE INCE 
. Proposed “ Proposed OF FILTER- 

Official Method, Method Official Method Method ING CLOTH 

per cent| hours |per cent| hours ||\per cent| hours |per cent| hours 

O. C. Smith, Agri- | 1.73 Oe | ldleeies 2 |/10.38 3 {11.23 2 | 60 X 57 
cultural Experi- | 1.70 }...... AGO reece LOEQOM| sans TOE Si | Peer tes crcl cre ersvets sats 
ment Station, | 1.70]...... LGA yes 1 OKASSoxsr.re ORHAN Sits calldoo ooo 
Stillwater, Okla. 

Average........ Ibe T A ns 6 oe ATOR Sectaec LORS) cet LOPGSH eons |mcetera ones 

D. G. Morgan, Ag- | 1.81 3} | 1.62 3 |/10.32 32 /11.65 3 | 60 x 57 
ricultural Ex- | 1.80]...... IL ayAstsl lioia lene ORD) ae 2 OP SO ni eevee osell emesis 
periment Sta-| 1.83 ]...... LEGA H error LO 249|P oe LOLOL epee meetin setae 
tion, Stillwater, 
Okla. 

Average........ bags} ES lepte enc batts} ae eror LOESSE | eect LOGO} casters stersromrerersts 

GaweeRoark, Ag= || 180i |. 2.5. TGS Alias LO} Lie peer 10.81 6 | 42 x 42 
ricultural Exper- | 1.77 }...... WON reas LOSS TE Weeeacrres | eevee cella toca [tees srcden oes 
iment Station, | 1.73 |...... LOGON Eyeshsrete MOP Nace cee 1 ORAS |e Seals er ola es cers 
College Station, 
Tex. 

Awveraigeercss cei lcGul|ierscsisial= ASE erste OR24 Rept MON G2 El sereces||srevenscsressnete 

A. S. Wells, Dairy | 1.75 8 | 1.90 dt 9.57} 10 {11.01} 16 | 92 x 92 
and Food Com- | 1.80 }...... DESO eeesrelete OU Ui Biase all beouseackel [ob Grats cial owecacegrea Bic 
mission, Port-| 1.75 ]...... ROA ean: OESON|e aeecs LOS S23 ersreers se lieneistarete : 
land, Ore. 

Average........ LEAD | [Boop TEEN ls choOlere OVG5E |e mise HKU) el RS Ineosn con 

P. F. Trowbridge, | 1.52 | 10 | 1.64 7 (10.05 | 10 {11.16 7 | 68X71 
Agricultural Ex- | 1.53 }...... ESO erent ORV A |F erencrck THEO Ree aS Asoc 6 
periment Sta- | 1.75|}...... LEST Ne sea OTS 9 eevatc srs i sel el ress b 
tion, Columbia, 
Mo. 

Average........ ANGOE| Goer. Sal peader OED releveress 1G Kah es onl muon dot 

G. P. Walton, Bu- | 1.70 44) 1.54 9 |/10.87 42 110.17 9 | 42 x 46 
reau of Chemis- | 1.70 }...... TROON Bere. ff ORATY| eeere OAT Ra caer | srercecasctate 
try, Washington, | 1.79 |...... GET pbeoos 1ORS3n| seer NOKUM asea calle nesewe ne 
DEC: 

Average........ 1057(65.4 [aiporeae A Zi ecare ts ars 102 58iiiece OBST ate slerellletener seo) sie 

1 Omitted from corrected general average. 
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TABLE 1.—Continued. 

KAFIR CORN COTTONSEED MEAL pita ls 

ANALYST TO THE INCH 

Official Method| Brepesed | Official Method| © ‘roposed | OF PITERE 

per cent| hours |\per cent | hours ||per cent} hours |per cent| hours 

Jas. W. Kellogg, | 1.62 |...... BE aulloneo 6 Gt) Ps oeta 6 WAR Oil Renee 75 X 75 
Department sotto Va er eea| eee |e 59H eo sever al svars: ererall evmiaceretel ere eae 
Agriculture; Har=1l\Pls60M | (ocr <|citersevalltesisrs EGS hl Geese 1265 |= | eee 
risburg, Pa. 

Average........ LES OM ererterere SAOGU teeter 926 0)| eerie: 13362) <,..22| eee 

W. D. Richardson, | 1.47 a3 lates 2 9.13 4 |10.03 | 4-5 | 87 X 87 
Swift and Com- | 1.60 |...... 1 tat tal leechers 95485/9 es 10537) ||... <,0<)5| ence 
pany, Chicago, | 1.56 ]...... PAO I Eke cy.) OF(8h| seer 10-550): 20- te eee 
Til. 

Average........ Use Bl eee Ital eee 95465 haan 10) 31 || ec cael eeeeeeeners 

F.G. Smith, Trans-| 1.64 190 1} |/10.64 13 /11.19 | 48] 58 X 54 
portation Build-| 1.70 |...... NOS lex ntone 102759 ||2 eee 11:30) |\..)..0.04|Semereee 
ing, Chicago, Ill. | 1.74 ]...... HOGH aera LAOS | renee 11299) |: aaa eee 

Average........ CS) |eco.c ate IPOS al erase HORSO Ee ye 11 7242) 20: 2E See 

D. T. Evans, Fort } 1.69 UA acre 13 |/10.10 if val peiiorae 2 | 80 X 100 
Worth: Tex 79 ees |e see | eee ea | eee een JE 3a) eee Re EE eel (6 Sacco oo 

a TEX SY al eset Scaler 6 xh honed Btcae Sy 2a) eae Pare eee les Se as i 

J CUE Osan gl MHA ss loca salls so oeellanaass Sets) ee el ees te ay [is oo 2.5 occ 

J. H. Roop, Agri- | 1.65 3 | 1.82 5 9.87 3 {10.32 5 | 75 X 76 
cultural Experi- | 1.63 |...... Hts | operon OF S15 |e 9:92'\|. 225. Seen 
ment Station, La | 1.60 |...... 1k, (53 | eee ONO6! oes. 10230"... 2 cyl penne ete 
Fayette, Ind. 

Average.... 163i ence ESOB| sere ONstst lear aac 10181 )|\....:<22]|Seeeeeees 

General average ...| 1.68 |...... 1.83 10.07 ae 10390) )| a: <aesel| seen 
Corrected general 

average. UAGSig| Mececie bee (26 ere chen 108395 | ease 10.72) |. 2233] eee 

G. W. Roark: Method 2 was shorter and easier than the regular (Official) 

method but there was difficulty in filtering through paper; also, it is believed, there 
is some loss around the edges of the paper. 

A.S. Wells: Fine material passes through the linen during the first filtering. This 
is the main objection to the official method. The proposed method worked fairly 
well with the sample of kafir corn, but the sample of cottonseed meal packed so 

hard that it could not be removed without taking off some of the filter paper. 

P. F. Trowbridge: After trying a great number of samples of muslin and linen 

we secured a very fine grade of muslin, 98 x 102 threads per inch. The best grade 
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of linen we were able to secure ran 68 x 71 threads to the inch. Furthermore, the 

particles of fiber adhere much more to the linen threads than to the muslin threads. 
Considerable difficulty was experienced in filtering through asbestos. The 

proposed method was more rapid than the official method, but the filtering was 

slow and there was difficulty in transferring the fiber from the paper to the Gooch 
crucible. Whenever any modification of the Sweeney method has been tried with 

single filtration higher results have always been obtained. 
G. P. Walton: As pointed out in last year’s report by this laboratory on crude 

fiber, this one filtration method so modifies the regular method as to make it ex- 
tremely improbable that results from the 2 methods can be reconciled. Besides 
the question of the redissolving of substances precipitated, on making the acid 

liquid alkaline, there is the real objection to digesting with twice the volume of 
1.25% sodium hydroxid solution specified in the official method. 

The transfer of the fiber residuum is a tedious operation, and difficulty was 

experienced in obtaining all of it without including fiber from the filter paper. 
Directions to wash finally with strong alcohol should be incorporated in the 

official method. 
J. W. Kellogg: Proposed method entirely unsatisfactory when compared with 

the official method. 
W. D. Richardson: With such samples as cottonseed meal it was found quite 

difficult to pass 400 ec. through the same filter, as the pores soon became clogged 

and made the filtration and washing unsatisfactory. Kafir corn gives good results 
by this method and is easy to handle. 

F. G. Smith: Method 2 required from 4-8 hours to make the digestion and filtra- 
tion, in one ease it being practically impossible to complete the filtering. 

D. T. Evans: The filtration through paper was so difficult that asbestos was 

substituted. 
J. H. Roop: Great difficulty was encountered in filtering the alkaline solution 

through the paper and in transferring the fiber from the filter paper without in- , 

cluding some fiber of the filter paper. 

EXPERIMENTS BY THE ASSOCIATE REFEREE. 

It may be of interest to mention some additional work on crude fiber. The data 

presented in Table 2 show the results obtained with 3 kinds of filters when but one 
filtration was made. 

TABLE 2. 

Determination of crude fiber in cottonseed meal by the one filtration method using different 
filters. 

FILTERS SEPARATE DETERMINATIONS AVERAGE 

per cent | per cent per cent per cent 

ILE OS eedatininis Oe OL ater na aac 8.57 8.58 8.54 8.56 
ELAR GG DAD OLA.Veeeeisl ahs tery corsiocsess'2 9.54 9.53 9.37 9.48 
PAS DESUOS sere y ere ec eis eae 10.87 10.81 bE 10.84 

Portions of cottonseed meal from the same sample were examined in a similar 

manner, observing the directions of the official method. 
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TABLE 3. 

Determination of crude fiber in cottonseed meal by the official method using different 
filters. 

FILTER USED 

SEPARATE AVER- 
=, REMARKS 

After acid After alkali EYES oom 
digestion digestion 

per cent|per cent|per cent|per cent 

Linen Linen 8.44 | 8.16 | 7.96 | 8.19 |No suction; residue washed into 
a Gooch crucible. 

Linen Asbestos | 8.56 | 8.82 ]...... 8.69 |Asbestos filter into a Gooch 
crucible, i.e., small amount 
asbestos used. 

Linen Asbestos | 8.96 | 8.79 | 9.02 | 8.92 |Asbestos filter in a Hirsch fun- 
nel, i.e., large amount as- 
bestos. 

Paper Paper 9.63 | 9.53 | 9.51 | 9.56 |S. &S. No. 575 paper in a Biich- 
ner funnel. 

It will be observed from the data in Tables 2 and 3 that the determinations with 

a given filter, when considered alone, appear satisfactory, but when comparisons 

of the groups are made, the results do not agree. 

Determinations in addition to those here reported have shown that the loss with 

linen depends upon the number of times the mixture is filtered through it, thus dem- 

onstrating that there is a loss of crude fiber. 

The crude fiber determinations in which filter papers were used appear to be the 

most uniform for both methods. The paper filters certainly do not permit any solid 

matter to pass into the filtrate, and they offer a uniform filter which may be easily 
obtained and from which the residue can be readily transferred. 

Some determinations were made in which asbestos was used for both filtrations 

according to the official method, but the large quantity of material added to the 

second filter, in this way, caused the filtration to proceed very slowly. 

Portions of filter paper, S. & S. No. 597, were ground so as to pass a 40 mesh sieve. 

This material was intended to be used for testing the efficiency of different filters, 

but the residue obtained, after passing through the entire official method for crude 

fiber, showed so great a loss, that it became necessary to-ascertain where the loss 
occurred. The final procedure involved digestion of separate samples in 1.25% 

sulphuric acid and in 1.25% sodium hydroxid, and in both reagents as outlined in 

the method for one filtration. 

The results of this test are presented in Table 4. 
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TABLE 4. 

Action of crude fiber reagents on pure filter paper. 

FIBER RECOVERED BY USE OF FIBER RECOVERED BY USE OP 

PAPER FILTERS ASBESTOS FILTERS 

PROCEDURE 1 

Original basis |, 482 PMS || Original basis |,,4A°P Dus 

per cent per cent per cent per cent 

Acid digestion only: 93 .90 99.42 101.15 107.14 
95.03 100.62 102.53 108.56 
94.56 100.11 97.38 103.10 

IAN GE RIG werent fafota lo: oye fa. cteele ae 94.49 100.05 100.35 106.27 

Alkali digestion only: 91.33 96.70 98.06 103.86 
92.27 97.72 98 .52 104.38 
91.78 Oras 98.74 104.59 

AOI seas ee AaB DOO REE aoe 91.79 97.20 98.44 104.28 

Acid and alkali, 1 filtration: 64.91 68.75 71.50 75.71 
64.67 68.47 74.71 79.13 

73.00 77.30 

PANELED OM artsy eee. ispsisieve eicsale.o/s 64.79 68.61 73.07 77.38 

Acid and alkali, 2 filtrations: 65.02 68.85 
65.58 69.18 
64.26 68.05 

ESTERS Roane GOOO Ean oe ance 64.95 GSHGEON gl lecessccraycctorn | reer eres 

The action of the acid is apparently negligible, and the alkali does not seem to 
dissolve a very large quantity. However, the material digested in both acid and 
alkali showed a very large loss, approximately 31% by both methods. The asbestos 
filter gave higher results in all tests. 

CONCLUSIONS. 

The results reported this year indicate that hard filter paper, used in 

the manner suggested, is not satisfactory. All analysts obtained good 

results for kafir corn by the official method and the returns on the same 

sample tested by the one filtration method were encouraging. However, 

the showing for the sample of cottonseed meal was not so good and in- 

dicates a need for further study of crude fiber methods. A number of 

the chemists did not report the loss of weight due to the asbestos, but 

those reporting indicated that an error of from 0.05-0.20% plus, may be 

introduced. Results showing much higher losses were reported by sev- 

eral chemists. 



132 ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS [Vol. II, No. 2 

THE DETERMINATION OF CRUDE FIBER}. 

By C. E. Manacets anv P. F. Trowsripee (Agricultural Experiment 
Station, Columbia, Mo.). 

In laboratories where a great many crude fiber determinations are 

made, it is important that the method used be as free as possible from 

tedious manipulations. As in all empirical determinations, however, it 

is important that the methods followed should be the same as in other 

laboratories until it has been shown that slight modifications do not 

affect the accuracy of the results. 

In the collaborative work, the referee’s samples were tested by methods 
which have been used in the Missouri Agricultural Experiment Station. 

The method in use this year and which seems to give the most satisfactory 

results is as follows: 

Transfer the residue from the ether extraction to a lipless beaker, add 200 cc. of 

cold 1.25% sulphuric acid and make a mark on the beaker to indicate the height of 

the liquid. Heat rapidly to boiling the contents of the beaker and continue the 

boiling for exactly 30 minutes. Filter rapidly the contents of the beaker through 
a muslin filter and wash the fiber free from acid with hot water. Place the original 

beaker under a funnel and transfer the fiber from the muslin to the beaker, using 
a spatula and a stream of 1.25% sodium hydroxid from a wash bottle. Then fill 

the beaker to the mark with 1.25% sodium hydroxid, heat rapidly to boiling the 

contents of the beaker and boil for exactly 30 minutes. Filter the hot alkaline solu- 

tion through the same muslin filter, wash the beaker twice with hot water and trans- 

fer the washings to the filter. Then wash the fiber on the filter once with 1.25% 

hydrochloric acid and then thoroughly with hot water to remove all acid and chlo- 

rids. Transfer the bulk of the fiber from the muslin to a prepared Gooch crucible, 

spreading the fiber on the sides of the crucible so as to avoid clogging the filtration. 
Place the original beaker under the funnel and wash the last traces of the fiber 
from the muslin into the beaker by means of a stream of hot water. Connect the 

Gooch crucible with suction and transfer the fiber in the beaker to that in the cru- 

cible, by the aid of hot water and a policeman. Wash finally the fiber in the Gooch 

crucible with alcohol and dry to constant weight at 102°C., then ignite and weigh 

again to determine the fiber by difference. 

The writers have tested a great many samples of linen and muslin to 

secure a satisfactory medium for filtering and have finally selected and 

secured a quantity, sufficient for several years, of close-woven muslin 

having 98 x 102 threads to the inch. The best linen which could be se- 

cured had 68 x 71 threads to the inch. 

The method just described differs from the regular official method in 

that both the acid and alkali solutions are added to the sample cold, 
thereby making the contact with the sample 30 minutes in addition to 

the time required to heat the 200 cc. of solution to the boiling pot. This, 

if anything, should give lower results than by the regular official method. 

1 Presented by P. F. Trowbridge. 
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The results are shown under Method C in the following table and are 

slightly higher than results obtained by the regular official method (A). 

The writers have at different times tried the Sweeney method (single 

filtration) with various modifications, hoping to get a rapid method which 
was at the same time comparable with the regular official method. 

In this method, the results of which are reported under (D) in the fol- 

lowing table, 200 ec. of boiling 1.25% sulphuric acid were added to the 

fiber and the boiling continued for exactly 30 minutes. Two hundred 

ee. of boiling 3.52% sodium hydroxid were added immediately to this 

solution and the boiling continued for another 30 minutes. Rapid filtra- 
tion was then made through the muslin filter. The beaker was washed 

twice with hot water, the washings being transferred to the muslin filter. 

The fiber was then washed once on the filter with cold 1.25% hydrochloric 

acid, and the washing completed with hot water. The transfer of the 

fiber and the completion of the determination were conducted exactly 
as described in the previous method. In length of time required this 

method is found to be only slightly shorter than the double filtration through 

muslin. The results obtained are seen to be higher in each case than those 

obtained by any of the other methods. 

The results obtained by Mr. Francis’ single filtration method through 

hardened filter are higher than either of the double filtration methods. 

For example, one of the single filtration methods gives 1.640%, on Sam- 

ple No. 1, which is lower than any of the results obtained on this sample 

with our double filtration method and also lower than one of the results 

by the regular official method filtering once through linen and once through 

asbestos. On Sample No. 2 one of the determinations, 11.010, is lower 

than either of the results given by our double filtration method. These 

results would seem to indicate that the longer heating, caused by start- 

ing with the cold acid and alkali solutions, does not reduce the amount of 

crude fiber. The other modification in the method, by washing once with 

1.25% hydrochloric acid, greatly facilitates the removal of the alkali 

and the chlorids and since it does not appear to affect the final amount 

of crude fiber its use is to be recommended. 

Per cent of crude fiber obtained. 

PROCEDURE SAMPLE 1 SAMPLE 2 REMARKS 

(A) Official method, first filtration through 1.520 10.045 8-10 hours, 
linen and second filtration through 1.525 10.140 filtration 
asbestos: 1.750 10.180 difficult. 

AN ETRE cer vcteee tasting. hesiavsterasaheiz a/aie oral 1.598 10.122 
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Per cent of crude fiber obtained.—Continued. 

PROCEDURE SAMPLE 1 SAMPLE 2 REMARKS 

(B) Smith-Francis method of filtration 1.640 11.160 6-7 hours, 
through hardened filter on Biichner 1.845 11.010 filtration 
funnel: 1.805 11.245 andtrans- 

fer diffi- 
cult. 

VOTE BO ue io siclcire Gicitccta seis eee 1.763 11.138 

(C) Missouri Station method, 2 filtrations 1.715 Lost About 43 
through muslin, starting with cold 1.780 11.105 hours,mus- 
1.25% acid and alkali: 1.740 11.060 lin used 

98 x 102 
threads 
per inch. 

PAV ELA GE srreiepeieeisnieietensestsmelecyetloreysT 1.745 11.083 

(D) Sweeney method, one filtration through 1.845 11.475 33-4 hours. 
muslin: 1.845 11.215 

1.840 11.560 

AV ERA ON ojos eiia cei soe eree eee 1.843 11.417 

REPORT ON SUGAR. 

By C. A. Browne (Sugar Trade Laboratory, New York, N. Y.), 

Referee. 

Since the report of Mr. Cross in 1913, the work of the Association upon 

sugar has been interrupted, no referee having been appointed for the 
year 1913-1914. 

In resuming the work which was so efficiently carried out by his prede- 

cessor, it occurred to the present referee that this Association during 

the next few years might in a measure retrieve a part of the damage which 

has resulted to the progress of sugar analysis as a consequence of the 

European war. Two international congresses had been scheduled this 

year to report upon sugar, that of the International Congress of Applied 

Chemistry, which was to meet in Petrograd in August, and that of the 

International Commission upon Uniform Methods of Sugar Analysis, 

which was to meet in Amsterdam in September. Both of these meet- 

ings have been indefinitely postponed and many years must elapse be- 

fore the important questions which they were to consider are reported. 

At the last meeting of the International Commission upon Uniform 

Methods of Sugar Analysis in New York in 1912, a committee was ap- 

pointed to study the inversion constant of the Clerget method. As the 

present referee, in connection with his duties upon this committee, is 

conducting a series of researches along this line, he has selected the pres- 

ee 
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ent occasion as an opportune one in which to report upon certain modi- 

fications of the Clerget method. 

A STUDY OF CERTAIN MODIFICATIONS OF THE CLERGET METHOD 

The volume to which the solution is made up for invert polarization 

which was formerly used by this Association and which is still employed 

by many sugar chemists, is the one originally proposed by Clerget. In 

this procedure 50 cc. of the clarified solution used for direct polarization 
were transferred to a flask graduated at 50 ec. and 55 ce. Concentrated 

hydrochloric acid was then added to the 55 ec. mark, the solution was 

mixed, a thermometer was inserted and the inversion was carried out 

according to the regulations prescribed for temperature and time of 

heating. After cooling, the solution was read upon the polariscope in 

a 200 mm. tube and the observed reading was increased by one-tenth 

to correct for the dilution from 50-55 ce. This corrected reading and 

the temperature of the solution were then substituted in the Clerget 

formula for calculating the percentage of sucrose. 

One great advantage of diluting the solution from 50-55 ce. is 

that any errors in reading the inverted solution are increased by only 

one-tenth, whereas in the modifications which dilute from 50-100 

cc. these errors are multiplied by 2. But notwithstanding this advantage, 

the experience of chemists has shown a certain unreliableness to exist 

in the old Clerget procedure so that in later years this method of mak- 

ing up to volume has been largely discontinued. 

The referee believes that one great cause of the difficulty, which has 

been experienced with the old Clerget procedure, has been the neglect 

of a very serious error, viz: the diminution in volume which takes place 

in the 55 ec. of solution during inversion. This diminution of volume is 

due to three causes: 

(1) The contraction in volume which all sucrose solutions undergo 

during inversion and which for 13 grams of sucrose in 55 ce. is about one- 

fourth of a cubic centimeter. 

(2) The elevation in temperature produced by the addition of the 

hydrochloric acid. This elevation, for 5 cc. of concentrated hydro- 

chloric acid to 50 ec. of sugar solution, is about 3°C., the cooling of the 

solution from 23°C. at the beginning to 20°C. at the end of the inversion 

produces a further slight contraction. 

(3) The evaporation of water from the neck of the flask during in- 

version, the amount of such evaporation depending upon the diameter 

of the neck of the flask, and the time and temperature of inversion. 

The combined influence of these 3 factors causes the volume of the 55 

ec. of solution at the end of inversion to be about one-third of a cubic 

centimeter too small for the half normal weight of 13 grams. 
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It is essential to the accuracy of any method of double polarization that 

the volume of the solution after inversion be fixed with the utmost ac- 

curacy. The sources of error Just mentioned are easily overcome if the 

volume of the inverted solution be brought to 55 ce. at the end of inversion 

and not at the beginning. If this precaution be followed more accurate 

results can be secured by the process of making the inverted solution up 

to 55 ce. than by any of the modifications which dilute to 100 ce. The 

control of temperature by this procedure is easily carried out by means 

of a thermometer placed in a control flask containing 55 ce. of blank solu- 

tion. There is no danger of irregular mixing of the acid with the sugar 

solution, as the diffusion of the hydrochloric acid through the body of 

the liquid takes place quickly without shaking. 

In employing this method the referee makes all his inversions at room 

temperature; 5 ec. of concentrated hydrochloric acid were added to the 

50 ce. of sugar solution in a 50-55 cc. flask and after standing over- 

night the volume was completed to exactly 55 ce. at 20°C., after gently 

tapping the walls of the flask to detach any air bubbles which might 
have accumulated. The solution is then mixed and read in a polari- 
scope which is also at a temperature of 20°C. The invert reading is 

then corrected by adding the necessary one-tenth. 

The formula for calculating the sucrose by this method of inversion, 

when a normal weight of 26 grams of pure sucrose is taken, is 

poeuilas 2) 
144.9 — 5 

The above formula, corrected for the differences in specific rotation 

of invert sugar due to the varying concentration, when less than 26 grams 

of sucrose are dissolved to 100 ce., is 

100 (A — B) 
es in which 

144.9 -_ — 0.01 | 49 —-~— (A — p) | 
NIlo No] 

S = per cent of sucrose; 

A = direct polarization; 

B = corrected invert polarization; 

¢t = temperature of the invert solution. 

If the invert polarization be made at exactly 20°C. the above formula 

becomes 

1 100 (A — B) 
~ 134.9 — 0.01 [134.9 — (A — B)] 

S 
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The determinations of Table 1 give an idea of the comparative accuracy 

of this method when applied to solutions of pure sucrose. 

TABLE 1. 

Application of Clerget modified procedure to solutions of pure sucrose. 

= SUCROSE (S) 
NUMBER Reon Cay een BOTNRiER TEMPERATURE (t) 

TION (B) Found Taken 

SC. per cent per cent 

1 99.90 —35.00 19.8 99.92 99.90 
2 76.95 —26.79 19.6 76.97 76.92 
3 57.70 —19.69 20.2 57.66 57.69 
4 38.45 —13.04 20.2 38.44 38.46 
5 19.20 — 6.49 20.0 19.15 19.23 
6 | 7.70 — 2.53 20.0 7.65 7.69 

TABLE 2. 

Application of Clerget modified procedure to solutions of sucrose and dextrose. 

Nom | pexrnoss | PIRECE FOPAR-| awypn poLan- | "=MPERATURE aug 
i ai TATION (B) Found Taken 

grams per 100 cc. nO per cent per cent 

if 4.8 91.70 —11.88 20 76.96 76.92 
2 4.8 72.45 — 5.06 20 57,70 57.69 
3 4.8 53.15 + 1.60 20 38.45 38.46 
4 4.8 33.90 + 8.20 20 19.23 19.23 

The importance of using a formula, which corrects for the differences 

in specific rotation of invert sugar due to varying concentration, may be 

illustrated by taking the case of determination No. 3 in Table 2. This 

determination, using the uncorrected formula, gives 38.21 per cent sucrose, 
which is a quarter of a per cent too low. 

In this connection the referee would very urgently recommend that 
the Association adopt a modified Herzfeld formula, or the Herzfeld table 
of factors, in place of the uncorrected formula!. The correction of the 

Herzfeld factor 142.66, for concentration has been done in several ways. 

According to one method the corrected Herzfeld factor equals 141.78 + 

0.0676 C, C being the grams of sucrose in 100 ce. The objection to this 

method is thata preliminary calculation with the uncorrected factor 142.66 
is necessary in order to obtain an approximate value of C for determining 
the true factor. The work of calculation is thus doubled. 

According to another method the corrected Herzfeld factor equals 

141.84 + 0.05 n, in which n is the scale reading of the inverted solution. 
The objection to this second method is that it applies to inverted solutions 

of pure sucrose and is of no value when other optically active substances 

are present. 

1U.S. Bur. Chem. Bull. 107, Rev., p. 41. 
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The two objections named are overcome if the correction for con- 

centration be based upon the difference between the direct and invert 

polarization. The Herzfeld formula as thus modified becomes 

100 (A — B) 

142.66 — x7 0.0065 | 12.66 a 57 (a ») | 
S = 

which for 20°C. is simplified to 

100 (A — B) 
SS = 

132.66 — 0.0065 [132.66 — (A — B)] 

The above modified Herzfeld formula is the one which the referee would 
recommend to the Association for adoption. 

A great deal of work has been done by different investigators during 

the past few years upon methods of double polarization in the effort 

to make them better adapted to the analysis of sugar mixtures. In the 

ordinary methods of procedure any levulose, or other sugar, whose optical 

activity is changed by the addition of the inverting acid, has a different 

rotation before and after inversion so that a considerable error may be 

introduced in the calculation of sucrose. The possible magnitude of 
this error may be seen from the determinations given in Table 3 which 

were made upon known mixtures of sucrose and invert sugar. The 

modified procedure of the original Clerget method was used. 

TABLE 3. 

Application of Clerget modified procedure to solutions of sucrose in invert sugar. 

NUM- | vert suGaR | DIRECT POLAR- eae TEMPERATURE STE (SY 
BER IZATION (A) IZATION (B) ae a 

grams per 100 cc. “Gs per cent per cent 

1 1.10 94.60 ~35.$ 19.8 96.18 96.15 
2 2.74 73.35 — 30.42 20.0 77.10 76.92 
3 5.48 50.70 — 27.28 20.4 58.14 57.69 
4 8.21 28.15 — 24.04 20.4 38.99 38.46 
5 9.86 6.90 —19.58 20.4 19.82 19.23 

It is seen that as the amount of invert sugar increases there is a corre- 

sponding increase in the sucrose error. In case of honeys and other 

products containing a high percentage of levulose the error in the sucrose 

determination due to this cause may exceed 1%. 

In mixtures of sucrose with invert sugar alone, it is possible to correct 

this error in the determination of sucrose by means of an empirical factor. 

Such a method of correction is not adapted, however, to the analysis of 

complex mixtures of optically active substances. The efforts of chemists 
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have been directed, therefore, towards devising a method by which the 

direct and invert polarizations could be made under similar conditions. 

Of the various methods which the referee has tested in this connection, 

the one which has given the most satisfactory results was that by means 

of invertase. 

The use of invertase from yeast has long been recognized by chemists 

as the method of inversion which is most perfect in theory, but the diff-. 
culty of preparing satisfactory solutions of invertase has been a great 

obstacle against the introduction of the method. In 1909 Mr. Hudson 

devised several improvements for preparing invertase from yeast and 

in April 1910 published a paper upon the use of his invertase solution in 

the quantitative estimation of sucrose. In Hudson’s method 50 ce. of the 

clarified solution used for the direct polarization are transferred toa 100ce. 

flask, faintly acidified with acetic acid and then treated with 5 ce. of stock 

invertase solution. The volume is completed to 100 cc. and after inver- 
sion the solution read in the usual way, the invert reading being corrected 

for the optical activity of the invertase solution. The formula proposed 

by Mr. Hudson for this modification of the Clerget process is 

_ 100 (A — B) 
t 141.7 — 5 

Ss 

The assertion has been made that the influence of concentration upon 

the Clerget factor would practically disappear, provided the inverting 

agent was without influence upon the rotation of the invert sugar. This, 

however, is not the case and cannot be the case, since the specific rotation 

of invert sugar necessarily increases with the concentration. The referee 

has subjected the invertase method to a most careful examination and finds 

that the influence of concentration is just as pronounced as with the meth- 

ods which employ hydrochloric acid. 
The invertase solution employed by the referee was prepared according 

to the original procedure of Mr. Hudson and had the following properties: 

Sp. gr. at oe. = 1.00363; 

Refractive index = 1.33468; 

Solids in 10 ec. solution = 0.1027 grams; 

Ash in 10 ce. solution = 0.0040 grams; 

Rotation of solution in 200 mm. tube = +0.65° Ventzke. 

In using this invertase solution for the Clerget determination the 

referee followed the method proposed by Mr. Hudson except that the 
50 ce. of sugar solution were treated with 10 cc. of invertase reagent in- 
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stead of 5 ce. and the solution was warmed to 50°C., to hasten the inver- 

sion. The solution after standing overnight was made up to 100 ec. 

at 20°C. and polarized at this temperature. The invert polarization was 
then increased by 0.0065 to correct for the dextro-rotatory effect of the 
10 ce. of invertase solution and then multiplied by 2 to correct for the 
dilution to 100 ce. The formula for calculating the percentage of sucrose 

by this method, as calculated from the average of many determinations 

upon sugar solutions of different concentration, was found to be 

100 (A — B) 
S = 

— 0.0065 [2 ms c- (A — B) | 42 —! 
ty| 

It will be noted that. the concentration factor 0.0065 is the same as 

that found for the Herzfeld method, which follows the same method of 

diluting the 13 grams of inverted product to 100 ce. 

The application of the above formula to the determination of sucrose 
in various mixtures with invert sugar is given in Table 4. 

TABLE 4. 

Application of invertase method to solutions of sucrose and invert sugar. 

a Pe RGn FOr Aa | eACOBRRBOTED ’ sucROSE (S) 
ahs INVERT SUGAR | "Yarrow (A) SU tourna na 

Found Taken 

grams per 100 cc. LC. per cent per cent 

a 0.00 99.80 —31.83 20 99.72 99.80 
2 0.18 95.85 —30.83 20 95.99 95.96 
3 0.43 89.75 — 29.33 20 90.27 90.20 
4 0.67 85.60 — 28.23 20 86.31 86.37 
5 0.92 79.50 —26.73 20 80.58 80.61 
6 2.44 47.00 —18.63 20 49.89 49.90 
7 2.44 27.90 —12.43 20 30.69 30.71 

The results show that the invertase method gives far more accurate 

results than the method of acid inversion in the analysis of complex 

mixtures which contain sucrose and levulose. 
The referee does not believe that the invertase method will immedi- 

ately displace the method of acid inversion for purposes of commercial 

analysis. The preparation of the invertase solution is somewhat trouble- 

some and the gradual deterioration of the reagent involves the risk of in- 

complete inversion. The process is one which requires care and watch- 
fulness. A blank analysis upon a weighed amount of pure sucrose should 

be carried out with every set of determinations. The invertase method 

is invaluable, however, as a control upon the accuracy of the method of 

acid inversion and the referee would recommend that it be adopted as a 
provisional method by the Association. 

sk oe 
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RECOMMENDATIONS. 

In planning the work for next year the referee believes that attention 

should be devoted to those matters which are of most pressing importance 
to sugar analysis. He would, therefore, recommend— 

(1) That the study of the modifications of the Clerget method be con- 

tinued with special reference to the accurate determination of sucrose in 

complex mixtures of carbohydrates. 
(2) That efforts be made towards the adoption of an accurate method 

for determining small quantities of invert sugar in the presence of large 

amounts of sucrose. In this connection the colorimetric methods for 

estimating invert sugar should be examined. 
(3) That next year’s referee in collaboration with the U. 8. Bureau of 

Chemistry establish a table of reduction factors for the more common 

reducing sugars. 

There are a number of improvements and changes, which the progress 

of sugar analysis, during the past 10 years, requires to be made in the 

official and provisional methods of the Association. The referee has gone 

over these methods with several of the members of the Committee on 

Editing Methods of Analysis and it was considered advisable to present 

the following recommendations: 

(4) That the official text of the methods of the International Commis- 

sion be substituted for the present text! and that these methods of the 

International Commission be brought up to date. 

(5) That the following method for preparing a salt-free alumina cream 

be adopted in place of the present method?: 

Precipitate concentrated alum solution with a slight excess of ammonium hy- 

droxid and wash the precipitate by decantation with water until the solution is 

free from sulphates. Pour off the excess of water and store the residual cream in 

a stoppered bottle. 

(6) That at the end of section (c)* the following be inserted: 

For concentrations of sucrose of less than 13 grams to 100 cc. of invert solution 
the following general formula should be used. 

100 (P — 1) Gees 
t t 

142.66 — in 0.0065 [ 142.06 a (Pe D | 

The above formula is applicable to the determination of sucrose in the presence 
of dextrose, commercial glucose, and all other substances whose optical activity 

is not affected by the inverting acid. With materials which contain much levulose, 

such as honey, fruit products, etc., the method gives too high results. 

1U.S. Bur. Chem. Bull. 107, Rev., pp. 39-40. 

2 Thid., p. 40. 

3 Tbid., p. 41. 
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(7) That at the end of section (d)! the following formula be substituted 
for the present formula for calculating the per cent of sucrose in the pres- 
ence of raffinose: 

g= 0.5124 P —T 

0.839 

The above formula supposes that the polarizations be made at exactly 20°C. 

If the temperature (T) be other than 20°C., the following formula should be used: 

_ P (0.4724 + 0.002 T) —T 
S 

0.899 — 0.003 T 

Having calculated S, 
P-S 

io 
1.852 

(8) That after section (d)! the following be inserted: 

DETERMINATION OF SUCROSE BY MEANS OF INVERTASE.—PROVISIONAL. 

Preparation of Invertase Solution, Hudson Method. 

Break up 5 pounds of pressed yeast, which may be either baker’s or brewer’s 

yeast, add 30 cc. of chloroform to it in a closed flask and allow to stand at room tem- 
perature (20°C.) overnight. By morning the solid mass will have become fluid 

and it should then be filtered through filter paper allowing several hours for drain- 
ing. To the filtrate add neutral lead acetate until no further precipitate forms and 

again filter. Precipitate the excess of lead from the filtrate with potassium oxalate 

and filter. To this filtrate add 25 ec. of toluene and dialyze the mixture in a pig’s 
bladder for 2 or 3 days against clear running tap water. The dialyzed solution 
should be colorless, perfectly clear after filtration, and neutral to litmus; it should 
be preserved in an ice-box with the addition of a little toluene to prevent the 

growth of micro-organisms. The optical activity of the invertase solution is noted 
and a correction for this, according to the amount of solution used, must be ap- 

plied to the invert reading. 

Determination. 

Dissolve the normal weight (26 grams) of substance in water, clarify, make 

up to volume, and take the direct polarization (P) as under section (d). Remove 

the excess of lead from the filtrate, if lead has been used as a clarifying agent, with 

anhydrous sodium carbonate or potassium oxalate, and filter. To 50 ce. of the 
filtrate in a 100 ce. flask add acetic acid by drops until the reaction is acid to lit- 
mus, add 10 ce. of the stock invertase solution and let stand in a warm place (about 

40°C.) overnight. Cool and make up to 100 ce. at 20°C. Polarize at 20°C. in a 

200 mm. tube. Allow the solution to remain in the tube for an hour and repeat the 

polarization. If there is no change from the previous reading the inversion is com- 

plete, when the reading and temperature of the solution are carefully noted. The 

reading is corrected for the optical activity of the invertase solution and then mul- 

tiplied by 2. The percentage of sucrose is then calculated by the following formula: 

1U. 8. Bur. Chem. Bull. 107, Rev., p. 41. 
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e 100 (P — I) 
ip t t 

142 — = — 0.0065 [2 - ae (P — »| 

S = per cent of sucrose; 

P = direct reading; 
I = invert reading; 

t = temperature at which invert reading is made. 

(9) That before section (c)! the following be inserted: 

Reducing sugars other than dextrose may be determined, using Allihn’s modi- 

fication of Fehling’s solution, by means of the above table and method by use of 

the following factors: 
Arabinose = Glucose X 0.969; 

Xylose = Glucose X 1.017; 

Levulose = Glucose X 1.093; 

Invert sugar = Glucose X 1.044; 

Galactose = Glucose X 1.114. 

(10) That before section (3. Ash?) the table for specific gravity and 

total solids of sucrose solutions at ae used by the U. S. Bureau of 

Standards and Reichsanstalt of Germany be inserted. 
(11) That in the Munson and Walker table* for calculating lactose the 

column for lactose with one-half molecule of water be omitted. 

No report was made by the referee on the general subject of the separa- 

tion of nitrogenous substances. 

REPORT ON THE SEPARATION OF NITROGENOUS SUB- 
STANCES (MEAT PRODUCTS). 

By P. F. Trowsrince& (Agricultural Experiment Station, Columbia, 

Mo.), Associate Referee. 

No collaborative work has been undertaken. In connection with other 

work, a number of carefully prepared samples have been secured upon 

which it is planned to study the products of dissociation. 

It is recommended that the referee for next year attempt to determine 

the relative amounts of some of the dissociation products in water- 

soluble and water-insoluble meat proteins. 

1U.58. Bur. Chem. Bull. 107, Rev., p. 51. 
2 [bid., p. 67. 
3 Ibid., pp. 243-51. 
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REPORT ON THE SEPARATION OF NITROGENOUS SUB- 
STANCES (MILK AND CHEESE). 

By Leroy 8S. Paumer (Agricultural Experiment Station, Columbia, Mo.), 
Associate Referee. 

The recommendation adopted for this work at the last meeting of the 

Association called for studies leading to the adoption of methods for the 

determination of the non-casein proteins and the products of protein 

decomposition in milk. Your referee begs to report that a serious illness 
last spring prevented his giving this work the attention originally planned. 

Some progress has been made, however, and although the results secured 

to date are too indefinite for detailed report, the work is being continued. 

In the report made last year attention was called to the fact that the 

combined official method of the Association for casein, and the provisional 

method for the so-called albumin does not remove all the substances from 

milk that are of true protein character. This is particularly true in old 

milk that has undergone protein decomposition; but the writer wishes 

to point out that even the very freshest milk will usually show a non- 

casein-non-heat-coagulable-protein percentage approximately equal to the 

percentage of heat-coagulable protein obtained by the present provisional 

method. The following table shows the analyses of six 10 ec. portions 

of the same skim milk!, the analyses being started about 3 hours after the 

milk was drawn. 

Per cent of protein in milk by different methods. 

METHOD err nar ee paren rae taal ars SAMPLE 

Total protein (official).....................] 3.80 | 3.80 | 3.80 | 3.80 | 3.80 | 3.80 
Caseimp(omictall) Peemecr eee ene eee ..| 2.89 | 2.89 | 2.89 | 2.84 | 2.84 | 2.88 
Heat-coagulable proteins (provisional).....| 0.526] 0.502] 0.451) 0.529) 0.544) 0.510 
Residual proteins (precipitated by Almén’s 

PEAMENL) Mester eles ese y-ray erste 0.280} 0.280) 0.288} 0.273) 0.322) 0.274 
Residual nitrogen (as protein not precipi- 

tated by Almén’s reagent)................] 0.160} 0.205} 0.301) 0.232) Lost | 0.205 

Other figures could be presented showing relatively the same results 

for other samples of milk. The preceding figures show approximately 

8% of the total true protein of fresh milk not recovered by acid precipita- 

tion or heat coagulation, a percentage sufficiently great to demand at- 

tention. Unless further study shows that these residual proteins, at 

least those precipitated by Almén’s tannic acid reagent, are formed as the 

result of the present methods of analysis for casein and heat-coagulable 

protein, it would seem that the presence of these simpler protein substances 

in fresh milk should be recognized, and suitable methods incorporated in 

1 Mixed milk from the University herd. 
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the official methods for their determination. Careful distinction should 

be made at the same time between these substances present in fresh milk, 

and the products of protein decomposition, some of which would be 

determined by the same method. The data at least serve to call attention 

to the need of a careful study of the origin and exact character of these 

protein bodies present in fresh milk, which would ordinarily be called 

proteoses and peptones. 

RECOMMENDATION. 

It is reeommended— 

(1) That the studies be continued leading to the adoption of methods 

for the determination of the non-casein proteins and the products of 

protein decomposition in milk. 

REPORT ON DAIRY PRODUCTS'. 

By Lewis I. Nurenpera (State Department of Health, Boston, Mass.) 

Referee. 

A study, and compilation of figures, has been made of the sour serum 
method for the detection of added water in milk. In this work the 

referee has had the codperation of Messrs. J. T. Keister, associate referee, 

and L. W. Ferris, of the Bureau of Chemistry, Washington, D. C., and 

George B. Taylor, J. R. Keeney, and J. 8. Slack, of the State Board of 

Health, New Orleans, La. 

The referee has obtained figures of over 660 samples of known purity 

milk from individual cows, and 49 samples from herds. These samples 
are representative of practically all breeds of cows mentioned in the 1914 

report and of such influencing conditions as variation in season and 

lactation period. More than one-half of the total number represent low- 

grade milk. 
The methods of preparation and analysis of the serum are as follows: 

PREPARATION OF THE SOUR SERUM’. 

Allow the milk to sour spontaneously, and filter. 

REFRACTION OF SOUR SERUM. 

Determine the index of refraction of the clear serum at 20°C. by means of the 

Zeiss immersion refractometer. A refraction below 38.3 indicates added water. 
Transfer 25 cc. of the serum to a flat-bottomed platinum dish and evaporate to 

dryness over the water bath. Then heat the contents of the dish over the small 
flame (to avoid sputtering) until charred. Place the dish in an electric mufile, 

with pyrometer connected, and ash at a heat not greater than 500°C., or 900°P. 

Cool and weigh. Express result in grams per 100 ce. An ash below 0.730 indicates 

added water. 

1 Presented by H. C. Lythgoe. 
2 Matthes and Miiller. Z. offent. Chem., 1903, 9: 173-8. 
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In the original article as described by A. Burr and F. M. Berberich?, 

the authors have outlined the following method: 

ASH OF SOUR SERUM. 

Measure 50 cc. of the serum into a platinum dish, evaporate to dryness, and ecar- 

bonize over a low flame. Extract the char with hot water, burn the insoluble resi- 

due, add the solution to this ash, evaporate to dryness, ignite at a low temperature 

and weigh. 

Experience has shown, however, with the exercise of care and an ac- 

curate pyrometer that the former stated method is as accurate as the 

latter, and involves less manipulation. 

Table 1 contains the refractions of the sour serum of 660 samples of 

known purity milk from individual cows and 49 samples from herds. In 

the case of the individual cows the variation in the readings extends from 

38.3-45.9. The greatest percentage of samples (25.2%) refracts between 

41 and 42. There appears to be a certain uniformity each side of this 

medial point. The percentage of samples refracting between 40 and 41, 

and 42 and 43 is practically the same (from 18-20%) ; between 39 and 40, 

and 43 and 44 the percentage is from 12—-13.5%, while from 38.3-39 and 

44-45 the percentage is 4-5%. 

In the herds the largest percentage of samples (75%) refracts between 

41 and 43. Between 40 and 41 and 43 and 44 the percentage is from 10- 

12. As would be expected, no samples were found refracting at the 

maximum (45.9) or minimum (38.3) limits. 

TABLE 1. 

Variation in refractive indices of sour serum of known purity milk. 

(660 samples from individual cows; 49 samples from herds.) 

INDIVIDUAL COWS HERDS 

Number Per cent Number Per cent 
Reading at 20°C.) of samples ex- | of samples ex- || Reading at 20°C.| of samples ex- | of samples ex- 

amined amined amined amined 

38 .3-38.9 34 5.2 38 .3-38 .9 0 0 
39-39 .9 81 12.3 39-39 .9 2 4.1 

40-40 .9 121 18.3 4040.9 6 12.3 
4141.9 167 25.2 41-41.9 18 36.7 
42-42.9 135 20.2 42-429 18 36.7 
43-43 ..9 90 13.6 43-43 .9 5 10.2 

4444.9 27 4.1 4444.9 0 0 

45-45 .9 | 7 ea 45-45 .9 0 0 

Following is the graphic representation of the figures given in Table 1. 

The curves cross at the 20% line with a refractive index of 40.8 and 

again at the 15% line with a refractive index of 43.3. 

! Chem. Ztg., 1908, 32: 617-S. 
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VARIATION IN REFRACTIVE INDICES OF SOUR SERUM OF KNOWN PURITY MILK. 

Milk from individual cows, 660 samples. 

2 ieee 0 “i herdas 49 “ 

PER CENTFOF SAMPLES. 

REFRACTIVE INDICES AT 20°C 
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TABLE 2. 

Variation in ash of sour serum of known purity milk. 

(504 samples from individual cows; 35 samples from herds.) 

INDIVIDUAL COWS INDIVIDUAL COWS HERDS 

Ba | S28 ge loss eae | cee 
As mper | 3a75 | Sag Ash gram per Sa5 | fad S$a35 |] Sas Mic | gee | EE || “"iboce” |gae| SEE || ““ilc”” |geg| Sag 

5S fas ae gas Bas Bas 

0.730-0.739 | 41 8.2 0.840-0.849 1 by fies | reese 05730-05739) | Pees meee 
0.740-0.749 | 54 |...... 0.850-0.859 7 4.8 0.740-0.749 1 2.9 
0.750-0.759 | 34 17.3 

0.860-0.869 GY erg oteya 0.750-0.759 2” linseomen 
0.760-0.769 | 51 |...... 0.870-0.879 a 4.6 0.760-0.769 4 17.1 
0.770-0.779 | 38 fet 

0.880-0.889 Cf eee 0.770-0.779 2) ena 
0.780-0.789 | 52 |...... 0.890-0.899 4 2.2 0.780-0.789 6 | 22.8 
0.790-0.799 | 45 19.3 

0.900-0.909 ADM actereds 0.790-0.799 6 ecees 
0.800-0.809 |} 51 |...... 0.910-0.919 |...... 0.8 0. 800-0.809 9 | 42.9 
0.810-0.819 | 37 17.3 

0.920-0 .929 1 Ts reer 0.810-0.819 44ers 
0.820-0.829 |} 26 |...... 0.930-0.939 1 0.4 0.820-0.829 1 14.3 
0.830-0.839 9 7.0 

0.940-0.949 2 0.4 (0:830-0:949 |... 22 eens 

Table 2 presents the sour serum ash figures of 504 samples of known 

purity milk from individual cows and 35 samples from herds. In the 

individual cows only 8.2% of the ash figures extended between the mini- 

mum limit 0.730 and 0.740, while 71.6% were between 0.740 and 0.820; 

16.4% of the figures were between 0.820-0.880, and 3.8% between 

0.880-0.950. In the milk from herds no samples were found with ash 
figures from the minimum limit 0.730-0.739, or from 0.830 to the maxi- 

mum limit 0.949; 2.9% of the ash figures were between 0.740-0.749; 

82.8% were between 0.750 and 0.810; and 14.3% were between 0.810 and 

0.830. 
The data from Table 2 are shown in the following plot. The curves 

cross at the 17.5% line with an ash percentage of 0.761. 
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R CENT OF SAMPLES. 

PE 

VARIATION IN ASH OF SOUR SERUM OF KNOWN PURITY MILK. 

Milk from individual cows, 504 samples. 

—— i herds, pie ee 

0720 0.740 0.760 0.780 0.800 0.520 0.840 0.860 0.580 0.900 0.920 0.940 0.960 

SOUR SERUM ASH GRAMS PER 100 CC. 
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TABLE 3. 

Variation in refractive indices and ash of sour serum of known purity milk. 
From individual cows. 

By | 8 by | Be sy | 84 
REFRACTIVE . Aa| kaa ASH GRAM PER = aa z na ASH GRAM PER Ba al& fa 

INDICES BEE ob 00 ce. BEE OBZ 00 cc. REZ cE 

BEEP pae| fae ba: | 832 

38 .0-38 .4 20 3.0 0.730-0 .734 30 5.9 0.840-0.844 8 1.6 
38 .5-38.9 14 2.1 0.735-0.739 11 2.2 0.845-0.849 9 1.8 
39 .0-39.4 45 6.8 0.740-0.744 33 6.5 0.850-0.854 3 0.6 
39.5-39.9 36 5.5 0.745-0.749 21 4.1 0.855-0.859 4 0.8 

40 .0-40.4 60 eal 0.750-0.754 19 3.8 0.869-0.864 8 1.6 
40.5-40.9 61 9.2 0.755-0.759 15 3.0 0.865-0.869 8 1.6 
41.0-41.4 87 13.2 0.760-0.764 33 6.5 0.870-0.874 5 1.0 
41.5-41.9 80 1201 0.765-0.769 18 3.6 0.875-0.879 2 0.4 

42 .0-42.4 87 13.2 0.770-0.774 26 5.2 0.880-0.884 4 0.8 
42 .5-42.9 46 LW) 0.775-0.779 12 2.4 0.885-0.889 3 0.6 
43 .0-43 ..4 52 7.9 0.780-0.784 31 6.1 0.890-0.894 1 0.2 
43 .5-43.9 38 5.8 0.785-0.789 21 4.1 0.895-0.899 3 0.6 

44.0-44.4 18 Prati 0.790-0.794 25 4.9 0.900-0.904 3 0.6 
44.5-44.9 9 1.4 0.795-0.799 20 4.0 0.905-0 .909 1 0.2 
45 .0-45.4 5 0.7 0.800-0. 804 32 6.3 Q910=0 7904.) vier: eee 
45 .5-45.9 2 0.3 0.805-0.809 19 3.8 O,915-O2919) lec © sleet 

Motall weer 660 {100.0 0.810-0.814 27 5.4 0.920-0.924 1 0.2 
0.815-0.819 10 2.0 0).925-0::929 |)... . alae eee 
0.820-0.824 20 4.0 0.930-0 .934 1 0.2 
0.825-0.829 6 1.2 05935-02939) 5 s-<4| eens 

0.830-0.834 7 1.4 0.940-0 .944 2 0.4 
0.835-0.839 2 0.4 — | — 

Total.......| 504)/10020 

From herds. 

NUMBER | PERCENT NUMBER | PERCENT 
REFRACTIVE INDICES OF SAMPLES|OF SAMPLES ASH GRAM PER 100 cc. OF SAMPLES!/OF SAMPLES 

EXAMINED | EXAMINED EXAMINED | EXAMINED 

SOL OHSSCAS Be ills ckererevedelatal| eyetereterenctase 05780-08784 0 |. ce ose ol Se eee 
Cite ora. Ml laser oma |S woocated On735-05739' sk tie. | eee 
SORO—SO AS We | erree tele al||sve cus <tehe 0.740-0 .744 1 2.9 
395-39 .9 2 4.1 0.750-0 .754 2 Det 
an 0-40.4 4 8.2 0.760-0.764 2 Det 

5-40.9 2 4.1 0.765-0.769 2 syais 

41.0-41.4 8 16.3 0.770-0.774 1 2.9 

41.5-41.9 10 20.4 0.775-0.779 1 2.9 
42 .0-42.4 11 22.4 0.780-0.784 2 5.7 
42.5-42.9 ai 14.3 0.785-0.789 4 11.4 
43 0-43 .4 4 8.2 0.790-0.794 4 11.4 
43.5-43.9 1 2.0 0.795-0.799 2 bya/ 

Totale.csa« 49 100.0 
0.800-0.804 4 11.4 
0.805-0.809 5 14.3 
0.810-0.814 4 11.4 
0.820-0.824 i 2.9 

MOtalseeeceeeee 35 100.0 
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Table 3 contains the refractive indices and sour serum ash figures 
arranged for the arithmetic probability curve, which follows. 

SOUR SERUM ASH GRAMS PER 100 CC. 
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REFRACTIVE INDICES AT 20°C. 

If the samples were fairly representative, and if the variable follows 

the law of probability, the resulting curve will be a straight line. Al- 

though these lines are not straight, yet they are so nearly straight that 
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it can be said that sufficiently representative samples have been taken 

to draw definite conclusions. 

The medial line (50% line) shows that 50% of the samples had refrac- 

tive indices below 41.4 from individual cows, and 41.8 from herds. The 

curves for the refractive indices of the herds and individual cows cross 
at the 73% point with refractive index of 42.4. The medial line also 

shows that in 50% of the samples the sour serum ash was below 0.784 

from individual cows and 0.793 from herds. The curves for the sour serum 

ash of the herds and individual cows cross at the 68% line with the sour 

serum ash of 0.802. 

Table 4 contains the results submitted by Mr. L. W. Ferris of the 

U.S. Bureau of Chemistry. His experimental work has shown conclu- 

sively that the time of spontaneous souring affects the sour serum ash. 

In the cases of partial souring the sour serum ash figure is lower than the 

acetic serum ash which, of course, should not be. Unless the sample 

is sufficiently sour, some of the calcium salt is precipitated with the casein 

and the sour serum ash is very liable to be low, as shown in Table 4. The 

minimum sour serum ash figure, reported as 0.671, on longer souring was 

raised to 0.722 which corresponds to the figure obtained by the acetic 

serum after being multiplied by 1.02. 

COMMENTS BY ANALYSTS. 

All samples except the first 8 represent single milkings from individual cows. 

The acetic acid serum was obtained by adding 2 cc. of 25% acetic acid to 100 ee. 

of milk. The results were multiplied by 1.02 to make them comparable with the 

results on the spontaneous serum. The results obtained by both methods are about 
the same. The degree of souring of the spontaneous serum appears to make no 

difference in either the ash or refraction, although clearer serums were obtained 

by allowing the sample to stand until the whey and curd had separated. In some 

cases it was impossible to get a clear serum. The spontaneous souring involves 

less work than the acetic acid method and in most cases the spontaneous serum is 

about as clear as that obtained by the acetic acid method. 

One sample gave a refraction of 37.9 (cow No. 15) on the spontaneous serum and 
samples from 4 different cows (Nos. 2, 5, 6 and 7) gave an ash of serum below 0.73. 

Table 5 contains the results submitted by Mr. J. T. Keister, associate 

referee. In this table there are 3 abnormal sour serum ash figures. The 

referee is of the opinion that in each case the milk was not thoroughly 

sour. If the sample is thoroughly sour, a clear serum will be obtained 

which will contain all the mineral matter. 
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TABLE 6. 

[Vol. II, No.-2 

Composition of milk from Fagot Dairy, Metairie Ridge, Jefferson Parish. 
(G. B. Taylor, J. R. Reeny and J. 8. Slack, Louisiana.) 

NAME 

Herds cen 

AGE BREED 

Grade 
Jersey 

Brown 
Grade 
Jersey 

Holstein 
Grade 

Jersey 
Grade 

Jersey 

Grade 
Jersey 

Grade 
Jersey 

Jersey 
Jersey 
Grade 

Jersey 
Brown 

Grade 
Jersey 

Red Grade 
Jersey 

Jersey 
Holstein 
Jersey 

Grade 
Jersey 

Grade 
Durham 

Grade 

TIME 
AMOUNT] SINCE 
OF MILK| CALYV- 

ING 

pounds | months 

3 9 

8 6 

8 2 
4h 2 

idk 5 

8 2 

4a| 2 

i 2 
5 6 
5 6 

9 5 

8} 8 

12a |) 2 
6 10 
5 10 

8 5 

9 4 

6 2 

5} 4 

ZO haleoeer 
1 BA td ea oo 

SOUR SERUM 

peraery 

= 

per cent|per cent) per 109 

14.88) 5.00 | 0.898 

15.11 

15.16 
14.95 

15.71 

5.40 

gram 

cc. 

0.876 

0.805 
0.788 

0.744 

0.787 

0.707 

0.880 
0.840 
0.842 

0.844 

0.874 

0.744 
0.813 
0.902 

0.866 

0.795 

0.820 

0.708 

0.810 
0.805 

1U. 8. Bur. Animal Industry Bull. 134, p. 23. 
2 Composite of 6 Grade Jerseys. 
3 Four Jerseys; 12 Grade Jerseys; 2 Holsteins; 1 Durham. 
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TABLE 7. 

Composition of 8 samples of herd milk. 

(Arranged in order of Total Solids.) 

COPPER SERUM SOUR SERUM 

SOLIDS SS | | 
TOTAL SOLIDS FAT NOT FAT PRO-TEIN] SUGAR ra Refrae- Pe Refrac 

per cent per cent | percent | percent | percent ih se reading peer reading 

13.02 Ax GO) | MSAD I Sraxccrcal in eae seoptereeetel ne setenca 0.790 | 40.7 
12.95 4.10} 8.85] 3.29) 4.74] 0.70) 37.4] 0.774 | 40.4 
12.62 3.40} 9.22] 3.04] 5.01 0.76 | 38.5 | 0.816} 41.0 
12.60 3.35 | 9.25 | 2.33] 5.04] 0.78 38.7 | 0.8382} 41.9 

IPG 4.00] 8.57] 3.18| 4.82] 0.68 37.2 | 0.766 | 41.5 
12.24 3.55] 8.69 3.84) 2456500 05749 138640 02808" Ses. an. 
12.13 3.35 | 8.78 22965) 42729 O80N| SGe Si! Serene: 41.3 
11.67 3.40 | 8.27 2.84] 4.51 | 0.77 36.3 | 0.804 | 39.1 

Maximum: 
‘ 13.02 4.60 | 9.25 3.34] 5.04] 0.80) 38.7 | 0.832 | 41.9 

Minimum: 
11.67 3.35 8.27 2.30.| 4.51 0.68 | 36.3 | 0.766 39.1 

Average: 
12.48 3.72 8.76 | 3.00 | 4.78] 0.75 | 37.4] 0.799 | 40.8 

Average of 67 samp'es from herds reported in 1914. 

| 12.83 | 4.06 | 8.77 | Rees) oem, | aes | 37.9 | 0.798 | 41.7 

There is no relation between the refraction of the sour serum and the 

sour serum ash, since these figures depend upon different milk constitu- 

ents. When both of these figures fall below the lowest limits established 
for pure milk (38.3 and 0.730) it is absolute proof of the presence of added 

water, and all possibility of the sample being abnormal milk from a sick 
cow is removed. 

In the determination of the ash of sour serum there are less than 2 

grams of organic matter to be burned, and the influence of combustion 

upon the 190 mg. of ash is very slight. ; 
The refractive index of the sour serum occurs half way between the 

copper and acetic indices. Where a milk has partially soured the copper 

serum reading will be higher, and the acetic serum lower than would be 
given by the same milk before souring. In such cases the sour serum is 
the only reliable reading to be made. 

Six years’ experience with the refractive index and 4 with the sour 

serum ash have shown these methods to be invaluable. In all doubtful 

cases the sour serum ash has served as a court of last resort. 

RECOMMENDATIONS. 

It is recommended— 

(1) That the following be adopted as auxiliary provisional methods. 



160 ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS [Vol. II, No. 2 

DETECTION OF ADDED WATER. 

» Sour serum}. 

Allow the milk to sour spontaneously, filter and determine the index of refrac- 

tion of the clear serum by means of the Zeiss immersion refractometer. A reading 
below 38.3 indicates added water. 

Ash of sour serum?. 

Allow the milk to sour spontaneously and filter. Transfer 25 ce. of this serum 

to a flat-bottomed platinum dish and evaporate to dryness over the water bath. 

Heat the contents of the dish over a small flame (to avoid sputtering) until charred. 

Place the dish in an electric muffle, with pyrometer connected, and ash at a heat 
not greater than 500°C., or 900°F. Cool and weigh. Express result in grams per 

100 cc. An ash below 0.730 indicates added water. (A white ash is invariably 

obtained after one leaching.) 

Ash of acetic serum. 

Transfer 25 ec. of the serum to a flat-bottomed platinum dish and proceed as 
directed under ‘‘Ash of Sour Serum’’. An ash figure below 0.715 gram per 100 cc. 

indicates added water. 

(2) That in conjunction with the copper, acetic or sour serum refraction 

method, the ash of the sour serum or of the acetic serum be determined 

in all cases where the indices of refraction fall below the minimum limit. 

The acetic serum ash multiplied by the factor 1.021 equals the sour serum 

ash (dilution of the acetic serum being 2%). 

No report was made by the referee on the general subject of food 

adulteration. 

REPORT ON COLORS. 

By W. E. Maruewson (Food and Drug Inspection Laboratory, U. S. 

Appraiser’s Stores, New York, N. Y.), Associate Referee. 

Two samples of commercial caramel and sealed samples of high grade 

commercial amaranth, orange I, naphthol yellow 8, and light green S F 

yellowish were sent out for collaborative work. The collaborating ana- 

lysts were asked to examine the caramels in 0.2% solution by those methods 

for the detection of this substance that they consider best. In the coal 

tar dyes they were asked to determine the amount of color by the titanium 

trichlorid reduction method of Knecht and Hibbert which has the merit 

of using a comparatively simple reagent, stable if protected from the air, 

and which has given good results in the New York Food and Drug In- 
spection Laboratory of the U. S. Bureau of Chemistry when used under 

1Matthes and Miller. Z. 6ffent. Chem., 1903, 9: 173. 
? Burr and Berberich. Chem. Ztg., 1908, 32: 617-8. 
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the proper precautions and with a thorough consciousness of the sen- 

sitiveness of the reagent to air. With the samples was sent a statement 

of the precautions to be followed in applying the method to each of the 

permitted dyes. These are embodied in the suggested provisional methods 

which come before the Association this year and need not be given here. 

The collaborators reported upon the caramel samples as follows: 

RESULTS OF COLLABORATIVE WORK. 

C. F. Jablon: The samples of caramel under observation did not behave alike 
to the Amthor test. In solution of 0.2%, one gave a slight precipitate, while the 

other gave a pronounced precipitate. In stronger solutions (1%) a slight turbidity 

was observed in the first, while the other showed a pronounced precipitate. 
The Woodman-Newhall test does not appear to give any more reliable results. 

In weaker solutions (0.2%) it appears to be less satisfactory, while a 1% solution 

gave positive reactions. To sum up the series of experiments, it is safe to state 

that although strong caramel solutions gave positive tests, ordinary concentrations, 

such as may be found in food analysis, do not give very satisfactory results. 
Ray W. Clough: A few qualitative tests on the caramel samples gave the follow- 

ing results: 

Crampton and Simons fuller’s earth method’, all color extracted from a 0.2% 
solution; Amthor test, negative; Woodman-Newhall method, good results (espe- 
cially heavy precipitate with the phenylhydrazin reagent). 

C. R. Smith: The Woodman-Newhall method was applied to the samples of cara- 
mel. It has been found that they, as well as other samples of commercial caramel 
and caramel prepared in the laboratory, precipitate out well in the Woodman- 
Newhall method. It is doubtful if the same holds good in fruit juices and other 

food products. In testing black currant juice of high acidity no precipitate was 

produced, using the usual proportion of reagents after neutralizing with potash. 

By adding a large excess of zine chlorid (8 cc.) and potash sufficient to produce 

a good precipitate a large amount of brownish black coloring matter was carried 

down, which, however, did not precipitate by the paraldehyde test. The Woodman- 

Newhall test applied with special reference to each substance may be useful if care- 
fully studied and developed. 

The results obtained by the collaborators in the determination of the 

amount of color in the samples of commercial anilin colors are given in 

Table 1. 

1U.S. Bur. Chem. Bull. 107, Rev., p. 199. 
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TABLE 1. 

Determinations of the amount of pure color in samples of anilin colors by titration 
with titanium trichlorid. 

LIGHT 
NAPHTHOL GREEN 

ANALYST YELLOW S ORANGE I | AMARANTH SF 

YELLOWISH 

per cent per cent per cent per cent 

C. L. Black, Food and Drug Inspection Lab- 
oratory, U. 8. Appraiser’s Stores, Phila- 
delphia sR arercecber ences crcr 93.28 90.82 88.39 66.44 

A. L. Burns, Food and Drug Inspection 
Laboratory, U.S. Appraiser’s Stores, New 
Works Ne cY ons te a eiy tony. cu beeeierat otras 92.9 91.7 88.6 66.8 

C. F. Jablon, Food and Drug Inspection 
Laboratory, U. 8S. Appraiser’s Stores, 
New York NE RYar neces ce feat nee 92.7 91.0 88.7 67.1 

Ray W. Clough, Areade Annex Building, 
Seattle wyWashie mieten cuicse, cx cieeceysiss 93.4 93.8 88.8 66.1 

C. R. Smith, Food and Drug Inspection 
Laboratory, U. 8S. Appraiser’s Stores, 
IN ew: VOL WIN NMY an ret a tates aaere aot evcke 93.1 93.2 89.1 | 67.9 

THE SEPARATION OF PONCEAU 3R FROM OTHER DYES, ESPECIALLY 
NAPHTHOL YELLOW S BY THE USE OF A 

SOLUBLE BARIUM SALT. 

(C. F. Jablon, New York.) 

As the quantitative separation and estimation of ponceau 3R and 

naphthol yellow S is, under ordinary conditions, rather slow, a method 

was sought whereby the more or less tedious amy] alcohol extraction would 

be eliminated. 

Inasmuch as ponceau 3R forms a very difficultly soluble barium com- 

pound! a series of experiments were performed using barium and stron- 

tium salts as precipitants in solutions containing the dyes in various 

concentrations. The best results were obtained as follows: 

Dissolve the dye mixture in a definite amount of water. Transfer an aliquot 

containing about 0.1-0.3 gram of naphthol yellow S to a 250 ce. volumetric flask 
and dilute with water to about 225 cc. Add 2.0 ce. of 10% barium acetate and 1 ce. 

of glacial acetic acid, shake thoroughly and make up to the mark with water. 

Then pass through a dry filter and titrate an aliquot with standard titanium trichlo- 

rid solution in sodium tartrate solution, using light green S F yellowish as indicator. 

Titrating an equivalent part of the original solution gives the total color, and sub- 

tracting the yellow, the difference gives the value for ponceau 38R. 

Table 2 gives some results obtained. 

' Heumann. Die Anilinfarben und ihre Fabrikation. 1903, 4 (I): 856. 
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TABLE 2. 

Determinations by the barium method of naphthol yellow S in presence of ponceau 3R. 

(C. F. Jablon, New York.) 

G WEIG YELLOW 
ae Pon eicieens ote ican Sere OW, gona RECOVERED 

gram gram gram per cent 

1 0.100 0.2491 0.2496 100.2 
2 0.200 0.2076 0.2050 98.7 
3 0.300 0.2030 0.2028 99.9 
4 0.200 0.1833 0.1819 99.2 
5 0.100 0.1538 0.1555 101.2 
6 0.300 0.1005 0.0998 99.0 
7 0.200 0.0240 0.0258 107.6 
8 0.300 0.0000 OROOLS ln ae eeeereere 

The filtrate from the precipitated ponceau 3R was somewhat redder 

in shade, so it was deemed advisable to determine colorimetrically with 

a Koenig-Martens instrument the amount of ponceau remaining in solu- 

tion. Following are the amounts found, using various concentrations of 
ponceau 38R: 

Weight of ponceau taken Ponceau in solution 
gram per cent 

0.05 2.25 
0.125 1.4 
0.250 0.5 
0.500 0.2 
1.000 0.1 

The incomplete precipitation is probably due to the fact that the 
ponceau 3R used was not a chemically uniform product. It was the 

ordinary grade of dye used for food products which contains more or less 

of the lower homologues derived from xylidin, etc., and also small amounts 

of monosulphonated color such as sodium trimethyl-benzene-azo-2-naph- 

thol-6-sulphonate. 

Mixtures of ponceau 3R with the other permitted dyes in amounts 

varying from 0.1-0.3 gram of each dye when treated by the procedure 

just described showed that erythrosine is precipitated almost completely, 
and the indigo somewhat less so with ponceau. Amaranth and orange I 

are carried down with the ponceau precipitate only shghtly, if at all. 

Light green S F yellowish appears to remain entirely in the filtrate. 

Because of the high relative oxidizing power of naphthol yellow S 

as shown towards titanium trichlorid, the error caused by the presence 

of a small and varying amount of ponceau in the filtrate does not greatly 

affect the determination of the yellow with mixtures containing not too 
small amounts of the latter. With the other dyes this is not the case, 

but the results stated may be applied to the analysis of mixtures contain- 

ing ponceau and naphthol yellow with the others. Here the total dye 
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in the filtrate is determined with titanium, the amaranth, green, etc., 
estimated directly by some suitable method, and correction made to 

obtain the value for the yellow. With lesser accuracy, the procedure 
may be used for the direct separation of ponceau from orange, amaranth 

and green. The quantitative determination of indigo carmine in admix- 

ture with amaranth by reduction with titanium trichlorid, reoxidation 

with air, and estimation of the blue colorimetrically seems to give good 

results. 

Ponceau and yellow being separated with some difficulty by other 

methods and often used in admixture with each other, the procedure 

just given will be found useful in examining mixtures. 

THE USE OF THE SPECTROPHOTOMETER FOR THE EXAMINATION 
OF FOOD COLORING MATTER. 

(W. E. Mathewson, New York.) 

No other methods have the wide range of applicability of those depending 

on exact measurements under suitable conditions of the opacity of solu- 
tions to light of various wave lengths. The principles and methods of 

spectrophotometry have been developed by numerous investigators 

and are discussed in an extensive literature!. These methods are in 

limited use, probably because the necessary instruments are so expensive 

that few laboratories are equipped with them. Hence no collaborative 

work could be done this year. In this part of the report some experi- 

mental work of the referee is reported which was designed to learn to 

what extent spectrophotometric methods might be used in the analysis 

of food colors. As each of the various optical systems that have been 

devised and each of the light sources available has its advantages and 

disadvantages, such apparatus as seemed most suitable was selected. 

APPARATUS AND PROCEDURE. 

The spectrophotometer used was a Koenig-Martens instrument with 

Rutherford prism, made by Schmidt and Haensch. Some experience with 
a spectrophotometer of the Vierort principle has convinced the writer 

that those forms of apparatus in which an eye-piece is employed (forming 

a system focused on the collimator slit) are much more difficult to use in 

work where it is very frequently necessary to take readings in parts of the 

spectrum in which the absorption varies greatly for small variations in 

the wave length. As a light source a 1500-3000 ec. p. projection lamp 
with automatic are and condensing lenses was employed. A Nernst 

1 For a résumé compare especially Kayser. Handbuch der Spectroseopie. 1905, 
3; and G. and H. Kruss. Kolorimetrie und Quantitative Spektrolana yse. 2ded., 
1909. 
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lamp although steadier can scarcely be used for measurements in the blue 

and violet. Monochromatic light sources suitable for all regions of the 

spectrum would be much more preferable, but would add greatly to 

the cost of the equipment. An absorption cell of the Vierort type was 

used, 11 mm. in width and containing the Schultz glass cube exactly 

1 cm. in thickness. This form of cellis rather objectionable for measure- 

ments in non-homogeneous light, as all the rays passing into the instru- 

ment must go through 1 mm. of the solution; but the laboratory is not 

provided with the better apparatus devised by Martens and Griinbaum!. 

The cell was placed before the instrument, the glass cube first in front of 

one slit, then the other. The ocular slit or screen in the telescope is 

rather troublesome to get at and adjust in the Koenig-Martens instru- 

ment, and chiefly for this reason was set at a width corresponding to 

100 (smallest) divisions on the scale carrying the telescope (at the mercury 

line 546.1), and kept at this width for all the measurements. To cor- 

respond, the telescope was moved 100 scale divisions between the succes- 

sive regions. The jaws of the divided slit before the collimating lens were 

set as close as possible, still giving a field of sufficient brightness, and the 

observations made with the glass cube before each half of the slit after 

each resetting of the latter. The necessary opening of the collimator 

slit corresponded to a maximum overlapping in the field of view of rays 

differing by about 2.5 py in the indigo and violet to 0.1 up in the greenish 

yellow. In all cases the width of the slit was noted in taking measure- 

ments, though for Table 3, containing averaged figures, the statements just 

made are sufficient. For each reading the rotating nicol prism was set 

2 or 3 times and the mean value recorded. The results were calculated 

to “extinction coefficients” e, by the formula 

e = log tan a; + log cot az 

a; and as representing respectively the angular readings with the Schulz 

body before the right and left parts of the slit. For the loss of light by 

reflection at the surfaces of the Schulz body the correction for water was 

found to be 0.02, this amount to be added to the observed ‘extinction 

coefficient”. In Table 3, this correction has not been made, however. 

EXPERIMENTAL RESULTS. 

Extinction coefficients of the permitted dyes——In Table 3 are given the 

observed “specific extinction coefficients” obtained with solutions of the 

7 permitted dyes, corresponding to the values for 0.001% solutions. 

Solutions of each color were made containing 0.001%, 0.004%, 0.008%, 

etc., of pure dye as determined by analysis, the strongest solution being 

1 Ann. Physik., 1903, 4th ser., 12: 991-2. 
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from 0.064-0.512%. The extinction coefficients for each solution were 

determined in those regions where the values ranged from 0.030-1.50. 

From these figures the e values for 0.001% solutions through the whole 

spectrum were calculated, it being assumed that the observed figures of 
value equal to about 0.60, if not more accurate, were at least more suit- 

able for subsequent application. 

Light green S F yellowish being quite sensitive to alkali, dilute solu- 

tions in pure water if kept in glass soon became paler and in 24 hours 

may show a conversion of 50% or more of the dye into the colorless car- 

binol form. Orange I and erythrosine are also sensitive indicators and 

may contain as impurities small amounts of sodium carbonate, free color 

acid, ete. This source of difficulty was practically eliminated by adding 

to each solution a little of a mixture of acetic acid and secondary sodium 

phosphate. A stock solution was made containing in each liter 71.4 

grams of crystallized secondary sodium phosphate and 9.6 cc. of glacial 

acetic acid. Five cc. of this solution were used in making up each 

100 cc. of the dye solutions, giving these latter a disodium phosphate 

normality of 0.01, and an acetic acid normality of 0.008 plus. This 

amphoteric mixture is faintly acid to litmus, faintly alkaline to alizarin 

and does not perceptibly change the absorption of the solutions of the 

colors other than light green 8 F yellowish, when added to their abso- 

lutely neutral solutions in not too large quantities. 
The extinction coefficients as determined are not exactly proportional 

to concentration, being affected by a number of factors. The molecular 

condition of both electrolytes and colloids varies with changes in con- 

centration, and the use of non-homogeneous light is open to various 

objections. However, the figures serve as a guide, indicating especially 

where are located those regions of maximum absorption best adapted for 

measurements, and the values to be expected. The accurate estimation 

of a dye must be made by determining the approximate concentration 

of its solution by the use of Table 3, changing the concentration, if neces- 

sary, so that the values for e will be from 0.6—1.00 in the region of maximum 

absorption, making a standard solution of the same calculated concen- 
tration from a pure color and determining the absorption constants for 

each under exactly the same conditions. The values obtained for e 

will not differ greatly and it may be assumed under these conditions that 

the differences are proportional to concentration. 
Analysis of mixtures.—The analysis of mixtures must be carried out 

in a similar way. After quantitative examination of the constituents by 

chemical, spectroscopic or other means, measurements are made in those 

regions where the constituent dyes show the maximum absorption. The 

concentration is calculated, using the figures in Table 3, and from this a 

similar standard solution is prepared with colors of known purity. This is 
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TABLE 3. 

Specific extinction coefficients of the 7? permitted food dyes. 

(0.01 gram per liter is taken as unit concentration; i.e., the numbers given 
represent the coefficients of 0.001% solutions.) 

PONCEAU Yon 

WAVE LENGTH OF | SCALE | NAPHTHOL SR iaRow ee Peseta ere peel 
LIGHT IN READ- | YELLOW } ORANGE I ie PSSA aR liars SF 

REGION MEASURED | INGS 8 SEuHDOS YELLOW- 

CUMIDIN) uel 

418 .8-422.6 22 | 0.46 0.30 0.13 0.027 | 0.093 | 0.029 | 0.18 
422 .6-426.5 23 | 0.46 0.32 0.13 0.028 | 0.095 | 0.029 | 0.18 
426 5-430 .7 24 | 0.46 0.38 0.13 0.028 | 0.105 | 0.030 | 0.18 
430.7435 .1 25 | 0.45 0.45 0.13 0.029 | 0.11 0.031 | 0.17 
435 .1-440.0 26 | 0.45 0.52 0.14 0.030 | 0.115 | 0.032 | 0.15 
440 .0-444.5 27 | 0.44 0.58 0.155 | 0.034 | 0.125 | 0.033 | 0.18 
444 5-449 6 28 | 0.40 0.67 0.17 0.040 | 0.13 0.034 | 0.105 
449 6-455 .0 29 | 0.34 0.73 0.19 0.052 | 0.14 0.034 | 0.077 
455 .0-460.7 30 | 0.29 0.80 0.23 0.068 | 0.165 | 0.084 | 0.056 
460.7466 .7 31 | 0.23 0.87 0.265 | 0.085 | 0.19 0.0384 | 0.034 
466.7473 .1 32 | 0.16 0.91 0.30 0.12 0.215 | 0.034 | 0.023 
473. 1480.0 33 | 0.105 | 0.93 0.34 0.17 0.25 0.034 | 0.015 
480 .0-487 .1 34 | 0.060 | 0.90 0.39 0.24 0.29 0.035 | 0.011 
487 1494.8 35 | 0.031 | 0.84 0.43 0.32 0.33 0.038 | 0.011 
4948-503 .0 36 | 0.014 | 0.71 0.48 0.37 0.37 0.043 | 0.013 
503 .0-511.8 37 | 0.0051 | 0.59 0.48 0.48 0.40 0.053 | 0.017 
511.8-521.2 38 | 0.0024 | 0.43 0.46 0.76 0.41 0.066 | 0.024 
521 .2-531.4 39 | 0.00092} 0.27 0.425 | 0.97 0.41 0.090 | 0.036 
531.4-542.3 40 | 0.00031} 0.17 0.37 0.59 0.38 0.125 | 0.055 
542 .3-554.2 41 | 0.00005) 0.092 | 0.24 0.16 0.32 0.17 0.086 
554. 2-567 .1 42 | Less 0.043 | 0.11 0.032 | 0.24 0.23 0.14 
567 .1-581.1 Zoi lllowapece 0.019 | 0.045 | 0.010 | 0.14 0.30 0.23 
581.1-596.4 AAT) earseste si 0.0072 | 0.017 | 0.0023 | 0.054 | 0.37 0.36 
596.4-613.3 ADEE | raters eas 0.0024 | 0.0056 | 0.0004 | 0.016 | 0.46 0.53 
613.3-631.9 AGIA erste ates on 0.0008 | 0.0018 | 0.0001 | 0.0046 | 0.41 0.81 
631 .9-652.5 ATO Ne eos ations 0.0003 | 0.0004 }........ 0.0013 | 0.023 | 0.77 
652 .5-675.6 ABS seis sie crse 0.0001 | 0.0001 |........ 0.0003 | 0.075 | 0.30 
GTO M Os Ole eege)l er) |e ave ovate rete tebe etera|lleterererajees | ietevehal erate 0.0002 | 0.022 | 0.069 
701.4-730.6 HO)s | eionacd| |acowraete a [5 Dobsose bonnaroo vacuo 0.007 | 0.010 

622.4-642.0 AGE OI napa state cccrry ater | (ete cio died lorakcicsen Gal alec er maael lea eae 0.88 

examined under the same conditions. If, as should be the case, the e 

values do not differ more than 10%, the figures given in Table 3 are 

shown to be sufficiently correct under the applied conditions to be used 

for calculating the corrections to be made, these being deduced from the 

figures in the table and the differences between the e values for the known 

and the unknown solutions. With mixtures, especially, the use of non- 
homogeneous light is a cause of differences and useful results can hardly 

be expected without comparative solutions. The figures given for light 

in the violet, of wave length less than 430uu, are quite inaccurate, and for 

analytical purposes it would be scarcely advisable to make measurements 
beyond 440yp. 

Most binary mixtures may be analyzed with fair ease and accuracy. 

With more complicated ones, it has been found that usually one or more 
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of the constituents may be determined with advantage in this way, but 
that the analysis is best made partly by other methods. 

In Table 4 are given the results of 5 consecutive test analyses of mixtures 
of 2 components. 

TABLE 4. 

Spectrophotometric analysis of mixtures of 2 dyes. 

(W. E. Mathewson, New York.) 

PER CENT OF TRUB 
VALUE FOUND 
AFTER MAKING 

PERCENT OF TRUE 
VALUE FOUND 

CONCENTRATION BY FIRST CALCU- 
DYES SRAM 100 cc. ( OTN) so- 

mn | BQURES oF Ea) Sern eo 
RECTION 

Naphtholi yellow S:acccie-ne-e ei scacier 0.005625 101.0 101.7 
Light green S F yellowish............. 0.002375 95.6 100.4 

Indirolcarminee ermsesee essere er MeO OOLSOO 92.6 99.1 
Amaranth. cei sirraciiss sieronr tices 0.002200 101.0 100.7 

Orange Tyo iaieee silstensgla colina aatnroae 0.002000 106.0 102.0 
PonceaursRiasesees eee ecto: ocr 0.001440 94.4 96.7 

Oranges pho patty ae tense erm 0.000800 99.0 101.0 
NaphtholfyellowiSs:neement rie tee 0.007200 100.1 99.0 

Am aranthitt/setesnyiy aac titeseere nica 0.002000 97.8 98.4 
Hiry GATOSINE \a/cciciee rerrcine ael aceasta 0.001200 102.3 100.0 

Maximum error 3.3%; average error 1.3%. 5] /O 

The calculations with binary mixtures may be made more easily graphi- 

cally than algebraically. 
Determination of coal tar dyes other than those permitted——The optical 

method permits a good quantitative estimation with extremely small 

amounts of color, and has been found to be well suited for the determi- 

nation of such non-permitted dyes as orange II, acid yellow G, tartrazine 

and rose bengal in food products. 
Determination of natural coloring matters used for food products.—Very 

few of these coloring matters can be estimated even approximately by 

chemical methods. Even where the coloring principle has never been 
isolated in purity, the method still allows an expression of the amount of 

color in terms of the extinction coefficients and permits standards to be 

set for such food coloring products as caramel, archil, etc. 
A number of samples of saffron examined in the New York Food and 

Drug Inspection Laboratory of the U. S. Bureau of Chemistry have 

shown a wide variation in tinctorial power. One gram of the drug was 
macerated with occasional shaking for 24 hours with 200 ec. of alcohol, 
exactly 50% by volume. Two ce. of this solution were measured off, 

diluted to 100 ce. with 50% alcohol, and the values for e determined. 

The value of the extinction coefficient at 461467yp varied from 0.72-1.73. 
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A few analyses have indicated that curcumine in turmeric root is readily 
determined by extraction of the powdered drug with 95% alcohol in a 

Soxhlet apparatus, dilution of the extract so that the ratio to the weight 

of the turmeric taken is about 10,000: 2 and determination of the extinction 

coefficients of the solution. These may be compared with the values 

obtained with pure crystallized curcumine under the same conditions. 

REPORT ON SACCHARINE PRODUCTS. 

DETECTION OF ARTIFICIAL INVERT SUGAR IN HONEY. 

By F. L. SaHannon (Dairy and Food Department, Lansing, Mich.), 

Associate Referee. 

The work this year was a continuation of work previously inaugurated. 

Last year the referee selected 9 of the tests the literature showed to be 
most commonly used. These 9 tests were submitted to the collaborators 

along with samples and each test studied. From this work the referee 
for 1914 recommended “That four of the tests which proved the most 

satisfactory in the hands of all the collaborators be further studied”’. 

Accordingly instructions for these 4 tests were sent with the samples to 
the collaborators. 

PREPARATION OF SAMPLES. 

Seven samples were prepared as follows: 

Sample A.—Pure honey plus 3% commercial invert sugar!. 

Sample B.—Pure honey plus 5% commercial invert sugar. 

Sample C.—Pure honey plus 10% commercial invert sugar. 
Sample D.—Pure honey. 

Sample E.—Pure honey plus 3% Neumoline?. 

Sample F.—Pure honey plus 5% Neumoline. 

Sample G.—Pure honey plus 10% Neumoline. 

INSTRUCTIONS TO COLLABORATORS. 

It is requested that the following tests be applied to the samples sub- 
mitted: 

FIEHE’S ORIGINAL TEST®. 

Reagent.—Dissolve 1 gram of resorcinol in 100 ec. of HCI (1.19). Redistilled ether. 

Manipulation.—Rub 1 gram of honey in a mortar with ether. Filter off the ether 

and evaporate at room temperature. Moisten the residue with a drop of the reagent. 
Results.—In the presence of artificial invert sugar an orange-red color is devel- 

oped, changing to cherry-red and then to brown-red. Pure honeys sometimes 

give a pink coloration. Note color after standing 10 minutes and again after stand- 
ing 24 hours. 

1 Obtained on the market and sold as such. 
2A commercial product put on the market as a non-crystallizable sirup and 

also a substitute for honey. 
3 Analyst, 1908, 33: 397. 
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HARTMANN’S MODIFICATION OF FIEHE’S TEST!. 

Reagent.—Same as original Fiehe Test. 

Manipulation.—Add 2 drops of the reagent directly to 1 gram of the honey in 
a porcelain dish. 

Results.—If artificial invert sugar is present, a cherry-red color appears as in 

the original test. Natural honeys give the reaction after standing about 45 minutes. 

BRYAN’S MODIFICATION OF FIEHE’S TEST?. 

Reagent.—Same as original Fiehe Test. 

Manipulation.—Place 10 ec. of a 50% honey solution in a test tube and run in 

5 ce. of ether on top. Shake contents gently and allow to stand for some time until 

the ether layer is perfectly clear; transfer 2 ec. of this clear ether solution to a small 

test tube and add a large sized drop of the resorcin solution. Shake and note im- 

mediately the color. 

Results.—In the presence of artificial invert sugar the drop of added acid in the 

bottom assumes immediately an orange-red color, turning to a dark red. 

FEDER’S ANILIN CHLORID TEST:. 

Reagent (freshly prepared).—To 100 ec. of C. P. anilin add 30 ce. of 25% hydro- 
chlorie acid. 

Manipulation.—Mix directly 5 grams of the honey in a porcelain dish with 2.5 

ec. of the anilin reagent. 

Results.—Bright red color indicates the presence of artificial invert sugar. The 

intensity of the color is proportional to the amount present. 

Give your opinion, based on the foregoing tests, as to which samples 
are adulterated, if any, and which are pure, if any. Report results on 
each test on each sample as positive, negative or doubtful. 

TABLE 1. 

Results of collaborators on Sample A. 

(Pure honey plus 3% commercial invert sugar.) 

, HARTMANN’S BRYAN’S 
Goer ean MODIFICATION OF MODIFICAS | ena 

ANALYST FIEHE’S TEST TION OF ANILIN 

a ee ea ee a os) pee 

10 minutes | 24hours | 10minutes| 24 hours eae 

S. F. Sherwood, Bureau | Very Very Trace |Verydark} Trace Very 
of Chemistry, Wash- strong} strong cherry- slight 
ington; DO. eee trace trace red trace 

J. O. Clark, Depart- 
ment of Agriculture, 
Atlantas Gasoaese ces 

W. L. Scovill, Dairy and 
Food Department, i 
Lansing, Mich......... Positive | Positive | Positive | Positive | Positive | Positive 

N. A. Childs, Dairy and 
Food Department, 
Lansing, Mich......... 

F. L. Shannon, Dairy 
and Food Depart- 

Positive | Positive | Positive | Positive | Positive | Positive 

Positive | Positive | Positive | Positive | Positive | Positive 

ment, Lansing, Mich. | Positive | Positive | Positive | Positive | Positive | Positive 
C. G. Sutton, Dairy and 
Food _ Department, Pre 
St. Paul, Minn... .....| Positive] Positive} Positive | Positive | Positive | Positive 

1Z. Nahr. Genussm, 1911, 21: 374. 
2U.S. Bur. Chem. Bull. 154, p. 15. 
3 Analyst, 1911, 36: 586. 
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TABLE 2. 

a Results of collaborators on Sample B. 
(Pure honey plus 5% commercial invert sugar.) 

, HARTMANN’S BRYAN’S FIEHE'S aIGUIRIGRGTONTS _ | FEDER’S 

ANALYST CRASHES a Sere aaa ot Tmo Os Gane 

FIEHD’S ee 

10 minutes} 24 hours | 10 minutes} 24 hours welts 

S. F. Sherwood.......... Very Very Strong |Verydark| Strong | Trace 
strong strong trace | cherry- trace 
trace trace red 

J. O. Clarke .| Positive | Positive | Positive | Positive | Positive | Positive 
WelaiScovillesssseceen =: Positive | Positive | Positive | Positive | Positive | Positive 
INEPAS Childstie ae ccc ae7.- Positive | Positive | Positive | Positive | Positive] Positive 
Ree shannone see ci). - Positive | Positive | Positive | Positive | Positive | Positive 
CGP Sutton..25..5----- Positive | Positive | Positive | Positive} Positive | Positive 

TABLE 3. 

Results of collaborators on Sample C. 

(Pure honey plus 10% commercial invert sugar. ) 

, HARTMANN’S BRYAN’'S , 
FIEHE S MO: oO. ms FEDERS 

Bee oc ORIGINAL TEST See amon te ges ee 

Hit FIEHD’S eid 

10 minutes | 24 hou:s | 10minutes} 24 hours wee 

S. F. Sherwood.......... Very Very Very Very Very Very 
strong| strong| strong| dark strong| strong 
trace trace trace red trace trace 

OS Clarkeys face... let Positive | Positive | Positive | Positive | Positive | Positive 
W. L. Scovill Positive | Positive | Positive | Positive | Positive | Positive 
INevASI@hilds s.- 5)... <n Positive | Positive | Positive | Positive | Positive | Positive 
Wie SHANNON: e<2/-(0.0) +10: Positive | Positive} Positive | Positive | Positive | Positive 
CiGsSutton...--s...4... Positive | Positive | Positive | Positive | Positive | Positive 

TABLE 4. 

Results of collaborators on Sample D. 

(Pure honey.) 

, HARTMANN’S BRYAN’S , 
FIEHE 8S MODIFIC oO = FEDER 8 

Rowan ORIGINAL TEST EA AEOe “TION OF ANILIN 

IE: = 
ea wet 

10 minutes 24 hours 10 minutes 24 hours 

S. F. Sherwood... .| Negative | Doubtful | Negative | Very Negative | Negative 
dark red 

JaOr Clarke:.2.... Negative | Negative | Slight Positive | Negative | Negative 
pink 

Doubtful ' 
W. L. Scovill...... Negative | Positive | Negative | Positive | Negative | Negative 
INGeAM Childs=)..).4: Negative | Negative | Doubtful | Positive | Negative | Negative 
F. L. Shannon.....| Negative | Negative | Negative | Positive | Negative | Negative 
C. G. Sutton...... Negative | Negative | Positive | Positive | Negative | Negative 

Faint pink 
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TABLE 5. 

Results of collaborators on Sample E. 
(Pure honey plus 3% Neumoline.) 

HARTMANN’S BRYAN’S 
paras pee MODIFICATION OF MODIFICA- FEDER 

ANALYST FIEHE S TEST SEEN CHLORID 

TEST TEE 
10 minutes 24 hours 10 minutes 24 hours 

S. F. Sherwood....} Negative | Doubtful | Very Very Very Negative 
slight dark slight 
trace color trace. 

Several 
minutes to 
develop 
color 

J. O. Clarke.......| Positive | Positive | Positive | Positive | Positive | Positive 
W.L. Scovill...... Doubtful | Positive | Doubtful | Positive | Positive | Positive 
N. A. Childs...... Doubtful | Negative | Doubtful | Positive | Doubtful | Doubtful 
F. L. Shannon.....| Negative | Positive | Negative | Positive | Positive | Doubtful 
C. G. Sutton......| Positive | Positive | Positive | Positive | Positive | Positive 

Very faint Light 
pink pink 

TABLE 6. 

Results of collaborators on Sample F. 
(Pure honey plus 5% Neumoline.) 

aes SABTUANAGS BRYAN’S Prin 

eos oncias eee | MgbumeamoNor | woniria: | "ia 
FIEHE'S hoe 

10 minutes 24 hours 10 minutes 24 hours es 

8. F. Sherwood....| Doubtful | Trace Very Very dark | Very Doubtful 
slight red slight 
trace trace 

deOh Clarke enc Positive | Positive | Positive | Positive | Positive | Positive 
W. L. Scovill...... Positive | Positive | Positive | Positive | Positive | Positive 
INGVAS Childsie.2-- Positive | Positive | Positive | Positive | Positive | Positive 
F. L. Shannon.....| Positive | Positive | Positive | Positive | Positive | Positive 
CxGeSsuttons--- Positive | Positive | Positive | Positive | Positive | Positive 

Faint pink Pink 

TABLE 7. 

Results of collaborators on Sample G. 
(Pure honey plus 10% Neumoline.) 

ane Se ET BRYAN’S =Spaets 

ANALYST ORIS HY Ae mest ISHE'S TEST OSG aa 
| ee ee S| TES aa 

10 minutes | 24 hours |10 minutes| 24 hours WEE 

S. F. Sherwood.......... Trace Strong | Trace Very Trace |Trace 
trace dark red 

JeON Clarkes peeecerne Positive | Positive | Positive | Positive | Positive | Positive 
W. L. Scovill............| Positive] Positive | Positive | Positive | Positive | Positive 
INGvAt @hildss-eep-eye ee Positive | Positive | Positive | Positive} Positive | Positive 
F. L. Shannon...........| Positive} Positive} Positive | Positive | Positive | Positive 
CGN Sutton eee Positive | Positive | Positive! Positive | Positive | Positive 
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TABLE 8. 

Conclusion as to purity of samples. 

ANALYST SAMPLE A SAMPLE B SAMPLE C haath SAMPLE E SAMPLE F SAMPLE G 

*. Sherwood.....| Adulterated | Adulterated | Adulterated | Pure | Doubtful Doubtful Adulterated 
); Clarke....... Adulterated | Adulterated | Adulterated | Pure | Doubtful Adulterated | Adulterated 
L. Seovill.......} Adulterated | Adulterated | Adulterated | Pure | Doubtful Adulterated | Adulterated 
A. Childs.......| Adulterated | Adulterated | Adulterated | Pure | Doubtful Adulterated | Adulterated 
L. Shannon..... Adulterated | Adulterated | Adulterated | Pure | Pure Adulterated | Adulterated 
3. Sutton.......| Adulterated | Adulterated | Adulterated | Pure | Adulterated | Adulterated | Adulterated 

COMMENTS OF COLLABORATORS. 

S. F. Sherwood: The color developed in Feder’s test is very uncertain. Hart- 

mann’s modification is liable to give the color reaction in pure honeys and hence 

be misleading. Bryan’s modification is preferable to Fiehe’s original test, as a 

more thorough extraction of the honey is obtained and less time required. The 

color should be developed at once. Bryan’s modification is preferable to any of 

the others. It has been used by the writer frequently and with satisfactory results. 

J. O. Clarke: All reactions on Sample No. 5 were somewhat faint, but sufficient 

to be classed as ‘“‘positive’’. 

W. L. Scovill: In Bryan’s modification of Fiehe’s test it is preferable to add 2 

drops of the reagent instead of 1. The 24 hour test with the original Fiehe reaction 

and Hartmann’s modification is not characteristic, as a pure honey will give a posi- 
tive reaction. 

The original Fiehe test and Hartmann’s modification give slight positive re- 

actions with pure honey. 
F.L. Shannon: There is no advantage in either Fiehe’s original or in Hartmann’s 

modification in allowing them to stand 24 hours and then drawing conclusions. The 

color is well developed in 2 minutes and the best conclusion can be drawn at the 

end of that time. 

DISCUSSION. 

The results of the collaborators on these 4 tests indicate that it is not 

possible in all cases to detect artificial invert sugar in honey when the 

adulteration is less than 5%. It is also evident that the possibility of 

detecting artificial invert sugar in honey depends upon the nature of the 

invert sugar present. None of the collaborators hesitated to pronounce 

Samples A, B and C adulterated although Sample A contained but 3% 

adulterant, while in the case of Sample E, which contained but 3% adulter- 

ant, all were doubtful as to its purity, although not quite positive that it 

was adulterated. Sample A contained 3% of one kind of invert sugar 
and Sample E 3% of another. 

All of these reactions depend upon furfural or its derivatives and the 

intensity of the color developed depends upon the amount of furfural 

present. This may be large or small, depending upon the manner in 

which the artificial invert sugar has been made. No accurate conclusions 

—S 
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can be drawn, therefore, from any of the tests as to the amount of the 

adulterant present. 

Nothing is gained by allowing any of the tests to stand for any length 

of time before drawing conclusions. ‘The color in all instances is developed 
at once when the adulteration is perceptible. 

RECOMMENDATIONS. 

It is recommended— 

(1) That Bryan’s modification of Fiehe’s test, as given on page 150, 
be adopted as provisional. 

(2) That Fiehe’s test as given on page be 149, adopted as provisional, 

except that the sentence ‘‘ Note color after standing 10 minutes and again 
after standing 24 hours”’, be stricken out. 

(8) That Feder’s anilin chlorid test, as given on page 150, be adopted 

as provisional, except that the sentence ‘The intensity of the color is 

proportional to the amount present”’, be stricken out. 

The Association adjourned at 11.55 to reassemble at 1 p.m. 



MONDAY—AFTERNOON SESSION. 

REPORT ON FRUIT PRODUCTS. 

By P. B. Dunpar, Associate Referee, AND H. A. Lepper (Bureau of 

Chemistry, Washington, D. C.). 

The work on fruit products during the past year has been directed 

principally to a further study of methods for the determination of malic 

and citric acids. The associate referee for 1914, Mr. H. C. Gore, recom- 

mended a continued study of his proposed methods for the determina- 

tion of these acids, and this recommendation has been followed in the 

case of the malic-acid method. The present referee has been unable to 

secure any details of the proposed method for citric acid and consequently 

no work on this method has been undertaken. A study has been made, 

however, of the modification of Stahre’s method! for the determination 

of citric acid, recently published by Kunz.?. The “Methods for the analyses 

of fruits and fruit products,’’* have also been reviewed, and a critical study 
of the modified Schmidt-Hiepe method for tartaric, citric, and malic acids‘ 

has been made. It has not seemed advisable to send out collaborative 

samples during the present year, as the details of the methods under study 

have not been completely worked out. 

CITRIC ACID. 

A somewhat detailed abstract of the method proposed by Kunz for 

the determination of citric acid has already been published.? The quan- 

titative method described is applicable only to the determination of citric 

acid in wines presumably dry. Methods for its qualitative detection in 

milk, marmalade, and fruit sirup are also described. 
The quantitative method as applied to wine consists in treating the 

concentrated sample with sulphuric acid and bromin water, followed by 

a solution of potassium bromid. The solution is then oxidized with 

potassium permanganate, when insoluble pentabromacetone is precipitated 

quantitatively. While the method appears promising for the determi- 

nation of citric acid in dry wines and other materials containing small 

amounts of permanganate reducing substances, it cannot be applied directly 

1 Nordisk Tidsskrift (1895), 2: 141; Z. anal. Chem. (1897), 36: 195. 
2 Arch. Chem. Mikros (1914), 7: 285-299. 
3U.S. Bur. Chem. Bul. 107 (rev.), pp. 77-82. 
4 Ibid., pp. 80-81. 
5 Chem. Abstracts (1915), 9: 687. 
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to fruit juices on account of the presence of large amounts of sugar. 

It, therefore, becomes necessary in order to apply the method to adopt 

some procedure for the precipitation of citric acid and its removal from 

most of the other permanganate reducing bodies. Precipitation as barium 

citrate from alcoholic solution has been advocated by many investigators, 
and seems to offer the most practical method of procedure. 

The method as finally adopted for study differs little, except for the 

fact that the citric acid is previously precipitated as barium citrate, from 

that recommended by Kunz for the determination of citric acid in wine. 

The procedure used for precipitating the acid is essentially that recom- 

mended for malic acid by the previous referee, Mr. Gore, but a solution 

of barium hydroxid is used instead of the solid substance, and the pectins 

are not removed before precipitation of barium citrate. 

The method is as follows: 

Determine the total acidity of the sample. It is convenient to use 1% azolit- 

min (made by dissolving 1 gram azolitmin in 80 cc. hot water, diluting to 100 ce. 

with 85% alcohol, and filtering) as an indicator in conjunction with a porcelain 

spot plate. 

Weigh out 25 grams of the sample and transfer to a 600 ec. beaker with 95% alco- 

hol; add an amount of approximately 0.25 N/1 barium hydroxid solution just suf- 

ficient to neutralize the acidity of the sample and 5 drops of 50% barium acetate 
solution, to insure an excess of barium. Dilute to a total volume of 375 ce. with 

95% alcohol, stir well and allow to settle. After the precipitates of pectins and bari- 

um salts have settled well, decant the supernatant liquid into another beaker. 
Filter the decanted liquid through a folded filter to remove any small portions of 
precipitate which it may contain and wash the beaker with 95% alcohol. Filter 

the remainder of the pectin and barium salt precipitate on the same paper and 
wash the beaker and paper once with 95% alcohol. Transfer the precipitate quan- 

titatively from the paper to the original beaker with hot water, boil until no more 

alcohol can be detected by odor, add enough sulphuric acid (1:5) to precipitate 

all of the barium originally added and to allow 2 ce. of the acid in excess, evaporate 

by careful boiling to between 60 and 70 cc., cool and add 5 ee. of freshly prepared 
saturated bromin water; the solution should show an excess of bromin. Transfer 

quantitatively to a 100 ce. graduated flask and dilute to the mark at room tempera- 

ture; allow the precipitate of barium sulphate and that caused by the addition of 

bromin to settle and filter. The precipitate may be separated by centrifuging, and 

the supernatant liquid decanted if necessary. Now pipette an aliquot of the fil- 
trate, containing not more than 400 mg. of citric acid, calculated from the total 

acidity of the sample, into a 300 cc. Erlenmeyer flask. The amount of citric acid 
in the aliquot should, if possible, exceed 50 mg. Add 10 ce. sulphuric acid (1:1) 

and 5 ee. of potassium bromid solution (15 grams KBr in 40 ce. water). After shak- 

ing, warm the flask in a water bath to 48-50°C. and allow it to remain in the bath for 

five minutes. After removing from the bath, add 25 ec. of 5% KMn0O, from a burette 

in rapid drops with frequent interruptions and constant vigorous shaking, care 

being taken that the temperature during oxidation does not exceed 55°. Set the 

flask aside until the hydrated peroxid of manganese begins to settle. (The super- 

natant liquid should be dark brown in color, showing an excess of KMnO,. If an 

excess is not indicated, more KMnO, must be added.) Then shake and again set 

— 
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aside to settle, and repeat this operation until the precipitate takes on a yellow color 

and most of it has dissolved. Finally, while the solution is still warm, remove the 

last undissolved portion of the hydrated peroxid of manganese precipitate and also 
the excess of bromin by adding drop by drop a clear concentrated solution of fer- 

rous sulphate acidified with H2SO,. Allow the solution to cool, with occasional 
shaking. If the operations have been properly carried out, a heavy white precipi- 

tate of pentabromacetone is obtained. This becomes crystalline on occasional 

shaking and in this condition is entirely insoluble in water. After the precipi- 
tate has become crystalline, preferably after standing overnight, collect it by means 

of gentle suction on a porcelain Gooch crucible provided with a thin pad of asbestos, 

previously dried over H2SO, in a vacuum desiccator, and wash with distilled water 
slightly acidified with H2SO, and, finally, twice with distilled water (if the pre- 
cipitate has a tendency to pass through the filter, 1% H2SO, should be used for 

washing). Dry the precipitate to constant weight in a vacuum desiccator over 

H.SO, protected from strong light. The weight of pentabromacetone multiplied 

by the factor 0.464 equals citric acid plus 1 moleculé of water of crystallization. 

It sometimes happens that the pentabromacetone is obtained in the form of oily 

droplets. These also become crystalline on standing, or on cooling, but are usually 
discolored by negligible traces of manganese or iron. There appears to be no dif- 

ference in the results obtained whether the precipitate is originally in the form of 

erystals or oily droplets, which later become crystalline. 

The accuracy of this method has been tested by determinations on 

water solutions of citric acid containing varying amounts of sucrose, 

and on diluted apple sirup and raspberry sirup containing added known 

amounts of citric acid,and in some cases added malic and tartaric acids. 

The results obtained are given in Table 1. 

According to Partheil and Hiibner,! 100 grams of alcohol of specific 

gravity 0.8092 dissolves 0.00578 gram of barium citrate (CsH;O07)2 Bas + 

7H20) at 25°C. 
In determining small percentages of citric acid, the solubility of barium 

citrate in the volume of alcohol used will give rise to a relatively large 

error in the percentage recovered. Considerable time has been given 

to attempts to obviate this difficulty by determining the citric acid with- 

out previous precipitation, but these have been unsuccessful. It is hoped 

that the difficulty may be met by the use of a solubility correction. It 

is hardly necessary to point out, however, that a relatively small variation 

in the actual weight of citric acid found will give a marked variation in 

the percentage recovered and that comparisons should be made between 

the actual weights, in grams per 100 cc., of citric acid present and found. 

From the results on sirups containing added malic and tartaric acids, 

it appears that these acids do not interfere withthe determination. This 

has been further shown by applying the method to 50 ce. portions of 1% 

solutions of malic, tartaric,and succinic acids. In no case was a precipi- 

tate obtained. 

' Arch. der Pharm., 241: 412-435; Chem. Centr. (1903), 74: (2), 1026. 
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This method seems of sufficient promise to warrant further study, and 

it is recommended that the referee for the following year be instructed 

to take up this work and, if possible, to send out collaborative samples. 

TABLE 1. 

Determination of citric acid by Kunz modification of Stahre’s method. 

CITRIC ACID IN AQUEOUS SOLUTION. 

NO PRELIMINARY PRECIPITATION AS BARIUM CITRATE. 

CITRIC ACID PRESENT 

CITRIC ACID RECOVERED 
In 50 ce. sample Per 109 ce. 

gram gram gram gram per 100 cc. per cent 

0.0184 0.04 0.013 0.03 75.0 
0.0908 0.18 0.086 0.17 95.2 
0.0923 0.18 0.089 0.18 100.0 
0.1845 0.37 0.181 0.36 97.3 
0.1853 0.37 0.180 0.36 97.3 
0.2270 0.45 0.223 0.45 98.3 
0.2779 0.56 0.275 0.55 98.2 
0.3706 0.74 0.370 0.74 100.0 
0.4632 0.93 0.461 0.92 98.9 

PRECIPITATION AS BARIUM CITRATE INCLUDED. 

APPROXIMATE 

Sie Doe wae AMOUNT SUCROSE crTmic ACID RECOVERED 
In 25 cc, sample Per 100 ce. 100 cc. 

gram grams grams grams grams per 100 cc. per cent 

0.4610 1.84 0 0.4503 1.80 97.68 
0.4610 1.84 0.5 0.4491 1.80 97 .42 
0.4610 1.84 1.0 0.4493 1.80 97.47 
0.4610 1.84 2.0 0.4487 1.79 97.33 
0.4610 1.84 5.0 0.4465 1.79 96.85 
0.4610 1.84 10.0 0.4448 1.78 96.50 
0.4610 1.84 20.0 0.4455 1.78 96.64 

ADDED CITRIC ACID IN DILUTED APPLE SIRUP. 

CITRIC ACID PRESENT 

In 25 ce. sample 

gram 

0 
0.0369 
0.0484 
0.0554 
0.0727 
0.0923 
10.0969 
20.0969 
0.1211 
0.1845 
0.2707 
0.4060 

Per 100 ce. 

HroSSoSSSSoS 

iN) Jo} 

APPROXIMATE 

MALIC ACID 
PRESENT 

per cent 

0.51 
0.03 

12.5 grams sucrose added to 25 cc. sample. 
25 grams sucrose added to 25 cc. sample. 

gram 

i) BS 

ooo Orde GO oon 

ooososossoss 

S we bo 

CITRIC ACID RECOVERED 

grams per 100 cc. per cent 

Hooooossooso 

ow bo 

NONe ww 



1917] DUNBAR AND LEPPER: FRUIT PRODUCTS 179 

TABLE 1.—Continued. 

ADDED CITRIC ACID IN RASPBERRY SIRUP. 

aE CIDE RES aN APPROXIMATE | APPROXIMATE 

MALIC ACID TARTARIC ACID CITRIC ACID RECOVERED? 

eee aS Per 100 cc. ADDED epee 

gram gram per cent per cent gram 00 Be per cent 

40.1373 0.55 0 0 0.155 0.62 112.7 
40.1373 0.55 0 0 0.154 0.62 nne)7/ 
50.0992 0.40 0 0 0.097 0.39 97.5 
50.0992 0.40 0.39 0 0.094 0.38 95.0 
50.0992 0.40 0 0.40 0.097 0.39 97.5 
50.0992 0.40 0.19 0.20 0.093 0.37 92.5 

? The last four determinations are corrected for the amount of citric acid found in the original sirup by 
precipitation. ai f 
*  4Calculated from titration of original sirup. |_| 

5 Grams of citric acid added in excess of that originally present. 

MALIC ACID. 

The previous referee, Mr. Gore, has given considerable attention to 

a study of methods for the determination of malic acid during the past 

three years. In his report for the year 1912! he gives results obtained 

by eight collaborators, using the polariscopic method proposed by Dun- 

bar and Bacon.? This method depends on the change in the rotation 

of malic-acid solutions when treated with uranyl acetate. The sample 

of cider analyzed contained 0.50% of total acidity calculated as malic. 

The results reported varied from 0.468 to 0.531%, and averaged 0.49%. 

During the following years, Mr. Gore paid considerable attention to the 

effects, on the rotations of uranium-malic acid solutions, of various fac- 

tors. He further investigated the possibility of developing a method 

based on the change in rotation of malic-acid solutions when treated with 

ammonium heptomolybdate. As a result of this work he suggested, in 

his report for 1914, two polariscopic methods for the determination of 

malic acid, both of which call for a preliminary precipitation of the acid 

as barium malate. 

The uranyl-acetate method suggested differs from the Dunbar-Bacon 

method, first sent out by Mr. Gore for collaborative work, in that pre- 

cipitation of malic acid is suggested, a solution of uranyl acetate is used 

in place of the solid salt, and the amounts of malic acid are determined 

by referring the polariscopic reading to a table, rather than by the use 

of a constant factor. The method of Dunbar and Bacon is not appli- 
cable in the presence of tartaric acid nor in the case of highly colored 

liquids which cannot be readily polarized. A method whereby the malic 

acid may be precipitated and separated from interfering substances is 

therefore highly desirable. The use of a solution of uranyl acetate in 

1U.S. Bur. Chem. Bul. 162, p. 63. 
2U.8S. Bur. Chem. Cire. 76. 
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place of the solid salt is also advantageous in that it obviates the indefinite 
error of dilution, due to the solution of unknown amounts of uranyl 
acetate. In the case of products containing small amounts of malic 

acid, however, the dilution of the solution with an equal volume of uranyl- 

acetate solution produces a corresponding decrease in the polarization 

and thereby increases the relative percentage error due to inaccuracies 
in reading the polariscope. 

The 1914 report on fruit products contained results by only two col- 
laborators using the proposed methods for malic acid suggested by Mr. 

Gore. These, unfortunately, do not agree very satisfactorily, and it 

seemed advisable, therefore, to carry out further experimental work with 

solutions containing known amounts of malic acid. Numerous difficulties 

were encountered in precipitating the acid; and, although considerable 

time was given to the work,the results so far obtained are not such as 

to justify a final recommendation regarding the method. It was found 

TABLE 2. 

Determination of malic acid by the uranyl-acetate and molybdate methods in aqueous 
solutions containing tartaric acid. 

MALIC ACID PRESENT MALIC ACID RECOVERED 
TARTARIC 

ACID PRES- 
In 25 cc ENT IN 25 cc. 

sample Per 100 cc.| samPLE By uranyl-acetate method By molybdate method 

gram gram gram gram a0 é x ge per cent gram lee re per cent 

0.0938 0.38 0.0997 0.092 | 0.37 97.4 0.102} 0.41 107.9 
0.0938 0.38 0.1496 0.088 | 0.35 92.1 0.100 | 0.40 105.2 
0.1407 0.56 0.0997 0.130 | 0.52 92.9 0.157 | 0.63 112.5 
0.1876 0.75 0.0499 0.165 | 0.66 98.0 0.223 | 0.89 118.6 

to be difficult, if not impossible, to dissolve the solid barium hydroxid 

which is added to precipitate the malic acid, and a strong standardized 

barium-hydroxid solution was therefore substituted. The error due to 

the solubility of barium malate does not seem to be serious. It was 
found, however, that in the case of solutions containing malic and tartaric 

acids, a sufficient amount of barium tartrate was dissolved to reduce 

the negative polarization somewhat in the uranyl-acetate method and 
increase it in the molybdate method. The irregularities of results due 

apparently to this cause are shown in Table 2. Comparison of the actual 

weights of malic acid present with those found, however, show that the 

error in grams per 100 ec. is not large. In the case of determinations of 

malic acid in fruit juices, much of the color of the original sample is ear- 

ried down with the barium precipitate and again dissolved when this 

precipitate is taken up in water. 

It thus appears that the method suggested for the precipitation of 

barium malate does not entirely obviate the difficulties in the original 

method when interfering color is present, but is of promise in determining 

aT 
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malic acid in the presence of tartaric when the color of the solution is not 

excessive. In the absence of tartaric acid and color the precipitation 

method introduces a number of time-consuming operations without 
materially affecting the results. 

The work which was undertaken on citric acid prevented an extended 

study of the malic-acid method. From the results of the collaborative 

work reported by Mr. Gore in 1912 and those obtained by the present 

referee and reported in U.S. Bureau of Chemistry Circular 76, it would 

appear that the malic-acid method as originally described in that circu- 
lar can undoubtedly be applied with accuracy to solutions which can be 

polarized readily and which contain no optically active acid other than 

malic. Where the amount of malic acid present is sufficient, the use of a 

solution of uranyl acetate is apparently to be preferred to the solid salt. 

When it is possible to make readings without difficulty, rapid determi- 

nation may be made with reasonable accuracy without previous neu- 

tralization or clarification by polarizing before and after treatment with 

uranyl acetate. In the presence of tartaric acid, preliminary precipitation 

as the barium salt is advantageous. 

REVIEW OF METHODS FOR THE ANALYSES OF FRUITS AND 
FRUIT PRODUCTS. 

A number of recommendations for changes in the methods for the analyses 

of fruits and fruit products have been forwarded to the chairman of the 

committee on the revision of methods. These recommendations will 
doubtless be included in the report of the committee. 

TABLE 3. 

Experiments with the Schmidt-Hiepe method for tartaric, citric, and malic acids.} 

TARTARIC ACID CITRIC ACID MALIC ACID 
NO. 

Added Recovered Added Recovered Added Recovered 

gram gram per cent gram gram per cent gram » gram per cent 

1 | 0.4896 | 0.4834 | 98.73 | 0.4601 | 0.3955 | 85.96 |........ OFO3045 is ctaerocis 
2 | 0.4896 | 0.4884 | 99.76 |........ OFOOL9)) | Feeinecrs 0.4856 | 0.4000 | 82.37 
8) | Dereeaeee OVOL95S Rees rect 0.4462 | 0.2957 66.27 | 0.4856 | 0.5832 | 120.1 
4 | 0.3917 | 0.3856 | 98.44 | 0.3570 | 0.1760 | 49.30 | 0.3885 | 0.4536 | 116.8 
5 | 0.1469 | 0.0706 | 48.06 | 0.1339 | 0.0803 | 59.97 |........ O205863|fececrs 
Gy O1469) 15020702) | 47.781). 0... O30025)) ei... tr 0.1457 | 0.1286 | 88.29 
Of |ptoeteenee OFO00753|eaeee 0.1339 | 0.0141 10.53 | 0.1457 | 0.1631 | 112.0 
8 | 0.0979 | 0.0957 | 97.75 | 0.0920 | 0.0118 | 12.83 | 0.1003 | 0.0141 13.06 
9 | 0.0490 | 0.0342 | 69.80 | 0.0460 | 0.0109 | 23.69 ]...... lost)\ |ieshaciece 

10 | 0.0490 | 0 (1) eh ig eee OROUODT | Perce 0.0502 0 
ilile NC i aaieag OVOO45 se rne ck 0.0460 | 0.0048 10.43 | 0.0502 lost) |Mrcmeasre 
12 | 0.0490 | 0.0305 | 62.24 | 0.0460 | 0 0 0205027) Wost eal fener. 

1U. S. Bur. Chem. Bul. 107 (rev.), p. 80. 
In 3, 7, and 11, where a recovery is recorded for tartaric acid when none was present, the titer was probably 

caused by calcium acetate retained, due to the limitation to the washing. 
The amount of tartaric acid recovered in 3, 7, and 11 is the amount actually titrated, the 0.0286 gram 

dissolved in the 100 ce. filtrate not being added, as no tartaric was present. 
The amount of malic recovered was always corrected for the tartaric (0.0286) present when it was known 

to be there, due to original addition. 
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Table 3 contains the results of a study of the modified Schmidt-Hiepe 
method for the determination of tartaric, citric, and malic acids. From 

these results it appears that the method is unreliable, and should be 
dropped as one of the official methods. 

RECOMMENDATIONS. 

It is recommended— 

(1) That the Kunz modification of Stahre’s method for the determina- 
tion of citric acid be further studied. 

(2) That the uranyl-acetate and ammonium heptomolybdate methods 

for the determination of malic acid be further studied. 

(3) That the method for ‘Tartaric, citric, and malic acids (Schmidt- 

Hiepe method modified) official’?! be dropped. 

REPORT ON WINE. 

By B. G. Hartmann (Bureau of Chemistry Food and Drug Inspection 

Laboratory, Chicago, IIl.), Associate Referee.” 

The provisional method for the determination of total tartaric acid 
content in wines,’ is inaccurate and unreliable. In a paper read before the 

association in 1912, Hartmann and Eoff called attention to this fact, 

presenting proof in support of their criticisms and offering for trial a 

modification of this method. This paper gave the initiative for a series 

of codperative investigations extending over a period of three years, con- 

ducted for the purpose of determining the relative merits of the two 

methods as to their accuracy and adaptability to varying conditions. 

In the course of these investigations the methods were tried on wines, 

grape juices, and synthetic solutions containing varying amounts of tar- 

taric and phosphoric acids. 

The results of this work proved conclusively that the provisional method 

is far from satisfactory, whereas the proposed method was found to be 

accurate and reliable. 
During the present year five samples of grape juice, with and with- 

out the addition of tartaric acid and phosphoric acid, were sent to col- 

laborators with the following instructions: 

INSTRUCTIONS TO COLLABORATORS. 

The samples were filtered and no precipitation is expected. However, as a pre- 
cautionary measure, shake the samples thoroughly just before measuring the 

various portions. 

U.S. Bur. Chem. Bul. 107 (rev.), pp. 80-81. 
* Presented by M. J. Ingle. 
3U.S. Bur. Chem. Bul. 107 (rev.), p. 86. 
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ACIDITY OF THE JUICE. 

Measure 10 cc. of the sample into a 250 ec. beaker, add 20 ce. distilled water and 

titrate with tenth-normal sodium hydroxid until two drops of the solution when 
mixed on a porcelain tile with several drops of a neutral azolitmin solution give no 

red tint. Prepare the azolitmin solution by dissolving 0.5 gram pure azolitmin in 

a liter of distilled water, neutralizing with either acid or alkali, as the case may be. 

DETERMINATION OF TOTAL TARTARIC ACID. 

Provisional method.—Determine as described in U. 8. Bureau of Chemistry Bul- 
letin 107 (revised), page 86, using 50 cc. of sample, and dilute with 50 ce. distilled 

water. Use 20 ce. of alcohol instead of 15 ce. Collect the cream of tartar crystals 

on a double filter paper in a Biichner funnel (see U. S. Bureau of Chemistry Bulletin 

162, p. 73) and titrate with N/10 alkali, using phenolphthalein as indicator. Multiply 

by 2 to obtain grams per 100 cc. Do not stir longer than 1 minute and do not place 
in an ice box for the 15 hours prescribed, but allow to remain at room temperature. 

Proposed method (Hartmann and Eoff!).—Transfer 50 cc. of the sample to a 250 ee. 

beaker and neutralize with sodium hydroxid. The amount of normal alkali re- 

quired is calculated by multiplying the cc. N/10 sodium hydroxid required to titrate 

the 10 ce. of the sample (under 1) by 0.5. To the neutralized solution, add enough 

water to make 100 cc. and add tartaric acid. The tartaric acid used should be of 

the purest obtainable and should be powdered and dried for about two hours at the 
temperature of boiling water. Determine the purity of the tartaric acid by titrat- 

ing 0.30 gram with N/10 alkali, using phenolphthalein as indicator. Keep the tartaric 

acid in a desiccator. The amount of tartaric acid to be added is calculated by mul- 
tiplying the number of cc. N/1 NaOH required to neutralize the 50 ce. sample 
by 0.075. Weigh the amount accurately. 

After the tartaric acid has gone into solution, add 15 grams powdered potassium 

chlorid and stir until the salt has dissolved. Now add 2 ce. glacial acetic acid 
and 20 ec. of 95% alcohol. Stir until precipitation has started and place in an ice 

box for at least 15 hours. Collect the cream of tartar crystals on a double filter 

paper in a Biichner funnel and titrate with N/10 alkali, using phenolphthalein as 
indicator. Calculate the total tartaric acid and subtract the tartaric added, making 

proper correction for purity of the latter. This will give the tartaric acid in 50 ce. 
Multiply by 2 to obtain grams per 100 cc. 

The basis of the five samples was a pure Concord grape juice. In 

order to prevent precipitation of potassium acid tartrate, the filtered juice 

was diluted with 25% of distilled water. The samples were made up 
as follows: 

No. 1.—The diluted juice. 

No. 2.—The diluted juice with the addition of 0.569 gram of tartaric acid per 
100 ce. 

No. 3.—The diluted juice with the addition of 0.06 gram of phosphoric acid per 
100 ce. 

No. 4.—The diluted juice with the addition of 0.30 gram of phosphoric acid per 
100 cc. 

No. 5.—The diluted juice with the addition of 0.086 gram sodium carbonate to 

neutralize the free tartaric acid. 

1U.S. Bur. Chem. Bul. 162, p. 72. 
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All samples were sterilized. 

The following results were obtained by the collaborators and the 

associate referee. 

Total tartaric acid (grams per 100 cc.). 

SAMPLE 

ANALYST 1 2 3 4 5 

No.1] No.2} No.1 | No.2 | No.1} No.2 | No.1] No.2 | No.1 | No.2 

JR. Koff, Jr, { [0-528] 0.614] 0.912] 1.210) 0.504] 0.614] 0.414| 0.628] 0.555]0.624 
- R. Eoff, Jr... 4 |9 534] 0.608] 0.924| 1.208] 0.507] 0.620] 0.408] 0.620] 0.558)0.620 

MaJatnglon nce 0.558| 0.627 0.969] 1.205] 0.542| 0.636] 0.433] 0.638] 0.590|0.637 
FD. Merrill... { [0-578] 0.628] 1.024] 1.213] 0.579] 0.586] 0.382) 0.586] 0.562|0..602 
-D. ua) ce O68) 1024 ees iewevgnill me a Ihak nae a 0.56810 .606 
hee 0.556] 0.626] 0.960] 1.200] 0.544| 0.613] 0.444] 0.627] 0.582|0.615 

- H. Berry...- ) lq 564) 0.629] 0.964] 1.205] 0.550| 0.625] 0.450] 0.633] 0.585|0.615 
Eade iiostaa f 0.538] 0.618] 0.952) 1.200] 0.526] 0.636] 0.435] 0.644| 0.584|0.632 

{ |o.562| 0.618] 0.960 1.190] 0.544| 0.613| 0.438] 0.618| 0.586|0.618 
B. G. Hartmann ) |9 568) 0 623| 0.972| 1.195! 0.550 0.620] 0.442| 0.625] 0.58810.620 

Average......... 0.554 0.622 0.966) 1.203) 0.538) 0.618) 0.427) 0.624) 0.576/0.619 

No. 1, provisional method; No. 2, proposed method. 

No comments on the two methods were offered by the collaborators. 

M. J. Ingle submitted the results which he obtained on the five samples 

by the Rochelle-salt method, as follows: 

The following are the results obtained by using Rochelle salt on the five samples 
submitted. I did not add any alkali to these determinations, merely a quantity of 

Rochelle salt calculated by multiplying the number of cc. of N/1 alkali required 
for complete neutralization by the factor 0.141. The portions of the juice used were 

measured on July 19 and had to be thoroughly shaken to mix in the precipitated 

tartar. I then added 50 ce. of water, 2 cc. acetic, 15 grams KCl, and 20 ce. of 95% 

alcohol, and placed in the ice box over night. Iran these determinations in dupli- 

cate and obtained good checks. I found out that one cannot be certain of the state 

of hydration of these salt crystals, particularly if grinding is resorted to. It will 
therefore be necessary to run a blank in duplicate on 1-gram samples of the salt 

as used. The tartaric acid recovered will represent the factor for obtaining the per- 

centage of acid added from the weight of Rochelle salt used. 

The procedure in the case of the blank consisted in merely diluting to 100 ce. 

and adding the acetic and other constituents, omitting, as above, the potassium 

acetate. 

Total tartaric acid (grams per 100 cc.). 

Rochelle-salt Proposed 
method method 

Neg ee sat enero ileioreraiclaeeacecineeeitenneeceee 0.624 0.627 
NOs: 2s sresc.corhscaiSuasetalereiasereteialeroheye ia yeere Ontalee otetocteteieroete back: 1.170 1.205 
IX ies Hone an Anon bunenonepudnaddudoduboc cscadoossadac 0.624 0.636 
IRC SANSOM Se nO ss cnaccoboaaoouscs Ebpooopeooosudnoos 0.620 0.638 
Ni paiipecamonobn: piooconaoddaonuconsuEesocuccosacauCeKe 0.640 0.637 
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DISCUSSION OF RESULTS. 

The general average of the results obtained by the collaborators for 

the two methods are: 

Total tartaric acid (grams per 100 cc.). 

Provisional Proposed 
method method 

INO ep Dee rarerene onTev erate Teneo vegeta le oleic a's vahe' sie 270 folate cogs Cafeielesereelonniets 0.554 0.622 
INO Gp rarer opere Panetta ote Les eles okese ese) cl ste ater e: sy vvexshaterahsy shevatoieraleteveevave 0.966 1.203 
INS. aapeco co beblsoo0 nn GoOnneOCOUBHE Op OaRenenneatine 0.538 0.618 
INO so AF cetera tetera ctetad ese fotereysisrera\icse: 0:0 ivi suctclairelerernielnvernterereieyals 0.427 0.624 
INOS atereteset Fetes Palen cdstabe eceseracs (evel seeis os cess ale soley auere/opereleceverelelale 0.576 0.619 

With the exception of sample No. 2, the total tartaric-acid content of 

the five samples submitted is identical. Taking as a basis the general 

average (0.621) of the results obtained on these four samples by the pro- 
posed method, the recoveries by the provisional method are: 

Per cent 

INowela(containine free tartaric acid). shana. «cs gec cs ce'ce lc veces ¢ 89 
No. 3 (containing 0.06 gram phosphoric acid).................... 87 
No. 4 (containing 0.30 gram phosphoric acid).................... 70 
INO} 5) (containing no free tartaric acid) .....5.....0c ence cece ene 93 

Sample No. 2 had an addition of 0.569 gram of tartaric acid per 100 ce. 

Of this amount the proposed method recovered 102% and the provisional 
method 61%. 

From these results it is evident that the provisional method is un- 

reliable and inaccurate and that the proposed method gives very satis- 

factory results. Regarding the provisional method the results show— 

(1) That it fails to determine all the free tartaric acid. 

(2) That the addition of potassium acetate has a decomposing effect 

upon potassium-acid tartrate. 

(3) That the presence of a free mineral acid such as phosphoric acid 

partially prevents the formation of potassium-acid tartrate. 

The first two points, the presence or absence of free tartaric acid, are 

the two conditions occurring in natural wines and grape juices, whereas 

the presence of added phosphoric acid is very often met with in artificial 

grape products, such as grape-juice sirups and other soda-fountain bever- 

ages. Accordingly, the provisional method is not applicable to any of 

the conditions which occur in wines or grape juices, unless it is assumed 

that a relative amount of free tartaric acid retards the decomposing 

action of the potassium acetate upon potassium-acid tartrate: 

KAc + H:T = KHT + HAC. 

In conclusion it should be said that the deductions made from the 

results obtained in this investigation are similar to those made in the 
three previous reports on this subject. 
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In making a recommendation for the adoption of the proposed method, 

it seems desirable to call attention to the fact that many results have 

been published on authentic samples of wines and grape juices of known 

purity examined by the provisional method. Results obtained by the 
proposed method would not, therefore, be comparable with previously pub- 

lished figures. It does not seem, however, that a method found to be 

entirely unsatisfactory should be retained by the association. 

~ RECOMMENDATION. 

It is recommended— 
That the provisional method be dropped by the association and the 

proposed method be adopted for the determination of total tartaric acid 

in wines, grape juice, and soda-fountain sirups. 

The following is the method for wines: 

Neutralize 100 cc. wine with normal sodium hydroxid. The amount of alkali 

necessary for neutralization is calculated from the acidity of the wine. If the 

volume of the solution is increased more than 10% by the addition of the alkali, 

evaporate the solution to approximately 100 ce. Add tartaric acid to the neu- 

tralized solution. For each cubic centimeter normal alkali used add 0.075 gram 

tartaric acid.1 After the tartaric acid has dissolved, add 2 ce. glacial acetic acid 

and 15 grams potassium chlorid. After the potassium chlorid has dissolved, add 

15 ec. of 95% alcohol, stir vigorously until the cream of tartar starts to precipi- 

tate, and let stand for at least 15 hours in an ice box. Decant the liquid from 

the separated acid-potassium tartrate on a Gooch prepared with a very thin film 
of asbestos or on filter paper ina Biichner funnel. Wash the precipitate and filter 
three times with a small amount of mixture of 15 grams of potassium chlorid, 20ce. 

of 95% alcohol, and 100 cc. of water, using not more than 20 cc. of the wash 

solution in all. Transfer the asbestos or paper and precipitate to the beaker in 
which the precipitation took place, wash out the Gooch or Biichner funnel with 

hot water, add about 50 cc. of hot water, heat to boiling, and titrate the hot so- 

lution with tenth normal sodium hydroxid, using phenolphthalein as indicator. 

Increase the number of cubic centimeters of N/10 alkali required by 1.5 cc. on ac- 

count of solubility of the precipitate. One cubic centimeter of N/10 alkali is 

equivalent to 0.015 gram tartaric acid. To ascertain the tartaric acid originally 
present in the wine, subtract the amount of tartaric acid added. This will give 

the grams of total tartarie acid per 100 ce. of wine. 

1 The tartaric acid used should be of the purest obtainable and should be powdered 
and dried for about two hours at the temperature of boiling water. 

In the case of grape juice or sirups, use 50 ce. of the sample, neutralize with normal 
sodium hydroxid, and add distilled water to 100 cc. volume. Proceed as under wine, 
adding 20 ce. of alcohol instead of 15 ce. After subtracting the tartaric acid added, 
multiply by 2 to obtain grams total tartaric acid in 100 ce. 
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REPORT ON BEER. 

By H. S. Parne (Bureau of Chemistry, Washington, D. C.), 

Associate Referee. 

No plan for further work was submitted in the last report of the asso- 

ciate referee on this subject and, owing to a combination of circumstances, 

a plan for work which was deemed to be sufficiently profitable was de- 

vised too late for submittal to the collaborators. 

Briefly, the matter may be stated as follows: Comparison of the analyses 

of various malt beverages, correlated with a knowledge of the conditions 

of the mash, leads to the conclusion that the methods employed for the 

determination of maltose (or “reducing sugars’’) and dextrin do not yield 

accurate results in all cases—the degree of accuracy being variable— 
that is, fairly acceptable in some cases and quite unsatisfactory in others. 

This variation is probably dependent upon the proportion of maltose 

and dextrin, and this in turn depends, of course, upon the mash conditions. 

In the method which is based upon polarization there is a grave ques- 

tion of the accuracy of the assumed rotatory power of dextrin. There 

are various dextrins, of course, and it is a question whether the assumed 

value is always representative. 

In the reduction method, which is more reliable, the factors which 

must be considered are somewhat as follows: 

(1) The effect of dextrin and other constituents upon the reducing action 
of maltose in the reduction before hydrolysis, i.e., the question of appli- 

cability of the maltose tables to these conditions. 

(2) The possibility of some reducing action by the lower dextrins. 

(3) The possible effect of other sugars which might be present. 

(4) The accuracy of the factors employed. 
Various other considerations have a possible effect. 

It is impossible in the absence of some preliminary experimental work 

to say just what the effect of these various factors may be and which 

will be of the most importance. The point to be emphasized, however, 

is that the variations in the composition of the mash and conditions of 

mashing are the controlling factors which cause a variable degree of ac- 

curacy in the above determinations. The other methods ‘employed in 

beer analysis are, on the whole, satisfactory. 

It is believed that the carbohydrate determinations are most in need 

of attention at the present time,and it is recommended that the methods 

for the determination of maltose and dextrin in beer be made the sub- 

ject of study for the coming year. 

No report was made by the associate referee on distilled liquors. 

1 Presented by M. J. Ingle. 
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A STUDY OF THE FUSEL OIL AND ESTERS IN 
DISTILLED LIQUORS. 

By Louis Katz (Bureau of Chemistry Food and Drug Inspection 
Laboratory, New York).! 

The examination of brandies and other distilled liquors for fusel oil 

is ordinarily limited to an estimation of the quantity of fusel oil present. 

No attempt is made to gain an insight into the composition of the fusel 

oil. Considering the importance of the fusel oil constituent of distilled 

liquors as a basis of judgment to be pronounced by the chemist as to 

their genuineness, and further considering the comparative ease with 

which the recognized minimum quantity of fusel oil could be added to 

neutral spirits, it seemed quite obvious that a mere quantitative deter- 

mination of fusel oil is a somewhat weak link in the chain of evidence the 

chemist gathers in the examination of liquors. At best it enables the 

chemist to pronounce a liquor sophisticated only in that limited num- 

ber of cases where not enough of a so-called bona-fier or too much neutral 

spirits have been added to keep the quantity of fusel oil above the re- 

quired minimum. A qualitative examination of the fusel oil of distilled 
liquors, supplementary to its quantitative determination, seemed highly 

desirable and was accordingly undertaken at the suggestion of Mr. A. 

F. Seeker. The property of the volatile acids of the acetic acid series, 

when fractionally distilled from an aqueous solution, to pass over at a 

rate which is definite and characteristic for each acid,? was made the 

basis of the study. This property of the individual acids causes any 

definite mixture of them to distil over at a rate which is definite and 

characteristic for that particular acid mixture. In the regular course 

of analysis of distilled liquors, the so-called fusel oil,or the sum total of 

the higher alcohols,is determined quantitatively by oxidizing these alco- 

hols to their corresponding acids and titrating the acid mixture with 

alkali. Now this acid mixture, after having been titrated and thus hav- 

ing served the purpose of quantitative estimation of thefusel oil, was again 

acidified with sulphuric acid and submitted to fractional distillation. 

As was expected, the rate of distillation differed in the case of acid mix- 

tures obtained from the fusel oils of different samples of liquors, such 
differences being obviously due to differences in the composition of the 

acid mixtures, hence also of the fusel oils in these samples. In other words, 

the fusel oil of a distilled liquor yields upon oxidation an acid mixture 

which, when fractionally distilled from an aqueous solution under definite 

conditions, passes over at a rate which is dependent upon the composi- 

1 Presented by A. F. Seeker. 
* See method of M. Duclaux of detectiog and estimating organic acids. Allen’s 

Commercial Organic Analysis, 1905, 1: 490. 
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tion of the fusel oil. The curve representing that rate of distillation 

affords, therefore, a ready means to differentiate between fusel oils of 

different composition without making an actual analysis of those com- 
plex mixtures. 

The esters of distilled liquors may also be studied qualitatively by 
isolating the sum total of their combined acid radicles and submitting 
the acid mixture to fractional distillation. 

The procedure was in all cases as follows: 

To 119 ce. of the acid mixture in a 500 cc. distillation flask, 1 cc. of concentra- 

ted H,SO, was added, the flask connected to a condenser, and the solution distilled 

at a moderate rate, the receiver being changed each time 20 cc. passed over. Five 

fractions of 20 cc. each were distilled over, 20 cc. remaining in the distillation flask. 
Each fraction was titrated with standard alkali, thus furnishing a set of five numbers, 
representing the rate of distillation of the mixed acids, from which a curve graph- 

ically showing this rate of distillation could be estimated. The numbers were ex- 
pressed as percentages of acid in each fraction with regard to the total acid that 
had passed over in the entire 100 cc. distilled. Thus,a rate of distillation repre- 
sented by the following five numbers: 40, 25, 15, 10, 10, would mean that the first 

20 cc. fraction contained 40% of total acid that distilled over in all the five frac- 

tions taken together, the second 20 cc. fraction contained only 25%, the third, 15%, 
the fourth, 10%, and the fifth, 10%. 

Tables 1, 2, and 3 represent the results of fractional distillation of acid 

mixtures resulting from the oxidation of fusel oils derived from various 
distilled liquors. 

TABLE 1. 

Fractional distillation of fusel oil—French brandies. 

SAMPLE PER CENT OF ACID IN EACH FRACTION Banrere PER CENT OF ACID IN EACH FRACTION 

NO. NO. 

1 2 3 4 5 1 2 3 4 5 

1 41.0 | 25.9] 15.6] 9.6] 7.8 20 36.2 | 23.2 | 15.2 | 12.4 | 13.0 
2 41.0 | 24.8} 15.4] 10.2] 8.5 21 38.6 | 23.9 | 14.5 | 11.0 | 12.0 
3 40.6 | 22.6 | 15.1 | 10.9 | 10.8 22 38.2 | 23.1 | 15.6 | 11.6 | 11.5 
4 400 |\2d-20| 1329) | 1 | 1S 23 40.6 | 24.1 | 14.4 | 10.7 | 10.2 
5 43.8 | 21.9] 14.4] 9.6 | 10.3 24 41.9 | 23.9 | 14.4] 10.5) 9.3 
6 38.3 | 23.4 | 17.0 | 10.7 | 10.6 25 38.0 | 23.0 | 15.6 | 11.8 | 11.6 
i 42.4 | 24.3 | 14.4] 10.8] 8.1 26 38.3 | 24.0 | 15.3 | 11.2 | 11.2 
8 40.2 | 23.9 | 15.2] 10.9] 9.8 27 40.1 | 22.9 | 14.4 | 10.6 | 11.9 
9 42.7 | 24.3] 15.5| 8.8] 8.7 28 40.1 | 23.2 | 15.0 | 10.6 | 11.1 

10 45.7 | 23.1} 13.0] 9.2] 8.9 29 41.2 | 22.4 | 13.7 | 10.7 | 12.0 
11 39.4 | 24.8 | 15.2 | 10.4 | 10.2 30 40.3 | 24.3 | 14.8 | 10.4 | 10.2 
12 38.9 | 23.6 | 15.4 | 10.9 | 11.2 31 41.8 | 24.6] 15.6} 9.8) 8.2 
13 41.1 | 24.3 | 14.8| 10.0] 9.8 32 41.9 | 25.0 | 14.5] 10.2) 8.4 
14 41.5 | 22.9 | 14.6 | 10.6 | 10.4 33 38.5 | 24.8 | 13.7 | 11.2 | 11.8 
15 45.5 | 23.5 | 13.4] 9.0] 8.6 34 36.0 | 23.6 | 15.6 | 12.4 | 12.4 
16 46.6 | 23.3] 13.5] 8.2] 8.4 35 45.2 | 25.2 | 14.0] 8.3] 7.3 
17 36.0 | 23.4 | 15.1 | 12.0 | 13.5 36 41.2 | 24.3] 15.0} 10.5] 9.0 
18 38.0 | 23.2 | 15.1 | 11.4} 12.3 37 39.1 | 24.2 | 15.2 | 11.4 | 10.1 
19 38.4 | 23.5 | 14.4 | 11.6 | 12.1 38 37.3 | 23.7 | 15.9 | 11-9 | 11.2 
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Table 4 is a study, on identical lines, of the fractional distillation of 

acid mixtures representing the acid radicles of the esters. In the last 

case those acid mixtures were isolated in the following manner: The 

free acidity of the liquor having been determined in a separate portion, 

100 ce. of it was neutralized exactly with the required amount of standard 

alkali and distilled. The distillate was saponified in the ordinary manner 

(as in the determination of esters) and again distilled till all aleohol had 

passed over. The residue in the distillation flask being then diluted with 

water, acidified with H,SO, and distilled, the residue in the distillation 

TABLE 2. 

Fractional distillation of fusel oil—miscellaneous brandies. 

PER CENT OF ACID IN EACH FRACIION PER CENT OF ACID IN EACH FRACTION 
SAMPLE SAMPLE 

NO. NO. 

eel eae ES 4 5 1 | 2.) Sa 

French brandy 60 42.7 | 24.4 ) 14.5 9.8 8.6 
‘0 | 24.0 | 16.7 | 12.0 | 11. 

39 | 40.8 | 23.4] 15.1 | 10.6 | 10.1 a ay 95511371 7.4 aie 
40 | 41.3) 24.0] 14.9) 10.3} 9.5 |) 63 | 38.3 | 24.7] 15.5 | 11.4 | 10.1 
41 | 40.8| 24.1] 15.4] 10.5] 9.2 
42 40.3 | 24.6 | 15.3 | 10.9 8.9 Hungarian brandy 

43 | 40.4 | 25.7| 15.5] 10.6] 7.8 
44 || 4012 11/23, 1ht520)), 1008 1 10bI||) 2) ena 2G 2a a 
45 | 38.9 | 24.0] 14.9| 11.1 | 11.1 2 | 35.4 | 21.0 | 14.8 | 13.7 | 15.1 
46 41.7 | 24.2 | 14.6] 10.4 91 33 34.7. \\ 22.2) Ths) | tS Snes 

47 | 40.0 | 24.2] 15.3] 11.0] 9.5 4 | 41.6 | 23.4 | 14.7 | 10.5] 9.8 
48 35.0 | 23.5 | 16.5 | 12.5 | 12.5 5 S820 12279) |) 15HON SE alee 

49 | 47.2| 24.6] 13.3] 8.3] 6.6 
50 | 41.0 | 23.9] 14.9| 10.4] 9.8 Aten eas 
51 ALIS | 2503) 1406) |Se9il) 16n7 T4875) 24520/ 267 alae) 
52 | 42.3 | 24.0] 14.7] 10.0] 9.0 Ga 
53 | 40.2 | 25.11 15.9] 10.5] 8.3 
54 | 35.9 | 22.5] 15.9 | 13.1 | 12.6 1 | 38.1 | 22.0 | 14.8 | 11.9 | 13.2 
55 | 44.5 | 25.4] 15.0| 8.7| 6.4 2 | 46.4 | 23.7|12.4| 83] 9.2 
56 | 38.8 | 23.6 | 15.2 | 11.9 | 10.5 3 | 48.8 | 24.1] 12.7| 7.5] 6.9 
57 | 42.9| 25.2] 14.1] 9.8] 8.0 4 | 34.8| 22.8] 15.4 | 13.1] 13.9 
58 | 37.9 | 24.2| 15.5 | 11.8 | 10.6 5 | 47.8 | 23.8] 12.3| 7.8] 8.3 
59 | 35.9 | 23.3 | 16.8 | 12.6 | 11.4 6 | 48.0 | 23.8] 14.5| 7.7| 6.0 

flask was again diluted and again distilled. The combined distillates 

containing the volatile acid radicles of the esters were submitted to frac- 

tional distillation in the manner described above for fusel oil. 

Of all the samples examined, only the eight samples marked “Authentic 

cognac’’ are known to be genuine cognacs. All the other samples are 

marked according to the legend on the label, and their history, origin, 

and mode of manufacture are not known. Handicapped as we are be- 

cause of this uncertainty as to the origin and peculiarities in the methods 
of manufacture of almost all of the samples under examination, still it is 
possible to draw some general conclusions from a study of the tables 

submitted. 



1917) KATZ: FUSEL OIL AND ESTERS 191 

TABLE 3. 

Fractional distillation of fusel oil—miscellaneous liquors. 

PER CENT OF ACID IN EACH FRACTION 

SAMPLE 

1 2 3 4 5 

Spanish brandy: 
IN fo Re o0S'S b.o aio buds SDE eC eee 36.7 | 22.0 | 15.3 | 13.0 | 13.0 
IN ORR BE O55 6b cd60 0 CO COORD O REE eee 40.4 | 22.9 | 15.3 | 10.7 | 10.7 

Ghileubrand yee chess cute tae ees loo eae severe eis civveie Ss 41.3 | 24.0 | 14.6 | 10.4] 9.7 
BAER VI arAT LAG ese etiicelasislere.& ole lovers aja ia nince erece.eieve 27.7 | 19.7 | 16.2 | 16.8 | 19.6 
Germansplunybrandyercreete ie eos es snes eee 36.3 | 23.1 | 15.6 | 12.5 | 12.5 
Sina ahivas aon 5 bac bop) ORC 0 Ob DORI OC OOOO Ee meee 41.3 | 23.6 | 14.8 | 10.7 9.6 
Pomace brandy (French): 

INO sel ieiateterrteintsic ciosiS sre ciscicvsieid sierra a eiues 36.6 | 21.7 | 14.7 | 12.6 | 14.4 
INS Ps 5 Boo sco odo0d COCR CeCe Eee EE en 29.7 | 20.4 | 15.9 | 15.3 | 18.7 
INFO SiS Ae Perens cise poieisls) slcisisicsege Geis sves sie csa acs 29.9 | 19.6 | 15.7 | 15.6 | 19.2 

ipomacesbrandys (Ltalian))). S000. scones esse one ess 30.9 | 21.4 | 16.4 | 14.6 | 16.7 
RU SRUEN SRT UBELIUID te yoyo) sts: cfestsicyetalsco/cveie wig: store save diacae 9 ore 24.1 | 20.7 | 19.3 | 17.9 | 18.0 
\Wern LinGhGs MURS Ge ae Gan Seon eee eaiae 46.9 | 24.1) 12.7] 8.2] 8.1 
SMOOEXELUTM Stree afore ates tains veer ae noes ale bee oeiss 47.0 | 23.5] 12.8| 8.4] 8.3 
(CHD TUT.» Sad ee BO DOCG BOO ERTIEIG DICER CRT rant a Semen 8528 2200 |G ale) Vets eles 
IPTG TUT Reso Goa O BOO eae DOCS C ee ene 41.3 | 23.8 | 14.8 |} 10.1 | 10.0 
Raisin brandy: 

ik @> IOS SS GO REE ODOC OOOO SDE Oe ar Tae 46.6 | 25.7 | 13.5 8.1 6.1 
ENN EIN ar faa 5 ro, ea ays teisv. Syevoreeaheiaheteraudias dia, 2-6 wa exe 392 | 23.7 | 14:4 | 1174] 11.3 

Brandy: 
NNO Lats paves rele tee se 6 iclovavehsl thanerstelavaveiern w-sielcas he 35.0 || 22.3 |} 1529!) 12271374 
INI@)s 538 SAO EIOG ODER EF OOO OCU IE Scere eens 29.4 | 19.6 | 16.3 | 15.7 | 18.9 
INO sects ts cate sires cle setae aie vs pave igloce oie 28.0 | 20.2 | 16.9 |} 15.2 | 19.7 
IN@: Codadc BedoU UE BeO GaC Oe OTR ODI trea aa aes 46.4 | 25.4 | 13.6 8.2 6.4 

Authentic cognac: 
BING Meio. sceyatcl aie steko isisi ayo) ayer fa ial svetes acéaeatavnndi cs ovese 46.6 | 24.8 | 13.0 8.1 G5 
INGO 2 pedi osis os fictats is isusierstons atecevavsie sisre:comels arelo celeiew « 4423) | 231) | 13.5 9.4 9.7 
IN(D> B35 46 OO aD 6 Oe GEOR EL Oe EC GG ene eee 4bmne24-5 look 8.9 8.4 
INGO RR iia ccstcreie x Selccaolt tars v/evoravalsbavarnensie ees sshercie 4927 | 25.2) | 12.4 | 7:0 rh 
INGY, SOAS BBO O DOD EID TT Ae OCIS eco eee 48.5 | 24.5 | 12.4 7.6 7.0 
INFO 8G ee erct os orayes aaa) azaieuss satohoveievsis sve eioieleteisisieve ichane 46.6 | 24.4 | 13.0 8.4 7.6 
INO), (06 dip GOOD GUIS ROO Creed cd SOI tantra yeas 49.6 | 23.8 | 12.2 7.4 7.0 
INI ep Sei Nerelsters ravets claievatcrs ve cvetiveiefeini tere pravaisienete nies A5e2 | 2401 || 1357, 8.5 8.5 

@ommereialetusell oilers 2 daceecieee cee cock 49.9 | 24.6] 12.0| 7.0] 6.5 

(1) The combined acids of the esters in distilled liquors seem to be 

surprisingly constant in their composition, and their rate of distillation 
does not, therefore, offer as promising a means for detecting sophistication 

as is undoubtedly the case with the higher alcohols. 
(2) In the case of the acids obtained by oxidation of the higher alcohols 

of brandies, the greatest variations are shown by the values for the first 

and fifth fractions, their averages being for— 
Per cent Per cent 

PAUUHEM UI CECOPMACK oC ser ecreieistee rereteists s elctera isis eicieeeiclere 47.0 Ueeul 
Eirerie Hy LAN GIES ye asieseiahateve eraletayatavein is 61 slo: pelacelaistsistayein a eteus 40.5 9.9 
IROMACEHDLANIGIES teats icieloericle wars mlelstoGi meinen 31.8 W722, 

The values of the fourth fraction are usually not much different from 

those of the fifth fraction, and the variations in the values of the second 

and third fractions are rather small. 
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(3) The rate of fractional distillation seems to offer a promising 
means of differentiating between cognacs, ordinary brandies, and pomace 

brandies, and generally between distilled liquors where difference in geo- 

graphical origin or mode of manufacture has affected the composition of 

the fusel oil complex. 
TABLE 4. 

Fractional distillation of esters—miscellaneous liquors. 

PER CENT OF ACID IN EACH FRACTION 

SAMPLE 

1 2 3 4 5 

French brandy: 
INGOs: de eee aes cero tios eens eeceiniss stanelite oiarereaye 18.3 | 16.1 | 18.0 | 20.7 | 27.0 
INOS, Ditters orga ieee sees ye hale eee RT 17.0 | 16.2 | 18.2 | 21.0 | 27.5 
ING RC Hoa SOE cara ane chao Seu Aanenoadaaaesesse: 21.2 | 15.9 | 17.1 | 20.5 || 25.2 
INGOs # (Ae eee Seeiue seers nic ire aa eielatyarmetereroren rs 17.4 | 17.8 | 17.8 | 20.4} 26.6 
NOs Ds teas wae Conca cide coche cisteloninieten sere 16.7 | 16.8 | 18.3 | 21.3 | 26.9 
INOS 1G isshieracrh tome nit encrmr at die excteterernie ele ouetette 17.0 | 17.0 | 18.1 | 21.3) 26.6 
INGOs Zactes dais ecrereeteiats eistoteis ororelosintatetonreiemineee 18.1 | 16.1 | 18.0 | 20.6 | 27.2 
INOS ASt ito ecole eer 16.9 | 16.0 | 16.5 | 21.4 | 29.2 
INOs2, ONS rae coe cota sO oosncoe Geer 16.6 | 16.2 | 18.2 | 21.2 | 27.8 
ING: LOH Batsrerer clon Stet ol dsteasne poets ansrepet terete eis 17.0 | 16.3 | 18.1 | 20.7 | 27.9 
INGOs, Ld 2th genet ninertertomonmcaa dieser ain clen 18.8 | 16.3 | 18.0 | 19.8 | 27.1 
NO 2a Srivcarsrkecttio ne © Semen, Aoctitoeaie seees 16.6 | 16.4 | 18.2 | 21.1 | 27.7 
INOS 18 b2 epycies Solar ere tnpae Oe AP ae ror es 17.6 | 16.3 | 17.2 | 21.1 | 27.8 
INOS 145.05 tveiae cite ate eae aistaroe sioie ersten’ ete eee 17.3 | 16.5 | 18.4 | 20.8 | 27.0 
INOS L5a-eee - refaye Sawer atteycte retele iovs vabexeyete raise eri siatereiere 17.3 | 16.9 | 18.5 | 21.3 | 26.0 

Os seae Pa aaa faitiotelge NC eh ete ee eee 17.5 | 16.5 | 18.1 | 21.2 | 26.7 
Authentic cognac 

ING RSE CSS o cSt robocder soadtopomomoescc 21.0 | 17.3 | 17.3 | 19.4 | 25.0 
INOS 2 ota sroererattdeiste wretolon tease aero Sato 19.4 | 16.4 | 17.9 | 20.2 | 26.1 
INON Sie eee sen cee mene mactrmene 20.3 | 17.0 | 18.0 | 19.8 | 24.9 
NO Gad apace Ch ich AO ane othe 20.9 | 17.7 | 18.0 | 19.3 | 24.2 

Pomace brandy: 
(Ch ree tia ance okey een arc ony Ee cit ete 19.4 | 17.0 | 17.6 | 20.7 | 25.3 

INO 502 isecsaprarete ect staparactrognianstecers apaicteiereieessis cesses 17.6 | 16.7 | 18.1 | 21.1 | 26.5 
ING pS everett Megs ric oiciancterateettctele eis eet sie omelette 19.0 | 16.6 | 18.6 | 20.0 | 25.8 

Greek brandy: , 
INO Leetoce eveauayne ea yale siecle havaraunerare celeron 23.4 | 16.7 | 17.5 | 18.5 | 23.9 
INO lepine celeie Satine re shee iele saeeltrenstehroiate aearereiene 18.2 | 16.1 | 18.4 | 20.9 | 26.4 
IN OS ee neh OR eae adie Ce en oe ors to ome itis 16.0 | 16.0 | 18.0 | 20.9 | 29.1 
IN OPA Rare AH ct Taw nial Se ranaias shetetores Ghee oes 16.6 | 13.3 | 19.4 | 22.0 | 28.7 

FUME anal Ca) see nee cet nite nin cic 19.2 | 17.3 | 17.9 | 20.3 | 25.3 
Rum (French): 

Non locks sae ene ATO O ee Sadek eee 20.4 | 15.8 | 17.3 | 20.6 | 25.9 
NOs 2 ncieb eninnon ae eta ne aurea bi oe ee Saher 184) 16:7 | 18.14) 205i eb 

Rumii(Martinique)tesenecee secre ene 19.6 | 16.7 | 18.1 | 19.2 | 26.4 
Rum (StiGrorx) Se eee eee 16.4 | 16.4 | 17.5 | 21.2 | 28.5 
Rum: (Westilindies)S..ceca- cena ceeieeccereiice 15.7 | 16.7 | 18.5 | 21.8 | 27.3 
Apricotiliquoryneccccs ect eon eeee eer 18.9 | 16.8 | 18.8 | 20.4 | 25.1 
Batavia arrac’s.ccscsttste antec smite Cee eee eee 15.9 | 16.7 | 18.2 | 21.1 | 28.1 

(4) In one case—that of French brandy (No. 17, Table 1)—which 
gave upon analysis rather high figures for fusel oil and esters, thus appar- 

ently indicating good quality, suspicion as to its genuineness was aroused 

by the fact that the fractional distillation of the acids from the fusel 

oil gave the following figures: 36.0, 23.4, 15.1, 12.1, 13.5, indicative of 
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pomace rather than of ordinary brandy. The sample was thereupon 

submitted to two expert tasters, both of whom agreed in pronouncing 

the sample sophisticated. There are a number of brandies marked 

“French brandies” in Tables 1 and 2 whose fractional distillation curves 

are more or less similar to the curve mentioned above, and thus point 

the same way; that is, that they are not genuine brandies. 

(5) A comparative organoleptic test of the ‘Authentic cognacs” seems 

to point to the fact that the finer the flavor and aroma of the cognac 

the higher the value of the first fraction in the fractional distillation. 

(6) To sum up: The results so far obtained warrant the belief that 

valuable information relative to the origin and character of distilled 

liquors can be gained by ascertaining the rate of distillation of the mixed 

acids obtained by oxidation of their higher alcohols. In order to estab- 

lish the value and limitations of the method, it will be necessary to work 

upon a sufficiently large number of samples from various sources the 

history of which is well authenticated. 

APPLICATION OF THE PROCEDURE TO THE ANALYSIS OF A 
FLAVORING ESSENCE. 

Table 5 shows the rate of distillation of formic, acetic, propionic, 

butyric, and valeric acids and also of simple mixtures of some of these 

acids when distilled under conditions indicated above in the discussion 

of fusel oils in distilled liquors. 

The figures in the table are averages of two determinations in each 

case except in the case of formic acid, where an average was taken of four 

determinations. The separate determinations ordinarily check within 

0.5%, but formic acid behaves in a rather erratic manner, its figures 

varying sometimes as much as 2%. Column 6 of Table 5 gives the per- 

centage relation of the total acid in the total distillate of 100 cc. to the 

acid originally present in the distillation flask. 

It is obvious that use may be made of the fractional distillation for 

the following purposes: 

(1) Identification of any of the acids under discussion when present 

in a state of purity. 
(2) Isolation of any of the acids in a pure state from a mixture of two 

and sometimes more acids for the purpose of identification. 

(3) Testing for purity of any of the above acids. 
(4) Analysis of a simple mixture of two and sometimes even more of 

the acids. 
The above is the basis of M. Duclaux’s method (as quoted in Allen’s 

Commercial Organic Analysis) of identification and estimation of the lower 

acids of the acetic acid series.!. In this connection it is well to note that 

1See also article by A. Landolt, Unterscheidung naturlicher und kunstlicher 
Fruchtather, in Chem. Ztg., 1911, 35: 677. 
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the composition of an acid mixture cannot always be computed from its 

fractional distillation curve with any satisfactory degree of accuracy,as 

the acids mutually affect each other during distillation. The curve of 

the mixture nevertheless gives an approximate idea of its composition, 

and two or three experiments are generally sufficient to make up a known 

mixture of the given acids that will yield upon fractional distillation a 

curve practically identical with the one from the unknown mixture. 

The total acid in both the known and unknown mixture should be ap- 

proximately the same in order that the results of their fractional dis- 

TABLE 5. 

Fractional distillation of acids. 

ACID IN PER CENT OF ACID IN EACH FRACTION be 
DISTILLATION MIXTURES COMBINED 

FLASK 1 2 3 4 5 Pee 

cc. N/10 per cent 

8.5-17.7 | Formic acid SEO WL 2h 22208 tsbes 42.8 
11.6— 7.5 | Acetic acid...... : 17.1 | 18.9 | 21.8 | 27.4 68.1 
6.4-12.8 | Propionic acid.......... 24.5 | 22.6 | 20.7 | 17.8 | 14.4 92.1 
Weo=1556) || eBUGya1e SClds sees seem: 36.1 | 27.1 | 18.4] 11.8] .6.6 94.0 

11 Valericsacid? s5.-n5scace GEC ei Set PLP | CERT ils z 97.0 
30 2 molecules valerie plus 

1 molecule acetic...... 45.6 | 24.8] 13.5] 8.5] 7.6 87.5 
21 2 molecules valeric plus 

1 molecule propionic..| 44.7 | 25.9] 15.0} 8.8] 5.6 96 
21 2 molecules valeric plus 

3 molecule acetic plus 
+ molecule formic..... 46.5 | 24.8] 13.4] 8.1] 7.1 84 

58 1 molecule valerie (14.5 
ee.) plus 3 molecules 
acetic (43.5 cc.)....... 28.2 | 20.5: || 16-8: || 16.0) |) 18240 | eee 

see eye oe 1 molecule valeric (11.6 
ec.) plus 4 molecules 
acetic (46.4 ec.)........ 25.8) ||2050) | W729) U7 1) 19K eevee 

48 1 molecule valeric (8 
ec.) plus 5 molecules 
acetic: (40)ce.)in.c... <6] 24.4 I 1904 U7 4) et) 20 | eer 

49 1 molecule valeric (7 
ec.) plus 6 molecules 
acetic: (42'cc.))..........- || 20-0) }) 19520) 1726 [1854 7) 21/283 ees 

1Of uncertain purity. 
2 Obtained by oxidation of amyl] alcohol (Kahlbaum'’s). 

tillation might be comparable, as the fractional distillation curve is some- 

what affected by the concentration of the acid to be distilled. The limits 
of permissible variation in the strength of the acid to be distilled without 

affecting the distillation curve have not been determined, though, as 

will be seen from Table 5, a 100% variation in the strength of an ap- 

proximately N/100 acid does not materially affect its distillation curve. 

A complete analysis of a flavoring essence—a so-called banana oil— 
has been made in this laboratory by a procedure based largely on the 

above-described facts and considerations involving the fractional dis- 
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tillation of acids and their mixtures. A detailed description of the pro- 

cedure followed will now be given as an illustration of the possibilities 

of the method. 

DESCRIPTION OF METHOD. 

About 5 grams of the banana oil was saponified with an excess of aqueous KOH by 

boiling under reflux condenser. The total alcohols in the saponification product 
were then distilled off and thus two solutions obtained: 

(1) The residue in the distillation flask containing the total combined acids from 
the esters, together with a small amount of acid originally free in the oil and which 

has been determined in a separate portion of the oil by direct titration; and 
(2) The alcoholic distillate containing the total alcohol, free and combined, of 

the original oil. 
The excess of alkali in solution (1) was titrated with sulphuric acid and the total 

combined and free acid in the oil thus estimated. The neutralized solution was then 
acidified and an aliquot fractionally distilled. The values obtained for the frac- 

tions were as follows: 22.7, 19.1, 17.7, 18.8, 21.7. Ratio of acid in total distillate to 
acid in distillation flask, 72%. : 

With a view of isolating the component acids of the mixture, fraction 1 and also 

the residue in the distillation flask were, upon proper dilution, again fractionally 
distilled. The latter (the residue in distillation flask) yielded values for the frac- 
tions practically identical with those of pure acetic acid. The first fraction, how- 

ever, yielded a curve indicating a mixture and not a simple acid. The first frac- 
tion in this, the second distillation, was again refractionated and the operation 

repeated until after the fifth fractional distillation of the first fractions values 

were obtained practically indentical with those of a pure valeric acid. Thus was 

the acid mixture in the saponification product proved to be a mixture of valeric 

and acetic acids. It was then established by direct experiment that a mixture of 
one molecule valerie and six molecules acetic acids would yield upon fractional 

distillation the following values: 23.0, 19.2, 17.6, 18.4, 21.8. Ratio of acids in 

total distillate to acid in distillation flask, 71.7%. 

The above values are practically identical with those obtained from the acid mix- 
ture in the saponification product of the banana oil. Thus was the composition of 

the total acid (free and combined) in the banana oil determined to be as follows: 

ec. N/10 per gram 

iHireeacid(assumed| to; be acetic)). sc.  ac.o aie cc ies 6 cere 2.0 
Total combined acids (by saponification).............-+..- 67.4 

Combined acetic acid (by fractional distillation).......... bie 
Combined valeric acid (by fractional distillation).......... 9.9 

An aliquot of the solution of the total acids was neutralized, evaporated off, 

dried, and weighed, and the weight agreed fairly well with the composition 

indicated above. 
The alcoholic distillate from the saponification product containing the total 

alcohol (free and combined as asters) of the banana oil was oxidized with alkaline 

permanganate to their corresponding acids.! The resulting acids were distilled off, the 

total acidity of the distillate titrated, and the solution then examined for its com- 

1See method of C. R. Smith and A. S. Mitchell, U. S. Bur. Chem. Bul. 122: 

“Determination of Fusel Oil by Alkaline Permanganate.”’ 
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ponent acids qualitatively and quantitatively by a system of fractional distillation, 
exactly in the same manner as outlined above for the combined and free acids in 
the oil. 

The acid mixture resulting from the oxidation of the total alcohols (free and 

combined) in the oil proved to be composed as follows: 

ec. N/10 per gram 

Valericvaerd. acc aan tia eenamakerrrc rr ehnearcr trios Pea cAdtoys 55 
ACebl eval es cristo histe oa.s cross ote elastin he Peele aoe oles cece ines 30 

thus indicating that the total aleohols were composed as follows: 

ec. N/10 per gram 

Amylijalcoholimercwr.inaiceeserenece eetin ae ntanvins he sereet ae Non tte 55 
Eth ylalcobol s.js)s.:,<yzis cuesoereds cic cieeiee sare nicks oists oir ontelstesicieeie cee tierae 30 

The above results were checked in the following manner: 

The original banana oil was saponified with alcoholic potash, all the alcohol in the 

saponification product distilled off, and the alcoholic distillate examined for higher 
alcohols in exactly the same manner as fusel oil is determined in brandy (Allan 

Marquart fusel-oil method). Titration of the final acid distillate gave 55 ec. N/10 

acid per 1 gram oil, and the fractional distillation of the solution gave values for 

the fractions identical with those of pure valeric acid. 

Further examination of the banana oil gave the following data: 
Free ethyl aleohol was proved to be absent; the presence of amyl acetate, ethyl 

acetate, and amyl valeriate was indicated by the odor of various fractions obtained 

from a fractional distillation of the original banana oil; nonvolatile unsaponifiable 
matter, 1%. 

Summing up the results obtained, we arrive at the following composition: 

ec. N/10 per gram 

Hreegacid | (Asiacetic) cseatemaprsettrerc: ores sera sour ees aha eter be ae 2.0 
CombinedyaceticvacidsasawercinrecicnetnecrieteeieGr eee cere 57.5 
Wombined&valerictacidterr cree tiececte cee eet eee 9.9 
CombinediethyMalcoholyeswa..tlancescacs nen toasste ote neo 30.0 
Combinedlamyliialcoholias fae te ene ene cere ore eeeeee 37.4 
Mreexamrylal cohol Geiss 5 lactase a. cre Selecta fer ecu nee eee cto 17.6 
Nonvolatile unsaponifiable (per cent).................--++eeee 1 

and the rational formula may be expressed as follows: 

ec, N/10 per gram per cent 

Mireevacida(asracetic)warsanssdadouskie teachin serait 2.0 1) 
‘Amy livaleriatern. svc-mattcetet in mito ne eee 9 17.0 
FithylGacetates: (has pty cetrprctetlerecmuac scion taivor tact eis 30.0 26.4 
Amiylisicetate cnc nsec error retire ces tyoeital nares 27.5 35.7 
Rreexamylialcoholitaccctin eseten eeeiee rates 17.6 15.5 
Nonvolatilesunsaponifiabletee ss sees ceaccctee teenies seaceeer ee 1.0 

96.8 

No report was made by the associate referee on vinegar. 
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REPORT ON SPICES. 

By Harry E. Sinpauu (Philadelphia, Pa.), Associate Referee. 

The work done this year falls under two headings—moisture determina- 

tions on whole spices and the total ash of herbs. 

MOISTURE. 

No recommendations were made by last year’s associate referee for 

further work on spices, but it seemed desirable this year to study a method 

for determining moisture in whole spices. No samples were sent out, 

as the nature of the work rendered it unsuitable for codperative investi- 

gation. The work was done on whole cloves and whole black pepper. 

The method under consideration was the Brown-Duvel distillation method 

for moisture in grain. But since unsatisfactory results were obtained 

by using Renown engine oil, or in fact any engine oil, the best grade kero- 

sene oil was substituted and found to give more uniform results. 

The method as worked by the associate referee is as follows: 

Place 50 grams of whole spice in a distilling flask with 150 cc. kerosene, whirl 

the flask several times to bring the oil in contact with each particle of spice. Place 

the flask on an asbestos board. Cut so that the bottom of the flask extends below 

the surface. A wire gauze with an asbestos center is placed about one-half of an 

inch below the bottom of the flask. The object is not to bring the flame in direct 
contact with the flask, and the asbestos board serves to keep the heat uniform. Con- 

nect the flask directly with a vertical condenser and collect the distillate in a gradu- 

ated cylinder or burette. Insert a thermometer through the stopper of the dis- 

tilling flask, extending down into the oil. Adjust the flame so that about twenty 

minutes will be required to reach the temperature of 170°C. Now extinguish the 

flame, after which the thermometer will show a slight gradual increase in tempera- 

ture. As soon as the water stops dropping from the condenser tube, which usually 

requires from four to six minutes, the operation is complete. Multiply the volume 

of the water layer by 2 to obtain the percentage of moisture. 

The following table shows results obtained by drying 2 grams of whole 

cloves and whole black pepper at 110°C. to constant weight; from the 
resulting loss in weight the amount of volatile ether extract obtained by 

extracting the whole spices was subtracted. 
The samples marked (a) were taken before the cloves went on the mill 

to be ground; the samples marked (b) represent the same cloves immedi- 
ately after grinding. The loss according to weight by grinding was 6.26%. 

Comparative results on moisture. 

BY EXTRACTION |BY DISTILLATION) BY EXTRACTION|BY DISTILLATION 

per cent per cent | per cent per cent 

Whole cloves..| (a)13.94 (a)11.2 |Ground cloves. LOU NG 0 eereeerevocctoters 
DWOt ax os: 15.98 12.6 |Whole pepper.. 6.02 6.0 
YO} yaya cee ai 11.24 9.8 | Dotan aisaee 7.95 6.8 
1D X05 Geen ase 10.61 9.5 |Ground pepper. 7.87 8.0 

Ground cloves.} (b) 6.11 (b) 6.0 | 
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This loss consists chiefly of moisture and some volatile oil, due to the 
fact that the cloves are more or less heated while passing through a high- 
speed mill. 

The large percentage of moisture in the cloves as shown in the above 

table under extraction method seems due to the fact that all the volatile 
oil was not extracted by the ether, as shown in the following table: 

Volatile ether extract. 
per cent per cent 

Wholeiclovessanceeco eerie cee 2188ul Ground clovessa-reeseseeeeerene 15.74 
D Overs, sonevecs sislecosspors oy ctetore erest ers 2.89) || Wiholespepperias. case scien 0.30 
DDO sharers en ne Pata eee ee 3.13 1 Do RAGE ao OORAn ADAG SoocS 0.53 
PD) Ole Scte,chereVeustanerNte eye cre eis mitre 3.3L -|) Ground! pepper: -- ne -,- eee 2.13 

Groundiclovess--rercecccceeceee 13.91 

TOTAL ASH DETERMINATION. 

The associate referee’s attention was called to wide discrepancies in 

the results of total ash determinations obtained by different chemists 

on samples taken from the same lot of herbs. For the purpose of study- 

ing this matter, large samples of marjoram, sage, savory, and thyme 

were ground under the associate referee’s supervision, and subdivisions 

of these were sent to collaborators, with instructions to determine the 

total ash in each sample by the method commonly used by the respective 

collaborators and describe the method used. Reports were received 

from eight collaborators: 
Total ash. 

ANALYST MARJORAM SAGE SAVORY THYME 

per cent per cent per cent per cent 

. a ee : (a)14.34 | (a) 9.265 | (a)13.335 (a)12.89 
¥F. L.-Shannon, Lansing, Mich.... { (b)14.135 | (b) 9.275 (b)13.29 (b)12.78 

C. L. Black, Philadelphia, Pa.... 16.16 9.45 14.06 13.14 
H. B. Mead, Philadelphia, Pa.... 15.84 9.75 14.05 13.42 

. : . 15.21 9.39 13.63 13.47 
C. 8. Brinton, Philadelphia, Pa. . 15.10 9 43 13.72 eet 

€ 14.54 9.47 13.68 12.47 
A. P. Coulture, Ottawa, Canada.. | 14.61 9.50 13.56 12.59 

: : 13.42 9.31 12.60 13.14 Paul Rudnick, Chicago, Ill....... { 1a oer ake ae 
C. O. Dodge, Washington, D.C... 14.05 8.41 12.41 13.46 

J. H. Bornmann, Chicago, Ill... { ee ane 13.77 13.67 
a .82 13.85 13.43 

Mr. Dodge also determined nonvolatile matter and ash on a nonvolatile 
basis, with the following results: 

NONVOLATILE ASH ON NON- 

MATTER VOLATILE BASIS: 

per cent per cent 

Marj oramst.dnd ccc ee ie rae ee ee eee 92.6 15.17 
DAO gil, ccagc kesh: ACE oe EE nee 93.0 9.05 
DAVOLY laste CH eee ne are 91.6 13.54 
ERY 3. ts eens dice See OTe ee eee 92.9 14.48 
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METHODS OF COLLABORATORS. 

Mr. Shannon made the determinations in duplicate. Sample (a) in each case 

was ignited in an ordinary platinum milk dish; sample (b) in a fused silica dish 

of the same size. All were burned first over a Meker burner at a very low red heat 
and then exposed to a lowred heat in a muffle, cooled in a desiccator, and weighed. 

Mr. Black used 2-gram portions in platinum dishes which were held about one- 

fourth inch above bottom of muffle by means of asbestos board supported by small 

pieces of pipestem. The bottom of the muffle was kept at a barely visible red heat. 
After ashing was apparently complete, the residue was moistened with alcohol to 

reveal any unburned carbon and then reheated if necessary until treatment showed 
no unburned carbon. 

Mr. Mead used 2-gram samples in flat-bottom round dishes, dimensions about 

3 inches by 1 inch. These were elevated on pieces of pipestems about three-eighths 

inch above the bottom of the gas muffle heated to a visible red. The dishes were 

below visible red. The ash was moistened with alcohol and reheated. There was 
practically no carbon or change after the first heating. 

Mr. Brinton used 2-gram portions and made the combustion in small platinum 

dishes about 1 inch square and approximately three-eighths inch deep. At no time 

during any of the work were the dishes heated to a red heat. The determinations were 
made in a gas-heated muffle, the bottom of the muffle at times being more or less red; 

but the dishes were supported on pieces of asbestos board about one-fourth inch or 

more above the bottom of the muffle. An air space, therefore, separated the asbestos 

board from the red-hot bottom of the muffle. The asbestos board was supported 
by pieces of crucible lid. 

Mr. Coulture used 2-gram samples, and charred them in platinum at a heat below 

redness. This temperature was found to be sufficient to completely burn off all 
the carbon. He did not use a muffle. After weighing, dish and contents were 
heated again slightly below red heat for a period of half an hour and the operation 

repeated to constant weight. After a time there was a slight increase in weight, 

and the minimum was taken as being the true weight of the ash. 
Mr. Rudnick used 2 grams in a small flat-bottom porcelain dish and ignited care- 

fully at a low temperature so as to avoid loss of sample. The ignition was con- 
tinued at a low red heat and finally at a bright red for a few minutes, then cooled 

and weighed. The appearance of the ash after weighing was carefully noted to 

be sure that all carbon had been burned off, also to note whether particles of sand 
and foreign matter other than true ash were apparent. 

Mr. Dodge followed the method given in U. S. Bureau of Chemistry Bulletin 

107 (revised), except that the products were dried at 110°C. for four hours and 
weighed, then dried for one hour and again weighed. The greatest loss during the 

second drying was less than 1%. 

Mr. Bornmann charr2d 2 grams of the well-mixed substance in a platinum dish 

over asbestos, using a small flame. The carbon was burned off in a muffle at a tem- 

perature below redness. 

CONCLUSIONS. 

These results are not encouraging. While the samples submitted 
were known to contain several per cent of sand, it is not believed that the 

discrepancies can possibly be due entirely to this cause, but that they 

were attributable, in part at least, to the temperature employed in mak- 
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ing the combustion. It would seem, at all events, that the subject war- 
rants further investigation, particularly along the line of operating at 

definite temperatures. 

RECOMMENDATIONS. 

It is reeommended— 

(1) That the associate referee’s modification of the distillation method 
for water in spices be given further study. 

(2) That the subject of ash determination in herbs be further studied, 

with particular reference to the influence of the exact temperature em- 
ployed in the combustion. 

NOTE REGARDING THE DETERMINATION OF CRUDE FIBER IN 
BLACK PEPPER. 

By A. E. Paun (Bureau of Chemistry Food and Drug Inspection 
Laboratory, Chicago, IIl.). 

Two samples, one with a low fiber content and the other high in this 

constituent, were sent to various laboratories in this district, with the 
request that analyses be made. ‘The results follow: 

Analyses of black pepper. 

SAMPLE NO. 1. 

NON- 
votaTitg | VOLATILE) sonar, | ASH IN’ | crupe | PENTO- 

ANALYST ETHER SOLUBLE LOD) | ea ASH tn HCl FIBER SANS 
EXTRACT = 

per cent per cent per cent per cent per cent per cent 

J. H, Bornmann, Chieago...{/ §'57 | 9.83 | Sat | oot | thas |... 
BH Berryey Chicago eerste | cre aerial iiee cee oe loca ote | ciemrereaers 1100" haere 
J. Feldbaum, Chicago.......... 8.10 1.04 Gyo) 0.62 11089) 3eeeeee 
H. D. Grigsby, Cincinnati..... 8.19 0.55 5.24 0.51 11.99) | pees 
J. S. McCune, St. Louis....... Cie Ils ogaoaes 5.16 0.43 10.41 6.1 
C. L. Clay, New Orleans...... S69 aleeritee 4.62 0.34 11.26 6.0 

SAMPLE NO. 2. 

per cent per cent per cent per cent per cent per cent 

: 7.20 | 1.03 | 6:48 +) 0195 || 16160)|, ae 
J. H. Bornmann, Chicago... { 7.26) 1.01 | 6.61 |, 1.00. |. tz.d\eaeaaee 
Hy. He Berry,n@hicagoncd. acca eee esl no aeeRcionl loacerod!| ESR rote 16560) 
J. Feldbaum, Chiago......... 7.15 1.18 6.48 0.92 16.80) | S-jseeiee 
H. D. Grigsby, Cincinnati.....| 7.18 0.57 6.43 0.79 17.41) || 5. .5eeee 
J. S. McCune, St. Louis....... MSOU Nearest 6.37 0.76 15.84 | 8.40 
C. L. Clay, New Orleans...... W800 jee eee 5.48 0.56 17.23 | 7290 

In view of the very great discrepancy in the various fiber determina- 
tions, a new 5-pound sample was taken by an analyst, carefully mixed, 

quartered to a small bulk, and transferred to a small sample bottle. 
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The remainder was again carefully mixed, and a small subsample with- 

drawn as before. Then still a third sample was taken in the same 

manner. The analyst was requested to make crude-fiber determinations 
in duplicate on each subdivision. 

The remainder of the pepper was then delivered to another analyst, 

who prepared three subsamples in the same manner as above. 
Both analysts were instructed to stir the material in the bottle very 

carefully with a spoon of approximately 2-grams capacity, to withdraw 

a spoonful from the interior of the bottle, and carefully transfer the 

entire contents to the balance pans. It was then left to the option of 

the analysts to utilize the quantity thus taken for the fiber determina- 

tion, or else to remove carefully the slight excess over 2 grams, or add 

sufficient to make that amount. Of the two analysts, Mr. Perry pre- 
ferred the former detail, while Mr. Bornmann chose to work on the exact 
2 grams. Their results were: 

SAMPLE SAMPLE SAMPLE 
ANALYST No. 1 No, 2 No. 3 

; per cen i per cent per cent 

13.3 2.98 E. H. Berry { 8 es 13:46 

13.03 13.15 13.25 

on lo. cba oe OnE ano cob a LCanOnG scoomeen poor 13.15 13.00 13.16 

13.25 13.07 13.31 

These results are quite acceptable, and show that the trouble is not 
in the method itself, but rather in the manner of mixing and weighing 
out the samples. 

PRELIMINARY REPORT ON DETERMINATION OF ASH, 
ESPECIALLY IN SPICES. 

By Crement 8. Brinton (Food and Drug Inspection Laboratory, U. 8. 

Appraiser’s Stores, Philadelphia, Pa.) 

The object of this paper is to emphasize the necessity of carefully fol- 
lowing the directions for the determination of ash as given in the Official 

and Provisional Methods of Analysis of this association (U.S. Bur. Chem. 

Bul. 107, rev.), particularly where, under ‘‘Ash, official’ for the analysis 

of foods and feeding stuffs, the following language is used: ‘“* * * burn 

until free of carbon at the lowest possible heat” (p. 38). Again, under 

“Preparation of ash,’ etc., (p. 238), it is directed to “Conduct the com- 

bustion at a comparatively low temperature, never employing a full red 

heat * * *.” Other similar directions could be cited. 

The desirability of preparing the material mentioned herein arose 

through trouble in obtaining closely agreeing results for ash by different 
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analysts during the examination of spices, especially those having nor- 

mally a high sand-free ash, such as marjoram with 11 to 16% of ash and 
thyme with from 10 to 14%. 

This lack of agreement was found to be due not to faulty sampling 

but to lack of uniformity in the analytical method. This was ascertained 

by having portions of a large sample of marjoram finely ground, about 

60 mesh, thoroughly mixed, and analyzed in seven laboratories in the 
Eastern States according to the procedure usually employed in those 

laboratories. Determinations were made in platinum dishes in all cases 

except laboratory 6, where a porcelain crucible was used. Electric 

muffles were used in laboratories 1 and 4, and probably in laboratory 

5; gas muffles were used in laboratories 2, 3, and 7; and laboratory 6 

burned in open flame. The results submitted are given in Table 1. 

TABLE 1. 

Ash determinations on marjoram—first report by collaborators. 

ee ANALYST TOTAL ASH REMARKS 

per cent 

Muffle below redness; time of burning, 1 
1 W. C. T........-. oe hour. Not observed carefully to ascer- 

: | tain when free of carbon. 
15.16 Time of burning, 4 hours additional; other- 
15.18 wise same as above. 

2 Wi Js McGiaaasa: 13.47 Muffle high red; time of burning not stated. 
13.45 Heated to constant weight. 

Muffle low cherry red; time of burning not 
3 (Up et Pen saceo odie 15.14 stated. Ash stirred with rod from time to 

1 8) Dra amomtapitaisertrtinl (hh wi ate, 0) time until carbon burned. Analyst J. E. 
heated longer and found no loss in weight. 

4 HOM Wraecene en LOA Muffle below redness; time of burning not 
Gy. 1133 stated. Moistened with water to observe 
15a presence of carbon; again heated and 
15.09 weighed when free of carbon. 

5 L.P 15.40 Muflle below redness; time of burning not 
a ate 15.30 stated. Moistened with water after weigh- 

: ing and found free of carbon. 

Open flame with crucible bright red; time 
6 H. E.S........... He of burning, 40 minutes. Ash determined 

soo as he usually does in spices. 

Dish not visibly red; time of burning not 
7 C.L. B........... 15:6 stated. Ash treated with water after 

me weighing to test for carbon. 

HABSMeeeaae eel elo. Bottom of muffle below visible red heat; time 
16.16 of burning not stated. Moistened and re- 
16.03 heated before weighing; weighed after free 
15.69 |) of carbon. 
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The writer obtained results ranging from a maximum of 15.8% down to 

a minimum of 14.89%, according to conditions, all results being obtained 

when the dish was not at a visible red heat as viewed in the open muffle 

by daylight. All determinations were made in platinum dishes about 

1 inch square, one-half inch deep, in a 5-burner gas Wiesnegg muflle. 
The results are given in Table 2. 

TABLE 2. 

Ash determinations on marjoram—results by author. 

TOTAL ASH 
(1913) ————— REMARKS 

Dish 1 Dish 2 

per cent per cent 

May 24 15.43 15.46 Time of burning, 1? hours in all. Dishes on 
bottom of muffle entire time. Heated 
13 hours below visible red heat, then 
raised to dull red for one-fourth hour. 

15.01 14.89 Muffle just visible red on bottom; time of 
burning, 35 minutes. Dishes on _ bot- 
tom of muffle entire time and carbon- 
free when moistened with alcohol. 

May 25 15.37 15.75 Not a visible red; time of burning, 35 min- 
utes. Both dishes about one-fourth inch 
above bottom of muffle on crucible lids. 
Muffle open. Dish with high result in 
front of other. 

May 26 15.74 15.86 Not a visible red; time of burning, about 
2} hours. These results from same con- 
ditions as above except muffle not so hot. 
After 14 hours tested but not carbon-free. 
After weighing and getting these results 
found carbon free. 

June 3 15.06 15.39 Bottom dull red in spots; time of burning, 
about2hours. One dishin front of other; 
otherwise same as second set May 24. 
Dishes raised off bottom and not a visible 

‘ red. 
15.20 15.48 Bottom dull red in spots; time of burning, 

only 35 minutes in all. Carbon all 
burned out. One dish in front of other. 
Dishes raised off bottom. 

June 8 15.18 15.10 Bottom dull red in spots; time of burning, 
only 37 minutes in all. Carbon all burned 
out. Dishes side by side and supported 
one-fourth inch above bottom on asbestos 
board. Neither asbestos board nor dishes 
a visible red. Hot air could circulate 
under and over asbestos and dishes. 

June 9 15.70 15.65 Time of burning, about 6 hours. Condi- 
tions same as on June 8, but lower tem- 
perature used. Both ashes moistened 
after weighing and free of carbon. Dishes 
side by side. 
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TABLE 2.—Continued. 

ai TOTAL ASH 

(1915) REMARKS 
Dish 1 Dish 2 

per cent per cent 

June 9 23.35 23 .87 Muffle slightly red in spots; time of burning, 
17 minutes. Much carbon present. Con- 
ditions same as preceding. 

16.18 16.20 Muflle slightly red in spots; time of burn- 
ing, 10minuteslong. Carbon still present 
in both. 

15.88 15.68 Dishes not visible red; time of burning, addi- 
tional 10 minutes. Traces of carbon in 
both; most in higher result. 

116.37 116.10 Dishes not visible red. Both moistened, 
evaporated to dryness, heated in muffle 
below redness before weighing. 

16.15 15.93 Dishes not visible red. Same as preceding 
after one-half hour longer in muffle. 

15.75 15.65 Dishes not visible red. Same as preceding 
after 1 hour longer in muffle; temperature 
slightly higher. 

1 Note the effect of moistening with water and subsequent long heating required to drive off this water 
and bring result down to that obtained before moistening. 

The results reported on May 26 agreed closely with those obtained 

by Analyst C. L. B., but are slightly below those reported by Analyst 

H. B.M. Further attempts to duplicate the latter’s results were in vain, 

as shown by work subsequent to May 26. This later work brought 

out very emphatically the fact that this sample of marjoram contained 

mineral matter very susceptible to slight changes in temperature, length 

of time of burning, etc., and that without exact duplication of tempera- 

ture and other conditions closely agreeing results at different times could 

not be determined. See various results in Table 2 on June 3, June 8, 

June 9, and June 10, where determinations in duplicate in every particu- 

lar, except that one dish was in front of the other and in slightly cooler 

part of muffle, show variations of 0.3%, and yet both are free of carbon. 

It was found that only when the two dishes were placed side by side 
could close duplicates be obtained, as shown by results of June 8 and June 

9, each set of which agrees closely; but there is a marked difference of 

about 0.5% because of different temperatures, the dishes in neither set 
being a visible red, although the bottom of muffle was dull red in spots. 
The second set of results on June 9 were made at a low temperature 

and weighed at short intervals to determine if some easily volatile min- 
eral matter was present which was completely volatilized about the time 
the carbon was completely burned. The tabulated results show that 

lower results were obtained than reported by Analyst H. B. M., yet some 

carbon was still present. Just at this point, the writer learned that Analyst 
H. B. M. had moistened his ash before weighing to uncover unburned car- 
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bon, then added enough alcohol to make a mixture which would burn, 

ignited the alcohol and burned it off, and replaced the dish in muffle for 

a short time, then cooled and weighed as usual. Because of this analyst 

obtaining higher results than anyone else and higher than the writer could 

obtain in any other way, the last set in Table 2 when about free of carbon 

were moistened, treated with alcohol, etc., about the same as did Analyst 

H. B. M., and it was found that his high results as originally reported 

could be duplicated, but in no other way; therefore, the conclusion was 

made that the water treatment before weighing explained his higher 

results. Later work by the author confirms this conclusion (see Table 4). 

The work reported in Table 2 convinced the author that for marjoram 
especially, and probably in other substances high in ash, an accurate 

determination of the ash required that more care be given to the con- 

trol of the temperature than is usually given, and it was thought that 
higher results would be reported by the various analysts if their attention 

was called to this point. Consequently, the following method was sent 

to the previous collaborators: 

Take 2 grams of the well-mixed sample in a platinum dish and burn at lowest 

possible temperature, below a visible red heat, until free from carbon when examined 

by the eye; cool, and weigh as usual. Now moisten ash with 95% alcohol, and ex- 

amine for small specks of carbon. If specks of carbon are found, ignite alcohol, 

allow to burn off, and then return dish to muffle and allow to heat a little longer 

at same temperature. Cool and weigh again, repeating this operation until all 

carbon is burned off. 

All results obtained were requested, also an opinion as to the true 

value for ash in the sample of marjoram sent out, the various results 

previously submitted by all of them being sent also so they would see 

the reason for further work. The second set of results are given in Table 3. 

TABLE 3. 

Ash determinations on marjoram—second report by collaborators. 

TOTAL ASH 
eimatevels ANALYST ee REMARKS 
TORY 

Dish 1 | Dish 2 

per cent | per cent 

1 H.R. S.1....| 15.47 |.......| Time of burning not given. Two grams in flat- 
bottom platinum dish, center cold electric 
muffle; rheostat set for temperature below 
red heat and burned till free of carbon. 

TEED oon ee ok: Same as above, except that when entirely 
charred dish was withdrawn. Ash covered 
with alcohol, ignited, and again heated 
in mufile below red heat. After 2 treatments 
with alcohol carbon-free. 

1 General comment by analyst; ‘It is evident that prolonged heating at even very low temperature 
does cause a loss of inorganic matter by volatilization. Also the most practical and reliable method for 
determining ash in organic products is that outlined in method 3 above.”’ 
u. Nore.—No report was received from laboratories 6 and 7. 
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TABLE 3.—Continued. 

REMARKS 

Re sans TOTAL ASH 

ROSS ANALYST - 

Dish 1 | Dish 2 

per cent | per cent 

1 Reise eee LOnO0s| se eee 

SAOF Noe eee 

2 W. J. McG..| 15.10 

4 HOS Weree|t15203 
15.06 
14.95 

5 Tas Pecans: 15.66 

14.91 

14.69 

16.46 
15.87 
15.77 
15.76 
15.77 

Same as above at start. When charred, re- 
moved, cooled, and all soluble ash leached 
out with hot water and filtered in usual 
manner. Filter and char burned in dish 
below red heat. Solution of soluble ash 
added, evaporated to dryness on steam bath, 
and finally heated at low temperature and 
weighed. 

Same as above at start. Rheostat set for 
lowest possible temperature; allowed to 
heat all night (16 hours). 

Time of burning not given. Heated in gas 
muffle just below red heat till carbon had 
disappeared, and after one alcohol treat- 
ment. After heating at red heat for 30 
minutes, obtained 13.03%, 13.06%, and a 
further drop to 12.46%, 12.54% after 30 
minutes more at red heat. 

Visible carbon present. 
Do. 
Do. 

Visible carbon absent. 
Total time of burning, 9 hours. Constant 

weight. 
Six treatments with alcohol were required. 

Muffle at all times below visible red heat. 
These results are about 0.5% higher than 
previously reported from this laboratory, 
but analyst does not consider increase in 
accuracy justifies increase of time. 

Time of burning not given. ‘The heating 
was done very slowly at a low temperature 
with proper precautions until no specks of 
carbon were left.” 

Time of burning not given. Burned in elec- 
tric muffle at lowest temperature possible. 
When carbon seemed all gone, weighed, 
then moistened with alcohol and found 
carbon-free. Temperature is slightly lower 
than used for first results. 

Time of burning not given. Obtained at 
higher temperature than above, but still a 
temperature which shows no redness in 
muffle or in dish. 

Time of burning not given. Obtained on 
another determination by higher heat than 
preceding. Analyst considers last two re- 
sults worthless. 

Comments on Table 3 by author: 

higher results by using lower temperatures, etc., than first reported, with the single 
All laboratories submitting reports obtained 

a a a” 
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exception of laboratory 4. Further, these higher results, with two exceptions, agree 
very well with those obtained in laboratory 7, and those of the author as given in 
Table 2. The results of Analyst H. R. S., where he used water to moisten ash, 
confirm those of Analyst H. B. M. and the author, where water was added. The 
tenacious combination of this water is remarkable since, as shown by the author in 

Table 2, about 14 hours’ heating at approximately 400°C. was required to drive it 

off and bring the ash down to the same value as before its addition. 

The author, about this time, suggested similar work to the associate 

referee on spices. He has already submitted his results. 

TABLE 4. 

Ash determinations on marjoram and stramonium with temperature control. 
MARJORAM. 

1 be U % a io} 

leo ee ie Ea || ee 
aa Fs a 2 < ae iS A 

ot me z ado I BR 1 
DATE (1915) o apa e a | SoiEt aA REMARKS 

a pes bp On iQ pas De 

a | gee | = |383/ & | HBR! ae 
g DENA EI Ha 2 Hoe | 83 
& 3 a < a 3 Z 

per cent °¢. h. m.|per cent] h. m °C. |per cent 

Oct. 8...) 15.69) (4) () | 15.94] 1 400 | 0.25 | Muffe entirely 
closed except 1- 
inch hole in front 
and three-eighths 
inch hole in back. 

15.90} 400 (?) | 16.20) 1 400 | 0.30 Do. 

Oct. 12..} 15.25)  (?) 1 35) 15.43) 1 51] 400 | 0.18 | Quartz dish. Muffle 
wide open. Anin- 
crease of about 0.2 
% after almost 2 
hours heating. 

STRAMONIUM. 

per cent "Cs h. m.|per cent) h. m. °C. |per cent| 

Oct. 26..} 18.21) 400-440) 4 30] 18.45} 1 50} 400 | 0.24 

18.27} 400-440) 4 30) 18.37/ 1 50} 400 | 0.10 

1 Not noted. 
2 440°C. during combustion of carbon, then constant at 400°C. 

The data given in Table 4 show results obtained where a pyrometer 

was used in the open gas muffle. The majority of these results are not 

satisfactory because of difficulties in maintaining a constant tempera- 

ture in the muffle. The temperature and results reported are only ap- 

proximate, but show very plainly that where an accurate result is desired 
on a substance like marjoram, great care must be observed to have exactly 

identical conditions, or considerable variations must be expected. The 

effect of moistening the ash is again plainly brought out in this table. 

The drug stramonium has also a high ash, and some little work has 

been done on one sample (see Table 4). 
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This paper is a preliminary one intended to emphasize certain phases 
of the determination of ash in spices, especially the necessity of using 

a low temperature, below redness at lowest possible temperature, as specified 
in the Official and Provisional Methods of Analysis (p. 162) previously 
cited. The writer expects to present more data later, together with 

conclusions as to the composition of the mineral matter which vola- 

tilizes so easily at or below redness. Evidence will also be presented to 

show that with products ike marjoram, thyme, etc., it is better to deter- 

mine ash in an open mufile, allowing plenty of circulation of air, instead 

of ina closed muffle, where, owing to an absence of oxygen, a longer time 

is required to burn the carbon. 

CONCLUSIONS. 

(1) The mineral matter in marjoram, thyme, and other plant products 

having a high ash is easily volatile to a very marked degree at a tempera- 

ture just below redness. 

(2) Great care is necessary by analysts in ashing these products. Tem- 

peratures below visible redness must be used or erroneous and low re- 

sults will be obtained. 

(3) After moistening the ash with water the weight before moisten- 

ing is not regained at the temperature of combustion, even after a reheat- 
ing of over one hour. 

(4) Further work on this subject is necessary so that the official meth- 

ods will plainly caution analysts against the troubles mentioned above 

The committee for the suggestion of changes in the constitution and 

by-laws, previously authorized by the association, was announced as 

follows: B. B. Ross, chairman; C. L. Alsberg, and H. D. Haskins. 

REPORT ON FLAVORING EXTRACTS. 

By A. E. Paun (Bureau of Chemistry Food and Drug Inspection 

Laboratory, Chicago, IIl.), Associate Referee. 

Three methods were studied last year by collaborators on flavoring 

extracts: 

(1) The saponification method for wintergreen extract, devised by 

Hortvet and West. 

(2) The brine method for anise and nutmeg extracts, as described 

by Hortvet and West. 

(3) The Howard-Mitchell method, slightly modified, for peppermint, 

spearmint, and wintergreen extracts. 

1 Presented by E. K. Nelson. 

EO 
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In each case the method was recommended for further study by the 

association. Inasmuch as the results reported last year appeared to 

be quite satisfactory, these three methods only were submitted this year, 

in the hope that the results obtained would be such as to warrant their 

final adoption as provisional in this meeting. 

Of each extract two samples were submitted, one of full standard 

strength, as directed in U. S. Bureau of Chemistry Circular 19, and 

the other one-fourth that strength. The nutmeg extracts, therefore, 

contained 2.0% and 0.5% of oil, while all the others contained 3.0% 
and 0.75%. All were made with 95% alcohol, which gives the test of 

the methods the maximum of severity. In the case of the weaker 

extracts this was perhaps more severe than necessary, since the lower 

grades of extracts are usually made with more or less dilute alcohol. 

SAPONIFICATION METHOD FOR WINTERGREEN EXTRACT. 

In connection with the saponification method for wintergreen extract, 

Mr. C. B. Gnadinger suggested titrating instead of weighing the sepa- 

rated salicylic acid. Details for this operation were added to the method 

as previously studied, and collaborators were requested to express an opin- 

ion as to their preference. It seems that the same idea had occurred to 

other operators, and that essentially the same details have already been 

in use in other laboratories. The results reported and the comments 

submitted follow: 

Analyses of wintergreen extract. 

ENT | Gravimetric | Volumetric 

per cent per cent i per cent 

(CL ©), IDGG he Shey CHOC RS OB DA SOR eT UGS o aa Eee eHne nae oe oe 

COMB GNAGIN PELE ae finsicck cies ey oss eon oe pine oie a Cae 

MBER BOOMS ce are ccyere's aisvoteseyareieloirieisvenayereteis) eine ae oe oe oe oe 

HL. Lourie. ..0.. 0. se eeeeeeeseeeeeeee eee 3.00 [20 398 298 
Ai, 12, SERCH oaticeabeecan samedi eA ene eee ee Oe on a i eas 

2, 1, Shavnd seat oe boa 0.75 | 0.76 0.74 | 0.76 0.74 
3. TE, TIT ee peer OFF peace nine 

7. TE, Wc SS eee ee Eel es ee 

PAVCTEL OBS sraee ches at nef eye, oie eset a a cialis ale ovata lola ace aelaie's 3 ie wet 4 As 
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COMMENTS BY COLLABORATORS. 

C. B. Gnadinger: Method very satisfactory. Little choice between gravimetric 

and volumetric modifications. I prefer the latter because it is slightly shorter. 
Chas. F. Jablonski: Suggest combining the two methods by titrating the weighed 

residue. 

C. E. Morrison (J. P. Street): The salicylic acid was determined gravimetrically, 
which method is preferred in this laboratory. 

Clarence F. Sutton: Titrated the weighed salicylic acid. 

A. R. Todd: The method appears to be very satisfactory. It seems to me that 

the amount of water used in transferring the solution to a separatory funnel could 

be cut down to 15 ee. 
P. B. Yost: I prefer the original method of weighing, as I find end point in the 

titration to be rather indefinite. 

Analyses of anise and nutmeg extracts. 

ANISE NUTMEG 

COLLABORATORS 
F Oil : 

Oil found present Oil found 

per cent per cent per cent er cent p 
5 o or 

SCNAOMONOMONSDMONSMS¢ 

BVH BerryzAcce ees eee o. RSS 

Gi Ty Blacks og tore ye eee A\peseoileeens 
1 1 

ILO OR 0019 00 

Py 

ORONOKOCRON 

B..Bloomberg:.ccnpsensete vases ae { 300 

Jacob Held baum jeer sel. tlere eter telerrels { Doge 

Ca B: Gnadinger sie seer etsterarefetcqerecstetettelalecrelev® 

Hyd Monch eeercerce cermin taete { Wetke 

NOWOW>WOWD RKONnNOCN-.NONO 

1 1 

“— 

o “I or 

We WOW WE WOWOWHWOWOd 

8 
2 
7 
1 
) 
4 
8 
0 
7 
0 
0 
2 
) 
4 
9 
2 
0 
2 NONONONONONONONOW no Ll?,) 

No NONONANORFOCORON-A.NONO 

0 
5 
0 
) 
0 
6 
8 
5 
9 
8 
2 
) 
0 
2 
0 
8 
2 

5 
0 
6 
1 

ANVELAP OSs crete ston ce Nevciet si cies aiie sree { one oe we ou 
1 See comments. 

COMMENTS BY COLLABORATORS. 

C. L. Black: I found it necessary to use C. P. NaCl, and that even nicer oil layers 
are obtained by using half saturated sodium sulphate solution. 

L. Patton and E. Bloomberg: Stated that the oily layer formed in the case of the 
dilute extracts did not cover the brine, and that, therefore, an exact reading was 

not possible; that, however, the amount of oil present is more than a mere trace. 

C. B. Gnadinger: Without being advised as to the amount of oil actually present, 
the results appear to be excellent. If they are reasonably correct, I believe the 

method should be made official. 

E.W. Thornton: The separation in each case was satisfactory without centrifuging 

a third time. 
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Analyses of spearmint, peppermint, and wintergreen extracts. 

OIL OIL FOUND 

COLLABORATORS PRES- 
PNT | Spearmint | Peppermint | Wintergreen 

BPEL SSS CITY. 01.55 oie aeiseieietsisiersieiee oe oS oe He 

ROPE Sink: cen) aM ete. 0.75 | 0.9 0.9 0.8 - 
Cmb 7 Gnadin gexec dade ces a ON a os oe os oe 

RRS Cina Seen. 0.75/ 0.7 0.8 | 08 08 | 0.7 0.7 
Jon dig MiG isos aac cobdecadponoesne gue we ae we ge ae os 

Kenya Osterhouts.-citeeie = alsie ses «se oe we oe oe cs oe a8 

CPW ieee AINOM sy creisict= aie)etes)ais «(6 su0ts oe oe Ee a ne Bi oe 

AGID ESS Ram CAO OREO COSC ae oa os oe 

COMMENTS BY COLLABORATORS. 

E. H. Berry: This method worked very satisfactorily, as it did last year. It 

certainly should be made official. 

C. B. Gnadinger: I think the method is an excellent one, and should be made 
official. 

K. J. Osterhout: Thinks that there may be some volatilization of oil in the case 
of spearmint. 

CONCLUSIONS. 

The results throughout are quite satisfactory. The saponification 

method for wintergreen yielded results which are truly remarkable in 

accuracy and in concordance. As to the details for determining the 

amount of salicylic acid separated, there seems to be very little choice 

between the gravimetric and volumetric procedure. The gravimetric 

results appear to be a little closer, and it would seem preferable to retain 

the method in its original form. 

In the brine method for anise and nutmegs, the results for the standard 

extracts are excellent. Even for the dilute preparations, the reports 

are very satisfactory. 

The carbon bisulphid method for peppermint, spearmint, and winter- 

green yielded most satisfactory results. 

Referring particularly to wintergreen extract, it would seem desirable 

to adopt both the saponification method and the bisulphid method, 

for the reason that the former gives the percentage of actual methyl 

salicylate present, while the latter gives the percentage of oil. The 

presence of a foreign oil, therefore, will become apparent if both methods 

are used. It is suggested, however, that the saponification method be 

described as a method for methyl salicylate. 
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RECOMMENDATIONS. 

In view of the above results, supplementing and corroborating the 

outcome of last year’s study on flavoring extracts, the following recom- 

mendations are respectfully submitted: 

(1) That the saponification method of Hortvet and West for methyl 

salicylate in wintergreen extract, as described in the Journal of Indus- 
trial and Engineering Chemistry, 1909, No. 1, and slightly modified in 

U.S. Bureau of Chemistry Bulletin 152, page 141, by the then associate 

referee, R. 8. Hiltner, be adopted as provisional. The method follows: 

Mix 10 ce. extract in a 100 cc. beaker with 10 ce. of potassium hydroxid solu- 

tion (10%). Heat on a boiling water bath until volume is reduced about one-half. 

Add a distinct excess of dilute hydrochloric acid, cool, and extract with three por- 

tions of ether, 40 cc., 30 cc., and 20 ce., respectively. Filter the combined ether ex- 

tracts through a dry filter into a weighed dish, wash with 10 cc. ether, and evaporate 

spontaneously. Dry over calcium chloride in a desiccator and weigh. The weight 

of salicylic acid thus obtained multiplied by 9.33 gives the percentage of oil of winter- 
green by volume. 

(2) That the following method, devised by Hortvet and West, and 

described in the Journal of Industrial and Engineering Chemistry, vol- 

ume 1, No. 1, be made provisional for anise and nutmeg extracts: 

To 10 cc. extract in a Babeock milk flask add 1 ec. of hydrochloric acid (1 : 1), 

then sufficient half-saturated salt solution previously heated to 60°C. to fill the 

flask nearly to the neck. Cork and let stand in water at 60°C. for about 15 minutes, 

occasionally giving the flask a twisting motion, and centrifuge for 10 minutes at 

about 800 revolutions per minute. Add brine till the oil rises into the neck of the 
bottle, and again centrifuge for ten minutes. If the separation is not satisfactory, 

or the liquid is not clear, cool to about 10°C. and centrifuge for an additional ten 
minutes. Multiply the reading by 2 to obtain the percentage of oil by volume. 

(3) That the following slight modification of the Howard-Mitchell 

method, which has been studied during the last two years, be now pro- 

visionally adopted for peppermint and spearmint extracts and for the 

determination of oil in wintergreen extract. The method follows: 

Pipette 10 ce. of the extract into a Babcock milk bottle, add 1 ec. of carbon disul- 

phid, mix thoroughly, then add 25 ec. of cold water and 1 cc. concentrated hy- 

drochlorie acid. Close the mouth of the bottle with the thumb and shake vigor- 

ously, whirl the bottle in a centrifuge for six minutes, and remove all but 3 or 4 ce. 

of the supernatant liquid, which should be practically clear, by means of a glass 

tube of small bore, and aspiration. 

Connect the stem of the bottle with a filter pump, immerse the bottle in water 
kept at approximately 70°C. for three minutes, removing from the bath every 15 
seconds and shaking vigorously. Continue in the same manner for 45 seconds, us- 
ing a boiling water bath. Remove from the bath and shake while cooling. 

Disconnnect from the suction and fill the bottle to the neck withsaturated salt 
solution at room temperature, centrifuge for two minutes, and read the volume of 

the separated oil from the top of the meniscus. Multiply the reading by 2 to ob- 

tain the percentage of oil by volume. 
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In the case of wintergreen, use as floating medium a mixture of 1 volume of con- 

centrated sulphuric acid and 3 volumes of saturated sodium solution. 

Since submitting the above report on flavoring extracts, two further 

collaborators submitted their reports. The first was by A. G. Wood- 

man, of Boston, whose results by the methods submitted are simi- 

lar to those obtained by the other collaborators, but he makes a very 

interesting statement regarding a nephelometric method which he has 

tried on very dilute extracts, and he reported his results on the dilute 

samples of anise and nutmeg submitted. His results were: 

OIL PRESENT OIL FOUND 

per cent per cent 

LSTIEG)-0 oo OCA GOH OO AOORBE DIGGS CODEC SO TBO DDE Ltn Meno 0.75 1.00 
INTE FTG) aps condo d cae BO DOdo oR coer Sencoococepeuesonoene 0.50 0.50 

While Mr. Woodman’s details were not available, a few simple tests 

were made along the line suggested, and it is believed that the idea is 

promising and that when Mr. Woodman’s paper is available it may be 

desirable to study the method for use on very dilute preparations. 

The second paper received was by C. O. Dodge, of the Bureau of 

Chemistry in Washington. His results on the wintergreen extracts by 

the saponification method, slightly modified by himself, are highly ac- 

curate and are as follows: 

OIL PRESENT OIL FOUND 

per cent per cent 

Wintergreen extracts: 
ING), I SHE Os Can BECO U CE TS CURODOn eee eae erent oem mee 0.75 0.75 
INGE peat ee tosepevove sce) cs sian st sioseo1 sels sraieverbievayareyeysleia aye oneness 3.00 2.99 

Mr. Dodge suggests that the details submitted may be improved by 

keeping down the bulk of the solution to be extracted and using a smaller 

amount of ether. However, the details suggested by him involve four 

extractions with a total of 60 cc. of the solvent, while the original method 

requires only three extractions with a total of 90 cc. of ether. Inasmuch 

as the results obtained by the collabarators were very satisfactory, there 

is doubt that the changes are necessary. 
Mr. Dodge raises the further point that oil of wintergreen may contain 

only 98% methyl salicylate, and suggests that the calculation of the 

result should be based on this figure. It seems, however, that this ob- 

jection is overcome by the recommendation that this determination be 

considered a determination of methyl salicylate rather than a determi- 
nation of oil. 
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REPORT ON BAKING POWDERS. 

By H. E. Parren (Bureau of Chemistry, Washington, D. C.), 
Associate Referee. 

Tests of three gravimetric methods for the determination of lead in 

phosphate baking powders were made. Five analysts coéperated. The 

methods studied were the Seeker-Clayton, Remington modification of 

the Seeker-Clayton, and Exner methods. Directions for these methods 

were sent out as follows: 

DESCRIPTION OF METHODS. 

SEEKER-CLAYTON METHOD. 

Place 20 grams of the baking powder in a large beaker and add about 25 ce. of 

water in small portions at a time to avoid excessive frothing. Add 20 cc. of concen- 

trated hydrochloric acid, a little at a time for the same reason, and digest on a 

steam bath until the solution is perfectly clear and limpid or until a drop of the 
solution gives no reaction for starch with iodin and potassium iodid solution. Add 

sufficient solution of ammonium citrate! (lead-free) to correspond to 20 grams of 

citric acid and render slightly alkaline to litmus with ammonia, density 0.95. The 

latter is added a little at a time, with care to keep the solution cool, to avoid pre- 

cipitation of calcium salts. Dilute to about 400-450 cc., add 10 ce. of 10% hydro- 

chloric acid, cool to room temperature, saturate with hydrogen sulphid, and allow 

to stand overnight. 
Filter through a moistened filter, using suction if necessary, and wash the precipi- 

tate? with hydrogen sulphid water and finally with a little water. Dissolve the pre- 

cipitate by passing through the filter three 5 ec. portions of boiling 10% hydrochloric 

acid followed by three 5 ce. portions of boiling 25% nitric acid, and collect the 

filtrate in a 100-150 ce. beaker. Finally wash the filter with a little hot water, add 

2 ec. of concentrated sulphuric acid to the filtrate and washings, and evaporate on 

a hot plate until fumes of sulphuric acid are copiously evolved. The solution should 

now be practically colorless, but if not so add a little nitrie acid and again evapo- 
rate until fumes appear. Cool, add 10 ec. of water and 20 cc. of alcohol, and allow 

to stand overnight. Filter through a Gooch on asbestos and wash with alcohol. 

1Ammonium citrate solution.—This reagent may be prepared by dissolving 100 
grams of citric acid in 100 cc. of hot water, cooling, adding a little at a time suffi- 
cient ammonia to leave a slight excess, again cooling, and then saturating with 
hydrogen sulphid. Allow to stand overnight, or until the sulphids have settled out, 
filter, boil the filtrate to expel excess of hydrogen sulphid and ammonia, cool, and 
make up to 200 ce. Lead-free citric acid may be used instead of this solution, but 
it has the disadvantage of causing a considerable evolution of heat in the subse- 
quent neutralization with ammonia, resulting in a precipitate of calcium citrate. 

2 In some cases, especially when a very large amount of calcium phosphate is pre- 
sent, a white precipitate of calcium citrate will settle out on standing overnight. In 
such a case, decant the supernatant liquid through a filter and dissolve the precipi- 
tate in a small amount of dilute hydrochloric acid, add an excess of ammonium 
citrate, cool, render slightly alkaline with ammonia, cool, saturate with hydrogen 
sulphid, and allow to stand from 6 tol2hours. The precipitated sulphids are then 
filtered off and treated as in the regular method. (The material remaining on the 
filter from the liquid first decanted has in the meantime been washed with hydro- 
gen sulphid water and dissolved in hot hydrochloric and nitric acid, the solution 
being finally combined with that from the second crop of lead sulphid.) 
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Place the Gooch in a small beaker and treat the contents with a few drops of 

concentrated ammonia. Then pour 10 ce. of 50% ammonium acetate into the 
crucible and allow it to stand for about 15 minutes. Remove the crucible from 

the beaker and carefully wash the bottom and sides with water, allowing the wash- 

ings to run into the beaker. Now, by placing the lips over the top of the crucible, 

blow the solution still remaining in the crucible into the beaker. Wash the crucible 

with a little water, forcing the washings through the asbestos pad in the manner 

just described. Rinse the bottom of the crucible with a jet of water and fit it into 

a bell jar arranged for filtering by suction. Filter the contents of the beaker 

through the Gooch, collecting the filtrate in a second beaker placed under the bell 

jar, and wash thoroughly with hot water. Acidify the filtrate with acetic acid, 

heat nearly to boiling, add an excess of potassium bichromate, and allow to stand 
overnight. Then filter through g tared Gooch, dry for 20-30 minutes on a hot 

plate, cool, and weigh as PbCrOy. 

REMINGTON MODIFICATION OF THE SEEKER-CLAYTON METHOD. 

Weigh 100 grams of the baking powder into a large beaker (1.5-2 liters) and add 

500 ce. of the cold citrate solution! slowly with stirring. If the powder contains 
albumin a troublesome frothing may result, which can be controlled by the use of 

afew cubic centimeters of ether. Stir thoroughly several times, and set aside for 

several hours. , 

Decant the supernatant liquid, and wash the starch twice by decantation with 

about 50 ec. of water, adding the washings to the original solution. (A centrifuge 

will be of great assistance in the decantation and washing.) Heat the solution on 

the steam bath until the albumin is coagulated, and pass in a slow stream of hydro- 
gen sulphid for several hours, or overnight. (If a heavy white precipitate is formed, 

add ammonia cautiously until it is dissolved, taking care that the solution remains 

acid.) Filter off the precipitated sulphids and wash with water containing hydrogen 

sulphid. 
To the residue of starch add 250 ec. of water and 25 cc. of hydrochloric acid, and 

heat on the steam bath until the starch is completely hydrolized. Neutralize with 

ammonia, and make just acid to litmus with hydrochloric acid. Pass in a slow 

stream of hydrogen sulphid for several hours, or overnight. Filter and wash with 

water containing hydrogen sulphid. 

Place the filters containing both precipitates in a tall 100 ec. beaker, add 5 ce. 

of sulphuric acid and 10 ce. of nitric acid, and heat on the hot plate, with frequent 

additions of nitric acid until all organic matter is destroyed and the liquid is nearly 

colorless. Take down to fumes of sulphuric acid, cool, add 20 ec. of water and 40 

ec. of alcohol, and allow to stand overnight. 
From this point proceed as in the original Seeker-Clayton method, as follows: 
Filter through a Gooch on asbestos, and wash with alcohol. Place the Gooch 

in the original beaker and moisten the contents with a few drops of concentrated 
ammonia. Then pour 10 cc. of 50% ammonium acetate solution (previously treated 
with H.2S and boiled) into the crucible and allow it to stand for about fifteen min- 

utes. Remove the crucible from the beaker and carefully wash the bottom and 

sides with water, allowing the washings to run into the beaker. Now, by placing the 

lips over the top of the crucible, blow the solution still remaining in the crucible 

1 Preparation of ammonium citrate reagent.—Dissolve 200 grams of ammonium 
citrate in a liter of water, add 10 cc. of concentrated hydrochloric acid, warm slight- 
ly, and pass in a slow stream of hydrogen sulphid for several hours. Filter and 
heat to boiling to expel excess of H.S. 
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into the beaker. Wash the crucible with a little water, forcing the washings through 

the asbestos pad in the manner just described. Rinse the bottom of the crucible 

with a jet of water, and fit it into a bell glass fitted for filtering with suction. Pass 

the ammonium acetate solution through the Gooch, filtering twice if necessary to 

secure a perfectly clear filtrate, and wash thoroughly with a little hot water. Acidify 

the filtrate with acetic acid, heat nearly to boiling, add an excess of potassium 
dichromate, and allow to stand overnight. Filter on a small tared Gooch, wash the 

precipitated lead chromate with cold water, dry the crucible and contents by heating 

for 20-30 minutes on a hot plate, cool, and weigh as PbCrQ,. 

EXNER METHOD. 

Weigh out 200 grams! of the sample and transfer this to a 3-liter Jena flask. 

Add 300 ce. concentrated nitric acid in portions, with thorough shaking after each 

addition. The mixture, which first forms a thick paste, is slowly heated on an 

asbestos gauze with repeated shaking. The mass becomes thinner, and by the time 

the oxidation of the starch begins it is quite fluid. As soon as brown fumes begin 
to appear at the mouth of the flask, heat is removed and a stemless funnel is inserted 

in the neck of the flask. The reaction soon becomes very vigorous, and the flask 
should be set in a hood with a good draft. The reaction, however, will not become 

so violent as to cause loss of material by foaming over. When the action has mod- 

erated, the flask is set back on the asbestos gauze over a moderate Bunsen flame. 

When the action becomes weak, as shown by the fumes in the flask becoming lighter, 

90 cc. concentrated sulphuric acid is slowly added to the contents of the flask, and 

heating is again continued until the fumes fade. Then 25 cc. of concentrated nitric 

acid are added from time to time, with continued heating, until all the starch is com- 

pletely oxidized. This can be told from the behavior of the last addition of nitric 

acid, which boils out with but little decomposition. Usually three or four additions 

of 25 ec. portions of nitric acid suffice. The nitric acid should finally be expelled as 

completely as possible without endangering the flask. Cool and add 400 ce. dis- 

tilled water, shake, and allow to settle. The soluble sulphates of sodium, potassium, 

aluminum, iron, ete., go into solution, while calcium sulphate and most of the lead 

sulphate will be precipitated. Filter through an 18 cm. folded filter into a liter 

Erlenmeyer flask; rinse the 3-liter flask two or three times with small portions of water 

and pour the rinsings through the filter. There is no need of a thorough washing 

of the precipitate. The latter is transferred to a 2-liter Erlenmeyer flask. This 
is best done by opening the filter containing the precipitate over a 600 cc. beaker and 
rinsing thoroughly with water from a wash bottle. The contents of the beaker 

are then transferred to the Erlenmeyer, together with whatever precipitate remains 
in the 3-liter flask. The contents are then diluted so as to nearly fill the flask, stirred 

thoroughly to dissolve the calcium sulphate, 20 cc. strong acetic acid added, and the 

liquid thoroughly saturated with hydrogen sulphid. This may be done quickly 

by preparing a solution of sodium sulphid by saturating a 5% sodium hydroxid 

solution completely with hydrogen sulphid, drawing up this liquid into a pipette, 
which is then dipped into the solution in the Erlenmeyer and stirred while the 

sulphid runs out. Only a small part of the free acid need be neutralized to pro- 

duce complete saturation with hydrogen sulphid. This procedure saves both time 

and gas. The flask is then corked and set aside until the precipitate has settled. 
The liquid is then siphoned off, saving much time in filtering. The lower end of the 

siphon tube which is introduced into the liquid has a short bend at right angles so 

1 Tf other weights have to be used, take reagents in proportion. 

i 

ae 
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that it will not suck the precipitate from the bottom. When there is much calcium 
sulphate, one such treatment will not suffice to bring all into solution, but the flask 

is refilled with distilled water, is again acidified and saturated with hydrogen sulphid 

and allowed to settle till the calcium sulphate is practically all dissolved and the 

residue of sulphids is dark colored. When much calcium sulphate is present, solu- 

tion may be hastened by the addition of lead-free sodium acetate to the water, 50- 

75 grams to each 2 liters of water. If the solution of the salt gives no darkening 

with hydrogen sulphid, it may be safely used. 

The liquid containing the soluble sulphates is treated separately to recover the 

trace of lead whichit may contain. The acidity is partially neutralized with ammon- 

ium hydroxid just short of the point of producing a permanent precipitate of 

aluminum phosphate. It is then saturated with hydrogen sulphid and the pre- 
cipitate allowed to settle. Some iron sulphid will usually be precipitated also. 

It is important that the sulphid precipitations be made in very slightly acid solu- 

tions, otherwise lead sulphid will not be completely precipitated. When both pre- 

cipitates have finally settled, the liquids may be siphoned off, and the precipitates 

transferred on to separate 11 cm. filters and washed with hydrogen sulphid water. 

The filters with their precipitates are placed into a 200 cc. Erlenmeyer flask, 10 ce. 

concentrated nitric acid and 5 ce. concentrated sulphuric acid are added, a stemless 

funnel inserted in the neck, and the flask heated to completely oxidize the material. 
When the nitric acid has all been expelled and the residue darkens, more nitric 

acid is added until no such darkening occurs. The residue is finally heated till 
fumes of sulphur trioxid are given off. Then cool and add 15 ce. of water. Filter 
through 7 em. filter, rinse, and then wash the filter twice with small portions of dilute 

sulphurie acid, and finally with a little water. There is no need of removing all 

sulphuric acid. Place a clean 150 cc. beaker under the filter, dissolve the precipi- 
tate with 15-25 cc. ammonium acetate and wash thoroughly with water. The 
ammonium acetate is best prepared by mixing 1 part 99% acetic acid, 1 part water, 

and 1 part ammonium hydroxid sp. gr. 0.90, introducing a piece of litmus paper, and 

cautiously adding more ammonium hydroxid until neutral. 

The solution of lead in ammonium acetate is acidified with acetic acid and pre- 

cipitated with potassium bichromate. The mixture is heated on the steam bath 

and then allowed to cool and settle. It is filtered on to a tared Gooch having a 

thick felt, washed with water, dried at about 125°C., and weighed as lead chromate. 

It is taken as a matter of course that the water used and the reagents must be 

free from lead. There seems to be no danger from lead in vessels when Jena glass 

is used. 

SAMPLE SOLUTIONS. 

In view of the lack of confidence expressed by many analysts with 

whom we consulted in the Seeker-Clayton method as originally given, 

it was decided to send out for a preliminary test samples containing the 

lead in a soluble form. A very slight amount of organic material was 

added to necessitate wet oxidation as recommended by the methods. 

Some of the collaborators very properly objected on the ground that 
these samples did not offer the same analytical difficulties met with in 

the analysis of phosphate baking powders. They have, nevertheless, 

worked faithfully upon the samples and have sent in data which, in the 

judgment of the associate referee, fully justify the style of sample used 
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for this preliminary test of the comparative merits of the methods. Fur- 
ther, to eliminate personal equations and any autosuggestion in the 

analysts, three sample solutions labeled A, B, and C were sent out, each 

containing exactly the same concentration of lead (as Pb(NOs3)2), but 
without indicating to the analysts that these solutions were duplicates 

one of the other so far as the lead was concerned. The ingredients of 

the solutions are given below. 

It will be noted that the diluted solutions made from these samples 
which were finally to be taken for the lead tests contained a quantity of 

lead the same as would be found in a baking powder containing 20 parts 

of lead per million. Thus, 200 grams of baking powder (Exner method) 

containing 20 parts per million of lead would have 4 mg. of lead. One 

hundred grams (Remington method) would contain 2 mg. of lead, and 20 

grams (Seeker-Clayton method) would contain 0.4 mg. The solutions 

measured out for analysis contaimed these respective amounts. 

INGREDIENTS OF SOLUTIONS. 

Solution A contained 10 grams of sugar per 100 cc. and 40 mg. of 

lead per 100 ce. (as Pb(NOs)2), with a few drops of concentrated nitric 

acid to repress hydrolysis. 

Solution B was an exact duplicate of solution A and was taken from 

the same mix. 

Solution C was identical with solutions A and B except that 2.5 grams 

CaHy, (PO,)2 H.O (found to be lead free) was added per 100 cc. 

DIRECTIONS ACCOMPANYING SAMPLE SOLUTIONS. 

The following directions were sent out with the solutions: 

Take 50 cc. of each solution at 25°C. and make up with distilled water to 500 

ec. at 25°C. Then for use in the Exner method use 100 ce. of this diluted solution; 

for the Remington method use 50 cc.; and for the Seeker-Clayton method use 10 

ec. The results should be reported in milligrams per liter of original solution. 

REPORTS OF COLLABORATORS. 

The collaborators reported results which are tabulated as milligrams 
per liter of original sample solution in Table 1. These results have been 

recalculated to a basis of parts per million of a phosphate baking powder, 

using the weights of baking powder recommended for analysis in each 

of the methods, respectively, and are given in Table 2. 

One of the collaborators, Dr. T. J. Bryan, in addition to the requested 

work, added to the diluted solutions to be taken for analysis an amount 

of lead-free baking powder required by the different methods and then 
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TABLE 1. 

Lead in milligrams per liter of original solution as reported by the collaborators. 
[Solutions contained 400 mg. of lead per liter.] 
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LEAD IN MILLIGRAMS PER LITER OF SOLUTION 

Solution A Solution B Solution C 

Seeker-| Rem- Seeker-| Rem- ker-| Rem- 
Clayton| ington | Er |Glayton| ington | Exner Gigton| ington | Exner 

128 333 333 128 307 358 128 422 416 
1220 | 640] 870] 640] 500] 370] 380} 460] 420 
2750 SOO) | eeretesece ae SSO alexersrsrets 450 PAA hoeeae 
Bera Aare siahelfte woes =. QO siaeereseyci] ececsoe cere foacesece locate crs tall Maseaceheds 

260 | 550 359 380 360 436 260 396 378 
380 | 475 372 320 422 429 190 410 359 
384 | 371 454 833 358 211 | 1020 269 358 
897 294 371 512 179 237 | 1020 294 397 
513 436 442 513 410 410 448 576 481 
448 422 416 448 422 384 513 512 512 
385 | neneGal esos eae aae 4ASM nea BOE: | e-ctoyare ailerons 

io eee | er eapees| estriol emerpaceete BOD alacecisil pees tell sierra | See 

TABLE 2. 
Recalculation of results given in Table 1 to a basis! of parts per million in a phosphate 

baking powder. 
[Solutions contained 20 parts of lead per million.] 

COLLABORATOR AND 
ANALYST 

Loomis (Wichman).... 

Hortvet (Pettijohn).. 

LEAD IN PARTS PER MILLION 

1 For synthesis of samples see page 218 

Solution A Solution B 

- r-| Rem- 
Cae oe Exner Heer aa Exner 

6 17 17 6 15 18 
61 32 Ad 32 25 19 

138 SUM Ragiooe 35 OT eveeie- 
Berets | ciency ecencits 6h lboasan lbormcar 

13 28 18 19 18 22 
19 24 19 16 21 21 
19 19 23 42 18 11 
45 15 19 26 9 12 
26 22 22 26 21 21 
22 21 21 22 21 19 
1 ee eallaneoon|laccoor PPX No ewiads 

sopooallbeosoolpooaco loots PAWN anos 

TABLE 3. 

Solution C 

Seeker-| R 
Glaviga neta Exner 

6 21 21 
19 23 21 

22 ENA | ereteyerets 

10 21 18 
51 13 18 
51 15 19 
22 29 24 
26 26 26 

ZO IN] | exsesseei\lecctoeasre 

Lead found in solutions to which lead-free baking powder was added in the proportions 
required by the various methods. 

METHOD 

Seeker-Clayton 

Remington 

[Solutions contained 400 mg. of lead per liter.] 

LEAD IN MILLIGRAMS PER LITER OF SOLUTION 

Solution A Solution B Solution C 

i 704 320 384 
Meicteleisia sicletatel are efevelece(stase slelaia ots } 448 192 192 

410 179 102 Zh Venere ea ia 79 102 
{ 134 121 313 

281 294 
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subjected the solutions to analysis. These results are shown in Table 3. 
Table 4 contains the results given in Table 3 recalculated to parts per 
million of lead in a phosphate baking powder in order to make them com- 

parable with similar results given in Table 2. 

TABLE 4. 

Recalculation of results of Table 3 to a basis of parts per million in the phosphate 
baking powder added. 

(Solutions contained 20 parts of lead per million.] 

LEAD IN PARTS PER MILLION 

METHOD See 

Solution A Solution B Solution C 

Seeker-Chaytonsee 4 eoeecs ee eond eee 2 nf 

Reemin gtony2 sis cares et arate oracle eins sa tares tet 22 2 : 

XSL ss epee eee circ CCRC tee a i 16 

DISCUSSION OF RESULTS. 

Recurring now to the objections which have been made by some of 

the collaborators (H. M. Loomis, T. J. Bryan, C. B. Morey): They were 

of the opinion that these methods for the estimation of lead should be 

used upon lead-free baking-powder samples to which known quantities 

of lead had been added, or upon sample solutions containing the same 

quantity and ratio of ingredients that would occur upon solution of a 

phosphate baking powder in acid. 

These methods have two objects: One, to determine the lead quanti- 

tatively, and the other to separate the lead from the mixture in which 

it is found. It seemed advisable to study first their respective merits 

in determining lead under conditions where there was practically no in- 

terference from baking-powder ingredients. If a method can not stand 

this test, manifestly there is no use of trying it out where there is added 
the further difficulty of separating the lead from a complex mixture of 

ingredients. 

The reason that the associate referee sent out these very simple samples 

for analysis was to ascertain if these three methods could give comparable 

results in the hands of capable analysts under the most simple conditions. 

If this had proved to be the case, it was then the intention to carry out 

further work upon more complicated samples fully simulating the actual 

conditions found in phosphate baking powders. Owing to the lateness 
of the date at which the present associate referee took up this work, it 
has been possible to proceed only as far as the report indicates. 

In the work done by Mr. Pettijohn, under Dr. Hortvet, the prescribed 
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methods were not followed exactly in all cases; and for this reason, to- 

gether with the wide variation in results presented, it seems fair to Judge 

the methods on the results reported by the other four analysts. 

SEEKER-CLAYTON METHOD. 

VARIATIONS REPORTED. 

The Seeker-Clayton method might possibly be adapted for this work 

by substituting a colorimetric reading at the end instead of the present 
gravimetric determination, but in its present form it gives results varying 

from (Table 2) 6 parts per million to 51 parts per million, using one solu- 

tion with four different analysts, and from 19 parts per million to 51 parts 
per million for one analyst on three solutions (Bryan). 

WEIGHING LIMITATION ERROR. 

The inherent difficulty with the Seeker-Clayton method is the small 

amount of sample taken. With the baking-powder standard for lead 

set at 20 parts per million upper limit, there will be 0.0004 gram of lead 

in a 20-gram sample containing this highest limit. Since the lead is 

weighed as PbCrOu, the actual mass weighed would be 0.000624 gram. 

Assuming that the balance weighs accurately 0.0001 gram, then any weight 

between 0.00055 gram and 0.00065 gram will be read as 0.0006 gram of 

PbCrOy. This weight calculated to lead gives 0.000385 gram lead, with 

a range from 0.000353 gram to 0.000417. Calculating to parts per mil- 

lion of lead, 0.0006 gram PbCrO, represents 19.25 parts per million, and 

the range is 3.2 parts per million (from 17.65 to 20.85). Hence we have 

a possible error of 8.3% inherent in the limitations of the balance 

when estimating lead in baking powders containing approximately 20 

parts per million, even when the balance weighs accurately to 0.0001 

gram. The above standard referred to (20 parts per million of lead) is 

for baking-powder acid-ingredient chemicals. The standard for complete 

baking powders is one-half of this, or 10 parts per million. A baking 

powder containing this upper limit would yield only 0.0003 gram PbCrO,4 

and, the weighing errors remaining the same, the percentage of error due to 

the limitations of the balance would be doubled. 

WEIGHT STANDARDIZATION ERROR. 

The above discussion of weighing errors assumes that the set of metric 

weights used with the balance is rigidly standardized, and that each 

correction of standardization is used throughout all operations. To il- 

lustrate how great such an error may be, test 11388, U.S. Bureau of 

Standards, of a new set of weights (Becker’s Sons, Rotterdam) showed 

the following: One of the 2-gram weights was too heavy by 0.1 mg., each 

100-mg. weight was 0.04 mg. too light, and the 50-mg. weight was 0.02 
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mg. too light. Thus, a weighing in which one of the 2-gram weights was 

replaced by the other would show 0.0001 gram more or less than the cor- 
rect mass. Similarly, a weighing in which the two 100-mg. weights and 

the 50-mg. weights were used together would lack 0.0001 gram of the 
true mass. Thus the possible error through neglecting the standardiza- 

tion of weights would be as large as the above mentioned error due to 

the limitations of the balance. And even when weight standardization 

is taken care of, constant use and corrosion of weights may introduce 

error. 
OPTIMUM LOAD. 

In making such close estimates as required by the Seeker-Clayton 

method, the effect of the balance load on the sensibility must be taken 

into account. It would, of course, be advisable to determine the load 

of greatest sensibility, and then add weights to the pan containing the 

Gooch crucible until this optimum load is approximated; or a lighter 

crucible might be chosen in case the optimum load were lower. 

DRYING ERROR. 

The method of drying the PbCrO, precipitate on the hot plate accord- 

ing to the Seeker-Clayton directions has been found to be subject to an 

error of 0.0002 gram by Dr. T. J. Bryan in his report, although he does 

not specify exact reasons for this error. Mr. Pettijohn also has criticized 

this procedure, but without quantitative expression. This error may be 

partially due to absorption of moisture during the weighing or in the 

balance case. 

RECOMMENDATIONS ON SEEKER-CLAYTON METHOD. 

The Seeker-Clayton method, because of the small quantity of sample 
and reagents required, may well serve as a semiquantitative method in 

the hands of one skilled in its use; but taking into account all of the fac- 

tors mentioned, it would seem inadvisable to recommend the Seeker- 

Clayton method for further study. 

REMINGTON MODIFICATION. 

VARIATIONS REPORTED. 

The Remington modification method showed much closer checking 

than the Seeker-Clayton, the greatest variation being from 13 to 29 parts 

per million with one solution and four different analysts, and from 9 to 

19 parts per million with three solutions for one analyst (Bryan). 

The majority of determinations, however, came reasonably close to 

the true value of 20 parts per million. Out of a total of 23 determinations 
by four analysts, over half (13) were within 10% of the correct value. 

Fifteen were within 20%, and four showed an error greater than 30%. 
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WEIGHING ERRORS. 

With this method the larger weight of sample taken (100 grams) reduces 

the error in weighing due to the limitations of the balance to +0.32 parts 

per million when a total of 20 parts per million is being estimated. Other 

weighing errors are correspondingly reduced. An error of 0.0001 gram 

in weighing the PbCrO,; would produce an error of 0.64 parts per million 

with the 20 parts per million total. 

RECOMMENDATIONS ON REMINGTON MODIFICATION. 

From the results obtained with this method, it would appear that the 

Remington method does not possess quite the accuracy of the Exner 

method. Consequently it is recommended that no further study be 

made of the Remington modification method at present. 

EXNER METHOD. 

VARIATIONS REPORTED. 

Still closer checking was found in the results with the Exner method. 
The greatest variation was from 11 to 22 parts per million with one solu- 
tion and four analysts, and from 11 to 23 parts per million with one analyst 

(Bryan), using three solutions. Fifteen out of a total of 21 determinations 

were within 10% of 20 parts per million, and only three showed an error 

greater than 20%. 

WEIGHING ERRORS. 

With the Exner method weighing errors are still further reduced, the 

error due to weighing limitations of the balance being only +0.16 parts 

per million in estimating 20 parts per million of lead. An error of 0.0001 
gram in weighing the lead chromate precipitate would give an error of 

0.32 parts per million for this 20 parts per million total. 

USE OF ALCOHOL IN PRECIPITATING LEAD SULPHATE. 

Mr. Pettijohn recommends that alcohol be added in the Exner method, 

at the point where the PbSO, (recently formed from the sulphid by the 

action of nitric and sulphuric acids) is treated with water, in order to 

precipitate the lead sulphate completely. It appears to the associate 

referee that this would delay the determination and not add appreciably 

to the accuracy. The solubility of PbSO, in water is 0.0042 gram PbSO, 

per 100 grams distilled water at 19°C. (Rothmund: Léslichkeit und Léslich- 

keitsbeeinflussung). This means that when saturated, 15 cc. of water 

would hold only 0.0006 gram of PbSOs. The 15 cc. of water used in 

transferring the sulphate precipitate does not have time to reach satura- 

tion; hence the use of alcohol to recover this minute quantity of PbSO« 
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is without material effect upon the accuracy of the method in general, 

if carried out according to Exner’s directions. However, where it is 

desired to use the Exner method with fractional quantities of the 200- 

gram sample, the error introduced by the loss of the PbSO, in the trans- 
ference water might need consideration. 

RECOMMENDATIONS ON THE EXNER METHOD. 

In view of the shorter time required and the greater accuracy both 
from a priori considerations and actual experimental data, the Exner 

method seems well worthy of further study, where a gravimetric method 

is to be used. In ease the full quantity recommended (200 grams) is used, 

it is advisable to take the substance from the can, thoroughly mix, and 

secure each complete sample taken for analysis as a composite of many 

fractions lifted from different portions of the mix. 

WICHMANN MODIFICATION OF SEEKER-CLAYTON METHOD. 

Mr. H. J. Wichmann in his report presents the following method, which 

he recommends as dependable: 

One hundred grams of baking powder are weighed out into a 1.3-liter beaker and 

10% HCl added to excess in small portions. Excessive frothing may be kept down 

with ether. The mixture of acid and starch is heated until the starch is hydrolyzed 

and the solution is quite limpid. After cooling, 200 ec. 50% ammonium citrate 
solution are added. The solution is kept cold while an excess of ammonia is slowly 

and carefully added. If a precipitate forms, sufficient ammonium citrate is added 

to dissolve it. Fifteen cubic centimeters of saturated HgCl. solution are added and 

the solution diluted to about 1,200 ce. Hydrogen sulphid is then passed to satura- 

tion and the beaker set aside. The precipitate settles rapidly and can readily be 

filtered. A centrifuge can be used to advantage. There is no need of standing 

overnight, as the heavy HgS will drag down the PbS. If the solution stands over- 
night a precipitate of calcium citrate is apt to settle out. 

The filter paper with the sulphids is placed in a small casserole, or the sulphids 

are washed into it from the cylinder, if a centrifuge is used. Ten cubic centimeters 

of HNO; and 2 ee. of concentrated H.SO,; are added. The nitric acid is evaporated 

and the sulphuric acid slowly fumed off. If a gas muffle furnace is available the 

casserole can be placed on the platform in front of the muffle until the H.SO, has 
disappeared and then slowly heated inside to a light red heat. The mercury salts will 

vaporize, and any ferric sulphate present will be broken up to the oxid. After cool- 
ing, the lead sulphate is leached out from the residue with an ammoniacal 25% solu- 

tion of ammonium acetate. Several leachings must be made. The filter paper is 

then washed with hot water. The filtrate is acidified with acetic acid and the lead 
precipitated as chromate with potassium dichromate. After standing overnight 

the lead chromate is collected on a Gooch, dried by heating to 125°C., cooled, and 

weighed. 

In answer to the objection that the mercury would tend to carry off 
some of the lead with it during volatilization, Mr. Wichmann assures 
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us that he has not found this error to interfere with the accuracy of the 

method. Mr. Clayton states that in his experience such a volatilization 

of mercury salts gave low results for the lead; but considering the very 

much smaller quantities of lead present in each test sample when fol- 

lowing the Seeker-Clayton method, it seems likely that the large relative 

error obtained by Mr. Clayton would become insignificant when using 
100-gram samples as recommended by Mr. Wichmann. 

RECOMMENDATIONS. 

The associate referee recommends that further study be carried out 

upon the Exner and Wichmann methods. The Exner method is recom- 

mended for adoption as a provisional method. 

Special emphasis should be laid upon speed of operations, as well as 

upon clean separations, close measurement of wash water, and accurate 

weighing. The use of a stirrer during hydrogen sulphid precipitation, 

followed by centrifuging, should be studied with a view to eliminating 

the standing overnight. The Wichmann method presents the only 

gravimetric determination which can be carried out within approximately 

24 hours, and is therefore expecially commended for careful study. It 

is recommended that the determinations be accompanied by a time 

schedule, showing actual time involved in each operation. This is es- 

pecially important in view of the large number of samples and the short 

time available in handling many carloads of material at the factories. 

The associate referee wishes to thank the collaborators, T. J. Bryan, 

J. Hortvet, H. M. Loomis, C. B. Morey, and R. E. Stallings, and the 

analysts, J. O. Clarke, F. L. Hoyt, E. Pettijohn, and H. J. Wichmann, for 

their helpful spirit in carrying out the work. Acknowledgment is also 

made to Mr. G. H. Mains for assistance in discussing data and compiling 

this report. 

THE ROLE OF CALCIUM SULPHATE IN PHOSPHATE 
BAKING POWDERS. 

(ABSTRACT.) 

By H. E. Parren (Bureau of Chemistry, Washington, D. C.). 

The present investigation was undertaken in view of the different 

opinions which have been expressed as to the function of calcium sulphate 

in phosphate baking powders. Some chemists hold that the calcium 

sulphate is merely a neutral inert body acting possibly as a drying agent 

in the baking powder, but contributing nothing to the chemical changes 

which alone render the powder of service in baking. Others maintain 
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that the calcium sulphate acts chemically in the dough, and finally is 

not found in its original form in the finished biscuit, but broken down chemi- 

cally and recombined into a soluble product (sodium sulphate) and an 

insoluble product [calcium phosphate (CaO),x(P205)y] of variable composi- 

tion. The presence of calcium sulphate is also held to retard the evolu- 

tion of gas by the baking powder and thus renders the leavening action 
more gradual. 

There is also question in the minds of some as to whether the reaction 

between sodium bicarbonate and monocalecium phosphate yields dical- 

cium phosphate (CaHPO,) or tricaletum phosphate Ca;(PO,4)2; and also 

question as to the effect of flour and starch (in the dough of the biscuit) 

upon the reaction. Indeed some claim that experiments made with 

sodium bicarbonate, calcium phosphate, calcium sulphate, and water can- 

not be taken as good evidence of what reactions will take place when 
these baking-powder ingredients are actually mixed with flour and water 

and baked into a finished biscuit. 

A survey of the literature at the time this work was undertaken! showed 

that accurately controlled heterogeneous equilibria studies had been carried 

out in which carbonates were investigated as to their action with sul- 

phate and chlorid, but not with phosphate; also that phosphates had been 

studied in connection with sulphate and chlorid, but not with carbonate. 

Consequently, there was a large field of reaction possibility still unexplored, 

even where the baking-powder ingredients alone were taken in aqueous 

solution, no flour being added. 

From these equilibria experiments, and the diagrams graphically repre- 

senting their data, tentative inferences were made as to the chemical 

changes which might be expected in the baking reaction, as follows (using 

symbols for brevity): 

If CaSO, . 2H.O or CaSO, anhydrous be added to NaHCO; in presence of excess 

of water—* 

(1) CaCO; will be formed (since it is about 1,000 times less soluble than CaSO.) 

along with NaeSO, and H2CO3. 

(2) The H,CO; will then decompose and COs: gas will be evolved. 
(3) The main effect of rise in temperature above 25°C. is to liberate CO» held in 

solution by CaCO,', and to deposit the CaCO; (released by the COz) as a precipi- 

tate; also temperature rise changes any residual CaSO, .2H,0 to the anhydrous 

form, CaSOx,. 

1 This problem was referred to the author in 1911, some time in November, by 
Dr. W. D. Bigelow, at the instance of Dr. H. W. Wiley. A preliminary report was 
submitted to Dr. Bigelow on January 15, 1912. 

2 Compare U. S. Patent 316,863, April 28, 1885. CO. formed from CaSO,+ alka- 
line bicarbonates. i 

3 CaH»(COs)2 calcium bicarbonate has not been shown to exist, despite the fre- 
quent references to it in chemical writings. 
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If CaH,4(PO,)s be added to NaHCO; in water the reaction varies with 

the quantity of NaHCO; used, thus: 

Ca3(PO,)2 + 4NaH2PO, + 4CO2 + 4H.0. (4) 3CaH4(PO.)> + 4NaHCO; 

Ca3(POx)2 + 4Na,.HPO, + 8CO2 + SHO. (5) 3CaH4(PO,)2 + 8NaHCOs; 

It is found that “tricalcium phosphate” is always formed and the 

variation of NaHCO; produces a variation in NaH ,PO, and Na,HPO, 

and CO, and H,0. 

If we add CaSO, or CaSO, . 2H2O to CaHy(PO,)2 and NaHCO; in water, 

the reaction is modified in that an end-product, NazHPO,, is acted upon, 

thus: 

(6) 3CaSO, + 3Na.HPO, = Ca3(POx)2 + 3Na2SO, + H;POx,. 

The tricalcium phosphate (a solid solution (CaO),(P205s)y is about 

1,000 times less soluble in water than CaSOu,, hence this reaction proceeds 

till the solubility limit of the Ca3(PO,)2 in the acid solution resulting is 

reached. This equation, of course, does not represent the reality, since 

the composition of the solid solution (Ca3(PO,4)2?) varies with the com- 

position of the liquid phase in contact with it. 

Reaction No. 6 above does not take account of the NaHCO; present. 

When this is done we have: 

(7) 3CaSO, + 2Na:HPO, + 2NaHCO; = Cas(PO;)2 + 3Na2SO4 + 2CO2 + 2H.0. 

No hint is given in the literature examined of a compound, CaNa, 

(PO,)s, either as a solid phase or in solution. 

Without regard to exact equations, such as 4, 5, 6, and 7, it may be in- 

ferred from the published isotherms referred to in the literature that— 

(8) With calcium sulphate present in excess as a solid phase, very little phos- 
phorus pentoxid will be found in solution. 

(9) If the content of CaSO, is high in the baking powder it is likely that CaSO, 
or CaSO, . 2H,0 will exist as a solid phase after the baking powder reaction is ended, 
and some CaCO; may be present. But if the CaSO, content is low in the baking 

powder, then there would be a solid solution left as residue after baking, contain- 

ing CaO and P.O;, but not necessarily in a simple molecular ratio to each other; 

here, too, some CaCO; might be left in the solid residue. 

(10) Tricalcium phosphate is not permanent or of fixed chemical composition, 

at least when it is formed in the usual way by precipitation; the P20; may be washed 
from it with excess of water, leaving a basic compound, or, conversely, its lime may 

be extracted by acid solutions, leaving the solid solution relatively higher in P.O, 

content than in CaO. ; 

(11) The effect of adding salt (sodium chlorid, NaCl) in mixing dough probably 

is to decrease the P.O; in solution. This effect is observed where chlorids act on 

calcium phosphates alone in aqueous solution.! 

1U.S. Dept. Agr., Bur. Soils Bul. 41, p. 34. KCl decomposes Ca3(POx,)2 and 
decreases P.O; in solution. 
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(12) Precipitation of calcium carbonate in the cold is retarded by the presence 
of phosphate salts.‘ This would tend, though perhaps only slightly, to hold more 

CO, in solution and give it up at higher temperature in the oven. 

The double titration of phosphates, using methyl orange and phenol- 

phthalein and a neutral salt such as calcium chlorid, is outlined in detail 
by H. N. Morse in his Analytical Chemistry, and has long been a matter 

of common knowledge. Wadman? in 1894 published results on testing 
phosphate baking powders, using essentially this method. 

Although the foregoing review of the subject makes it appear that cal- 

cium sulphate is not inert in the baking-powder reaction, a few experiments 

have been carried out to ascertain the effect of the calcium sulphate, not 

only in quantitative experiments with the chemicals and water but also 
in baking tests. 

The following table shows the amount of calcium sulphate not decom- 

posed when varying amounts were used in the baking-powder reaction 

in flasks with given amounts of monocalcium phosphate and sodium 

bicarbonate. 

Quantity of calcium sulphate left in solid residue after baking-powder reaction.’ 

CALCIUM SULPHATE LEFT 
B H CALCIUM SULPHATE ADDED IN SOLID RESIDUE 

Per cent by weight of 
Grams CaHi(PO,)2.H20 Gram 

0.378 15 0 
0.756 30 0.054 
1.009 ; 40 0.080 
1.512 60 0.175 
2.018 80 0.545 

———— 

1 Reaction: 2.5215 grams 3CaH4(PO,)2.H20 + 2.2460 grams 8 NaHCOs + (Q.) CaSO« + 100 grams H20. 

It appears that with the proportions of monocalcium phosphate and 

sodium bicarbonate used, the calcium sulphate was entirely decomposed 

when its amount as CaSO, was 15% of the weight of the phosphate 

(CaH4(PO,)2.H20). 

In regard to the effect of CaSO, upon the production of carbon dioxid, 

it may be said that since both calcium sulphate and monocalcium phos- 

phate react with sodium bicarbonate, giving off carbon dioxid, when mixed 

they will still react, as shown in equations 4, 5, 6, and 7 above, which in 

general are borne out in our experiments, results subject, of course, to 

variations produced by change in concentrations and temperatures. 

Further, a monocalcium phosphate which has been neutralized to 
phenolphthalein by addition of N/10 sodium hydroxid shows a marked 

1 Storer, Am. J. Sci., 1858, 35: (2) 41; Dulong, Ann. Chim., 1812, 82: 273; Spiller, 
J. Chem. Soe., 1858, 10: 110; Kippenberger, Z. anorg. Chem., 1894, 6: 177. 

* J. Am. Chem. Soc., 1894, 16: 333. 
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increase in acidity when calcium sulphate is added. This excess acidity 

may be titrated with standard alkali, or it may be determined quanti- 

tatively by the electrometric method, using the hydrogen electrode to 

evaluate the increase in the so-called “‘hydrogen ion concentration.”” Both 

methods were used in this investigation. 

The electrometric method has the advantage that it does not disturb 

the equilibrium as does the addition of alkali in titrating. 
Baking experiments conducted in codperation with Miss Hannah 

Wessling confirmed the conclusions from the chemical studies. Addition 
of calcium sulphate appreciably raised the limit of alkali which could 

be used with a given amount of phosphate in the baking-powder mixture 

without leaving an alkaline taste in the biscuit. 

The experiments reported at this time have settled only the question 

as to whether the calcium sulphate does take part in the reaction. The 

exact limits of the reaction are yet to be determined. 

REPORT ON MEAT AND FISH. 

By E. D. Crarx (Food Research Laboratory, Philadelphia, Pa.), 
Associate Referee. 

Studies this year are included in two groups. The first was to deter- 

mine the accuracy and general application of the Price method for starch 

in meat products by the analysis of known samples through the aid 

of the collaborators. The second group of studies included methods 

of detecting incipient decomposition and changes in fish flesh by deter- 

mining the various forms of nitrogen in the so-called “nitrogen distribu- 
tion,’”’ the changes in fat constants, ete. 

PRICE METHOD FOR STARCH IN MEAT PRODUCTS. 

For the last two years it has been recommended by the association 

that Price’s method be studied further, with a view to its adoption as 

provisional. It seemed desirable to make a final study of this method 

before recommending its adoption. Previous work reported on the 

method shows that the directions as given are easily carried out and that 

theoretical values are obtained for known weights of starch added to 

meat. Accordingly, the immediate problem seemed to be a study of the 
uniformity of results obtained on the same meat sample by different ana- 

lysts, rather than any further investigation of theoretical considerations. 

In collaborative work of this sort on starch in meat it is impossible to 

prepare uniform and exact samples because of the difficulty of thoroughly 

mixing dry starch or cereal with a wet and greasy material like sausage 

meat. Accordingly, two large samples of ground meat were prepared, 
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using borax as a preservative. To each of these samples potato starch 

was added and the whole thoroughly mixed by running through a meat 
chopper ten times in succession. Allowing for the moisture, ete., in 
the starch, it was possible to prepare fairly uniform samples of chopped 

meat containing an approximately known weight of starch. Portions 

of the large samples were analyzed for starch, and then 4-ounce samples 

were sent out to collaborators. 

In the original Price method, reduced copper is determined by titration, 

as proposed by Low. However, in many laboratories it is customary 
to determine the precipitated cuprous oxid by weighing directly, according 

to Munson and Walker’s procedure. Therefore, in order to get compara- 

tive figures, the collaborators were requested to determine the starch 

in the second sample by the use of both the volumetric and gravimetric 

methods for reduced copper. 

Results of collaborative work on the Price method for starch in meat products. 

AVERAGES OF TWO OR MORE DETERMINATIONS 

ANALYST Sample 1 (+ 1.30% Sample 2 (+ 1.65% 
starch) starch) 

Volumetric] Gravimetric] Volumetric) Gravimetric 

per cent per cent per cent per cent 

Le Almy,sPhiladelphiat..icicc- cleo ele 1.25 1.23 1.67 1.69 
E. D. Clark, Philadelphia..... RS ertaneopiis 7?) | sieo Sa oboe 1.42 1.45 
Rep ACookChicagor.resccece seems Te 24  hesestere ayes 144 || wager 
M=Os Johnson; Washingtonirncj.ccic eee eet pecs iea Gas hotone eneooeosllsauco cscs 
TPR ei Comptes Washington sects ssc s:<echeis|(olaralehotets oie ||svovereveleretar= 1.67 1.65 
ReMi Mehurin, Washington eects cityelels ciel sted aeiersieta| ohetedeictoheiers 1.57 1.53 
CAGNSutton ous LAUl vier vacease ce oiins ll Tol 1.42 1.47 
A 
GUwewirainonsChicdeorcem cee eisesite sere 

: 1. 
won, Lhatcher, Washington: s-</ occ.) D SSG |] nfefcvacere tesa 0 etersp force | eke eee 

1 

1 ACV Ora geher ernie sist aeiere eles 

A study of the collaborators’ figures shows that they are in satisfactory 

agreement with each other and with the approximately known weight 

of starch added in making up the sample. The Price method has an 

accuracy and an ease of manipulation that make it worthy of adoption 

as a provisional method. To accommodate those analysts who prefer 

to determine the copper gravimetrically as cuprous oxid, rather than by 

titrating according to Low’s method, the Price method should be modi- 

fied to permit the weighing of cuprous oxid as an optional procedure. 

From our experience, and that of our collaborators, it seems that this 

method should be adopted as provisional in place of that of Mayrhofer. 
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PRELIMINARY STUDIES ON CHEMICAL METHODS OF DETECTING 
DETERIORATION IN FISH FLESH. 

By E. D. Cuark anp L. H. Aumy. 

The quantitative study of changes in fish flesh upon standing or during 

cold storage is a comparatively new one. The researches of Richardson 

and Scherubel, Emmett and Grindley, and others, upon meat during stor- 

age opened the way in that field. Wiley, Pennington, and collaborators, 

have done the fundamental work on the chemistry of decomposition pro- 

cesses in the flesh of poultry, game, etc. The investigations of Smith! 

and of Perlzweig and Gies? on changes in fish during cold storage are 

the pioneer contributions to our knowledge of the behavior of fish flesh 
under refrigeration. 

Owing to the fact that there were few generally accepted methods for 

studying chemical changes in fish flesh, and also that the perishable nature 

of fresh fish made it impossible to send samples to collaborators, it was 

decided to make the preliminary studies in our own laboratory. This work 

was done in connection with the investigations of the laboratory on the 

effects of cold storage upon fish. Therefore, this report is a result of 

the year’s experience with various methods applied to the study of fish. 
The following list shows the determinations made for the tabulation 

of results on changes in the fish during cold storage. It was intended 

to include every determination that offered any possibility of giving 

information about fish flesh and its changes. Some of these determina- 

tions are unnecessary and some may be of little value, but all of them 

will help to give definite information about the adequacy of the methods 
themselves as applied to this problem. Most of the determinations 

have been adopted from the work of early investigators upon meats 

and poultry. The determination of the acidity of the fish extract was 

suggested by Smith’s publication. Determination of amino acids by 

both the Van Slyke and Sérenson methods was a new departure. Other 

new methods or modifications will be apparent. 

Tabulation of complete analysis of fish. 

(A) SAMPLE. 

1. Description of fish and history. 3. Edible portion. 

2. Total weight. 4. Refuse. 

(B) GROSS ANALYSIS. 

1. Moisture. 5. Total nitrogen 

2. Solids. 6. Nitrogen X 6.25 (protein). 
3. Ash. 7. Water-insoluble nitrogen. 

4. Ether extract. 8. Ammonia and amine nitrogen by aéra-~ 
tion. 

1Smith. Biochem. Bul., 1913, 3: 54. 
2 Perlzweig and Gies. Biochem. Bul., 1913, 3: 69. 
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(c) ANALYSIS OF AQUEOUS EXTRACT. 

1. Acidity of extract in terms of N/10 (c) Nitrogen precipitated by— 

NaOH solution with phenolphtha- (I) Tannin-salt method. 

lein. (II) Zine sulphate method. 
2. Solids. (d) Nitrogen ‘‘bases,’’ etc., by dif- 

3. Ash. ference. 

4. Organic matter. (e) “Amino-acid nitrogen’? by— 
5. Nitrogen distribution in extract. 5 (I) Van Slyke method. 

(a) Total nitrogen of extract, or (II) Sérensen titration method. 

soluble nitrogen. (f) Ammonia and amine nitrogen 

(b) Coagulable nitrogen. by aération. 

(D) STUDY OF FAT EXTRACTED FROM FLESH. 

1. Specific gravity. 4. Saponification number. 

2. Index of refraction. 5. Acid number. 

3. Iodin number. 6. Acetyl number. 

There is no need to discuss the ordinary determinations like total 

nitrogen, ash, fat constants, etc., but in the case of ammonia nitrogen 

there are certain complications that must be considered. In the deter- 

mination of the so-called ammonia nitrogen we used a modification of 

the Folin aération method. We followed Smith in using the Steel! 

modification of Folin’s method because Perlzweig and Gies reported the 

presence of erystals of ammonium magnesium phosphate in fish flesh 

even early in the process of deterioration. The use of sodium hydroxid 

and sodium chlorid in place of the sodium carbonate, as suggested by 

Steel, seems to be necessary in cases like the analysis of fish where mag- 

nesium ammonium phosphate is known to be present. Benedict and 

Osterberg? have made a detailed study of the use of Steel’s modification 

as well as the original Folin method upon urines, and they report that 

the former method apparently gives correct results for ammonia under 
nearly every condition. In fish flesh not only do we have the interfer- 

ence of this magnesium compound but also the added complication of 

amines, unknown as to nature and amount. Later we will show that 

certain classes of amines may be determined quantitatively by the aéra- 

tion method, either when alone or with ammonium salts. Since this is 

true, and since we know that amines occur in fish, we found it desirable 

to use Steel’s modification, and later to make a study of its efficiency in 

determining amines, either in the presence or absence of ammonium salts. 

In order to study the interference, if any, of the amines with the de- 

termination of ammonia, we carried out the following experiments: 

Standard solutions of methyl amine, trimethyl amine, and ammonium 

chlorid were prepared. The exact amount of nitrogen contained in 5 ce. 

portions of these solutions was ascertained by duplicate Kjeldahl deter- 

1 Steel. J. Biol. Chem., 1910, 8: 365. 
? Benedict and Osterberg. Biochem. Bul., 1913, 3: 47. 
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minations. Then the same amounts of these standard solutions were 

analyzed by the Folin aération method, using Steel’s modification, as 

already noted. These solutions were analyzed separately and mixed in 
stated proportions. The figures by the aération method are the averages 

of four separate determinations. 

Determination of ammonia and amine nitrogen by the aération method. 

SUBSTANCE USED . ACEC ny RIBLDARL 

gram gram 

Methyliamine\solutionjalone’:. . .... 1.56. eee cie eee os 0.0052 0.0050 
Trimethyl amine solution alone....................--+-- 0.0072 0.0077 
Ammonium chlorid solution alone......................- 0.0189 0.0188 
Trimethyl amine + NH,Cl, solutions mixed............. 0.0148 0.0143 
Trimethyl amine + CH;NHz2, solutions mixed............ . 0.0124 0.0127 

It is evident from these results that the primary or tertiary amines, 

either alone or with ammonium salts, are determined quantitatively by 

the modified Folin method for ammonium nitrogen. Therefore, we con- 

sider that determinations by this method give “ammonia and amine’ 

nitrogen. Proteins do not interfere. 

We already have seen that the presence of amines and magnesium 

compounds in fish is a disturbing factor in the determination of the so- 

called ‘‘ammonia”’ nitrogen by the aération method. In the past it usually 
has been customary to study the amino-acid content of flesh extracts 

when inquiring into the effect of cold storage upon such material. In 

our own work we used the Sérensen! titration method for amino acids 

in making parallel determinations along with the gasometric method 

of Van Slyke. In determining amino acids in fish flesh, account must 
be taken of the presence of both ammonia and amines, which are very 

closely related to the amino acids, and have many properties in common 

with them. For this reason a study was made of the effect of ammonia 
and amines, separately and in combination, upon the Sérensen titration. 

Our study of the behavior of ammonia and amines in amino-acid titra- 

tions was carried out in much the same way as that upon the aération 

method for ammonia described above. Standard solutions of leucin, 

of ammonia, and of different amines were prepared and analyzed for their 

“amino-acid nitrogen” according to the Sérensen method. Later, definite 
volumes of these same solutions were mixed and then analyzed for amino- 

acid nitrogen in the same way. It is obvious that if there were no inter- 

ference between the ammonia, amines, and amino acids the results of 

the titrations upon the mixed solutions would be the same as those upon 

1S6rensen. Biochem. Z., 1907-8, 7: 44. 
2Van Slyke. J. Biol. Chem., 1912, 12: 275, and idem., 1913, 16: 121. 
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the solutions analyzed separately. Following are some results of this 

work: 

Effect of ammonium chlorid and amines upon the determination of amino-acid nitrogen 
by the Sérensen method. 

NITROGEN NITROGEN 

SUBSTANCES USED DETERMINED DETERMINED 

BEPARATELY IN MIXTURE 

s gram gram 

Reucinsoliutionvalones.ccmes ce eercieitcsine aries et 200590 Pence 
Methyl] amine solution alone. 0... 6... vsc5e2cencecenes OF0072) Wh ota 
Trimethyl amine solution alone..................22000: OF00L 7c 2. Sere eee 
Ammonium chlorid solution alone......................- 0/0089" “|. 3oa eee 
Leucin + NH,Cl, solutions mixed.....................05. 0.0148 0.0148 
Leucin -+- CH3NHz; solutions mixed.................---+- 0.0131 0.0133 
Leucin + (CHs3)3N, solutions mixed..................--0+- 0.0076 0.0076 
Leucin + CH;NH2 + NH,CIl, solutions mixed............ 0.0219 0.0215 
Leucin + (CH;)3N + NH,Cl, solutions mixed............ 0.0165 0.0159 

An inspection of this table shows that the presence of ammonia in 

relatively small quantities does not seriously interfere with the amino- 

acid determination; neither does the presence of amines; but when amines 

and ammonia occur together the results obtained by the Sérensen titra- 

tion are not reliable. Unfortunately, this is exactly the state of affairs 

existing in fish flesh. This work upon the interference of certain nitrogen 

compounds with the Sérensen amino-acid determination is a confirmation 

of the observations made by Henriques and Sérensen! upon the disturb- 

ing influence of ammonium salts and methyl amine. It is evident, then, 

that the determination of amino acids by the above method gives results 

that are inaccurate owing to the interference on the part of ammonia and 

amines. This interference, unfortunately, is not a definite one, and for 

that reason it is not allowable to correct the amino-acid results by 
subtracting the amount of nitrogen present as ammonia plus amines, 

determined by the aération method. Therefore, in all the tables the per- 

centage of amino acid as reported is subject to a varying and unknown 

correction, due to the presence of ammonia and amines in the fish flesh. 

It is well known to organic chemists that various types of amines react 

in different and characteristic ways with nitrous acid; therefore, the 

Van Slyke gasometric method for amino acids is likewise subject to cor- 

rection on account of the presence of various types of amines in fish flesh. 

If the time allowed for the reaction between the nitrous acid and the sub- 

stance being analyzed is sufficiently long we know that the ammonia 

will be determined quantitatively by the Van Slyke method. However, 

it is not customary to allow the reaction to run more than three or five 

minutes. For that reason our results for amino acids determined by 

1 Henriques and Sérensen. Z. physiol. Chem., 1910, 64: 120. 
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the Van Slyke method are also subject to correction by an unknown 

amount, due to the presence in fish flesh of different types of amines and 

ammonia, and must not be viewed as giving accurate information on 

the percentage of amino acids alone. 

To make the Sdrensen and Van Slyke determinations of amino acids 

entirely accurate, it would, of course, have been possible to remove the 

ammonia and amines by distilling with calcium hydroxid according to 

Van Slyke’s procedure. But this precaution seems hardly necessary 

in our work where the quantities of amino acids and ammonia are about 

0.15% and 0.01%, respectively. Furthermore, the comparative value 

of our uncorrected amino-acid figures on extracts of fish flesh in studies 

of nitrogen distribution are not impaired, because the determinations 
are always made in exactly the same way on nearly identical material 

at definite periods during two years. 

Many parallel determinations were made of nitrogen precipitated by 

the tannin-salt reagent and by zine sulphate applied to the fish extracts. 

The results obtained by the latter method were constantly lower than 

those from the tannin-salt method. It is known that the zine sulphate 

precipitates most sharply those substances commonly classed as pro- 

teoses, while the other method includes certain other nitrogenous sub- 

stances as well as proteoses. However, in our work we always use both 
methods in order to have comparative figures running through the whole 

period of cold storage. We have found it very convenient and accurate 

to filter off the zine sulphate precipitate on an asbestos mat in a Gooch 

crucible, wash mat and precipitate into a IKjeldahl flask and transfer 
for the nitrogen determinations. 

In the space at our disposal it is impossible to indicate the details of 
analytical procedures used in our various determinations, as listed on 

pages 231-232. The strict precautions to be followed in preparing aqueous 

extracts of fish flesh, preserving them, taking aliquots, etc., may also be 

omitted at this time. This is also true of the details of extracting and 

analyzing the oils from the fish. In another year the results of all our 

work on frozen fish stored for two years will be completed and tabulated. 

At that time the comparative value of all the different determinations 

in showing changes in fish flesh will become evident and may be discussed 

more intelligently. 

It is obvious that all of the methods so far applied in our work on fish 

aim to detect deterioration by changes in constituents already present, 

caused either by the action of bacteria or enzymes in the fish itself. For 

many purposes it seems very desirable to find methods that will show 

deterioration by the detection of decomposition products not fownd in 

perfectly fresh fish. We have in mind such things as indol, skatol, phenolic 

substances, and similar products of protein decomposition. The evidence 
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of the early stages of decomposition in fish is not easy to get, and no stone 

should be left unturned in a search for indications of the tainted condition 

in this class of foods. 

RECOMMENDATIONS. 

It is recommended— 
(1) That Price’s method (U.S. Bur. Chem. Cire. 108, p. 10) be made 

a provisional method for starch in meat products in place of Mayrhofer’s 

method (U. S. Bur. Chem. Bul. 107 (rev.), p. 109, (b) (2) ). With 

very little modification from Price’s description, the official description 

should be: 

In a 200 ce. beaker treat 10 grams of finely divided meat with 75 cc. of an 8% 

solution of potassium hydrate in 95% alcohol, and heat on the steam bath until all 

the meat is dissolved. This will require from 30 to 45 minutes. Add an equal 

volume of 95% alcohol, cool, and allow to stand at least one hour. Filter by suc- 

tion through a thin layer of asbestos in a Gooch crucible. Wash twice with warm 

4% potassium hydrate in 50% alcohol and then twice with warm 50% alcohol. Dis- 

card the washings. Endeavor to retain as much of the precipitate in the beaker 

as possible until the last washing. Place the crucible with contents in the original 
beaker, add 40 cc. of water and then 25 ce. of concentrated sulphuric acid. Stir 

during the addition of the acid and see that the acid comesin contact with all the 

precipitate. Allow to stand about 5 minutes, add 40 cc. of water, and heat just to 

boiling, stirring constantly. Transfer the solution to a 500 ec. graduated flask, 

add 2 ec. of a 20% aqueous solution of phosphotungstic acid, allow to cool to room 

temperature, and make up to mark with distilled water. Filter through a starch- 
free filter paper, and determine the dextrose present in a 50 ce. portion of the filtrate 

with Fehling’s solution after neutralizing the acid, using Low’s method, as given 

in U.S. Bureau of Chemistry Bulletin 107 (revised), page 241, for the determination of 

the copper in the cuprous oxid precipitate, or the latter may be weighed as directed 

on page 242. The amount of dextrose multiplied by 0.9 gives the equivalent in 

starch. 

(2) That comparative studies be continued of the different determina- 

tions of the nitrogen distribution and the best manner of carrying them 

out as applied to extracts of fish flesh. Efforts should be made to stand- 

ardize the method of determining coagulable proteins in such work. 

New methods proposed for the determination of proteoses, amino acids, 

amines, ete., in biological material should be investigated with a view 

to finding more sensitive and more accurate indices of deterioration in fish. 

(3) That a study be made of the value of volatile distillation products 
like amines, indol, ete., in detecting incipient decomposition in fish. 
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REPORT ON FATS AND OILS. 

By R. H. Kerr (Bureau of Animal Industry, Washington, D. C.), 

Associate Referee. 

The attention of the associate referee on fats and oils has been given 

to a careful consideration of some of the new problems which have been 

raised by the rapid increase in the commercial practice of hardening oils 

by hydrogen. While the practice so far has been applied mainly to cot- 

tonseed oil, almost any edible oil may have its value so enhanced by this 

treatment as to make its hydrogenation a source of profit. It must be 

assumed, then, that the problems of those unlucky chemists who are 

responsible for detections of the adulteration of edible oils and fats are 

now to be increased and complicated by the addition to the list of possible 

adulterants of a long list of hydrogenated and partly hydrogenated fats. 

Aside from the evident fact that the would-be adulterator may now 

alter at will the iodin number, refractive index, and titer of any fat he 
may choose, the process of hydrogenation brings about other changes 

which are of far-reaching importance. The Halphen test of cottonseed 

oil disappears, the erucic acid of rape and mustard oils becomes bebenic 
acid, the highly unsaturated acids of the fish oils are reduced to solid 

acids which no longer give the characteristic precipitate of insoluble 

bromids. It is to be seen at once that many of our tried and trusty 

tests will fail us completely before this new problem, and it is equally 

plain that we must devise new tests to meet the new condition or con- 

fess failure. 

One of the most striking features of the problem is the absolute lack 
of definite information regarding the composition of fats. Although 

fats have been studied and worked over by chemists since the time of 

Cheyreul, and the literature of the subject comprises a large number of 

bulky volumes, it remains true today that we do not know accurately 

the composition of a single fat. We know that cottonseed oil, for exam- 

ple, consists of the glycerids of palmitic, oleic, and linolic acids, but we 
do not know whether it consists of a simple mixture of the three triglycer- 
ids of these acids, or whether the whole array of possible mixed glycerids 

may not also be present. In fact, Iam not aware that one single glycerid 

ever has been isolated from cottonseed oil and identified. Almost as 

much may be said of many other well-known fats. It was not known 

until two years ago that lard did not contain the glycerid tristearin 

despite all the thousands of analyses of lard made every year. 

In dealing with the problem raised by the use of hydrogenated fats, 

it appears to me that the first requirement will be a much more extensive 

and intimate knowledge of the exact composition of fats. When we know 

of what glycerids a fat is composed we are then in a position to recognize 
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that fat wherever we find it, tedious and difficult as the process of identi- 
fication may be. Accurate knowledge may, however, point the way to 
short and simple tests, just as Boemer’s tedious fractional crystallization 

of lard finally led him to a method only a little less simple and speedy than 
the method already adopted by this association for the detection of the 

adulteration of lard. A modification of this method which I hope to 

present to this association at a later meeting will set the detection of beef 
fat, mutton fat, and all of the hydrogenated oils in lard upon a firm founda- 

tion and also will enable us to distinguish between natural lard and lard 

hardened by addition of hydrogen. The method, if presented, will be 

offered as a method for the detection of the glycerid tristearin in lard, 

not as a method for the detection of beef fat. 

Our needs appear, then, to be (1) the collection of a large amount of 

wholly new information, and (2) new and less laborious methods where- 

by the needful knowledge may be acquired. It is along the second line 

that I have been working. The work I have been doing has not yet 

reached the stage of definite methods of analysis available for coéperative 

study, but some progress has been made along that line, and some im- 

proved methods probably will be available for study during the coming 

year. The ones suggested at present are: 

(1) A better method for the detection and identification of tristearin. 

(2) A better method for the separation of solid and liquid fatty 

acids. 

(3) A method for the separation of the liquid fatty acids from each 

other. 

(4) A method for the detection of cholesterol in mixture of animal and 

vegetable fats. 
It is hoped that at least one, and possibly two, of these methods may 

be studied codperatively and the results of the study presented at the 

next meeting of the association. 

Mr. Hand at this point explained the operation of an apparatus for the 

extraction of fats which he exhibited. 

REPORT ON DAIRY PRODUCTS (ADULTERATION). 

By Junius Hortver (State Dairy and Food Department, St. Paul, 

Minn.), Associate Referee. 

The work of the past two years has magnified the importance of a 

special study of methods for the determination of fat in dairy products. 

It has, in fact, been realized more than heretofore that we are in urgent 

need of a thorough investigation of methods which have been recom- 

mended for study by this association; and, having in view the impor- 
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tance of advancing our work from year to year along the lines indicated 

by these recommendations, attention is first directed to the committee 

reports on this subject since 1906: 

(1) At the meeting held in November, 1906, it was recommended, ‘That 

the Gottlieb method (Landw. Vers.-Sta., 1892, 40: 1) be made provisional 

for the determination of fat in milk. Referred to referee for 1907 for 

further recommendation. Adopted.’’! 
(2) At the meeting held in October, 1907, it was recommended that the 

study of methods of analysis of condensed milk be continued and, among 

other things, special attention be given to the “‘Roese-Gottlieb method 

for the determination of fat as described in the proceedings of the associa- 

tion for 1906. Adopted.’” 

(3) At the meeting held in November, 1908, it was recommended, “That 

the determination of fat in condensed milk be studied, special attention 

being given to solutions of less than 20% concentration.’ 

(4) At the meeting held in August, 1909, it was recommended, ‘“That 

methods for determining fat in both sweetened and unsweetened condensed 

milk be studied, giving special attention to those modifications of the 

Babcock and extraction methods recently brought out in Bulletin 134 

of the Indiana Agricultural Experiment Station. Adopted.’ 
(5) At the meeting held in November, 1910, it was recommended, “‘(1) 

That the Roese-Gottlieb method be adopted as provisional for the de- 
termination of fat in milks and condensed milk, both sweetened and 

unsweetened. Carried. (Recommended to the committee by G. E. 

Patrick as official.) (2) That the Roese-Gottlieb method be further 

studied for the analysis of ice cream, milk powders, malted milks, and 

milk chocolates. Adopted.’ 

(6) At the meeting held in November, 1911, it was recommended, 

“That Paul’s method of extracting fat from dairy products be further 

studied, and that the fat obtained by this method be studied as to its 

chemical and physical constants. Adopted.’’ 
During the meetings held in 1912, 1913, and 1914, the reports of the 

associate referee on dairy products were devoted chiefly to a continu- 

ation of the study of Paul’s continuous-extraction method, together 

with the modifications of the method which have been proposed. Examin- 

ation of the work on dairy products during the past eight years reveals 
the fact that the recommendations adopted during that period have not 

been consistently carried out. In fact, so far as the proceedings of the 

1U.S. Bur. Chem. Bul. 105, p. 154. 4 Tbid., 132, p. 188. 
2Ibid., 116, p. 117. 5 Ibid., 137, p. 169. 
2 Tbid., 122, p. 188. 6 Ibid., 152, p. 188. 
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past eight years indicate, the Roese-Gottlieb method has been adopted 
only as provisional. It appears to have been recommended for adoption 

as official, but, so far as can be learned, no further definite action along 
that line has been taken. Also, the further recommendations for study 
of the Roese-Gottlieb method and other methods for the determination 
of fat in ice cream, milk powders, malted milk, ete., appear to have been 

overlooked. It therefore has been the aim of the associate referee dur- 
ing the past season to take up the study of methods for determining fat 
in dairy products along the lmes recommended by this association be- 

tween the years 1906 and 1911. The work on Paul’s continuous-extrac- 

tion method was practically disposed of at the meeting held in November, 

1914, and no definite recommendation for the final adoption of that 
method was made, although it appeared that the method was valuable 

and serviceable in certain cases and for the special purpose for which it 

was originally designed. Taking up the work on dairy products at the 

stage indicated in the proceedings of 1911, the associate referee has ac- 

cordingly enlisted the assistance of about twenty collaborators in a fur- 

ther study of the Roese-Gottlieb method, with a view to placing this 

method in line for final adoption as official in 1916. Also, following out 

the instructions of this association as implied in the recommendations 

adopted at the meetings held in 1909 and 1910, the plan of work of the 

past season has included a comparative study of several modifications 

of the Babcock method which have been proposed during recent years. 

The following instructions were sent out to the collaborators: 

INSTRUCTIONS TO COLLABORATORS. 

Herewith I am sending you directions for collaborative work on dairy products 
for 1915. These directions include a description of various methods which have 

been proposed for the determination of fat in evaporated milk and ice cream. Also 
there is included a description of the Roese-Gottlieb method, together with general 

instructions. You are requested to make a comparative study of all of these 

methods, and for that purpose to obtain in the local market two samples of each 

of the products named in the directions, viz., whole milk, sweet cream, evaporated 

milk, and ice cream. Instead of attempting to send out uniform samples to the 

collaborators, the above plan has been decided upon as preferable. Each collabo- 
rator will then carry out his work on samples obtained by himself, and, in addition, 

if time permits, may extend the work on as many additional samples as he may 

wish to investigate. You are requested to report your results in the plan shown in 

the tabular form herewith inclosed, and to write out in full your discussions and 

criticisms on the various methods. 

During recent years a number of methods have been devised for testing butter- 

fat in dairy products, and a considerable amount of uncertainty has arisen regard- 

ing the reliability of standard methods heretofore employed. It therefore has been 
deemed advisable to subject several of the most important of these tests to a care- 

ful critical study alongside of the well-tried-out Roese-Gottlieb procedure adopted 

as provisional a few years ago. There is an urgent call for a reliable centrifugal 
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method for condensed milk and ice cream, and it is hoped that the collaborative 

work of the present season will bring about some agreement, at least on essential 

points, in connection with one or more of the methods which have been proposed. 

Later in the season, as a result of correspondence with Dr. W. D. Bige- 

low, chief chemist of the National Canners’ Association Laboratory, 

it was decided to supplement the work outlined in these instructions by 

determinations to be carried out on specially prepared samples of evapor- 

ated and condensed milk. These samples were put up under the careful 

supervision of Dr. Bigelow, at the factory of Borden’s Condensed Milk 

Company, at Norwich, N. Y., and sent out direct to the collaborators. 

The samples included: (1) An unsweetened evaporated milk, (2) a sweet- 

ened condensed milk, (3) a sweetened. condensed milk of composition 

different from sample 2. In connection with these samples, the follow- 

ing additional instructions were sent to the collaborators: 

In addition to the work outlined in the instructions which I sent you some time 

ago, I will request that you make determinations of butterfat on these three samples 

by the Roese-Gottlieb method, and, in addition, by any other method which you 
believe may give correct results. You may select any one of the methods described 

in the outline sent you; or if you have another method which you have employed 

in your laboratory, I should be pleased to have you report results by that method. 

Results obtained on these samples are to be reported at the same time that you send 
me your statement covering the work included in my outline already sent you. 

Carrying out the plan of work as originally outlined in the first letter 
of instructions, the collaborators were given the following description 

of methods: 

DESCRIPTION OF METHODS. 

BRINSMAID METHOD. 

Place 2 ce. of glycerin in a Babcock milk test bottle and rotate so that the 

lower half surface is coated with the glycerin. In a small beaker mix 12 ec. of sul- 

phuric acid (C. P., sp. gr. 1.84) with 18 ce. of 80% acetic acid. Weigh 9 grams of the 

well-mixed sample into the bottle and pour in the mixed acids so that the neck of 
the bottle is well washed down, then rotate the bottle so that the milk and acids 

are mixed and all white lumps dissolved. After thorough mixing, set the bottle aside 

for 15 minutes, the mixture in the meantime becoming black as in the ordinary 

Babcock test. Arrange a suitable rack or support so that the bottle may be 
placed standing in boiling water, allowing water of sufficient depth to cover the 

bottle above its contents. Leave the bottle in the water for 20 minutes, mixing the 

contents several times during this period, run in the centrifuge 5 minutes, add hot 

water so that the contents of the bottle rise to the bottom of the neck, then run 2 

minutes, add hot water until the fat rises to the upper part of the neck, and com- 

plete the test by making a final run of 1 minute. Measure the fat column and ex- 

press the result in the manner described under the heading, ‘‘Reading the fat 

column.” 
Notes on the method.—The preliminary coating of the inside of the bottle with 

glycerin to some extent prevents the milk from adhering to the sides. A good 
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method of introducing the glycerin into the bottle is to take an ordinary 2 ce. 

pipette, cut off the tapering point, draw the glycerin into the pipette, wipe off the 

outside around the end, place the pipette down into the bottle, and allow the glyc- 

erin to drain out. This procedure will prevent the glycerin from coming in contact 

with the neck of the bottle. Considerable heat is developed when the acids are 
mixed, but there is no danger of the mixture becoming too hot. A thorough mixing 
of the milk and acids is necessary for good results. This method appears to have 
been in use for several years in the laboratory of the Illinois Dairy and Food Com- 

mission. Mr. David Klein, Illinois State analyst, proposes that in the case of con- 

densed milk a correction figure of 0.24 be subtracted from the result after multiplying 

the reading by 2. 

GRIGSBY METHOD. 

Weigh 9 grams of the thoroughly mixed sample into a Babcock milk test bottle 

and add 10 ce. of glacial acetic acid, washing down the neck of the bottle with 

the acid, then heat the mixture by putting the body of the bottle in hot water until 

the contents appear smooth, uniform, and free from lumps. While hot, add ordinary 

Babcock sulphuric acid, about 1 or 2 ce. at a time, mixing the contents after each 

addition, until the color of the mixture becomes dark chocolate brown, centrifuge 

5 minutes, run in hot water to the bottom of the neck, centrifuge 2 minutes longer, 

then run in hot water until the fat column comes nearly to the top of the neck, 

and complete with a final run in the centrifuge of 1 minute. Measure the fat col- 

umn and express the result as directed in the paragraph headed, ‘‘ Reading the fat 

column.” 

Notes on the method.—Too long heating or overheating of the mixture of acetic 

acid and sample has practically no effect on the result, heating for 5 to 10 minutes 
in water slightly below boiling temperature being usually sufficient. The hotter 

the mixture the less sulphuric acid will ordinarily be required to produce the proper 

result. The fat column should be perfectly clear and free from curd or char. In 

case either curd or char appears, the test should be repeated, adding sulphuric acid 

so as to produce a darker color in the case of interfering curd or so as to produce a 

lighter color in the case of interfering char. 

WENDLER METHOD!. 

Prepare a reagent having the following composition: 125 grams sodium hydroxid, 

25 grams Rochelle salt, 25 grams sodium chlorid; dissolve in water, mix the solu- 

tion, and make volume up to 500 cc. In testing whole milk, run 19 ce. of the re- 

agent into a Babcock test bottle, add 17.6 cc. of the sample in such manner as to 

float over the reagent, then add 10 or 12 drops of isobutyl alcohol. In testing 
cream, weigh 18 grams of the sample into the test bottle, run in 19 cc. of the 

reagent so as to displace the cream, then add 10 or 12 drops of isobutyl alcohol. 

In testing evaporated milk, weigh 9 grams of the sample in the bottle, add 9 ee. of 

water and thoroughly mix, then run in 19 cc. of reagent so as to displace the sam- 

ple, and add 10 or 12 drops of isobutyl alcohol. In testing ice cream proceed as 

in the case of evaporated milk. In each ease, after introducing sample and re- 

agents, shake the mixture for several minutes, place the test bottle in a water 

bath at 50°C. for 3 to 5 minutes in the case of milk and cream, and in the case of 

evaporated milk and ice cream heat the mixture at 60°C. 5 to 7 minutes. Shake 

thoroughly during the heating, then centrifuge at highest possible speed for 4 min- 

utes. Add boiling hot water to bring the fat column up to the graduations in the 

1Z. offent. Chem., 1906, 12: 41-58. 
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neck, centrifuge an additional minute, measure the fat column, and express results 

as directed in paragraph headed, “Reading the fat column.” 

In addition to the methods to be subjected to comparative study described above, 
determine fat in each sample according to the Roese-Gottlieb method. Also, in 

the case of milk and cream samples make the fat determination according to the 

Babcock method carried out according to procedure commonly recognized as correct. 

For convenience in making comparative tests by the Roese-Gottlieb method, the 

following description is added. 

ROESE-GOTTLIEB METHOD, 

Weigh 40 grams of the properly prepared sample, preferably in a tared weigh- 

ing dish used for sugar analysis, transfer by washing to a 100 ce. graduated sugar 

flask, and make up to the mark with water. Measure 10 ce. of this solution 
into a Rohrig tube or into a suitable size Werner-Schmidt extraction apparatus, 

using for the purpose not more than 10 cc. of water to transfer sample to the 

tube. To the material in the extraction tube add 1.25 ec. of concentrated am- 
monium hydroxid (2 cc. if the sample be sour) and mix thoroughly. Add 10 ce. of 

95% alcohol and mix well, then add 25 ec. of washed ethyl ether, shake vigorously 

for half a minute, add 25 ce. of petroleum ether (redistilled slowly at a temperature 
below 60° preferably) and shake for half a minute. Let stand 20 minutes, or until 
the upper liquid is practically clear and its lower level constant. Draw off the 
ether-fat solution as much as possible (usually 0.5 to 0.9 will be left) into a weighed 

flask through a small quick-acting filter. Re-extract the liquid remaining in the 

tube, this time with only 15 cc. of each ether, shaking vigorously half a minute, 

and allow to settle. Draw off the clear solution through the small filter into the 
same flask as before and wash the tip of the outlet, the funnel, and filter with a few 

ec. of a mixture of the two ethers in equal parts. Extract again and wash in the 

manner just described. Evaporate the ether slowly on a steam bath, then dry the 
fat in a water-oven until loss of weight ceases. 

Notes on the method.—Cream and evaporated milk are best sampled by taking 

40 grams and dilute to 100 cc. A 10 cc. sample of this mixture is taken for analysis. 

In the case of ice cream or other products which are not smooth and which contain 

air bubbles, 4 grams of the thoroughly mixed sample are weighed and introduced 

into a Rohrig tube with the aid of 10 cc. of water, then ammonia, alcohol, and ether 

are added in the amounts called for by the method. In the case of whole milk it 

has been found convenient to weigh out 10 grams directly. If an emulsion occurs 

in the Rohrig tube the addition of a little aleohol followed by shaking will usually 

break it up. Also, the use of a tube of larger caliber will tend to overcome this 
difficulty. Or, use a large test tube provided with a blowing-off device, as in the 

Werner-Schmidt method. Care should be taken to weigh the residue after evapo- 

ration of ether under exactly the same conditions as those under which the dish 

was weighed. If the fat contains casein or foreign matter, re-extract with ether, 

evaporate, and weigh again. If all proper precautions are taken, results on a given 

sample should check within 0.02 to 0.05%. If the result is not satisfactory repeat 

the analysis. 5 

GENERAL INSTRUCTIONS. 

(1) Condition of samples.—All samples should be in the best condition possible. 

An evaporated milk should be perfectly smooth and contain no small lumps of fat 

or curded matter. 

(2) Sampling ice cream.—Allow the sample to soften at room temperature, with 
frequent stirring with a spoon. A good method of obtaining a uniform sample is 
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to mix with an egg beater just before weighing. It has been found difficult to obtain 

a fair sample after the ice cream has been heated on the water bath, owing to the 
fact that the butterfat is melted and quickly rises to the surface. 

(3) Babcock test bottle—Use an 18-gram milk test bottle, reading to 8% and 
graduated to 0.1 of 1%. 

(4) Reading the fat column.—Measure with a pair of dividers and read (a) from 
the extreme bottom to the extreme top, (b) from the extreme bottom to the lower 

line of the meniscus. Record and report both results. In cases where a 9-gram 
sample has been taken for the test, add the two readings (a) and (b) to obtain the 

percentage of fat. 

(5) Experience.—In the case of all methods make preliminary trials. Repeat as 

many times as seem necessary in order to become adequately prepared for the regu- 

lar determinations to be made on selected samples. The importance of ample 

experience cannot be overestimated, especially in connection with the Roese-Gott- 

lieb method. 

(6) Plan of work.—The following outline will serve to indicate the determinations 

which are to be made on the various samples named in the heading. 

MILK CREAM EVAPORATED MILK | ICE CREAM 

Roese-Gottlieb Roese-Gottlieb Roese-Gottlieb Roese-Gottlieb 
Wendler Wendler Wendler Wendler 
Babcock Babcock Brinsmaid Grigsby 

The results reported by the collaborators have been compiled and ar- 

ranged for purposes of comparison as shown in the following tables. 

The results shown in Tables 1 and 2 indicate chiefly a comparison 

of the Wendler and Brinsmaid methods with the Roese-Gottlieb as de- 

scribed in the instructions to the collaborators. In methods directing 

the use of a 9-gram sample of evaporated or condensed milk the col- 

laborators were instructed to compute the fat percentages by three differ- 

ent formulas. A comparison of the results reported by these methods 

indicates that the sum of the readings designated (a) and (6) represents 

a fair basis on which to make the comparisons. The results obtained 

by multiplying reading (a) by 2 and deducting 0.24 were for the most 

part apparently too low. This method of expressing the fat measurement 

was, however, originally intended for tests applied to ice cream. With 

very few exceptions, the results obtained by multiplying reading (6) by 2 

and adding 0.15 agreed substantially withthe results obtained by adding 

fat-column readings (a) and (b). It therefore has been decided, for pur- 

poses of comparison of results by the various methods, to confine the 

Wendler and Brinsmaid figures to the sum of readings (a) and (0). Re- 

sults by various miscellaneous methods are also shown in the tabulations. 

Mr. J. T. Keister, of the dairy laboratory, U. S. Bureau of Chemistry, , 

has made a special study of the methods which were described in the in- 

structions to the collaborators. These methods have been subjected to 

a large number of comparative tests on samples of milk, cream, evaporated 
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Fat determinations in condensed milk. 
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TABLE 1.—Continued. 
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TABLE 1.—Continued. 
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1 Average of the following determinations: 8.93, 8.97, 8.94, 8.96, 8.96, 8.94. 
2 Not included in calculations. 
* Biesterfeld-Evenson method. 
4 Beimling method. 
5 Leach method. 
® Wendler method. 
7 Hunziker method. 



TABLE 2. 

Collaborative fat determinations in milk, cream, and ice cream. 
MISCELLANEOUS MILKS. 

WENDLER | BABCOCK NE epee Nae ee 

ate ROESE- 

ree GOTTLIEB | 4 verage of Average of 
(a) and (b) | (a) and (6) | Wendler | Babcock 
readings readings 

3.70 3.69 3.52 —0.01 —0.18 
HABwBurnettseanccsce ere ae 37 3.75 352 ~0.04 —0.27 

3.70 3.60 3.40 —0.10 —0.30 
RE: Stevensons..- sere reer 3 62 3 65 3 45 +008 O17 

3.56 3.68 3.60 +0.12 +0.04 
CoBahlmanas coe { 4.69 4.78 4.80 +0.09| +011 

@iG Suttons ssesssse sae eee 13.96 14.09 14.00 +0.13 +0.04 
GABP Laylon seater cet 3.78 3.65 13.80 —0.13 +0 .02 
Be Wi i borntongeaneert neers erie 4.58 4.58 ee 0.00 | —0.05 

< te 13.18 13.05 .23 —0.13 +0.05 
Cll. Blaek-\y.c taste seers see 14.18 14 04 14 28 —0.14|] +0.10 

13.32 13.33 3.25 +0.01 —0.08 
J: Hi. Bornmanntee sas. acces 1356 1398 355 —0.28 | —0.01 

4.61 4.65 4.55 +0.04 —0.06 
HE AG Halvorson cites saree 3 06 3 05 300 _0.01 —0.06 

We CuGeagleyeus-oaccceeneseece 3.45 3.40 3.43 —0.05 —0.02 

MISCELLANEOUS CREAMS. 

18.25 18.00 17.60 —0.25 | —0.65 
HEeB i Burmettin cst 18 37 18.80 17.60 +043 | —1.20 

R 18.05 18.40 17.48 +0.35 | —0.57 
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Cl, Black 116.80 16.35 116.88 —0.45 | +0.08 

Orb Se care ae aa 115.41 | 115.08 | 115.43 —0.33 | +0.02 
MG 44! Shee eee 118008") kee eee +1.56 

J. H. Bornmann..-......-.+2-+:- 119.85 feats dee SECM llnades. o.- +0.45 
Wri CiGeagleysccs. sce reac ese 16.37 17.10 17.00 +0.73 | +0.63 

MISCELLANEOUS ICE CREAMS. 

WENDLER GRIGSBY Migs 

parses oorti.ten Sum of Sum of 
(a) and (6) | (a) and (6) | Wendler Grigsby 
readings readings 

f| 9.11 9.40 9.20 | +0.29] +0.09 
H.. Bu Burnette neecer niece clereeiei='- 6 04 5 60 5 80 0.44 = 4 
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LOR GSiwh leecher sicker 1G Si) || Ronee 0.10 
J... Bornmann eee ee eee 1 5 oa08 echt) Hae Sate ig 31 

a 10.46 10.70 10.30 +0.24 —0.16 
EA Halvorson. eee { 112 98 12.40 12.60 40.12 +0 32 

WG: Geagley:55..4:.he-reerenroe Ae Si 111.40 11.20 +0.09 —0.11 

1 Average of two or more results. 
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milk, and ice cream. The report of Mr. Keister as a collaborator during 

the past season shows a large amount of painstaking thorough work, 

and is so extensive and complete as to necessitate its incorporation here- 

with separately under Tables 3 and 4. 
The following comments have been submitted by the collaborators: 

COMMENTS BY COLLABORATORS. 

C. L. Munroe, Miner Laboratories, Chicago, Ill.: Was unable to obtain any results 

by the Wendler method. In only one or two instances (while working with other 

samples of unsweetened condensed milk) was I able to obtain a fat column and 
those obtained were very unsatisfactory, as they were not clear and did not 

have a definite lower limit. In all other cases no fat column at all was obtained. 
I then tried several minor variations in the procedure outlined in the written direc- 

tions, as follows: After mixing the sample, water, reagent, and isobutyl alcohol 

(this mixing was done very carefully and thoroughly in every case, shaking each 

bottle five minutes), I heated the bottles in a water bath at 55°C. for 20 minutes, 

with shaking. Then centrifuged at high speed for 5 minutes, added boiling water 

up to the neck, centrifuged 2 minutes at high speed, added boiling water to bring 

fat column up into neck, centrifuged 1 minute slowly and 1 minute at high speed. 
Obtained a fat column, but it was not clear, contained lumps of casein, and the lower 

limit was not sharply defined. 
W. D. Bigelow, National Canners’ Association, Washington, D. C.: When the 

samples were examined in this laboratory we had mislaid your letter, and therefore 

we examined them by the method that we ordinarily employ; that is, making only 

two extractions. It came to my attention afterwards that your letter directed three 

extractions. The results of Messrs. Fitzgerald, Miller, and Donk are, therefore, 0.02 

or 0.03 lower than they would have been if your directions had been followed exactly. 

F. C. Broeman, F. C. Broeman & Co., Cincinnati, O.: The Babcock method and 

its modifications gave such poor results on the sugared evaporated milk that I would 
not deem them worthy of consideration. Charring and indistinct separations made 
it impossible to get check readings on different determinations of same sample. 

J. H. Bornmann, U. S. Food and Drug Inspection Laboratory, Chicago, IIl.: 

Brinsmaid method: While this method gives good results, it is objectionable be- 

cause it requires the coating of the bottle with glycerol and heating in boiling 

water for 20 minutes. 
Grigsby method: This method has the advantage of rapidity and simplicity over 

the Brinsmaid method. One disadvantage is the difficulty of knowing when just 

enough, and not too much, acid has been added. 

Wendler method: Whereas this method gave satisfactory results on milk, it 

was a failure on all the other products. The fact that a comparatively harmless 

solution at moderately high temperature is used in place of sulphuric acid at a high 
temperature is one point in favor of this method. The fat column in the case of 

milk was very clear and sharply defined, which was not often the case to so marked 

a degree with the other methods employed. 

The Roese-Gottlieb method requires a longer lapse of time before the results are 

obtained, but the total time spent on the manipulation is not so great when com- 

pared with the time spent on a centrifugal method that gives trouble. It is evi- 

dent that the fat can be weighed more accurately than measured. 

The Leach method (precipitation with copper sulphate and removal of the 

sugar solution in sweetened milk) seems to give low results. 
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H. A. Halvorson, State Dairy and Food Department, St. Paul, Minn.: After a 

farge amount of preliminary work I found that I was able to obtain very satisfac- 

tory results with the Wendler method on whole milk, evaporated milk, and ice 
cream; with the Brinsmaid method on evaporated milk; and with the Grigsby method 
on ice cream. The importance of sufficient preliminary experience with all these 

methods, especially the Wendler method, cannot be overestimated. The following 

paragraphs show briefly the results that can be obtained. All the results are aver- 

ages of closely agreeing duplicates. 

Wendler method: On three samples of miscellaneous whole milks, results (the 

average of (a) and (b) readings) on two samples ran 0.04 and 0.09% higher and re- 

sults on one sample ran 0.01% lower than the corresponding results by the Roese- 
Gottlieb method. On four samples of miscellaneous evaporated milks, results (sum 

of (a) and (b) readings) on three samples ran 0.02, 0.03, and 0.01% higher and results 

on one sample ran 0.04% lower than the corresponding Roese-Gottlieb results. On 

six samples of miscellaneous ice creams, results (sum of (a) and (b) readings) on 

five samples ran 0.21, 0.12, 0.30, 0.04, and 0.24% higher and results on one sample ran 

0.14% lower than the corresponding Roese-Gottlieb results. 

Brinsmaid method: On four samples of miscellaneous evaporated milk, results 
(sum of (a) and (b) readings) ran 0.22 and 0.08% higher and results on the other 

two samples ran 0.09 and 0.09% lower than the corresponding Roese-Gottlieb results. 

Grigsby method: On five samples of miscellaneous ice creams, results (sum of 

(a) and (b) readings) on four samples were 0.21, 0.32, 0.35, 0.26% higher and 

results on one sample were 0.01% lower than the corresponding results by the 

Roese-Gottlieb method. 
Roese-Gottlieb method: I consider this method superior to any other when great 

accuracy is required. An experienced analyst, with care, can obtain results that 

agree very closely, say, within less than 0.1%. In order that different analysts 

may obtain concordant results on the same sample, it is more desirable (due to 

errors made in measuring) to weigh the sample directly rather than to take 10 ee. 
of solution containing 40 grams in 100 ce. This is especially true in the case of ice 

cream, which usually contains a large amount of air even after being melted. I 

think that results nearer the truth would be obtained if the directions required 

that the sample be weighted out directly. 

E. W. Thornton, Department of Agriculture, Raleigh, N. C.: I experienced some 
difficulty in the Wendler method on ice creams, due apparently to slight saponifi- 
cation of the butterfat. The results reported on the ice cream by this method 

are on a pure ice cream which contained no thickening agent. 

My results on evaporated milk are on the sample No. 1 (unsweetened) which was 
sent to me. Both centrifugal methods on this product gave very clear and satis- 

factory fat readings, but with a uniform difference of 0.2% between readings (a) 

and (b). I was unable to obtain satisfactory reults by either the Wendler or 

Brinsmaid methods on sweetened condensed milk. 
C.N. Austin, Sears, Roebuck & Co., Chicago, Ill.: Roese-Gottlieb method: In 

this work the fat flasks were dried to constant weight before the ether extracts 

were added. A counterpoise flask was used, which underwent the same heating 

as the flasks used in weighing the fat. It was found to be impossible to weigh a 
series of flasks with uniform rapidity. To compensate for the change in weight 

of the flasks, which takes place when they are removed from the desiccator, each 
one was allowed to stand on the balance pan until constant weight had been 

reached before a weighing was recorded. Another error that was difficult to avoid 

was caused by casein or water-soluble material passing through the filter with 

the ether extracts. To avoid this the extracts were allowed to stand about 30 
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minutes, and the filters were moistened with petroleum ether before adding the 
extracts. In making the extractions petroleum ether redistilled and coming over 

below 60° was used. Blanks were run to allow for the extractive matter in the 

reagents and nonvolatile residue in the ether. These caused a correction of 0.02 

to 0.04 in the percentage. We were able to obtain results checking within 0.65%. 

Babcock method: The modifications of the Babcock methods suggested were 

used in making determinations of the fat on the three samples submitted, as well as 

on a number of samples used for preliminary work. Bottles of the form specified 

could not be obtained in time for the work. The bottles used were of the ordinary 
form, reading to 10% and graduated to fifths of a per cent. The height from 0 to 

8.0 on the stem of the 10% bottles was 1.5 cm. less than the height of the corre- 
sponding reading of the 8% bottles. A number of determinations were afterward 

made on other samples using the two kinds of bottles. This showed an a erage 

difference in the height of meniscus for the two kinds of bottles of only 0.01 on the 
scale. No correction was applied, however, since it was ascertained that the cor- 

rection of —0.24, recommended for the Brinsmaid method, was original'y deter- 
mined from results obtained with bottles of the kind used by us. With all of the 

Babcock methods it was found difficult to obtain a sharply defined column of clear 

fat, due sometimes to a slight char, but more often to the presence of aslight amount 

of fine caseous material that prevented an accurate reading of the lower limit of the 

fat column. The fact that errors are multiplied by the necessity of using 9-gram 

samples would appear to be an added objection to the Babcock methods. 
The Brinsmaid method was found to give results higher than the Roese-Gottlieb 

results, even after the correction had been applied. However, the difference was 

not uniform for the three samples. The method gave results that check closely 

within themselves, and seemed to be as good for sweetened condensed milk as for 

evaporated milk. 

The Grigsby method was found to be very unsatisfactory. It was very diffi- 

cult to obtain fat columns free from curd or char, and even perfectly clear fat 
columns would sometimes give readings varying by as much as 0.2. The results 

were lower than those obtained by the other Babcock methods. With sweetened 

condensed milk this method was only applicable when the reagents were added to 

the drained curd. The presence of a small amount of water prevented the com- 
plete solution of the caseous material. When the results were tabulated the cor- 
rection for the Brinsmaid method was applied to these results also as indicated in 

the instructions. 
In the case of the Wendler method we substituted amyl alcohol for the isobutyl 

alcohol recommended, since the latter could not be obtained, and the former ap- 
peared to be effectual in preventing saponification of the fat. The method thus 

modified gave results with evaporated milk that accorded closely with those ob- 

tained by the Brinsmaid method, but with sweetened condensed milk no results 
could be obtained, since the precipitated curd did not dissolve completely. 

H.S. Bailey, Bureau of Chemistry, Washington, D. C.: Just for my own satisfac- 

tion I tried to see how close duplicates could be obtained on a sweetened condensed 

milk, weighing up the original milk after dilution instead of merely using a 10 ce. 

pipette. Somewhat to my surprise the results were 8.996, 8.994, and £.992. By using 

the weighing burette so that only one weighing more than the number of portions 

weighed out is required, very little more time is required than if we used a pipette, 

as there is no occasion for rinsing. To my mind the one drawback in the Roese- 

Gottlieb method as outlined is the danger of using too much water in rinsing out the 

pipette. I find that if only 2 or 3 ec. are used there is no emulsion formed, while 

if one takes 10 ce. it is necessary to let the determination stand for a long time 

before it is possible to draw off the ether-fat column. 
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L. B. Burnett, Bureau of Chemistry, Washington, D. C.: Of the two centrifuge 

methods tried on whole milk, the Wendler method gave the best results, the fat 

column being perfectly clear, the lower meniscus horizontal. On evaporated milk 
the Wendler method did not work quite as well as on whole milk. More consistent 

results were obtained if the sample was not shaken during the heating, but rotated. 

With a little experience good results were obtained. On cream and ice cream the 

Wendler method seemed to give satisfactory results. The variations in the results 

on the second sample of cream and ice cream were not due to any fault of the method, 
as clear fat columns were obtained, but to the condition of the sample. 

The Grigsby method was found to be satisfactory for sweetened condensed milk. 

The sample being diluted with one-third its weight of water and 12 instead of 9 

grams being weighed out. 

The Brinsmaid method did not appear to offer any special advantages, but satis- 
factory results were obtained with it on evaporated milk. 

In the Wendler method in making up the fat column to the top of the gradua- 
tions, it was found that if a dilute aleohol was employed instead of water the floc- 

culent material was less apt to come to the top; however, this is not necessary if 

the sample is not shaken violently during the heating. 

C. L. Black, U. 8S. Food and Drug Inspection Laboratory, Philadelphia, Pa.: I 

found the Wendler method most unsatisfactory in that in no case was I able to get 

all the curd dissolved by the amount of heating and shaking directed in the method, 

this being especially noticeable in the case of ice cream. The method would appear 

very unsatisfactory as a routine laboratory method in that, owing to the amount 

of vigorous shaking required, so few determinations can be made at one time, and 

these require so much more attention from the analyst than any of the ordinary 

methods used for similar products. In addition, it appears that the prolonged 

shaking seems to cause a decided loss of fat. 
Geo. B. Taylor, State Board of Health, New Orleans, La.: Wendler method proved 

to be very unsatisfactory. In nearly every instance the clear fat would be under- 

lain by curd. In a few instances the fat refused to rise. 

It is my opinion that the Roese-Gottlieb method as outlined (40 grams to 100 cc., 

10 cc. = 4 grams taken) is unsatisfactory where materials heavy in fat are con- 

cerned. Small lumps of fat will invariably form when the solution is mixed, and 

remain in the pipette after the required amount is run into the Rohrig tube. When 

large amounts of fat are present it is practically impossible to get to constant weight 
by heating at the temperature of boiling water. An appreciable loss is almost al- 

ways noted on heating for intervals of an hour. 
During the last two years this laboratory has used, with good results, a slight 

modification of the Grigsby method for analyzing ice cream. We use 17.6 ec. of 

glacial acetic acid, mix well, but do not heat, adding commercial sulphuric acid to 

dark coftee brown color (about 10 cc.). This gives a clear reading. The results du- 

plicate well. 
On the other hand, it has been difficult to obtain good duplicates with the Roese- 

Gottlieb method, especially with fruit ice creams. No method is satisfactory which 

requires the weighing out of 9 grams of sweetened condensed milk into an 8% Bab- 

cock milk bottle. This was done on triplicate samples, and worked by the Brins- 

maid method, with no fat rising. A 40% solution was made up and 15 ce. equivalent 
to 6 grams were taken. No results were obtained. The Roese-Gottlieb method is 

the only satisfactory method for sweetened condensed milk. 

Clarence Bahlman, Board of Health, Cincinnati, Ohio—When 18 grams of cream 

were treated with Wendler’s reagent, there was a slight curd under the fat, when 

heated 5 minutes at 50°C. This was entirely avoided when the mixture of cream 
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and reagent was heated 10 minutes at 60°C. In the case of the evaporated milk, 

the same trouble was experienced when heating 5 minutes at 50°C., but was 

remedied by heating 10 minutes at 60°C. With the sweetened condensed milk, the 

Brinsmaid method gave considerable trouble. The fat layer showed a dark curd. 

Four tests were made; in only one were we able to obtain a satisfactory fat. Also, 

the Wendler method showed some curd when heating 5 minutes at 50°C., but gave 

clear separation when heated 10 minutes at 60°C. 
J.T. Keister, Bureau of Chemistry, Washington, D. C.: In the Brinsmaid method 

very good readings were obtained in most cases and the results indicate that it 

gives figures varying only about 0.10 to 0.15 from the truth, when the readings are 

made to lower line of meniscus. 

The Wendler method was a failure for evaporated milk on the 9-gram charge. 

Using a 6-gram charge was a considerable improvement, but as only two samples 
were tested by this modification no conclusion can be drawn. 

The Grigsby method gave very satisfactory results on plain and nut ice cream 

and is about all that could be expected of a centrifugal method. In case of plain 

cream not a sufficient number of figures have been recorded to form any conclusion 
as to whether the correction —0.24 is necessary or not, as only two samples were ex- 

amined, with some variation in results. In case of nut ice creams these results 

indicate clearly that the above correction is not necessary. The method worked 
successfully on the sample of pineapple cream, but in case of the other fruit creams 

(peach and strawberry) the method was not a success, the fat not being completely 

liberated and the fruit pulp also interfering with readings. 

In case of the Wendler method, the results show that in its present form the 

method is not applicable to ice cream. 

DISCUSSION OF RESULTS. 

Reports from collaborators, most of whom reported determinations in 

duplicate, are on the whole a very satisfactory demonstration of the re- 

liability of the Roese-Gottlieb method, especially when applied to such 

products as unsweetened and sweetened evaporated milk. With the 

exception of a few modifications, as suggested by some of the collaborators, 

the directions for carrying out the Roese-Gottlieb method will doubtless 

remain in the form already adopted as provisional. The preferred modi- 
fication consists in weighing the sample. With this modification and 
one or two not very material changes in description, the method is in 

form for another season’s study, anticipating its final adoption as official. 

The associate referee selected, finally, for comparative study the methods 

devised by Wendler,! Brinsmaid,? and Grigsby.? The first of these, it 

is true, was described as applicable to the testing of milk, but preliminary 

trials of the method on other products led to the hope that good results 

might be forthcoming if the collaborators were directed to apply it to 

all samples submitted. The Brinsmaid method was devised for evapor- 

ated milk and the Grigsby method for ice cream. Unfortunately, in 

planning the work for the present year, the method described by Hunziker, 

and recommended for study at the meeting held in 1909, was overlooked. 

1Z. offent. Chem., 1906, 12: 41-58; Analyst, 31: 118. oe 
* Correspondence from Mr. David Klein of the Illinois Food Commission. 



254 ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS [Vol. II, No. 4 

There are, however, some results by this method reported by two of the 
collaborators, and these, together with information received from reliable 

sources, afford a basis for the belief that the method should be included 

in the codperative study to be carried out next year. So far as can be 

judged from results reported by the collaborators, it appears that the 

methods devised by Brinsmaid, Grigsby, and Hunziker are worthy of 

further study, attention being given primarily to the products for which 

they were designed; and, in addition to these, there may probably be 
included the methods described by Beimling and Manchester. In the 

selection of methods it will, however, be borne in mind that a test like 

that described by Beimling has the serious defect arising from the prob- 

able solution of amyl alcohol in the fat column, thus causing too high re- 

sults. A modified Roese-Gottlieb procedure has for some time been 

under process of perfection in the dairy laboratory at the U.S. Bureau of 

Chemistry, but there is no assurance as yet that this is available for col- 

laborative study with a view to adoption by this association. It may 

seem like a venture somewhat far from the aims of the association to put 

these modified centrifugal methods so much to the fore in our collabora- 

tive work in comparison with a method now well-nigh permanently estab- 

lished. There are, however, two purposes in view, either one of which 

seems to justify the past season’s plan of work. In the first place, there 

is a persistent demand for a reliable quick method for factory control 

work or as a reliable sorting-out test for use in State and municipal food 

and dairy laboratories. In the second place, in the interest of sound 

policy and future stability in our work as analysts, this group of mis- 

cellaneous proposed so-called modified Babcock tests should be subjected 

to careful criticism and fair treatment. Then, any of these modifications 

that are not to be depended upon for the purposes for which they were 

devised should be consigned to oblivion. The supply of such methods 

in the last half dozen years has perhaps much exceeded the demand; 

most of them have gone into print without anything like adequate ana- 

lytical backing; and the originators have been for the most part over- 

confident and somewhat lax in their descriptions. Some analysts, in fact, 

seem to imagine that one or two of these methods are applicable to all 

kinds of dairy products, from plain milk to ice cream and infant foods. 

The program which will be offered for the coming year will at any rate 

contemplate a weeding out among the score or more of these centrifugal 

methods with a view to determining which, if any, are really dependable 

for the products for which they were originally designed. 
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RECOMMENDATIONS. 

It is recommended— 

(1) That the Roese-Gottlieb method be adopted as official for the 

determination of fat in milk and condensed milk, both unsweetened 

and sweetened. 

(2) That a further study be made of the Roese-Gottlieb method in the 

analysis of ice cream, milk powders, malted milks, and milk chocolates. 

(3) That a special further study be made of modifications of the Bab- 

cock method as applied to condensed milk, both unsweetened and sweet- 

ened, and to ice cream. 

TABLE 3. 

Comparative study of fat methods for milk, cream, and evaporated milk. 

MILK. 

WENDLER METHOD! BABCOCK METHOD ROESE- 

GOTTLIEB 

SAMPLE (a) (b) (a) (b) wEOD 

Reading Fer cent Reading | P ericent Reading Ber cent Reading Peroent P ericeny 

INOS Sere nics 3.95 3.95 3.75 3.75 3.75 3.75 3.59 3.55 | 3.69 
3.696 

IN OSD rei asa 3.40 3.40 3.20 | 3.20] 3.20 3.20 3.00 | 3.00 | 3.225 
3.218 

1 Reading O. K. 

CREAM. 

READING eer READING eer READING fe 
METHOD __— | 

(a) (b) (c) with glymol 

Wendler:! 
IN OM letersi isin aie cates aeicieeea 17.9 | 17.88 | 17.30 | 17.29 | 17.40 | 17.39 
NOM Oe rion coon laisnosion cneieaces 16.4 | 16.12 | 15.8 15.58 | 15.7 15.48 

Babcock: 
ING, 1) es ABO OS GOES RGR Gee eee Ee 179) | AL ATAY| VIS 17.15 | 17.4 17,25 
ISK), CARES Sea Oe e mir een ae 15.9 | 15.70 | 15.3 15.11 | 15.4 15.20 

ne Found it difficult to get uniform readings with cream. Method not considered as reliable as Bab- 
tock. 

Roese-Gottlieb: Per cent fat 

IDs Teco patos ab oASBSERE CaN eotee a aaa Aa ee Eee eo Teo 17.32 
No. 2 

f 15.16 
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TABLE 3.—Continued. 

EVAPORATED MILK. 

READINGS 
WEIGHT 

OF 
SAMPLE 

SAMPLE (a) (b) Ha)x2| (b) X2 

PER CENT FAT 

(a) X2 
— 0.24 

(b) X2 
+0.15 

[Vol. II, No. 4 

REMARES 

BriysMarip METHOD. 

grams 

9.0947 
9.0720 
9.0622 
9.0600 
9.0747 
9.0550 
9.0395 

9.9780 
9.1914 
8.9388 
9.0417 
9.0276 
9.0305 
9.1270 
9.0245 
9.1210 

TF ff 

QO 

WN NNN Aaa 

> oO 

NWP PRE wWRO OOOOH 

SSa5 oo iis) i) 

SoOrnmnnoore 
me oF 

Q 

_—esoe_erroeorn— eee ee eee 

9.0437 

9.0722 
9.1882 
9.0677 
9.1330 
9.0575 
6.0700 
6.2470 
6.0235 
6.0651 

3.45 

3.30 
3.55 
3.50 
3.20 
3.10 
2.60 
2.70 
2.50 
2.50 

SAMPLE PER CENT 

oad 7.172 

Breet 

1 (a) is corrected to 9 grams. 

7.15 

SAMPLE 

7.10 ares 

CCC MC MMOONM NMINININI~II~I NWaNNNHOON WAY SANIIBGBBWBHS Hw 

mae 

NID MONMNIOON NININININININI DHwwo~ranwye OIDAINAANY & 

Doro WWWWR Re DOords Or Or dO 

WMmNMNWNO Nor OOCOMW 

a 

ROW MRO ZSeSS8N WMmMWOONMONMN NINN SYRASS Roe Hop ow why CGHUNNSCOOR MMMM ONMON WIAA (TSX) 

WENDLER METHOD. 

6.61 

6.30 
6.71 
6.70 
6.13 
5.92 
7.27 
7.35 
7.04 
6.97 

i 2) for) 

NRO RO 

on © iv) 

7.24 
7.18 

Rogese-Gorrires MerHop. 

Readings O. K. 
Slight undissolved curd. 
Bome charring. 

0. 
Reading O. K. 
Little brown ‘‘mud.’’ 
Cloudy fat but good read- 

ing. 
Do. 

Very good readings. 
Do. 

Readings O. K. 
This one charred. 
SHE char; not perfect. 

o 
Some char. 
Reading O. K. 

Undissolved casein, not a 
success. 

Some white curd. 
0. 

Much white curd. 
Do. 

Clea reading; (a) X 3. 
0. 

Reading O. K.; (a) X 3. 
Slight brown ‘‘mud.”’ 

PER CENT SAMPLE PER CENT SAMPLE PER CENT 

7.41 8.172 h { 8.05 
{ 7.41 e 8.197 8.06 

7.478 f { 7.765 ie 7.12 
{ 7.519 7.779 jeeere 7.457 

eee 8.59 
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TABLE 4. 

257 

Comparative study of fat methods with ice cream. 

Gricspy MrerHop. 

25 READINGS PER CENT FAT 
as 

ar a 4 
VARIETY -< oe ; am REMARKS 

x BE. | @|o]S}a)|a z ois EB Seal Se |S) lox 
Z Er 2 | @alei|ten ke 

. | 9.0915 | 4.95 | 4.78 | 9.62 | 9.80 | 9.40 | 9.56 | 9.55 | Reading O. K. 
a | Vanilla..... 9.2712 | 5.10 | 4.90 | 9.70 | 9.90 | 9.51 | 9.66 | 9.66 Do. 

9.0716 | 4.55 | 4.35 | 8.82 | 9.028) 9.60 | 8.78 | 8.75 | Reading perfect. 
b | Chocolate 9.1961 | 4.60 | 4.40 | 8.82 | 9.04 | 8.62 | 8.80 | 8.77 | Few small lumps of chocolate in 

9.0130 | 4.60 | 4.40 | 8.97 | 9.18 | 8.78 | 8.94 | 8.93 Rowliny 0. poe aia < ¥ % 3 3 ; : 9) S eading O. K. 
© |) Weil 9.0232 | 4.70 | 4.50 | 9.16 | 9.37 | 8.97 | 9.13 | 9.12 Do. 

9.0484 | 4.05 | 3.85 | 7.86 | 8.06 | 7.66 | 7.82 | 7.81 Heute pulp vite necks of poe 
. ut separated from fat, and di 

d | Pineapple. . not interfere with readings. 
9.0067 | 4.10 | 3.90 | 7.98 | 8.19 | 7.77 | 7.95 | 7.93 Do. 
9.2447 | 3.50 | 3.30 | 6.61 | 6.81 | 6.42 | 6.57 | 6.57 | Fat and pulp not in contact; no 

anllipaach interference with reading. 
pe 9.1150 | 3.50 | 3.30 | 6.71 | 6.91 | 6.50 | 6.67 | 6.65 | Fairly good reading; pulp inter- 

fered somewhat. 
9.0820 | 4.00 | 3.80 | 7.73 | 7.93 | 7.52 | 7.69 | 7.67 | Only fair reading, pulp inter- 

f | Strawberry. fered. 
9.1520 | 4.20 | 4.00 | 8.06 | 8.26 | 7.86 | 8.02 | 8.01 0. 
9.5625 | 4.70 | 4.50 | 8.65 | 8.84 | 8.46 | 8.60 | 8.61 | Reading O. K.; nuts in neck of 

bottle, but separated from fat. 
Ee |Wanle nut 9.0225 | 4.40 | 4.20 | 8.58 | 8.78 | 8.38 | 8.54 | 8.53 | Very good reading obtained by 

pee Du heating HO bath slightly 
above 60°, which caused sepa- 
ration of nuts from fat. 

9.0210 | 3.90 | 3.70 | 7.58 | 7.78 | 7.38 | 7.54 | 7.53 | Fruit pulp interfered with read- 
Hl ePeach ings, some fat being entangled 

peels | with pulp. 
9.2230 | 3.8 | 3.60 | 7.27 | 7.52 | 7.02 | 7.78 | 7.17 10. 

WENDLER MertHop. 

: 9.1160 | 4.30 | 4.10 | 8.28 | 8.49 | 8.08 | 8.25 | 8.23 | Only fair test some curd. 
a | Vanilla..... 9.0710 | 4.5 | 4.30 | 8.72 | 8.92 | 8.52 | 8.68 | 8.67 | Too ee curd to read accu- 

rately. 
9.0855 | 4.45 | 4.25 | 8.61 | 8.81 | 8.42 | 8.57 | 8.57 | White ‘‘mud”’ at bottom of fat 

b_ | Chocolate column; not a success. 
9.1282 | 4.50 | 4.30 | 8.68 | 8.87 | 8.48 | 8.63 | 8.63 _Do J 

e 9.1370 | 4.60 | 4.40 | 8.86 | 9.06 | 8.66 | 8.82 | 8.81 | White ‘‘mud”’ reading only ap- 
ce | Vanilla..... proximate. 

9.0612 | 4.50 | 4.30 | 8.74 | 8.94 | 8.54 | 8.70 | 8.69 Do. 
9.1090 | 4.00 | 3.80 | 7.70 | 7.90 |...... VAS aorset White curd or “‘mud”’ at bottom 

d | Pineapple. . of fat column. 
9.0730 | 4.00 | 3.80 | 7.74 | 7.93 |...... fe peas _Do. 
9.0890 | 3.25 | 3.05 |...... Cy aS ecdd| ppecad looctnn White curd or “‘mud;’’ not a 

e | Peach...... success. 
9.1540 | 3.25 | 3.05 |...... (YY posaad| godabo|leauoac Do. 

Rorse-Gortiies MetHop. 

3 | 
§ VARIETY PER CENT FAT | & VARIETY PER CENT FAT 

J Z 

&, || Wentils ooesepabdaonaencsagr a8 4 | ECACH = starsioleis sielaieieteins Aoscandd u ; eB 

9 02 8.136 a RChocolates .. o6..ccie' 0 cjes cle see's 9.03 f 8.138 

‘ 9.216 8.75 
9.28 & 8.776 
8.14 : 

x 8.16 2 8.508 

1 Corrected to 18 grams. 
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REPORT OF THE COMMITTEE ON EDITING METHODS 

OF ANALYSIS. 

WasuineTon, D. C., November 16, 1915. 

To Tue Presipent AND MeMBeErRS OF THE ASSOCIATION OF OFFICIAL AGRICUL- 

TURAL CHEMISTS. 

Gentlemen:—Your committee on editing methods of analysis begs leave to report 

that it has completed the work assigned and herewith submits for your consideration 
the revised methods. The committee has included all authorized changes and addi- 

tions, has eliminated obsolete methods in so far as possible, rewritten the text where 

parts appeared obscure, and made such consolidations of general methods and 

rearrangements as in its opinion would promote brevity and clearness. 
In order that the members of the Association may have an opportunity to criti- 

cize the revised methods it is suggested by your committee that this report be 

published in the Journat of the Association with a view to final adoption of the 

methods in 1916. 

Respectfully submitted, 

CommMItTTrrEE on Epitinc Mretuops or ANALYSIS. 

R. E. Doouitrir, Chairman, <A. FV. Seeker, 

W. A. WITHERS, G. W. Hoover, 

J. P. STREET, B. L. Hartweu.. 

Editorial Note:—The Board of Editors submits the following comment upon the 
report of the Committee on Editing Methods of Analysis: 

Inasmuch as the methods of analysis as prescribed by this Association have been 
adopted, by regulation, for the enforcement of the Federal Food and Drugs Act 
and, by law, in many of the States for the enforcement of State laws, certain safe- 
guards to protect their integrity are provided by the Association’s Constitution 
and By-Laws. 

The Constitution and By-Laws provide for Official and Provisional Methods 
only. At the last meeting of the Association it was suggested that the ‘‘Provisional”’ 
methods be designated as ‘‘Tentative’ and the committee was instructed at the 
afternoon session, Wednesday, November 17, 1915, to make their report accordingly. 
The phraseology of the Constitution was not changed, however, but was referred 
to a committee to be reported upon at the 1916 meeting. Therefore, in the present 
report the word ‘Tentative’? has been substituted for the word ‘‘Provisional”’, 
though the term ‘‘Provisional’’ must be formally retained until the Constitution 
shall have been changed. 

Changes in methods cannot be made until an opportunity has been given members 
of the Association to test them. Before a method can be adopted as Official, it 
must have been tested through codperative work and must have been recommended 
by the appropriate referee for at least two years. Official Methods, therefore, 
are those which have been thoroughly tested and which, in the opinion of the Associa- 
tion, yield accurate results in the hands of its members. In other words, they are 
believed to render as absolutely correct results as are possible in the existing state 
of knowledge concerning the determination in question. Provisional Methods 
are those which, while in the opinion of the Association yielding dependable results 
for comparison, have not as yet been tested so thoroughly as those that have been 
adopted officially. They are believed to be the best of the kind which have been 
tested by the Association but which for reasons stated have not the standing of 
Official Methods. f 

The methods in the form last promulgated by the Association, either in Bulletin 
107 (Revised) or as published in their Proceedings of the last eight years, are as 
yet the only ones adopted by the Association. 

It should be clearly understood that the revised methods as published herewith 
are simply the report of the Committee on Editing Methods of Analysis, including 
the recommendations adopted at the 1915 meeting, and at the present time have not 
been officially adopted. ‘The methods are printed at this time to enable the mem- 
bers of the Association to study and criticize them so that they may be able to vote 
on them intelligently at the 1916 meeting at which time the matter will come up 
for final action. 





RECOMMENDATIONS FOR OFFICIAL AND TENTATIVE 
METHODS OF ANALYSIS, AS PRESENTED AT 

THE ANNUAL MEETING OF THE ASSO- 
CIATION OF OFFICIAL AGRICUL- 
TURAL CHEMISTS, NOVEMBER 

16 AND 17, 1915. 

I. FERTILIZERS. 

GENERAL METHODS. 

1 MECHANICAL ANALYSIS OF BONE AND TANKAGE.—TENTATIVE. 

Transfer 100 grams of the original material to a sieve having circular openings 
1/50 inch (0.5 mm.) in diameter. Sift, breaking the lumps by means of a soft rubber 

pestle if the material has a tendency to cake. Weigh the coarse portion remaining 
on the sieve. Determine the fine portion by difference. 

2 PREPARATION OF SAMPLE.—OFFICIAL. 

Reduce the gross sample by quartering to an amount sufficient for analytical 

purposes. Transfer to asieve having circular openings 1/25 inch (1mm.) in diameter, 

sift, breaking the lumps with a soft rubber pestle. Grind in a mortar the part re- 

maining on the sieve until the particles will pass through. Mix thoroughly and 

preserve in tightly stoppered bottles. Grind and sift as rapidly as possible to 
avoid loss or gain of moisture during the operation. 

3 MOISTURE.—OFFICIAL. 

Heat 2 grams of the sample prepared as in 2 for 5 hours in a water oven at the 
temperature of boiling water. In the case of potash salts, sodium nitrate, and 

ammonium sulphate heat at about 130°C. to constant weight. The loss in weight 

is considered as moisture. 

TOTAL PHOSPHORIC ACID. 

Gravimetric Method.—Offcial. 

4 REAGENTS. 

(a) Molybdate solution.—Dissolve 100 grams of molybdie acid in dilute ammo- 
nium hydroxid (144 ec. of ammonium hydroxid (sp. gr. 0.90) and 271 cc. of water); 

pour this solution slowly and with constant stirring into dilute nitric acid (489 cc. of 
nitric acid (sp. gr. 1.42) and 1148 ec. of water). IKeep the mixture in a warm place 

for several days or until a portion heated to 40°C. deposits no yellow precipitate 

of ammonium phosphomolybdate. Decant the solution from any sediment and 

preserve in glass-stoppered vessels. 

(b) Ammonium nitrate solution.—Dissolve 200 grams of commercial ammonium 
nitrate, phosphate free, in water and dilute to 2 liters. 

(C) Magnesia mixture.—Dissolve 22 grams of recently ignited calcined magnesia 

in dilute hydrochloric acid, avoiding an excess of the latter. Add a little calcined 

magnesia in excess, and boil a few minutes to precipitate iron, aluminium, and phos- 

1 



2 METHODS OF ANALYSIS [Chap. 

phorie acid; filter; add 280 grams of ammonium chlorid, 261 cc. of ammonium hydrox- 

id (sp. gr. 0.90) and dilute to 2 liters. Instead of the solution of 22 grams of cal- 

cined magnesia, 110 grams of crystallized magnesium chlorid (MgCl.6H.O) dissolved 

in water may be used, then add 280 grams of ammonium chlorid and proceed as above. 

(d) Dilute ammonium hydroxid for washing.—Dilute 100 cc. of ammonium hy- 
droxid (sp. gr. 0.90) to 1 liter. 

(@) Magnesium nitrate solution.—Dissolve 320 grams of calcined magnesia in 

nitric acid, avoiding an excess of the latter; then add a little calcined magnesia in 

excess, boil, filter from the excess of magnesia, ferric oxid, etc., and dilute to 2 liters. 

5 PREPARATION OF SOLUTION. 

Treat 2 or 2.5 grams of the sample by one of the methods given below: 

(a) Ignite, and dissolve in hydrochloric acid. 

(b) Evaporate with 5 cc. of magnesium nitrate, ignite, and dissolve in hydro- 

chlorie acid. 
(C) Boil with 20-30 ec. of strong sulphuric acid in a Kjeldahl flask, adding 2-4 

grams of sodium or potassium nitrate at the beginning of the digestion and a small 

quantity after the solution has become nearly colorless, or adding the nitrate in 
small portions from time to time. After the solution is colorless add 150 ce. of water, 

and boil for a few minutes. 
(d) Digest in a Kjeldahl flask with strong sulphuric acid and such other re- 

agents as are used in either the plain or modified Kjeldahl or Gunning method for 

estimating nitrogen. Do not add any potassium permanganate, but after the 

solution has become colorless add about 100 ec. of water and boil for a few minutes. 

(€) Dissolve in 30 ce. of concentrated nitric acid and a small quantity of hydro- 

chlorie acid and boil until organic matter is destroyed. 
(f) Add 30 ce. of concentrated hydrochloric acid, heat and add cautiously, in 

small quantities at a time, about 0.5 gram of finely pulverized potassium chlorate 
to destroy organic matter. 

(&) Dissolve in 15-30 cc. of strong hydrochloric acid and 3-10 ce. of nitric acid. 

This method is recommended for fertilizers containing much iron or aluminium 

phosphate. 
After solution, cool, dilute to 200 ce. or to 250 cc. if a 2.5 gram sample was used. 

Mix, and pour on a dry filter. 

6 DETERMINATION. 

Take an aliquot of the solution prepared as directed above, corresponding to 0.25 
gram, 0.50 gram, or 1 gram, neutralize with ammonium hydroxid, and clear with a 

few drops of nitric acid. In case hydrochloric or sulphuric acid has been used as 
a solvent, add about 15 grams of dry ammonium nitrate or a solution containing 

that amount. To the hot solution add 60-80 ec. of the molybdate solution for every 

decigram of phosphoric acid (P20;) that is present. Digest at about 65°C. for an 

hour, and determine if the phosphoric acid has been completely precipitated by 
the addition of more molybdate solution to the clear supernatant liquid. Fil- 

ter and wash with cold water or, preferably, ammonium nitrate solution. Dissolve 
the precipitate on the filter with ammonium hydroxid and hot water and wash 
into a beaker to a bulk of not more than 100 cc. Nearly neutralize with hydrochloric 

acid, cool, and add magnesia mixture from a burette; add slowly (about 1 drop per 

second), stirring vigorously. After 15 minutes add 12 cc. of ammonium hydroxid 

(sp. gr. 0.90). Let stand till the supernatant liquid is clear (2 hours is usually 

enough) filter, wash with the dilute ammonium hydroxid until the washings are 
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practically free from chlorin, dry the filter and precipitate and transfer the latter 

to a weighed porcelain crucible. Ignite the filter separately and add its ash to the 

precipitate in the crucible. Ignite to whiteness or to a grayish white, weigh, and 

calculate to phosphoric acid (P20s). 

Volumetric Method.—Offcial. 

Th REAGENTS. 

(a) Molybdate solution.—To 100 ce. of molybdate solution prepared as directed 

in 4 (a), add 5 ce. of nitric acid (sp. gr. 1.42). This solution should be filtered im- 
mediately before using. 

(b) Standard sodium or potassium hydroxid solution.—Dilute 323.81 ce. of N/1 

alkali, free from carbonates, to 1 liter. 100 cc. of the solution should neutralize 

32.38 ec. of N/1 acid; 1 ce. is equivalent to 1 mg. of PO; (1% of P.O; on a basis of 

0.1 gram of substance). 

(C) Standard acid solution.—Prepare an acid solution corresponding to the, 

or to one-half of the, strength of (b), and standardize by titration against that 

solution, using phenolphthalein as indicator. Hydrochloric or nitric acid may be 

used. 

(d) Phenolphthalein solution.—Dissolve 1 gram of phenolphthalein in 100 cc. of 

alcohol. 

8 PREPARATION OF SOLUTION. 

Dissolve according to 5 (b), (e), (f), or (@), preferably by (€), when these acids 

are a suitable solvent, and dilute to 200 ec. with water. 

9 DETERMINATION. 

(a) For percentages of 5 or below use an aliquot corresponding to 0.4 gram of 

substance, for percentages between 5 and 20 use an aliquot corresponding to 0.2 
gram of substance, and for percentages above 20 use an aliquot corresponding to 

0.1 gram of substance. Add 5-10 ee. of nitric acid, depending on the method of 

solution (or the equivalent in ammonium nitrate), nearly neutralize with ammonium 

hydroxid, dilute to 75-100 ee., heat in a water bath to 60°-65°C., and for percentages 
below 5 add 20-25 cc. of freshly filtered molybdate solution. For percentages be- 

tween 5 and 20 add 30-35 cc. of molybdate solution. For percentages greater than 

20 add sufficient molybdate solution to insure complete precipitation. Stir, let 

stand in the bath about 15 minutes, filter at once, wash once or twice with water by 
decantation, using 25-30 ec. each time, agitate the precipitate thoroughly and 

allow to settle; transfer to the filter and wash with cold water until the filtrate from 

2 fillings of the filter yields a pink color upon the addition of phenolphthalein and 1 
drop of the standard alkali. Transfer the precipitate and filter to a beaker or pre- 

cipitating vessel, dissolve the precipitate in a small excess of the standard alkali, 

add a few drops of phenolphthalein solution, and titrate with the standard acid. 
(b) Proceed as in (a) with this exception: Heat in a water bath at 45°-50°C., 

add the molybdate solution, and allow to remain in the bath with occasional stirring 

for 30 minutes. 

(C) Proceed as in (&) to the point where the solution is ready to place in the 

water bath. Then cool the solution to room temperature, add molybdate solution 

at the rate of 75 ce. for each decigram of phosphoric acid present, place the stoppered 
flask containing the solution in a shaking apparatus and shake for 30 minutes at 
room temperature, filter at once, wash, and titrate as in (@). 



4 METHODS OF ANALYSIS [Chap. 

WATER-SOLUBLE PHOSPHORIC ACID. 

10 Gravimetric Method.—Official. 

Place 2 grams of the sample on a 9 em. filter, wash with successive small portions 
of water, allowing each portion to pass through before adding more, until the filtrate 

measures about 250 ce. If the filtrate is turbid, add a little nitric acid. Make up 
to any convenient volume, mix well, use an aliquot, and proceed as under 6. 

11 Volumetric Method.—O ficial. 

Treat the sample as directed under 10. To an aliquot of the solution cor- 

responding to 0.2 or 0.4 gram, add 10 cc. of concentrated nitric acid and ammonium 
hydroxid until a slight permanent precipitate is formed, dilute to 60 cc., and pro- 

ceed as directed under 9. 

CITRATE-INSOLUBLE PHOSPHORIC ACID.—OFFICIAL. 

12 REAGENTS. 

In addition to the reagents given under 4 and 7 prepare ammonium citrate solu- 

tion by one of the following methods: 
Ammonium citrate solution.—(1) Dissolve 370 grams of commercial citric acid 

in 1500 cc. of water; nearly neutralize with commercial ammonium hydroxid; cool; 
add ammonium hydroxid until exactly neutral (testing with litmus or azolitmin 

paper), and dilute sufficiently to make the specific gravity 1.09 at 20°C. The vol- 
ume will be about 2 liters; or, : 

(2) To 370 grams of commercial citric acid add commercial ammonium hydroxid 

until nearly neutral; reduce the specific gravity to slightly more than 1.09 at 20°C. 

and make exactly neutral, testing as follows: Prepare a solution of fused calcium 

chlorid, 200 grams to the liter, and add 4 volumes of strong alcohol. Make this 

solution exactly neutral, using a small amount of freshly prepared corallin solution 

as preliminary indicator, and test finally by withdrawing a portion, diluting with 

an equal volume of water, and testing with cochineal solution; 50 cc. of this solution 

will precipitate the citric acid from 10 ce. of the citrate solution. To 10 ce. of the 
nearly neutral citrate solution add 50 ec. of the alcoholic calcium chlorid solution, 
stir well, filter at once through a folded filter, dilute with an equal volume of 

water, and test the reaction with neutral solution of cochineal. If acid or alkaline, 

add ammonium hydroxid or citric acid, as the case may be, to the citrate solution, 
mix, and test again, as before. Repeat this process until a neutral reaction is 

obtained. Add sufficient water to make the specific gravity 1.09 at 20°C. 

13 DETERMINATION. 

(a) Acidulated samples.—Heat 100 ce. of strictly neutral ammonium citrate 

solution (sp. gr. 1.09) to 65°C. in a 250 ce. Erlenmeyer flask placed in a warm water 
bath, keeping the flask loosely stoppered to prevent evaporation. The level of the 

water in the bath should be above that of the citrate solution in the flask. When 

the citrate solution has reached 65°C., drop into it the filter containing the washed 

residue from the water-soluble phosphoric acid solution in 10, close tightly with 

a smooth rubber stopper, and shake violently until the filter paper is reduced to 

a pulp, relieving the pressure by momentarily removing the stopper. Place the 

flask in the bath and maintain its contents at exactly 65°C. Shake the flask every 
5 minutes. At the expiration of exactly 30 minutes from the time the filter and the 

residue are introduced, remove the flask from the bath and immediately filter the 

contents as rapidly as possible through a quick-acting filter paper. Wash with 
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water at 65°C. until the volume of the filtrate is about 350 ec., allowing time for 

thorough draining before adding new portions of water. (1) Transfer the filter 

and its contents to a crucible, ignite until all organic matter is destroyed, add 10—- 

15 ec. of strong hydrochloric acid, and digest until all phosphate is dissolved; or, 
(2) Return the filter with contents to the digestion flask, add 30-35 ce. of strong 
nitric acid, 5-10 ec. of strong hydrochloric acid, and boil until all phosphate is dis- 

solved. Dilute the solution as prepared in (1) or (2) to 200 ec. If desired, the filter 

and its contents may be treated according to methods 5 (b), (C) or (d). Mix well, 
filter through a dry filter and proceed as directed under 6 or 9. ; 

(b) Non-acidulated samples.—In case a determination of citrate-insoluble phos- 
phoric acid is required in non-acidulated samples treat 2 grams of the phosphatic 
material without previous washing with water, precisely as in (&), except when the 
substance contains much animal matter (bone, fish, etc.), in whieh case dissolve 

the residue insoluble in ammonium citrate by any one of the processes described 
under 5 (b), (€) or (d) and determine phosphoric acid as directed in 6 or 9. 

14 CITRATE-SOLUBLE PHOSPHORIC ACID.—OFFICIAL. 

The sum of the water-soluble and citrate-insoluble subtracted from the total 
gives the citrate-soluble phosphoric acid. 

15 DETECTION OF NITRATES.—OFFICIAL. 

Mix 5 grams of the fertilizer with 25 ce. of hot water and filter. To a portion of 
this solution add 2 volumes of concentrated sulphuric acid, free from nitrie acid and 

oxids of nitrogen, and allow the mixture to cool. Add cautiously a few drops of a 
concentrated solution of ferrous sulphate so that the fluids do not mix. If nitrates 

are present the junction shows at first a purple, afterwards a brown, color or if only 
a very minute quantity be present, a reddish color. To another portion of the solu- 
tion add 1 ee. of a 1% solution of sodium nitrate and test as before to determine 

whether sufficient sulphuric acid were added in the first test. 

ORGANIC AND AMMONIACAL NITROGEN ONLY. 

Kjeldahl Method.—Official. 

16 REAGENTS. 

For ordinary work N/2 acid is recommended. For work in determining very 

small amounts of nitrogen N/10 acid is recommended. In titrating mineral acids 

against ammonium hydroxid solution use cochineal or methyl! red as indicator. 
(a) Standard hydrochloric acid.—Determine the absolute strength as follows: 

Preliminary test.—Place a measured portion of the acid to be standardized in an 

Erlenmeyer flask with excess of calcium carbonate, to neutralize free acid, and a 
few drops of potassium chromate as indicator. By titration with silver nitrate 
solution determine exactly the quantity required to precipitate the chlorin. Final 

determination.—To a measured portion of the acid to be standardized add from the 

burette 1 drop in excess of the required quantity of silver nitrate solution as deter- 
mined by the preceding test. Heat to boiling, protect from the light, and allow to 

stand until the precipitate is granular. Filter on a tared Gooch crucible, previously 

heated to 140°-150°C., wash with hot water, testing the filtrate to prove excess of 

silver nitrate. Dry the silver chlorid at 140°-150°C., cool and weigh. 

(b) Standard sulphuric acid.—Determine the absolute strength of the acid by 
precipitation with barium chlorid solution as follows: Dilute a measured quantity 
of the acid to be standardized to approximately 100 cc., heat to boiling and add drop 
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by drop a 10 % solution of barium chlorid until no further precipitation occurs. 

Continue the boiling for about 5 minutes, allow to stand for 5 hours or longer in a 

warm place, pour the supernatant liquid on a tared Gooch or on an ashless filter, 

treat the precipitate with 25-30 cc. of boiling water, transfer to the filter and wash 

with boiling water until the filtrate is free from chlorin. Dry, ignite over a Bunsen 

burner and weigh as barium sulphate. 

(c) Standard alkali solution.—Accurately determine the strength of this solution 

by titration against the standard acid. N/10 solution is recommended. 
(d) Sulphuric acid.—Sp. gr. 1.84 and free from nitrates and ammonium sulphate. 

~ (@) Metallic mercury, or mercuric oxid.—Mercuric oxid should be prepared in the 
wet way, but not from mercuric nitrate. 

(f) Copper sulphate.—Crystallized. 
(&) Potassium permanganate.—Finely pulverized. 

(h) Granulated zinc or pumice stone.—Added to the contents of the distillation 
flask if necessary to prevent bumping. 

(i) Potassium sulphid solution.—Dissolve 40 grams of commercial potassium 
sulphid in 1 liter of water. 

(j) Sodium hydroxid solution.—A saturated solution, free from nitrates. 

(kK) Cochineal solution.—Digest, with frequent agitation, 3 grams of pulverized 

cochineal in a mixture of 50 ec. of strong alcohol and 200 ce. of water for 1 or 2 days 
at ordinary temperature, and then filter. 

(1) Methyl red solution.—Dissolve 1 gram of methyl red (dimethyl-amino-azo- 
benzene-ortho-carbonic acid) in 100 cc. of 95% alcohol. 

17 APPARATUS. 

(a) Kjeldahl flasks for both digestion and distillation.—Total capacity of about 

550 ec., made of hard, moderately thick, and well-annealed glass. 

(b) Distillation flasks.—For distillation any suitable flask of about 550 ce. capac- 

ity may be used. It is fitted with a rubber stopper through which passes the lower 

end of a Kjeldahl connecting bulb to prevent sodium hydroxid being carried over 

mechanically during distillation. The bulb should be about 3 cm. in diameter, and 

the tubes should be of the same diameter as the condenser tube with which the upper 

end of the bulb tube is connected by means of rubber tubing. 

18 DETERMINATION. 

Place 0.7-38.5 grams, according to the nitrogen content, of the substance to be 

analyzed in a digestion flask with approximately 0.7 gram of mercuric oxid, or its 

equivalent in metallic mercury, and add 20-30 ec. of sulphuric acid (0.1-0.3 gram of 

crystallized copper sulphate may also be used in addition to the mercury, or in 

place of it). Place the flask in an inclined position and heat below the boiling 

point of the acid until frothing has ceased. (A small piece of paraffin may be added to 

prevent extreme foaming.) Then raise the heat until the acid boils briskly and digest 
for a time after the mixture is colorless or nearly so, or until oxidation is complete. 
Remove the flask from the flame, hold it upright, and while still hot add care- 

fully potassium permanganate in small quantities at a time until, after shaking, 

the liquid remains green or purple. 

After cooling dilute with about 200 ec. of water, add a few pieces of granulated 

zine or pumice stone, if necessary to prevent bumping, and 25 ec. of potassium sul- 
phid solution with shaking. Next add sufficient sodium hydroxid solution to make 

the reaction strongly alkaline, 50 cc. are usually enough, pouring it down the side of 

the flask so that it does not mix at once with the acid solution. Connect the flask 

ee ee 
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with the condenser, mix the contents by shaking, distil until all ammonia has passed 

over into a measured quantity of the standard acid and titrate with the standard 

alkaii. The first 150 cc. of the distillate will generally contain all the ammonia. 

The use of mercuric oxid in this operation greatly shortens the time necessary 
for digestion, which is rarely over an hour and a half in case of substances most 
difficult to oxidize, and is more commonly less than an hour. In most instances 
the use of potassium permanganate is quite unnecessary, but it is believed that in 
exceptional cases it is required for complete oxidation, and in view of the uncer- 
tainty it is always used. The potassium sulphid removes all the mercury from the 
solution, and so prevents the formation of mercuro-ammonium compounds which 
are not completely decomposed by the sodium hydroxid. The addition of zine 
gives rise to an evolution of hydrogen and prevents violent bumping. 

Previous to use the reagents should be tested by a blank experiment with sugar. 

The sugar partially reduces any nitrates present that might otherwise escape notice. 

Gunning Method.—Official. 

19 REAGENTS. 

Potassium sulphate.—Pulverized. 

The other reagents and standard solutions used are described under 16. 

20 APPARATUS. 

The apparatus used is described under 17. 

21 DETERMINATION. 

Place 0.7-3.5 grams, according to the nitrogen content, of the substance to be 

analyzed in a digestion flask. Add 10 grams of powdered potassium sulphate and 
15-25 ce. (ordinarily about 20 cc.) of sulphuric acid (0.1-0.3 gram of crystallized 

copper sulphate may also be added). Conduct the digestion as in the Kjeldahl 
process, starting with a temperature below the boiling point and increasing the heat 
gradually until frothing ceases. Digest for a time after the mixture is colorless or 
nearly so, or until oxidation is complete. Do not add either potassium permanganate 

or potassium sulphid. Cool, dilute, neutralize, distil, and titrate with the standard 

alkali. In neutralizing before distilling it is convenient to add a few drops of 
phenolphthalein indicator or itmus paper. The pink color given by phenolphthal- 

ein indicating an alkaline reaction is destroyed by a considerable excess of strong 

fixed alkali. 

Kjeldahl-Gunning-Arnold Method.—Official. 

22 REAGENTS AND APPARATUS. 

Described under 16, 17 and 19. 

23 DETERMINATION. 

Place 0.7-3.5 grams, according to the nitrogen content, of the substance to be 

analyzed in a digestion flask. Add 15-18 grams of potassium sulphate, 1 gram of 

copper sulphate, 1 gram of mercuric oxid, or its equivalent in metallic mercury, 

and 25 ce. of sulphuric acid. Heat gently until frothing ceases, then boil the mixture 

briskly, and continue the digestion for a time after the mixture is colorless or nearly 

so or until oxidation is complete. Cool, dilute with about 200 cc. of water, add 50 ec. 
of potassium sulphid solution, make strongly alkaline with sodium hydroxid solu- 

tion and complete the determination as directed under 18. 
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TOTAL NITROGEN. 

Kjeldahl Method Modified to include the Nitrogen of Nitrates.—Official. 

24 REAGENTS. 

(a) Zine dust.—Impalpable powder. Granulated zine or zine filings will not 
answer. 

(b) Sodium thiosulphate. 

(C) Commercial salicylic acid. 

The other reagents and standard solutions are described under 16. 

25 APPARATUS. 

The apparatus used is described under 17. 

26 DETERMINATION. 

Place 0.7-3.5 grams, according to the nitrogen content, of the substance to be 

analyzed in a Kjeldahl digestion flask. (1) Add 30 cc. of sulphuric acid containing 
1 gram of salicylic acid, shake until thoroughly mixed, allow to stand for at least 

30 minutes, and then add 5 grams of crystallized sodium thiosulphate and digest as 

directed below; or, (2) Add to the substance 30 cc. of sulphuric acid containing 2 
grams of salicylic acid, allow to stand at least 30 minutes and then add gradually 

2 grams of zine dust, shaking the contents of the flask at the same time and digest 
as follows: 

Place the flask on the stand for holding the digestion flasks and heat over a low 

flame until all danger from frothing has passed. Then raise the heat until the acid 

boils briskly and continue the boiling until white fumes no longer escape from the 

flask. This requires about 5-10 minutes. Add approximately 0.7 gram of mercuric 

oxid, or its equivalent in metallic mercury, and continue the boiling until the liquid 

in the flask is colorless, or nearly so. In case the contents of the flask are likely to 

become solid before this point is reached, add 10 cc. more of sulphuric acid. Complete 
the oxidation with a little potassium permanganate in the usual way and proceed 

as directed under 18. The reagents should be tested by blank experiments. 

Gunning Method Modified to include the Nitrogen of Nitrates.—Official. 

27 REAGENTS AND APPARATUS. 

The reagents and standard solutions are described under 16, 17, 19 and 24. 

28 DETERMINATION. 

Place 0.7-3.5 grams, according to the nitrogen content, of the substance to be 

analyzed in a digestion flask. Add 30-35 cc. of salicylic acid mixture (30 cc. of sul- 
phuric acid to 1 gram of salicylic acid); shake until thoroughly mixed, and allow to 

stand for at least 30 minutes with frequent shaking. Add 5 grams of sodium thio- 

sulphate and heat the solution for 5minutes; cool; add 10 grams of potassium sulphate 

and heat very gently until foaming ceases, then strongly until nearly colorless, 

and proceed as directed under 21. 

Absolute or Cupric Oxid Method.—Oficial. 

29 REAGENTS. 

(a) Coarse cupric oxid.—Ignite and cool before using. 

(b) Fine cupric orid.—Grind (a). 
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(C) Metallic copper.—Granulated copper, or fine copper gauze, heated and cooled 

in a current of hydrogen or by dropping the heated copper into a test tube containing 
a few cc. of methyl! alcohol. 

(d) Sodium bicarbonate.—Free from organic matter. 

(@) Caustic potash solution.—A supersaturated solution of caustic potash in hot 

water. 

30 APPARATUS. 

(a) Combustion tube—Hard Bohemian glass, about 65 cm. long, 12.7 mm. internal 
diameter and sealed at one end. 

(b) Azotometer.—Capacity 100 ce., accurately calibrated. 
(C) Sprengel mercury air pump. 

(d) Small paper scoop.—Made from stiff writing paper. 

31 DETERMINATION. 

Use 1-2 grams of ordinary commercial fertilizers. In the case of highly nitrogen- 
ized substances, the amount to be used is governed by the amount of nitrogen esti- 

mated to be present. Fill the tube (Fig. 1) as follows: (1) about 5 cm. of coarse 

50m, 10 CM. 30 cm. 7 CM. 6 CMI 2.5 CM. 
COARSE SUBSTANCE COARSE OXID. METALLIC COA FREE END. 
OX1ID. AND FINE OXID. COPPER. OXID. 

ASBESTOS 
asaestos| PLUG. 

PLUG. 

Sopium 
BICARBONATE. 

THE ROMAN NUMERALS REFER TO THE ORDER IN WHICH THE DIFFERENT 

PORTIONS ARE TO BE HEATED. 

FIG. 1. 

cupric oxid; (2) place on the small paper scoop a sufficient amount of the fine cupric 

oxid which, when mixed with the substance to be analyzed, will fill about 10 cm. of 

the tube; pour on this the substance, rinsing the watch glass with a little of the fine 

oxid, and mix thoroughly with a spatula, pour into the tube, rinsing the scoop with 
a little fine oxid; (3) about 39 cm. of coarse cupric oxid; (4) about 7 cm. of metallic 

copper; (5) about 6 em. of coarse cupric oxid; (6) a small plug of asbestos; (7) 0.8-1 

gram of sodium bicarbonate; (8) a large loose plug of asbestos. 

After the tube is filled hold in a horizontal position and tap gently on the table 

in order that a canal may be formed in the upper portion of the fine cupric oxid. 

Place the tube in the combustion furnace, leave about 2.5 em. of it projecting and 

connect with the pump by a rubber stopper smeared with glycerol, taking care to 
make the connection perfectly tight. In order to protect the latter from the heat, 

place an asbestos plate, having a circular opening in the center, over the projecting 
end of the tube. 

Exhaust the air from the tube by means of the pump. When a vacuum has been 

obtained, allow the flow of mercury to continue; light the gas under that part of the 
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tube containing the metallic copper, the anterior layer of cupric oxid and the sodium 

bicarbonate. As soon as the vacuum is destroyed and he apparatus filled w th 
carbon dioxid, shut off the flow of mercury and at once introduce the delivery tube 
of the pump into the receiving arm of the azotometer just below the surface of the 

mercury seal so that the escaping bubbles will pass into the air and not into the tube, 
to avoid the useless saturation of the caustic potash solution. 

When the flow of carbon dioxid has very nearly or completely ceased, pass the 

delivery tube down into the receiving arm so that the bubbles will escape into the 

azotometer. Light the gas under the 30 cm. layer of oxid, heat gently for a few 

minutes, to drive out any moisture that may be present, and then bring to a red heat. 

Heat gradually the mixture of substance and oxid, lighting a jet ata time. Avoid 

a too rapid evolution of bubbles, which should be allowed to escape at the rate 
of about one per second or a little faster. When the burners under the mixture have 

all been turned on, light the gas under the layer of oxid at the end of the tube. 
When the evolution of bubbles has ceased, turn out all the burners except those 

under the metallic copper and anterior layer of oxid, and allow to cool for a few min- 

utes. Exhaust with the pump and remove the azotometer before the flow of mercury 

has stopped. Break the connection of the tube with the pump, stop the flow of 
mercury, and extinguish the burners. Allow the azotometer to stand for at least 

an hour, or cool with a stream of water until the volume and temperature become 

constant. 

Adjust accurately the level of the potassium hydroxid solution in the bulb to 

that in the azotometer; note the volume of the nitrogen, temperature, and height of 

barometer; calculate the weight of the nitrogen as usual. 

AMMONIACAL NITROGEN. 

32 Magnesium Oxid Method.—Offcial. 

Place 0.7-3.5 grams, according to the ammonia content, of the substance to be 

analyzed in a distillation flask with about 200 ce. of water and 5 grams or more of 

magnesium oxid, free from carbonates. Then connect the flask with a condenser and 

distil 100 cc. of the liquid into a measured quantity of standard acid and titrate 

with standard alkali solution. 

NITRIC AND AMMONIACAL NITROGEN. 

33 Ulsch-Street Method.—Official. 

Place 1 gram of the sample in a half-liter flask, add about 30 ce. of water and 2-3 

grams of reduced iron, and, after standing sufficiently long to insure solution of the 

soluble nitrates and ammonium salts, add 10 cc. of a mixture of strong sulphuric acid 

with an equal volume of water; shake thoroughly, place a long-stemmed funnel in the 

neck of the flask to prevent mechanical loss, and allow to stand for a short time until 

the violence of the reaction has moderated. Heat the solution slowly, boil for 5 

minutes, and cool. Add about 100 cc. of water, a little paraffin, and 7-10 grams of 

magnesium oxid, free or nearly free from carbonates. Connect with a condenser, 

such as is used in the Kjeldahl method, and boil the mixture for 40 minutes, nearly 

to dryness; collect the ammonia in a measured quantity of standard acid, and titrate 

with standard alkali solution in the usual manner. The nitrogen obtained represents 

the nitrates plus the ammonium salts contained in the sample. 

In the analysis of nitrate salts proceed as above, except that 25 cc. of the nitrate 
solution, equivalent to 0.25 gram of the sample, are employed with 5 grams of re- 

duced iron After boiling add 75 ce. of water and an excess of sodium hydroxid 

solution and complete the determination as above. 
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34 Zinc-Iron Method.—Official. 

Dissolve 10 grams of the sample in water and dilute to 500 cc. Place 25 ce. of 

this solution, corresponding to 0.5 gram of the substance, in a 400 ce. distillation flask, 

add 120 ce. of water, 5 grams of well-washed and dried zine dust, and 5 grams of 

reduced iron. To the solution add 80 cc. of saturated sodium hydroxid solution, 

connect the flask with the condensing apparatus and conduct the distillation simul- 
taneously with the reduction, collecting the ammonia in standard acid. Continue 

the distillation until 100 ec. have been distilled and titrate with standard alkali 

solution. 

NITROGEN IN NITRATE SALTS. 

35 Ferrous Sulphate-Zinc-Soda Method.—Tentative. 

Place 0.5 gram of the nitrate salt in a 600-700 ce. flask, add 200 cc. of water, 

5 grams of powdered zinc, 1-2 grams of ferrous sulphate, and 50 ce. of sodium hy- 

droxid solution (36° Baumé). Connect with the distilling apparatus, distil, collect 

the distillate in the usual way in N/10 sulphuric acid and titrate with standard 

alkali solution. 

ORGANIC NITROGEN SOLUBLE IN NEUTRAL PERMANGANATE.—OFFICIAL. 

36 = Preliminary Test (Determination of Water-Insoluble Organic Nitrogen). 

Place 1 gram of the material on an 11 cm. filter paper and wash with water at 
room temperature until the filtrate measures 250 cc. Dry and determine nitrogen 

in the residue as in 18 or 21, making a correction for the nitrogen of the filter, 

if necessary. 

aY/ DETERMINATION. 

Place a quantity of the fertilizer, equivalent to 50 mg. of water-insoluble organic 

nitrogen as determined in 36, on a moistened 11 cm. filter paper and wash with water 

at room temperature until the filtrate measures 250 cc. Transfer the insoluble 

residue with 25 cc. of tepid water to a 300 cc. Griffin low-form beaker, add 1 gram 

of sodium carbonate, mix, and add 100 ce. of 2% permanganate. Cover with a 

watch glass and immerse for 30 minutes in a steam or hot water bath so that the level 

of the liquid in the beaker is below that of the water in the bath. Stir twice at inter- 

vals of 10 minutes. At the end of the digestion remove from the bath, add immedi- 

ately 100 cc. of cold water, and filter through a heavy 15 cm. folded filter. Wash 

with small quantities of cold water until the filtrate measures about 400 ce. De- 

termine nitrogen in the residue and filter, as in18 or 21, correcting for the nitrogen 

contained in the latter. The nitrogen thus obtained is the inactive water-insoluble 
organic nitrogen. Subtract this result from that obtained in 36 to obtain the 

percentage of organic nitrogen soluble in neutral permanganate. 

ORGANIC NITROGEN SOLUBLE IN ALKALINE PERMANGANATE.—OFFICIAL. 

(Not applicable to fertilizers containing cottonseed meal or castor pomace.) 

38 PREPARATION OF SAMPLE. 

(a) Mized fertilizers.—Place an amount of material, equivalent to 50 mg. of water- 

insoluble organic nitrogen determined as directed under 36, on a filter paper and 

wash with water at room temperature until the filtrate measures 250 cc. 
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(b) Raw materials.—Place an amount of material, equivalent to 50 mg. of water- 
insoluble organic nitrogen determined as directed under 36, ina small mortar, add 
about 2 grams of powdered rock phosphate, mix thoroughly, transfer to a filter paper, 
and wash with water at room temperature until the filtrate measures 250 ce. 

When much oil or fat is present, it is well to wash with ether before extracting with 

water. 

39 DETERMINATION. 

Dry the residue of 38 at a temperature not exceeding 80°C. and transfer from the 
filter to a 500-600 ce. Kjeldahl distillation flask. Add 20 ce. of water, 15-20 small 

glass beads, or fragments of pumice stone, a piece of paraffin the size of a pea, and 

100 ce. of alkaline permanganate solution (25 grams of pure potassium permanganate 

and 150 grams of sodium hydroxid, separately dissolved in water, the solutions cooled, 

mixed, and made to a volume of 1 liter). Connect with an upright condenser to 

the lower end of which a receiver containing standard acid has been attached. 

Digest slowly, for at least 30 minutes, below distillation point, with a very low flame, 

using coarse wire gauze and asbestos paper between the flask and flame. Gradually 

raise the temperature and, after any danger from frothing has passed, distil until 

95 ee. of the distillate are obtained, and titrate as usual. When a tendency to froth 

is noticed, lengthen the digestion period and no trouble will be experienced when the 

distillation is begun. During the digestion gently rotate the flask occasionally, 

particularly if the material shows a tendency to adhere to the sides. The nitrogen 
thus obtained is the active water-insoluble organic nitrogen. 

POTASH. 

Method I. 
Lindo-Gladding Method.—Official. 

40 REAGENTS. 

(a) Ammonium chlorid solution.—Dissolve 100 grams of ammonium chlorid in 
500 ec. of water, add 5-10 grams of pulverized potassium-platinic chlorid, and shake 

at intervals for 6-8 hours. Allow the mixture to settle overnight and filter. The 
residue may be used for the preparation of a fresh supply. 

(b) Platinum solution.—A platinic chlorid solution containing the equivalent of 

1 gram of metallic platinum (2.1 grams of H,PtCl.) in every 10 ce. 

(C) 80% alcohol.—Sp. gr. 0.8645 at we Denatured alcohol, made up according 

to formula 1 (U.S. Internal Rev., Reg. No. 30, Revised, Aug. 22, 1911, p. 45) and di- 

luted with water to make 89% alcohol by volume, may also be used. 

4 PREPARATION OF SOLUTION. 

(a) Mixed fertilizers.—Place 2.5 grams of the sample upon 212.5 em. filter paper 
and wash with boiling water until the filtrate amounts to about 200 ce. Add to the 

filtrate 2 cc. of concentrated hydrochloric acid, heat to boiling, transfer to a 250 ce. 

graduated flask and add to the hot solution a slight excess of ammonium hydroxid 

and sufficient ammonium oxalate to precipitate all the lime present, cool, dilute to 

250 ec., mix, and pass through a dry filter. 

(b) Potash salts; muriate and sulphate of potash, sulphate of potash and magnesia, 

and kainit.—Dissolve 2.5 grams and dilute to 250 cc. without the addition of am- 

monium hydroxid and ammonium oxalate. 

(€) Organic compounds.—When it is desired to determine the total amount of 
potash in organic substances, such as cottonseed meal, tobacco stems, etc., saturate 
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10 grams of the sample with strong sulphuric acid and ignite in a muffle at a low red 
heat to destroy organic matter. Add alittle strong hydrochloric acid, warm slightly 

in order to loosen the mass from the dish, transfer to a 250 cc. graduated flask, add 

ammonia and ammonium oxalate and proceed as in (a). 

42 DETERMINATION. 

(a) Mized fertilizers—Evaporate 50 ce. of the solutionin 41 (a) nearly to dryness, 

add 1 ce. of dilute sulphuric acid (1 to 1), evaporate to dryness, and ignite to white- 

ness. Maintain a full red heat until the residue is perfectly white. Dissolve the 
residue in hot water, using at least 20 ec. for each decigram of potassium oxid pres- 

ent, add a few drops of hydrochloric acid, and platinum solution in excess. Evap- 

orate on a water bath toa thick paste. Treat the residue with 80% alcohol, avoid- 

ing exposure to ammonia. Filter, wash the precipitate thoroughly with 80% alco- 
hol both by decantation and on the filter, continuing the washing after the filtrate 

is colorless. Then wash with 10 cc. of the ammonium chlorid solution to remove 
impurities from the precipitate and repeat 5 or 6 times. Wash again thoroughly 

with 80% alcohol and dry the precipitate for 30 minutes at 100°C. Weigh and cal- 

culate to potassium oxid. The precipitate should be perfectly soluble in water. 

(b) Muriate of potash.—Acidify 50 cc. of the solution prepared according to 41 

(b) with a few drops of hydrochloric acid, add 10 ce. of platinum solution and evapo- 
rate toa thick paste. Treat the residue as under (a). 

(C) Sulphate of potash; sulphate of potash and magnesia; and kainit.—Acidify 

50 cc. of the solution prepared according to 41 (b) with a few drops of hydrochloric 

acid and add 15 ce. of platinum solution. Evaporate the mixture and proceed as 
directed under (&), except that 25 cc. portions of the ammonium chlorid solution 

should be used. 

(d) Water-soluble potash in wood ashes and cotton hull ashes.—Prepare the solution 

according to 41 (a) and proceed as directed under (&), paying special attention to 
the last sentence. 

Method IT.—Official. 

(The Lindo-Gladding method is preferable in the presence of soluble sulphates.) 

43 REAGENTS. 

Described under 40. 

44 PREPARATION OF SOLUTION. 

Prepare the solution as directed under 41, omitting in all cases the addition of 
ammonium hydroxid and ammonium oxalate. 

45 DETERMINATION. 

Dilute 25 cc. of the solution made as directed under 44 (50 ce. if less than 10% 

of potassium oxid be present) to 150 cc., heat to 100°C., and add, drop by drop, with 

constant stirring, a slight excess of barium chlorid solution. Without filtering, add 
in the same manner barium hydroxid solution in slight excess. Filter while hot and 
wash until the precipitate is free from chlorin. Add to the filtrate 1 cc. of strong 
ammonium hydroxid, and then a saturated solution of ammonium carbonate until 

the excess of barium is precipitated. Heat and add, in fine powder, 0.5 gram of 
pure oxalic acid or 0.75 gram of ammonium oxalate. Filter, wash free from chlorin, 

evaporate the filtrate to dryness in a platinum dish, and ignite carefully over the free 
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flame, below a red heat, until all volatile matter is driven off. Digest the residue 

with hot water, filter through a small filter and dilute the filtrate, if necessary, so 

that for each decigram of potassium oxid there will be at least 20 cc. of liquid. Acid- 
ify with a few drops of hydrochloric acid and add platinum solution in excess. Evap- 

orate on a water bath to a thick paste and treat the residue with 80% alcohol, both by 

decantation and after collecting on a Gooch or other form of filter, dry for 30 minutes 
at 100°C. and weigh. If there is an appearance of foreign matter in the double salt, 

it should be washed as in 42 (a) with several portions of 10 cc. each of the 

ammonium chlorid solution. 

THOMAS OR BASIC SLAG.—TENTATIVE. 

46 MECHANICAL ANALYSIS. 

Proceed as directed under 1, using 10 grams of material. 

47 PREPARATION OF SAMPLE. 

Prepare the sample as directed under 2. 

TOTAL PHOSPHORIC ACID. 

Gravimetric Method. 

48 PREPARATION OF SOLUTION. 

Prepare the solution for analysis as directed under 5 (@), orinstrong hydrochloric 

acid alone. In the latter case after the portion for analysis is measured out, add 

nitric acid and heat for a few minutes. 

49 DETERMINATION. 

Dehydrate an aliquot (20 ce.) of 48 by evaporating to dryness on asteam or hot 
water bath; treat with 5 cc. of hydrochloric acid and 25 ec. of hot water; digest in 

order to complete solution and filter off silica. From this point proceed as directed 

under 6. Before precipitating with magnesia mixture, add 5 ee. of 5% sodium acetate. 

50 Volumetric Method. 

Prepare the solution as directed under 5 (@) and determine the phosphoric acid 

in an aliquot of this solution as directed under 9, standardizing the solutions 

against a standard phosphate material of approximately the same composition 

as the sample under examination. 

CITRATE-SOLUBLE PHOSPHORIC ACID. 

Gravimetric Method.—(Wagner’s Method.) 

51 PREPARATION OF SOLUTION. 

Weigh 5 grams of the slag into a 500 cc. Wagner flask containing 5 ec. of 95% 
alcohol. (The flask should have a neck width of at least 22 mm. and should be 

marked at least 8 em. below the mouth.) Make up to the mark with 2% citric acid 

solution of a temperature of 17.5°C. Fit the flask with a rubber stopper and place 

at once in a rotary apparatus, shaking the flask for 30 minutes at the rate of 30-40 

revolutions per minute, at the end of which time remove the flask, filter immediately 

on a dry filter and analyze the solution at once. 
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52 DETERMINATION. 

To 50 cc. of the clear filtrate in a beaker add 100 cc. of molybdate solution prepared 

as directed under 4 (a). Place the beaker in a water bath, until the temperature 

of the beaker’s contents reaches 65°C., remove from the bath and cool to room tem- 

perature. Filter and wash the yellow precipitate of ammonium phosphomolybdate 
4 or 5 times with 1% nitric acid. Dissolve the precipitate in 100 ce. of cold 2% 

ammonium hydroxid, nearly neutralize with hydrochloric acid and add to the solu- 
tion, drop by drop, with continuous stirring, 15 cc. of magnesia mixture prepared as 

directed under 4 (C) and proceed as under 6. 

53 Volumetric Method. 

In an aliquot of the clear solution prepared as in 51, determine the phosphoric 

acid as directed under 9. 
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II. SOILS. 

1 DIRECTIONS FOR TAKING SAMPLES.—OFFICIAL. 

Sampling should be done preferably when the soil is reasonably dry. Remove 
from the surface all vegetable material not incorporated with the soi!. With a soil 

auger or tube, whichever may be better adapted to the soil conditions, take a 

sufficient number of sub-samples at properly distributed points to secure composite 

samples representative of the entire tract. 

(a) Surface soil_—Take a composite sample representative of the entire tract 
to a depth of either (1) 6 inches, (2) the average depth of the plowed soil if this ex- 

ceeds 6 inches, or (3) a maximum depth of 12 inches when there is no clear line of 

demarcation between the soil and sub-soil above this depth. 
(b) Sub-soil.—Take a composite sample of each important and distinctly different 

soil stratum below the surface section already sampled to a total depth of 40 inches. 

If a soil auger is used, before taking sub-soil samples the hole should be enlarged 
and carefully cleaned out with the auger to prevent contamination of the several 

substrata when the sample is being withdrawn. 

Mix each composite sample thoroughly and, after cutting down by quartering to 

about 2-4 pounds, air-dry in a cool, well-ventilated place. 

It is recommended that the weight of a given volume of the soil as it lies in the 

field be taken for calculating the percentage results obtained by analysis to pounds 

per given area of the soil. 

2 : PREPARATION OF SAMPLE.—OFFICIAL. 

After air-drying and weighing the sample, pulverize in a porcelain mortar, using 

a rubber-tipped pestle to avoid the reduction of rock fragments, and pass through 
a sieve with circular openings 1/25 inch (1 mm.) in diameter. Discard the detritus 

and weigh. Thoroughly mix the sifted material and preserve in a suitable stoppered 

container. 

For the quantitative determination of any of the constituents, prepare a very 

finely pulverized sub-sample of the sifted material, using an agate mortar. 

3 MOISTURE.—OFFICIAL. 

Dry 2 or more grams of the sample, as prepared under 2, in a tared platinum dish 

for 5 hours at the temperature of boiling water; cover the dish, cool in a desiccator, 

and weigh rapidly to prevent the absorption of moisture. Heat, cool, and weigh 
at intervals of 2 hours to constant weight. The loss of weight is reported as moisture. 

4 VOLATILE MATTER.—OFFICIAL. 

Heat the dish and dry soil from 3 to full redness, stirring occasionally, until all or- 

ganic matter is destroyed. If the soil contains appreciable quantities of carbonates, 

cool and moisten with a few drops of saturated ammonium carbonate solution, dry 

and heat to dull redness to expel ammonium salts; cool in a desiccator and weigh. 

17 
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ORGANIC CARBON.—OFFICIAL. 

5 APPARATUS. 

(a) A calorimeter bomb.—Use a type that permits the recovery and transfer of the 
entire solid residue of the exploded charge to a small vessel by means of a jet of 
water. 

(b) Parr’s apparatus for determining carbon dioxid.'—Illustrated in Fig. 2. 

FIG. 2. PARR’S APPARATUS FOR THE DETERMINATION OF CARBON DIOXID. 

This consists of a 150 cc. Erlenmeyer flask (/’) fitted with a 3-holed stopper through 

2 of which the stems of 2 dropping funnels (S) and (A) extend almost to the bottom 

of the flask. A capillary tube, passing through the third hole and flush with the 

bottom of the stopper, connects with the gas burette (B). 

(C) A simple Hemple gas pipette-—Contains 30% potassium hydroxid solution. 

6 DETERMINATION. 

Introduce 2 grams of soil as prepared under 2 (1 gram if high in organic matter), 

0.75 gram of magnesium powder, and 10 grams of sodium peroxid, into the closed dry 

calorimeter bomb, and mix thoroughly by shaking the bomb back and forth. Explode 
the charge by means of an electric spark or by dropping a red hot plug into the bomb 

through an automatic valve which closes immediately after the plugenters. Remove 
the residue from the bomb, using as little hot water as possible, heat to boiling, and 

transfer to the receiving funnel (S) of Parr’s apparatus. From the acid funnel (A) 

run 50 ce. of sulphuric acid (1 to 2) into the flask (F). Connect the apparatus and 
slowly add the contents from the receiving funnel (S). The carbon dioxid gener- 
ated passes through the capillary tube into the graduated burette (B). Heat the 

contents of the flask (F) to boiling and boil for 1 minute, then force the gases into 
the graduated burette (B) by introducing water into the flask (Ff) through the fun- 

nel (S). Read the burette, recording the temperature and pressure. Pass the gas 

into an ordinary absorption pipette containing 30% potassium hydroxid solution. 

Shake the gas with the solution until carbon dioxid is wholly absorbed. Return the 

—— 
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residual gas to the graduated burette (B), and again read the burette noting the 

temperature and pressure. The difference in readings calculated to standard con- 

ditions of temperature and pressure gives the number of cc. of carbon dioxid derived 
from the total carbon in the sample. Conduct a blank determination upon the 

reagents used. If an appreciable amount of carbon dioxid is obtained in the blank, 

the result expressed in terms of total carbon must be corrected accordingly. 

Determine the inorganic carbon as directed under 9 and subtract it from the total 

earbon to obtain the organic carbon. 

INORGANIC CARBON. 

Modified Marr Method.°—Tentative. 

7 REAGENTS. 

(a) N/10 hydrochloric acid. 

(b) N/10 sodium hydroxid. 

(C) Dilute hydrochloric acid.—Dilute 25 cc. of concentrated hydrochloric acid 
(sp. gr. 1.19) to 250 ce. with carbon dioxid-free water. 

(d) Barium hydroxid solution.—Prepare a saturated aqueous solution of barium 

hydroxid, filter through asbestos into a large container through which air free 

from carbon dioxid has been aspirated for some time, and provide an arrangement 

whereby the solution may be delivered by air pressure or gravity and kept from 

contact with carbon dioxid by means of soda lime tubes. 

(€) Carbon dioxid-free water.—Use recently boiled and cooled water, or water 

from which carbon dioxid has been removed by aeration for a sufficient length of 
time with carbon dioxid-free air. Keep in a container provided with a similar 

attachment as in (d). 

8 APPARATUS. 
AIR INLET 

—~ To ome 

HALF FULL OF 
BEADSOR .||| 

BROKEN GLASS |! 

FIG. 3. MODIFIED MARR APPARATUS FOR DETERMINING CARBON DIOXID. 

The apparatus required (Fig. 3), consists of a tube (A), 50-60 cm. long, partly 

filled with beads or broken glass and containing strong potassium hydroxid solution 

(1 to 2), a cylindrical open top separatory funnel (B), capacity 50 ec., marked at 20 and 

40 cc., the stem of which extends almost to the bottom of the 250 ce. flask (C) into the 
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mouth of which is fitted, by means of a rubber stopper, a section of glass tubing 10 

em. in length and 1 cm. internal diameter, which in turn is furnished with a side 
tube extending through the condenser jacket (D), and connected by means of a rub- 

ber stopper to the small trap (), which is attached to the Meyer absorption appara- 
tus (#) as shown in the figure. The Meyer absorption apparatus is provided with 2 
large bulbs, each of about 250 ce. capacity, and 10 smaller connecting bulbs, each of 

about 10 ce. capacity. The connections between the various bulbs should have an 

internal diameter of 8-10 mm. A perforated rubber stopper carrying 2 short pieces 

of capillary tubing each provided with rubber tubing and pinch-cocks (N and OQ) 

is fitted into the other opening of the Meyer absorption apparatus; (NV) is for the 

addition of reagents, (O) is connected to the vacuum pump. 

All parts of the apparatus must be capable of withstanding a vacuum of approxi- 
mately 70 cm. and be perfectly air tight. 

9 DETERMINATION. 

Place 5-20 grams of soil as prepared under 2 (depending upon the carbonate con- 

tent as indicated by qualitative examination) in the flask (C), and connect up the 

apparatus, but do not connect (A) to (B). Close the stop-cock (@) and the p’nch- 

cock (N); open the pinch-cock (O) and exhaust the apparatus to a vacuum of ap- 

proximately 70 em. Close the pinch-cock (QO). Connect the barium hydroxid 

container by means of the pinch-cock (N) and rubber tube; open the pinch-cock 

(NV) and allow sufficient barium hydroxid solution to flow into the Meyer absorption 
apparatus to fill 3 or 4 of the small bulbs; close the pinch-cock (NV); substitute the 
barium hydroxid container by the carbon dioxid-free water container; open the 
pinch-cock (NV) and add sufficient carbon dioxid-free water to fill all the small bulbs 

and most of the lower large bulb. Through the separatory funnel (B), add 89 ee. of 
carbon dioxid-free water to the sample in the flask (C), avoiding the entrance of any 
air, open the pinch-cock (O) and heat to boiling, protecting the flask from the direet 

flame by a wire gauze with an asbestos center. Adjust the burner so that 2-3 min- 

utes are required for the contents of the flask to reach boiling temperature and boil 
until bubbles no longer pass through the Meyer absorption apparatus. Then close 
the pinch-cock (O), and run into the flask (C), avoiding the entrance of any air, 

20 cc. of the dilute hydrochloric acid through the separatory funnel which is then 

connected with the tube (A). This proportion of hydrochloric acid plus the 80 ce. of 

water previously added, gives an acid (2to 100) for the decomposition of carbonates. 
If the nature of the soil is such that a greater strength of acid is considered necessary, 

an amount of acid (8 to 100) may be used for digesting the soil. Shake the Meyer 

apparatus (#) gently, so that the liquid in the lower large bulb is brought into con- - 
tact with the gas therein, and open (O) carefully, but do not allow more than a few 

bubbles to escape before shaking again. Repeat the operation several times until 

bubbles no longer pass through the Meyer apparatus (2) when (Q) is opened. - Leave 

(O) open, and continue the boiling for about 25 minutes until carbon dioxid gas is 

no longer evolved from the sample in the flask (C). Maintain a constant flow of 

cold water through the condenser (D). Do not allow the boiling to become so violent 

that liquid is drawn up into the condenser tube. If foaming is troublesome, add a 
drop of non-volatile oil through the separatory funnel (B). When the evolution of 

carbon dioxid has ceased, close (O) and break the vacuum by cautiously opening the 

stop-cock (@) drawing in air through the tube (A). 

Disconnect the Meyer apparatus (2) and filter by the Cain method? as follows: 
Prepare a filter by covering a perforated porcelain plate within a carbon funnel with 
a layer of asbestos, and a layer of ground quartz, both of which have previously been 
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purified by digestion with hydrochloric acid and thorough washing with water. 

The filter tube passes through a 1-holed rubber stopper which fits into a side arm 
filtering flask. The side arm of this flask is connected to the suction pipe by a 2-way 

stop-cock. In the top of the filter tube is fitted a 2-holed rubber stopper carrying 

glass tubes bent at right angles. To these tubes are attached rubber tubing bearing 

pinch-cocks. One of these rubber tubes terminates in a tube containing soda lime. 

The other rubber tube is connected with one end of the Meyer apparatus. The 

other end of the Meyer apparatus is attached to a bottle containing carbon 

dioxid-free water by means of a well-washed rubber tube and a glass tube extending 

to the bottom of the bottle. This glass tube passes through a 2-holed rubber stop- 

per. In the other hole of the stopper is placed a tube containing soda lime. A 

pinch-cock is placed on the tube joining the water bottle and the Meyer apparatus. 

This cock is kept closed until the precipitate on the filter is ready for washing. 

With the pinch-cock on the air outlet of the filter tube closed and the pinch-cock 
from the filter tube to the Meyer apparatus open, apply gentle suction to the 

filter flask until the contents of the Meyer apparatus have been transferred to the 

filter. When necessary, the pinch-cock to the air inlet of the filter tube is opened 

to admit air behind the liquid in the Meyer apparatus. Open the pinch-cock be- 

tween the wash-water bottle and the Meyer apparatus and open the stop-cock lead- 

ing from the filter flask so as to maintain a gentle suction. By manipulation of 

the Meyer apparatus the wash water comes in contact with all parts of the interior 

of the apparatus, after which the water is sucked through the filter. After this 

thorough washing admit air through the side opening of the stop-cock leading to the 

filter flask. 
Disconnect the apparatus, remove the filter pad with the barium carbonate from 

the filter tube by means of a glass rod, place in a beaker and add a measured amount 

of N/10 hydrochloric acid in excess, first rinsing the Meyer bulbs with a small amount, 

carefully measured, of this acid and water. Titrate the excess of acid with N/10 

sodium hydroxid, using methyl orange as indicator. Make a blank determination 

under the same conditions and apply the necessary correction. From the amount of 

N/10 hydrochloric acid required to neutralize the barium carbonate formed by the 

carbon dioxid in the sample, calculate the quantity of inorganic carbon. One ce. of 

N/10 acid corresponds to 0.0006 gram of carbon. 

10 TOTAL NITROGEN.—OFFICIAL. 

Place 7-14 grams of the soil, as prepared under 2, in a 300 cc. Kjeldahl digestion 

flask with 30 cc., or more if necessary, of concentrated sulphuric acid and 0.7 gram of 

mereuric oxid, or 0.65 gram of mercury. Mix immediately by shaking to prevent the 

soil from adhering to the sides of the flask. Heat over a low flame, increase the heat 

gradually, and rotate the flask frequently or shake if necessary to prevent the con- 
tents from sticking to the bottom of the flask. When all the organic matter is de- 

stroyed, continue the digestion for 1 hour. Oxidize the residue with potassium 

permanganate, carefully adding small portions at a time to the hot liquid until, after 

shaking, the liquid remains green or purple. After cooling, dilute the contents of 

the flask with 100 cc. of water and transfer to a 700 cc. copper flask, using about 150 ec. 
of water to wash out the digestion flask. Add an excess of strong alkali solution 

containing potassium sulphid, connect the flask with a distilling apparatus, mix the 

contents thoroughly and complete the determination as directed in I, 18. 
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STRONG ACID DIGESTION OF THE SOIL. 

11 PREPARATION OF SOIL SOLUTION.—OFFICIAL. 

Place an amount of soil, as prepared under 2 and equivalent to 10 grams on a mois- 

ture-free basis, in a 200-300 ce. non-soluble glass Erlenmeyer flask to which is fitted, by 

a ground joint or 1-holed rubber stopper, a reflux tube 20 inches or more in length. 

Add 100ce. of hydrochloric acid of constant boiling point (approximate sp. gr. 1.115, 

1350 ce. of acid (sp. gr. 1.19), and 1000 ec. of water), and digest continuously 

for 10 hours on a steam or water bath, shaking the flask every hour. Allow to settle, 

and avoiding more than very small quantities of the sediment, decant the solution 

into a porcelain dish or non-soluble glass beaker. Transfer by means of hot water 

the insoluble residue to a filter, wash until free from chlorin and add the washings 

to the original solution. Concentrate, oxidize the organic matter present in the 

solution with a few drops of nitric acid and evaporate to dryness on a water bath. 

Treat with hot water, add a few ce. of hydrochloric acid and again evaporate to com- 

plete dryness. When the final evaporation is complete and the dish cooled, moisten 

the residue with a few drops of strong hydrochloric acid. Add 10-20 ec. of water, 

warm on the bath to secure complete solution of the soluble salts, filter and wash 

until free from chlorin. Again evaporate the solution to dryness to render insoluble 

any silica that may remain in solution, and treat as above. The filtrate constitutes 
the acid extract freed of soluble silica, and is made up to a definite volume (250 or 500 

ec.) and designated as A. 

12 INSOLUBLE RESIDUE.—OFFICIAL. 

Combine the filters and the main residue obtained in 11 in a small dish, dry, ignite 

over a Bunsen flame for an hour or more, carefully at first, then completely over 

a blast lamp to constant weight. Weigh and calculate as the insoluble residue. 

This residue may be analyzed by the usual methods applicable to silicates or it may 
be employed in the determination of total alkalies as described under 26. If it is 
desired to determine the silica soluble in alkalies, treat a separate portion of the soil 

as directed in 11, except that all filtrations must be made through the same hard- 

ened filter, then, without igniting, wash the insoluble residue into a platinum dish, 

dry at 100°C. and complete the determination as directed under III, 4 (a). 

13 IRON, ALUMINIUM AND PHOSPHORIC ACID, COLLECTIVELY.—OFFICIAL. 

(1) To an aliquot (50 or 100 ec., according to the probable amount of iron 

present) of A, under 11, add ammonium hydroxid, drop by drop, until the precipi- 

tate formed requires several seconds to dissolve, thus leaving the solution but faint- 
ly acid. Heat nearly to the boiling point, and add ammonium hydroxid to precipi- 

tate all of the iron, aluminium, ete. Boil in a covered beaker for about 1 minute, 

remove, and if no ammonia is given off (detected by smelling) continue the addi- 

tion, drop by drop, until ammonia can be detected. Do not allow the precipitate 
to settle, but stir and pour on the filter. Wash immediately with hot water, using a 

fine jet which is played around the edge of the precipitate, thus cutting it free 

from the paper in order to produce rapid filtration Wash the precipitate several 
times, return it to the original beaker, dissolve with a few drops of hydrochloric 

acid and warm. Reprecipitate the iron, aluminium and phosphoric acid with 
ammonium hydroxid as above and wash until free from chlorin. Designate the 

filtrate as B. 

Dry the filter and precipitate, remove the latter from the filter, ignite the filter 
separately and add to its ash the precipitate. Then ignite to bright redness, cool 

eS 
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in a desiccator and weigh as ferric oxid (Fe.O3), aluminium oxid (Al.0;), and phos- 

phorus pentoxid (P.O;). Transfer this residue to a flask, digest with several ce. 

of sulphurie acid (1 to4), and heat to accelerate solution. When solutionis complete 

reduce with zine and determine the ferrous iron by titration with a standard per- 

manganate solution, and calculate to ferric oxid; or, (2) In lieu of the above, evapo- 

rate 50 or 100cc. of A, under11, with the addition of 10 ec. of su phuric acid until all 

hydrochloric acid is expelled, dilute with water, reduce with zine and determine the 

ferrous iron by titration with a standard permanganate solution and calculate to 
ferric oxid. 

The weight of ferric oxid, plus that of the phosphorus pentoxid, determined 

under 17 or 19, subtracted from the collective weight of ferric oxid, aluminium 

oxid, and phosphorus pentoxid, gives the weight of the aluminium oxid. 

14 MANGANESE.—OFFICIAL. 

Concentrate B, under 13, to about 50 cc., cool, add bromin water until the solution 
is colored, make alkaline with ammonium hydroxid, and heat to boiling in a covered 

beaker; cool, and repeat the addition of bromin water, of ammonium hydroxid and 
boil again. If a precipitate is obtained, slightly acidify the solution with acetic 

acid, filter immediately, and wash with hot water. Dry the precipitate, ignite and 

weigh as manganomanganic oxid (Mn;0,). Designate the filtrate, or if there is no 
precipitate, the original solution, as C. 

15 CALCIUM.—OFFICIAL. 

Concentrate C, under 14, to about 50 cc., make slightly alkaline with ammonium 
hydroxid, and add, while still hot, ammonium oxalate solution, drop by drop, slightly 

in excess of complete precipitation, to convert the magnesium also into oxalate. 

Heat to boiling, allow the precipitate to settle completely, decant the clear solution 

on a filter, pour 15-20 ec. of hot water on the precipitate, and again decant the clear 

solution on the filter. Dissolve the precipitate in the beaker with a few drops of 

hydrochloric acid, add a little water, repeat the precipitation as above, and filter 

through the same filter; transfer the precipitate to the filter and wash free from chlo- 

rin with hot water; dry, ignite the precipitate over the blast lamp to constant weight, 

and weigh as calcium oxid. Designate the filtrate and washings as D. 

16 MAGNESIUM.—OFFICIAL. 

Evaporate D, under 15, to dryness on the water bath and heat carefully to expel 

ammonium salts. Treat the residue with 20-25 cc. of hot water and about 5 ce. of 

hydrochloric acid, filter and wash. Concentrate to about 50 ce., cool, and add suffi- 

cient disodium hydrogen phosphate solution to precipitate the magnesium; then 

add gradually ammonium hydroxid, with constant stirring, until the solution is 

distinctly alkaline. Determine if the precipitation is complete by the addition of 

more of the disodium hydrogen phosphate solution. After 30 minutes, add gradually 

10 cc. of strong ammonium hydroxid, cover to prevent the escape of ammonia, and 

let stand in the cold. Filter after 12 hours, wash the precipitate free from chlorin, 

using dilute ammonium hydroxid [I, 4 (d)], dry the filter and precipitate and trans- 

fer the latter to a weighed porcelain crucible. Ignite the filter separately and add 

its ash to the precipitate in the crucible. Burn at first at a moderate heat, then 
ignite to whiteness or to a grayish white, weigh as magnesium pyrophosphate 

(Mg,P.0;) and calculate to magnesium oxid (MgO). 
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PHOSPHORIC ACID. 

17 Gravimetric Method.—O ffcial. 

Concentrate 100-200 ec. of A, under 11, to about 25-30 ec., neutralize with ammo- 

nium hydroxid and add about 10 ce. additional. Dissolve the precipitate by the slow 

addition of dilute nitric acid, stirring constantly and avoiding a large excess, add 

gradually about 20 cc. of molybdate solution (I, 4 (a) ], and allowto stand for 1 or 2 

hours in a water bath at a temperature of 40°C. After an hour determine if the 

precipitation is complete, as follows: Pipette about 5 cc. of the clear liquid into 5 ce. 

of warm molybdate solution. If any precipitate is produced, return the test liquid 

to the main portion, add more molybdate solution, and repeat the operation until 

all the phosphoric acid is precipitated. Then allow to stand for several hours at 

room temperature, preferably overnight. Filter off the ammonium phosphomolyb- 

date, wash the precipitate thoroughly with cold water, dissolve with ammonium 

hydroxid, and determine as magnesium pyrophosphate, as directed under I, 6 and 

calculate to phosphorus pentoxid (P2Os). 

Volumetric Method.—Tentative. 

18 REAGENTS. 

(a) Standard sodium or potassium hydroxid solution.—Strength such that 1 ec. 

of this solution is equivalent to 0.0005 gram of phosphorus pentoxid (P2Os). 
(b) Standard nitric acid solution.—Strength same as the standard alkali solution 

described under (@) as determined by titration, using phenolphthalein as indicator. 

19 DETERMINATION. 

Proceed as in 17 until all the phosphoric acid is precipitated and then complete 

the determination in the following manner: 
Allow the solution containing the yellow precipitate to stand for at least 3 hours 

at a temperature not above 40°C., filter on a small filter paper or on a Gooch crucible 

and wash with cold water until the filtrate from 2 fillings of the filter yields a slight 

pink color on the addition of phenolphthalein and 1 drop of the standard alkali. 

Return the filter and precipitate to the same beaker used for precipitating the 

phosphomolybdate, dissolve the yellow precipitate in the standard sodium or potas- 

sium hydroxid solution, add a few drops of phenolphthalein and titrate the excess of 

alkali with the standard acid. Calculate to phosphorus pentoxid (P20s). 

20 SULPHURIC ACID.—OFFICIAL. 

Evaporate 100-200 ce. of A, under 11, nearly to dryness on a water bath to expel 

the excess of acid, add 50 cc. of water, heat to boiling and add, drop by drop, 10% 

barium chlorid solution until no further precipitation occurs. Continue the boiling 

for about 5 minutes and allow to stand for 5 hours or longerina warm place. Decant 

the liquid on an ashless filter or tared Gooch, previously heated, treat the precipitate 

with 15-20 ec. of boiling water, transfer to the filter and wash free from chlorin with 

boiling water. Dry the precipitate and filter, ignite, weigh as barium sulphate and 

calculate to sulphur trioxid (SOs). 

POTASSIUM AND SODIUM. 

21 Method I.—Official. 

(1) Treat the filtrate from 20 with ammonium hydroxid exactly as in 13. 
Evaporate the filtrate and washings to dryness, heat below redness until ammo- 

nium salts are expelled, dissolve in hot water, add 5 cc. of barium hydroxid solution, 
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and heat to boiling; let settle for a few minutes, and determine if the precipitation 

is complete by the addition of barium hydroxid solution to a little of the clear liquid. 

When no further precipitate is produced, filter and wash thoroughly with hot water. 

Heat the filtrate to boiling, add ammonium hydroxid and ammonium carbonate to 

complete the precipitation of the barium, calcium, etc., let stand a short time on the 

water bath, filter, and wash the precipitate thoroughly with hot water; evaporate 

the filtrate and washings to dryness, expel ammonium salts by heating below red- 
ness, treat with a little hot water, add a few drops of ammonium hydroxid, 1 or 2 
drops of ammonium carbonate, and a few drops of ammonium oxalate; let stand 

a few minutes on the water bath, set aside for a few hours, filter, evaporate to complete 
dryness on the water bath, and heat to dull redness until all ammonium salts are 

expelled and the residue is nearly or quite white. Dissolve in a minimum amount 
of water, filter into a tared platinum dish, add a few drops of hydrochloric acid, evap- 

orate to dryness on the water bath, heat to dull redness, cool in a desiccator, and 

weigh as potassium and sodium chlorids. Repeat the heating until constant weight 
is obtained. Dissolve in a small amount of water; if any residue remains, the sepa- 

ration must be repeated until the residue of potassium and sodium chlorids is entirely 

soluble. Dissolve the residue with water, add an excess of platinic chlorid solution 
[I, 40 (b)], proceed as directed under I, 45 and calculate to potassium oxid (K,0); or, 
(2) Instead of the foregoing, evaporate to dryness a fresh aliquot of A, under 11, 

redissolve in water, treat directly with barium hydroxid solution, and from this point 
proceed as directed above in (1). 

22 Method IT.—Tentative. 

Proceed as in 21 through ‘‘let stand a short time on the water bath” (the point 

at which the barium, calcium, ete., have been precipitated with ammonium hydroxid 

and ammonium carbonate) and then proceed as follows: 

Filter into a beaker, add 1 or 2 drops of hydrochloric acid and 1 ce. of ammonium 

sulphate (75 grams to 1 liter), digest several hours on a water bath, and filter into a 

tared platinum dish: Evaporate to dryness, heat to full redness, add 1 gram of 

powdered ammonium carbonate; heat to expel excess of ammonium carbonate, 

cool, and weigh the sulphates of sodium and potassium. Determine potassium as 

directed under I, 42 (a) and calculate to potassium oxid (K.0). 

TOTAL PHOSPHORUS. 

23 Magnesium Nitrate Method.—Offcial. 

Place 5 grams of soil, as prepared under 2, in a porcelain dish. Moisten with 5-7 

ec. of magnesium nitrate solution [I, 4 (e) ]. Dry on the water bath and burn off 
the organic matter at low redness. Cool, moisten slightly with water, add 10 cc. of 

concentrated hydrochloric acid, and digest 2 hours on the water bath, keeping the 

dish covered with a watch glass and stirring 2 or 3 times during the digestion. Trans- 
fer to a 250 cc. graduated flask, cool, fill to the mark, mix well, and pass through 

a dry folded filter, pouring back on the filter until the filtrate becomes clear. Pipette 
an aliquot corresponding to 2 or 4 grams of the soil, depending upon the amount 

of phosphorus present, into a porcelain dish, evaporate to dryness, treat with hydro- 

chloric acid and water, filter, and wash; the combined volume should not exceed 

40 cc. Make alkaline with ammonium hydroxid, and dissolve the precipitate by 

the slow addition of concentrated nitric acid, using a slight excess. Add gradu- 

ally, while shaking, 5-15 ec. of molybdate solution [I, 7 (a) ]. Keep the solution 
at 40°-50°C. for an hour, let stand overnight at room temperature, filter, and wash 

well with cold water. Return the filter and precipitate to the same flask and deter- 

mine phosphorus volumetrically, as directed under 19. 
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24 Sodium Peroxid Method.—Official. 

Place 10 grams of sodium peroxid in an iron or porcelain crucible and thoroughly 

mix with 5 grams of the soil as prepared under 2. If the soil has very little organic 
matter, add a little starch to hasten the action. Heat the mixture carefully by 
applying the flame of a Bunsen burner directly upon the surface of the charge and 
the sides of the crucible until the action starts. Cover the crucible until the re- 

action is over and keep at a low red heat for 15 minutes. Do not allow fusion to 

take place. By means of a large funnel and a stream of hot water, wash the charge 
into a beaker, acidify with hydrochloric acid and boil. Transfer to a 500 cc. gradu- 

ated flask, cool and fill to the mark. If the action has taken place properly there 
should be no undecomposed soil in the bottom of the flask. Allow the silica to 

settle and draw off 200 cc. of the clear solution. 
Precipitate the iron, aluminium, and phosphorus with ammonium hydroxid; 

filter, wash several times with hot water, wash the precipitate back into the beaker 

with a stream of hot water, and dissolve the precipitate in hot hydrochloric acid, 

pouring the acid upon the filter to dissolve any precipitate adhering to it. HEvapo- 

rate the solution and washings to dryness on a water bath. Treat with dilute hy- 

drochloric acid, heating if necessary, and remove the silica by filtration. Con- 

centrate the filtrate and washings to about 10 cc., add 2 ec. of strong nitric acid, 

and make alkaline with ammonium hydroxid. Add nitric acid very slowly and with 

constant stirring until the solution is clear, avoiding an excess. Heat at 40°-50°C. 
on a water bath, add 15 ce. of molybdate solution, [I, 7 (a) ], and maintain this tem- 

perature for 1-2 hours. Let stand overnight, filter, and wash free from acid with 
0.1% solution of ammonium nitrate, and, finally, once or twice with cold water. 

Transfer the filter and precipitate to the same beaker and determine phosphorus 

volumetrically as directed under 19. 

25 TOTAL POTASSIUM.—OFFICIAL. 

Decompose the soil by the J. L. Smith method‘ as follows: Triturate gently 

0.5 or 1 gram of the finely ground soil with 1 gram of dry ammonium chlorid in a 

smooth mortar, then add 8 parts of calcium carbonate and mix intimately. Trans- 

fer the mixture to a platinum crucible, rinsing the mortar with a little calcium car- 

bonate. Heat the crucible gradually until fumes of ammonium salts no longer 

appear, and continue until the lower three-fourths only of the crucible are brought 
to ared heat. Maintain this temperature 40-60 minutes. The temperature should 

be sufficient to keep the calcium chlorid formed by the reaction of ammonium chlo- 

rid with calcium carbonate in a state of fusion. The mass, however, does not be- 

come liquid since the fused calcium chlorid is absorbed by the large quantity of 
calcium carbonate present. If the silicate is fused by the application of too strong 

heat, disintegration of the mass at the end of the operation with water cannot be 

effected. Moreover, too high a temperature causes volatilization of alkali chlorids. 

The mass contracts in volume during the ignition, and is usually easily detached 

from the crucible. Transfer the fused mass to a porcelain dish, thoroughly slake 

with hot water, and grind thoroughly with an agate pestle. After washing 5 times 

by decantation with hot water, transfer to a filter and wash well, 300 cc. of wash 

water being sufficient. To the filtrate add 10 ec. of concentrated hydrochloric 

acid, and evaporate nearly to dryness in a porcelain dish. Treat with hot water 
and 2 ce. of hydrochloric acid and filter by means of suction through a small filter 

into a 150 ce. Jena beaker. Concentrate the solution to 30 ec., add 1.5 ce. of platinic 

chlorid solution [I, 40 (b) ], evaporate to a sirupy consistency, and add 15 ce. of 
2.25 N/1 acidulated alcohol (prepared by passing hydrochloric acid gas into a mix- 

ELL ——— ee 
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ture of 2000 cc. of 95% alcohol and 152 ce. of hydrochloric acid, sp. gr. 1.20). Fil- 
ter by means of suction through a small filter, wash with 80% alcohol, then with 

ammonium chlorid solution [I, 40 (a) ], and finally with 80% alcohol. Dry the 
precipitate on the filter and wash the precipitate with hot water into a weighed 
platinum dish, using suction. Evaporate to dryness, heat in a drying oven for 
an hour at 120°C., cool in a desiccator, weigh and calculate to potassium oxid (K,0). 

TOTAL ALKALIES. 

26 J. Lawrence Smith Method.A—Offcial. 

(1) Proceed as directed under 25 to the point indicated by the phrase ‘300 cc. of 
wash water being sufficient’’ (the point at which the ignited mass has been 

disintegrated and thoroughly washed with water). The filtrate contains the sili- 

cate alkalies in the form of chlorids together with calcium chlorid and hydroxid. 

Precipitate the calcium at once with ammonium carbonate solution; allow to settle, 

decant the supernatant liquid into a porcelain (or platinum) dish, concentrate and 

finally transfer the precipitate to the dish. When the volume is reduced to about 

30 cc., add a little ammonium carbonate solution and ammonium hydroxid, heat 
and filter into a porcelain (or platinum) dish, evaporate the filtrate to dryness on 

a water bath and expel ammonium salts by ignition. Dissolve the residual alkali 

chlorids in 3-5 ec. of water; a little black or dark brown flocculent matter usually 
remains undissolved, while the solution may also contain traces of caleium. Add 

2-3 drops of ammonium carbonate and ammonium hydroxid, warm gently, and fil- 

ter through a very small filter into a weighed platinum vessel. Evaporate to dry- 

ness on a water bath, heat the alkali chlorids to incipient fusion, cool, and weigh 

as sodium and potassium chlorids; or, 

(2) Determine, by the above method, the quantity of alkalies in the insoluble 

residue, 12, and add that obtained under 21 or 22. 

27 PHOSPHORUS SOLUBLE IN N/5 NITRIC ACID.—TENTATIVE. 

Digest 10 grams of air-dried soil in a stoppered flask, with 100 cc. of N/5 nitric 

acid, for exactly 5 hours in a water bath kept at a temperature of 40°C. Filter the 
solution through a dry paper, cool to room temperature, and titrate 20 cc. of the 

filtrate with standard potassium hydroxid solution (carbonate-free), using phenol- 

phthalein as indicator. From the data thus secured calculate the number of cc. 

of N/1 acid and of water to make exactly 1 or 2 liters of acid of N/5 strength after 
allowing for the quantity neutralized by the amount of soil to be used in the fol- 

lowing procedure: 

Place 200 grams of the air-dried soil in a large, dry, glass-stoppered bottle and 

add exactly 2000 ce. of N/5 nitric acid corrected for neutralization as above de- 

scribed. With soils rich in available phosphoric acid, 100 grams of soil and 1000 ce. 
of acid will be sufficient. Digest in a large water bath at a temperature of 40°C. 

for exactly 5 hours, shaking thoroughly each half hour. At the end of the digestion 

shake the contents of the bottle well and pour quickly upon a large, dry, ribbed fil- 

ter of 2 thicknesses of paper and of sufficient size to receive the entire contents of 

the bottle. Collect the filtrate in a dry vessel, pouring back on the filter until the 

filtrate becomes clear. Evaporate 1000 or 500 ce. of the filtrate, according to the 

quantity of soil used, to dryness in a porcelain dish; add a few ce. of nitric acid to 

oxidize organie matter, etc., moisten the residue with hydrochloric acid, digest 

with water, and filter into a 500 cc. flask. Add a solution containing 15 grams of 

ammonium nitrate; then strong ammonium hydroxid until a permanent precipitate 

forms, and then concentrated nitric acid slowly until the precipitate dissolves. 
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Dilute to about 100 ce., if less than that volume, place a thermometer in the flask, 

and heat to 85°C. Add 75 cc. of recently prepared molybdate solution [I, 4 (a) J, _ 
digest in a water bath at 80°C. for 15 minutes, with occasional shaking, remove from 

the bath and allow to stand at least 10 minutes before filtering. Continue the de- 

termination as directed under I, 6 and calculate to phosphorus pentoxid (P20s). 

28 CALCIUM CARBONATE REQUIRED.—TENTATIVE. 

Place 100 grams of soil, as prepared under 2, in a 400 ec. wide-mouthed bottle, 

add 250 cc. of N/1 potassium nitrate, stopper, and shake continuously for 3 hours 

in a shaking machine, or every 5 minutes by hand. Let stand overnight. Draw 

off 125 ce. of the clear, supernatant liquid, boil 10 minutes to expel carbon dioxid, 

cool, and titrate with standard sodium hydroxid solution, 1 ce. of which is equiva- 

lent to 4 mg. of calcium carbonate (0.001% on basis of the weight of soil used), using 

phenolphthalein as indicator. 

29 ; STATEMENT OF RESULTS.—OFFICIAL. 

Calculate all results of soil analysis as per cent of the soil dried to constant weight 
as under 3 and state in the following order: 

Insoluble residues: syste ope ceci perdra tis ecage ere dake ede earache eee 
Soluble [silica esol sone ce sisters eee oisias ster oiats toleraiametec tovereverers </muaebo ae saivisk eee 
Manganomanganicoxids(VinsOn)= seca-mne ce see es teens nncias eineneeeee 
Potassium oxid (K2O)........... FAYE sake Sle snd oeeeate aS ated is SOER S Soot 
Sodiumboxidd (NasO)) nai aemsieacciinncis ae sae eer ae Ieee: Seach eee 
Caleitim Ox1d (CaO) 02 riches says «cs tete oc eee nt vee dtavn, lap teste Ads Weyer ete ereee 
Meonesium oxid | (Mag@) i ieccccicy-ceretsioie cere olen iste omaye ela sisi te se eek eee 
Herricvoxia \ (Hess) ecicsc ais canvacscsiscvie saver tee Meroe oie Se eine aie cele ec e eae ee 
AltuuminiumsOxids (AT sO) cys cise sears sree eis seevere aPetahctavers faret Stsyctens aro chaser ee ee 
iPhosphorusspentoxid! (20s) emis -e mem eelers = oorte bicker alee eh eto eee ieee 
Sulphurvtrioxda(SOs) er ceci ceiererec tao steperotsd stever-letereisiicie oleleye vatelstelstetael acer 
Organic! Carbon poe curee sereetea tarietsinat aia pita see ee Sine acy eg eee ee 
Inorganie’ Carboni. stccta sine ction sys! clots eveuetesscatttoanwiersese[oLeter iste ake aera 
Molatile matters, 24% sc. te ic iacpecasisiensis,n ope clos Sines create Jee eek eee ee 
Rotalenvtrowent xc cr sccy rhe ciciahe ee erecta s esas eres 
Total phos phoruse ces seers clei ew ete eters sieierescueie sleisssherae stske 
MNotali potassium sosee cee eee oe ie cee te eis 
Phosphorus )solubleyin  N/Sy acids. nea. .on- sone se ieee 
Calenmmycarbonate required. cree eter aarti er 

lito}: eee ee Ee eee enn ey heen con ato tac vomone Gocs oodo5 5c 
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il. PLANT CONSTITUENTS. 

1 PREPARATION OF SAMPLE.—OFFICIAL. 

Thoroughly cleanse the material from all foreign matter, especially from adhering 

soil, air-dry, grind, and preserve the sample in tightly stoppered bottles. 

z PREPARATION OF ASH.—OFFICIAL. 

Ignite 10-20 grams of the substance, in a flat-bottomed platinum dish in a muffle, 

at a comparatively low temperature. Do not employ a full red heat because of the 

danger of volatilizing alkali chlorids, etc. If rich in silica and alkalies, char the 

material, treat with water to dissolve soluble salts, filter through an ashless filter, 

dry the filter and paper and incinerate, add the filtrate to the incinerated residue, 
evaporate to dryness and ignite at a low red heat. If rich in phosphates, e.g., seeds 

and animal substances, char the material, dissolve soluble salts in dilute acetic 

acid, filter through an ashless filter, wash with water, dry and incinerate the filter 

and residue, add the filtrates to the incinerated residue, evaporate to dryness, and 

ignite gently. While still warm, pulverize the whole of the ash as obtained above, 
mix intimately and preserve ina tightly stoppered, dry bottle. If after incineration 

the ash has absorbed moisture, dry thoroughly at low redness before bottling. 

3 CARBON DIOXID.—OFFICIAL. 

Determine carbon dioxid in a weighed portion of the ash prepared under 2. Lib- 

erate the carbon dioxid by treatment with dilute hydrochloric acid in any of the 

usual forms of apparatus, and determine the increase in weight of the potash 
bu'bs. The efficiency of the apparatus should be tested by blank determinations 
conducted upon weighed portions of pure calcite. 

4 CARBON, SAND AND SILICA.—OFFICIAL. 

Transfer the residue from the carbon dioxid determination to a beaker or evapo- 

rating dish; evaporate to dryness; pulverize and dry thoroughly to render the silica 
insoluble. Moisten the dry residue with 5-10 ce. of hydrochloric acid, add about 
50 ec. of water, allow to stand on the water bath for a few minutes, filter through 

a hardened filter and wash thoroughly. Dilute the solution and washings to 250 
ec. or other convenient volume. Designate as A. 

Wash the residue from the filter into a platinum dish and boil for about 5 minutes 

with approximately 20 ce. of a saturated solution of pure sodium carbonate, add a 
few drops of pure sodium hydroxid solution, allow the solution to settle and decant 

through a tared Gooch filter. Boil the residue in the dish with sodium carbonate 

solution and decant as before. Repeat the process again, then transfer the residue 
to the Gooch filter, wash thoroughly, first with hot water, then with a little dilute 
hydrochloric acid, and finally with hot water until free from chlorin. Dry the filter 

and contents to constant weight at 110°C. to determine the combined weight of 

carbonaceous material and sand. Incinerate; the loss in weight represents the 

carbonaceous material; the residue is sand. Confirm by microscopic examination. 

Determine the soluble silica as follows: (1) Combine the alkaline filtrate and wash- 

ings, acidify with hydrochloric acid, evaporate to dryness and determine the silica 

29 
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in the usual way; or, (2) Treat a weighed portion of the ash, as prepared under 2, 

with dilute hydrochloric acid. Evaporate to dryness; pulverize and dry thoroughly 

to render the silica insoluble. Moisten the dry residue with 5-10 ce. of hydrochloric 
acid, add about 50 ce. of water, allow to stand on the water bath for a few minutes, 

filter on an ashless filter, wash, dry, ignite and weigh to determine the combined 

weight of the silica and sand. Deduct the weight of the sand found above to obtain 
that of the silica. The soluble silica cannot be separated from the residue after 

ignition. 

5 CARBON-FREE ASH.—OFFICIAL. 

Subtract the weights of the carbon found in 4 and the carbon dioxid found in 3 

from that of the total ash used in 3. 

6 FERRIC AND ALUMINIUM OXIDS.—OFFICIAL. 

(Applicable for plant materials other than seeds.) 

Pipette an aliquot of A, under 4, corresponding to 0.5 gram of ash, into a 250 ce. 

beaker. If ferrous iron is present, oxidize it by boiling with a few cc. of hydrogen 

peroxid or of concentrated nitric acid. Cool, add ammonium hydroxid until a 
precipitate begins to form, then nitric acid until just clear, and finally add 2-3 ee. 

of concentrated nitric acid in excess. Add 25 cc. of 50% ammonium nitrate solution, 

phosphate free, heat to 40°C., and add slowly, with constant shaking, a moderate 

excess of molybdate solution [I, 4 (a)], and allow to stand for 1 or 2 hours at a tem- 
perature not exceeding 40°C. After standing for an hour pipette 5 ec. of the clear 

solution into an equal volume of warm molybdate solution. If a precipitate forms 
in the test portion return it to the original solution and add more molybdate solu- 

tion. Allow to stand at room temperature for several hours, preferably overnight. 
Filter, wash with about 75 cc. of ammonium nitrate solution (2.5%, phosphate free, 

and slightly acidified with nitric acid) and combine the filtrate and washings. Des- 

ignate as B. Reserve the precipitate for the determination of phosphoric acid as 

described under 11. 
Without concentrating solution B, cautiously neutralize with ammonium hydroxid, 

add a very slight excess of the alkali, avoiding a temperature higher than 40°C., and 

allow to stand at this temperature until the precipitate completely settles. Filter 
the clear supernatant liquid, wash the precipitate a few times by decantation with 

hot water before transferring to the filter, then wash 4 or 5 times on the filter. Dis- 

solve the precipitate on the filter with hot nitric acid (1 to 5), wash and reprecipitate 

as before. The combined filtrates and washings from the first and second precipi- 
tations should not exceed 500 ce. and should not be concentrated by evaporation. 

Designate as C and reserve for the determination of calcium and magnesium as 

described under 8. The same filter may be used for the second filtration, and the 

volume of the solution for the reprecipitation need not exceed 100 ce. Before the 

second filtration is made, a small quantity of ashless filter paper pulp should be 
added in order to facilitate the washing and leave the precipitate finely divided 
after the ignition, so that it can be easily fused with potassium hydrogen sulphate for 

the iron determination. Dry and ignite the precipitate and weigh as ferrie and 

aluminium oxids. 

The iron oxid is determined in the following manner: Fuse, in a platinum crucible, 
the ignited precipitate with about 4 grams of fused potassium hydrogen sulphate. 

This fusion takes but a few minutes and must not be continued beyond the time 

actua'ly needed. When completed the crucible is set aside and allowed to cool. 
Add 5cce. of concentrated sulphuric acid and heat until copious fumes of sulphuric 
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acid are given off. Cool, transfer to a flask, add water, and digest till the solution is 

clear. Reduce with zinc, cool, titrate with N/50 potassium permanganate and cal- 

culate to ferric oxid. 
If it is desired to use a larger amount of the sample for the iron determination, 

evaporate a suitable aliquot of A, under 4, with sulphuric acid, reduce with zinc, 

and titrate as above. 

MANGANESE, CALCIUM AND MAGNESIUM. 

(Applicable for plant materials other than seeds.) 

7 Method I.—Offcial. 

To an aliquot of A, under 4, corresponding to 0.5-2 grams of ash, add a quantity 

of pure ferric chlorid solution, more than sufficient to combine with the phosphoric 

acid which may be present, and neutralize with ammonium hydroxid. Dissolve the 

precipitate in a very slight excess of hydrochloric acid and add 1-2 grams of sodium 
acetate. Boil for 1-2 minutes, filter at once, and wash with boiling water. Dissolve 

the precipitate in hydrochloric acid and reprecipitate as above. Concentrate the 

combined filtrates and washings to about 50 cc. and determine manganese, calcium 

and magnesium as directed under II, 14, 15, and 16. 

8 Method IIT.—Tentative. 

Calctum.—Make alkaline with ammonium hydroxid the combined filtrates and 

washings, C, under 6, and proceed as directed under 11,15. If the ignited calcium 

oxid has a brown coloration, due to manganese, dissolve in dilute hydrochloric acid 
and determine the manganese as directed below. Deduct the weight of mangano- 

manganic oxid thus obtained from the weight of the impure calcium oxid. 
Manganese.—Acidify the combined filtrates and washings from the calcium de- 

termination and evaporate to dryness in a porcelain casserole. Expel the ammonium 

salts by carefully heating the casserole from above, treat with a few ec. of hydro- 

chlorie acid and water, filter off molybdic acid, and wash the precipitate until! it is 
free fromchlorin. Bring the filtrate to a volume of 100 cc., add 1-2 drops of bromin, 

make alkaline with ammonium hydroxid and let stand for several minutes without 

agitation. Filter off the precipitated manganese, wash, dry, ignite, and weigh the 

precipitate as manganomanganic oxid. To this add the weight of the mangano- 

manganic oxid found as an impurity in the calcium determination. 
Magnesium.—Concentrate the alkaline filtrate from the manganese determination 

to 75 ce. and determine magnesium as directed under II, 16. 

PHOSPHORIC ACID. 

9 Method I.—Offcial. 

Determine phosphoric acid in an aliquot of A, under 4, corresponding to 0.2-1 

gram of ash, as directed under I, 6 or 9. 

10 Method II.—Offcial. 

Determine phosphoric acid in the plant substance as directed under I, 6, using suf- 

ficient material to give 0.2-1 gram of ash in the aliquot of the solution employed. 

11 Method III.—Official. 

The phosphomolybdate precipitate obtained in 6 is used for the determination 

of phosphorie acid as directed under I, 6, beginning with “Dissolve the precipitate 
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’ 
on the filter with ammonium hydroxid, etc.’’ or as under I, 9 (a), beginning with 
“Wash with cold water until the filtrate from 2 fillings of the filter yields a pink 
color, etc.” 

12 SULPHURIC ACID, SODIUM, AND POTASSIUM.—OFFICIAL. 

Boil an aliquot of A, under 4, corresponding to 0.5-1 gram of ash, add barium 

chlorid solution in small quantities until no further precipitate is formed, and pro- 
ceed as directed under II, 20 and 21. 

13 CHLORIN.—OFFICIAL. 

Determine as silver chlorid, either gravimetrically or by one of the standard 

volumetric procedures (as the Volhard method given below), in a nitrie acid or 
aqueous solution of the ash. 

Volhard Method. 

14 REAGENTS. 
(a) N/10 silver nitrate. 

(b) N/10 ammonium or potassium sulphocyanate. 

(C) Ferric indicator.—Saturated solution of ferric alum. 

(d) Nitric acid.—Free from lower oxids of nitrogen, secured by diluting the 

usual pure acid with about 1/4 part of water, and boiling till perfectly colorless. 

15 DETERMINATION. 

Dissolve a weighed portion of the ash, prepared under 2, in nitric acid (1 to 10), 

filter and wash with water. Adda known volume of the N/10 silver nitrate in slight 

excess to the combined filtrate and washings. Stir well, filter, and wash the silver 

chlorid precipitate thoroughly. To the filtrate and washings add 5 cc. of the ferric 

indicator and a few ce. of the nitric acid. Titrate the excess of silver with the 

N/10 sulphocyanate until a permanent light brown color appears. Calculate the 

amount of chlorin. 

16 POTASSIUM IN PLANTS.—OFFICIAL. 

Determine potassium as directed under I, 42, using sufficient plant material to 

yield 0.5-1 gram of ash in the aliquot of the solution used for the potassium determi- 
nation. 

SULPHUR IN PLANTS. 

17 Peroxid Method.—Official. 

Place 1.5-2.5 grams of material in a nickel crucible of about 100 cc. capacity and 

add 5 grams of pure anhydrous sodium carbonate. Mix thoroughly, using a nickel or 

platinum rod, and moisten with approximately 2 cc. of water. Add pure sodium 

peroxid, approximately 0.5 gram at a time, thoroughly mixing the charge after each 
addition. Continue adding the peroxid until the mixture becomes nearly dry and 
quite granular, requiring usually about 5 grams of peroxid. Place the crucible over 

a low alcohol or other sulphur-free flame and heat carefully with occasional stirring 
until the contents are fused. (Should the material ignite, the determination is 

worthless.) After fusion remove the crucible, allow to coolsomewhat, and cover the 

hardened mass with peroxid to a depth of about 0.5em. Heat gradually, and finally 

with full flame until fusion again takes place, rotating the crucible from time to 
time in order to bring any particles adhering to the sides into contact with the 

oxidizing material. Continue the heating for 10 minutes after fusion is complete. 
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Cool somewhat, place the warm crucible and contents in a 600 ce. beaker and care- 

fully add about 100 cc. of water. After the initial violent action has ceased, wash 
the material out of the crucible, make slightly acid with hydrochloric acid (adding 

small portions at a time), transfer to a 500 cc. flask, cool, and make to volume. 

Filter, and determine sulphates in 200 cc. of the filtrate as directed under II, 20. 

18 CHLORIN IN PLANTS.—TENTATIVE. 

Moisten 5 grams of the substance in a platinum dish with 20 ce. of a 5% solution of 

sodium carbonate, evaporate to dryness, and ignite as thoroughly as possible at a 
temperature not exceeding dull redness. Extract.with hot water, filter and wash. 
Return the residue to the platinum dish and ignite to an ash; dissolve in nitric acid, 

add this solution to the water extract and determine chlorin as directed under 15. 

BIBLIOGRAPHY. 

‘Sutton. Volumetric Analysis. 10th ed., 1911, p. 145. 
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POTABLE WATER. 

TURBIDITY.—TENTATIVE. 

1 REAGENTS. 

(a) Standard turbidity solution.—Weigh out 1 gram of elutriated fuller’s earth 
previously dried and sifted through a 200 mesh sieve. Make up to a liter. If the 

fuller’s earth is of good quality and the proper degree of fineness, this stock solution 
has a turbidity of 1000. Check the stock solution with a Jackson turbidimeter. 

(b) Turbidity standards.—Prepared by dilution of (a). 

2 DETERMINATION. 

Determine the turbidity of the sample with a Jackson turbidimeter equipped 
with either candle or electric light. If the turbidity is less than 100, which pro- 

hibits the use of the turbidimeter, determine by direct comparison with turbidity 

standards contained in bottles of clear white glass. 

COLOR.—TENTATIVE. 

3 REAGENTS. 

(a) Standard color solu'ion.—Dissolve 1.246 grams of potassium platinie chlorid 
(PtCl,2KCl) and 1 gram of crystallized cobalt chlorid (CoCl,6H20) in a small quan- 

tity of water, add 100 cc. of concentrated hydrochloric acid and make up to 1 liter 

with water. This stock solution has a color of 500. 
(b) Color standards.—Prepared by dilution of (a). 

4 DETERMINATION. 

Compare the color of the sample, freed from suspended matter, with color 

standards in tubes of clear white glass. 

5 ODOR.—TENTATIVE. 

Shake the vessel containing the sample and note the odor. Heat a portion of the 

sample just to boiling and note the odor. 

6 TOTAL SOLIDS.—OFFICIAL. 

Thoroughly shake the vessel containing the sample and pipette 100 cc. of the un- 

filtered water into a weighed platinum dish. If the sample contains much suspended 

matter, shake, pour rapidly into a 100 cc. measuring cylinder, and transfer without 

delay to a weighed platinum dish; evaporate to dryness and heat to constant weight 

at 105°C. In the case of highly mineralized waters it is advisable to weigh again 

after drying at 180°C. 

it SOLIDS IN SOLUTION.—OFFICIAL. 

Allow the sample to stand until all sediment has settled, and filter if necessary 

to secure a perfectly clear liquid. Occasiona ly a clear filtrate can only be obtained 

by the use of alumina cream but this should be avoidedif possible. Evaporate 100- 

35 
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250 cc. to dryness in a weighed platinum dish. Heat to constant weight at 105°C. 
In the case of highly mineralized waters it is advisable to weigh again after drying 
at 180°C, 

8 SUSPENDED MATTER.—OFFICIAL. 

(1) The difference between the values for total solids and dissolved solids rep- 

resents the suspended matter; or, (2) Determine the suspended matter directly by 
filtering a suitable quantity of the water through a tared Gooch crucible, suitably 

prepared, and weighing after drying at 105°C. 

9 IGNITED RESIDUE.—OFFICIAL. 

Ignite the residue from 6 at a low red heat until the ash is white or nearly so. 

Note any odor or change in color produced during ignition. Record the weight 

of the ignited residue and calculate the loss on ignition. 

FREE AND ALBUMINOID AMMONIA.—OFFICIAL. 

19 REAGENTS. 

(a) Saturated solution of sodium carbonate. 

(b) Ammonia-free water. 
(C) Standard ammonium chlorid solution.—One cc. is equivalent to 0.01 mg. of 

nitrogen in the form of ammonia (NHs). 

(d) Nessler reagent.—Dissolve 50 grams of potassium iodid in aminimum quantity 

of cold water. Adda saturated solution of mercuric chlorid until a slight perma- 
nent precipitate is formed. Add 400 cc. of 50% solution of potassium hydroxid (or 

an equivalent quantity of sodium hydroxid), dilute to 1 liter, allow to settle, and 
decant. 

(e) Alkaline potassium permanganate solution.—Dissolve 200 grams of potassium 

hydroxid and 8 grams of potassium permanganate in water and dilute to 1 liter. 

11 DETERMINATION. 

Connect a flask of about 1500 cc. capacity with an upright bulb condenser by 

means of a rather large glass tube and a soft rubber stopper or a recently extracted 
cork stopper. Place in the flask 5 cc. of the saturated solution of sodium carbonate 

and 500 cc. of ammonia-free water. Distil into 50 cc. Nessler tubes until no further 
traces of ammonia are indicated on the addition of 2 cc. of the Nessler reagent to 

50 ec. of the distillate. Continue the distillation until the volume of the solution 
in the flask has been reduced to about 200 cc. Cool slightly, add 500 cc. of the water 

under examination, and distil, at the rate of 1 tubeful in 15 minutes, into 50 ce. 

Nessler tubes until ammonia ceases to be given off (4 or 5 tubes are usually sufficient). 
Add 2 cc. of the Nessler reagent to each tube and let stand 10 minutes. Freshly 

prepare in a similar manner other tubes containing known amounts of the standard 

ammonium chlorid, made up to 50 ec. with ammonia-free water, and compare the 

nesslerized distillates with these. Report as milligrams per liter of nitrogen in the 

form of free ammonia (NH;). Cool the flask and add 50 ce. of the alkaline perman- 
ganate recently boiled. Distil, at the rate of 1 tubeful in 15 minutes, into 50 ce. 

Nessler tubes until ammonia ceases to come off. Nesslerize and compare as in the 

determination of free ammonia. Report as milligrams per liter of nitrogen in the 

form of albuminoid ammonia (NHs). 
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NITROGEN IN THE FORM OF NITRITE.—OFFICIAL. 

12 REAGENTS. 

(a) Concentrated hydrochloric acid.—Sp. gr. 1.2. 
(b) Sulphanilic acid solution.—Dissolve 1 gram of sulphanilic acid in 100 ce. of 

hot water. 

(C) Alpha-naphthylamin hydrochlorid solution.—Boil 0.5 gram of the salt with 

100 cc. of water for 10 minutes at constant volume. 

(d) Standard nitrite solution.—Dissolve 1.1 gram of silver nitrite in nitrite-free 

water, precipitate the silver with sodium chlorid solution and dilute to 1 liter, mix 

and allow to settle. Dilute 100 cc. to 1 liter and then 10 ce. of this solution to 1 

liter, using in each case nitrite-free water. Each cc. of the last solution is equivalent 

to 0.0001 mg. of nitrogen as nitrite. 

13 DETERMINATION. 

Place 100 cc. of the water in a 100 cc. Nessler tube and treat with 1 or 2 drops of 

concentrated hydrochloric acid. Add 1 ce. of the sulphanilic acid, 1 cc. of the alpha- 
naphthylamin hydrochlorid, and thoroughly mix. Set aside for 30 minutes with other 

Nessler tubes containing known amounts of the standard nitrite made up to 100 ce. 
with nitrite-free water, and treated with hydrochloric acid, sulphanilic acid, and 

alpha-naphthylamin hydrochlorid in the manner just described. Determine the 

amount of nitrite by comparing the depth of pink color in the known and unknown 

solutions. Record as nitrogen in the form of nitrite. 

NITROGEN IN THE FORM OF NITRATE. 

Phenoldisulphonic Acid Method.—Official. 

(For water of low chlorin content.) 

14 REAGENTS. 

(a) Phenoldisulphonic acid solution.—Dissolve 25 grams of pure white phenol in 

150 cc. of concentrated sulphuric acid, add 75 ce. of fuming sulphuric acid (13-15% 
SO;) and heat at 100°C. for 2 hours. 

(b) Standard nitrate solution.—Dissolve 0.722 gram of pure potassium nitrate in 
1 liter of nitrate-free water. Evaporate 50 cc. of this solution to dryness in a porce- 

lain dish; treat with 2 cc. of the phenoldisulphonie acid solution, rubbing with a glass 

rod to insure intimate contact. Dilute to 500 cc.;1 ce. isequivalent to 0.01 mg. of ni- 

trogen asnitrate. This solution is permanent. Standards for comparison are pre- 

pared by adding ammonium hydroxid to measured volumes of it in 100 ce. Nessler 

tubes. 
(C) Standard silver sulphate solution.—Dissolve 4.3969 grams of silver sulphate, 

free from nitrate, in 1 liter of water; 1 cc. is equivalent to 1 mg. of chlorin. 

(d) Ammonium hydroxid.—Sp. gr. 0.90. 

15 DETERMINATION. 

Take 100 cc. of the sample, or an amount that will contain 0.05 mg. or less of 
nitrogen as nitrate, and add standard silver sulphate, precipitating all but about 

0.5 mg. ofthechlorin. Heat to boiling, allow to settle, or add a little alumina cream, 

filter, and wash with small amounts of hot water. Evaporate the filtrate to dryness 
in a porcelain dish on the water bath; when cool, treat with 2 ec. of the phenoldisul- 

phonic acid solution as in 14 (b). Dilute with water and add slowly ammonium hy- 
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droxid until the maximum color is developed. Transfer to a colorimetric cylinder, 

filter if necessary, and compare with the standards in the usual manner. Record as 
nitrogen in the form of nitrate. 

Reduction Method.—O ficial. 

(For water of high chlorin content.) 

16 REAGENTS. 

(a) Sodium or potassium hydroxid solution.—Dissolve 250 grams of the purest 

hydroxid obtainable in 1250 ce. of water and boil down to 1 liter. 

(b) Aluminium foil.—Use strips about 10 cm. long, weighing about 0.5 gram. 

17 DETERMINATION. 

Place 10 ce. of the sample in a 100ce. test tube and dilute to exactly 50cc.; add 5 ce. 

of the sodium hydroxid and a strip of the aluminium foil. Close the mouth of the 

test tube with a rubber stopper carrying a U-shaped glass tube connected with a 

second test tube containing about 50 cc. of ammonia-free water acidified with hydro- 
chloric acid, which serves as a trap to catch any ammonia which might escape. Allow 

to stand at room temperature for 12 hours or more untilreductioniscomplete. Trans- 

fer the contents of the first tube to a Kjeldahl flask and distil. Cool the distillates 

and nesslerize as directed under 11; also nesslerize the solution in the trap. Record 
as nitrogen in the form of nitrate. 

CHLORIN.—OFFICIAL. 

18 REAGENTS. 

(a) N/20 sulphuric acid. 
(b) N/20 sodium carbonate. 

(Cc) Potassium chromate indicator.—Dissolve 5 grams of potassium chromate in 

water, add a solution of silver nitrate until a slight permanent red precipitate is 

produced, filter, and dilute to 100 ce. 

(d) Standard silver nitrate solution.—Dissolve 4.791 grams of silver nitrate in water 

and dilute to 1 liter; 1 ec. is equivalent to 1 mg. of chlorin. Check by titration against 
a standardized solution of sodium chlorid. 

19 DETERMINATION. 

To 100 cc. of the water add a few drops of phenolphthalein. If a red color appears, 
titrate the carbonates thus indicated to bicarbonates with N/10 or N/20 sulphuric 

acid. If the water is acid to methyl orange, add N/20 sodium carbonate to neutralize 

the acidity. Add1cc.of the potassium chromate and titrate with the standard silver 
nitrate. Correct for the amount of silver nitrate necessary to give in 100 cc. of chlorin- 

free water with 1 cc. of the chromate, the shade obtained at the end of the titration 

of the sample. Jodids and bromids are not usually found in interfering quantities 

in potable water. However, if they are present make the equivalent correction. — 

If chlorids are present in very small quantities concentrate 500 or 1000 ce. in a por- 
celain dish to 100 ce., rub down the sides of the dish carefully, add 1 ce. of the indicator 

and titrate as described above. Ifsufficient chlorids are present in 100 cc. of the water 

to consume more than 25 ec. of the standard silver nitrate, determine by precipita- 

tion in nitric acid solution and weigh the silver chlorid. 

——_—_——— 
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OXYGEN REQUIRED. 

Method I.—Official. 

20 REAGENTS. 

(a) Standard potassium permanganate solution.—Dissolve 0.3952 gram of potas- 

sium permanganate in 1 liter of water; each cc. has 0.1 mg. of oxygen available for 

oxidation. 

(b) Standard oxalic acid solution.—Dissolve 0.7875 gram of crystallized oxalic acid 

in 1 liter of water. 
Determine the value of the oxalic acid in terms of the permanganate by boiling 

10 ce. of the oxalic acid and 200 ce. of redistilled water (prepared by treating distilled 

water with alkaline permanganate and distilling) with 10 ec. of sulphurie acid (1 

to 3) and titrating, while still boiling, with the standard permanganate to the appear- 

ance of a pink color. 

21 DETERMINATION. 

Add 10 ce. of sulphuric acid (1 to 3) to 200 ce. of the water in a porcelain dish and 

heat to boiling. Add from a burette the standard permanganate until the water 

is distinctly red and boil for 10 minutes, adding more of the standard permanganate 

from time to time to maintain the red color. Add 10 cc. of the standard oxalic acid 
and titrate back with the standard permanganate to a pink color. From the total 

number of ee. used of the permanganate subtract the number of cc. equivalent to 10cc. 

of the oxalic acid. The result gives the number of cc. of the permanganate required 
for 200 ce. of the water. Correct for sulphids, nitrites and ferrous salts, if present, by 

subtracting the number of cc. of the standard permanganate absorbed by another 

200 ce. portion of the sample when treated as above, digesting at room temperature 

for 3 minutes. 

Method II. (Schulze-Trommsdorf Method.1)—Tentative. 

(To be used when the chlorin content of the sample is high.) 

22 REAGENTS. 

(A) 50% sodium hydroxid solution. 

Other reagents and standard solutions are described under 20. 

23. , DETERMINATION. 

Introduce 100 ec. of the water to be examined in a 300 cc. flask, add 0.5 ce. of the 

sodium hydroxid and 10 cc. of the permanganate, boil for 10 minutes, allow to cool to 

50°-60°C. and add 5 ce. of the dilute sulphuric acid and 10 cc. of the standard oxalic 

acid. Assoonas the liquid has become perfectly colorless, and while constantly agita- 

ting, cautiously add from a burette, drop by drop, the standard permanganate, until 

the liquid acquires a faint permanent redness. The permanganate required to 
effect this is the quantity required for the decomposition of the organic matter in 

the 100 ce. of water. 
If 100 cc. of the water require more than 4 cc. of the permanganate for the oxidation 

of organic matter, a second determination must be made using more of the per- 

manganate and a correspondingly larger quantity of the sodium hydroxid, as unde- 

composed permanganate remaining after boiling must be at least twice as great as 

the quantity decomposed. 
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DISSOLVED OXYGEN. 

Method I. (Winkler Method as Modified by Drown and Hazen.?)—Tentativ:. 

(When less than 0.1 mg. of nitrite nitrogen per liter is present.) 

24 REAGENTS. 

(a) Manganous sulphate solution.—Dissolve 48 grams of manganous sulphate in 

100 ce. of water. 

(b) Sodium hydroxid-potassium iodid solution.—Dissolve 360 grams of sodium 
hydroxid and 100 grams of potassium iodid in 1 liter of water. 

(C) Sulphuric acid.—(Sp. gr. 1.4). Mix equal weights of concentrated sulphuric 
acid and water. 

(d) Standard sodium thiosulphate solution.—Dissolve 6.2 grams of recrystallized 

sodium thiosulphate in 1 liter of water. This gives a N/40 solution, each ec. of which 

is equivalent to 0.2 mg. of oxygen or 0.1395 cc. of oxygen at 0°C. and 760 mm. pressure. 

This solution should be standardized occasionally against N/40 potassium dichromate. 
(@) Starch indicator.—Mix about 2 grams of clean starch with cold water to a thin 

paste; pour into about 200 cc. of boiling water. Boil forafew minutes. This solu- 

tion should be freshly prepared. 

25 COLLECTION OF SAMPLE. 

Collect the sample in a carefully calibrated glass stoppered bottle, approximately 
250 cc. capacity, by means of an apparatus designed to avoid the entrainment or 

absorption of any oxygen from the atmosphere. Note the temperature. 

26 DETERMINATION. 

Add approximately 2 cc. of the manganous sulphate and 2 ce. of the sodium hydrox- 

id-potassium iodid, delivering both of these solutions beneath the surface of the 
liquid by means of a pipette. Insert the stopper and mix the contents of the bottle 
by shaking. Allow the precipitate to settle. Remove the stopper; add about 2 ec. 

of sulphuric acid and mix thoroughly. Rinse the contents of the bottle into a flask; 

titrate with N/40 sodium thiosulphate, using a few cc. of the starch indicator toward 

the end of the titration. Do not add the starch until the color has become a faint 
yellow; titrate until the blue color disappears. Express the results in milligrams 

per liter and in percentage of saturation.* This latter determination is the ratio of 

the amount of gas present to the maximum amount capable of being dissolved by 
distilled water at the same temperature and pressure. 

Method II. (Winkler Method as Modified by Rideal and Stewart.4)—Tentative. 

(When more than 0.1 mg. of nitrite nitrogen per liter is present.) 

27 REAGENTS. 

(a) N/10 potassium permanganate. 

(b) 2% potassium oxalate solution. 

Other reagents are described under 24. 

28 COLLECTION OF SAMPLE, 

Proceed as directed under 25. 
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29 DETERMINATION. 

Preliminary test.—Determine the amount of the permanganate required to oxi- 

dize the nitrite to nitrate by acidifying a preliminary sample of 50 ce. with 1 cc. of 
the sulphuric acid and adding the permanganate until a slight pink color remains 

after standing 10 minutes. Calculate the amount of the permanganate required for 

a sample collected as described under 25. 
To the sample add 1 ce. of the sulphuric acid and about 0.1 ec. of the perman- 

ganate in excess of the calculated amount required to oxidize the nitrite to nitrate. 
If more than 10 ec. of the permanganate are required add an additional 1 ec. of the 

sulphuric acid. Rotate the bottle and allow to stand for 10 minutes, after which 

destroy any excess of the permanganate by adding from a pipette 0.5-1 cc. of the 
oxalate. Insert the stopper and rotate as before. The color quickly disappears, 

and when decolorized add approximately 2 cc. of the manganous sulphate and 2 cc. 

of the sodium hydroxid-potassium iodid and proceed as in 26. Express the results 
in milligrams per liter and percentage saturation.’ 

MINERAL WATER. 

30 SPECIFIC GRAVITY.—TENTATIVE. 

: s : 20°C. 
Determine specific gravity at p> by means of a pycnometer. 

31 SOLIDS IN SOLUTION.—OFFICIAL. 

Determine as directed under 7. 

32 IGNITED RESIDUE.—OFFICIAL. | 

Determine as directed under 9. 

33 FREE AND ALBUMINOID AMMONIA.—OFFICIAL. 

Determine as directed under 11. 

34 NITROGEN IN THE FORM OF NITRITE.—OFFICIAL. 

Determine as directed under 13. 

35 NITROGEN IN THE FORM OF NITRATE.—OFFICIAL. 

Determine as directed under 15 or 17. 

36 CHLORIN.—OFFICIAL. 

Determine as directed under 19. 

37 HYDROGEN SULPHID.—TENTATIVE. 

Place 0.5-2 ce. of N/100 iodin in a 500 ce. flask and add the water until the color 

of the iodin disappears. Add 5 ce. of the starch indicator and then N/100 iodin until 
a blue color appears. Fill the flask to the mark with water, noting the amount 
added. Subtract the quantity of water, iodin solution, and the starch indicator 
added, to determine the quantity of the water titrated. An excess of iodin is re- 
quired to produce a blue color. A correction is obtained by adding 5 cc. of the 

starch indicator to 500 ec. of water and then adding N/100 iodin until the color 

matches that of the sample under examination. Correct the original titration by 
the amount of iodin used in the blank. 
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38 FREE CARBON DIOXID.—TENTATIVE. 

If the water reacts acid to phenolphthalein and alkaline to methyl orange, titrate 
100 ec. with N/20 sodium carbonate (free from bicarbonate) until the solution is 

neutral to phenolphthalein. The number of cc. used multiplied by 1.1 gives the 
milligrams of free carbon dioxid in 100 ce. Express results in milligrams per liter. 

39 CARBONIC AND BICARBONIC ACIDS.—OFFICIAL. 

To 100 ec. of the water add a few drops of phenolphthalein and, if a pink color is 

produced, titrate with N/20 crystallized potassium hydrogen sulphate or sulphuric 

acid, adding a drop every 2 or 3 seconds, until the red color disappears. Multiply 
the burette reading by the factor 3 which gives the milligrams of the carbonic acid 

ion in 100 ce. To the colorless solution from this titration, or to the original solution 

if no color is produced with phenolphthalein, add 1 or 2 drops of methyl orange; con- 
tinue the titration without refilling the burette and note the total reading. If 

carbonic acid is absent, multiply the total burette reading by the factor 3.05, which 

gives the value of the bicarbonic acid ion in milligrams per 100 ce. If carbonic acid is 

present, multiply the reading with phenolphthalein by 2 and subtract from the total 

reading of the burette. Multiply the difference by 3.05, which gives the bicarbonic 
acid ion in milligrams per 100 ce. Express results in milligrams per liter. 

Siuica, Iron, ALUMINIUM, CALCIUM, STRONTIUM AND MAGNESIUM. 

40 SILICA.—OFFICIAL. 

Make a preliminary examination, using 100-250 cc. of water to determine the 

approximate quantity of calcium and magnesium present, in order to ascertain 

the quantity of water to be evaporated for the final analysis. 
Evaporate a quantity, usually 1-5 liters, of the water sufficient to yield 0.1-0.6 

gram of calcium oxid or 0.1-1 gram of magnesium pyrophosphate. Acidify the 
water with hydrochloric acid and evaporate on the water bath to dryness in a plati- 

num dish; continue the drying for about an hour. Thoroughly moisten the residue 

with 5-15 cc. of hydrochloric acid (1 to 1). Allow to stand 10-15 minutes and add 
sufficient water to bring the soluble salts into solution. Heat on the steam bath 

until solution of the salts is effected. Filter to remove most of the silica and wash 
thoroughly with hot water. Evaporate the filtrate to dryness; treat with 5-10 cc. 

of the hydrochloric acid and sufficient water as above. Heat, filter, and wash 

thoroughly with hot water. Designate the filtrate as A. Transfer the 2 residues to 

a platinum crucible, ignite, heat over a blast lamp and weigh. Moisten the contents 

of the crucible with a few drops of water. Adda few drops of concentrated sulphuric 

acid and a few ce. of hydrofluoric acid and evaporate on the water bath under a good 
hood. Repeat the treatment if all the silica is not volatilized. Dry carefully on a 

hot plate, ignite, heat over a blast lamp, and weigh. The difference between the 

two weights is the weight of the silica. The residue in the crucible consists of alumin- 

ium and iron oxids. The weight of this residue is added to that of the total alumin- 

ium and iron oxids obtained in 41. (If the above residue weighs more than 0.5 mg., 

barium sulphate may be found here when barium is present in the water. If so, 

make the necessary correction and add to the weight of the total iron and aluminium 

oxids in 41.) 

41 IRON AND ALUMINIUM.—OFFICIAL. 

Concentrate A, under 40, to about 200ce.; while still hot, add ammonium hydroxid 
slowly with constant stirring until alkaline to methyl orange. Boil, filter, and wash 

2 or 3 times with hot water. Dissolve the precipitate in hot hyd@rochloric acid. 
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Dilute to approximately 25 ec., boil, and again precipitate with ammonium hydroxid; 

filter, wash thoroughly with hot water, dry, ignite, and weigh as iron and aluminium 
oxids. (In the presence of phosphoric acid, the weight of this residue must be cor- 
rected for the phosphorus pentoxid equivalent to the phosphoric acid found in 51, 

making due allowance for the difference in the volumes of the water used for these 

determinations.) Designate the filtrate as B. 

IRON. 

42 Colorimetric Method. 

(If the amount of iron is less than 1 mg.) 

’ Fuse in a platinum crucible the ignited precipitate of iron and aluminium 
oxids with fused potassium hydrogen sulphate, dissolve in water, and precipitate the 

iron and aluminium with ammonium hydroxid. Dissolve the precipitate on the 

filter paper in hydrochloric and nitric acids, dilute the solution, add ammonium 

sulphocyanate solution (1 to 20) and compare the color developed with that of 

ealibrated color disks, or standards containing known amounts of iron. 

43 Volumetric Method. 

Fuse in a platinum crucible the residue of iron and aluminium oxids with fused 

potassium hydrogen sulphate. This fusion takes but a few minutes and must not 

be continued beyond the time actually needed. When completed, the crucible 
is set aside and allowed to cool. Add dilute sulphuric acid and heat the crucible 
until the fused mass is dissolved. Evaporate on the water bath as far as possible; 

then heat gradually until copious fumes of sulphuric acid are given off. Dissolve 
in water and allow to stand on the water bath. Cool, transfer to an Erlenmeyer 

flask, and make up to such a volume that the solution does not contain more than 

2.5% of free sulphuric acid. Pass hydrogen sulphid through the solution to reduce 
the iron and precipitate any platinum contaminating the residue from the fusion. 

(Zine may be used instead of hydrogen sulphid for reducing the iron.) Filter, wash 

and again pass hydrogen sulphid through the solution to be certain that all the iron 

is reduced. Expel the hydrogen sulphid by boiling, at the same time passing a 

current of carbon dioxid through the solution; test the escaping gas with lead acetate 
paper to ascertain the complete removal of hydrogen sulphid. When hydrogen 

sulphid has been removed discontinue boiling and let the flask cool somewhat with- 

out discontinuing the current of carbon dioxid. Titrate the reduced iron with a 

standard permanganate solution (1 cc. equivalent to 1 mg. of Fe) and calculate as 

iron. 

44 ALUMINIUM.—OFFICIAL. 

In the absence of phosphates, subtract from the weight of iron and aluminium 

oxids, under 41, the iron, under 42 or 43, calculated to oxid, to obtain the weight of 

aluminium oxid. Calculate to aluminium. 

45 CALCIUM.—OFFICIAL. 

Concentrate B, under 41, to 150-200 cc. and to this solution, containing not more 

than 0.6 gram of calcium, calculated as calcium oxid, or 1 gram of magnesium, cal- 

culated as magnesium pyrophosphate, add 1-2 grams of oxalic acid and sufficient 

hydrochloric acid to clear the solution. Heat to boiling and neutralize with ammo- 

nium hydroxid, stirring constantly. Add ammonium hydroxid in slight excess and 

allow to stand 3 hours in a warm place. Filter off the supernatant liquid and wash 
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the precipitate once or twice by decantation with 1% ammonium oxalate solution. 

Dissolve the precipitate in hydrochloric acid, dilute to 100-200 cc., add a little 
oxalic acid, and precipitate as above. After standing 3 hours, filter, wash with the 
ammonium oxalate solution as above, dry, ignite, heat over a blast lamp, and weigh 
as calcium and strontium oxids. Subtract from this weight, the weight of strontium 

oxid equivalent to the strontium under 46. ‘The difference is the weight of calcium 
oxid. Calculate to calcium. Designate the filtrate and washings as C. 

As a check on the calcium oxid, evaporate to dryness the filtrate from the stron- 

tium nitrate under 46, beginning with ‘Filter, wash with ether-alcohol mixture, 

etc.,’’ dissolve the calcium nitrate in water, precipitate as oxalate, filter, wash, 

ignite, and weigh as calcium oxid. 

46 STRONTIUM.—TENTATIVE. 

Dissolve the oxids under 45 in dilute nitric acid and test with the spectroscope for 
strontium. If strontium is present, transfer the nitric acid solution to a small 

Erlenmeyer flask. Evaporate nearly to dryness over a low flame and heat in an 

air bath at 150°-160°C. for 1 or 2 hours after the water is evaporated. Break up the 
dried material with a stirring rod, add 10-15 cc. of a mixture of equal parts of absolute 
alcohol and ether to dissolve the calcium nitrate. Cork the flask and allow to stand 
with frequent shaking for 2 hours or longer. Decant the solution through a 5.5 em. 

filter, preserving the filtrate. Wash the residue several times by decantation with 

small portions of ether-alcohol solution. Dry the residue and the filter paper and 
wash the filter paper repeatedly with small portions of hot water, collecting the 
filtrate in the flask containing the main portion of the strontium nitrate residue. 

Add 1 or 2 drops of dilute nitric acid, evaporate, dry, pulverize, and treat with 
10-15 cc. of ether-alecohol mixture as above. Cork the flask and let stand about 12 

hours with occasional shaking. Filter, wash with ether-alcohol mixture until a few 

drops of the filtrate evaporated on a watch glass leave practically no residue. Dry 
the paper and precipitate. Dissolve the strontium nitrate in a few cc. of hot water. 
Add a few drops of sulphuric acid, then a volume of alcohol equal to the volume of 

the solution and allow to stand 12 hours. Filter, ignite, weigh as strontium sulphate 

and calculate to strontium. Test spectroscopically for absence of calcium. 

47 MAGNESIUM.—OFFICIAL. 

Concentrate C, under 45, to about 200cc.; add 2-3 grams of diammonium hydrogen 
phosphate and sufficient hydrochloric acid to clear the solution when the ammonium 

phosphate is all dissolved; disodium hydrogen phosphate or sodium ammonium 
hydrogen phosphate may be used instead of the diammonium hydrogen phosphate. 
When cold, make slightly alkaline with ammonium hydroxid, stirring constantly. 

Add 1-2 ce. excess of ammonium hydroxid and allow to stand about 12 hours. Filter 

off the supernatant liquid and wash 3 or 4 times by decantation with a solution of 

2.5% ammonium hydroxid. Dissolve the precipitate in hydrochloric acid, dilute to 
about 150 ec., add a little diammonium hydrogen phosphate and precipitate with 

ammonium hydroxid as before. Allow to stand 6-12 hours, filter, wash free from _ 

chlorin, ignite, heat over a blast lamp, and weigh as magnesium pyrophosphate. 

(Cf. II, 16). Calculate to magnesium. 

SULPHURIC ACID, SODIUM, POTASSIUM AND LITHIUM. 

48 SULPHURIC ACID.—OFFICIAL. 

Make a preliminary examination, using 100-250 cc. of the water to determine the 
approximate quantity of sulphates. The alkali salts present can be approximated 
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by calculating the amount of sodium necessary to combine with the excess of acids 
(hydrochloric, sulphuric, and bicarbonic) over the calcium and magnesium. 

Take a quantity, usually 1-5 liters, of the water sufficient to yield not more than 

1 gram of barium sulphate and not more than 0.5 gram of mixed chlorids. Acidify 
with hydrochloric acid, evaporate to dryness in a platinum dish and remove silica 

by 2 evaporations as under 40, using not more than 2 cc. of hydrochloric acid (1 to 1) 

for the final solution. Combine the filtrate and washings from the silica determi- 

nations, and concentrate to about 150-200 cc. Heat to boiling and precipitate with 
slight excess of 10% barium chlorid solution, added very slowly and with constant 

stirring. Cover and allow to stand on the steam bath about 12 hours. Filter, wash 
thoroughly the precipitate of barium sulphate with hot water, dry, ignite over a 

Bunsen burner, and weigh. 

If the content of sulphate in the sample is unusually large proceed as far as the 

concentration of the silica filtrates as directed above. Add 50 cc. of concentrated 
hydrochloric acid, heat to boiling and precipitate with barium chlorid solution as 

before. Evaporate to dryness, wash the precipitate repeatedly by decantation and 

filter. Complete the washing of the precipitate; ignite and weigh. Calculate to 

the sulphuric acid ion. Designate the filtrate as FE. 

49 SODIUM, POTASSIUM AND LITHIUM.—OFFICIAL. 

Evaporate to dryness Z, under 48, in a platinum dish and ignite the residue to faint 

redness to remove all traces of ammonium salts. Dissolve the residue in the dish 
in about 200 cc. of water and precipitate with milk of lime or a solution of barium 

hydroxid. Boil, allow to stand 30 minutes, and filter off the insoluble magnesium 

hydroxid. Thoroughly wash the precipitate with hot water and combine the filtrate 

and washings. If the precipitate of magnesium is large, it is advisable to dissolve 

in a small amount of hydrochloric acid, evaporate to dryness, take up with water, 

and precipitate as before. Concentrate the 2 filtrates and washings to 200-250 ec. 
Add ammonium hydroxid and sufficient ammonium carbonate solution to precipi- 
tate the calcium and barium. Allow to stand on a steam bath 1-2 hours. Filter off 

the supernatant liquid, dissolve the precipitate in hydrochloric acid, reprecipitate as 
above, and wash thoroughly with hot water. Evaporate the combined filtrates and 

washings to dryness and drive off the ammonium salts by gentle heat. Treat the 

residue with water; filter through a small filter, using as little wash water as possible; 

evaporate to a small volume and again precipitate with 1 or 2 drops of ammonium 

hydroxid and 2 or 3 drops of ammonium carbonate and oxalate. If any precipitate 

appears (which is usually not the case) filter and repeat the process. Evaporate the 
filtrate to dryness and drive off all ammonium salts by heating in platinum to faint 

redness. Treat the residue with a little water; filter into a small platinum dish; 
add a few drops of hydrochloric acid and evaporate to dryness. Dry in an oven, 

heat to faint redness, cool in a desiccator, and weigh the combined chlorids of potas- 

sium, sodium, and lithium. Repeat the heating to constant weight, (cz). Dissolve 

the mixed chlorids in hot water; filter, and wash. Return the filter paper and residue 

to the dish, dry, ignite, and weigh, (y). The difference between (x) and (y) is the 

weight of the mixed chlorids. 
The determination of lithium is then made according to the method of Gooch.* 

Transfer the combined chlorids to a 50-100 cc. Erlenmeyer flask and evaporate the 
solution nearly, but not quite, to dryness. Add about 30 cc. of redistilled amyl 

alcohol. Connect the flask, the stopper of which carries a thermometer, using a 
condenser if desired, to avoid the escape of the irritating vapor of the amyl alcohol, 

and boil until the temperature rises approximately to the boiling point of amyl alco- 
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hol (130°C.) to remove the water. Cool slightly and add a drop of hydrochloric acid 
to convert small amounts of lithium hydroxid to lithium chlorid. Connect with the 

condenser and repeat the boiling until the temperature reaches the boiling point of 

amyl alcohol to again drive off the water. The content of the flask at this time is 
usually 15-20 ce. Filter through a small paper or a Gooch crucible into a graduated 

cylinder and note the exact quantity of the filtrate, which determines the subsequent 
correction. Wash the precipitate with small quantities of amyl alcohol. Evapo- 

rate the filtrates and washings in a small platinum dish to dryness on the steam bath, 

dissolve the residue in water, and add a few drops of sulphuric acid. Evaporate on 
a steam bath and expel the excess of sulphuric acid by heating gently over a Bunsen 
burner until the carbonaceous matter is completely burned off, repeating the addi- 

tion of a few drops of sulphuric acid if necessary. Cool and weigh the dish and 

contents, (xz). Dissolve in a small quantity of hot water, filter through a small 

filter, wash and return filter to dish; ignite and weigh, (y). The difference between 

(x) and (y) is the weight of impure lithium sulphate. 

The purity of the lithium sulphate should be tested by adding small amounts of 
ammonium phosphate solution and ammonium hydroxid, which will precipitate any 
magnesium previously present in the lithium sulphate. Any precipitate appearing 
after standing overnight should be collected on a small filter, ignited, weighed as 
magnesium pyrophosphate, calculated to sulphate and subtracted from the weight 
of the impure lithium sulphate. 

From this weight subtract 0.00113 gram of sodium and potassium sulphates for every 
10 ce. of amyl alcohol filtrates, exclusive of the amyl alcohol used in washing the 

residue, on account of the solubility of sodium and potassium chlorids in amy] alco- 

hol. Calculate to lithium from the corrected weight of lithium sulphate. 

Dissolve the mixed chlorids from the flask and filter with hot water, evaporate 
to dryness, ignite gently to remove amyl alcohol, filter, and thoroughly wash; con- 
centrate the filtrates and washings to 25-50 cc. Transfer to a porcelain dish, add 

sufficient platinie chlorid solution [I, 40 (b)] to convert sodium and potassium to 
their respective double chlorids and evaporate to dryness. Treat the residue 

with 80% alcohol, filter, and wash until the excess of platinic chlorid and sodium 

platinic chlorid has been removed. Dry the filter and precipitate, dissolve the 

residue in hot water, and transfer to a weighed platinum dish. Evaporate on the 

steam bath, dry for 30 minutes in the oven at 100°C. and weigh as potassium platinic 

chlorid; calculate to potassium chlorid. To the weight of potassium chlorid add 

0.00051 gram for every 10 ce. of amyl alcohol used in the extraction of the lithium 
chlorid, which corrects for the solubility of the potassium chlorid in amyl alcohol. 

Calculate to potassium. 
The weight of sodium chlorid is found by subtracting the combined corrected 

weights of lithium chlorid and potassium chlorid from the total weight of the 3 

chlorids. Calculate the sodium chlorid to sodium. 

PHOSPHORIC ACID.—OFFICIAL. 

50 REAGENTS. 

The reagents used are described under I, 7. 

51 DETERMINATION. 

Treat 500 cc. of the water, or a larger amount if necessary, with about 10 cc. of 

concentrated nitric acid and evaporate in a porcelain dish nearly to dryness to drive 

off hydrochloric acid. Treat the residue with water and filter, if necessary. Add 

ammonium hydroxid to alkalinity and then just enough nitric acid to restore acidity. 



Iv] WATERS 47 

Add some solid ammonium nitrate and heat in the water bath at a temperature of 

45°-50°C. Add the molybdate solution and keep at the above temperature for 30 
minutes. The yellow precipitate formed at this point appears generally only in 
traces; if more than traces are present, filter and wash with cold water until entirely 

free from nitric and molybdic acids. Transfer the precipitate and filter to a beaker, 

add a little water, and beat the paper and contents to a pulp. Dissolve the yellow 
precipitate in a small amount of the standard potassium hydroxid; add phenolphthal- 

ein and titrate with the standard acid. From the data so obtained calculate the 

phosphoric acid ions in the water to milligrams per liter. 

52 MANGANESE, IODIN, BROMIN, ARSENIC AND Boric ACID. 

Evaporate large quantities of water to dryness, after the addition of small amounts 

of solid sodium carbonate. Boil the residue thus obtained with water, transfer to 

a filter, and wash thoroughly with hot water. Make the alkaline filtrate up to a 
definite volume. 

MANGANESE.—OFFICIAL. 

53 REAGENTS. 

(a) Dilute nitric acid (1 to 1). 

(b) 0.2% silver nitrate solution. 

(C) Ammonium persulphate. 

(d) Standard manganous sulphate solution.—Dissolve 0.2877 gram of pure potas- 

sium permanganate in a small amount of water, add an excess of sulphuric acid, 

reduce carefully with oxalic acid and make up to 1 liter. One cc. of this solution is 

equivalent to 0.1 mg. of manganese. 

54 DETERMINATION. 

Dissolve the insoluble residue under 52 in an excess of the dilute nitric acid, evap- 

orate to dryness, treat with water, add about 1 cc. of strong nitric acid and a little 

of the silver nitrate. If a precipitate of silver chlorid appears, add more of the 

silver nitrate until all the chlorin is precipitated. Add an excess of about 10 cc. of 
the silver nitrate for each mg. of manganese present in the sample. Filter, add 

1 gram of ammonium persulphate to the filtrate, and place the beaker or flask con- 

taining the solution on the steam bath until a pink color develops (usually about 20 

minutes). Compare the color developed with standards similarly prepared by treat- 

ing solutions containing known amounts of the standard manganous sulphate with 

nitric acid, silver nitrate, and ammonium persulphate. 

IODIN AND BROMIN.—TENTATIVE. 

55 REAGENTS. 

(a) 10% sodium hydrozid solution. 

(b) Sulphuric acid (1 to 5). 

(C) 2% potassium or sodium nitrite solution. 

(d) Carbon disulphid.—Freshly purified by distillation. 
(@) Chlorin water.—Saturated and freshly prepared. 

56 DETERMINATION. 

Evaporate to dryness an aliquot of the alkaline filtrate under 52, add 2-3 ce. of 
water to dissolve the residue and enough 95% alcohol to make the percentage of 

alcohol about 90. This precipitates the chlorids. Heat to boiling, filter and repeat 

the preceding solution and precipitation once or twice. Add 2 or 3 drops of the 
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sodium hydroxid to the combined alcoholic filtrates and evaporate to dryness. Dis- 

solve this last residue in 2-3 ec. of water and repeat as above described the precipi- 
tation with alcohol, heating, and filtering. Add a drop of the sodium hydroxid to 

this alcoholic filtrate and evaporate to dryness. Dissolve this residue in a little 

water, acidify with the sulphuric acid, using 3 or 4 drops in excess, and transfer to 
a small flask. Add 4 drops of the potassium nitrite and about 5 cc. of the carbon 
disulphid. Shake until all the iodin is extracted, filter off the acid solution from the 

carbon disulphid, retaining the latter in the flask. Wash the flask, filter and con- 
tents with cold water and transfer the carbon disulphid (containing the iodin in 
solution) to a Nessler tube, using approximately 5 ec. of the carbon disulphid. In 

washing the filter make the contents of the tube up to definite volume, usually 12-15 

cc., and compare the color with that of other tubes containing known amounts of 

iodin dissolved in carbon disulphid. Prepare these standard tubes by treating 

measured quantities of a solution of known potassium iodid content as described 
above. Transfer the sample and standards, from which the iodin has been removed, 

severally to small flasks. To the standards add definite measured quantities of a 
bromid solution of known strength, and to each of the flasks containing sample and 
standards add 5 cc. of purified carbon disulphid. Add the saturated chlorin water, 

1 cc. at a time, shaking after each addition until all the bromin is set free. (Avoid 

a large excess of chlorin, since a bromo-chlorid may be formed which spoils the color 

reaction.) Filter off the water solution from the carbon disulphid through a mois- 
tened filter, wash the contents of the filter 2 or 3 times with water, and then transfer 

to a Nessler tube by means of about 1 cc. of carbon disulphid. Repeat this extrac- 

tion of the filtrate twice, using 3 cc. of carbon disulphid each time. The combined 
carbon disulphid extracts usually amount to 11.5-12 ec. Add enough carbon di- 

sulphid to the tubes to bring them to a definite volume, usually 12-15 ec., and com- 

pare the sample with the standards. In some cases when using this method near its 

upper limit the amounts of carbon disulphid recommended do not extract all the 
bromin. In these cases, make 1 or 2 extra extractions with carbon disulphid, trans- 

fer the extracts to another tube, and compare the color with some of the lower 

standards and add the readings thus obtained to the others. 
Results closely approximating the true values for iodin and bromin can be ob- 

tained on most samples by omitting the extractions with alcohol given above and 
by comparing the color of the carbon disulphid solutions directly in the extraction 

flasks, thus shortening the method. 

ARSENIC.—OFFICIAL. 

57 REAGENTS. 

(a) Zinc, arsenic-free. 

(b) Sulphuric acid (1 to 5), arsenic-free. 

(C) Standard arsenious oxid solution.—Dissolve 0.0132 gram of pure arsenious 

oxid in 100 ee. of water containing about 50 mg. of sodium carbonate. One ce. of 

this solution is equivalent to 0.1 mg. of As. 

58 DETERMINATION. 

Evaporate to dryness an aliquot of the alkaline filtrate under 52. Acidify with 

the sulphuric acid and subject to the action of the zinc and the sulphuric acid in a 
Marsh-Berzelius apparatus. Compare the mirror obtained with a mirror prepared 

from an arsenious oxid solution of known strength. Calculate to the arsenic acid 

ion. 
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BORIC ACID.—OFFICIAL. 

(Glassware containing boron must not be used in this determination.) 

59 DETERMINATION. 

Qualitative test—Evaporate to dryness a part of the alkaline filtrate under 52, 
treat with 1-2 cc. of water, and slightly acidify with dilute hydrochloric acid (1 to 1). 

Add about 25 ec. of 95% alcohol, boil, filter, and repeat the extraction of the residue. 

Make the filtrate slightly alkaline with sodium hydroxid solution and evaporate 
to dryness. Add a little water, slightly acidify with dilute hydrochloric acid, and 

place a strip of turmeric paper in the liquid. Evaporate to dryness on the steam 

bath and continue the heating until the turmeric paper is dry. If boric acid is 

present the turmeric paper takes on a cherry-red color. As a confirmatory test, 
apply a drop of dilute ammonium hydroxid to the reddened paper, and a dark 

olive color will be due to boric acid. 

Quantitative test.—It is not usually necessary to determine boric acid quantita- 

tively. However, if it is necessary, the Gooch method* is used. 

60 METHOD OF REPORTING RESULTS.—TENTATIVE. 

Report the bases and acids as positive and negative ions in milligrams per liter, 

except in the case of silica, which report as such without considering how much is 

present as the silicic acid ion and how much as free silica. Report iron and alumin- 
ium together when present in unimportant quantities, and in calculations consider 
it as iron. When iron and aluminium are present in larger quantities make the 

separation and report each separately. 

In calculating the hypothetical combinations of acid and basic ions join sodium 
to nitrous, nitric, metaboric and arsenic acids; potassium to iodin and bromin; 

calcium to phosphoric acid. Assign the residual basic ions in the following order; 

ammonium, lithium, potassium, sodium, magnesium, calcium, strontium, manganese, 

iron and aluminium—to the residual acid ions in the following order: Chlorin, 

sulphuric acid ion, carbonic acid ion, and bicarbonic acid ion. In ease the bicar- 

bonic acid ion is not present in a sufficient quantity to join with all the calcium, 

the residual calcium is joined to silica to form calcium silicate, and manganese, iron, 

and aluminium are calculated to the oxids Mn;0,, Fe2O3, and AlsO;, respectively. 

INDUSTRIAL WATER. 

61 SOLIDS IN SOLUTION.—OFFICIAL. 

Determine as directed under 7. 

62 CHLORIN.—OFFICIAL. 

Determine as directed under 19. 

63 COMBINED CARBONIC AND BICARBONIC ACIDS.—OFFICIAL. 

Determine as directed under 39. 

64 NITRATES.—OFFICIAL. 

Determine as directed under 15 or 17. 

65 SILICA.—OFFICIAL. 

Determine as directed under 40. Generally one evaporation with hydrochloric 
acid for removal of silica is sufficient. 
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66 IRON AND ALUMINIUM.—OFFICIAL. 

Determine as directed under 41. 

67 CALCIUM.—OFFICIAL. 

If no phosphoric acid is present, concentrate the filtrate from the determination 

of iron and precipitate with ammonium hydroxid and oxalate as directed under 45. 
Usually one precipitation is sufficient. 

63 MAG NESIUM.—OFFICIAL. 

Determine as directed under 47. 

69 SULPHURIC ACID AND ALKALIES.—OFFICIAL. 

Follow the methods described under 43 and 49. Generally, however, for tech- 
nical purposes it is sufficiently accurate to determine the acids and the bases, 

except sodium and potassium, and then to calculate the excess of acid over basic 

ions to the sodium salt, and state the alkali thus found as sodium and potassium by 

difference. 

70 TEMPORARY HARDNESS.’—TENTATIVE. 

The difference between the alkalinity after bailing, 74, and the alkalinity before 

boiling, 72, is the temporary hardness in parts per million of calcium carbonate. 

ALKALINITY—Before Boiling. 

71 REAGENTS. 

(a) N/50 sulphuric acid. 

(b) Erythrosin indicator.—Dissolve 0.1 gram of the sodium salt in1 liter of water. 

(C) Chloroform.—Neutral to erythrosin. 

72 DETERMINATION. 

Measure 100 ce. of the water into a 250 ec. white, glass-stoppered bottle, add 2.5cc. 

of the erythrosin and 5 ce. of the chloroform, add N /50 sulphuric acid in small quanti- 
ties, shaking the bottle vigorously after each addition of the acid. The rose color 

gradually disappears and is finally discharged by 1 or 2 drops of the acid. A white 
paper held back of the bottle facilitates the detection of the end point. Multiply 

the number of ec. of N/50 sulphuric acid used by 10 to obtain the number of parts per 

million of alkalinity in terms of calcium carbonate. 

ALKALINITY—After Boiling. 

73 REAGENTS. 

Described under 71. 

74 DETERMINATION. 

Boil 100 ce. of the water in a porcelain dish gently for 30 minutes. Cool, transfer 
to a 100 ce. volumetric flask and fill to the mark with recently boiled and cooled 

water. Filter through a dry paper and determine the alkalinity of the filtrate as 
directed under 72, making the proper calculation for the aliquot employed and cal- 
culating in terms of calcium carbonate the parts per million of alkalinity after 

boiling. 
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TOTAL HARDNESS.°—TENTATIVE. 

7 c REAGENTS. 

(a) Soda reagent.—Prepare a N/10 alkali solution, using equal parts of sodium 

hydroxid and sodium carbonate. Standardize the solution by titration against 

N/20 sulphuric acid, using erythrosin as indicator. 

76 DETERMINATION. 

Add sufficient N/20 sulphuric acid to 200 cc. of the sample to neutralize the alkalin- 

ity, the amount required for this purpose being calculated from the results obtained 
as directed under 72. Concentrate to 100 cc., add 25 cc. of the soda reagent, and 

again boil down to 100 ce., using a porcelain, silver, or platinum dish. Cool, rinse 

into a 200 cc. volumetric flask and dilute to 200 ce. with freshly boiled and cooled 

water. Filter through a dry paper, reject the first 50 cc. of the filtrate, and titrate 
100 ec. of the filtrate, using N/20 sulphuric acid and chloroform with erythrosin as 

indicator, as directed under 72. Calculate the total hardness by the following 

formula: H = 12.5 (S-2N) in which 

H = total hardness expressed as parts per million of calcium carbonate. 
S = number of ce. of N/20 sulphuric acid equivalent to the 25 ce. of the soda 

reagent used. 

N = number of ce. of N/20 sulphuric acid used in titrating back the excess of 

the soda reagent. 

Tt PERMANENT OR NON-CARBONATE HARDNESS.—TENTATIVE. 

The difference between the alkalinity before boiling 72 and the total hardness 76 
is the permanent or non-carbonate hardness expressed as parts per million of eal- 
cium carbonate. 

IRRIGATING WATER. 

78 GENERAL METHODS.—OFFICIAL. 

Determine the solids in solution, chlorin, carbonic and bicarbonic acids, sulphuric 

acid, calcium and magnesium as directed under 7, 19, 39, 48, 45, and 47 respec- 
tively. To make the hypothetical combination, calculate calcium and magnesium 
to the acid ions in the following order: bicarbonic, sulphuric and chlorin. Then 

calculate the remaining acid ions, including carbonic, to the corresponding salts of 

sodium. 

BLACK ALKALI.—OFFICIAL. 

79 REAGENTS. 

(a) N/50 sodium carbonate.—One cc. of this solution is equivalent to 0.00106 

gram of sodium carbonate. 

(b) N/50 sulphuric acid.—One ce. of this solution is equivalent to 0.0010 gram of 

calcium carbonate or 0.00136 gram of calcium sulphate. 

(Cc) Erythrosin indicator.—Dissolve 0.25 gram of the sodium salt in 1 liter of water. 

(d) Chloroform.—Neutral to erythrosin. 

20 DETERMINATION. 

Transfer 200 cc. of the water to a platinum or silver dish, add 50-100 ce. of N/50 

sodium carbonate, according to the amount of soluble salts of calcium and magnesium 

present, and evaporate to dryness. Rub up the residue with carbon dioxid-free 
water. 
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For this purpose distilled water should be vigorously boiled until approximately 
one third of the original volume is evaporated, then cooled and stoppered. An 
ordinary laboratory wash bottle should not be used to transfer the residue, as the 
carbon dioxid from the breath of the operator is sufficient to vitiate the results. 

Transfer to a 100 cc. graduated flask, make up to the mark, shake thoroughly, and 
allow to stand until clear (12-15 hours). Remove 50 cc. of the clear, supernatant 

liquid, equivalent to one half of the original quantity of water and sodium carbonate 

added, and transfer to a stoppered titrating bottle, of 250 cc. capacity, of clear glass 
without any tinge of pink. Add 5 ce. of the chloroform and 1 ce. of the erythrosin 
and titrate with the standard acid until the color disappears. Shake the solution 

vigorously after each addition of the acid; the chloroform produces a milky appear- 
ance which makes the reading of the end point sharp and certain. 

(1) If less sulphuric acid is required than is equivalent to one half of the sodium 

carbonate added, due to some of the sodium carbonate reacting with soluble salts of 

calcium and magnesium, the solution originally contained no black alkali in excess 
but rather an excess of the so-called permanent or non-carbonate hardness. It is 

customary to express the hardness in terms of calcium carbonate or calcium sul- 

phate. With irrigating waters the latter form is to be preferred. Therefore, the 
difference between the number of cc. of the sulphuric acid required and one half of 

the number of cc. of the sodium carbonate added multiplied by the factor 0.00136 
gives the equivalent of calcium sulphate in 100 ec. of the water. 

(2) If more sulphuric acid is required than that equivalent to one half of the 

sodium carbonate added, black alkali was originally present in the solution and the 

difference in ec. multiplied by the factor 0.00106 gives the black alkali in terms of 

sodium carbonate in 100 ce. of water. 
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V. TANNING MATERIALS.—TENTATIVE. 

EXTRACTS. 

1 PREPARATION OF SOLUTION. 

(a) Solid extracts —Grind solid extracts in a large porcelain mortar, so that the 

material will pass through a 10 mesh sieve, mix thoroughly and weigh out a quantity 

containing 3.75-4.25 grams of tannin. This should bedone as rapidly as possible to 
avoid change in moisture content. Pour into 100 ce. of water at 85°C., place on a 
steam bath and stir until a homogeneous solution is obtained. Transfer to a 1 liter 

flask with 800 cc. of water at 85°C. Cool rapidly to 20°C. and make up to 1 liter. 

(b) Fluid extracts —Allow fluid extracts to come to room temperature and mix 
thoroughly. Weigh out rapidly a quantity containing 3.75-4.25 grams of tannin. 

Dissolve by washing into a 1 liter flask with 900 cc. of water at 85°C. Cool rapidly 
to 20°C. and make up to 1 liter at 20°C. 

After the preparation of the solutions, proceed at once with the analysis. 

2 ; TOTAL SOLIDS. 

Thoroughly mix the prepared solution, pipette at once 100 cc. into a tared flat- 

bottomed glass dish, 23-3 inches in diameter, and (1) evaporate and dry for 16 hours 

in a combined evaporator and dryer! at 98°-100°C.; or, (2) after evaporating on the 
steam bath, dry for 12 hours on the bottom of a water oven at 98°-100°C. Remove 

immediately to desiccators containing sulphuric acid (place no more than 2 dishes in 
1 desiccator) and weigh rapidly when cooled. Calculate the percentage of total 

solids. 

SOLUBLE SOLIDS. 

3 PREPARATION OF FILTER. 

The kaolin used should be neutral to phenolphthalein and should not yield more 
than 1 mg. of soluble solids per 100 ce. of filtrate of a 1% suspension after an hour’s 
digestion at 20°C. Dry ona water bath and preserve in a tightly stoppered bottle. 

Add about 75 ce. of the solution, as prepared under 1, to 1 gram of the kaolin in a 

beaker. Stir and pour immediately into a single, 15 em. No. 590, 8. & S. folded 

filter. Return the filtrate to the paper when approximately 25 cc. have run through, 

repeat the operation for an hour, thus transferring all the kaolin to the paper. At 
the end of an hour, discard the solution on the filter by siphoning it off, disturbing 

the kaolin as little as possible. 

4 DETERMINATION. 

Bring about 150 cc. of the original solution, as prepared under 1, to exactly 20°C. 

Fill the filter, prepared as under 3, with this solution and discard the filtrate until 
it runs through clear. Keep the filter full, the temperature of the filtering solution 
at 20°-25°C., and the funnel and receiving vessel covered. Pipette at once 100 ce. of 

the clear filtrate into a tared dish, evaporate and dry as directed under 2. Calculate 
the percentage of soluble solids. 

53 
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5 INSOLUBLE SOLIDS. 

The difference between the percentage of the total solids and the percentage of 
soluble solids is the percentage of the substance insoluble in water at 20°-25°C. 

NONTANNINS. 

6 REAGENTS. 

Hide powder.—This should be of woolly texture, well delimed, and 10 grams of the 

water-free powder should require 12-13 cc. of N/10 sodium hydroxid to neutralize it. 

Calculate the amount of air-dry hide powder which will be required for the number 
of determinations to be made, on a basis of 13 grams of air-dry hide powder for 

each determination. Increase this calculated amount by 35 grams of dry hide 
powder to provide a sufficient amount for all the determinations. 

Thoroughly digest the total amount of hide powder with 10 times its weight of 

water. Then for each gram of the hide powder, so digested, add 1 ec. of 38% chrome 

alum solution; and either agitate frequently for several hours and let stand overnight 

or agitate in some form of mechanical shaker for an hour. Transfer to a strong 
linen filter and squeeze thoroughly. Remove from the filter and digest for 15 minutes 

with a quantity of water equivalent to 15 times the weight of the dry hide powder 

employed. Filter and squeeze to approximately 73% of water, using a press if 
necessary. Very strong pressure is required to reduce the water content below 

70%. Repeat the digestion and filtration 3 times. Determine moisture in 20 grams 
of the squeezed hide powder as directed under 2. 

Tf DETERMINATION. 

Place 46 grams of the wet hide powder in a suitable container of about 300 cc. 
capacity, add 200 ce. of the tanning solution, as prepared under 1, and shake for 10 

minutes in a mechanical shaker. Squeeze immediately through linen, add 2 grams 

of kaolin, as used under 3, to the filtrate which contains the nontannins, stir, and 

filter through a single, folded 18.5 em. filter paper (No. 1F. Swedish, preferred), 

refiltering until the filtrate is clear. The filtrate should give no precipitate with a 
gelatin-salt solution (1% gelatin and 10% salt). Pipette 100 cc. of the filtrate into 

a tared dish and evaporate as directed under 2. Correct the weight of the nontannin 

residue for the dilution caused by the water retained in the wet hide powder. Cal- 
culate the percentage of nontannins. 

8 TANNIN. 

The difference between the percentage of the soluble solids and the percentage 

of nontannins is the percentage of tannin. 

DETECTION OF SULPHITE-CELLULOSE. 

9 REAGENTS. 

Sulphite-cellulose solution.—Dissolve 0.5 gram of the total solids, derived from 

sulphite-cellulose, in 1 liter of water and add sufficient tanning material, free from 

sulphite-cellulose, to give a concentration of 3.754.25 grams of tannin per liter. 

10 DETERMINATION. 

Place 5 ce. of the tanning solution, prepared as under 1, in a test tube; add 0.5 ce. 

of anilin and shake well; then add 2 cc. of concentrated hydrochloric acid and mix 

again. Compare the precipitate formed with that produced when the above sul- 
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phite-cellulose solution is similarly treated. Sulphite-cellulose is held to be present, 

in the predetermined absence of the synthetic tanning material, Neradol-D, if the 

precipitates are approximately equivalent in amount. 

LIQUORS. 

11 PREPARATION OF SOLUTION. 

Dilute the liquor with water at room temperature to contain approximately 0.7 

gram of solids in 100 ce. of solution. If the liquor does not give a proper solution 

with water at room temperature, it may be diluted with water at 80°C., and then 

cooled rapidly to 20°C. 

12 TOTAL SOLIDS. 

Proceed as directed under 2. 

13 SOLUBLE SOLIDS. 

Proceed as directed under 4. 

14 NONTANNINS. 

Proceed as directed under 7, using the amount of wet chromed hide powder which 

will give the ratio between the tannin and hide powder shown in the following table: 

TANNIN RANGE PER DRY HIDE POWDER 
0 cc. PER 200 cc. 

gram grams 

0 .35—0.45 9.0—11.0 
0.25—0.35 6.5— 9.0 
0.15—0 .25 4.0— 6.5 
0 .00—0.15 0. 4.0 

TOTAL ACIDITY. 

15 REAGENTS. 

(a) Hematin solution.—Digest 0.5 gram of hematin in 100 ce. of cold neutral 95% 
alcohol. 

(b) Gelatin solution.—Dissolve 10 grams of gelatin in hot water, cool, add 25 ce. of 

95% alcohol and dilute. If the gelatin solution is acid or alkaline, neutralize with 

N/10 sodium hydroxid or N/10 acetic acid, respectively, using hematin solution as 

indicator and make up to 1 liter. 

(c) Kaolin.—Digest with dilute hydrochloric acid; wash and dry as under 3. 

(d) N/10 sodium hydrozxid. 

16 DETERMINATION. 

Add 25 cc. of the gelatin solution to 25 cc. of the tanning liquor in a stoppered 
cylinder, dilute with water to 250 cc., add 15 grams of the kaolin and shake vigorously. 

Allow to settle for at least 15 minutes, remove 30 cc. of the supernatant liquid, dilute 

with 50 ce. of water and titrate with N/10 sodium hydroxid, using the hematin solu- 

tion as indicator. Each ec. of N/10 sodium hydroxid is equivalent to 0.2% acid, 

calculated as acetic, in the liquor. 
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RAW AND SPENT MATERIALS. 

(Under raw materials are included woods, barks, leaves, etc.) 

17 MOISTURE IN SAMPLE AS RECEIVED. 

Cut or break up large pieces and mix the sample rapidly to avoid change in mois- 

ture content. Dry as directed under 2, a suitable weighed quantity, dependent upon 

the physical condition and moisture content of the sample. 

18 PREPARATION OF SAMPLE. 

Dry the remainder of the sample at a temperature not above 60°C. and grind to 

pass through a 20 mesh sieve. 

19 MOISTURE IN PREPARED SAMPLE. 

Take 10 grams of the sample prepared in 18, dry as directed under 2, and calculate 

all results to an ‘‘as received’’, ‘‘air dry’’, or ‘‘moisture free’’ basis as desired. 

20 EXTRACTION. 

FIG. 4. METAL EXTRACTOR USED FOR EXTRACTING TANNING MATERIALS. 

(For spent materials approximate the following quantities as closely as possible.) 

Place a quantity of the dried sample, containing 3.75-4.25 grams of tannin, ina 

beaker and wet thoroughly with hot water. Place a perforated porcelain plate in 
a tin-lined copper extractor of the general form shown in Fig. 4, and on the plate 
place a layer of cotton and wet thoroughly with water. Connect the extractor with 

an 800 ce. Erlenmeyer flask (@), open the stock-cock (Z) and close the outlets (C) 

and (D). Pour into the extractor the material to be extracted, washing it into the 

extractor with hot water. Return the percolate through the extractor until it is 

practically clear. Place a layer of cotton on top of the material. Close the stop- 

cock (2), connect with an 800 ec. Erlenmeyer flask containing about 650 ee. of water, 

connect (D) by a delivery tube with a liter graduated collecting flask, return the 
total percolate to the extractor and connect by means of the metal cap (B) witha 

block tin condenser (A) in such a way that the condensate will drip upon the layer 

of cotton. Boil the water in the flask, and collect 400-500 cc. of percolate from the 

side tube (D). Open the stop-cock (Z) and close the side tube (D), add water to the 

flask (@), if necessary, until it contains about 200ce. Continue the extraction with 
water at steam heat, allowing the percolate to run back into the boiling flask. Re- 
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peat with 2 successive portions (150-250 ce. each) of water for a total of 14 hours, 

heating at such a rate that approximately 330 cc. of water will be condensed per 
hour. Combine all the extracts in the graduated liter flask in which the first per- 

colate was received. Heat to 80°C., cool, and make up to the mark. 

21 ANALYSIS OF THE EXTRACT. 

Proceed as directed under 2-8, inclusive. If more dilute solutions than the 

directions specify are employed in the determination of nontannins, the amount of 

hide powder used is reduced, as directed under 14. 

BIBLIOGRAPHY. 

1J. Am. Leather Chem. Assoc., 1906, 1: 32. 
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VI. LEATHERS.—TENTATIVE. 

VEGETABLE TANNED LEATHER. 

1 PREPARATION OF SAMPLE. 

Grind the sample, without undue heating, and pass through a 10 mesh sieve. The 

ground sample must not contain hard lumps. Plane heavily greased leathers (con- 

taining more than 20 % fat) into very thin shavings. Spread out the prepared sample 

and allow it to return to atmospheric moisture condition; mix thoroughly, and 
place in tightly covered containers. 

2 MOISTURE. 

Place 10 grams of the sample, as prepared under 1, in a tared, wide, shallow, weigh- 

ing bottle (or a similar dish which can be covered tightly), and dry in a water oven 

for 15 hours at 98°-100°C. Cover the weighing bottle, cool in a desivcator containing 

sulphuric acid, and weigh. The moisture present in the leather as received may be 

determined by cutting it quickly into small pieces and drying without grinding as 

directed above. 

3 TOTAL ASH. 

Incinerate slowly 5 grams of the sample, as prepared under 1, at a dull red heat. 

If difficulty is experienced in burning off the carbon, leach the residue with hot 

water, filter on an ashless filter, dry and ignite the filter and residue, add the filtrate, 

evaporate to dryness and ignite. Cool in a desiccator containing sulphuric acid and 

weigh. 

The ash may be examined for acids and bases by any suitable method. Alumin- 
ium, magnesium, sodium, barium, calcium and lead are the bases, and hydrochloric 
and sulphuric acids are the acids which it may be necessary to determine. 

4 INSOLUBLE ASH. 

Incinerate slowly the residue from the extraction of water-soluble material, ob- 

tained in 6 or 7, until all the carbon is burned off, cool in a desiccator containing 
sulphuric acid and weigh. 

5 FATS. 

Place, without packing, 15 grams of the leather, as prepared under 1, in a Soxhlet 

or Johnson extractor with a layer of fat-free cotton above and below the sample. 

Extract 8-10 hours with petroleum ether distilling between 50° and 80°C. Heavily 

greased leathers (containing 15% or more fat) will require the maximum time. Re- 
move the receiving flask, evaporate the petroleum ether on the steam bath and dry 

the fat residue for 3 hours in a water oven at 98°-100°C., cool in a desiccator and 

weigh. Repeat the drying in the water oven for periods of 1-1} hours, cooling and 

weighing as before, until no further loss in weight occurs. Retain the leather 

residue from the fat extraction for the extraction of water-soluble material in 6 or 7. 

EXTRACTION OF WATER-SOLUBLE MATERIAL. 

6 Method I. 

Evaporate the petroleum ether from the fat-free leather, obtained under 5, and 

moisten thoroughly with from 100-150 cc. of water. Place a layer of cotton in the 
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bottom of a Soxhlet extractor designed for making extractions at temperatures be- 

low 100°C. 

An extractor of this kind is furnished with a water jacket surrounding that por- 
tion of the apparatus containing the sample but does not enclose the side tube which 
carries the hot vapors to the condenser. 

Transfer the moistened fat-free leather to the extractor, and cover this with 

another layer of cotton to avoid siphoning off solid particles. Maintain the tempera- 

ture of the jacket surrounding the Soxhlet at 50°C. (1) Pour 200 cc. of water (in- 

cluding that used in moistening the leather) into the Soxhlet and allow it to siphon 
into the flask below, then heat and extract foran hour. Remove the flame and trans- 

fer the extract to a liter graduated flask. Then add water and continue the ex- 

traction as directed below, removing and transferring the extract to the liter 

flask before each fresh addition of water. 

* (2) Add 175 ce. of water and extract for 2 hours. 

(3) Add 175 cc. of water and extract for 3 hours. 

(4) Add 175 cc. of water and extract for 4 hours. 

(5) Add 175 ce. of water and extract for 4 hours. 

Transfer the last portion of the extract to the graduated flask. This gives 14 

hours’ extraction and an extract which does not exceed 1 literin volume. Dilute to 1 
liter at room temperature and mix thoroughly. 

7 Method II. 

(This method is the same in principle as the official method of the American Leather 
Chemists Association.) 

Digest overnight 30 grams of the fat-free leather, obtained under 5, in approxi- 
mately 200 cc. of water. Transfer the leather and extract toa percolator. Continue 

the extraction by percolating with water at 50°C. Collect 2 liters of percolate, 
regulating the flow of water at such a rate that 2 liters will be collected in 3 hours. 

Dilute to volume at room temperature and mix thoroughly. 

To the extract, prepared according to 6 or 7, add a few drops of toluol to prevent 
fermentation of sugars, and reserve for the determination of glucose, total solids, 

soluble solids, and nontannins. 

GLUCOSE. 

8 PREPARATION OF SOLUTION. 

To 200 cc. of the leather extract, as prepared under 6 or 7, add 25 ee. of a saturated 
solution of normal lead acetate, mix thoroughly, and filter at once through a dry, 

plaited paper, returning the first portions of the filtrate to the filter until the fil- 

trate becomes clear. Keep the containers and the funnel covered during these opera- 

tions. Without waiting for the entire filtrate to run through add 10-12 grams 

of solid potassium oxalate, shake frequently during 15-20 minutes and filter through 
a dry, plaited paper returning the first runnings to the filter until the filtrate runs 

clear. Pipette 150 cc. of the last filtrate into a 600 cc. Erlenmeyer flask, add 5 ce. of 

concentrated hydrochloric acid and boil under a reflux condenser for 2 hours. Cool, 

neutralize with solid sodium carbonate, using a little phenolphthalein as indicator, 
transfer to a 200 cc. volumetric flask and complete to volume with water. Filter 

through a double filter, and return the first runnings until the filtrate becomes 

perfectly clear. Determine the dextrose in the filtrate immediately. 
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9 DETERMINATION. 

Determine dextrose in 50 cc. of the solution, as prepared under 8, equivalent to 

0.5 gram of leather, according to VIII, 25 and express the result as glucose. 

10 TOTAL SOLIDS. 

Determine as directed under V, 2. 

11 SOLUBLE SOLIDS. 

Determine as directed under V, 4. 

12 NONTANNINS. 

Determine as directed under V, 7. 

13 SOLUBLE TANNIN. 

The difference between the percentage of the soluble solids and the corrected 

nontannins is the percentage of tannin. 

14 NITROGEN. 

Determine as directed under I, 21. 

15 HIDE SUBSTANCE. 

Multiply the percentage of nitrogen by 5.62. The result will be the percentage 

of hide substance present. 

16 COMBINED TANNIN. 

Deduct the sum of the percentages of moisture, under 2, insoluble ash, under 4, 

soluble solids, under 11, and hide substance, under 15, from 100. The result will 

be the percentage of combined tannin. 

BIBLIOGRAPHY. 

1J. Am. Leather Chem. Assn., 1915, 10: 122. 





VII. INSECTICIDES AND FUNGICIDES. 

GENERAL METHOD. 

1 PREPARATION OF SAMPLE.—TENTATIVE. 

Mix thoroughly all samples before analysis. Make water-soluble arsenic deter- 

minations on samples as received without further pulverization or drying. In 
the case of lye, sodium cyanid or potassium cyanid, weigh large quantities in weigh- 

ing bottles and analyze aliquots of the aqueous solutions. 

PARIS GREEN. 

2 MOISTURE.—TENTATIVE. 

Dry 2 grams at 105°-110°C. for 5 hours and express the loss in weight as moisture. 

TOTAL ARSENIC.!—OFFICIAL. 

(Arsenic, present as arsenate, is titrated as arsenious oxid.) 

3 REAGENTS. 

(a) Starch indicator —Mix about 0.5 gram of finely powdered potato starch with 
cold water to a thin paste; pour into about 100 cc. of boiling water. 

(b) Standard arsenious oxid solution —Dissolve 2 grams of pure arsenious oxid 
in a beaker by boiling with about 150-200 cc. of water containing 10 cc. of concen- 

trated sulphuric acid, cool, transfer to a 500 cc. graduated flask and dilute to the 

mark. 
(C) Standard iodin solution —Prepare an approximately N/20 solution as fol- 

lows: Mix intimately 6.35 grams of pure iodin with twice its weight of pure potas- 

sium iodid. Dissolve in a small amount of water, filter and dilute the filtrate to 

1 liter in a liter graduated flask. Standardize against (b) as follows: Pipette 50 

ec. of the arsenious oxid into an Erlenmeyer flask, dilute to about 400 cc., neutralize 
with sodium bicarbonate, add 4-5 grams in excess, and add the standard iodin solu- 

tion from a burette, shaking the flask continuously, until the yellow color disap- 

pears slowly from the solution, then add 5 cc. of the starch indicator and continue 

adding the iodin solution, drop by drop, until a permanent blue color is obtained. 

Calculate the value of the standard iodin solution in terms of arsentous oxid (As2O3) 

and arsenic oxid (As,O0;). Occasionally restandardize the iodin against freshly 

prepared arsenious oxid solution. 

4 APPARATUS. 

The apparatus used is shown in Fig. 5. The distillation flask rests on a metal 
gauze which fits over a circular hole in a heavy sheet of asbestos board. The first 

2 Erlenmeyer flasks are of 500 and 1000 ec. capacity and contain about 40 and 100 

ec. of water, respectively. Both of these flasks should be placed in a pan and kept 

surrounded with cracked ice and water. The third flask, containing a small amount 

of water, is used as a trap. 

63 



64 ' METHODS OF ANALYSIS [Chap. 

5 DETERMINATION. 

Weigh an amount of the sample equal to the arsenious oxid equivalent of 250 

ec. of the standard iodin solution, and wash into the distillation flask by means of 
100 cc. of concentrated hydrochloric acid (sp. gr. 1.19). Add 5 grams of cuprous 

chlorid (CusCl:) and distil. 

When the volume in the distillation flask is reduced to about 40 cc., add 50 ec. 

of concentrated hydrochloric acid by means of the dropping funnel and continue 

the distillation until 200 cc. of the acid distillate have passed over. Then wash 
down the condenser and all the connecting tubes carefully, transfer these washings 

and the contents of the 3 Erlenmeyer flasks to a liter graduated flask and dilute 

to the mark. Mix thoroughly, pipette 400 cc. into an Erlenmeyer flask and nearly 

neutralize with a saturated solution of sodium or potassium hydroxid, using a few 

drops of phenolphthalein as an indicator, keeping the solution well cooled. 

Continue as directed under 3 (C) beginning with “neutralize with sodium bicar- 

bonate.”’ The number of cc. of iodin used in this titration represents directly 
the total per cent of arsenic in the sample expressed as arsenious oxid (As2Os). 

K 
FIG. 5. APPARATUS FOR DISTILLATION OF ARSENIC CHLORID. 

TOTAL ARSENIOUS OXID. 

(The following methods determine arsenic, and antimony if present, as the -ous 

oxids, As.O; and Sb2Os, respectively. Ferrous and cuprous salts vitiate the results.) 

Method I. 

C. C. Hedges Method,? Modified. 3—Tentative. : 

6 REAGENTS. 

The reagents and solutions used are described under 3. 

u DETERMINATION. 

Weigh an amount of the sample equal to the arsenious oxid equivalent of 100 cc. 

of the standard iodin solution, wash into an Erlenmeyer flask with 10-15 cc. of dilute 

hydrochloric acid (1 to 1), followed by about 100 cc. of water, and heat on the steam- 

bath to complete solution, at a temperature not exceeding 60°C. Cool, neutralize 
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with sodium bicarbonate, add 4-5 grams in excess, and then sufficient 25% ammonium 

chlorid solution to dissolve the precipitated copper. Dilute somewhat and titrate 

as directed under3(C). A correction must be applied for the amount of iodin solu- 
tion necessary to produce a blue color with starch in the presence of copper (using 

an equivalent weight of copper sulphate). The corrected number of cc. of the stand- 

ard iodin solution used represents directly the per cent of arsenious oxid (As20s) 

in the sample. 

Method ITI. 

8 C.M. Smith Method, Modified —Tentative. 

Proceed as directed in 7, using dilute sulphuric acid (1 to 4) instead of dilute 
hydrochloric. The solution in this case may be heated to boiling. 

SODIUM ACETATE-SOLUBLE ARSENIOUS OXID.‘—TENTATIVE. 

9 REAGENTS. 

(a) Sodium acetate solution—Prepare a solution containing 12.5 grams of the 

crystallized salt (CH;COONa3H.0) in each 25 ec. 

The other reagents are described under 3. 

10 DETERMINATION. 

Place 1 gram of the sample in a 100 cc. flask and boil for 5 minutes with 25 cc. of 
the sodium acetate. Dilute to the mark, shake, and pass through a dry filter 

paper. Titrate an aliquot of this filtrate as directed under 3 (C). Calculate the 

amount of arsenious oxid (As,O;) present and express the result as per cent of 
sodium acetate-soluble arsenious oxid. 

WATER-SOLUBLE ARSENIOUS OXID.—TENTATIVE. * 

11 REAGENTS. 

Described under 3. 

12 DETERMINATION. 

To 1 gram of the sample in a liter Florence flask add 1 liter of recently boiled water 
which has been cooled to exactly 32°C. Stopper the flask and place in a water 

bath kept at 32°C. by means of a thermostat. Digest for 24 hours, shaking hourly 

for 8 hours during this period. Filter through a dry filter and titrate 250 cc. of the 

filtrate as directed under 3 (C). Correct for the amount of the standard iodin neces- 

sary to produce the same color, using the same reagentsand volume. Calculate 

the amount of arsenious oxid (As,0;) present and express the result as per cent of 

water-soluble arsenious oxid. 

TOTAL COPPER OXID. 

13 Electrolytic Method —Official. 

Treat 2 grams of the sample in a beaker with 100 cc. of water and about 2 grams 

of sodium hydroxid and boil thoroughly until all the copper is precipitated as cu- 

prous oxid. Filter, wash well with hot water, dissolve the precipitate in hot dilute 

nitric acid, cool, transfer to a 250 cc. graduated flask and dilute to the mark. (1) 

Use 50-100 ce. of this solution for the electrolytic determination of copper as directed 

under VIII, 33 and calculate to per cent cupric oxid; or, (2) Electrolyze the aliquot in 
a weighed 150 cc. platinum dish, using a rotating spiral anode and a current of about 
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3 amperes. After all the copper is deposited (requiring about 30 minutes), wash 
the deposit with water by siphoning, then rinse with alcohol, dry for a few min- 
utes in an oven, weigh and calculate to per cent cupric oxid. 

14 Thiosulphate Method.,—Offcial. 

Determine copper in another aliquot of the nitric acid solution of copper oxid, 

under 13, by titrating with N/20 thiosulphate solution, as directed under VIII, 29, 
and calculate to per cent cupric oxid. 

LONDON PURPLE. 

15 MOISTURE.—TENTATIVE. 

Determined as directed under 2. 

TOTAL ARSENIOUS OXID.‘—OFFICIAL. 

16 REAGENTS. 

Described under 3. 

17 DETERMINATION. 

Dissolve 2 grams of the sample in a mixture of about 80 cc. of water and 20 ce. 

of concentrated hydrochloric acid at a temperature of 60°-70°C.; filter and wash 
until the combined filtrate and washings measure 250 cc. Treat 100 ec. of this solu- 

tion with sodium bicarbonate in excess, transfer to a 500 cc. volumetric flask and 

make up to the mark, adding a few drops of ether to destroy the bubbles. Mix 

thoroughly and pass through a dry filter. Titrate 250 ec. of the filtrate as directed 

under 3 (C) and calculate the per cent of arsenious oxid. 

TOTAL ARSENIC OXID.’—OFFICIAL. 

18 REAGENTS. 

The reagents and solutions used are described under 3. 

19 DETERMINATION. 

Boil, on a hot plate or over a low flame, 2 grams of the sample with 5 cc. of con- 

centrated nitric acid and 20 cc. of concentrated sulphuric acid in a Kjeldahl diges- 

tion flask or a covered casserole. After 10-15 minutes add fuming nitric acid or 

powdered sodium nitrate, in small quantities at a time, until all organic matter 

is destroyed and the solution is practically colorless. Cool, add about 50 cc. of 

water (to decompose any nitro-sulphurie acid formed) and heat again until all 

nitric acid fumes are expelled. Cool, transfer to a 250 cc. volumetric flask, make 

up to the mark with water, mix thoroughly, and filter through a dry filter. 
Transfer 50 ce. of this filtrate to a 400 cc. Erlenmeyer flask, dilute with water 

to 100 ec., add 1 gram of potassium iodid,’ heat to boiling and evaporate to about 

40 ec. (not less). Cool, dilute to 150-200 cc., and remove the excess of iodin with 

N/20 sodium thiosulphate. In case the solution is slightly colored from organic 

matter or from any cause other than free iodin, add the thiosulphate until it is nearly 

colorless, then a few drops of the starch indicator, and continue adding the thio- 

sulphate slowly until the blue color just disappears. Continue at once as directed 

under 3 (C) beginning with ‘‘neutralize with sodium bicarbonate.’’ Subtract from 

this reading the number of ce. of the standard iodin solution corresponding to the 

arsenious oxid obtained in 17. Calculate the per cent of arsenic oxid in the sample. 
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20 WATER-SOLUBLE ARSENIOUS OXID.—TENTATIVE. 

Proceed as directed under 12, slightly acidifying the aliquot employed with 

hydrochloric acid before adding the excess of sodium bicarbonate. 

WATER-SOLUBLE ARSENIC OXID.—TENTATIVE. 

21 REAGENTS. 

The solutions and reagents used are described under 3. 

22 DETERMINATION. 

Transfer an aliquot, 250 cec., of the water extract, from 20, to a casserole, add 5 
ec. of concentrated sulphuric acid, evaporate to a small volume and heat on a hot 

plate till white fumes of sulphuric acid appear. Cover the casserole and add 1-2 

ec. of fuming nitric acid and again heat till the appearance of white fumes. Cool, 

add a little water and, in order to expel the last traces of nitric acid, once more 

evaporate till white fumes appear. Cool, dilute to about 100 cc. with water, add 
1 gram of potassium iodid’ and sufficient sulphuric acid to make the total amount 
present about 5 cc. Boil until the volume is reduced to about 40 cc. Cool, dilute 
to about 200 ce., remove the excess iodin with N/20 sodium thiosulphate and pro- 

ceed as directed under 3 (C) beginning with ‘‘neutralize with sodium bicarbonate.’’ 

Correct for the amount of the standard iodin solution necessary to produce the 
same color, using the same reagentsand volume. Subtract from the corrected titra- 

tion reading the number of cc. of the standard iodin solution corresponding to the 
arsenious oxid, obtained in 20. Calculate the per cent of arsenic oxid present. 

LEAD ARSENATE. 

23 MOISTURE.—TENTATIVE. 

(a) Powder.—Dry 2 grams to constant weight at 105°-110° C. and report the 
loss in weight as moisture. 

(b) Paste—Proceed as under (a), using 50 grams. 

Grind the dry sample to a fine powder, mix well, transfer a small portion to a 

sample bottle and again dry for 1-2 hours at 105°-110°C., and use this anhydrous 
material for the determination of total lead oxid and total arsenic. 

TOTAL LEAD OXID. 

24 Method I.°—Official. 

Heat, on a hot plate, 0.6906 gram of the dry powdered sample with about 25 ce. 

of dilute nitric acid (1 to 4) ina 600 ce. beaker. If necessary, remove any insoluble 

residue by filtration. Dilute to at least 400 cc., heat nearly to boiling, add am- 

monium hydroxid to incipient precipitation, then dilute nitric acid (1 to 10) to re- 

dissolve the precipitate, adding 1-2 cc. in excess. Pipette into this solution, kept 
almost boiling, 50 cc. of a hot 10% potassium chromate solution, stirring constantly. 
Decant while hot through a weaned Gooch, previously heated at 140°-150°C., wash 
several times by decantation and then on the filter with boiling water anti the 

washings are colorless. Dry the lead chromate at 140°-150°C. to constant weight. 
The weight of lead chromate multiplied by 100 gives the per cent of lead monoxid 

(PbO) in the dried sample. 

The lead chromate precipitate may contain a small amount of lead arsenate which 
causes slightly high results. This error rarely amounts to more than 0.1-0.2%. 



68 METHODS OF ANALYSIS * [Chap. 

Method IT 1°—Tentative. 

(Not applicable in the presence of calcium.) 

25 REAGENT. 

Acidified alcohol.—Mix water 100 parts; 95% alcohol 200 parts; and concentrated 

sulphuric acid 3 parts by volume. 

26 DETERMINATION. 

Heat, on a hot plate, 0.7360 gram of the dry powdered sample with about 25 cc. 

of dilute nitric acid (1 to 4) in a porcelain evaporating dish or casserole. Remove 

any insoluble residue by filtration. Add 3 ec. of concentrated sulphuric acid and 
evaporate on the hot plate to the appearance of white fumes. It is important that 
all nitric acid be expelled. Cool, add 50 ec. of water and about 100 cc. of 95% alco- 

hol, let stand several hours (preferably over-night) and filter through a weighed 
Gooch crucible, previously washed with water, the acidified alcohol and 95% alco- 
hol, and dried at 200°C. Wash the precipitate of lead sulphate in the crucible about 
10 times with the acidified alcohol and then with 95% alcohol until free from sul- 

phuric acid. Dry at 200°C. to constant weight, keeping the crucible covered to pre- 

vent loss by spattering. The weight of the lead sulphate multiplied by 100 gives 
the per cent of lead monoxid (PbO) in the dried sample. 

TOTAL ARSENIC. 

27 Method I.\—Official. 

Proceed as directed under 5, using an amount of the sample equal to the arsenic 
oxid equivalent of 500 cc. of the standard iodin solution and titrating a 200cc. aliquot 

of the distillate. The number of cc. used of the standard iodin solution represents 
directly the total per cent of arsenic in the sample expressed as arsenic oxid (As20s5). 

Method IT .\—Official. 

(Not applicable in the presence of antimony.) 

28 REAGENTS. 

The reagents and solutions used are described under 3. 

29 DETERMINATION. 

Dissolve an amount of the powdered sample equal to the arsenic oxid equivalent 

of 400 ec. of the standard iodin solution, in dilute nitric acid in a porcelain casserole 
or evaporating dish. Add 5 cc. of concentrated sulphuric acid and heat on the 

hot plate to copious evolution of white fumes. Wash into a 200 ec. graduated flask 

with water, cool, make up to the mark and filter through a dry filter. Transfer 

100 cc. of the filtrate to an Erlenmeyer flask and proceed as directed under 22, 

beginning with ‘‘add 1 gram of potassium iodid,”’ to “‘Subtract from the corrected 

titration reading.’? The number of cc. of the standard iodin solution used, divided 

by 2, represents directly the per cent of total arsenic in the sample expressed as 

arsenic oxid (As205). 

WATER-SOLUBLE ARSENIC OXID.—TENTATIVE. 

30 REAGENTS. 

The reagents and solutions used are described under 3. 



VII} INSECTICIDES AND FUNGICIDES 69 

31 DETERMINATION. 

Treat 2 grams of the original sample, if in the form of a powder, or 4 grams, if 

a paste, as directed under 12 through ‘Filter through a dry filter.’’ 
Place 250-500 ec. of the clear filtrate in an Erlenmeyer flask, add 8 cc. of con- 

centrated sulphuric acid and evaporate on a hot plate. When the volume is re- 

duced to about 100 cc., proceed as directed under 22 to ‘Subtract from the cor- 

rected titration reading.’’ Calculate and report as per cent of water-soluble arsenic 

oxid (As20s). ; 

CALCIUM ARSENATE. 

32 TOTAL ARSENIC.!—OFFICIAL. 

Proceed as directed under 5, using an amount of the powdered sample equal 
to the arsenic oxid equivalent of 250 cc. of the standard iodin solution. 

The number of cc. of the standard iodin solution used represents directly the 
total per cent of arsenic in the sample expressed as arsenic oxid (As.Os). 

ZINC ARSENITE. 

33 TOTAL ARSENIC.!—OFFICIAL. 

Proceed as directed under 5, using an amount of the powdered sample equal to 

the arsenious oxid equivalent of 500 cc. of the standard iodin solution and titrating 
a 200 cc. aliquot of the distillate. The number of cc. of the standard iodin solution 
used represents directly the per cent of total arsenic in the sample expressed as ar- 
senious oxid (As2,Os). 

34 TOTAL ARSENIOUS OXID.—TENTATIVE. 

Proceed as directed under 7 or 8. 

COPPER CARBONATE. 

35 COPPER OXID.—OFFICIAL. 

Dissolve a weighed quantity of the substance in dilute nitric acid and deter- 
mine copper as directed under 13 or 14. 

BORDEAUX MIXTURE. 

36 MOISTURE.—OFFICIAL. 

(a) Powder—Dry 2 grams to constant weight at 105°-110°C. and express the 
loss in weight as moisture. 

(b) Paste —Heat about 100 grams in an oven at 90-100°C. until dry enough to 

powder readily, and note the loss in weight. Powder this partially dried sample, 

and determine the remaining moisture in 2 grams as under (a). Determine car- 
bon dioxid, as directed under 38, both in the original paste and in this partially 

dried sample. Calculate the total moisture by the following formula: 

M = a+ (100-a) (b + ce) — d in which 

M = per cent total moisture in original paste; 

a = per cent loss in weight of original paste during first drying; 

b = per cent loss in weight of partially dried paste during second drying; 

ce = percent carbon dioxid remaining in partially dried paste after first 

drying; 

d = per cent total carbon dioxid in original paste. 
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CARBON DIOXID.—OFFICIAL. 

37 APPARATUS. 

This consists of a 200 cc. Erlenmeyer flask closed with a2-holed stopper; one of 

these holes is fitted with a dropping funnel the stem of which extends almost to the 

bottom of the flask; the outlet of a condenser, which is inclined upward at an angle 

of 30° from the horizontal, passes downward through the other hole. The upper 
end of the condenser is connected with a calcium chlorid tube which in turn is 

connected with a double U-tube filled in the middle with pumice fragments, pre- 
viously saturated with copper sulphate solution and subsequently dehydrated, 
and with calcium chlorid at either end. Then follow 2 weighed U-tubes for absorb- 

ing the carbon dioxid, the first filled with porous soda-lime, and the second, one 

third with soda-lime and two thirds with calcium chlorid, the latter reagent being 
placed at the exit end of the train. A Geissler bulb, partly filled with sulphuric 

acid, is attached to the last U-tube to show the rate of gas flow. An aspirator is 

connected with the Geissler bulb to draw air through the apparatus. An absorp- 

tion tower filled with soda-lime is connected with the mouth of the dropping funnel 
to remove carbon dioxid from the air entering the apparatus. 

38 DETERMINATION. 

Weigh 2 grams of the powder or 10 grams of the paste into the Erlenmeyer flask, 

add about 20 cc. of water, attach the flask to the apparatus omitting the 2 weighed 

U-tubes, and draw carbon dioxid-free air through the apparatus until the original 

air isdisplaced. Then attach the weighed U-tubes in the position as described in 37, 

close the stop-cock of the dropping funnel, fill half full with dilute hydrochloric 

acid (1 to 1), reconnect with the soda-lime tower, and allow the acid to flow into 

the Erlenmeyer flask, slowly if there is much carbon dioxid, rapidly if there is 

little. When effervescence diminishes, place a low Bunsen flame under the flask and 

start a flow of water through the condenser, a slow current of air being allowed to 
flow through the apparatus at the same time. Maintain a steady but quiet ebulli- 

tion, and a slow air current through the apparatus. Boil for a few minutes after 

the water has begun to condense in the condenser, then remove the flame and con- 

tinue the aspiration of air at the rate of about 2 bubbles per second until the 

apparatus is cool. Disconnect the tared absorption tubes, cool in the balance case 
and weigh. The increase in weight is due to carbon dioxid. 

COPPER. 

39 Electrolytic Method —Official. 

Dissolve 2 grams of the dry powdered sample in 20 cc. of water and 5 ce. of con- 
centrated nitric acid, dilute to 100 ce., wash into a weighed 150 ec. platinum dish, 

and electrolyze, using a rotating spiral anode and a current of about 3 amperes. 

After all the copper is deposited (requiring about 30 minutes), wash the deposit 
with water by siphoning, then rinse with alcohol, dry for a few minutes in an oven, 

and weigh. Calculate the per cent of copper in the sample. 

40 Thiosulphate Method —Offcial. 

Dissolve 2 grams of the dry powdered sample in about 50 ec. of 10% nitrie acid, 

add ammonium hydroxid solution in excess and heat; then, without removing the 
precipitate which is formed, boil off the excess of ammonia, add 5-10 cc. of acetic 

acid, cool, add 10 ec. of 30% potassium iodid solution, and titrate as directed under 

VIII, 29. 
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BORDEAUX MIXTURE WITH PARIS GREEN. 

41 MOISTURE.—OFFICIAL. 

Proceed as directed under 36. 

42 CARBON DIOXID.—OFFICIAL. 

Proceed as directed under 38. 

COPPER. 

43 Method I —Tentative. 

Dissolve 2 grams of the dry powdered sample in a few ce. of strong nitric acid, 

add 25 ec. of a 3% solution of hydrogen peroxid and warm for 5-10 minutes. Make 
slightly alkaline with ammonium hydroxid and then slightly acid again with dilute 
nitric acid. Transfer to a weighed 150 cc. platinum dish, add 15-20 ec. of hydrogen 

peroxid, dilute to 100 cc. and electrolyze, using a rotating spiral anode and a cur- 

rent not exceeding 2 amperes. After the electrolysis has proceeded for about 20 

minutes, add to the electrolyte 0.5 gram of ferric sulphate dissolved in a few cc. 

of water together with adrop or two of nitric acid. Afterall the copper is deposited, 
wash the deposit with water by siphoning, then rinse with alcohol, dry for a few 

minutes in an oven, weigh and calculate the per cent of copper. (Do not pass the 
current for more than 5-10 minutes after all the copper has been deposited without 
adding more ferric sulphate solution.) 

44 Method II —Tentative. 

Treat 1 gram of the dry powdered sample with 20 cc. of water and 5-6 cc. of con- 

centrated nitric acid, heat to boiling, cool, and add a slight excess of concentrated 

ammonium hydroxid. Wash the solution and precipitate into a weighed platinum 
dish of about 150 cc. capacity, and electrolyze, using a rotating anode and a cur- 

rent of about 4 amperes and 3~ volts for about 90 minutes (or until all the copper 
is deposited). Wash the deposit by siphoning until the deposit is clean, being care- 
ful not to use too much wash water. Dissolve the copper in 5 cc. of concentrated 
nitric acid, dilute to 100 cc. and electrolyze as before, except that all the copper 

will be deposited in 30 minutes. Wash the deposit with water by siphoning, then 

rinse with alcohol, dry for a minute or so in an oven, weigh and calculate the per 

cent of copper. 

45 TOTAL ARSENIC.1—OFFICIAL. 

Proceed as directed under 5, using an amount of the dry powdered sample equal 

to the arsenious oxid equivalent of 500 cc. of the standard iodin solution. The num- 

ber of cc. of the standard iodin solution used, divided by 2, represents directly the 

per cent of total arsenic in the sample expressed as arsenious oxid (As20;). 

TOTAL ARSENIOUS OXID. 

46 Method I.—Tentative. 

Proceed as directed under 7, using an amount of the dry, powdered sample equal 

to the arsenious oxid equivalent of 200 cc. of the standard iodin solution. Before 
titrating, all the copper must be in solution. The corrected number of cc. of the 

standard iodin solution used, divided by 2, represents directly the per cent of total 

arsenious oxid (As20;) in the sample. 
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47 Method II —Tentative. 

Proceed as directed under 8. 

48 WATER-SOLUBLE ARSENIOUS OXID.—TENTATIVE, 

Proceed as directed under 20, using 2 grams of the sample. 

BORDEAUX MIXTURE WITH LEAD ARSENATE. 

49 MOISTURE.—OFFICIAL. 

Proceed as directed under 36. 

50 CARBON DIOXID.—OFFICIAL. 

Proceed as directed under 38. 

51 COPPER.—TENTATIVE. 

Proceed as directed under 44. 

52 LEAD OXID.:\—TENTATIVE. 

Dissolve the lead peroxid (which will contain a little arsenic) from the anodes 

used in the copper electrolysis, under 51, by means of dilute nitric acid and a little 

hydrogen peroxid, and add to this solution the washings from both electrolyses 
of copper. Add ammonium chlorid to dissolve any lead sulphate which may have 

precipitated out and make the solution up to 1 liter. Concentrate a 500 cc. aliquot 

of this solution to about 300 ec. (all hydrogen peroxid must be expelled from the 

solution), transfer to a 400 cc. beaker and precipitate the lead as lead chromate 
as directed under 24. 

53 TOTAL ARSENIC.1—OFFICIAL. 

Proceed as directed under 5, using an amount of the dry, powdered sample equal 

to the arsenic oxid equivalent of 500 cc. of the standard iodin solution. The num- 

ber of cc. of the standard iodin solution used, divided by 2, represents directly the 

per cent of total arsenic in the sample expressed as arsenic oxid (As20s). 

54 WATER-SOLUBLE ARSENIC OXID.—TENTATIVE. 

Proceed as directed under 31. 

SODIUM AND POTASSIUM CYANIDS. 

55 CYANOGEN.1:—OFFICIAL. 

Weigh about 10 grams of the sample in a weighing bottle, dissolve in water, and 

make up to volume in a liter graduated flask. To a 50 cc. aliquot add N/20 silver 

nitrate, drop by drop, stirring constantly, until 1 drop produces a permanent tur- 
bidity. In calculating the results, 1 equivalent of silver is equal to 2 equivalents 

of cyanogen, according to the following equation: 

2NaCN + AgNO; = NaCNAgCN + NaNO; 

Reserve the titrated solution for the determination of chlorin under 56. 
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56 CHLORIN.!‘—OFFICIAL. 

After completion of the titration for cyanogen, as directed under 55, add a few 

ec. of 10% potassium chromate solution as indicator and titrate with N/20 silver 
nitrate until the appearance of the red-brown color of silver chromate. 

The first titration with silver nitrate represents the cyanogen present according 

to the equation above. The second titration represents the cyanogen and chlorin 
according to the following equation: NaCNAgCN + NaCl + 2AgNO; = 2NaNO; + 

2AgCN + AgCl. Therefore the second minus the first reading represents the chlorin 
present in terms of silver nitrate. 

SOAP. 

MOISTURE. 

57 Modified Method of Benedickt and Lewkowitsch.1°—Tentative. 

Weigh about 5 grams of the sample in a tared, 100 cc. beaker, in which is pre- 

viously placed a 4 inch layer of recently ignited, dry sand, and a small glass rod; 
if the soap is hard, cut off the soap in very thin strips. Add 25 ce. of alcohol, 

or more if necessary, and dissolve on the water bath, stirring constantly. Evapo- 

rate the alcohol, heat in an oven at 110°C. until the soap is nearly dry, and weigh, 

then dry again for 30 minutes and weigh. Continue this alternate drying and 
weighing until the weight changes only a few milligrams during the course of 30 
minutes’ drying. 

58 POTASSIUM AND SODIUM.“—TENTATIVE. 

Dissolve about 5 grams of the soap in water; decompose with hydrochloric acid, 

filter off the water and wash the fat with cold water. Determine both potassium 

and sodium in the filtrate as directed under II, 21. 

SODA LYE. 

59 CARBONATE AND HYDROXID.1’—OFFICIAL. 

Weigh about 10 grams of the sample from the weighing bottle, dissolve in car- 
bon dioxid-free water and make up to a definite volume. Titrate an aliquot of this 
solution with N/2 hydrochloric acid, using methyl orange as an indicator, and note 

the total alkalinity thus found. Transfer an equal aliquot to a graduated flask 
and add enough barium chlorid solution to precipitate all the carbonate, avoiding 

any unnecessary excess. Dilute to the mark with carbon dioxid-free water, stopper, 

shake, and set aside. When the liquid becomes clear, pipette off one half and ti- 
trate with N/2 hydrochloric acid, using phenolphthalein as an indicator. The 
number of ce. of N/2 acid, required for this titration, multiplied by 2 gives the num- 

ber of ec. of N/2 acid required to neutralize the sodium hydroxid present in the 
original aliquot. The difference between this figure and the number of cc. of N/2 

hydrochloric acid required for the total akalinity represents the number of cc. of 
N/2 acid required to neutralize the sodium carbonate present in the aliquot. Cal- 

culate the percentages of sodium carbonate and hydroxid present in the sample. 

TOBACCO AND TOBACCO EXTRACT. 

NICOTIN. 

Kissling Method.—Offcial. 

60 REAGENTS. 

(a) Alcoholic sodium hydroxid solution—Dissolve 6 grams of sodium hydroxid 
in 40 cc. of water and 60 cc. of 90% alcohol. 
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(b) 0.4% sodium hydroxid solution. 

(C) N/10 sulphuric acid.—One ce. is equivalent to 16.22 mg. of nicotin. 
(d) Phenacetolin solution—Prepare a 0.5% alcoholic solution. 

(@) Cochineal solution —Prepare as directed under I, 16 (k). 

61 DETERMINATION. 

Weigh 5-6 grams of tobacco extract, or 20 grams of finely powdered tobacco 

which has been previously dried at 60°C. if necessary, into a small beaker. Add 
10 cc. of the alcoholic sodium hydroxid and follow, in the case of tobacco extract, 

with enough pure powdered calcium carbonate to form a moist but not lumpy mass. 
Mix thoroughly, transfer to a Soxhlet extractor and exhaust for about 5 hours with 

ether. Evaporate the ether at a low temperature, and take up the residue with 50 

ec. of the 0.4% sodium hydroxid solution. Transfer this residue by means of water 

to a 500 ec. Kjeldahl flask, and distil with steam, passing the distillate through a 

condenser cooled by a rapidly flowing current of water. Use a3-bend outflow tube, 

and, to prevent bumping and frothing, add a few pieces of pumice, and a small piece 

of paraffin. Distil till all the nicotin has passed over, the distillate usually varying 

from 400-500 cc. When completed, only about 15 cc. of the liquid should remain in 

the flask. Titrate the distillate with N/10 sulphuric acid, using the phenacetolin 

or cochineal solution as indicator. 

Silicotungstic Acid Method.*—Offcial. 

62 REAGENTS. 

(a) Silicotungstic acid solution—Prepare a 12% solution of the silicotungstic 

acid having the following formula: 4H20.Si02.12W0O;.22H;0. 

(b) Sodium or potassium hydroxid solution (1 to 2). 

(C) Dilute hydrochloric acid (1 to 4). 

63 DETERMINATION. 

Weigh such an amount of the preparation as will contain preferably between 0.1 

and 1.0 gram of nicotin (if the sample contains very little nicotin, about 0.1%, do 
not increase the amount to the point where it interferes with the distillation) ; wash 

with water into a500ce. round-bottomed distillation flask; adda little paraffin to pre- 

vent frothing, a few small pieces of pumice and a slight excess of the sodium or 

potassium hydroxid, using phenolphthalein as an indicator. Distil rapidly in a 

current of steam through a well-cooled condenser, connected by means of an adapter 

with a suitable flask containing 10 cc. of the dilute hydrochloric acid. When distil- 

lation is well under way, heat the distillation flask to reduce the volume of the liquid 
as far as practicable without bumping or undue separation of insoluble matter. Dis- 

til until a few cc. of the distillate show no cloud or opalescence when treated with a 

drop of the silicotungstic acid and a drop of the dilute hydrochloric acid. Confirm 

the alkalinity of the residue in the distillation flask with phenolphthalein solution. 
Make up the distillate, which may amount to 1000-1500 ec., toa convenient volume (the 

solution may be concentrated on the steam bath without loss of nicotin), mix well 

and pass through a large dry filter if not clear. Test a portion with methyl] orange 
to assure its acidity. Pipette an aliquot, containing about 0.1 gram of nicotin, into 

a beaker (if the samples contain very small amounts of nicotin, an aliquot contain- 
ing as little as 0.01 gram of nicotin may be used), add to each 100 ce. of liquid 3 ce. 

of the dilute hydrochloric acid, or more if the necessity is indicated by the test with 

methyl orange, and add 1 ce. of the silicotungstic acid for each 0.01 gram of nico- 
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tin supposed to be present. Stir thoroughly and let stand overnight. Before filter- 
ing, stir the precipitate to see that it settles quickly and is in crystalline form; then 
filter on an ashless filter paper, and wash with cold dilute hydrochloric acid (1 to 
1000). Transfer the paper and precipitate to a weighed platinum crucible, dry 

carefully, and ignite until all carbon is destroyed. Finally heat over a Teclu or 

Meker burner for not more than 10 minutes. The weight of the residue multiplied 

by 0.114 gives the weight of nicotin present in the aliquot. 

FORMALDEHYDE SOLUTIONS. 

FORMALDEHYDE. 

Hydrogen Peroxid Method.'°—Official. 

64 REAGENTS. 

(a) N/1 sulphuric acid. 

(b) N/1 sodium hydroxid.—One cc. is equivalent to 30.02 mg. of formaldehyde. 
(C) Hydrogen perorid.—An approximately 3% solution. If the hydrogen per- 

oxid solution is acid, neutralize with (b), using litmus solution as indicator. 

(d) Litmus solution.—A solution of purified litmus. 

65 DETERMINATION. 

Measure 50 cc. of N/1 sodium hydroxid into a 500 cc. Erlenmeyer flask and add 
50 ec. of the hydrogen peroxid. Then add 3 grams of the formaldehyde solution un- 
der examination, allowing the point of the pipette to reach nearly to the liquid in the 
flask. Place a funnel in the neck of the flask and heat on the steam bath for 5 min- 

utes, shaking occasionally. Remove from the steam bath, wash the funnel with 

water, cool the flask to about room temperature, and titrate with N/1 acid, using 
the litmus solution as indicator. It is necessary to cool the flask before titration 

with the acid to get a sharp end point with the litmus. Calculate the per cent of 

formaldehyde. 

Cyanid Method.*°—Offcial. 

66 REAGENTS. 

(a) N/10 silver nitrate. 

(b) N/10 ammonium sulphocyanate. 
(C) Potassium cyanid solution.—Dissolve 3.1 grams of potassium cyanid in 500 

ce. of water. 

(d) 50% nitric acid. 

67 DETERMINATION. 

Treat 15 cc. of the N/10 silver nitrate with 6 drops of the 50% nitric acid in a 

50 ce. volumetric flask; add 10 ec. of the potassium cyanid solution, dilute to the 

mark, shake well, filter through a dry filter and titrate 25 cc. of the filtrate with 
N/10 ammonium sulphocyanate as directed under III, 15. Acidify another 15 ce. 

portion of the N/10 silver nitrate with 6 drops of the 50% nitric acid and treat with 
10 ce. of the potassium cyanid solution to which has been added a measured quan- 

tity (the weight of which must be calculated from the specific gravity) of the for- 

maldehyde solution containing not over 2.5 grams of a 1% solution or the equiva- 
lent. Make up to 50 ec., filter and titrate a 25 cc. aliquot with the N/10 ammonium 

sulphocyanate for the excess of silver as before. The difference between the num- 

ber of cc. of N/10 ammonium sulphocyanate used in these 2 titrations, multiplied 
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by 2, gives the number of cc. of N/10 ammonium sulphocyanate corresponding to 
the potassium cyanid used by the formaldehyde. Calculate the per cent of for- 
maldehyde present \1 ec. of N/10 ammonium sulphocyanate is equivalent to 3 mg. of 

formaldehyde (HCHO)). 

LIME-SULPHUR SOLUTIONS.” 

TOTAL SULPHUR.—OFFICIAL. 

68 PREPARATION OF SOLUTION. 

Weigh 10 grams of the solution and dilute to the mark in a 250 ce. graduated 

flask with recently boiled and cooled water. 

69 DETERMINATION. 

Transfer a 10 cc. aliquot to a 400 ce. beaker, add about 3 grams of sodium peroxid, 
cover immediately with a watch glass and warm on the steam bath, with frequent 
shaking, until all the sulphur is oxidized to sulphate, adding more sodium peroxid 

if necessary. Dilute. acidify with hydrochloric acid, evaporate to dryness, treat 

with water acidified with hydrochloric acid, boil, and filter to remove silica, if pres- 

ent. Dilute the filtrate to 300 cc., add 50 ec. of concentrated hydrochloric acid,** 

heat to boiling, and precipitate with 10% barium chlorid solution slowly and stir- 
ring constantly. (The rate is best regulated by attaching a suitable capillary tip 

to the burette containing the barium chlorid solution.) Evaporate to dryness on 

the steam bath, take up with hot water, filter through a quantitative filter paper, 
wash until free from chlorin, ignite and heat to constant weight over a Bunsen 

burner. Calculate the sulphur from the weight of barium sulphate. Previous to 

use test the reagents for sulphur and, if present, make corrections accordingly. 

SULPHID SULPHUR.—OFFICIAL. 

70 REAGENT. 

Ammoniacal zine solution.—Dissolve 50 grams of pure zinc chlorid in water, add 

ammonium hydroxid in sufficient quantity to redissolve the precipitate first formed, 

then add 50 grams of ammonium chlorid*® and dilute to 1 liter. 

71 DETERMINATION. 

Dilute 10 cc. of the solution, prepared as directed under 68, to about 100 cc. and 

add the ammoniacal zine solution until the sulphid is all precipitated, indicated by 

the addition of a drop of the clear solution to a few drops of nickel sulphate solution. 

Filter immediately, wash the precipitate thoroughly with cold water and transfer 
it and the filter paper to a beaker. Cover with water, disintegrate with a glass rod 

and add about 3 grams of sodium peroxid, keeping the beaker well covered with a 

watch glass. Warm on the steam bath with frequent shaking until all the sulphur 
is oxidized to sulphate, adding more sodium peroxid if necessary. Make slightly 

acid with hydrochlorie acid, filter to remove shreds of filter paper, wash thoroughly 
with hot water, and determine the sulphur in the filtrate exactly as under 69. 

72 THIOSULPHATE SULPHUR.—OFFICIAL. 

Dilute 50 cc. of the solution, prepared as under 68, to about 100 ce. in a 200 cc. 
graduated flask. Add a slight excess of the ammoniacal zine chlorid and dilute to 

the mark. Shake thoroughly and filter through a dry filter. To 100 ec. of the fil- 

trate add a few drops of methyl orange and exactly neutralize with N/10 hydrochloric 
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acid. Titrate this neutral solution with approximately N/20 iodin, 3 (Cc), using a 

few drops of starch solution as indicator. From the number of cc. of iodin solu- 
tion used, calculate the thiosulphate sulphur present. 

73 SULPHATE SULPHUR.—OFFICIAL. 

To the solution from the determination in 72, add 2 or 3 drops of hydrochloric 

acid, precipitate in the cold with 10% barium chlorid solution, allow to stand over- 

night, filter, calculate the sulphur from the weight of barium sulphate and report 
as sulphate sulphur. 

74 TOTAL LIME.—OFFICIAL. 

To 25 cc. of the solution, prepared as under 68, add 10 cc. of concentrated hydro- 

chloric acid, evaporate to dryness on the steam bath, treat with water and a little 

hydrochloric acid, warm until all the calcium chlorid is dissolved, and filter from sul- 

phur and any silica that may be present. Oxidize the filtrate by boiling with a 

little concentrated nitric acid, make ammoniacal, filter from iron and aluminium 

if present, heat to boiling and precipitate the calcium with ammonium oxalate so- 

lution. Filter, wash and ignite over a blast lamp to constant weight; weigh the 
residue as calcium oxid. 
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VIII. FOODS AND FEEDING STUFFS. 

1 PREPARATION OF SAMPLE.—OFFICIAL. 

Grind the sample so that it will pass through a sieve having circular openings 
zs inch (1 mm.) in diameter. If the sample can not be ground, reduce it to as fine a 

state as possible. 

MOISTURE. 

74 Direct Drying.—Offcial. 

Dry a quantity of the substance, representing about 2 grams of dry material, 

in a current of dry hydrogen or in vacuo at the temperature of boiling water to 

constant weight (approximately 5 hours). If the substance be held in a glass vessel, 
the latter should not be in contact with the boiling water. 

3 Drying in Vacuo without Heat.—Tentative. 

Mix the sample thoroughly and weigh by difference 2-5 gram portions from a 

stoppered weighing bottle into tared, covered crucibles. Where subsequent fat 

determinations are to be made, fat extraction cones may be used. Substances that 

dry down to horn-like material should be mixed with fat-free cotton or other suit- 

able material (previously tared with the container). Place 200 cc. of fresh concen- 

trated sulphuric acid in a strong, tight 6 inch vacuum desiccator. Put triplicate 
samples in separate desiccators, and exhaust by means of a vacuum pump. If a 

pump is not available, place 10 cc. of ether in a small beaker in the desiccator, and 

exhaust with a water filter pump. 

Between the pump and the desiccator interpose an empty bottle, next to the 
desiccator, and a bottle of water. Draw the air from the desiccator through the 
water and turn the desiccator stop-cock at just the instant when the water begins 
to rise in the tube leading from the empty bottle. 

Gently rotate the desiccator 4 or 5 times during the first 12 hours to mix the sul- 

phuric acid with the water which has collected as an upper layer. At the end of 24 
hours open the desiccator, forcing the incoming air to bubble through concentrated 

sulphuric acid, and make the first weighing. After weighing place in a desiccator 

containing fresh concentrated sulphuric acid and exhaust as before. Rotate the 

desiccator several times during the interval and weigh again after a suitable period 
of drying. Repeat this process of drying in vacuo over sulphuric acid until the 

weight is constant. 

4 ASH.—OFFICIAL. 

Char a quantity of the substance, representing about 2 grams of the dry material, 

and burn until free from carbon at a low heat, not to exceed dull redness. If a 
carbon-free ash can not be obtained in this manner, exhaust the charred mass with 

hot water, collect the insoluble residue on a filter, burn till the ash is white or nearly 

so, and then add the filtrate to the ash and evaporate to dryness. Heat to low 

redness till the ash is white or grayish white and weigh. 

79 
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5 CRUDE PROTEIN.—OFFICIAL. 

Determine nitrogen as directed under I, 18, 21, or 23, and multiply the result by 

6.25. 
ALBUMINOID NITROGEN.—OFFICIAL. 

6 REAGENT. 

Stutzer’s reagent.—Prepare cupric hydroxid as follows: Dissolve 100 grams of pure 

copper sulphate in 5 liters of water, add 2.5 cc. of glycerol, and then dilute sodium 
hydroxid solution until the liquid is just alkaline; filter, rub the precipitate up with 

water containing 5 cc. of glycerol per liter, and wash by decantation or filtration 

until the washings are no longer alkaline. Rub the precipitate up again in a mortar 

with water containing 10% of glycerol, thus preparing a uniform gelatinous mass 

that can be measured with a pipette. Determine the quantity of copper hydroxid 

per cc. of this mixture. 

7 DETERMINATICN. 

Place 0.7 gram of the substance in a beaker, add 100 cc. of water, and heat to 

boiling; or, in case of substances rich in starch, heat on the water bath for 10 minutes; 

add a quantity of the Stutzer’s reagent containing about 0.5 gram of the hydroxid; 

stir thoroughly, filter when cold, wash with cold water, and, without removing the 

precipitate from the filter, determine the nitrogen according to I, 18, 21 or 23, 

adding sufficient potassium sulphid solution to completely precipitate all of the 

copper and mercury. The filter paper used must be practically free from nitrogen. 
If the material (such as seeds, seed residue, or oil cake) is rich in alkaline phos- 

phates, add, to decompose the alkaline phosphates, 1-2 cc. of a concentrated potash 

or soda alum solution, free from ammonia, then the copper hydroxid, and mix well 

by stirring. If this is not done, copper phosphate and free alkali may be formed, 

and the protein-copper precipitate partially dissolved in the alkaline liquid. 

8 AMIDO NITROGEN.—OFFICIAL. 

Subtract the amount of albuminoid nitrogen from the amount of total nitrogen 

to obtain the amido nitrogen. 

CRUDE FAT OR ETHER EXTRACT. 

Direct Method.—O ficial. 

9 REAGENT. 

Anhydrous ether—Wash any of the commercial brands of ether with 2 or3 suc- 

cessive portions of water, add solid sodium or potassium hydroxid, and let stand 

until most of the water has been abstracted from the ether. Decant into a dry 

bottle, add small pieces of carefully cleaned metallic sodium, and let stand until 

there is no further evolution of hydrogen gas. Keep the ether, thus dehydrated, 

over metallic sodium in lightly stoppered bottles. 

1 0 DETERMINATION. 

Large quantities of soluble carbohydrates may interfere with the complete ex- 

traction of the fat. In such cases extract with water before proceeding with the 

determination. Extract about 2 grams of material, dried as under 2 or 3, with the 

anhydrous ether for 16 hours. Dry the extract at the temperature of boiling water 

for 30 minutes, cool in a desiccator, and weigh; continue, at 30 minutes intervals, 

this alternate drying and weighing to constant weight. For most feeds a period 

of 1-1} hours is required. 
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11 Indirect Method.—O ficial. 

Determine the moisture, as directed in 2 or 3, then extract the dried substance 

for 16 hours as directed under 10, dry again and regard the loss of weight as ether 

extract. 

SUCROSE. 

OPTICAL METHODS. 

12 GENERAL DIRECTIONS FOR RAW SUGARS.—TENTATIVE. 

(Rules! of the International Commission for Unifying Methods of Sugar Analysis.) 

“Tn general all polarizations are to be made at 20°C.” 

“The verification of the saccharimeter must also be made at 20°C. For instru- 

ments using the Ventzke scale 26 grams of pure dry sucrose, weighed in air with 

brass weights, dissolved in 100 metric ec. at 20°C. and polarized in a room, the tem- 

perature of which is also 20°C., must give a saccharimeter reading of exactly 100.00. 

The temperature of the sugar solution during polarization must be kept constant 

at 20°C.” 

“‘For countries where the mean temperature is higher than 20°C., saccharimeters 

may be adjusted at 30°C. or any other suitable temperature, under the conditions 
specified above, provided that the sugar solution be made up to volume and polarized 
at this same temperature.’’ 

“In effecting the polarization of substances containing sugar employ only half- 

shade instruments.’”’ The saccharimeter used can be either single or double wedge 
and should be a half-shadow instrument with either double or triple field. 

“During the observation keep the apparatus in a fixed position and so far removed 

from the source of light that the polarizing Nicol is not warmed.” 

“As sources of ight employ lamps which give a strong illumination such as 

triple gas burner with metallic cylinder, lens and reflector; gas lamps with Auer 

(Welsbach) burner; electric lamp; petroleum duplex lamp; sodium light.’’ When- 

ever there is any irregularity in the sources of light such as that due to the convolu- 

tions of the filament in the case of electric light or to the meshes of the gauze in the 

case of the Welsbach light, place a thin ground-glass plate between the source of 
light and the polariscope so as to render the illumination uniform. 

“Before and after each set of observations the chemist must satisfy himself of the 

correct adjustment of his saccharimeter by means of standardized quartz plates. 
He must also previously satisfy himself of the accuracy of his weights, polarization 

flasks, observation tubes and cover-glasses. (Scratched cover-glasses must not be 

used.) Make several readings and take the mean thereof, but no one reading may 

be neglected.”’ Such plates are standardized to read to the second decimal point 
and by their use a quick and at the same time accurate test can be made. In using 

such plates for testing saccharimete’s, it is necessary that the instrument, as well as the 
plate, be at 20°C. before making a reading. Different points of the scale, preferably 

20°, 50°, 80°, and 100°, (sugar scale) should be tested against the plates. 

“Tn making a polarization use the whole normal weight for 100 cc. or a multiple 

thereof for any corresponding volume.”’ 

“As clarifying and decolorizing agents use either basic acetate of lead, alumina 

cream, or concentrated solution of alum. Boneblack and decolorizing powders are 

to be excluded.’”’ Whenever reducing sugars are determined in the solution for po- 

larizing, use only neutral lead acetate for clarification as basic lead acetate causes 

precipitation of some of the reducing sugars. In addition to these clarifying agents, 
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neutral lead acetate and basic lead nitrate (Herles’ solution) have been made official 

by the Association. 

“After bringing the solution exactly to the mark at the proper temperature, and 

after wiping out the neck of the flask with filter paper, pour all of the well-shaken 

clarified sugar solution on a rapidly acting filter. Reject the first portions of the 

filtrate, and use the rest, which must be perfectly clear, for polarization.’’ It is 

advisable to reject the first 20 ec. that run through, then cover the funnel with a 

watch glass and use the remainder for polarization. In no case should the whole 

solution or any part be returned to the filter. If cloudy after the 20 ec. have been 
rejected, begin a new determination. 

“Whenever white light is used in polarimetric determinations, the same must be 

filtered through a solution of potassium dichromate of such a concentration that the 

percentage content of the solution multiplied by the length of the column of the solu- 

tion in centimeters is equal to nine.’’ This concentration must be doubled in 
reading carbohydrate materials of high rotation dispersion, such as commercial 

glucose, etc. 

13 PREPARATION AND USE OF CLARIFYING REAGENTS.—TENTATIVE. 

(a) Basic lead acetate solution.—Boil 430 grams of neutral lead acetate, 130 grams 

of litharge, and 1 liter of water for 30 minutes. Allow the mixture to cool and settle 

and dilute the supernatant liquid to a specific gravity of 1.25 with recently boiled 

water. Solid basic lead acetate may be substituted for the normal salt and litharge 
in the preparation of the solution. 

(b) Alumina cream.—Prepare a cold saturated solution of alum in water. Add 

ammonium hydroxid with constant stirring until the solution is alkaline to litmus, 
allow the precipitate to settle and wash by decantation with water until the wash 

water gives only a slight test for sulphates with barium chlorid solution. Pour off 

the excess of water and store the residual cream in a stoppered bottle. 

(C) Dry basic lead acetate (Horne method).—This clarifying agent is obtained as 
a dry powdered salt and should contain 72.8% of lead, which corresponds to a com- 

position of 3Pb(C2H;02)22PbO. Dissolve the normal or half-normal weight of the 

sugar solution in a flask with water and complete the volume. Adda small quantity 
of the dry salt and shake, then add more and shake again, repeating until completely 

precipitated but avoiding any excess. Of this salt 0.1346 gram is equivalent to 1 ce. 

of the basic lead acetate solution, described under (a). When molasses or any other 
substance producing a heavy precipitate is being clarified, some dry, coarse sand 

should be added to break up the balls of basic lead acetate and the precipitate. 
(This method is to have equal weight with the use of a solution of basic lead acetate 

in clarifying cane, sorghum, and beet products.) 
(d) Neutral lead acetate—Prepare a saturated solution of neutral lead acetate and 

add it to the sugar solution before completing to volume. Its use is imperative when 
determining the reducing sugars in the solution used for polarization. 

(€) Basic lead nitrate (Herles’ solution).—(1) Dissolve 250 grams of lead nitrate 

in water and make up to 500 ce. (2) Dissolve 25 grams of sodium hydroxid in water 

and make up to 500 ce. 

Add equal amounts of (1) and (2) to the sugar solution, shake, and add more if 

complete precipitation has not occurred, but avoid any excess. Then complete 
the volume with water. When this solution is used for clarification, the factor in the 

Clerget determination becomes 143.5 instead of 142.66. 
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DETERMINATION OF SUCROSE IN THE ABSENCE OF RAFFINOSE. 

(In the presence of much levulose, as in honeys and fruits products, the optical 
method for sucrose gives too high a result.) 

14 = By Polarization Before and After Inversion with Hydrochloric Acid.—Official. 

Dissolve the normal weight (26 grams) of the substance in water, add basic lead 

acetate carefully, avoiding any excess, then 1-2 cc. of alumina cream, shake, and 

dilute to 100 metric cc., filter, rejecting the first 20 cc. of the filtrate, cover the 

filter with a watch glass and, when sufficient filtrate is collected, polarize in a 200 
mm. tube. The reading so obtained is the direct reading (P of formula given be- 

low) or polarization before inversion. For the invert reading, remove the lead from 
the solution either (1) by adding anhydrous potassium oxalate, a little at a time, 

to the remaining solution, avoiding an excess and removing the precipitated lead 
by filtration; or, (2) by adding anhydrous sodium carbonate under the same con- 

ditions. Introduce 50 cc. of the lead-free filtrate into a 100 cc. flask (if sodium 

carbonate was used for removing the lead, neutralize carefully the excess of sodium 

carbonate with a few drops of dilute hydrochloric acid) and add 25 ce. of water. 

Then add, little by little, while rotating the flask, 5 cc. of hydrochloric acid, (sp.gr. 

1.20). Heat the flask after mixing, in a water bath kept at 70°C. The temperature 

of the solution in the flask should reach 67°-69°C. in 24-3 minutes. Maintain a 

temperature of as nearly 69°C. as possible for 7-74 minutes, making the total time 

of heating 10 minutes. Remove the flask and cool the contents rapidly to 20°C. 

and dilute to 100 cc. Polarize this solution in a tube provided with a lateral branch 

and a water jacket, maintaining a temperature of 20°C. This reading must be 

multiplied by 2 to obtain the invert reading. If it is necessary to work at a tem- 

perature other than 20°C., which is allowable within narrow limits, the volumes 
must be completed and both direct and invert polarizations must be made at exactly 

the same temperature. 

The inversion may also be accomplished as follows: (1) To 50 cc. of the clarified 
solution, freed from lead, add 5 cc. of hydrochloric acid (sp. gr. 1.20) and set aside 

for 24 hours at a temperature not below 20°C.; or ,(2) If the temperature be above 

25°C. set aside for 10 hours. Make up to 100 ec. at 20°C. and polarize as directed 

above. 

Calculate sucrose by one of the following formulas: 

For substances in which the invert solution contains more than 12 grams of invert 

sugar per 100 cc.—The following formula is to be used when substances like raw 
sugars are polarized: 

a 
= 100 (P — 1) in which nN 

142.66 — — 
2 

S = per cent of sucrose; 

P = direct reading normal solution; 

I = invert reading normal solution; 
T = temperature at which readings are made. 

For substances in which the concentration of the invert solution is less than 12 grams 

per 100 cc.—The following formula, which takes into account the concentration of the 

sugar in solution, should be used in all other cases. 
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100 (P — I) 
c= in which 7 

142.66 — a — 0.0065 [ 142.06 = ; —(P- | 

S = per cent of sucrose; 

P = direct reading normal solution; 

I = invert reading normal solution; 

T = temperature. 

By Polarization Before and After Inversion with Invertase.—T entative. 

15 REAGENT. 

Invertase solution (Hudson Method.?)—Mix 1 kilo of pressed baker’s or brewer’s 

yeast with 1 liter of tap water and 50 cc. of toluene and keep at room temperature 

2-3 days to allow autolysis to proceed to the stage of maximum inverting activity. 
Then add neutral lead acetate in slight excess, filter, precipitate the lead in the 

filtrate with hydrogen sulphid, filter again and then dialyze the filtrate thoroughly 

in a collodion sac. Preserve in an ice box the dialyzed solution with the addition 

of a little toluene to prevent the growth of micro-organisms. Note the optical 
activity of the invertase solution and correct the invert reading according to the 

amount of the solution used. 

16 DETERMINATION. 

Dissolve the normal weight (26 grams) of the substance in water, clarify, make 

up to volume, and take the direct polarization (P) as directed under 14. If lead 

has been used as a clarifying agent, remove the excess of lead from the filtrate, with 

anhydrous sodium carbonate or potassium oxalate, and filter. To 50 cc. of the 

filtrate in a 100 cc. flask add acetic acid, drop by drop, until the reaction is acid to 

litmus, add 10 ce. of the invertase solution, fill the flask with water nearly to 100 ce. 

and let stand in a warm place (about 40°C.) overnight. Cool and make up to 100 ce. 

at 20°C. Polarize at 20°C. in a 200 mm. tube. Allow the solution to remain in the 
tube for an hour and repeat the polarization. If there is no change from the pre- 

vious reading, the inversion is complete, whereupon the reading and temperature 

of the solution are carefully noted. Correct the reading for the optical activity 

of the invertase solution and then multiply by 2. Calculate the percentage of 
sucrose by the following formula: 

eee SOON Deena 
at it 

142 — > — 0.0065 [12 aioe (P— D | 
a 

S = per cent of sucrose; 
P = direct reading; 

I = invert reading; 

T = temperature at which invert reading is made. 

17 DETERMINATION OF SUCROSE AND RAFFINOSE.—OFFICIAL. 

(Of value chiefly in the analysis of beet products. ) 

If the direct reading is more than 1° higher than the per cent of sucrose as -al- 

culated by the formula given under 14, raffinose is probably present. Calculate 

sucrose and raffinose by the following formula of Herzfeld: 
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_ 0.5124 PT ais P-S 
nO SS0 ens 1.852 

in which 

P = direct reading normal solution; 
I = invert reading normal solution; 

S = per cent of sucrose; 
R= per cent of anhydrous raffinose. 

The above formula assumes that the polarizations are made at exactly 20°C. 

If the temperature (T) is other than 20°C., the following formula should be used: 

ae P (0.4724 + 0.002 T) — I 

Zz 0.899 — 0.003 T 

P-S 
i Iculated S, then R = ——— Having calculated S, then 1.852 

CHEMICAL METHODS. 

18 DETERMINATION OF SUCROSE FROM REDUCING SUGARS BEFORE AND AFTER 
INVERSION.—TENTATIVE. 

Determine the reducing sugars (clarification having been effected with neutral 

lead acetate, never with basic lead acetate), as directed under 25, and calculate to 

invert sugar from 27. Invert the solution as directed under 14 or 16, exactly 

neutralize the acid, and again determine the reducing sugars, but calculate them 

to invert sugar from the same table as referred to above, using the invert sugar 

column alone. Deduct the percentage of invert sugar obtained before inversion 
from that obtained after inversion, and multiply the difference by 0.95, the result 
being the per cent of sucrose. The solutions should be diluted in both determina- 

tions so that not more than 245 mg. of invert sugar are present in the amount 

taken for reduction. It is important that all lead be removed from the solution 
with potassium oxalate before reduction. 

REDUCING SUGARS. 

INVERT SUGAR. 

Approximate Volumetric Method for Rapid Work.—Tentative. 

19 REAGENT. 

Sozhlet’s Modification of Fehling’s Solution—Prepare by mixing, immediately 
before use, equal volumes of (a) and (b). 

(a) Copper sulphate solution—Dissolve 34.639 grams of copper sulphate (CuSO, 

5H.0O) in water, dilute to 500 ce. and filter through prepared asbestos. 

(b) Alkaline tartrate solution.—Dissolve 173 grams of Rochelle salts and 50 grams 

of sodium hydroxid in water, dilute to 500 cc., allow to stand for 2 days and filter 
through prepared asbestos. 

20 STANDARDIZATION OF COPPER SOLUTION. 

Since the factor of calculation varies with the minute details of manipulation, 
every operator must determine a factor for himself, using a known solution of the 

pure sugar that he desires to determine, and keeping the conditions the same as 

those used for the determination. 
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Standardize the solution for invert sugar in the following manner: 

Dissolve 4.75 grams of pure sucrose in 75 cc. of water, add 5 cc. of hydrochloric 

acid (sp. gr. 1.20) and invert as directed under 14. Neutralize the acid with sodium 
hydroxid solution and dilute tol liter. Ten cc. of this solution contain 0.050 gram of 

invert sugar, which should reduce 10 cc. of the reagent. The strength of the copper 
solution should never be taken as a constant, but should be checked against the 

sugar. 

21 DETERMINATION. 

Place 10 cc. of the reagent in a large test tube and add 10 cc. of water. Heat to 

boiling, and add gradually small portions of the solution of the material to be tested 

until the copper has been completely reduced, boiling after each addition to com- 

plete the reaction. Two minutes’ boiling is required for complete reduction when 

the full amount of sugar solution has been added in one portion. When the end 
is nearly reached and the amount of sugar solution to be added can no longer be 
judged by the color of the solution, remove a small portion of the liquid and filter 

rapidly into a small porcelain crucible or on a test plate; acidify with dilute acetic 

acid, and test for copper with dilute potassium ferrocyanid solution. The sugar 

solution should be of such strength as will give a burette reading of 15-20 ec., and 

the number of successive additions should be as small as possible. 

Soxhlet Volumetric Method.—Tentative. 

22 REAGENT. 

The reagent used is described under 19. 

23 DETERMINATION. 

Make a preliminary titration to determine the approximate percentage of reduc- 

ing sugar in the material under examination. Prepare a solution which contains 

approximately 1% of reducing sugar. Place in a beaker 100 cc. of the reagent and 
approximately the amount of the sugar solution for its complete reduction. Boil 

for 2 minutes. Filter through a folded filter and test a portion of the filtrate for 

copper by use of dilute acetic acid and dilute potassium ferrocyanid solution. Re- 

peat, varying the volume of sugar solution, until 2 successive amounts are found 

which differ by 0.1 ec., one giving complete reduction and the other leaving a small 

amount of copper in solution. The mean of these 2 readings is taken as the volume 

of the solution required for the complete precipitation of 100 cc. of the reagent. 

Under these conditions 100 cc. of the reagent require 0.494 gram of invert sugar 

for complete reduction. Calculate the percentage by the following formula: 

V = the volume of the sugar solution required for the complete reduction of 

100 ce. of the reagent; 
W = the weight of the sample in 1 ec. of the sugar solution; 

100 X 0.494 
VW = per cent of invert sugar. 

GRAVIMETRIC METHODS 

Munson and Walker General Method.2—Tentative. 

24 REAGENTS. 

(a) Asbestos.—Digest the asbestos, which should be the amphibole variety, with 
dilute hydrochloric acid (1 to 3) for 2-3 days. Wash free from acid, digest for a 
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similar period with 10% sodium hydroxid solution, and then treat for a few hours 

with hot alkaline tartrate solution (old alkaline tartrate solutions that have stood 

for some time may be used for this purpose) of the strength employed in sugar de- 

terminations. Then wash the asbestos free from alkali, digest for several hours 
with dilute nitric acid (1 to 3) and, after washing free from acid, shake with water 

into a fine pulp. In preparing the Gooch crucible, make a film of asbestos } inch 
thick and wash thoroughly with water to remove fine particles of asbestos. If the 
precipitated cuprous oxid is to be weighed as such, wash the crucible with 10 cc. of 

alcohol, then with 10 ec. of ether, dry for 30 minutes at 100°C., cool in a desiccator 

and weigh. 

(b) The solution used is described under 19. 

25 PRECIPITATION OF CUPROUS OXID. 

Transfer 25 cc. each of the copper sulphate and alkaline tartrate solutions to a 

400 cc. beaker of alkali-resisting glass and add 50 cc. of reducing sugar solution, or, 

if a smaller volume of sugar solution is used, add water to make the final volume 

100 cc. Heat the beaker upon an asbestos gauze over a Bunsen burner, regulate the 
flame so that boiling begins in 4 minutes, and continue the boiling for exactly 2 

minutes. (It is important that these directions be strictly observed and, in order 

to regulate the burner for this purpose, it is advisable to make preliminary tests, 

using 50 cc. of the reagent and 50 cc. of water before proceeding with the actual 
determination.) Keep the beaker covered with a watch glass during the heating. 

Filter the cuprous oxid at once on an asbestos mat in a porcelain Gooch crucible, 

using suction. Wash the cuprous oxid thoroughly with water at a temperature of 

about 60°C., and either weigh directly as cuprous oxid as in 26, or, determine the 

amount of reduced copper by one of the methods under 29-34, respectively. Con- 

duct a blank determination, using 50 cc. of the reagent and 50 cc. of water, and, if 

the weight of cuprous oxid obtained exceeds 0.5 mg., correct the result of the reducing 
sugar determination accordingly. The alkaline tartrate solution deteriorates on 
standing and the amount of cuprous oxid obtained in the blank increases. 

DETERMINATION OF REDUCED CoPpPER. 

26 I. Direct Weighing of Cuprous Oxid.—Tentative. 

Prepare a Gooch as directed under 24 (a). 
Collect the precipitated cuprous oxid on the mat, as directed under 25, wash 

thoroughly with hot water, then with 10 ce. of alcohol, and finally with 10 cc. of 
ether. Dry the precipitate for 30 minutes in a water oven at the temperature of 
boiling water; cool and weigh. Calculate the weight of metallic copper. Obtain 

from 27 the weight of invert sugar equivalent to the weight of copper found. 

This method should be used only for determinations in pure sugar solutions. In 

all other products the copper of the cuprous oxid should be determined by one of the 
following methods, since the cuprous oxid is very apt to be contaminated with 

foreign matter. 
The number of milligrams of copper reduced by a given amount of reducing sugar 

differs when sucrose is present and when it is absent. In the tables the absence of 

sucrose is assumed except in the two columns under invert sugar, where one for 

mixtures of invert sugar and sucrose containing 0.4 gram of total sugar in 50 cc. of 

solution, and one for invert sugar and sucrose when the 50 cc. of solution contains 2 

grams of total sugar are given, in addition to the column for invert sugar alone. 
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TABLE 1.—MUNSON AND WALKER'S TABLE. 

[Expressed in milligrams.] 

For calculating dextrose, invert sugar alone, invert sugar in the presence of sucrose 
(0.4 gram and 2 grams lotal sugar), lactose (two forms), and maltose (anhydrous and 
crystallized). 
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27 TABLE 1.—MUNSON AND WALKER'S TABLE.—Continued. 

[Expressed in milligrams.] 

g 2 Bas ae LACTOSE MALTCSE 3 

o B =; = Q 
y 

E Meilva lt 25 eco lpes ° } 8 
ea 3 3 5 =] - = mt w 
re) rs) = Dp jon] q ° 
mn = n a | be) = = = s n 
>) e 9 e gu 8. e} ° 3° ° =) 
ro) & & I bs ag 3 3 3 a ro) 
ei fi % S aS ms q q q q Fa 
8 8 a Z S eS 6) is) 6) io) 8 

65 57.7 | 27.8 | 29.1 | 26.6 | 20.3 | 40.0 | 42.1 | 49.5 | 52.1 
66 58.6 | 283 | 29.5 | 27.1 | 20.8 | 40.6 | 42.8 | 50.3 | 53.0 
67 59.5 | 28.7 | 30.0 | 27.5 | 21.2 | 41.3 | 43.5 | 51.1 | 53.8 
68 60.4 | 29.2 | 30.4 | 28.0 | 21.7 | 41.9 | 44.2 | 51.9 | 54.6 
69 61.3 | 29.6 | 30.9 | 28.5 | 22.2 | 42.6 | 44.8 | 52.7 | 55.5 

70 62.2 | 30.0 | 31.3 | 28.9 | 22.6 | 433 | 45.5 | 535 | 56.3 
71 63.1 | 30.5 | 31.8 | 29.4 | 23.1 | 43.9 | 46.2 | 54.3 | 57.1 
72 64.0 | 30.9 | 32.3 | 298 | 23.5 | 44.6 | 46.9 | 55.1 | 58.0 
73 64.8 | 31.4 | 32.7 | 30.3 | 24.0 | 45.2 | 47.6 | 55.9 | 58.8 
74 65.7 | 31.8 | 33.2 | 30.8 | 24.5 | 45.9 | 48.3 | 56.7 | 59. 

75 66.6 | 32.2 | 33.6 | 31.2 | 24.9 | 46.6 | 49.0 | 57.5 | 60.5 
76 67.5 | 32.7 | 34.1 | 31.7 | 25.4 || 47.2 | 49:7 | 58.2 | 61.3 
17 68.4 | 33.1 | 34.5 | 32.1 | 25.9 | 47.9 | 50.4 | 59.0 | 62.1 
78 69.3 | 33.6 | 35.0 | 32.6 | 26.3 | 48.5 | 51.1 | 59.8 | 63.0 
79 70.2 | 34.0 | 35.4 | 33.1 | 26.8 | 49.2 | 51.8 | 60.6 | 63. 

80 71.1 | 34.4 | 35.9 | 33.5 | 27.3 | 49.9 | 52.5 | 61.4 | 64.6 
81 71.9 | 34.9 | 36.3 | 34.0 | 27.7 | 50.5 | 53.2 | 62.2 | 65.5 
82 72.8 | 35.3 | 36.8 | 34.5 | 28.2 | 51.2 | 53.9 | 63.0 | 66.3 
83 73.7 | 35.8 | 37.3 | 34.9 | 28.6 | 51.8 | 54.6 | 63.8 | 67.1 
84 74.6 | 36.2 | 37.7 | 35.4 | 29.1 | 52.5 | 55.3 | 64.6 | 68.0 

85 75.5 | 36.7 | 38.2 | 35.8 | 29.6 | 53.1 | 56.0 | 65.4 | 68.8 
86 76.4 | 37.1 | 38.6 | 36.3 | 30.0 | 53.8 | 56.6 | 66.2 | 69.7 
87 77.3 | 37.5 | 39.1 | 368 | 30.5 | 54.5 | 57.3 | 67.0 | 70.5 
88 78228 3820) |) 39'5) || 3722° | 13120 || Bost |) BBL |) 67285 |) 7163 
89 79.1 | 38.4 | 40.0 | 37.7 | 31.4 | 55.8 | 58.7 | 68.5 | 72.2 

90 79.9 | 38.9 | 40.4 | 38.2 | 31.9 | 56.4 | 59.4 | 69.3 | 73.0 
91 8018) || 30:3 |) 4o%9. |) 386) || 32¢4) |) 5721 Il\eoln ||) ola” | 7338 
92 81.7 | 39.8 | 41.4 | 39.1 | 32.8 | 57.8 | 60.8 | 70.9 | 74.7 
93 82.6 | 402 | 418 | 39.6 | 33.3 | 58.4 | 61.5 | 71.7 | 75.5 
94 83.5 | 40.6 | 42.3 | 40.0 | 33.8 | 59.1 | 62.2 | 72.5 | 76.3 

95 84.4 | 41.1 | 42.7 | 40.5 | 34.2 | 59.7 | 62.9 | 73.3 | 77.2 
96 85.3 | 41.5 | 43.2 | 41.0 | 34.7 | 60.4 | 63.6 | 74.1 | 78.0 
97 86.2 | 42.0 | 43.7 | 41.4 | 35.2 | 61.1 | 64.3 | 74.9 | 78.8 
98 87.1 | 42.4 | 44.1 | 41.9 | 35.6 | 61.7 | 65.0 | 75.7 | 79.7 
99 87.9 | 42.9 | 44.6 | 42.4 | 36.1 | 62.4 | 65.7 | 76.5 | 80.5 

100 88.8 | 43.3 | 45.0 | 42.8 | 36.6 | 63.0 | 66.4 | 77.3 | 81.3 
101 89.7 | 43.8 | 455 | 43.3 | 37.0 | 63.7 | 67.1 | 78.1 | 82.2 
102 90.6 | 44.2 | 46.0 | 43.8 | 37.5 | 64.4 | 67.8 | 78.8 | 83.0 
103 91.5 | 44.7 | 46.4 | 44.2 | 38.0 | 65.0 | 68.5 | 79.6 | 83.8 
104 92.4 | 45.1 | 46.9 | 44.7 | 38.5 | 65.7 | 69.1 | 80.4 | 84.7 

105 93.3 | 45.5 | 47.3 | 45.2 | 38.9 | 66.4 | 69.8 | 81.2 | 85.5 
106 94.2 | 46.0 | 47.8 | 45.6 | 39.4 | 67.0 | 70.5 | 82.0 | 86.3 
107 95.0 | 46.4 | 48.3 | 46.1 | 39.9 | 67.7 | 71.2 | 82.8 | 87.2 
108 95.9 | 46.9 | 48.7 | 46.6 | 40.3 | 68.3 | 71.9 | 83.6 | 88.0 
109 96.8 | 47.3 | 49.2 | 47.0 | 40.8 | 69.0 | 72.6 | 84.4 | 88.8 

110 97.7 | 47.8 | 49.6 | 47.5 | 41.3 | 69.7 | 73.3 | 85.2 | 89.7 
111 98.6 | 48.2 | 50.1 | 48.0 | 41.7 | 70.3 | 74.0 | 86.0 | 90.5 
112 99.5 | 48.7 | 50.6 | 48.4 | 42.2 | 71.0 | 74.7 | 86.8 | 91.3 
113 100.4 | 49.1 | 51.0 | 48.9 | 42.7 | 71.6 | 75.4 | 87.6 | 92.2 
114 101.3 | 49.6 | 51.5 | 49.4 | 43.2 | 72.3 | 76.1 | 88.4 | 93.0 

115 102.2 | 50.0 | 51.9 | 49.8 | 43.6 | 73.0 | 76.8 | 89.2 | 93.9 
116 103.0 | 50.5.| 52.4 | 50.3 | 44.1 | 73.6 | 77.5 | 90.0 | 94.7 
117 103.9 | 50.9 | 52.9 | 50.8 | 44.6 | 74.3 | 78.2 | 90.7 | 95.5 
118 104.8 | 51.4 | 53.3 | 51.2 | 45.0 | 75.0 | 78.9 | 91.5 | 96.4 
119 105.7 | 51.8 | 53.8 | 51.7 | 45.5 | 75.6 | 79.6 | 92.3 | 97.2 
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27 TABLE 1—MUNSON AND WALKER’S TABLE.—Continued. 
{Expressed in milligrams.| 

INVERT SUGAR ~ a = 

3 z AND BUCROSD LACTOSE MALTOSE Z 

Q 5 = 1a iS i=} = 

a 2 | 2 2 ° ° a 
3s = o a > Gl ™ iI 

Q is) a B q q ° 

a lve Sel eed ced eetleoa | cr lliroell cal ame 6 sa & z Bs | es & & g = 5 
z a cea ns ol eseva PSR IN ei GLEE PRBS ec A 
8 8 a a Ss ca is) 6) 5 is) 8 

120 106.6 | 52.3 54.3 52.2 46.0 76.3 80.3 93.1 98.0 120 
121 107.5 | 52.7 54.7 52.7 46.5 76.9 81.0 93.9 98.9 121 
122 108.4 | 53.2 55.2 53.1 46.9 77.6 81.7 94.7 99.7 122 
123 109.3 | 53.6 55.7 53.6 47.4 78.3 82.4 95.5} 100.5 123 
124 110.1} 54.1 56.1 54.1 47.9 78.9 83.1 96.3 | 101.4 124 

125 111.0 | 54.5 56.6 54.5 48.3 79.6 83.8 97.1) 102.2 125 
126 111.9] 55.0 57.0 55.0 48.8 80.3 84.5 97.9 | 103.0 126 
127 112.8 | 55.4 57.5 55.5 49.3 80.9 85.2 98.7 | 103.9 127 
128 113.7 | 55.9 58.0 55.9 49.8 81.6 85.9 99.4 | 104.7 128 
129 114.6 | 56.3 58.4 56.4 50.2 82.2 86.6 | 100.2) 105.5 129 

130 115.5 | 56.8 58.9 56.9 50.7 82.9 87.3 | 101.0] 106.4 130 
131 116.4 | 57.2 59.4 57.4 51.2 83.6 88.0} 101.8] 107.2 131 
132 117.3 | 57.7 59.8 57.8 51.7 84.2 88.7} 102.6 | 108.0 132 
133 118.1] 58.1 60.3 58.3 62.1 | 84.9 89.4] 103.4] 108.9 133 
134 119.0 | 58.6 60.8 58.8 52.6 | 85.5 90.1} 104.2 | 109.7 134 

135 119.9 | 59.0 61.2 59.3 53.1 | 86.2 90.8 | 105.0} 110.5 135 
136 120.8} 59.5 61.7 59.7 53.6 86.9 91.5 | 105.8} 111.4 136 
137 121.7] 60.0 62.2 60.2 54.0 87.5 92.1} 106.6] 112.2 137 
138 122.6 | 60.4 62.6 60.7 54.5 88.2 92.8} 107.4} 113.0 138 
139 123.5 | 60.9 63.1 61.2 55.0 88.9 93.5} 108.2} 113.9 139 

140 124.4} 61.3 63.6 61.6 55.5 89.5 94.2} 109.0] 114.7 140 
141 125.2 | 61.8 64.0 62.1 55.9 90.2 94.9} 109.8) 115.5 141 
142 126.1 | 62.2 64.5 62.6 56.4 90.8 95.6 | 110.5] 116.4 142 
143 127.0 | 62.7 65.0 63.1 56.9 91.5 96.3 | 111.3) 117.2 143 
144 127.9} 63.1 65.4 63.5 57.4 92.2 97.0 | 112.1) 118.0 144 

145 128.8 | 63.6 65.9 64.0 57.8 92.8 97.7} 112.9} 118.9 145 
146 129.7 | 64.0 66.4 64.5 58.3 93.5 98.4} 113.7] 119.7 146 
147 130.6 | 64.5 66.9 65.0 58.8 94.2 99.1} 114.5] 120.5 147 
148 131.5 | 65.0 67.3 65.4 59.3 94.8 99.8 | 115.3 | 121.4 148 
149 132.4 | 65.4 67.8 65.9 59.7 95.5 | 100.5 | 116.1] 122.2 149 

150 133.2 | 65.9 68.3 66.4 60.2 96.1 | 101.2 | 116.9] 123.0 150 
151 134.1 | 66.3 68.7 66.9 60.7 96.8 | 101.9] 117.7] 123.9 151 
152 135.0 | 66.8 69.2 67.3 61.2 97.5 | 102.6 | 118.5 | 124.7 152 
153 135.9 | 67.2 69.7 67.8 61.7 98.1} 103.3} 119.3} 125.5 153 
154 136.8 | 67.7 70.1 68.3 62.1 98.8 | 104.0} 120.0] 126.4 154 

155 137.7 | 68.2 70.6 68.8 62.6 99.5 | 104.7] 120.8, 127.2 155 
156 138.6 | 68.6 71.1 69.2 63.1 100.1} 105.4} 121.6} 128.0 156 
157 139.5 | 69.1 71.6 69.7 63.6 100.8 | 106.1} 122.4] 128.9 157 
158 140.3 | 69.5 72.0 70.2 64.1 101.5 | 106.8 | 123.2] 129.7 158 
159 141.2 | 70.0 72.5 70.7 64.5 102.1 | 107.5 | 124.0] 130.5 159 

160 142.1} 70.4 73.0 71.2 65.0 102.8 | 108.2] 124.8] 131.4 160 
161 143.0 | 70.9 73.4 71.6 65.5 103.4 | 108.9} 125.6] 132.2 161 
162 143.9 | 71.4 73.9 72.1 66.0 104.1} 109.6 | 126.4] 133.0 162 
163 144.8 | 71.8 74.4 72.6 66.5 104.8 | 110.3 | 127.2] 133.9 163 
164 145.7 | 72.3 74.9 73.1 66.9 105.4 | 111.0] 128.0] 134.7 164 

165 146.6 | 72.8 75.3 73.6 67.4 106.1 | 111.7] 128.8] 185.5 165 
166 147.5 | 73.2 75.8 74.0 67.9 106.8} 112.4] 129.6 | 136.4 166 
167 148.3 | 73.7 76.3 74.5 68.4 107.4 | 113.1 | 130.3] 137.2 167 
168 149.2 | 74.1 76.8 75.0 68.9 108.1} 113.8] 131.1] 138.0 168 
169 150.1 | 74.6 77.2 75.5 69.3 108.8 | 114.5] 131.9] 138.9 169 

170 151.0} 75.1 77.7 76.0 69.8 109.4 | 115.2 | 132.7 | 139.7 170 
171 151.9 | 75.5 78.2 76.4 70.3 110.1 | 115.9] 133.5] 140.5 171 
172 152.8 76.0 78.7 76.9 70.8 110.8 116.6 134.3 141.4 172 
173 153.7 76.4 79.1 77.4 71.3 111.4 117.3 135.1 142.2 173 
174 154.6 76.9 79.6 77.9 71.7 112.1 118.0 135.9 143.0 174 
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cuPROUS OXxID (Cu20) 

FOODS AND FEEDING STUFFS 

TABLE 1.—MUNSON AND WALKER'S TABLE.—Continued. 

COPPER (Cu) 

155.5 
156.3 
157.2 
158.1 
159.0 

159.9 
160.8 
161.7 
162.6 
163.4 

164.3 
165.2 
166.1 
167 0 
167.9 

148.8 
169.7 
170.5 
171.4 
172.3 

173.2 
174.1 
175 0 
175.9 
176.8 

177.7 
178.5 
179.4 
180.3 
181.2 

182.1 
183.0 
183.9 
184.8 
185.6 

186.5 
187.4 
188.3 
189.2 
190.1 

191.0 
191.9 
192.8 
193 6 
194.5 

195.4 
196.3 
197.2 
198.1 
199.0 

199.9 
200.7 
201.6 
202.5 
203.4 

DEXTROSE (d-GLUCOSE) 

oo aT 

oeoooo DINIAHD 

(Expressed in milligrams.] 

INVERT SUGAR =~ 
AND SUCROSE LACTOSE MALTOSE 3 

= = o 
$ s a 

a iS g g I 
5 =| eet ° 
QD gs n ij es = =! n 
& Su Be. ° [} ie} fo} Db 
& og 3g 5] 3 S 8 9 
a 3 aS isa} joa} feo} lee] a 
> “a a st = By 3 B 
é S a 6) 6) is) 6) ° 

80.1 78.4 72.2 112.8 118.7 136.7 143.9 175 
80.6 78.8 72.7 113.4 119.4 137.5 144.7 176 
81.0 79.3 73.2 114.1 120.1 138.3 145.5 177 
81.5 79.8 73.7 114.8 120.8 139.1 146.4 178 
82.0 80.3 74.2 115.4 121.5 139.8 147.2 179 

82 5 80.8 74.6 116.1 122.2 140.6 148.0 180 
82.9] 81.3] 75.1] 116.7] 122.9] 141.4] 148.9 181 
83.4 81.7 75.6 117.4 123.6 142.2 149.7 182 
83.9} 82.2} 76.1] 118.1] 124.3] 143.0] 150.5 183 
84.4 82.7 76.6 118.7 125.0 143.8 151.4 184 

84.9 83.2 771 119.4 125.7 144.6 152.2 185 
85.3 83.7 77.6 120.1 126.4 145.4 153.0 186 
85.8] 84.2} 78.0] 120.7} 127.1] 1462] 153.9 187 
86.3 84.6 78.5 121.4 127.8 147.0 154.7 188 
86.8 85.1 79.0 122.1 128.5 147.8 155.5 189 

87.2 85.6 79.5 122.7 129.2 148.6 156.4 190 
87.7 86.1 80.0 123.4 129.9 149.3 157.2 191 
88.2 86.6 80.5 124.1 130.6 150.1 158.0 192 
88.7 87.1 81.0 124.7 131.3 150.9 158.9 193 
89.2 87.6 81.4 125.4 132.0 151.7 159.7 194 

89.6 88.0 81.9 126.1 132.7 152.5 160.5 195 
90.1 88.5] 82.4] 126.7] 133.4] 153.3] 161.4 196 
90.6 89.0 82.9 127.4 134.1 154.1 162.2 197 
91.1 89.5 83.4 128.1 134.8 154.9 163.0 198 
91.6 90.0 83.9 128.7 135.5 155.7 163.9 199 

92.0 90.5 84.4 129.4 136.2 156.5 164.7 200 
92.5 91.0 84.8 130.0 136.9 157.3 165.5 201 
93.0 91.4 85.3 130.7 137.6 158.1 166.4 202 
93.5 91.9 85.8 131.4 138.3 158.8 167.2 203 
94.0 92.4 86.3 132.0 139.0 159.6 168.0 204 

94.5 92.9 86.8 132.7 139.7 160.4 168.9 205 
94.9 93.4 87.3 133.4 140 4 161.2 169.7 206 
95.4 93.9 87.8 134.0 141.1 162.0 170 5 207 
95.9 94.4 88.3 134.7 141.8 162.8 171.4 208 
96.4 94.9 88.8 135.4 142.5 163.6 172.2 209 

96.9 95.4 89.2 136 0 143.2 164.4 173.0 210 
97.4 95.8 89.7 136.7 143.9 165.2 173.8 211 
97.8 96.3 90.2 137.4 144.6 166.0 174.7 212 
98.3] 96.8] 90.7] 138.0] 145.3] 166.8] 175.5 213 
98.8 97.3 91.2 138.7 146.0 167.5 176.4 214 

99.3 97.8 91.7 139.4 146.7 168.3 177.2 215 
99.8) 98.3] 92.2] 1400] 147.4] 169.1] 178.0 216 

100.3} 98.8] 92.7] 140.7] 148.1] 169.9] 178.9 217 
100.8 99.3 93.2 141.4 148.8 170.7 179.7 218 
101.2 99.8 93.7 142.0 149.5 171.5 180.5 219 

101.7 100.3 94.2 142.7 150.2 172.3 181.4 220 
102.2] 100.8] 94.7] 143.4] 150.9] 173.1] 182.2 221 
102.7} 101.2] 95.1] 144.0] 151.6] 173.9] 183.0 222 
103.2] 101.7] 95.6] 144.7] 152.3] 174.7] 183.9 223 
103.7 102.2 96.1 145.4 153.0 175.5 184.7 224 

104.2 102.7 96.6 146.0 153.7 176.2 185.5 225 
104.6 | 103.2] 97.1 | 146.7] 154.4] 177.0] 186.4 226 
195.1} 103.7] 97.6] 147.4] 155.1] 177.8] 187.2 227 
105.6 | 104.2] 981] 148.0] 155.8] 178.6] 188.0 228 
106.1} 104.7} 98.6 | 148.7] 156.5] 179.4] 188.8 229 

Ol 
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27 TABLE 1.—MUNSON AND WALKER’S TABLE.—Continued. 

{Expressed in milligrams.] 

o a ae ae ee LACTOSE MALTOSE cS} 
5 2 5 
is) Bp = = o 
S Bil ag al conics 5 
iv] ei Cy 3 3 ‘g 2 ° io} 
3 r= 3 is) is] 3 
o 2 a a | o = = = = n 
b fe ° B Bt Gu ° lo} ° ° >) 
° a % & to & 38 S ia S a i} 
& Be 5 a | hs isa} is] ea} iso} & 
f Be te B “a a EB = Ey By Pe 
iS) 8 i) a s a oO 1} 6) 16) 8 

230 204.3 103.2 106.6 105.2 99.1 149.4 157.2 180.2 189.7 230 
231 205.2 103.7 107.1 105.7 99.6 150.0 157.9 181.0 190.5 231 
232 206.1 104.1 107.6 106.2 100.1 150.7 158.6 181.8 191.3 232 
233 207.0 104.6 108.1 106.7 100.6 151.4 159.3 182.6 192.2 233 
234 207.9 105.1 108.6 107.2 101.1 152.0 160.0 183.4 193.0 234 

235 208.7 105.6 109.1 107.7 101.6 152.7 160.7 184.2 193.8 235 
236 209.6 106.0 109.5 108.2 102.1 153.4 161.4 184.9 194.7 236 
237 210.5 106.5 110.0 108.7 102.6 154.0 162.1 185.7 195.5 237 
238 211.4 107.0 110.5 109.2 103.1 154.7 162.8 186.5 196.3 238 
239 212.3 107.5 111.0 109.6 103.5 155.4 163.5 187.3 197.2 239 

240 213.2 108.0 111.5 110.1 104.0 156.1 164.3 188.1 198.0 240 
241 214.1 108.4 112.0 110.6 104.5 156.7 165.0 188.9 198.8 241 
242 215.0 108.9 112.5 1lL.1 105.0 157.4 165.7 189.7 199.7 242 
243 215.8 109.4 113.0 111.6 105.5 158.1 166.4 190.5 | 200.5 243 
244 216.7 109.9 113.5 112.1 106.0 158.7 167.1 191.3 | 201.3 244 

245 217.6 110 4 114.0 112.6 106.5 159.4 167.8 192.1 202.2 245 
246 218.5 110.8 114.5 113.1 107.0 160.1 168.5 192.9 203.0 246 
247 219.4 111.3 115.0 113.6 107.5 160.7 169.2 193.6 | 203.8 247 
248 220.3 111.8 115.4 114.1 108.0 161.4 169.9 194.4 204.7 248 
249 221.2 112.3 115.9 114.6 108.5 162.1 170.6 195.2 | 205.5 249 

250 222.1 112.8 116.4 115.1 109.0 162.7 171.3 196.0 | 206.3 250 
251 223.0 113.2 116.9 115.6 109.5 163.4 172.0 196.8 207.2 251 
252 223.8 113.7 117.4 116.1 110.0 164.1 172.7 197.6 208.0 252 
253 224.7 114.2 117.9 116.6 110.5 164.7 173.4 198.4 208.8 253 
254 225.6 114.7 118.4 117.1 111.0 165.4 174.1 199.2 209.7 254 

255 226.5 115.2 118.9 117.6 111.5 165.1 174.8 | 200.0 | 210.5 255 
256 227.4 115.7 119.4 118.1 112.0 166.8 175.5 200.8 211.3 256 
257 228.3 116.1 119.9 118.6 112.5 167.4 176 2 201.6 212.2 257 
258 229.2 116.6 120.4 119.1 113.0 168.1 176.9 202.3 213.0 258 
259 230.1 117.1 120.9 119.6 113.5 168.8 177.6 203.1 213.8 259 

260 231.0 117.6 121.4 120.1 114.0 169.4 178.3 203.9 | 214.7 260 
261 231.8 118.1 121.9 120.6 114.5 170.1 179 0 204.7 215.5 261 
262 232.7 118.6 122.4 121.1 115.0 170.8 179.8 205.5 216.3 262 
263 233.6 119.0 122.9 121.6 115.5 171.4 180.5 206.3 217.2 263 
264 234.5 119.5 123.4 122.1 116.0 172.1 181.2 | 207.1 218.0 264 

265 235.4 120.0 123.9 122.6 116.5 172.8 181.9 207.9 218.8 265 
266 236.3 120.5 124.4 123.1 117.0 173.5 182.6 208.7 219.7 266 
267 237.2 121.0 124.9 123.6 117.5 174.1 183.3 209.5 220.5 267 
268 238.1 121.5 125.4 124.1 118.0 174.8 184.0 210.3 221.3 268 
269 238.9 122.0 125.9 124.6 118.5 175.5 184.7 211.0 | 222.1 269 

270 239.8 122.5 126.4 125.1 119.0 176.1 185.4 211.8 3.0 270 
271 240.7 122.9 126.9 125.6 119.5 176.8 186.1 212.6 8 271 
272 241.6 123.4 127.4 126.2 120.0 177.5 186.8 | 213.4 6 272 
273 242.5 123.9 127.9 126.7 120.6 178.1 187.5 214.2 5 5 273 
274 243.4 124.4 128.4 127.2 121.1 178.8 188.2 215.0 3 274 

275 244.3 9 128.9 7 121.6 179.5 188.9 215.8 ah | 275 
276 245.2 5.4 129.4 2 122.1 180.2 189.6 216.6 0 276 
277 246.1 5.9 129.9 7 122.6 180 8 190.3 217.4 8 277 
278 246.9 4 130.4 2 123.1 181.5 191.0 218.2 6 278 
279 247.8 9 130.9 7 123.6 182.2 191.7 218.9 5 279 

280 248.7 127.3 131.4 130.2 124.1 182.8 192.4 219.7 3 280 
281 249.6 127.8 131 9 130.7 124.6 183.5 193.1 220.5 2.1 281 
282 250.5 128.3 132.4 131.2 125.1 184.2 193.9 221.3 0 282 
283 251.4 128.8 132.9 131.7 125.6 184.8 194.6 222.1 3.8 283 
284 252.3 129.3 133.4 132.2 126.1 185.5 195.3 222.9 6 284 

' 
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cuPROUs OxID (Cu20) 

TABLE 

FOODS AND FEEDING STUFFS 

1.—MUNSON AND WALKER’S TABLE.—Continued. 

a 
n 3 
So B 
y 

Ke 
3 os 
oO RQ 
a g 
Saba 
& % 
°o a 3 a 

253.2 129.8 
254.0 130.3 
254.9 130.8 
255.8 131.3 
256.7 131.8 

257.6 132.3 
258.5 132.7 
259.4 133.2 
260.3 133.7 
261.2 134.2 

262.0 134.7 
262.9 135.2 
263.8 135.7 
264.7 136.2 
265.6 136.7 

266.5 137 2 
267.4 137.7 
268.3 138.2 
269.1 138.7 
270.0 139.2 

270.9 139.7 
271.8 140.2 
272.7 140.7 
273.6 141.2 
274.5 141.7 

275.4 142.2 
276.3 142.7 
277.1 143.2 
278.0 143.7 
278.9 144.2 

279.8 144.7 
280.7 145.2 
281.6 145.7 
282.5 146.2 
283.4 146.7 

284.2 147.2 
285.1 147.7 
286.0 148.2 
286.9 148.7 
287.8 149.2 

288.7 149.7 
289.6 150.2 
290.5 150.7 
291.4 151.2 
292.2 151.7 

293.1 152.2 
294.0 152.7 
294.9 153.2 
295.8 153.7 
296.7 154.2 

297.6 154.7 
298.5 155.2 
299.3 155.8 
300.2 156.3 
301.1 156.8 

{Expressed in milligrams.] 

INVERT SUGAR 
AND SUCR 8B LACTOSE MALTOSE 

ed as 3 
4 | 3 s g fe} 
DB g 2 = i | i 
a ay Bu fo) fo) fo) fo) 
a 5S 2¢ S a a 5 
a 3 tos jee] jes} jes} q 

~~a Q = = s a 
q S a is) is) 5 5 

133.9 | 132.7] 126.6] 186.2] 196.0] 223.7] 235.5 
134.4 | 133.2] 127.1] 186.9] 196.7] 224.5] 236.3 
134.9 | 133.7] 127.6] 187.5 | 197.4] 225.3] 237.1 
135.4] 134.3] 128.1] 188.2] 198.1] 226.1] 238.0 
135.9 | 134.8] 128.6] 188.9] 198.8] 226.9] 238.8 

136.4} 135.3] 129.2] 189.5] 199.5] 227.6] 239.6 
136.9] 135.8] 129.7] 190.2 | 200.2] 228.4] 240.5 
137.4] 136.3 130.2] 190.9] 200.9] 229.2] 241.3 
137.9 | 136.8] 130.7] 191.5 | 201.6] 230.0] 242.1 
138.4 | 137.3] 131.2] 192.2] 202.3] 230.8] 242.9 

138.9 | 137.8] 131.7 | 192.9] 203.0] 231.6 | 243.8 
139.4 | 138.3] 132.2 | 193.6 | 203.7] 232.4] 244.6 
140.0} 133.8] 132.7] 194.2 | 204.4] 233.2 | 245.4 
140.5 | 139.4] 133.2] 194.9] 205.1] 234.0] 246.3 
141.0 | 139.9] 133.7] 195.6 | 205.8| 234.8] 247.1 

141.5 | 140.4] 134.2] 196.2 | 206.6| 235.5] 247.9 
142.0 | 140.9] 134.8] 196.9] 207.3] 236.3] 248.8 
142.5] 141.4] 135.3 | 197.6] 208.0] 237.1] 249.6 
143.0 | 141.9] 135.8] 198.3| 208.7] 237.9 | 250.4 
143.5 | 142.4| 136.3] 198.9| 209.4] 238.7] 251.3 

144.0] 142.9] 136.8] 199.6 | 210.1 | 239.5] 252.1 
144.5] 143.4] 137.3] 200.3] 210.8] 240.3] 252.9 
145.0) 144.0] 137.8] 201.0| 211.5| 241.1] 253.8 
145.5 | 144.5] 138.3] 201.6 | 212.2| 241.9] 254.6 
146.1 | 145.0] 138.8 | 202.3 | 212.9] 242.7] 255.4 

146.6 | 145.5] 139.4] 203.0 | 213.7| 243.5] 256.3 
1471 | 146.0] 139.9] 203.6 | 214.4] 244.2] 257.1 
147.6 | 146.5] 140.4] 204.3] 215.1 | 245.0] 257.9 
148.1 | 147.0] 140.9] 205.0] 215.8 | 245.8] 258.8 
148.6 | 147.6| 141.4] 205.7] 216.5 | 246.6] 259.6 

149.1] 148.1] 141.9] 206.3 | 217.2] 247.4] 260.4 
149.6 | 148.6 | 142.4] 207.0] 217.9] 248.2] 261.2 
150.1] 149.1 | 143.0| 207.7] 218.6 | 249.0] 262.1 
150.7| 149.6] 143.5] 208.4] 219.3 | 249.8] 262.9 
151.2 | 150.1] 144.0] 209.0] 220.0] 250.6] 263.7 

151.7 | 150.7] 144.5] 209.7] 220.7] 251.3] 264.6 
152.2 | 151.2 | 145.0] 210.4] 221.4] 252.1] 265.4 
152.7 | 151.7 | 145.5 | 211.0] 222.2] 252.9] 266.2 
153.2 | 152.2] 146.0] 211.7] 222.9] 253.7] 267.1 
153.7 | 152.7 | 146.6| 212.4] 293.6] 254.5 | 267.9 

154.3] 153.2] 147.1] 213.1] 224.3] 255.3] 268.7 
154.8 | 153.8 | 147.6] 213.7] 225.0] 256.1] 269.6 
155.3 | 154.3| 148.1] 214.4] 295.7] 256.9] 270.4 
155.8 | 154.8] 148.6] 215.1] 226.4] 257.7] 271.2 
156.3] 155.3 | 149.1] 215.8] 297.1] 258.5] 272.1 

156.8 | 155.8] 149.7] 216.4 8 | 259.3 | 272.9 
157.3 | 156.4| 150.2] 217.1 5 | 260.0 | 273.7 
157.9 | 156.9| 150.7] 217-8 2} 260.8] 274.6 
158.4| 157.4) 151.2] 218.4 0} 261.6 | 2754 
158.9 | 157.9] 151.7] 219.1 ‘7 | 262.4 | 276.2 

159.4 | 158.4] 152.3] 219.8 4| 263.2 | 277.0 
159.9 | 159.0 | 152.8| 220.5] 232.1] 264.0] 277.9 
160.5] 159.5 | 153.3] 221.1] 232.8] 264.8] 278.7 
161.0 | 160.0| 153.8] 221.8} 233.5 | 265.6| 279.5 
161.5 | 160.5 | 154.3 | 222.5 | 234.2] 266.4] 280.4 

CUPROUS OxID (Cu:0) 

93 
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27 TABLE 1.—MUNSON AND WALKER'S TABLE.—Continued. 

{Expressed in milligrams.] 

3 a Adah pecag LACTOSE MALTOSE g 

(Ss) B = = is) 
rs 3 eel ees A 
S aioe eatal| ec omties g Q 5 oe eS) = oO = K 
° 1s) =) s Bi q 2 o = D 2 € a = Ey = = a 
B FA 2 SSE ete ee } g 2 B 
E BR Ser tease ee WS er eles E 
B 8 a Zz S PS Ss) is} cS) 6) 3 

340 302.0 | 157.3 | 162.0] 161.0] 154.8] 223.2] 234.9 | 267.1 | 281.2 340 
341 302.9 | 157.8 | 162.5] 161.6] 155.4] 223.8] 235.6 | 267.9| 282.0 341 
342 303.8} 158.3] 163.1] 162.1) 155.9] 224.5 | 236.3) 268.7] 282. 342 
343 304.7 | 158.8| 163.6] 162.6 | 156.4 | 225.2| 237.0| 269.5 | 283.7 343 
344 305.6 | 159.3} 164.1] 163.1] 156.9] 225.9] 237.8| 270.3 | 284.5 344 

345 306.5 | 159.8] 164.6 | 163.7] 157.5 | 226.5| 238.5| 271.1] 285.4 345 
346 307.3 160.3 165.1 164.2 158.0 227.2 239.2 271.9 286.2 346 
347 308.2 160.8 165.7 164.7 158.5 227.9 239.9 272.7 287.0 347 
348 309.1 161.4 166.2 165.2 159.0 228.5 240.6 273.5 287.9 348 
349 310.0 | 161.9] 166.7] 165.7] 159.5] 229.2] 241.3] 274.3] 288.7 349 

350 310.9 | 162.4] 167.2 | 166.3] 160.1] 229.9] 242.0] 275.0] 280.5 350 
351 311.8 | 162.9] 167.7] 166.8] 160.6] 230.6| 242.7] 275.8 | 290 4 351 
352 312.7 | 163.4 | 168.3] 167.3] 161.1] 231.2] 243.4] 276.6 | 291.2 352 
353 313.6 | 163.9] 168.8] 167.8] 161.6| 231.9| 244.1] 277.4 | 292.0 353 
354 314.4] 164.4] 169.3] 168.4] 162.2] 232.6] 244.8] 278.2] 292.8 354 

355 315.3 | 164.9] 169.8] 168.9] 162.7] 233.3] 245.6] 279.0] 293.7 355 
356 316.2 | 165.4] 170.4] 169.4] 163.2] 233.9| 246.3] 279.8] 294.5 356 
357 317.1 | 166.0] 170.9] 170.0] 163.7] 234.6] 247.0] 280.6] 295.3 357 
358 318.0 166.5 171.4 170.5 164.3 235.3 247.7 281.4 296 2 358 
359 318.9 | 167.0] 171.9] 171.0] 164.8] 236.0] 248.4 | 282.2] 297.0 359 

360 319.8 | 167.5] 172.5] 171.5] 165.3| 236.7| 249.1 | 282.9] 297.8 360 
361 320.7 | 168.0} 173.0] 172.1] 165.8 | 237.3] 249.8| 283.7 | 298.7 361 
362 321.6 | 168.5| 173.5] 172.6 | 166.4 | 238.0| 250.5 | 284.5} 299.5 362 
363 322.4] 169.0] 174.0] 173.1] 166.9] 238.7] 251.2] 285.3] 300.3 363 
364 323.3 | 169.6| 174.6] 173.7] 167.4] 239.4] 252.0] 286.1] 301.2 364 

365 324.2] 170.1] 175.1] 174.2] 167.9| 240.0] 252.7] 286.9 | 302.0 365 
366 325.1] 170.6] 175.6] 174.7] 168.5 | 240.7] 253.4] 287.7] 302.8 366 
367 326.0 | 171.1] 176.1] 175.2] 169.0| 241.4] 254.1] 288.5 | 303.6 367 
368 326.9 | 171.6] 176.7] 175.8] 169.5| 242.1] 254.8] 280.3 | 304.5 368 
369 327.8 | 172.1] 177.2] 176.3] 170.0] 242.7] 255.5] 290.0] 305.3 369 

370 328.7] 172.7] 177.7] 176.8| 170.6| 243.4] 256.2 | 290.8] 306.1 370 
371 329.5 | 173.2] 178.3] 177.4] 171.1| 244.1] 256.9] 291.6] 307.0 371 
372 3304] 173.7] 178.8] 177.9] 171.6| 244.8] 257.7] 292.4] 307.8 372 
373 331.3] 174.2] 179.3] 178.4] 172.2| 245.4] 258.4] 293.2] 308.6 373 
374 332.2 | 174.7] 179.8] 179.0] 172.7] 246.1] 259.1 | 294.0] 309.5 374 

375 333.1 | 175.3} 180.4] 179.5] 173.2| 246.8] 259.8] 294.8] 310.3 375 
376 334.0] 175.8] 180.9] 180.0] 173.7| 247.5] 260.5] 295.6] 311-1 376 
377 334.9 176.3 181.4 180.6 174.3 248.1 261.2 296.4 312.0 377 
378 335.8 | 176.8 | 182.0] 181.1] 174.8] 248.8] 261.9] 297.2] 312.8 378 
379 336.7 | 177.3] 182.5] 181.6| 175.3] 249.5 | 262.6 | 297.9] 313.6 379 

380 337.5 | 177.9] 183.0] 182.1] 175.9| 250.2 | 263.4] 208.7] 314.5 380 
381 338.4] 178.4] 183.6] 182.7] 176.4| 250.8] 264.1] 299.5] 315.3 381 
382 339.3 | 178.9] 184.1] 183.2] 176.9| 251.5 | 264.8] 300.3] 316.1 382 
383 340.2} 179.4] 184.6] 183.8| 177.5 | 252.2] 265.5] 301.1 | 316.9 383 
384 341.1] 180.0] 185.2] 184.3] 178.0| 252.9] 266.2] 301.9| 317.8 384 

385 342.0 | 180.5] 185.7] 184.8] 178.5 | 253.6] 266.9] 302.7] 318.6 385 
386 342.9] 181.0| 186.2] 185.4 | 179.1] 254.2] 267.6] 303.5 | 319.4 386 
387 343.8 181.5 186.8 185.9 179.6 254.9 268.3 304.2 320.3 387 
388 344.6 | 182.0] 187.3| 186.4 | 180.1] 255.6] 269.0] 305.0] 321.1 388 
389 345.5 | 182.6 |° 187.8] 187.0 | 180.6] 256.3] 269.8| 305.8] 321.9 389 

390 346.4 | 183.1] 188.4] 187.5] 181.2 | 256.9] 270.5 | 306.6 | 322.8 390 
391 347.3 183.6 188.9 188.0 181.7 257.6 271.2 307.4 323.6 391 
392 348.2 184.1 189 4 188.6 182.3 258.3 271.9 308.2 324.4 392 
393 349.1 184.7 190.0 189.1 182.8 259.0 272.6 309.0 325.2 303 
394 350.0 185.2 190.5 189.7 183.3 259.6 273.3 309.8 326.1 394 
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27 TABLE 1.—MUNSON AND WALKER’S TABLE.—Continued. 

[Expressed in milligrams.] 

re) 2 BAN netomat LACTOSE MALTOSE 
3 ° 
oO =) = = = |. |2 | 2 
z a | = Sh PRS yee 2 ce) 
= = 2 B |g 2 2 | & 2 | & 

co} Sy 8 a z a eet ae g 2 g 
& B x Beit se ieee: |) es q a qi 
8 8 a Zune 0 3) 5 6) S} 

395 350.9 185.7 191.0 190.2 183.9 260.3 274.0 | 310.6 326.9 
396 351.8 186.2 191.6 190.7 184.4 261.0 274.7 311.4 327.7 
397 352.6 186.8 192.1 191.3 184.9 261.7 275.5 312.1 328.6 
398 353.5 187.3 192.7 191.8 185.5 262.3 276.2 312.9 329.4 
399 354.4 187.8 193.2 192.3 186.0 263.0 276.9 | 313.7 330.2 

400 355.3 188.4 193.7 192.9 186.5 263.7 277.6 314.5 331.1 
401 356.2 188.9 194.3 193.4 187.1 264.4 278.3 315.3 331.9 
402 357.1 189.4 194.8 194.0 187.6 265.0 279.0 316.1 332.7 
403 358.0 189.9 195.4 194.5 188.1 265.7 279.7 316.9 333.6 
404 358.9 190.5 195.9 195.0 188.7 266.4 280.4 317.7 334.4 

405 359.7 191.0 196.4 195.6 189.2 267.1 281.1 318.5 335.2 
406 360.6 191.5 197.0 196.1 189.8 267 8 281.9 319.2 336.0 
407 361.5 192.1 197.5 196.7 190.3 268.4 282.6 320.0 336 9 
408 362.4 192.6 198.1 197.2 190.8 269.1 283.3 320.8 337.7 
409 363.3 193.1 198.6 197.7 191.4 269.8 | 284.0 321.6 | 338.5 

410 364.2 193.7 199.1 198.3 191.9 270.5 284.7 322.4 339.4 
411 365.1 194.2 199.7 198.8 192.5 271.2 285.4 323.2 340.2 
412 366.0 194.7 200.2 199.4 193.0 271.8 286.2 324.0 341.0 
413 366.9 195.2 200.8 199.9 193.5 272.5 286.9 324.8 | 341.9 
414 367.7 195.8 | 201.3 200.5 194.1 273.2 287.6 | 325.6 342.7 

415 368.6 196.3 201.8 201.0 194.6 273.9 288.3 326.3 343.5 
416 369.5 196.8 202.4 201.6 195.2 274.6 289.0 327.1 344.4 
417 370.4 197.4 202.9 202.1 195.7 275.2 289.7 327.9 345.2 
418 371.3 197.9 203.5 202.6 196.2 275.9 290.4 328.7 346.0 
419 372.2 198.4 204.0} 203.2 196.8 276.6 | 291.2 329.5 346.8 

420 373.1 199.0 204.6 203.7 197 3 277 3 291.9 330.3 347.7 
421 374.0 199.5 205.1 204.3 197.9 277.9 292.6 331.1 348.5 
422 374.8 200.1 205.7 204.8 198.4 278.6 293.3 331.9 349.3 
423 375.7 209.6 206.2 205.4 198.9 279.3 294.0 332.7 350.2 
424 376.6 201.1 206.7 205.9 199.5 280.0 294.7 | 333.4 351.0 

425 377.5 201.7 207.3 206.5 200.0 280.7 295.4 | 334.2 351.8 
426 378.4 202.2 207.8 207.0 200.6 281.3 296.2 335.0 352.7 
427 379.3 202.8 208.4 207.6 201.1 282.0 296.9 335.8 353.5 
428 380.2 203.3 208.9 208.1 201.7 282.7 297.6 336.6 354.3 
429 381.1 203.8 | 209.5] 208.7 202.2 283.4 298.3 337.4 355.1 

430 382.0 | 204.4 210.0 209.2 202.7 284.1 299.0 338.2 356.0 
431 382.8 | 204.9 210.6 | 209.8 203.3 284.7 299.7 339.0 356.8 
432 383.7 | 205.5 211.1 210.3 203.8 285.4 300.5 339.7 357.6 
433 384.6 | 206.0 | 211.7 210.9 204.4 286.1 301.2 340.5 | 358.5 
434 385.5 206.5 212.2 211.4 204.9 286.8 301.9 341.3 359.3 

435 386.4 207.1 212.8 | 212.0 205.5 287.5 302.6 342.1 360.1 
436 387.3 207.6 213.3 212.5 206.0 288.1 303.3 342.9 361.0 
437 388.2 208.2 213.9 213.1 206.6 288.8 304.0 | 343.7 361.8 
438 389.1 208.7 214.4 213.6 207.1 289.5 304.7 344.5 362 6 
439 390.0 | 209.2 215.0 214.2 207.7 290.2 305.5 345.3 363.4 

440 390.8 | 209.8 215.5 214.7 208.2 290.9 306.2 346.1 364.3 
441 391.7 210.3 216.1 215.3 208.8 291.5 306.9 346.8 365.1 
442 392.6 210.9 216.6 215.8 209.3 292.2 307.6 347.6 365 9 
443 393.5 211.4 217.2 216.4 209.9 292.9 308.3 348.4 366.8 
444 394.4 212.0 217.8 | 216.9 210.4 293.6 | 309.0 349.2 367.6 

445 395.3 212.5 218.3 217.5 211.0 294.2 399.7 350.0 368.4 
446 396.2 213.1 218.9 218.0 211.5 294 9 310.5 350.8 369.3 
447 397.1 213.6 219.4 218.6 212.1 295.6 311.2 351.6 370.1 
448 397.9 214.1 220.0 219.1 212.6 296.3 311.9 352.4 370.9 
449 398.8 | 214.7 | 220.5 219.7 213.2 297.0 312.6 | 353.2 371.7 

CUPROUS OxID (Cus0) 
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7 TABLE 1.—MUNSON AND WALKER'S TABLE.—Continued. 

[Expressed in milligrams.] 

S 2 Raia aha LACTOSE MALTOSE rey 
3 8 E} 
3) B = = iS) 
= 3 3 $ 3 B 
(2) = ae < 1S S o) io) S 
¥ =) = o = oI K 
c 1S) a 5 q q c 
zB So Voge: | lewd |b aeeltoillo Spill ernie 3 8 | % a bs } eg ES Es = BE 8 
= & z SS] (SBN [eM [lee lle | q Z| z 
6 8 A is S a is) 5 5 is) 8 

450 399.7 | 215.2] 221.1] 220.2] 213.7] 297.6| 313.3| 353.9] 372.6 450 
451 400.6 | 215.8 | 221.6 | 220.8] 214.3] 298.3] 314.0| 354.7] 373.4 451 
452 401.5 | 216.3] 222.2] 221.4] 214.8] 209.0| 314.7| 355.5 | 374.2 452 
453 402.4 | 216.9 | 222.8] 221.9] 215.4] 299.7] 315.5| 356.3] 375.1 453 
454 403.3 | 217.4 | 223.3 | 222.5] 215.9] 300.4] 316.2| 357.1] 375.9 454 

455 404.2 | 218.0] 223.9] 223.0] 216.5 | 301.1] 316.9] 357.9] 376.7 455 
456 405.1] 218.5 | 2244] 223.6] 217.0] 301.7] 317.6| 358.7] 377.6 456 
457 405.9 | 219.1] 225.0] 224.1] 217.6] 302.4| 318.3 | 359.5 | 378.4 457 
458 406.8 | 219.6 | 225.5 | 224.7] 218.1] 303.1] 319.0] 360.3] 379.2 458 
459 407.7 | 220.2 | 226.1 | 225.3} 218.7] 303.8] 319.8] 361.0] 380.0 459 

460 408.6 | 220.7 | 226.7] 225.8] 219.2] 304.5] 320.5] 361.8] 380.9 460 
461 409.5 | 221.3 | 227.2] 226.4] 219.8] 305.1] 321.2] 362.6 | 381.7 461 
462 410.4 | 291.8] 227.8] 226.9] 220.3] 305.8] 321.9| 363.4] 382.5 462 
463 411.3 | 222.4] 228.3] 227.5] 220.9} 306.5] 322.6| 364.2| 383.4 463 
464 412.2 | 222.9] 228.9] 228.1] 221.4] 307.2] 323.4] 365.0] 384.2 464 

465 413.0 | 223.5 | 229.5] 228.6] 222.0] 307.9] 324.1] 365.8 | 385.0 465 
466 413.9 | 224.0] 230.0] 229.2! 222.5] 308.6] 324.8] 366.6 | 385.9 466 
467 414.8 | 224.6] 230.6 | 229.7| 223.1] 309.2] 325.5 | 367.3 | 386.7 467 
468 415.7 | 225.1) 231.2 | 230.3] 223.7] 309.9] 326.2 | 368.1 | 387.5 463 
469 416.6 | 225.7 | 231.7] 230.9] 224.2] 310.6] 326.9| 368.9] 388.3 469 

470 417.5 | 226.2 | 232.3 | 231.4] 224.8] 311.3] 327.7] 369.7] 389.2 470 
471 418.4 | 226.8 | 232.8] 232.0] 225.3] 312.0] 328.4] 370.5] 390.0 471 
472 419.3 | 227.4] 233.4] 232.5| 225.9] 312.6] 329.1] 371.3] 390.8 472 
473 420.2 | 227.9] 234.0] 233.1] 226.4 3] 329.8] 372.1] 391.7 473 
474 421.0] 228.5 | 234.5] 233.7] 227.0 .0| 330.5] 372.9 | 392.5 474 

475 421.9 | 229.0] 235.1] 234.2] 2 331.3 | 373.7 | 393.3 475 
476 422.8 | 229.6 | 235.7] 234.8] 2: 332.0 | 374.4] 394.2 476 
477 423.7 | 230.1 | 236.2] 235.4] 2! 332.7 | 375.2 | 395.0 477 
478 424.6 | 230.7] 236.8] 235.9] 2 333.4 | 376.0] 395.8 478 
479 425.5 | 231.3 | 237.4] 236.5 | 22 334.1 | 376.8] 396.6 479 

480 426.4 | 231.8] 237.9] 237.1] 230.3 334.8 | 377.6] 397.5 480 
481 427.3 | 232.4 | 238.5 | 237.6 | 230. -8 | 335.6 | 378.4 | 398.3 481 
482 428.1] 232.9] 239.1] 238.2| 231.5 .5 | 336.3] 379.2 | 399.1 482 
483 429.0 | 233.5] 239.6] 238.8] 232.0 1] 337.0} 380.0 400.0 483 
484 429.9 | 234.1 | 240.2] 239.3] 232.6 -8 | 337.7] 380.7 400.8 484 

485, 430.8 | 234.6 | 240.8] 239.9] 233.2 .5 | 338.4] 381.5 | 401.6 485 
486 431.7 | 235.2 | 241.4] 240.5 | 233.7 339.1 | 382.3 | 402.4 486 
487 432.6 | 235.7 | 241.9] 241.0] 234.3 9 | 339.9] 383.1 | 403.3 487 
488 433.5 | 236.3] 242.5] 241.6] 234.8] 323.6] 340.6 | 383.9] 404.1 488 
489 434.4 | 236.9 | 243.1] 242.2 | 235.4 2] 341.3 | 384.7] 404.9 489 

490 435.3 | 237.4] 243.6] 242.7] 236.0 342.0 | 385.5 | 405.8 490 

II, A. H, Low Volumetric Method, Modified.i—Tentative. 

28 REAGENT. 

Standard thiosulphate solution.—Prepare a solution of sodium thiosulphate 

containing 19 grams of pure crystals in 1 liter. Weigh accurately about 0.2 

gram of pure copper foil and place in a flask of 250 ce. capacity. Dissolve by warming 
with 5 cc. of a mixture of equal volumes of strong nitric acid and water. Dilute 

to 50 cc., boil to expel the red fumes, add 5 ce. of strong bromin water, and boil 
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until the bromin is completely driven off. Remove from the heat and add a slight 
excess of strong ammonium hydroxid (about 7 cc. is required). Again boil until 
the excess of ammonia is expelled, as shown by a change of color of the liquid, 

and a partial precipitation. Then add a slight excess of strong acetic acid (3 or 4 

ec. of 80% acid) and boil for a minute. Cool to room temperature and add 10 ce. 

of 30% potassium iodid solution. Titrate at once with the thiosulphate solution 

until the brown tinge has become weak, then add sufficient starch indicator [VII, 
3 (a)] to produce a marked blue coloration. Continue the titration cautiously 

until the color due to free iodin has entirely vanished. The blue color changes to- 

ward theend toa faint lilac. If at this point the thiosulphate be added drop by drop 
and a little time allowed for complete reaction after each addition, there is no diffi- 

culty in determining the end point within a single drop. One cc. of the thiosulphate 

solution will be found to correspond to about 0.005 gram of copper. 

29 DETERMINATION. 

After washing the precipitated cuprous oxid, cover the Gooch with a watch 

glass and dissolve the oxid by means of 5 cc. of warm nitric acid (1 to 1) poured under 

the watch glass with a pipette. Catch the filtrate in a 250 cc. flask, wash the 

watch glass and Gooch free of copper, using about 50 ec. of water. Boil to expel 

red fumes, add 5 ce. of bromin water, boil off the bromin, and proceed exactly as 

in 28. 

30 IIT. Volumetric Permanganate Method.—Tentative. 

Filter and wash the cuprous oxid as directed under 25. Transfer the asbestos 

film to the beaker, add about 30 ce. of hot water, and beat the precipitate and asbes- 

tos thoroughly. Rinse the crucible with 50 cc. of a hot saturated solution of fe rie 

sulphate in 20% sulphuric acid, receiving the rinsings in the beaker containing the 
precipitate. After the cuprous oxid is dissolved, wash the solution into a large 
Erlenmeyer flask and immediately titrate with a standard solution of potassium 

permanganate, 1 ec. of which should be equivalent to 0.010 gram of copper. Stand- 
ardize this solution by making 6 or more determinations with the same sugar solu- 

tion, titrating one half of the precipitates obtained, and determining the copper in 

the others by electrolysis. The average weight of copper obtained by electrolysis, 

divided by the average number of cc. of permanganate solution required for the 

titrations, gives the weight of copper equivalent to 1 ce. of the standard perman- 

ganate solution. A solution standardized with iron or oxalic acid will give too low 

a result. 

31 IV. Electrolytic Deposition from Sulphuric Acid Solution.—Tentative. 

Filter the cuprous oxid in a Gooch, wash the beaker and the precipitate thoroughly 

with hot water without transferring the precipitate to the filter. Wash the asbestos 

film and the adhering cuprous oxid into the beaker by means of hot dilute nitric acid. 

After the copper is all in solution, refilter through a thin film of asbestos in a Gooch 

and wash thoroughly with hot water. Add 1) cc. of sulphuric acid (1 to 4), and 

evaporate the filtrate on the steam bath until the copper salt has largely crystal- 

lized. Heat carefully on a hot plate or over asbestos until the evolution of white 

fumes shows that the excess of nitric acid is removed. Add 8-10 drops of nitric acid 

(sp. gr. 1.42) and rinse into a 100-125 ec. platinum dish. Deposit the copper by 
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electrolysis. Wash thoroughly with water, then break the current, wash with alco- 

hol and ether successively, dry at about 50°C., and weigh. If preferred, the elec- 

trolysis can be conducted in a beaker, the copper being deposited upon a weighed 
platinum electrode. 

32 YV. Electrolytic Deposition from Sulphuric and Nitric Acid Solution.—Tentative. 

Filter and wash as directed under 31. Transfer the asbestos film from the cru- 

cible to the beaker by means of a glass rod and rinse the crucible with about 30 ce. 

of a boiling mixture of dilute sulphuric and nitric acids, containing 65 cc. of sul- 

phuric acid (sp. gr. 1.84) and 50 cc. of nitric acid (sp. gr. 1.42) per liter. Heat and 

agitate until solution is complete; filter and electrolyze as under 31. 

33 VI. Electrolytic Deposition from Nitric Acid Solution.—Tentative. 

Filter and wash as directed under 31. Transfer the asbestos film and adhering 

oxid to the beaker. Dissolve the oxid still remaining in the crucible by means of 

2 ec. of nitric acid (sp. gr. 1.42), adding it with a pipette and receiving the solution 

in the beaker containing the asbestos film. Rinse the crucible with a jet of water, 

allowing the rinsings to flow into the beaker. Heat the contents of the beaker until 

the copper is all in solution, filter, dilute the filtrate to a volume of 100 cc. or more, 

and electrolyze. When a nitrate solution is electrolyzed, the first washing of the 

deposit should be made with water acidulated with sulphuric acid, in order to remove 

all the nitric acid before the current is interrupted. 

34 VII. Reduction in Hydrogen.—Tentative. 

Deposit an asbestos film on a perforated platinum dise or cone contained in a 

hard glass filtering tube, wash free from loose fibers, dry and weigh. Through this 
tube, previously moistened, filter the cuprous oxid immediately, using suction. 

Transfer the cuprous oxid to the tube through a removable funnel, and wash thor- 

oughly with hot water, alcohol and ether successively. After drying, connect the 

tube with a supply of dry hydrogen, heat gently until the cuprous oxid is com- 

pletely reduced to metallic copper, cool in the current of hydrogen, and weigh. 

If preferred, a Gooch crucible may be used for the filtration. 

Herzfeld Gravimetric Method.—Tentative. 

Method I. 

For materials containing 1.5% or less of invert sugar and 98.5% or more of sucrose.) £ £ 

35 REAGENTS. 

The reagents and solutions used are described under 24. 

36 DETERMINATION. 

Prepare the solution of the material to be examined so as to contain 20 grams in 
100 ce., free from suspended impurities by filtration and from soluble impurities by 

neutral lead acetate, removing the excess of lead by means of sodium carbonate. 

Place 50 cc. of the reagent and 50 ce. of the sugar solution in a 250 ec. beaker. Heat 

this mixture at such a rate that approximately 4 minutes are required to bring it 

to the boiling point, and boil for exactly 2 minutes. Add 100 cc. of cold, recently 

boiled, water. Filter immediately through asbestos, and determine the copper 

by one of the methods under 26, 29-34, respectively. Obtain the corresponding 
percentage of invert sugar from 37. 



VII] FOODS AND FEEDING STUFFS 99 

37 TABLE 2.—HERZFELD'S TABLE.5 

For the determination of invert sugar in materials containing 1.5%, or less, of invert 
sugar and 98.5%, or more, of sucrose. 

COPPER COPPER COPPER 

ST Oeniea INVERT SUGAR Tene INVERT SUGAR eaters INVERT 8UGAR 
OF MATERIAL OF MATERIAL OF MATERIAL 

mg. per cent mg. per cent mg. per cent 

50 0.05 140 0.51 230 1.02 
55 0.07 145 0.53 235 1.05 
60 0.09 150 0.56 240 1.07 
65 0.11 155 0.59 | 245 1.10 
70 0.14 160 0.62 250 1.13 
75 0.16 165 0.65 255 1.16 
80 0.19 170 0.68 260 1.18 
85 0.21 175 0.71 265 1.21 
90 0.24 180 0.74 270 1.24 
95 0.27 185 0.76 275 1.27 

100 0.30 190 0.79 280 1.30 
105 0.32 195 0.82 285 1.33 
110 0.35 200 0.85 290 1.36 
115 0.38 205 0.88 295 1.38 
120 0.40 210 0.90 300 1.41 
125 0.43 215 0.93 305 1.44 
130 0.45 220 0.96 310 1.47 
135 0.48 225 0.99 315 1.50 

Method II. 

(For materials containing 1.5% or more of invert sugar and 98.5% or less of sucrose.) 

38 REAGENTS. 

Same as described under 24. 

39 DETERMINATION. 

Prepare a solution of the material to be examined in such a manner that it con- 

tains 20 grams in 100 cc. after clarification and removal of the excess of lead. Pre- 

pare a series of solutions in large test tubes by adding 1, 2, 3, 4, and 5 ce. of this 

solution to each tube successively. Add5cc. of the reagent to each, heat to boiling, 

boil 2 minutes, and filter. Note the volume of sugar solution which gives the fil- 

trate lightest in tint, but still distinctly blue. Place 20 times this vo'ume of the 

sugar solution in a 100 ce. flask, dilute to the mark, and mix well. Use 50 cc. of the 

solution for the determination, which is conducted as described under 36. For the 

calculation of the result use the following formulas and table of factors of Meissl 

and Hiller: 

Let Cu = the weight of copper obtained; 

P = the polarization of the sample; 

W = the weight of the sample in the 50 ce. of the solution used for the 

determination; 

F = the factor obtained from the table for the conversion of copper to 

invert sugar; 

Cu 
Then =a =Z, approximate weight of invert sugar; 

100 ‘ : 
ZX WwW =Y, approximate per cent of invert sugar; 
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100 P A ; 
PLY = R, approximate per cent of sucrose in mixture of sugars; 

100 — R = I, approximate per cent of invert sugar; 

CuF A 
WwW = per cent of invert sugar. 

The factor F for calculating copper to invert sugar is then found from 40. 

40 TABLE 3. 

Meissl and Hiller’s® factors for determinations in materials in which, of the total 
sugars present, 1.5%, or more, is invert sugar, and 98.5%, or less, is sucrose. 

APPROXIMATE ABSOLUTE WEIGHT OF INVERT SUGAR (Z) 
RATIO OF SUCROSE 

TO INVERT 
BUGAR = RII. 200 175 150 125 100 75 50 

milligrams | milligrams | milligrams} milligrams} milligrams | milligrams | milligrams 

per cent per cent per cent per cent per cent per cent per cent 

0: 100 56.4 55.4 54.5 53.8 53.2 53.0 53.0 
10: 90 56.3 55.3 64.4 53.8 53.2 52.9 52.9 
20: 80 56.2 55.2 54.3 53.7 53.2 52.7 52.7 
30: 70 56.1 55.1 54.2 53.7 53.2 52.6 52.6 
40: 60 55.9 55.0 54.1 53.6 53.1 52.5 52.4 
50: 50 55.7 54.9 54.0 53.5 53.1 52.3 52.2 
60: 40 55.6 54.7 53.8 53.2 52.8 52.1 51.9 
70: 30 55.5 54.5 53.5 52.9 52.5 51.9 51.6 
80: 20 55.4 54.3 53.3 52.7 52.2 51.7 51.3 
90: 10 54.6 53.6 53.1 52.6 52.1 51.6 51.2 
91:9 54.1 53.6 52.6 52.1 51.6 51.2 50.7 
92:8 53.6 53.1 52.1 51.6 51.2 50.7 50.3 
93:7 53.6 53.1 52.1 51.2 50.7 50.3 49.8 
94:6 53.1 52.6 51.6 50.7 50.3 49.8 48.9 
95:5 52.6 52.1 51.2 50.3 49.4 48 .9 48.5 
96:4 52.1 51.2 50.7 49.8 48.9 47.7 46.9 
97:3 50.7 50.3 49.8 48.9 47.7 46.2 45.1 
98: 2 49.9 48.9 48.5 47.3 45.8 43.3 40.0 
99:1 47 .7 47.3 46.5 45.1 43.3 41.2 38.1 

Example: The polarization of a sugar is 86.4, and 50 cc. of solution containing 

3.256 grams of sample gave 0.290 gram of copper. 

Cu 0.20 | 5 a5 = 7 

Get betas oui 
ZX 100 10 
lp ag eS rarrrt mi todd 

100 — R = 100-95.1=I = 4.9 

R: I = 95.1: 4.9 

By consulting the table it will be seen that the vertical column headed 150 is 

nearest to Z, 145, and the horizontal column headed 95: 5 is nearest to the ratio of 

R to I, 95.1 : 4.9. Where these columns meet, we find the factor 51.2 which enters 

into the final calculation: 

CuF 0.290 x 51.2 

W 3.256 

In case there is no sucrose present, the following table may be used instead of the 

factors given in 40. 

= 4.56 per cent of invert sugar. 
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TABLE 4.—MEISSL’S TABLE.” 

For the determination of invert sugar alone. 

[According to Wein.] 

[Expressed in milligrams.] 

eee COPPER ay pes COPPER NY ee COPPER we apes 

46.9 135 70.8 180 95.2 225 120.4 
47.4 136 71.3 181 95.7 226 120.9 
47.9 137 71.9 182 96.2 227 121.5 
48.4 138 72.4 183 96.8 228 1220 
48.9 139 72.9 184 97.3 229 122.6 

49.5 140 73.5 185 97.8 230 123.2 
50.0 141 74.0 186 98 .4 231 123.8 
50.5 142 74.5 187 99.0 232 124.3 
511 143 75.1 188 99.5 233 124.9 
51.6 144 75.6 189 100.1 234 125.5 

5221 145 76.1 190 100.6 235 126.0 
D2, 146 76.7 191 101.2 236 126.6 
532 147 10.2 192 101.7 237 127.2 
53.7 148 77.8 193 102.3 238 127.8 
54.3 149 78.3 194 102.9 239 128.3 

54.8 150 78.9 195 103.4 240 128.9 
55.3 151 79.4 196 104.0 241 129.5 
55.9 152 80.0 197 104.6 242 130.0 
56.4 153 80.5 198 105.1 243 130.6 
56.9 154 81.0 199 105.7 244 131.2 

57.5 155 81.6 200 106.3 245 131.8 
58.0 156 82.1 201 106.8 246 132.3 
58.5 157 82.7 202 107.4 247 132.9 
59.1 158 83.2 203 107.9 248 133.5 
59.6 159 83.8 204 108.5 249 134.1 

60.1 160 84.3 205 109.1 250 134.6 
60.7 161 84.8 206 109.6 251 135.2 
61.2 162 85.4 207 110.2 252 135.8 
61.7 163 85.9 208 110.8 253 136.3 
62.3 164 86.5 209 111.3 254 136.9 

62.8 165 87.0 210 111.9 255 137.5 
63.3 166 87.6 211 1 Pa) 256 138.1 
63.9 167 88.1 212 113.0 257 138.6 
64.4 168 88.6 213 113.6 258 139.2 
64.9 169 89.2 214 114.2 259 139.8 

65.5 170 89.7 215 114.7 260 140.4 
66.0 171 90.3 216 115.3 261 140.9 
66.5 172 90.8 217 115.8 262 141.5 
67.1 173 91.4 218 116.4 263 142.1 
67.6 174 91.9 219 117.0 264 142.7 

68.1 175 92.4 220 117.5 265 143.2 
68 .7 176 93.0 221 118.1 266 143.8 
69.2 177 93.5 222 118.7 267 144.4 
69.7 178 94.1 223 119.2 268 144.9 
70.3 179 94.6 224 119.8 269 145.5 
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41 TABLE 4.—MEISSL'S TABLE.—Continued.: 
[Expressed in milligrams.] 

COPPER alias COPPER gees COPPER Mad COPPER 

270 146.1 310 169.7 350 193.8 390 
271 146.7 311 170.3 351 194.4 391 
272 147.2 312 170.9 352 195.0 392 
273 147.8 313 171.5 353 195.6 393 
274 148.4 314 172.1 354 196.2 394 

275 149.0 315 172.7 355 196.8 395 
276 149.5 316 173.3 356 197.4 396 
277 150.1 317 173.9 357 198.0 397 
278 150.7 318 174.5 358 198.6 398 
279 151.3 319 175.1 359 199.2 399 

280 151.9 320 175.6 360 199.8 400 
281 152.5 321 176.2 361 200.4 401 
282 153.1 322 176.8 362 201.1 402 
283 153.7 323 177.4 363 201.7 403 
284 154.3 324 178.0 364 202.3 404 

285 154.9 325 178.6 365 203.0 405 
286 155.5 326 179.2 366 203 .6 406 
287 156.1 327 179.8 367 204.2 407 
288 156.7 328 180.4 368 204.8 408 
289 157.2 329 181.0 369 205.5 409 

290 157.8 330 181.6 370 206.1 410 
291 158.4 331 182.2 371 206.7 411 
292 159.0 332 182.8 372 207 .3 412 
293 159.6 333 183.5 373 208 .0 413 
294 160.2 334 184.1 374 208 .6 414 

295 160.8 335 184.7 375 209 .2 415 
296 161.4 336 185.4 376 209.9 416 
297 162.0 337 186.0 377 210.5 417 
298 162.6 338 186.6 378 21131 418 
299 163.2 339 187.2 379 210.57 419 

300 163.8 340 187.8 380 212.4 420 
301 164.4 341 188 .4 381 213.0 421 
302 165.0 342 189.0 382 213.6 422 
303 165.6 343 189.6 383 214.3 423 
304 166.2 344 190.2 384 214.9 424 

305 166.8 345 190.8 385 215.5 425 
306 167.3 346 191.4 386 216.1 426 

307 167.9 347 192.0 387 216.8 427 
308 168.5 348 192.6 388 217.4 428 
309 169.1 349 193.2 389 218.0 429 

430 

MALTOSE. 

42 General Gravimetric Method.—Tentative. 

[Chap. 

INVERT 
SCGAR 

218.7 
219.3 
219.9 
220.5 
221.2 

221.8 
222.4 
223.1 
223.7 
224.3 

224.9 
225.7 
226.4 
227.1 
227 .8 

228 .6 
229.3 
230.0 
230.7 
231.4 

232.1 
232.8 
233.5 
234.3 
235.0 

235.7 
236.4 
237.1 
237.8 
238.5 

239 .2 
239.9 
240.6 
241.3 
242.0 

242.7 
243.4 
244.1 
244.9 
245.6 
246.3 

Proceed as directed under 25 and obtain, from 27. the weight of maltose 

equivalent to the weight of copper reduced. 
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Wein Method.—Tentative. 

43 REAGENTS. 

The reagents and solutions used are described under 24. 

44 DETERMINATION, 

Place 50 cc. of the reagent in a beaker and heat to the boiling point. When 

boiling briskly, add 25 cc. of the maltose solution containing not more than 0.250 
gram of maltose and boil for 4 minutes. Filter immediately through asbestos and 

determine, by one of the methods given under 26, 29-34 respectively, the amount of 
copper reduced. 

Obtain, from 45, the weight of maltose equivalent to the weight of copper found. 

45 TABLE 5. 

For the determination of maltose. 

[According to Wein.®] 

{Expressed in milligrams.] 

cu- cu- cu- cu- MAL- MAL- MAL- MAL- COPPER | PROUS COPPER| PROUS COPPER] PROUS COPPER] PROUS Oxip | TOBE oxip | TO8E oxip | TOBE oxip | T08E 

31 34.9 26.1 71 79.9 61.0 111 125.0 96.4 151 170.0 132.3 
32 36.0 27.0 72 81.1 61.8 112 126.1 97.3 152 171.1 133.2 
33 37.2 27.9 73 82.2 62.7 113 127.2 98.1 153 172.3 134.1 
34 38.3 28.7 74 83.3 63.6 114 128.3 99.0 154 173.4 135.0 
35 39.4 29.6 75 84.4 64.5 115 129.6 99.9 155 174.5 135.9 

36 40.5 30.5 76 85.6 65.4 116 130.6 100.8 156 175.6 136.8 
37 41.7 31.3 77 86.7 66.2 117 131.7 101.7 157 176.8 137.7 
38 42.8 32.2 78 87.8 67.1 118 132.8 102.6 158 177.9 138.6 
39 43.9 33.1 79 88.9 68.0 119 134.0 103.5 159 179.0 139.5 
40 45.0 33.9 80 90.1 68.9 120 135.1 104.4 160 180.1 140.4 

41 46.2 34.8 81 91.2 69.7 121 136.2 105.3 161 181.3 141.3 
42 47.3 35.7 82 92.3 70.6 122 137.4 106.2 162 182.4 142.2 
43 48.4 36.5 83 93.4 71.5 123 138.5 107.1 163 183.5 143.1 
44 49.5 37.4 84 94.6 72.4 124 139.6 108.0 164 184.6 144.0 
45 60.7 38.3 85 95.7 73.2 125 140.7 108.9 165 185.8 144.9 

46 51.8 39.1 86 96.8 74.1 126 141.9 109.8 166 186.9 145.8 
47 52.9 40.0 87 97.9 75.0 127 143.0 110.7 167 188.0 146.7 
48 54.0 40.9 88 99.1 75.9 128 144.1 111.6 168 189.1 147.6 
49 55.2 41.8 89 100.2 76.8 129 145.2 112.5 169 190.3 148.5 
50 56.3 42.6 90 101.3 77.7 130 146.4 113.4 170 191.4 149.4 

51 57.4 43.5 91 102 4 78.6 131 147.5 114.3 171 192.5 150.3 
52 58.5 44.4 92 103.6 79.5 132 148 6 115 2 172 193.6 151.2 
53 59.7 45.2 93 104.7 80.3 133 149.7 116.1 173 194.8 152.0 
54 60.8 46.1 94 105.8 81.2 134 150.9 117.0 174 195.9 152.9 
55 61.9 47.0 95 107.0 82.1 135 152.0 117.9 175 197.0 153.8 

56 63.0 47.8 96 108.1 83.0 136 153.1 118.8 176 198.1 154.7 
57 64.2 48.7 97 109.2 83.9 137 154.2 119.7 177 199.3 155.6 
58 65.3 49.6 98 110.3 84.8 138 155.4 120.6 178 200.4 156.5 
59 66 4 50.4 99 111.5 85.7 139 156.5 121.5 179 201.5 157.4 
60 67.6 51.3 100 112.6 86.6 140 157.6 122.4 180 202.6 158.3 

61 68.7 52.2 101 113.7 87.5 141 158.7 123.3 181 203.8 159.2 
62 69.8 53.1 102 114.8 88.4 142 159.9 124.2 182 204.9 160.1 
63 70.9 53.9 103 116.0 89.2 143 161.0 125.1 183 206.0 160.9 
64 72.1 54.8 104 117.1 90.1 144 162.1 126.0 184 207.1 161.8 
65 73.2 55.7 105 118.2 91.0 145 163.2 126.9 185 208.3 162.7 

66 74.3 56.6 106 119.3 91.9 146 164.4 127.8 186 209.4 163.6 
67 75.4 57.4 107 120.5 92.8 147 165.5 128.7 187 210.5 164.5 
68 76.6 58.3 108 121.6 93.7 148 166.6 129.6 188 211.7 165.4 
69 77.7 59.2 109 122.7 94.6 149 167.7 130.5 189 212.8 166.3 
70 78.8 60.1 110 123.8 95.5 150 168.9 131.4 190 213.9 167.2 
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45 TABLE 5.—Continued. 

For the determination of maltose. 

{Expressed in milligrams.] 

cuU- cu- cuU- cuU- 
MAL- MAL- MAL- MAL- 

COPPER PROUS = COPPER| PROUS COPPER| PROUS COPPER! PROUS 
OXID TOSE OXID TOSE OXxID TOSE OXID TOSE 

191 215.0) 168.1 221 | 248.7] 194.8 251 | 282.6 | 221.7 281 | 316.4] 248.7 
192 216.2 | 169.0 222 | 249.9] 195.7 252 | 2837] 222.6 282 | 317.5 | 249.6 
193 217.3 | 169.8 223 | 251.0] 196.6 253 | 284.8] 223.5 283 | 318.6] 250.4 
194 218.4 | 170.7 224 | 252.4] 197.5 254 | 286.0] 224.4 284 | 319.7] 251.3 
195 219.5 | 171.6 225 | 253.3] 198.4 255 | 287.1] 225.3 285 | 3209] 252.2 

196 220.7 | 172.5 226 | 254.4] 199.3 256 | 288.2] 226.2 286 | 322.0] 253.1 
197 221.8 | 173.4 227 | 255.6 | 200.2 257 | 289.3] 2971 287 | 323.1] 254.0 
198 222.9 | 174.3 228 | 256.7| 201.1 258 | 290.5] 228.0 288 | 324.2] 254.9 
199 224.0 | 175.2 229 | 257.8] 202.0 259 | 2916] 228.9 289 | 325.4| 2558 
200 225.2 | 176.1 230 | 258.9 | 202.9 260 | 292.7] 229.8 290 | 326.5] 256.6 

201 226.3 | 177.0 231 | 260.1] 203.8 261 | 293.8] 230.7 291 | 327.4] 257.5 
202 227.4 | 177.9 232 | 261.2 | 204.7 262 | 295.0] 231.6 292 | 328.7] 258.4 
203 228.5 | 178.7 233 | 262.3] 205.6 263 | 296.1] 232.5 293 | 329.9] 2593 
204 229.7 | 179.6 234 | 263.4] 206.5 264 | 297.2] 233.4 294 | 331.0] 260.2 
205 230.8 | 180.5 235 | 264.6} 207.4 265 | 298.3] 234.3 295 | 332.1] 261.1 

206 231.9 | 181.4 236 | 265.7] 208.3 266 | 2995] 235.2 296 | 333.2] 262.0 
207 233.0 | 182.3 237 | 266.8] 2091 267 | 300.6] 236.1 297 | 334.4] 262.8 
208 234.2 | 183.2 238 | 268.0] 210.0 268 | 301.7] 237.0 298 | 335.5] 263.7 
209 235.3 | 184.1 239 | 269.1] 210.9 269 | 302.8] 237.9 299 | 336.6 | 264.6 
210 236.4 | 185.0 240 | 270.2] 211.8 270 | 304.0] 238.8 300 | 337.8 | 265.5 

211 237.6 | 185.9 241 | 271.3} 212.7 271 | 305.1] 239.7 
212 238.7 | 186.8 242 | 272.5 | 213.6 272 | 306.2} 240.6 
213 239.8 | 187.7 243 | 273.6 | 214.5 273 | 307.3] 241.5 
214 240.9 | 188.6 244 | 274.7) 215.4|| .274 | 308.5] 242.4 
215 242.1 | 189.5 245 | 275.8] 216.3 275 | 309.6] 243.3 

216 243.2) 190.4 246 | 277.0] 217.2 276 | 310.7] 2442 
217 244.3] 191.2 247 | 278.1] 218.1 277 | 311.9| 245.1 
218 245.4| 192.1 248 | 279.2} 219.0 278 | 313.0] 246.0 
219 246.6 | 193.0 249 | 280.3] 219.9 279 | 314.1] 246.9 
220 247.7 | 193.9 250 | 281.5] 220.8 280 | 315.2] 247.8 

LACTOSE. 

46 General Gravimetric Method.—Tentative. 

Proceed as directed under 25 and obtain, from 27, the weight of lactose 
equivalent to the weight of copper reduced. 

47 

Soxhlet-Wein Method.—Offcial. 

REAGENTS. 

The reagents and solutions used are described under 24. 

48 DETERMINATION. 

Place 50 ce. of the reagent in a beaker and heat to the boiling point. 

boiling briskly, add 100 cc. of the lactose solution containing not more than 0.300 

gram of lactose and boil for 6 minutes. 

determine by one of the methods given under 26, 29-34 inclusive, the amount of 
copper reduced. Obtain, from 49, the weight of lactose equivalent to the weight of 

copper found. 

When 

Filter immediately through asbestos and 
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49 

COPPER 

100 
101 

LACTOSE 

71.6 
72.4 
73.1 
73.8 
74.6 

75.3 
76.1 
76.8 
77.6 
78.3 

79.0 
79.8 

108.8 

= i=) mos 
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TABLE 6. 

For the determination of lactose (Soxhlet-Wein’). 

{Expressed in milligrams. ] 

COPPER 

160 
161 
162 
163 
164 

165 
166 
167 
168 
169 

170 
171 
172 
173 
174 

175 
176 
177 
178 
179 

180 
181 
182 
183 
184 

185 
186 
187 
188 
189 

190 
191 
192 
193 
194 

195 
196 
197 
198 
199 

200 
201 
202 
203 
204 

205 
206 
207 
208 
209 

210 
211 
212 
213 
214 

215 
216 
217 
218 
219 

LACTOSE 

116.4 
117.1 
117.9 
118.6 
119.4 

120.2 
120.9 
121.7 
122.4 
123.2 

123.9 
124.7 
125.5 
126.2 
127.0 

127.8 
128.5 
129.3 
130.1 
130.8 

131.6 
132.4 
133.1 
133.9 
134.7 

135.4 
136.2 
137.0 
137.7 
138.5 

139.3 
140.0 
140.8 
141.6 
142.3 

143.1 
143.9 
144.6 
145.4 
146.2 

146.9 
147.7 
148.5 
149.2 
150.0 

150.7 
151.5 
152.2 
153.0 
153.7 

154.5 
155.2 

0 
7 
5 

COPPER 

220 
221 
222 
223 
224 

225 
226 
227 
228 
229 

230 
231 
232 
233 
234 

235 
236 
237 
238 
239 

240 
241 
242 
243, 
244 

245 
246 
247 
248 
249 

250 
251 
252 
253 
254 

255 
256 
257 
258 
259 

260 
261 
262 
263 
264 

265 
266 
267 
268 
269 

270 
271 
272 
273 
274 

275 
276 
277 
278 
279 

LACTOSE 

_ D> oS 

PASS he MOND 

_ = oo 
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COPPER | LACTOSE || COPPER | LACTOSE 

280 208.3 340 255.7 
281 209.1 341 256.5 
282 209.9 342 257.4 
283 210.7 343 258.2 
284 211.5 344 259.0 

285 212.3 345 259.8 
286 213.1 346 260.6 
287 213.9 347 261.4 
288 214.7 348 262.3 
289 215.5 349 263.1 

290 216.3 350 263.9 
291 217.1 351 264.7 
292 217.9 352 265.5 
293 218.7 353 266.3 
294 219.5 354 267.2 

295 220.3 355 268.0 
296 221.1 356 268.8 
297 221.9 357 269.6 
298 222.7 358 270.4 
299 223.5 359 271.2 

300 224.4 360 272.1 
301 225.2 361 272.9 
302 225.9 362 273.7 
303 226.7 363 274.5 
304 227.5 364 275.3 

305 228.3 365 276.2 
306 229.1 366 277.1 
307 229.8 367 277.9 
308 230.6 368 278.8 
309 231.4 369 279.6 

310 232.2 370 280.5 
311 232.9 371 281.4 
312 233.7 372 282.2 
313 234.5 373 283.1 
314 235.3 374 283.9 

315 236.1 375 284.8 
316 236.8 376 285.7 
317 237.6 377 286.5 
318 238.4 378 287.4 
319 239.2 379 288.2 

320 240.0 380 289.1 
321 240.7 381 289.9 
322 241.5 382 290.8 
323 242.3 383 291.7 
324 243.1 384 292.5 

325 243.9 385 293.4 
326 244.6 386 294.2 
327 245.4 387 295.1 
328 246.2 383 296.0 
329 247.0 389 206.8 

330 247.7 390 297.7 
331 248.5 391 298.5 
332 249.2 392 299.4 
333 250.0 393 300.3 
334 250.8 394 301.1 

335 251.6 395 302.0 
336 252 5 396 302.8 
337 253.3 397 303 7 
338 254.1 398 304.6 
339 254.9 399 305 4 

400 306.3 
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DEXTROSE. 

50 Approximate Volumetric Method for Rapid Work.—Tentative. 

Proceed as directed under 21. Standardize the reagent against pure dextrose. 

51 Soxhlet Method.—Tentative. 

Proceed as directed under 23. Under these conditions 100 cc. of the reagent 
require 0.475 gram of anhydrous dextrose for complete reduction and the formula 

100 * 0.475 
becomes a aaa per cent of dextrose. 

52 General Gravimetric Method.—Tentative. 

Proceed as directed under 25 and obtain, from 27, the weight of dextrose equiv- 
alent to the weight of copper reduced. 

Allihn Gravimetric Method.—Tentative. 

53 REAGENT. 

Allihn’s Modification of Fehling’s Solution.—Prepare by mixing, immediately 

before use, equal volumes of (a) and (b). 
(a) Copper sulphate solution.—Dissolve 34.639 grams of copper sulphate 

(CuSO,5H.O) in water and dilute to 500 cc. 

(Db) Alkaline tartrate solution.—Dissolve 173 grams of Rochelle salts and 125 

grams of potassium hydroxid in water and dilute to 500 ce. 

54 DETERMINATION. 

Place 30 cc. of the copper sulphate solution, 30 cc. of the alkaline tartrate solu- 
tion, and 60 cc. of water in a beaker and heat to boiling. Add 25 cc. of the solution 

of the material to be examined, prepared so as not to contain more than 0.25 gram 

of dextrose, and boil for exactly 2 minutes, keeping the beaker covered. Filter 

immediately through asbestos, and obtain the weight of copper by one of the methods 

given under 26, 29-34 inclusive. The corresponding weight of dextrose is found 
in 55. 
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55 TABLE 7.—ALLIHN’S TABLE.?° 

For the determination of dextrose. 

[Expressed in milligrams.] 

cu- cu- cu- cu- 
DEX- DEX- DEX- DEX- 

COPPER PROUS COPPER! PROUS COPPER| PROUS COPPER, PROUS 
oxip | TROSE ovr | TROSE oxip | TROSE oxip | TROSB 

ll 12.4 6.6 71 79.9 36.3 131 147.5 66.7 191 215.0 97.8 
12 13.5 Us| 72 81.1 36.8 132 148.6 67.2 192 216.2 98.4 
13 14.6 7.6 73 82.2 37.3 133 149.7 67.7 193 217.3 98.9 
14 15.8 8.1 74 83.3 37.8 134 150.9 68.2 194 218.4 99.4 
15 16.9 8.6 75 84.4 38.3 135 152.0 68.8 195 219.5 | 100.0 

16 18.0 9.0 76 85.6 38.8 136 153.1 69.3 196 220.7 | 100.5 
17 19.1 95 77 86.7 39.3 137 154.2 69.8 197 221.8 | 101.0 
18 20.3 10.0 78 87.8 39.8 138 155.4 70.3 198 222.9) 101.5 
19 21.4 10.5 79 88.9 40.3 139 156.5 70.8 199 224.0 | 102.0 
20 22.5 11.0 80 90.1 40.8 140 157.6 71.3 200 225.2 | 102.6 

21 23.6 11.5 81 91.2 41.3 141 158.7 71.8 201 226.3 | 103.1 
22 24.8 12.0 82 92.3 41.8 142 159.9 72 3 202 227.4 | 103.7 
23 25.9 12.5 83 93.4 42.3 143 161.0 72.9 203 228.5] 104.2 
24 27.0 13.0 84 94.6 42.8 144 162.1 73.4 204 229.7 | 104.7 
25 28.1 13.5 85 95.7 43.4 145 163.2 73.9 205 230.8 | 105.3 

26 29.3 14.0 86 96.8 43.9 146 164.4 74.4 206 231.9} 105.8 
27 30.4 14.5 87 97.9 44.4 147 165.5 74.9 207 233.0 | 106.3 
28 31.5 15.0 88 99.1 44.9 148 166.6 75.5 208 234.2 | 106.8 
29 32.7 15.5 89 100.2 45.4 149 167.7 76.0 209 235.3 | 107.4 
30 33.8 16.0 90 101 3 45.9 150 168.9 76.5 210 236.4 | 107.9 

31 34.9 16.5 91 102.4 46.4 151 170.0 77.0 211 237.6 | 108.4 
32 36.0 17.0 92 103.6 46.9 152 171.1 77.5 212 238.7 | 109.0 
33 37.2 17.5 93 104.7 47.4 153 172.3 78.1 213 239.8 | 109.5 
34 38.3 18.0 94 105.8 47.9 154 173.4 78.6 214 240.9} 110.0 
35 39.4 18.5 95 107.0 48.4 155 174.5 79.1 215 242.1] 110.6 

36 40 5 18.9 96 108.1 48.9 156 175.6 79.6 216 243.2) 111.1 
37 41.7 19.4 97 109.2 49.4 157 176.8 80.1 217 244.3] 111.6 
38 42.8 19.9 98 110.3 49.9 158 177.9 80.7 218 245.4] 112.1 
39 43.9 20.4 99 111.5 50.4 159 179.0 81.2 219 246.6 | 112.7 
40 45.0 20.9 100 112.6 50.9 160 180.1 81.7 220 247.7 | 113.2 

41 46.2 21.4 101 113.7 51.4 161 181.3 82.2 221 248.7 | 113.7 
42 47.3 21.9 102 114.8 51.9 162 182.4 82.7 222 249.9] 114.3 
43 48.4 22.4 103 116.0 52.4 163 183.5 83.3 223 251.0 | 114.8 
44 49.5 22.9 104 117.1 52.9 164 184.6 83.8 224 252.4] 115.3 
45 50.7 23.4 105 118.2 53.5 165 185.8 84.3 225 253.3 | 115.9 

46 51.8 23.9 106 119.3 54.0 166 186.9 84.8 226 254.4] 116.4 
47 52.9 24.4 107 120.5 54.5 167 188.0 85.3 227 255.6 | 116.9 
48 54 0 24.9 108 121.6 55.0 168 189.1 85.9 228 256.7 | 117.4 
49 55.2 25.4 109 122.7 55.5 169 190.3 86.4 229 257.8 | 118.0 
50 56.3 25.9 110 123.8 56.0 170 191.4 86.9 230 258.9 | 118.5 

51 57.4 26.4 111 125.0 56.5 171 192.5 87.4 231 260.1 | 119.0 
52 68.5 26.9 112 126.1 57.0 172 193.6 87.9 232 261.2 | 119.6 
53 59.7 27.4 113 127.2 57.5 173 194.8 88.5 233 262.3 | 120.1 
54 60.8 27.9 114 128.3 58.0 174 195.9 89.0 234 263.4 | 120.7 
55 61.9 28.4 115 129.6 58.6 175 197.0 89.5 235 264.6 | 121.2 

56 63.0 28.8 116 130.6 59.1 176 198.1 90.0 236 265.7 | 121.7 
57 64.2 29.3 117 131.7 59.6 177 199.3 90.5 237 266.8 | 122.3 
58 65.3 29.8 118 132.8 60.1 178 200.4 91.1 238 268.0} 122.8 
59 66.4 30.3 119 134.0 60.6 179 201.5 91.6 239 269.1) 123.4 
60 67.6 30.8 120 135.1 61.1 180 202 6 92.1 240 270.2 | 123.9 

61 68.7 31.3 121 136.2 61.6 181 203.8 92.6 241 271.3 | 124.4 
62 69.8 31.8 122 137.4 62.1 182 204.9 93.1 242 272.5} 125.0 
63 70.9 32.3 123 138.5 62.6 183 206.0 93.7 243 273.6 | 125.6 
64 72.1 32.8 124 139.6 31 184 207.1 94.2 244 274.7 | 126.0 
65 73.2 33.3 125 140.7 63.7 185 208.3 94.7 245 275.8 | 126.6 

66 74.3 33.8 126 141.9 64.2 186 209.4 95.2 246 277.0 | 127.2 
67 75.4 34.3 127 143.0 64.7 187 210.5 95.7 247 278.1 | 127.6 
68 76.6 34.8 128 144.1 65.2 188 211.7 96.3 248 279.2) 128.1 
69 77.7 35.3 129 145.2 65.7 189 212.8 96.8 249 280.3 | 1287 
70 78.8 35.8 130 146.4 66.2 190 213.9 97.3 250 281.5 | 129.2 
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55 TABLE 7.—ALLIHN'S TABLE.—Continued. 

{Expressed in milligrams.] 

cu- cu- cu- cu- DEX- DEX- DEX- DEX- 
COPPER | PROUS COPPER] PROUS COPPER| PROUS COPPER| PROUS oxip | TROSE oxip | TRO8E oxip | TROSE oxip | TROSE 

251 282.6 | 129.7 306 344.5 | 159.8 361 406.4 | 190.6 416 468.4 | 222.2 
252 283.7 | 130.3 307 345.6 | 160.4 362 407.6 | 191.1 417 469.5 | 222.8 
253 284.8] 130.8 308 346.8 | 160.9 363 408.7 | 191.7 418 470.6 | 223.3 
254 286.0) 131.4 309 347.9] 161.5 364 409.8 | 192.3 419 471.8 | 223.9 
255 287.1 | 131.9 310 349.0 | 162.0 365 410.9 | 192.9 420 472.9 | 224.5 

256 288.2 | 132.4 311 350.1 | 162.6 366 412.1] 193.4 421 474.0 | 225.1 
257 289.3 | 133.0 312 351.3 | 163.1 367 413.2 | 194.0 422 475.6 | 225.7 
258 290.5 | 133.5 313 352.4 | 163.7 368 414.3] 194.6 423 476.2 | 226.3 
259 291.6 | 134.1 314 353.5 | 164.2 369 415.4 | 195.1 424 477.4 | 226.9 
260 292.7 | 134.6 315 354.6 | 164.8 370 416.6 | 195.7 425 478.5 | 227.5 

261 293.8 | 135.1 316 355.8 | 165.3 371 417.7 | 196.3 426 479.6 | 228.0 
262 295.0 | 135.7 317 356.9 | 165.9 372 418.8] 196.8 427 480.7 | 228.6 
263 296.1 | 136.2 318 358.0 | 166.4 373 420.0 | 197.4 428 481.9 | 229.2 
264 297.2 | 136.8 319 359.1] 167.0 374 421.1] 198.0 429 483.0 | 229.8 
265 298.3 | 137.3 320 360.3 | 167.5 375 422.2 | 198.6 430 484.1 | 230.4 

266 299.5 | 137.8 321 361.4 | 168.1 376 423.3 | 199.1 431 485.3 | 231.0 
267 300.6 | 138.4 322 362.5 | 168.6 377 424.5 | 199.7 432 486.4 | 231.6 
268 301.7 | 138.9 323 363.7 | 169.2 378 425.6 | 200.3 433 487.5 | 232.2 
269 302.8 | 139.5 324 364.8 | 169.7 379 426.7 | 200.8 434 488.6 | 232.8 
270 304.0} 140.0 325 365.9 | 170.3 380 427.8 | 201.4 435 489.7 | 233.4 

271 305.1 | 140.6 326 367.0 | 170.9 381 429 0 | 202.0 436 490.9 | 233.9 
272 306.2 | 141.1 327 368.2 | 171.4 382 430.1 | 202.5 437 492.0] 234.5 
273 307.3 | 141.7 328 369.3 | 172.0 383 431.2 | 203.1 438 493.1] 235.1 
274 308.5 | 142.2 329 370.4 | 172.5 384 432.3 | 203.7 439 494.3 | 235.7 
275 309.6 | 142.8 330 371.5 | 173.1 385 433.5 | 204.3 440 495.4 | 236.3 

276 310.7 | 143.3 331 372.7 | 173.7 386 434.6 | 204.8 441 496.5 | 236.9 
277 311.9 | 143.9 332 373.8 | 174.2 387 435.7 | 205.4 442 497.6 | 237.5 
278 313.0 | 144.4 333 374.9 | 174.8 388 436.8 | 206.0 443 498.8 | 238.1 
279 314.1] 145.0 334 376.0 | 175.3 389 438.0] 206.5 444 499.9 | 238.7 
280 315.2 | 145.5 335 377.2 | 175.9 390 439.1 | 207.1 445 501.0 | 239.3 

281 316.4 | 146.1]! 336 378.3] 176.5 391 440.2 | 207.7 446 502.1 | 239.8 
282 317.5 | 146.6 |} = 337 379.4 | 177.0 392 441.3] 208.3 447 503.2 | 240.4 
283 318.6 | 147.2 338 380.5 | 177.6 -393 442.4] 208.8 448 504.4 | 241.0 
284 81927) |), L470 339 381.7 | 178.1 394 443.6 | 209.4 449 505.5 | 241.6 
285 320.9 | 148.3 340 382.8 | 178.7 395 444.7 | 2100 450 506.6] 242.2 

286 322.0} 148.8 |; 341 383.9 | 179.3 396 445.9 | 210.6 451 507.8 | 242.8 
287 323.1 149 4 342 385.0 | 179.8 397 447.0 | 211.2 452 508.9 | 243.4 
288 324.2 | 149.9 343 386.2 | 180.4 398 448.1 | 211.7 453 510.0 | 244.0 
289 325.4 | 150.5 344 387.3 | 180.9 399 449.2 | 212.3 454 511.1 | 244.6 
290 326.5 | 151.0 345 388.4 | 181.5 400 450.3 | 212.9 455 512.3 | 245.2 

"291 327.4 | 151.6 346 389.6 | 182.1 401 451.5 | 213.5 456 513.4 | 245.7 
292 328.7 | 152.1 347 390.7 | 182.6 402 452.6 | 214.1 457 514.5 | 246.3 
293 329.9 | 152.7 348 391.8 | 183.2 403 453.7 | 214.6 458 515.6 | 246.9 
294 331.0 | 153.2 349 392.9 | 183.7 404 454.8 | 215.2 459 516.8 | 247.5 
295 332.1 | 153.8 350 394.0 | 184.3 405 456.0 | 215.8 460 517.9 | 248.1 

296 333.3 | 154.3 351 395.2 | 184.9 406 457.1 | 216.4 461 519.0 | 248.7 
* 207 334.4 | 154.9 352 396.3 | 185.4 407 458.2 | 217.0 462 520.1 | 249.3 
298 335.5 | 155.4 353 397.4] 186.0 408 459.4 | 217.5 463 521.3 | 249.9 
299 336.6 | 156.0 354 398.6 | 186.6 409 460.5 | 218.1 

* 300 337.8 | 156.5 355 399.7 | 187.2 410 461.6 | 218.7 

301 157.1 356 400.8 | 187.7 411 462.7 | 219.3 
' 302 157.6 357 401.9 | 188.3 412 463.8 | 219.9 
303 158.2 358 403.1} 188.9 413 465.0 | 220.4 
304 158.7 359 404.2 | 189.4 414 466.1) 221.0 

* 305 159.3 360 405 3] 199.0 415 467.2 | 221.6 ' 
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56 REDUCING SUGARS OTHER THAN DEXTROSE, 

Proceed as directed under 54 and multiply the weight of dextrose found in 55 
by the following factors: 

Levulose, 1.093; 

Invert sugar, 1.046; 

Arabinose, 0.969; 

Xylose, TOM 

Galactose, 1.114. 

TOTAL SuUGARS.!! 

(Applicable to cattle foods.) 

57 PREPARATION OF SOLUTION. 

Place 12 grams of the material in a 300 cc. graduated flask, if the substance has an 

acid reaction add 1-3 grams of calcium carbonate, and boilon a steam bath for 1 hour 

with 150 ce. of 50% alcohol by volume, using a small funnel in the neck of the flask 

to condense the vapor. Cool, and allow the mixture to stand several hours, prefer- 
ably overnight. Make up to volume with neutral 95% alcohol, mix thoroughly, 
allow to settle, transfer 200 cc. toa beaker with a pipette, and evaporate on a steam 

bath to a volume of 20-30 cc. 

Do not evaporate to dryness, a little alcohol in the residue doing no harm. Trans- 
fer to a 100 cc. graduated flask, and rinse the beaker thoroughly with water, adding 

the rinsings to the contents of the flask. Add enough saturated neutral lead acetate 

solution to produce a flocculent precipitate, shake thoroughly and allow to stand 15 

minutes. Make up to the mark with water, mix thoroughly, and filter through a 
dry filter. Add sufficient anhydrous sodium carbonate to the filtrate to precipitate 

all the lead, again filter through a dry paper and test the filtrate with a little anhy- 

drous sodium carbonate to make sure that all the lead has been removed. 

58 DETERMINATION OF REDUCING SUGARS, 

Proceed as directed under 26 or 29-34 respectively, employing the Soxhlet 

modification of Fehling’s solution and using 25 ec. of the solution (representing 2 

grams of the sample), prepared as directed in 57. Express the results as dextrose 

or invert sugar. 

59 SUCROSE. 

Introduce 50 cc. of the solution, prepared as directed in 57, into a 100 cc. gradu- 
ated flask, add a piece of litmus paper, neutralize with acetic acid, add 5 cc. of con- 

centrated hydrochloric acid and allow the inversion to proceed at room temperature 
as directed under 14 or 16. When inversion is complete, transfer the solution to a 

beaker, neutralize with sodium carbonate, return the solution to the 100 ce. flask, 

dilute to the mark with water, filter if necessary and determine reducing sugars in 
50 ec. of the solution (representing 2 grams of the sample) as directed in 58, and 

calculate the results as invert sugar. Subtract the per cent of reducing sugars be- 

fore inversion from the per cent of total sugar after inversion, both calculated as 

invert sugar, and multiply the difference by 0.95 to obtain the per cent of sucrose 
present. 

Since the insoluble material of grain or cattle food occupies some space in the 
flask as originally made up, it is necessary to correct for this volume. Results 
of a large number of determinations on various materials have shown the average 
volume of 12 grams of material to be 9 cc., and therefore to obtain the true amount 
of sugars present all results must be multiplied by the factor 0.97. 
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STARCH. 

60 Direct Acid Hydrolysis (Modified Sachsse Method).—Official. 

(In this method there will be included as starch the pentosans and other carbo- 

hydrate bodies present which undergo hydrolysis and conversion into reducing 

sugars on boiling with hydrochloric acid.) 

Stir a quantity of the sample, representing 2.5-3 grams of the dry material, in a 

beaker with 50 cc. of cold water for an hour. Transfer to a filter and wash with 

250 ec. of cold water. Heat the insoluble residue for 2} hours with 200 cc. of water 

and 20 ce. of hydrochloric acid (sp. gr. 1.125) in a flask provided with a reflux con- 

denser. Cool, and nearly neutralize with sodium hydroxid. Complete the volume 

to 250 cc., filter, and determine the dextrose in an aliquot of the filtrate as directed 

under 52 or 54. The weight of the dextrose obtained multiplied by 0.90 gives the 

weight of starch. 

The factor 0.9 is the theoretical ratio between starch and glucose but, according 
to Noyes!? and other investigators, the factor 0.93 more nearly approaches the actual 
yield. 

Diastase Method with Subsequen! Acid Hydrolysis.—T entative. 

61 REAGENT. 

Malt extract.—Digest 10 grams of fresh, finely ground malt for 2-3 hours at or- 

dinary temperature with 200 cc. of water and filter. Determine the amount of dex- 

trose in a given quantity of the filtrate after boiling with acid, etc., as in the starch 

determination, and make the proper correction in the subsequent determination. 

62 DETERMINATION. 

Extract a convenient quantity of the substance (ground to an impalpable powder 

and representing 4-5 grams of the dry material) on a hardened filter with 5 successive 
portions of 10 cc. of ether; wash with 150 ec. of 10% alcohol and then with a little strong 

alcohol. Place the residue ina beaker with 50 cc. of water, immerse the beaker in boil- 

ing water, and stir constantly for 15 minutes or until all the starch is gelatinized ; cool 

to 55°C., add 20 cc. of malt extract, and maintain at this temperature for an hour. 

Heat again to boiling for a few minutes, cool to 55°C., add 20 ec. of malt extract, and 

maintain at this temperature for an hour or until the residue treated with iodin shows 

no blue color upon microscopic examination. Cool, make up directly to 250 cc., and 

filter. Place 200 cc. of the filtrate in a flask with 20 cc. of hydrochloric acid (sp. gr. 
1.125); connect with a reflux condenser and heat in a boiling water bath for 23 hours. 

Cool, nearly neutralize with sodium hydroxid solution, finish the neutralization 

with sodium carbonate solution, and make up to 500 ce. Mix the solution well, pour 

through a dry filter, and determine the dextrose in an aliquot as directed under 
52 or 54. Conduct a blank determination upon the same volume of the malt 
extract as used upon the sample and correct the weight of reduced copper accord- 

ingly. The weight of the dextrose obtained multiplied by 0.90 gives the weight of 

starch. 

PENTOSANS.—TENTATIVE. 

63 REAGENT. 

Phloroglucin.—Dissolve a small quantity of the phloroglucin in a few drops of 

acetic anhydrid, heat almost to boiling, and add a few drops of concentrated sul- 
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phuric acid. A violet color indicates the presence of diresorcin. A phloroglucin 

which gives more than a faint coloration may be purified by the following method: 

Heat in a beaker about 300 ec. of hyd-ochlorie acid (sp. gr. 1.06) and 11 grams of 

commercial phloroglucin, added in small quantities at a time, stirring constantly 

until it has almost entirely dissolved. Pour the hot solution into a sufficient quan- 

tity of the same hydrochloric acid (cold) to make the volume 1500 cc. Allow it 

to stand at least overnight, preferably several days, to permit the diresorcin to 

crystallize out. Filter immediately before using. A yellow tint does not inter- 

fere with its usefulness. In using it, add the volume containing the required amount 

to the distillate. 

64 DETERMINATION. 

Place a quantity of the material, 2-5 grams, chosen so that the weight of phloro- 

glucid obtained shall not exceed 0.300 gram, in a 300 ce. distillation flask, together 

with 100 ce. of 12% hydrochloric acid (sp. gr. 1.06), and several pieces of recently 

heated pumice stone. Place the flask on a wire gauze, connect with a condenser, 

and heat, rather gently at first, and regulate so as to distil over 30 cc. in about 10 

minutes, the distillate passing through a small filter paper. Rep'ace the 30 cc. 

distilled by a like quantity of the dilute acid, added by means of a separatory funnel 
in such a manner as to wash down the particles adhering to the sides of the flask, and 

continue the process until the distillate amounts to 360 cc. To the total distillate 

add gradually a quantity of phloroglucin dissolved in 12% hydrochloric acid and 
stir thoroughly the resulting mixture. The amount of phloroglucin used should be 

about double that of the furfural expected. The solution turns first yellow, then 

green, and very soon an amorphous greenish precipitate appears, which grows 
darker rapidly, till it becomes finally almost black. Make the solution up to 400 

ee. with 12% hydrochloric acid, and allow to stand overnight. 
Filter the amorphous black precipitate into a tared Gooch crucible through an 

asbestos mat, wash carefully with 150 cc. of water in such a way that the water is 

not entirely removed from the crucible until the very last, then dry for 4 hours at 

the temperature of boiling water, cool and weigh in a weighing bottle, the increase 
in weight being reckoned as furfural phloroglucid. To calculate the furfural, pen- 

tose, or pentosan from the phloroglucid, use the following formulas given by Kréber: 
(1) For a weight of phloroglucid, designated by ‘‘a’”’ in the following formulas, 

under 0.03 gram, 

Furfural (a + 0.0052) « 0.5170. 

Pentoses = (a + 0.0052) & 1.0170. 

Pentosans = (a + 0.0052) * 0.8949. 

In the above and also in the following formulas, the factor 0.0052 represents the 

weight of phloroglucid which remains dissolved in the 400 ce. of acid solution. 

(2) For a weight of phloroglucid ‘‘a’’ over 0.300 gram, 

Furfural = (a + 0.0052) * 0.5180. 

Pentoses = (a + 0.0052) « 1.0026. 

Pentosans (a + 0.0052) « 0.8824. 

For a weight of phloroglucid ‘‘a’’ between 0.03 and 0.300 gram use Krober’s 

table, 65, or the following formulas in which the factors were calculated from 

Kroéber’s tables by C. A. Browne, ™ 

Furfural (a + 0.0052) X 0.5185. 

Pentoses = (a + 0.0052) 1.0075. 

Pentosans = (a + 0.0052) * 0.8866. 

ll 
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65 TABLE 8.—KROBER’S TABLE." 

For Determining Pentoses and Pentosans. 

{Expressed in grams.| 

Sea GCTD FURFURAL |ARABINOSE | ARABAN XYLOSE XYLAN PENTOSE | PENTOSAN 

0.0380 0.0182 0.0391 0.0344 0.0324 0.0285 0.0358 0.0315 
0.031 0.0188 0.0402 0.0354 0.0333 0.0293 0.0368 | 0.0324 
0.0382 0.0193 0.0413 0.0363 0.0342 0.0301 0.0378 0.0333 
0.033 0.0198 0.0424 0.0373 0.0352 0.0309 0.0388 0.0341 
0.034 0.0203 0.0435 0.0383 0.03861 0.0317 0.0398 0.0350 

0.035 0.0209 0.0446 0.0393 0.0370 0.0326 0.0408 | 0.0359 
0.036 0.0214 0.0457 0.0402 0.0379 0.0334 0.0418 0.0368 
0.037 0.0219 0.0468 0.0412 0.0388 0.0342 0.0428 | 0.0377 
0.038 0.0224 0.0479 0.0422 0.0398 0.0350 0.0439 0.0386 
0.039 0.0229 0.0490 0.0431 0.0407 0.0358 0.0449 0.0395 

0.040 0.0235 0.0501 0.0441 0.0416 0.0366 0.0459 0.0404 
0.041 0.0240 0.0512 0.0451 0.0425 0.0374 0.0469 0.0413 
0.042 0.0245 0.0523 0.0460 | 0.0434 0.0382 0.0479 0.0422 
0.043 0.0250 0.0534 0.0470 | 0.0443 0.0390 0.0489 0.0431 
0.044 0.0255 0.0545 0.0480 0.0452 0.0398 0.0499 0.0440 

0.045 0.0260 0.0556 | 0.0490 0.0462 0.0406 0.0509 0.0448 
0.046 0.0266 0.0567 0.0499 0.0471 0.0414 0.0519 0.0457 
0.047 0.0271 0.0578 0.0509 0.0480 0.0422 0.0529 0.0466 
0.048 0.0276 0.0589 0.0519 0.0489 0.0430 0.0539 0.0475 
0.049 0.0281 0.0600 0.0528 0.0498 0.0488 0.0549 0.0484 

0.050 0.0286 0.0611 0.0538 0.0507 0.0446 0.0559 | 0.0492 
0.051 0.0292 0.0622 0.0548 0.0516 0.0454 0.0569 | 0.0501 
0.052 0.0297 0.0633 0.0557 0.0525 0.0462 0.0579 0.0510 
0.053 0.0302 0.0644 0.0567 0.0534 0.0470 0.0589 0.0519 
0.054 0.0307 0.0655 | 0.0576 0.0543 0.0478 0.0599 0.0528 

0.055 0.0312 0.0666 0.0586 0.0553 0.0486 0.0610 0.0537 
0.056 0.0318 0.0677 0.0596 0.0562 0.0494 0.0620 0.0546 
0.057 0.0323 0.0688 0.0605 0.0571 0.0502 0.0630 0.0555 
0.058 0.0328 0.0699 0.0615 0.0580 0.0510 0.0640 0.0564 
0.059 0.0833 0.0710 0.0624 0.0589 0.0518 0.0650 | 0.0573 

0.060 0.03388 0.0721 0.0634 0.0598 0.0526 | 0.0660 | 0.0581 
0.061 0.0344 0.0782 0.0644 0.0607 0.0584 0.0670 0.0590 
0.062 0.0349 0.0743 0.0653 0.0616 0.0542 0.0680 0.0599 
0.063 0.0354 0.0754 0.0663 0.0626 0.0550 | 0.0690 | 0.0608 
0.064 0.0359 0.0765 0.0673 0.0635 0.0558 0.0700 | 0.0617 

0.065 0.0364 0.0776 0.0683 0.0644 0.0567 0.0710 0.0625 
0.066 0.0370 0.0787 0.0692 0.0653 0.0575 0.0720 0.0634 
0.067 0.0375 0.0798 0.0702 0.0662 0.0583 0.0730 0.0643 
0.068 0.0380 | 0.0809 0.0712 0.0672 0.0591 0.0741 0.0652 
0.069 0.0385 0.0820 0.0721 0.0681 0.0599 0.0751 0.0661 

0.070 0.0390 0.0831 0.0731 0.0690 0.0607 0.0761 0.0670 
0.071 0.0396 0.0842 0.0741 0.0699 0.0615 0.0771 0.0679 
0.072 0.0401 0.0853 0.0750 0.0708 0.0623 0.0781 0.0688 
0.073 0.0406 0.0864 0.0760 0.0717 0.0631 0.0791 0.0697 
0.074 0.0411 0.0875 0.0770 | 0.0726 0.0639 0.0801 0.0706 
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0.075 
0.076 
0.077 
0.078 
0.079 

0.080 
0.081 
0.082 
0.083 
0.084 

0.085 
0.086 
0.087 
0.088 
0.089 

0.090 
0.091 
0.092 
0.093 
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TABLE 8.—KROBER’S TABLE.—Continued. 

[Expressed in grams.] 
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FURFURAL 

0.0416 
0.0422 
0.0427 
0.0432 
0.0437 

0.0442 
0.0448 
0.0453 
0.0458 
0.0463 

0.0468 
0.0474 
0.0479 
0.0484 
0.0489 

0.0494 
0.0499 
0.0505 
0.0510 
0.0515 

0.0520 
0.0525 
0.0531 
0.0536 
0.0541 

0.0546 

OSC OOO oo SSS: 

S D a cs 

ARABINOSE ARABAN XYLOSE XYLAN 

0.0886 | 0.0780 | 0.0736 | 0.0647 
0.0897 | 0.0789 | 0.0745 | 0.0655 
0.0908 | 0.0799 | 0.0754 | 0.0663 
0.0919 | 0.0809 | 0.0763 | 0.0671 
0.0930 | 0.0818 | 0.0772 | 0.0679 

0.0941 | 0.0828 | 0.0781 | 0.0687 
0.0952 | 0.0838 | 0.0790 | 0.0695 
0.0963 | 0.0847 | 0.0799 | 0.0703 
0.0974 | 0.0857 | 0.0808 | 0.0711 
0.0985 | 0.0867 | 0.0817 | 0.0719 

0.0996 | 0.0877 | 0.0827 | 0.0727 
0.1007 | 0.0886 | 0.0836 | 0.0735 
0.1018 | 0.0896 | 0.0845 | 0.0743 
0.1929 | 0.0906 | 0.0854 | 0.0751 
0.1040 | 0.0915 | 0.0863 | 0.0759 

0.1051 | 0.0925 | 0.0872 | 0.0767 
0.1062 | 0.0935 | 0.0881 | 0.0775 
0.1073 | 0.0944 | 0.0890 | 0.0783 
0.1084 | 0.0954 | 0.0900 | 0.0791 
0.1095 | 0.0964 | 0.0909 | 0.0800 

0.11€6 | 0.0974 | 0.0918 | 0.0808 
0.1117 | 0.0983 | 0.0927 | 0.0816 
0.1128 | 0.0993 | 0.0936 | 0.0824 
0.1139 | 0.1003 | 0.0946 | 0.0832 
0.1150 | 0.1012 | 0.0955 | 0.0840 

0.1161 | 0.1022 | 0.0964 | 0.0848 
0.1171 | 0.1032 | 0.0973 | 0.0856 
0.1182 | 0.1041 | 0.0982 | 0.0864 
0.1193 | 0.1051 |} 0.0991 | 0.0872 
0.1204 | 0.1060} 0.1000} 0.0880 

0.1215 | 0.1070} 0.1010} 0.0888 
0.1226 | 0.1080 | 0.1019 | 0.0896 
0.1237 | 0.1089 | 0.1028 | 0.0904 
0.1248 | 0.1099 | 0.1087 | 0.0912 
0.1259 | 0.1108 | 0.1046 | 0.0920 

0.1270 | 0.1118 | 0.1055 | 0.0928 
0.1281 | 0.1128 | 0.1064 | 0.0936 
0.1292 | 0.1137 | 0.1073} 0.0944 
0.1303 | 0.1147 | 0.1082 | 0.0952 
0.1314 | 0.1156 | 0.1091 | 0.0960 

0.1325 | 0.1166} 0.1101 | 0.0968 
0.1336 | 0.1176] 0.1110} 0.0976 
0.1347 | 0.1185 | 0.1119 | 0.0984 
0.1358 | 0.1195 | 0.1128} 0.0992 
0.1369 | 0.1204 |} 0.1137 | 0.1000 

PENTOSE 

0.0811 
0.0821 
0.0831 
0.0841 
0.0851 

0.0861 
0.0871 
0.0881 
0.0891 
0.0901 

0.0912 
0.0922 
0.0932 
0.0942 
0.0952 

0.0962 
0.0972 
0.0982 
0.0992 
-1002 

1012 
.1022 
-1032 
1043 
-1053 

1063 
1073 
1083 
-1093 
1103 

1113 
1123 
1133 
1143 
-1153 

1163 
1173 
1183 
1193 
1203 

1213 
1223 
1233 
1243 
1253 

PENTOSAN 

0.0714 
0.0722 
0.0731 
0.0740 
0.0749 

0.0758 
0.0767 
0.0776 
0.0785 
0.0794 

0.0803 
0.0812 
0.0821 
0.0830 
0.0838 

0.0847 
0.0856 
0.0865 
0.0874 
0.0883 

0.0891 
0.0899 
0.0908 
0.0917 
0.0926 

0.0935 
0.0944 
0.0953 
0.0962 
0.0971 

0.0979 
0.0988 
0.0997 
1006 
-1015 

1023 
1032 
1041 
.1050 
1059 

1067 
.1076 
1085 
1094 
-1103 ooooo coCcoo co 
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65 TABLE 8.—KROBER’S TABLE.—Continued. 
{Expressed in grams.] 

pay onaaiiGes FURFURAL |ARABINOSE ARABAN XYLOSE XYLAN PENTOSE PENTOSAN 

0.120 0.0650 | 0.1380 | 0.1214] 0.1146] 0.1008] 0.1263} 0.1111 
0.121 0.0655 | 0.1391 | 0.1224] 0.1155] 0.1016} 0.1273 0.1120 
0.122 0.0660 | 0.1402] 0.1233] 0.1164] 0.1024] 0.1283 | 0.1129 
0.123 0.0665 | 0.1413] 0.1243] 0.1173] 0.10382} 0.1293 | 0.1138 
0.124 0.0671 | 0.1424} 0.1253] 0.1182} 0.1040] 0.1303] 0.1147 

0.125 0.0676 | 0.1435 | 0.1263 | 0.1192] 0.1049 | 0.1314 | 0.1156 
0.126 0.0681 | 0.1446 | 0.1272] 0.1201 | 0.1057 | 0.1324] 0.1165 
0.127 0.0686 | 0.1457 | 0.1282} 0.1210] 0.1065 | 0.1334] 0.1174 
0.128 0.0691 | 0.1468 | 0.1292] 0.1219} 0.1073 | 0.1344] 0.1183 
0.129 0.0697 | 0.1479 | 0.1301 | 0.1228} 0.1081 | 0.1354] 0.1192 

0.130 0.0702 1490 | 0.1311 | 0.1237 | 0.1089 | 0.1364] 0.1201 
0.131 0.0707 | 0.1501 | 0.1321 | 0.1246] 0.1097 | 0.1374] 0.1210 
0.132 0.0712 | 0.1512 | 0.13380 | 0.1255} 0.1105 | 0.1384] 0.1219 
0.133 0.0717 | 0.1523 | 0.1340 | 0.1264] 0.1113 | 0.1894 | 0.1227 
0.134 0.0723 | 0.15384] 0.1850] 0.1273 | 0.1121 | 0.1404 | 0.1236 

0.135 0.0728 | 0.1545 | 06.1860] 0.1283} 0.1129] 0.1414] 0.1244 
0.136 0.0733 | 0.1556 | 0.1369 | 0.1292 | 0.1137 | 0.1424] 0.1253 
0.137 0.0738 | 0.1567 | 0.1379 | 0.1301} 0.1145 | 0.1434} 0.1262 
0.138 0.0748 | 0.1578 | 0.13889 |] 0.1310] 0.1153 | 0.1444 | 0.1271 
0.139 0.0748 | 0.1589 | 0.1398 | 0.13819} 0.1161 | 0.1454] 0.1280 

0.140 0.0754 | 0.1600 | 0.1408 | 0.1328] 0.1169 | 0.1464] 0.1288 
0.141 0.0759 | 0.1611] 0.1418 | 0.1337] 0.1177 | 0.1474] 0.1297 
0.142 0.0764 | 0.1622 | 0.1427 | 0.1346] 0.1185 | 0.1484] 0.1306 
0.148 0.0769 | 0.16383 | 0.1487 | 0.1355} 0.1193 | 0.1494] 0.1315 
0.144 0.0774 | 0.1644 | 0.1447 | 0.1364} 0.1201 | 0.1504] 0.1324 

0.145 0.0780 | 0.1655 | 0.1457 | 0.1374] 0.1209} 0.1515 | 0.1333 
0.146 0.0785 | 0.1666 | 0.1466 | 0.1383 | 0.1217 | 0.1525] 0.1342 
0.147 0.0790 | 0.1677 | 0.1476 | 0.1392] 0.1225} 0.15385] 0.1351 
0.148 0.0795 | 0.1688 | 0.1486] 0.1401} 0.12383 | 0.1545 | 0.1360 
0.149 0.0800 | 0.1699 | 0.1495 | 0.1410] 0.1241 |} 0.1555] 0.1369 

0.150 0.0805 | 0.1710} 0.1505 | 0.1419 | 0.1249] 0.1565 | 0.1377 
0.151 0.0811 | 0.1721 | 0.1515 | 0.1428 | 9.1257 | 0.1575] 0.1386 
0.152 0.0816 | 0.1732 | 0.1524} 0.1487 | 0.1265] 0.1585] 0.1395 
0.153 0.0821 | 0.1743 | 0.1534] 0.1446 | 0.1273 | 0.1595 | 0.1404 
0.154 0.0826 | 0.1754 | 0.1544] 0.1455] 0.1281} 0.1605 | 0.1413 

0.155 0.0831 | 0.1765 | 0.1554] 0.1465 | 0.1289} 0.1615 | 0.1421 
0.156 0.0837 | 0.1776 | 0.1563 | 0.1474] 0.1297} 0.1625 | 0.1480 
0.157 0.0842 |} 0.1787 | 0.1573-| 0.1483 | 0.1305 | 0.1635 | 0.1439 
0.158 0.0847 | 0.1798 | 0.1583 | 0.1492 | 0.1313 | 0.1645] 0.1448 
0.159 0.0852 | 0.1809 | 0.1592] 0.1501 | 0.1321 | 0.1655 | 0.1457 

0.160 0.0857 | 0.1820} 0.1602} 0.1510 | 0.1329 | 0.1665 | 0.1465 
0.161 0.0863 | 0.18381 | 0.1612 | 0.1519 | 0.1337 | 0.1675 | 0.1474 
0.162 0.0868 |} 0.1842 | 0.1621 | 0.1528] 0.13845 | 0.1685 | 0.1483 
0.163 0.0873 | 0.1853 | 0.1631 | 0.1537 | 0.1353 | 0.1695 | 0.1492 
0.164 0.0878 | 0.1864 | 0.1640 | 0.1546] 0.1361} 0.1705} 0.1501" 



VII] 

65 TABLE 8.—KROBER’S TABLE.—Continued. 

FOODS AND FEEDING STUFFS 

{Expressed in grams.] 

115 

FURFURAL 

PHLOROGLUCID 
FURFURAL ARABINOSE ARABAN XYLOSE 

165 
166 
167 
168 
169 

170 
aval 

ie) for) 

0.0883 
0.0888 
0.0894 
0.0899 
0.0904 

0.0909 
0.0914 
0.0920 
0.0925 
0.0930 

0.0935 
0.0940 
0.0946 
0.0951 
0.0956 

0.0961 
0.0966 
0.0971 
0.0977 
0.0982 

Sec oie) ooooo Co ooo, Comoe: OO. 

> or rss 

ooce's ooocSs oc oocio coccoo ooooo “ooo deo Oooo eo! co ooeso Woociom 

1875 
1886 
1897 
1908 
.1919 

.1930 
1941 
1952 
1963 
.1974 

1985 
1996 
2007 
.2018 
.2029 

2039 
2050 
2061 
.2072 
2082 

. 2093 
2104 
2115 
2126 
2136 

.2147 

.2158 
2168 
2179 
2190 

2201 
2212 
9999 F774 

2233 
2244 

2255 
. 2266 
.2276 
2287 
2298 

. 2309 
2320 
2330 
2341 
2352 eooooo ocooocoeo ooooo oocooco oooceoeo ooco0oo ooooo0 ooooo ooooe 

1650 
1660 
1669 
1679 
1688 

1698 
1708 
1717 
1727 
1736 

1746 
1756 
1765 
1775 
1784 

1794 
1804 
1813 
1823 
1832 

.1842 
1851 
1861 
1870 
.1880 

1889 
1899 
1908 
1918 
1927 

1937 
1946 
1956 
1965 
1975 

1984 
.1994 
2003 
2013 
2022 

. 2032 
2041 
.2051 
2060 
2069 ooooo ooocooo cooocooo coooo ocooceoo c0000O e9000o0o ec0000o e0o00o0 

1556 
1565 
1574 
1583 
1592 

1601 
1610 
1619 
1628 
1637 

1647 
1656 
1665 
1674 
1683 

.1692 
1701 
.1710 
1719 
1728 

.1738 
1747 
1756 
1765 
1774 

1783 
.1792 
1801 
1810 
1819 

1829 
1838 
1847 
1856 
1865 

1874 
1883 
- 1892 
-1901 
.1910 

.1920 
1929 
.1938 
1947 
.1956 

XYLAN 

eoqoooe ooo ceo: coocSe ooceao ~—ooooSs- ooo odo oOo So soo Oo ooooe 

1369 
1377 
1385 
1393 
1401 

1409 
1417 
1425 
1433 
1441 

1449 
1457 
1465 
1473 
1481 

1489 
1497 
1505 
1518 
1521 

1529 
1537 
1545 
1553 
1561 

1569 
1577 
1585 
1593 
1601 

.1609 

.1617 
1625 
1633 
1641 

1649 
1657 
1665 
1673 
1681 

1689 
1697 
1705 
1713 
1721 

PENTOSE 

ooooo ooocoo ooceoo coooo coooco ooooco ooceo coeoeao cooedo 

1716 
1726 
1736 
1746 
1756 

1766 
.1776 
1786 
1796 
1806 

1816 
1826 
1836 
.1846 
1856 

1866 
1876 
1886 
1896 
-1906 

1916 
1926 
1936 
1946 
1955 

1965 
1975 
1985 
1995 
2005 

.2015 
2025 
2035 
2045 
2055 

2065 
2075 
-2085 
2095 
2105 

2115 
.2125 
.2134 
2144 
.2154 

PENTOSAN 

coooo oooocooO ooooo cocooo cocooo cooeoeo ocoococoo cooeoo eoooo 

1510 
1519 
1528 
1537 
1546 

1554 
1563 
.1572 
1581 
1590 

1598 
1607 
1616 
1625 
1634 

1642 
1651 
1660 
1669 
1678 

.1686 
1695 
1704 
1712 
1721 

.1729 
1738 
1747 
1756 
1764 

1773 
1782 
1791 
.1800 
.1808 

.1817 
1826 
1835 
.1844 
1853 

1861 
1869 
1878 
1887 
1896 
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65 TABLE 8.—KROBER’S TABLE.—Continued. 
{Expressed in grams.] 

FURFURAL 
PHLOROGLUCID FURFURAL | ARABINOSE| ARABAN XYLOSE XYLAN PENTOSE PENTOSAN 

0.210 0.1116 | 0.2863) 0.2079 | 0.1965} 0.1729] 0.2164] 0.1904 
0.211 0.1121 | 0.2374) 0.2089] 0.1975 | 0.1737 | 0.2174] 0.1913 
0.212 0.1127 | 0.2884 | 0.2098 | 0.1984] 0.1745] 0.2184] 0.1922 
0.213 0.1132 | 0.2395 | 0.2108 | 0.1993} 0.1753] 0.2194] 0.1931 
0.214 0.1137 | 0.2406 | 0.2117] 0.2002} 0.1761 | 0.2204] 0.1940 

0.215 0.1142 | 0.2417 | 0.2127 | 0.2011} 0.1770 | 0.2214) 0.1948 
0.216 0.1147 | 0.2428 | 0.2136 | 0.2020} 0.1778 | 0.2224 | 0.1957 
0.217 0.1152 | 0.2438 | 0.2146 | 0.2029] 0.1786} 0.2234] 0.1966 
0.218 0.1158 | 0.2449 | 0.2155 | 0.2038 | 0.1794 | 0.2244) 0.1974 
0.219 0.1163 | 0.2460 | 0.2165 | 0.2047} 0.1802 | 0.2254] 0.1983 

0.220 0.1168 | 0.2471 | 0.2174] 0.2057] 0.1810] 0.2264} 0.1992 
0.221 0.1173 | 0.2482 | 0.2184] 0.2066] 0.1818} 0.2274} 0.2001 
0.222 0.1178 | 0.2492 | 0.2193 | 0.2075 | 0.1826} 0.2284} 0.2010 
0.223 0.1183 | 0.2503 | 0.2203 | 0.2084] 0.1834] 0.2294] 0.2019 
0.224 0.1189 | 0.2514 | 0.2212] 0.2093 | 0.1842 | 0.2304) 0.2028 

0.225 0.1194 | 0.2525 | 0.2222 | 0.2102] 0.1850 | 0.2314] 0.2037 
0.226 0.1199 | 0.2536 | 0.2232 | 0.2111} 0.1858 | 0.2324 | 0.2046 
0.227 0.1204 | 0.2546 | 0.2241 | 0.2121} 0.1866 | 0.2334 | 0.2054 
0.228 0.1209 | 0.2557 | 0.2251 | 0.2130} 0.1874 | 0.2344) 0.2063 
0.229 0.1214 | 0.2568 | 0.2260] 0.21389 | 0.1882} 0.2354] 0.2072 

0.230 0.1220 | 0.2579 | 0.2270] 0.2148 | 0.1890 | 0.2364) 0.2081 
0.231 0.1225 | 0.2590 | 0.2280] 0.2157} 0.1898 | 0.2374) 0.2089 
0.232 0.1230 | 0.2600 | 0.2289 | 0.2166] 0.1906 | 0.2383 | 0.2097 
0.233 0.1235 | 0.2611 | 0.2299 | 0.2175 | 0.1914 | 0.2393 | 0.2106 
0.234 0.1240 | 0.2622) 0.2308 | 0.2184] 0.1922} 0.2403 |} 0.2115 

0.235 0.1245 | 0.2633 | 0.2318] 0.2193 | 0.1930} 0.2413} 0.2124 
0.236 0.1251 | 0.2644 | 0.2327 | 0.2202} 0.19388 | 0.2423 | 0.2132 
0.237 0.1256 | 0.2654 | 0.2337 | 0.2211 | 0.1946 | 0.2433 | 0.2141 
0.2388 0.1261 | 0.2665 | 0.2346] 0.2220} 0.1954 | 0.2443 | 0.2150 
0.239 0.1266 | 0.2676 | 0.2356 | 0.2229; 0.1962 | 0.2453 |} 0.2159 

0.240 0.1271 | 0.2687 | 0.2365 | 0.2239] 0.1970} 0.2463 | 0.2168 
0.241 0.1276 | 0.2698 | 0.2375 | 0.2248] 0.1978} 0.2473 | 0.2176 
0.242 0.1281 | 0.2708 | 0.2884] 0.2257] 0.1986} 0.2483 | 0.2185 
0.243 0.1287 | 0.2719 | 0.2394] 0.2266] 0.1994] 0.2493 | 0.2194 
0.244 0.1292 | 0.2730 | 0.2403 | 0.2275 | 0.2002} 0.2503 | 0.2203 

0.245 0.1297 | 0.2741 | 0.2413 | 0.2284] 0.2010] 0.2513 | 0.2212 
0.246 0.1302 | 0.2752 | 0.2422 | 0.2293 | 0.2018 | 0.2523} 0.2220 
0.247 0.1307 | 0.2762 | 0.2432 | 0.2802 | 0.2026} 0.2533 | 0.2229 
0.248 0.1312 | 0.2773 | 0.2441 | 0.2311 | 0.2034] 0.2543 | 0.2238 
0.249 0.1318 | 0.2784 | 0.2451 | 0.2320) 0.2042] 0.2553 | 0.2247 

0.250 0.1323 | 0.2795 | 0.2460] 0.2330 | 0.2050} 0.2563 | 0.2256 
0.251 0.1328 | 0.2806} 0.2470 | 0.2339 | 0.2058 | 0.2573} 0.2264 
0.252 0.1333 | 0.2816 | 0.2479 | 0.2348 | 0.2066 | 0.2582 | 0.2272 
0.253 0.13888 | 0.2827 | 0.2489 | 0.2357 | 0.2074} 0.2592 | 0.2281 
0.254 0.1343 | 0.28388 | 0.2498 | 0.2866 | 0.2082] 0.2602} 0.2290 
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TABLE 8.—KROBER’'S TABLE.—Continued. 

[Expressed in grams.] 

FURFURAL ARABINOSE 
| 

ARABAN XYLOSE 

bo © on 

o (JS) =) oO 

1349 
1354 
1359 
1364 
.1369 

1374 
1380 
1385 
.1390 
.1395 

.1400 
1405 
1411 
1416 
.1421 

1426 
1431 
1436 
-1442 
1447 

1452 
1457 
1462 
1467 
1473 

1478 
1483 
1488 
1493 
.1498 

1504 
1509 
.1514 
1519 
1524 

1529 
1535 
1540 
1545 
1550 

-1555 
1560 
1566 
1571 
1576 

1581 

2508 
.2517 
2526 
2536 
2545 

2555 
2565 
2574 
2584 
2593 

2603 
-2612 
-2622 
2631 
-2641 

-2650 
2660 
-2669 
-2679 
-2688 

2698 
2707 
2717 
2726 
.2736 

2745 
2755 
2764 
2774 
2783 

.2793 
2802 
.2812 
-2821 
2831 

2840 
2850 
2859 
2868 
2878 

2887 
2897 
2906 
-2916 
.2925 

2935 oC ooooo ocooooo ocooooo cooocoo ocooocoo ocooooo oocooeo coooco ooocoo 

ore) >t 5 5 a C o 

2875 
2384 
2393 
. 2402 
2411 

2420 
.2429 

XYLAN 
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2090 | 0.2612 | 0.2299 
2098 | 0.2622 | 0.2397 
2106 | 0.2632 | 0.2316 
2114 | 0.2642 | 0.2325 
2122 | 0.2652 | 0.2334 

2130 | 0.2662 | 0.2342 
2138 | 0.2672 | 0.2351 
2146 | 0.2681 | 0.2359 
2154 | 0.2691 | 0.2368 
2162 | 0.2701 | 0.2377 

2170 | 0.2711 | 0.2385 
2178 | 0.2721 | 0.2394 
2186 | 0.2731 | 0.2403 
2194 | 0.2741 | 0.2412 
2202 | 0.2751 | 0.2421 

2210 | 0.2761 | 0.2429 
2218 | 0.2771 | 0.2438 
2226 | 0.2781 | 0.2447 
2234 | 0.2791 | 0.2456 
2242 | 0.2801 | 0.2465 

2250 | 0.2811 | 0.2473 
2258 | 0.2821 | 0.2482 
2266 | 0.2830 | 0.2490 
.2274 | 0.2840 | 0.2499 
.2282 | 0.2850] 0.2508 

2290 | 0.2861 | 0.2517 
2298 | 0.2871 | 0.2526 
2306 | 0.2880 | 0.2534 
2314 | 0.2890} 0.2543 
2322 | 0.2900} 0.2552 

2330 | 0.2910] 0.2561 
2338 | 0.2920] 0.2570 
2346 | 0.2930 | 0.2578 
2354 | 0.2940 | 0.2587 
2362 | 0.2950 | 0.2596 

2370 | 0.2960 | 0.2605 
2378 | 0.2970] 0.2614 
2386 | 0.2980 | 0.2622 
2394 | 0.2990 | 0.2631 
2402 | 0.3000} 0.2640 

2410 | 0.3010 | 0.2649 
2418 | 0.3020] 0.2658 
2426 | 0.3030 | 0.2666 
2434 | 0.3040 | 0.2675 
2442 | 0.3050 | 0.2684 

2450 | ©¢.2060 | 0.2693 
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66 GALACTAN.—TENTATIVE. 

Extract a convenient quantity of the substance, representing 2.5-3 grams of the 

dry material, on a hardened filter with 5 successive portions of 10 ce. of ether, place 
the extracted residue in a beaker, about 5.5 em. in diameter and 7 cm. deep, together 
with 60 cc. of nitric acid of 1.15 sp. gr., and evaporate the solution to exactly one 

third its volume in a water bath at a temperature of 94°-96°C. After standing 24 
hours, add 10 cc. of water to the precipitate, and allow it to stand another 24 hours. 

The mucic acid has in the meantime crystallized, but it is mixed with considerable 

material only partially oxidized by the nitric acid. Filter the solution through filter 

paper, wash with 30 cc. of water to remove as much of the nitric acid as possible, 

and replace the filter and contents in the beaker. Add 30 ce. of ammonium car- 

bonate solution, consisting of 1 part ammonium carbonate, 19 parts water, and 1 

part strong ammonium hydroxid, and heat the mixture on a water bath, at 80°C., 

for 15 minutes, with constant stirring. The ammonium carbonate takes up the 

mucie acid, forming soluble ammonium mucate. Wash the filter paper and con- 
tents several times with hot water by decantation, passing the washings through a 

filter paper, to which finally transfer the material and thoroughly wash. Evapo- 

rate the filtrate to dryness over a water bath, avoiding unnecessary heating which 

causes decomposition, add 5 cc. of nitric acid of 1.15 sp. gr., stir thoroughly the 

mixture and allow to stand for 30 minutes. The nitric acid decomposes the am- 

monium mueate, precipitating the mucic acid; collect this on a tared filter or Gooch, 
wash with 10-15 cc. of water, then with 60 cc. of alcohol, and a number of times 

with ether, dry at the temperature of boiling water for 3 hours, and weigh. Mul- 

tiply the weight of the mucic acid by 1.33, which gives galactose, and multiply this 

product by 0.9 which gives galactan. 

CRUDE FIBER.—OFFICIAL. 

67 REAGENTS. 

(a) 1.25% sulphuric acid solution Exact strength, determined by titration. 

(b) 1.25% sodium hydrozid solution —Exact strength, determined by titration. 

68 DETERMINATION. 

Extract a quantity of the substance, representing about 2 grams of the dry 

material, with ordinary ether, or use the residue from the determination of the ether 

extract. To this residue in a 500 cc. flask add 200 ce. of boiling 1.25% sulphuric 

acid; connect the flask with an inverted condenser, the tube of which passes only a 
short distance beyond the rubber stopper into the flask, or simply cover a tall coni- 

cal flask, which is well suited for this determination, with a watch glass or short 

stemmed funnel, boil at once and continue boiling gently for 30 minutes. A blast 

of air conducted nto the flask will serve to reduce the frothing of the liquid. Filter 
through linen and wash with boiling water until the washings are no longer acid; 

rinse the substance back into the flask with 200 cc. of boiling, 1.25% solution of 

sodium hydroxid, free or nearly free from sodium carbonate boil at once, and con- 

tinue boiling gently for 30 minutes as directed above for the treatment with acid, 
filter at once rapidly, and wash with boiling water until the washings are neutral. 
The last filtration may be performed upon a Gooch crucible, a linen filter, or a tared 

filter paper. Ifa linen filter is used, rinse the crude fiber, after washing is completed, 

into a flat-bottomed platinum dish by means of a jet of water; evaporate to dryness 

on a steam bath, dry to constant weight at 110°C., weigh. incinerate completely, 
and weigh again. The loss in weight is considered to be crude fiber. Ifa tared filter 
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paper is used, weigh in a weighing bottle. In any case the crude fiber after drying 

to constant weight at 110°C. must be incinerated and the amount of the ash deducted 

from the original weight. 

69 WATER-SOLUBLE ACIDITY OF FEEDS.—TENTATIVE. 

Weigh 10 grams of the sample into a shaking bottle, add 200 cc. of water, and 

shake for 15 minutes. Filter the extract through a folded filter and take a 20 ce. 
aliquot (equivalent to 1 gram of sample) for the titration. Dilute with 50 cc. of 
water and titrate with N/10 sodium hydroxid, using phenolphthalein as indicator. 

In reporting the acidity of feeds, state the results in terms of cc. of N/10 sodium 

hydroxid required for neutralization. 

BIBLIOGRAPHY. 
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IX. SACCHARINE PRODUCTS. 

1 PREPARATION OF SAMPLE.—TENTATIVE. 

(a) Liquids (molasses, sirups, etc.).—Mix materials of this class thoroughly. 

If crystals of sugar are present, dissolve them either by heating gently or by weigh- 

ing the whole mass, then adding water, heating until completely dissolved and 

after cooling, re-weighing. Calculate all results to the weight of the original 

substance. 
(b) Semisolids (jellies, jams, etc.).—Weigh 50 grams of the sample into a 250 

ec. graduated flask. Treat with water, fill to the mark and mix thoroughly. If 
insoluble material remains, mix uniformly by shaking before taking aliquots for 

the various determinations. 
(C) Solids (sugar, confectionery, etc.).—Grind and mix thoroughly materials 

of this class to secure uniform samples. 

MOISTURE. 

DRYING METHODS. 

2 SUGARS.—OFFICIAL. 

Dry 2-5 grams in a flat dish (nickel, platinum, or aluminium) at the temperature 

of boiling water for 10 hours; cool in a desiccator and weigh; then dry again for an 

hour or until there is only a slight change in weight. 

With some sugars, more especially those of large grain, there is danger of occlu- 
sion and retention of water. The International Commission for Unifying Methods 
of Sugar Analysis prescribe drying at 105°-110°C. for normal beet sugars. This 
temperature is sufficient to expel the last traces of occluded water and is not attended 
with sufficient decomposition to affect the weight of the product. The drying tem- 
perature should never exceed 110°C}. 

MASSECUITES, MOLASSES, AND OTHER LIQUID AND SEMILIQUID PRODUCTS. 

3 Drying upon Pumice Stone.—Tentative. 

Prepare pumice stone of two grades of fineness, one of which will pass through 

a 1 mm. sieve, the other through a 6 mm. sieve. Make the determination in flat 

metallic dishes or in shallow, flat-bottomed, weighing bottles. Place a layer of 

the fine pumice stone, 3 mm. in thickness, on the bottom of the dish, then a layer 

of the coarse pumice stone 6-10 mm. in thickness, dry and weigh. Dilute the sam- 

ple with a weighed portion of water so that the diluted material shall contain 20- 

30% of solid matter. Weigh into the dish, prepared as described above, an amount 

of the diluted sample to yield, approximately, 1 gram of dry matter. If this weigh- 
ing can not be made rapidly, use a weighing bottle provided with a cork through 

which a pipette passes. Dry in vacuo at 70°C. to constant weight, making trial 
weighings at intervals of 2 hours. For substances containing little or no levulose 

or other readily decomposable substance, the drying may be made in a water oven 

at the temperature of boiling water. 

4 Drying upon Quartz Sand.—Tentative. 

Digest pure quartz sand with strong hydrochloric acid, wash, dry, and ignite. 

Preserve in a stoppered bottle. 

121 
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Place 6-7 grams of the prepared sand and a short stirring rod in a flat-bottomed 

dish. Dry thoroughly, cool in a desiccator, and weigh. Then add 3-4 grams of 
the molasses, mix with the sand (if necessary to thoroughly incorporate the two, 

add a little water), dry in a water oven at the temperature of boiling water 

for 8-10 hours, stirring at intervals of an hour, cool in a desiccator, and weigh. 

Stir, heat again for an hour, cool, and weigh. Repeat the heating and weighing 

until the loss of water in an hour is not greater than 3 mg. 

AREOMETRIC METHODS. 

(Not applicable to low-grade sugar products, molasses and other materials 

containing large amounts of non-sugar solids.) 

SPECIFIC GRAVITY, WATER AND TOTAL SOLIDS. 

5 By Means of a Spindle.—Official. 

The density of juices, sirups, etc., is most conveniently determined by means 

of the Brix hydrometer. For rough work, or where less accuracy is desired, the 

Baumé hydrometer may be used. The Brix spindle should be graduated to tenths. 

The range of degrees recorded by each individual spindle should be as limited as 

possible. The solution should be as nearly as practicable of the same tempera- 

ture as the air at the time of reading, and, if the variation from the temperature 

of the graduation of the spindle amounts to more than 1°, a correction must be 

applied according to the table under 6. Before taking the density of a juice, allow 

it to stand in the cylinder until all air bubbles have escaped, and until all fatty or 

waxy matter has come to the surface and been skimmed off. The cylinder should 

be large enough in diameter to allow the hydrometer to come to rest without touch- 

ing the sides. A table of specific gravities at ae and per cent by weight of suc- 

rose is given under 9, and a table for the comparison of specific gravities at ue, 

degrees Brix (per cent by weight of sucrose), and degree Baumé is given under 8. 

If the sample is too dense to determine the density directly, dilute a weighed 

portion with a weighed quantity of water, or dissolve a weighed portion and dilute 

to a known volume with water. 

In the first instance the per cent of total solids is calculated by the following 

formula: 
WS 

Per cent of solids in the undiluted material = = in which 

Ss per cent of solids in the diluted material; 

W = weight of the diluted material; 

w = weight of the sample taken for dilution. 

When the dilution is made to a definite volume, the following formula is to be 

used: 

Per cent of solids in the undiluted material = 
Sr : 

= in which 

= volume of the diluted solution at a given temperature; 

specific gravity of the diluted solution at the same temperature; 

= per cent of solids in the diluted solution at the same temperature; 

W = weight of the sample taken for dilution at the same temperature. 

Vv 

D 

8 

If the spindle reading be made at any other temperature than 17.5°C., the re- 

sult should be corrected according to the following: 
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6 TABLE 9. 

For correction of the readings of the Brix spindle when made at other thun the 
standard temperature, 17.5°C. 

(For temperatures below 17.5°C. the correction is to be subtracted.) 

TEM- DEGREB BRIX OF THE SOLUTION 

PERA- |___ 

eee |) 0 5 10 15 | 20 | 25 | 30 | 35 | 40 50 | 60 | 70 | 75 

°C. 
0 | 0.17} 0.30} 0.41] 0.52] 0.62] 0.72) 0.82] 0.92] 0.98] 1.11] 1.22] 1.25] 129 
5 | 0.23] 030] 0.37] 0.44] 0.52] 0.59] 065] 0.72] 0.75] 0.80] 088] 0.91] 094 

10 | 020} 0.26] 0.29] 033) 0.36] 0.59] 0.42] 0.45] 0.48] 0.50] 0.54] 0.58] 0.61 
MN | 0.18] 0.23] 0.26] 90.28] 0.31] 0.34] 0.36] 0.39] 0.41] 043] 0.47] 0.50] 0.53 
12 | 0.16] 0.20] 0.22] 0.24] 0.26) 0.29] 0.31] 0.33] 0.34] 0.36] 0.40] 0.42] 0.46 
13 | 0.14] 0.18] 0.19] 0.21] 0.22) 0.24] 0.26] 0.27] 0.28] 0.29] 0.33] 0.35] 0.39 
14 | 0.12] 015] 016] 0.17} 0.18] 0.19] 0.21] 0.92] 0.22] 0.23] 0.26] 0.28] 0.32 
15 | 0.09] 0.11] 012] 014] 014] 0.15} 0.16] 0.17] 0.16] 0.17] 0.19} 0.21) 0.25 
16 | 0.05] 0.07] 0.08] 009) 010) 010] O11} 012} O12] 0.12] O14] 0.16] 0.18 
17 | 0.02} 0.02] 0.03} 0.03} 0.03] 0.04] 0.04) 0.04] 0.0%] 0.0%] 0.05} 0.05} 0.08 

18 | 002] 0.03] 0.03) 0.03] 0.03) 0.03] 003] 003} 0.03} 0.03] 0.03] 0.03] 0.02 
19 | 0.06] 0.08} 0.08) 0.09} 009) 0.10} 0.10] 0.10} 0.10] 0.10} 0.10} 0.08} 0.06 
20 | O11) 0.14} 0.15} 0.17] O17] O18] 0.18] 0.18] 0.19] 0.19] 0.18] 0.15] 0.11 
21 | 0.16] 0.20] 0.22] 0.24] 0.24] 0.25] 0.25] 0.25] 0.26] 0.26] 0.25] 0.92) 0.18 
22 | 0.21] 0.26) 0.29) 0.31] 0.31] 0.32] 0.32] 0.32] 0.33] 0.34] 0.32] 0.29) 0.25 
23) 0.27) 0.32} 035] 037] 0.38] 0.39] 0.39] 0.39] 0.40] 0.42] 0.39] 0.36] 0.33 
24 | 032) 038] 0.41] 0.43] 044] 0.46] 0.46] 047] 0.47] 0.50] 0.46] 0.43) 0.40 
25 | 0.37] 0.44] 0.47] 049] 0.51 | 0.53] 0.54] 0.55] 0.55] 058] 0.54] 0.51] 0.48 
26 | 0.43] 0.50) 0.54] 0.56] 0.58] 0.60] 0.61] 0.62] 062] 0.66] 0.62] 0.58] 0.55 
27 | 0.49] 0.57] 0.61} 0.63] 0.65] 0.68] 0.68] 0.69] 0.70] 0.74] 0.70] 0.65] 0.62 
28 | 0.56] 0.64] 0.68] 0.70] 0.72] 0.76] 0.76] 0.78] 0.78] 0.82] 0.78] 0.72] 0.70 
29 | 0.63) 071 | 0.75] 0.78] 0.79] 0.84] 0.84] 0.86] 0.86] 0.90] 0.86] 0.80] 0.78 
30 | 0.70] 0.78] 0.82] 0.87] 0.87] 0.92) 0.92] 0.94] 0.94] 0.98] 0.94] 0.88] 0.86 
35 | 1.10) 1.17] 1.22) 1.24] 1.30] 1.32] 1.83] 1.35] 1.36] 1.39] 1.34] 1.27] 1.25 
40 | 1.50) 161] 1.67] 1.71] 1.73] 179] 1.79] 1.80] 1.82] 1.83] 1.78] 1.69] 1.65 
50 | .... | 2.65] 2.71] 2.74] 2.78] 2.80} 2.80] 2:80] 2.80] 2.79] 2.70] 2.56| 2.51 
60 3.87] 3.88] 3.88] 3.88] 3.88] 3.88] 3.88] 3.90] 3.82] 3.70] 3.43] 3.41 
70 5.17} 5.18] 5.20] 5.14] 5.13] 5.10] 5.08] 5.06) 4.90] 4.72] 4.47] 4.35 
80 | ....| .... | 6.62] 6.59] 6.54] 646] 6.38] 6.30} 6.26] 6.06] 582] 5.50) 5.33 
90 | ....] ....] 8.26] 8.16] 8.06] 797] 7.83] 7.71] 7.58] 7.30] 6.96] 6.58] 6.37 
100 | .... | -... | 10.01} 9.87] 9.72] 9.56] 9.39] 9.21] 9.03| 8.64] 8.22) 7.76] 7.42 

Example.—A sugar solution shows a reading of 30.2° Brix at 30°C. To find the 
necessary correction for the conversion of this reading to the reading which would 
have been obtained if the observation had been made at 17.5°C., find the vertical 
column in the table headed 30° Brix, which is the nearest to the observed reading. 
Follow down this column until the number is reached which is opposite to the tem- 
perature of observation—in this case 30°. The number found, 0.92, is to be added 
to the observed reading. 

L By Means of a Pycnometer.— Official. 

(a) By specific gravity at *r—Determine the specific gravity of the solution 

at ~ by means of a pycnometer and ascertain the corresponding per cent by 

weight of sucrose from 9. When the density of the substance is too high for a direct 

determination, dilute and calculate the sucrose content of the original material as 

directed under 5. 
17.5°C. 

(b) By specific gravity at 75° — Proceed as directed under (a), the determina- 

tions of specific gravity being made at aoe instead of at pa Ascertain the corre- 

sponding per cent by weight of sucrose from 8. 

The pycnometer determination should not be made at any other temperature 

than or ee 
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8 TABLE 10. 

: : cad IAOG 5 
For the comparison of specific gravities at We? degrees Brix and degrees Baumé. 

Degree Baumé = 146.78 — ) 
sp. gr. 

DEGREE || DEGREE | || DEGREE 
BRIX OR BRIX OR BRIX OR | 

ar oe SPECIFIC DEGREE ace ay SPECIFIC DEGREE | apenas SPECIFIC DEGREE 

ara GRAVITY BAUME <a GRAVITY BAUME | oes GRAVITY BAUMB 

OF | OF OF 

SUCROSE || SUCROSE | SUCROSE 

| 
| | 

1.0 1.00388 OLGial| peor. 1.14423 | 18.5 65.0 1.31989 | 35.6 
2.0 1.00779 itil 34.0 | 1.14915 19.05 || 66.0 1.32601 | 36.1 
3.0 1.01173 17 35.0 1.15411 | 19.6 || 67.0 1.33217 | 36.6 
4.0 1.01570 2.3 || 36.0 1.15911 | 20.1 |} 68.0 1.33836 | 37.1 
5.0 1.01970 2.8 37.0 1.16413 | 20.7 || 69.0 1.34460 | 37.6 
6.0 1.02373 3.4 || 38.0 1.16920 | 21.2 70.0 1.35088 | 38.1 
7.0 1.02779 4.0 || 39.0 1.17430 | 21.8 71.0 1.35720 | 38.6 
8.0 | 1.03187 4.5 || 40.0 1.17943 | 22.3 || 72.0 | 1.36355 | 39.1 
9.0 | 1.03599 Heal 41.0 1.18460 | 22.9 73.0 1.36995 | 39.6 

10.0 1.04014 5.7 || 42.0 1.18981 | 23.4 74.0 1.37639 | 40.1 
11.0 | 1.04431 6.2 43.0 1.19505 | 23.95 |} 75.0 1.38287 | 40.6 
12.0 | 1.04852 6.8 44.0 1.20033 | 24.5 76.0 1.389389 | 41.1 
13.0 1.05276 G4) “45.0 1.20565 | 25.0 77.0 1.39595 | 41.6 
14.0 1.05703 7.9 || 46.0 1.21100 | 25.6 78.0 1.40254 | 42.1 
15.0 | 1.06133 8.5 47.0 | 1.21639 | 26.1 || 79.0 1.40918 | 42.6 
16.0 1.06566 9:0 || 48.0 1.22182 | 26.6 || 80.0 | 1.41586) 43.1 
17.0 1.07002 9.6 49.0 1.22728 | 27.2 | 81.0 1.42258 | 43.6 
18.0 | 1.07441} 10.1 50.0 1.23278 | 27.7 82.0 1.42934 | 44.1 
19.0 1.07884 | 10.7 || 51.0 | 1.23832) 28.2 83.0 | 1.43614] 44.6 
20.0 1.08329 | 11.3 52.0 | 1.24390; 28.8 || 84.0 1.44298 | 45.1 
2150 1.08778 | 11.8 53.0 | 1.24951) 29.3 || 85.0 1.44986 | 45.5 
22.0 1.09231 | 12.4 54.0 | 1.25517; 29.8 || 86.0 1.45678 | 46.0 
23.0 1.09686 | 13.0 55.0 | 1.26086; 30.4 || 87.0 | 1.46374] 46.5 
24.0 1.10145 | 138.5 56.0 | 1.26658} 30.9 88.0 | 1.47074 | 47.0 
25.0 1.10607 | 14.1 57.0 | 1.27235) 31.4 89.0 1.47778 | 47.45 
26.0 1.11072 | 14.6 58.0 1.27816 | 31.9 || 90.0 1.48486 | 47.9 
27.0 1.11541] 15.2 || 59.0 | 1.28400| 32.5 || 91.0 1.49199 | 48.5 
28.0 DT 2O1S Hel oat 60.0 1.28989 | 33.0 | 92.0 1.49915 | 48.9 
29.0 1.12488 | 16.3 61.0 1.29581 | 33.5 || 93.0 1.50635 | 49.4 
30.0 1.12967 | 16.8 || 62.0 1.30177 | 34.0 94.0 1.51359 | 49.8 
31.0 1.18449 | 17.4 63.0 1.30777 | 34.5 || 95.0 1.52087 | 50.3 
32.0 | 1.13934 | 17.95 64.0 1.31381 | 35.1 | | 

i | | 

When the number expressing the specific gravity found by analysis falls between 
the numbers given in the above table, the exact equivalent in degrees Brix or Baumé 
is found by a simple calculation. 

Example.—The pycnometer shows the specific gravity of a certain sirup to be 
1.20909. The table shows that the corresponding degree Brix is between 45.0 and 
46.0. Subtracting the specific gravity of a solution of 45° Brix from the correspond- 
ing figure for 46°, we have (expressing the specific gravities as whole numbers) 
121,100 — 120,565 = 535, the difference in specific gravity for 1° Brix at this point 
in the table. Subtracting the specific gravity corresponding to 45° from the spe- 

cific gravity found by analysis, we have 120,909 — 120,565 = 344; a = 0.64, the frac- 

tion of 1° Brix more than 45°. The degree Brix, corresponding to a sp. gr. of 1.20909, 
is therefore 45.64. 
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9 TABLE 11. 

Densities? of solutions of cane sugar at 20°C. 

(This table is the basis for standardizing hydrometers indicating per cent of sugar 
at 20°C.) 

TENTHS OF PER CENT 
PER CENT 

SUGAR 

0 1 2 3 4 5 6 7 8 9 

0 | 0.998234] 0.998622] 0.999010] 0.999398] 0.999786] 1.000174] 1.000563] 1.000952] 1.001342] 1.001731 
1 1.002120] 1.002509] 1.002897} 1.003286] 1.003675] 1.004064 1.004453] 1.004844 1.005234] 1.005624 
2 1.006015] 1.006105] 1.006796 1.007188] 1.007580 1.007972] 1.008363] 1.008755] 1.009148] 1.009541 
3 1.009934] 1.010327] 1.010721] 1.011115] 1.011510] 1.011904] 1.012298] 1.012694] 1.013089] 1.013485 
4 1.013881] 1.014277] 1.014673 1.015070] 1.015467] 1.015864] 1.016261] 1.016659] 1.017058 1.017456 

5 1.017854] 1.018253] 1.018652] 1.019052) 1.019451] 1.019851] 1.020251] 1.020651] 1.021053] 1.021454 
8 1.021855] 1.022257] 1.022659] 1.023061) 1.023463] 1.023867| 1.024270] 1.024673| 1.025077| 1.025481 
7 1.025885] 1.026289] 1.026694) 1.027099] 1.027504 1.027910] 1.028316 1.028722] 1.029128) 1.029535 
8 1.029942] 1.030349] 1.030757| 1.031165] 1.031573] 1.031982] 1.032391] 1.032800] 1.033209| 1.033619 
9 1.034029] 1.034439] 1.034850] 1.035260] 1.035671] 1.036082] 1.036494 1.036906] 1.037318] 1.037730 

10 1.038143] 1.038556] 1.038970] 1.039383] 1.039797] 1.040212) 1.040626] 1.041041] 1.041456] 1.041872 
11 1.042288] 1.042704] 1.043121] 1.043537] 1.043954] 1.044370] 1.044788] 1.045206] 1.045625 1.046043 
12 1.046462] 1.046881] 1.047300 1.047720] 1.048140] 1.048559] 1.048980] 1.049401] 1.049829) 1.050243 
13 1.050865] 1.051087] 1.051510] 1.051933] 1.052356] 1.052778] 1.053202| 1.053626] 1.054050| 1.054475 
14 1.054900] 1.055325] 1.055751] 1.056176] 1.056602 1.057029] 1.057455 1.057882] 1.058310| 1.058737 

15 1.059165] 1.059593] 1.060022) 1.060451] 1.060880] 1.061308] 1.061738] 1.062168] 1.062598| 1.063029 
16 1.063460] 1.063892 1.064324] 1.064756] 1.065188] 1.065621| 1.066054] 1.066487| 1.060921| 1.067355 
17 1.087789] 1.068223| 1.068658] 1.069093| 1.069529] 1.069964] 1.070400] 1.070836] 1.071273| 1.071710 
18 1.072147] 1.072585] 1.073023] 1.073461] 1.073900] 1.074338] 1.074777] 1.075217] 1.075657| 1.076097 
19 1.076537] 1.076978] 1.077419] 1.077860] 1.078302] 1.078744] 1.079187| 1.079629] 1.080072) 1.080515 

20 1.080959] 1.081403] 1.081848} 1.082292) 1.082737] 1.083182] 1.083628 1.084074] 1.084520 1.084967 
21 1.085414] 1.085861] 1.086309] 1.086757) 1.087205] 1.087652] 1.088101] 1.088550] 1.089000 1.089450 
22 1.089900} 1.090351) 1.090802] 1.091253] 1.091704] 1.092155] 1.092607/ 1.093060] 1.093513] 1.093966 
23 1.094420] 1.094874) 1.095328] 1.095782] 1.096236] 1.096691] 1.097147] 1.097603] 1.098058| 1.098514 
24 1.098971] 1.099428] 1.099886) 1.100344] 1.100802] 1.101259] 1.101718] 1.102177 1.102637] 1.103097 

25 1.103557] 1.104017] 1.104478] 1.104938] 1.105400] 1.105862] 1.106324] 1.106786] 1.107248] 1.107711 
26 1.108175] 1.108639] 1.109103] 1.109568] 1.110033] 1.110497] 1.110963 1.111429] 1.111895] 1.112361 
27 1.112828] 1.113295] 1.113763] 1.114229] 1.114697] 1.115166] 1.115635| 1.116104] 1.116572] 1.117042 
28 1.117512] 1.117982] 1.118453] 1.118923] 1.119395] 1.119867] 1.120339 1.120812] 1.121284 1.121757 
29 1.122231] 1.122705] 1.123179] 1.123653] 1.124128] 1.124603] 1.125079 1.125555] 1.126030 1.126507 

30 1.126984] 1.127461] 1.127939] 1.128417] 1.128896] 1.129374] 1.129853] 1.130332] 1.130812] 1.131292 
31 1.131773] 1.132254] 1.132735] 1.133216] 1.133698] 1.134180] 1.134663| 1.135146] 1.135628] 1.136112 
32 1.136596] 1.137080) 1.137565 1.138049] 1.138534] 1.139020] 1.139506] 1.139993] 1.140479] 1.140966 
33 1.141453] 1.141941) 1.142429] 1.142916] 1.143405] 1.143804] 1.144384] 1.144874] 1.145363] 1.145854 
34 1.146345] 1.146836] 1.147328] 1.147820] 1.148313] 1.148805] 1.149298] 1.149792] 1.150286 1.150780 

35 1.151275] 1.151770] 1.152265] 1.152760] 1.153256] 1.153752) 1.154249] 1.154746] 1.155242| 1.155740 
36 1.156238) 1.156736] 1.157235] 1.157733] 1.158233] 1.158733) 1.159233] 1.159733] 1.160233 1.160734 
37 1.161236] 1.161738] 1.162240] 1.162742] 1.163245] 1.163748] 1.164252] 1.164756] 1.165259] 1.165764 
38 1.166269] 1.166775] 1.167281] 1.167786 1.168293] 1.168800] 1.169307] 1.169815] 1.170322] 1.170831 
39 1.171340| 1.171849 1.172359] 1.172869] 1.173379] 1.173889] 1.174400] 1.174911) 1.175423] 1.175935 

40 1.176447| 1.176960] 1.177473] 1.177987] 1.178501] 1.179014] 1.179527] 1.180044] 1.190560] 1.181076 
41 1.181592| 1.182108] 1.182625] 1.183142] 1.183660] 1.184178] 1.184696] 1.185215] 1.185734] 1.186253 
42 1.186773| 1.187293] 1.187814} 1.188335] 1.188856] 1.189379] 1.189901] 1.190423] 1.190946] 1.191469 
43 1.191993] 1.192517] 1.193041] 1.193565] 1.194090 1.194616] 1.195141] 1.195667] 1.196193] 1.196720 
44 1.197247| 1.197775] 1.198303] 1.198832] 1.199360] 1.199890] 1.200420] 1.200950] 1.201480] 1.202010 

45 1.202540] 1.203071] 1.203603] 1.204136] 1.204668] 1.205200] 1.205733] 1.206266] 1.206801} 1.207336 
46 1.207870) 1.208405] 1.208940] 1.209477] 1.210013] 1.210549] 1.211086] 1.211623] 1.212162] 1.212700 
47 1.213238] 1.213777] 1.214317] 1.214856] 1.215395] 1.215936] 1.216476] 1.217017] 1.217559] 1.218101 
48 1.218643] 1.219185] 1.219729] 1.220272] 1.220815 1.221360] 1.221904] 1.222449] 1.229995] 1.223540 
49 1.224086] 1.224632] 1.225180] 1.225727] 1.226274] 1.226823] 1.227371) 1.227919] 1.228469| 1.229018 

50 1.229567] 1.230117] 1.230668] 1.231219] 1.231770] 1.232322] 1.232874] 1.233426 1.233979] 1.234532 
51 1.235085] 1.235639] 1.236194) 1.236748] 1.237303] 1.237859] 1.238414) 1.238970] 1.239527 1.240084 
52 1.240641] 1.241198] 1.241757] 1.242315] 1.242873] 1.243433] 1.243992] 1.244552] 1.245113] 1.245673 
53 1.246234] 1.246795] 1.247358] 1.247920] 1.248482) 1.249046] 1.249609] 1.250172] 1.250737| 1.251301 
54 1.251866] 1.252431] 1.252997] 1.253563] 1.254129 1.254697] 1.255264] 1.255831] 1.256400| 1.256967 

55 1.257535] 1.258104] 1.258674] 1.259244] 1. 1.260385] 1.260955] 1.261527] 1.262099] 1.262671 
56 1.263243] 1.263816] 1.264390] 1.264963] 1. 1.266112) 1.266686] 1.267261] 1.267837] 1.268413 
57 1.268989] 1.269565 1.270143] 1.270720] 1. 1.271877| 1.272455] 1.273035] 1.273614] 1.274194 
58 1.274774] 1.275354] 1.275936] 1.276517] 1.277098] 1.277680] 1.278262] 1.278844| 1.279428] 1.280011 
59 1.280595] 1.281179] 1.281764] 1.282349] 1.282935] 1.283521] 1.284107] 1.284694| 1.285281] 1.285869 
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9 TABLE 11.—Continued. 

Densities of solutions of cane sugar at 20°C. 

TENTHS OF PER CENT 
PER CENT 
SUGAR 

0 1 2 3 4 5 6 7 8 9 

60 1.286456] 1.287044) 1.287633) 1.288222) 1.288811] 1.289401} 1.289991) 1.290581) 1.291172] 1.291763 
61 1.292354) 1.292946) 1.293539] 1.294131) 1.294725) 1.295318) 1.295911) 1.296506] 1.297100) 1.297696 
62 1.298291) 1.298886) 1.299483] 1.300079) 1.300677) 1.301274| 1.301871] 1.302470) 1.303068) 1.303668 
63 1.304267) 1.304867) 1.305467) 1.306068) 1.306669) 1.307271) 1.307872) 1.308475) 1.309077] 1.309680 
64 1.310282} 1.310885) 1.311489) 1.312093) 1.312699) 1.313304) 1.313909) 1.314515) 1.315121] 1.215728 

65 1.316334) 1.316941] 1.317549) 1.318157] 1.318766) 1.319374) 1.319983] 1.320593] 1.321203) 1.321814 
66 1.322425] 1.323036) 1.323648) 1.324259] 1.324872) 1.325484) 1.326097] 1.326711) 1.327325] 1.327940 
67 1.328554] 1.329170} 1.329785) 1.330401] 1.331017] 1.331633) 1.332250) 1.332868) 1.333485) 1.334103 
68 1.334722) 1.335342) 1.335961] 1.336581) 1.337200) 1.337821) 1.338441) 1.339063) 1.339684) 1.340306 
69 1.340928) 1.341551) 1.342174) 1.342798] 1.343421) 1.344046) 1.344671) 1.345296) 1.345922) 1.346547 

70 1.347174) 1.347801) 1.348427) 1.349055) 1.349682) 1.350311] 1.350939) 1.351568) 1.352197) 1.352827 
71 1.353456) 1.354087) 1.354717] 1.355349) 1.355980) 1.356612) 1.357245) 1.357877] 1.358511) 1.359144 
72 1.359778) 1.360413) 1.361047] 1.361682) 1.362317] 1.362953) 1.363590) 1.364226) 1.364864) 1.365501 
73 1.366139) 1.366777) 1.367415] 1.368054) 1.368693) 1.369333) 1.369973) 1.370613) 1.371254) 1.371894 
74 1.372536] 1.373178) 1.373820) 1.374463) 1.375105) 1.375749) 1.376392) 1.377036] 1.377680) 1.378326 

75 1.378971] 1.379617} 1.380262) 1.380909) 1.581555) 1.382203) 1.382851] 1.383499] 1.384148) 1.384796 
76 1.385446] 1.386096) 1.386745) 1.387396) 1.388045) 1.388696) 1.389347] 1.389999} 1.390651) 1.391303 
77 1.391956) 1.392610) 1.393263] 1.393917) 1.394571) 1.395226) 1.395881] 1.396536) 1.397192) 1.397848 
78 1.398505] 1.399162) 1.399819) 1.400477) 1.401134) 1.401793) 1.402452) 1.403111) 1.403771) 1.404430 
79 1.405091] 1.405752) 1.406412) 1.407074) 1.407735) 1.408398) 1.409061) 1.409723) 1.410387) 1.411051 

80 1.411715) 1.412380) 1.413044) 1.413709) 1.414374) 1.415040) 1.415706) 1.416373) 1.417039) 1.417707 
81 1.418374] 1.419043] 1.419711] 1.420380) 1.421049) 1.421719) 1.422390) 1.423059) 1.423730) 1.424400 
82 1.425072) 1.425744] 1.426416) 1.427089) 1.427761) 1.428435) 1.429109) 1.429782) 1.430457) 1.431131 
83 1.431807] 1.432483) 1.433158) 1.433835] 1.434511) 1.435188) 1.435866) 1.436543) 1.437222) 1.437900 
84 1.438579] 1.439259) 1.439938) 1.440619) 1.441299) 1.441980] 1.442661] 1.443342) 1.444024) 1.444705 

85 1.445388] 1.446071) 1.446754) 1.447438) 1.448121] 1.448806] 1.449491) 1.450175) 1.450860) 1.451545 
86 1.452232) 1.452919] 1.453605) 1.454292) 1.454980) 1.455668) 1.456357) 1.457045] 1.457735] 1.458424 
87 1.459114] 1.459805] 1.460495) 1.461186) 1.461877] 1.462568) 1.463260) 1.463953] 1.464645) 1.465338 
88 1.466032) 1.466726) 1.467420) 1.468115) 1.468810) 1.469504) 1 470200) 1.470896} 1.471592) 1.472289 
89 1.472986] 1.473684] 1.474381] 1.475080) 1.475779) 1.476477) 1.477176) 1.477876] 1.478575) 1.479275 

90 1.479976] 1.480677) 1.481378) 1.482080] 1.482782) 1.483484) 1.484187) 1.454890] 1.485593] 1.486297 
91 1.487002) 1.487707) 1.488411] 1.489117] 1.489823] 1.490528) 1.491234) 1.491941] 1.492647) 1.493355 
92 1.494063] 1.494771) 1.495479) 1.496188) 1.496897) 1.497606) 1.498316) 1.499026) 1.499736) 1.500447 
93 1.501158) 1.501870) 1.502582) 1.503293] 1.504006) 1.504719) 1.505432) 1.506146) 1.506859) 1.507574 
94 1.508289] 1.509004) 1.509720) 1.510435] 1.511151) 1.511868] 1.512585) 1.513302) 1.514019) 1.514737 

95 1.515455) 1.516174) 1.516893) 1.517612] 1.518332) 1.519051) 1.519771) 1.520492] 1.521212) 1.521934 
96 1.522656) 1.523378) 1.524100) 1.524823) 1.525546) 1.526269) 1.526993) 1.527717) 1.528441) 1.529166 
97 1.529891) 1.530616) 1.531342} 1.532068) 1.532794) 1.533521] 1.534248) 1.534976) 1.535704) 1.536432 
98 1.537161) 1.537889] 1.538618) 1.539347] 1.540076) 1.540806) 1.541536) 1.542267) 1.542998) 1.543730 
99 1.544462] 1.545194) 1.545926) 1.546659] 1.547392) 1.548127) 1.548861] 1.549595) 1.550329] 1.551064 

100 1.551800 

10 REFRACTOMETER METHOD.—TENTATIVE. 

Determine the refractive index of the solution at 28°C. and obtain the corre- 

sponding percentage of dry substance from 11. If the refractive index is obtained 
at a temperature other than 28°C., correct the result as indicated in 12. If the 

solution is too dark to be read in the instrument, dilute with a concentrated sugar 

solution. Water should never be used for this purpose. Mix weighed amounts 

of the solution under examination and a solution of pure sugar of about the same 

strength, and obtain the amount of dry substance in the former by the following 

formula: 
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refractive index; 

TABLE 12.—GEERLIGS'? TABLE. 

1 n which 

per cent of dry substance to be found; 

weight in grams of the material mixed with B; 

weight in grams of pure sugar solution employed in the dilution; 

per cent of dry substance in the mixture of A and B obtained from the 

127 

per cent of dry substance in the pure sugar solution obtained from its 

refractive index. 

For dry substance in sugar-house products by the Abbe refractometer, at 28°C. 

PER | DECIMALS TO BE Bae 

INDEX onY FRACTIONAL INDEX ony 

stance| READINGS STANCE 

1.3335 | 1 | 9.0001=0.05 || 1.3484] 11 
Merete 2) | 10 gee = ots ||) 13500")! 12 
1.3364 3 9.0001 = 0.25 apis i 
1.3379 | 4 | 0.0005 = 85 
Peasoe le 5) | a | 118546.) 15 
1.3409 6 0 0008 = 0 6 1.3562 | 16 
1.3424 | 7 | 0.0009=0.7 1.3578 | 17 
PRIS OES) 10 OOO = O25) 13594 | 18 
1.3454} 9 | 0.0012=08 1.3611! 19 
1.3469 | 10 | 0 0013=0.85 || 1.3627 | 20 

0.0014 = 0.9 1.3644 1 

See ge S661 (22 
1.3678 | 23 
1.3695 | 24 
1637123) 225 
1.3729 | 26 

1.4023 | 42 | -0.0°01=0.05 || 1.4292 | 55 
Pets 43. | jogs aoys || 1-4314 | 56 
1.4063 | 44 | 0-0004=02 1.4337 | 57 
1.4083 | 45 | 00003=025 |] 1.4359 | 58 
1.4104 | 46 | 9 Ooor—og5 || 21-4382 | 59 
1.4124 | 47 | 0 0003=04 1.4405 | 60 
1.4145 | 48 ire) = 0 os 1.4428 61 
1.4166 | 49 = 1.4451 | 62 
1.4186 | 50 | puizsoe || 1.4474] 63 
1.4207 | 51 | 9.0013=065)/ 1.4497 | 64 
1.4228 | 52 = 1.4520 | 65 
1.4249 | 53 | doolesos || 1.4543 | 66 
1.4270 54 SO = 9 5 1.4567 67 

0 0019 = 0.95 Vee aS 
0.0020=10 : 
0.0021 = 1.0 1.4639 70 

1.4663 | 71 
1.4687 | 72 

DECIMALS TO BE 

ADDED FOR 

FRACTIONAL 

READINGS* 

a 

oa 

o i) Ss s o I 
an 
Ci He 09 

WUQon yes 

Hindi ecsososcsocoooooscocc( WORD MWUIIRS a 

ooco eeces 
S=s 
ots a AN 

on 
0.001 
0 001 on 

0.00 
0.00! 
0 00 

SOS SO MH WN Hon oie 3 ot toe RONORSOCMIURBwN NRNons 

INDEX 

Be ee 

FE ee ee ee ee pe 

3746 
3764 
3782 
3800 
3818 
3836 
3854 
3872 
3890 
. 38909 
3928 
3947 
3966 
3984 
.4003 

A711 
4736 
4761 
4786 
4811 
-4836 
4862 
4888 
4914 
.4940 
4966 
.4992 
5019 
5046 
5073 
.5100 
.9127 
5155 

PER 
CENT 
DRY 
8UB- 

STANCE 

DECIMALS TO BB 
ADDED FOR 

FRACTIONAL 
READINGS® 

0.0001 = 0.05 
0 0002=0.1 
0.0003 = 0.15 
0.0004 = 0.2 
0.0005 = 0 25 
0 0006 = 0.3 
0.0007 = 0.35 
0.v008 = 0.4 
0.0009 = 0.45 
0.0010 = 0.5 
0.0011 > 0 55 
0 0012 =0.6 
0.0013 = 6.65 
0 0014=07 
0 0015 = 0.75 
0.(016=0.8 
0.0017 = 0 85 
0.0018=09 
0.0019 = 0.95 
0.00200=10 
0.0021 = 1.0 

0 0001 = 0.0 
0.0002 = 0.05 
0.0003 = 01 
0.0004 = 0.15 
0 0005 = 0.2 
0 0006 = 0.2 
0.0007 = 0 25 
0 0008 = 0.3 
0.0009 = 0.35 
0.0010 = 0 35 
0.0011=04 
0.0012 = 0 45 
0 0013 = 0.5 
0.0014 = 0.5 
0 0015 =0 55 
0.0016 = 0.6 
0.0017 = 0 65 
0 0018 = 0 65 
0 0019=07 
0 0020 = 0.75 
0 0021=08 
0 0022=08 
0 0023 = 0.85 
0.0024=09 
0 0025 = 0.9 
0 0026 = 0.95 
0.0027 = 1.0 
0 0028 = 1.0 

*Find in the table the refractive index which is next lower than the reading actu- 
ally made and note the corresponding whole number for the per cent of dry substance 
Subtract the refractive index obtained from the table from the observed reading; 
the decimal corresponding to this difference, as given in the column so marked, is 
added to the whole per cent of dry substance as first obtained. 
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12 TABLE 13. 

Corrections for temperature. 

DRY SUBSTANCE 

TEMPERA- 

TURE OF 

THD 0 5 | 10 15 20 25 30 | 40 | 50 60 70 | 80 | 90 
PRISMS IN 

OF 

Subtract— 

20 0.53] 0.54] 0.55] 0.56] 0.57] 0.58] 0.60] 0.62] 0.64] 0.62] 0.61] 0.60] 0.58 
21 0.46] 0.47] 0.48] 0.49] 0.50] 0.51] 0.52] 0.54] 0.56] 0.54] 0.53] 0.52] 0.50 
22 0.40] 0.41] 0.42] 0.42] 0.43] 0.44] 0.45] 0.47] 0.48] 0.47] 0.46] 0.45] 0.44 
23 0.33] 0.33] 0.34] 0.35] 0.36] 0.37] 0.38] 0.39] 0.40] 0.39) 0.38] 0.38] 0.38 
24 0.26] 0.26] 0.27} 0.28] 0.28] 0.29] 0.30] 0.31] 0.32] 0.31] 0.31] 0.30] 0.30 
25 0.20] 0.20] 0.21) 0.21] 0.22] 0.22] 0.23] 0.231 0.24] 0.23] 0.23] 0.23] 0.22 
26 0.12] 0.12} 0.13] 0.14] 0.14] 0.15] 0.1F] 0.1¢] 0.16] 0.16] 0.15] 0.15] 0.14 
Oi 0.07] 0.07] 0.07| 0.07] 0.07| 0.07} 0.08] 0.05] 0.08) 0.08] 0.08] 0.08} 0.07 

Add— 

29 0.07] 0.07] 0.07] 0.07| 0.07) 0.07] 0.08} 0.08} 0.08) 0.08) 0.08) 0.08) 0.07 
30 0.12} 0.12] 0.13] 0.14] 0.14] 0.14] 0.15] 0.15] 0.16] 0.16] 0.16) 0.15] 0.14 
31 0.20] 0.20] 0.21] 0.21] 0.22] 0.22] 0.23] 0.23] 0.24] 0.23] 0.23] 0.23] 0.22 
32 0.26] 0.26] 0.27] 0.28] 0.28] 0.29] 0.30] 0.31] 0.32] 0.31] 0.31] 0.30] 0.30 
33 0.33] 0.33] 0.34] 0.35] 0.36] 0.37] 0.38] 0.39] 0.40] 0.39] 0.38] 0.38] 0.38 
34 0.40| 0.41] 0.42] 0.42] 0.43] 0.44] 0.45] 0.47] 0.48] 0.47] 0.46] 0.45] 0.44 
35 0.46] 0.47] 0.48] 0.49] 0.50] 0.51 0.52) 0.54] 0.56] 0.54! 0.53] 0.52] 0.50 

ASH. 

13 Method I.—Official. 

Heat 5-10 grams of the sample in a 50-100 cc. platinum dish at 100°C. until the 

water is expelled, add a few drops of pure olive oil, and heat slowly over a flame 

until swelling ceases. Then place the dish in a muffle and heat at low redness until 

a white ash is obtained. 

14 Method II.—Official. 

Carbonize the mass at a low heat, dissolve the soluble salts in hot water, burn 

the residual mass as directed in 13, add the solution of soluble salts, and evaporate 
to dryness at 100°C., ignite gently, cool in a desiccator, and weigh. 

15 Method III.—Official. 

Saturate the sample with sulphuric acid, dry, ignite gently, then burn in a muf- 

fle at low redness. Deduct one tenth of the weight of the ash, and calculate the 

per cent. 

16 QUANTITATIVE ANALYSIS OF THE ASH.—OFFICIAL. 

Proceed as directed under III. 

17 SOLUBLE AND INSOLUBLE ASH.—TENTATIVE. 

Ash the material as directed under 13 or 14. Add water to the ash in the plati- 
num dish, heat nearly to boiling, filter through an ashless filter paper, and wash 

with hot water until the combined filtrate and washings measure about 60 cc. Re 



IX] SACCHARINE PRODUCTS 129 

turn the filter paper and contents to the platinum dish, ignite carefully, and weigh. 
Calculate the percentages of water-soluble and water-insoluble ash. 

18 ALKALINITY OF THE SOLUBLE ASH.—TENTATIVE. 

Cool the filtrate from 17 and titrate with N/10 hydrochloric acid, using methyl 

orange as an indicator. 

Express the alkalinity in terms of the number of ce. of N/10 acid per 1 gram of 

the sample. 

19 ALKALINITY OF THE INSOLUBLE ASH.—TENTATIVE. 

Add an excess of N/10 hydrochloric acid (usually 10-15 cc.) to the ignited insolu- 
ble ash in the platinum dish, under 17, heat to boiling over an asbestos plate, cool, 
and titrate the excess of hydrochloric acid with N/10 sodium hydroxid, using methyl 
orange as an indicator. 

Express the alkalinity in terms of the number of cc. of N/10 acid per 1 gram of 
the sample. 

20 MINERAL ADULTERANTS IN THE ASH.—TENTATIVE. 

Mix 100 grams of molasses, sirup, honey, or the confectionery solution prepared 

as directed under 1 (b) and evaporate to a sirupy consistency, with about 35 grams 

of concentrated sulphuric acid in a large porcelain evaporating dish. Pass an 

electric current through it while stirring by placing one platinum electrode in the 

bottom of the dish near one side and attaching the other to the lower end of the 

glass rod with which the contents are stirred. Begin with a current of about 1 
ampere and gradually increase to 4 (modified from method of Budde and Schou! 

for determining nitrogen electrolytically). In 10-15 minutes the mass is reduced 

to a fine dry char, which may be readily burnt to a white ash in the original dish 
over a free flame or in a muftle. 

This method’ is preferred to the ordinary method of heating with sulphuric acid, 
especially in the case of molasses, because, if properly manipulated, it comes quietly 

into the form of a very finely divided char or powder, especially adapted for subse- 
quent quick ignition. 

If an electric current is not available, treat in a large porcelain dish 100 grams of 

the saccharine solution, evaporated to a sirupy consistency, with sufficient concen- 

trated sulphuric acid to thoroughly carbonize the mass and ignite in the usual 
manner. 

The following adulterants may be present: salts of tin, used in molasses to bleach; 

mineral pigments, such as chromate of lead in yellow confectionery; oxid of iron, 

sometimes used to simulate the color of chocolate; and copper. These elements 
may be detected by the usual qualitative tests. 

21 NITROGEN.—TENTATIVE. 

Determine nitrogen in 5 grams of the material as directed under I, 18, 21 or 23, 

using a larger quantity of the sulphuric acid if necessary for complete digestion. 

SUCROSE. 

22 Method I.—Tentative. 

(Substances in which the volume of the combined insoluble matter and precipitate 
from clarifying agents is less than 1 cc. from 26 grams.) 

Determine sucrose by polarization before and after inversion, as directed under 
Vill, 14. 
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All products which contain dextrose or other reducing sugars in the crystalline 
form, or in supersaturated solution, exhibit the phenomenon of birotation. The con- 
stant rotation only should be employed in the Clerget formula, and to obtain this 
the solutions prepared for direct polarization should be allowed to stand overnight 
before making the reading. If it is desired to make the direct reading immediately, 
the birotation may be destroyed by heating the neutral solution to boiling for a few 
auioutcR or by adding a few drops of strong ammonium hydroxid before completing 
the volume. 

23 Method II. (Double dilution method.*)—Tentative. 

(Substances in which the volume of the combined insoluble matter and 

precipitate from clarifying agents is more than 1 cc. from 26 grams.) 

Weigh out a half normal weight of the sample and make up the solution to 100 
ec., employing the appropriate clarifier (oasic lead acetate for dark colored con- 

fectionery or molasses and alumina cream forlight colored confectionery). Also 

weigh out a normal weight of the sample and make up a second solution with the 

clarifier to 100 cc. Filter and obtain direct polariscopic readings of both solu- 
tions. Invert each solution as directed in 22 and obtain its invert reading. 

The true direct polarization of the sample is the product of the two direct read- 
ings divided by their difference. 

The true invert polarization is the product of the two invert readings divided 

by their difference. 
Calculate the sucrose from the true polarizations thus obtained by the formula 

given under VIII, 14. 

COMMERCIAL GLUCOSE (APPROXIMATE). 

24 Method I.—Tentative. 

(Substances containing little or no invert sugar.) 

Commercial glucose can not be determined accurately owing to the varying 

amounts of dextrin, maltose, and dextrose present in this product. However, in 

sirups, in which the amount of invert sugar is so small as not to appreciably affect 

the result, commercial glucose may be estimated approximately by the following 

formula:? 

Ce arehicn 
175 

G = per cent of commercial glucose; 

a = direct polarization; 

S = per cent of cane sugar. 
Express the results in terms of commercial glucose polarizing +175°V. 

Method II.—Tentative. 

25 (Substances containing invert sugar.’) 

Prepare an inverted half normal solution of the substance as directed under 
VIII, 14 except that after inversion cool the solution, make neutral to phenol- 

phthalein with sodium hydroxid solution, slightly acidify with hydrochloric acid, 
and treat with 5-10 ce. of alumina cream before making up to the mark. Filter 

and polarize at 87°C. in a 200 mm. jacketed tube. Multiply the reading by 200 and 
divide by the factor 163 to express the amount of glucose present in terms of glu- 

cose polarizing +175°V. 
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26 REDUCING SUGARS.—TENTATIVE. 

Determine either as dextrose or invert sugar as directed under VIII, 50, 51, 
52, 54, or 21, 23, 25, 36 or 39. 

27 STARCH.—TENTATIVE. 

Measure 25 cc. of a solution or uniform mixture, prepared as directed in 1 (b), 
(representing 5 grams of the sample) into a 300 cc. beaker, or introduce 5 grams of 

the finely ground sample (previously extracted with ether if the sample contains 

much fat) into the beaker, add sufficient water to make the volume 100 cc., heat 

to about 60°C. (avoiding if possible gelatinizing the starch) and allow to stand 

for about an hour, stirring frequently to secure complete solution of the sugars. 

Transfer to a stout wide-mouthed bottle, rinse the beaker with a little warm water, 

cool, add an equal volume of 95% alcohol, mix, and allow to stand at least an hour. 

Centrifugalize until the precipitate is closely packed on the bottom of the bottle 

and decant the supernatant liquid through a hardened filter. Wash the precipi- 

tate with successive 50 cc. portions of 50% alcohol by centrifugalizing and decant- 

ing through the filter until 3 or 4 drops of the washings give no test for sugar with 

alphanaphthol as described under 68. Transfer the residue from the bottle and 
cal hardened filter to a large flask and determine starch as directed under VIII, 

0. 

ETHER EXTRACT IN CONFECTIONERY. 

28 Continuous Extraction.—Tentative. 

(1) Measure 25 cc. of a 20% mixture or solution, prepared as directed under 1 

(b), into a very thin, readily frangible, glassevaporating shell (Hofmeister Schalchen), 

containing 5-7 grams of freshly ignited asbestos fiber; or (2) If impossible to ob- 

tain a uniform sample, weigh 5 grams of the mixed finely divided sample into a 

dish, and wash with water upon the asbestos in the evaporating shell, using, if neces- 

sary, a small portion of the asbestos fiber on a stirring rod to transfer the last traces 

of the sample from the dish to the shell. Dry to constant weight at 100°C., cool, 

wrap loosely in smooth paper, crush into rather small fragments between the fin- 
gers, transfer carefully the crushed mass, exclusive of the paper, to an extraction 

tube or a fat extraction cartridge. A thin lead disk (bottle cap) may be substituted 

for the Schilchen. The disk may then be cut into small pieces and placed in the 
extraction tube. Extract with anhydrous ether or petroleum ether (b. p. 45°-60°C. 

and without weighable residue) in a continuous extraction apparatus for at least 25 
hours. In most cases it is advisable to remove the substance from the extractor 

after the first 12 hours, grind with sand to a fine powder, and re-extract for the re- 

maining 13 hours. Transfer the extract to a tared flask, evaporate the solvent, dry 

to constant weight in an oven at 100°C. 

29 Roese-Gottlieb Method.—Tentative. 

Substances such as butter-scotch, invariably yield extremely inaccurate results 

by the above method. Insuch cases introduce 4 grams of the material, or an amount 
of a uniform solution equivalent to this amount of the dry substance, into a Rohrig 

tube or similar apparatus, make up to a volume of 10 cc. with water, add 1.25 ce. 

of concentrated ammonium hydroxid and mix thoroughly. Add 10 ce. of 95% aleo- 

hol and mix. Then add 25 cc. of washed ether and shake vigorously for half a min- 

ute; then add 25 cc. of petroleum ether (b. p. below 60°C.), and shake again for 

half a minute. Allow to stand for 20 minutes or until the separation between the 
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liquids is complete. Draw off as much as possible of the ether-fat solution (usually 

0.5-0.8 cc. will be left) into a weighed flask through a small, rapid filter. The flask 

should be weighed with a similar one as a counterpoise. Again extract the liquid 

remaining in the tube, this time with 15 cc. each of ether and petroleum ether, shake 

vigorously half a minute with each, and allow to settle. Proceed as above, wash- 
ing the tip of the spigot and the filter with a few cc. of a mixture of equal parts of 

the 2 ethers (previously mixed and free from deposited water). For absolutely 
exact results the extraction must be repeated. This third extraction usually yields 
not more than about 1 mg. of fat, if the previous ether-fat solutions have been 

drawn off closely, or an amount averaging about 0.02% on a 4 gram charge. Evapo- 
rate the ether slowly on a steam bath, then dry the fat in a boiling water oven until 

the loss in weight ceases. Test the purity of the fat by dissolving in a little petro- 

leum ether. Should a residue remain, wash the fat out completely with petroleum 
ether, dry the residue, weigh, and deduct the weight. 

30 PARAFFIN IN CONFECTIONERY.—TENTATIVE. 

Add to the ether extract in the flask, as above obtained, 10 cc. of 95% alcohol 

and 2 cc. of sodium hydroxid solution (1 to 1), connect the flask with a reflux con- 

denser, and heat for an hour on the water bath, or until saponification is complete. 

Remove the condenser and allow the flask to remain on the bath until the alcohol 
is evaporated and the residue is dry. Dissolve the residue as completely as pos- 

sible in about 40 cc. of water and heat on the bath, shaking frequently. Wash into 
a separatory funnel, cool, and extract with 4 successive portions of petroleum ether, 

which are collected in a tared flask or capsule. Evaporate the petroleum ether 

and dry in the oven to constant weight. 
Any phytosterol or cholesterol present in the fat would be extracted with the 

paraffin. The amount is so insignificant that it may be disregarded generally. 

The character of the final residue should, however, be confirmed by determining 

its melting point, specific gravity, and refractive index. 

3] ALCOHOL IN SIRUPS USED IN CONFECTIONERY (“BRANDY DROPS’’).—TENTATIVE. 

Collect in a beaker the sirup from a sufficient number of pieces to yield 30-50 

grams of sirup. Strain the sirup into a tared beaker and weigh. Introduce the 

sirup into a 250-300 cc. distilling flask, dilute with half its volume of water, attach 

the flask to a vertical condenser and distil almost 50 ce., or as much of the liquid as 

possible without causing charring. Foaming may be prevented by adding a little 

tannin, or a piece of paraffin about the size of a pea, to the contents of the distil- 

lation flask. Cool the distillate, make up to volume with water, mix well, and 

ascertain the specific gravity of the liquid by means of a pyecnometer, and obtain 
the corresponding weight of alcohol in the 50 cc. of distillate from XVI, 5. Cal- 
culate the per cent by weight of alcohol in the candy filling. 

32 COLORING MATTER.—TENTATIVE. 

Proceed as directed under XI. 

33 METALS.—TENTATIVE. 

Proceed as directed under XII. 
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HONEY.’ 

34 PREPARATION OF SAMPLE.—TENTATIVE. 

(a) Liquid or strained honey.—lf the sample is free from granulation, mix thor- 

oughly by stirring or shaking before drawing weighed portions for the analytical 
determination. If the honey is granulated, place the container, having the stopper 

loose, in a water bath, and heat at a temperature not exceeding 50°C. until the sugar 

erystals dissolve; mix thoroughly, cool, and weigh portions for the analytical de- 

terminations. If sediment such as particles of comb, wax, sticks, bees, etc., are 

present, heat the sample to 40°C. in a water bath and filter through cheese-cloth 

before weighing portions for analysis. 
(b) Comb honey.—Cut across the top of the comb, if sealed, and separate com- 

pletely from the comb by straining through a 40 mesh sieve. When portions of the 

comb or wax pass through the sieve, heat the sample as in (a) and strain through 

cloth. If the honey is granulated in the comb, heat until the wax is liquified, stir, 
cool, remove the wax and take the clear liquid for analysis. 

35 MOISTURE. 

Weigh 2 grams of the sample into a tared, flat-bottomed aluminium dish, having a 

diameter of about 60 mm. and containing 10-15 grams of fine quartz sand, which has 

been previously washed, dried and ignited, and a small glass stirring rod; add 5-10 
ec. of water and thoroughly incorporate with the sand and honey mixture by means 

of the rod; dry the dish and its contents to constant weight in a vacuum oven at 

a temperature not exceeding 70°C. 

36 ASH.—OFFICIAL. 

Weigh 5-10 grams of honey into a platinum dish, add a few drops of pure olive 
oil to prevent spattering, and heat carefully until swelling ceases and then ignite 

at a temperature not above dull redness until a white ash is obtained. 

37 SOLUBLE ASH.—TENTATIVE. 

Proceed as directed under 17. 

38 ALKALINITY OF THE SOLUBLE ASH.—TENTATIVE. 

Proceed as directed under 18. 

POLARIZATION. 

39 Direct Polarization.—Tentative. 

(a) Immediate direct polarization.—Transfer 26 grams of the honey to a 100 
ec. flask with water, add 5 cc. of alumina cream, dilute to the mark with water at 

20°C., filter, and polarize immediately in a 200 mm. tube. 
(b) Constant direct polarization.—Pour the solution from the tube used in read- 

ing (@) back into the flask, stopper, and allow to stand for 24 hours. At the end of 
this time again polarize the solution at 20°C. in a 200 mm. tube. 

(C) Birotation.—The difference between (a) and (b) gives the birotation. 

(d) Direct polarization at 87°C.—Polarize the solution, obtained in (b), at 87°C. 

in a jacketed 200 mm. tube. 
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40 Invert Polarization.—Tentative. 

(a) At 20°C.—Invert 50 cc. of the solution obtained in 39 as directed under 
VIII, 14 or 16, and polarize at 20°C. in a 200 mm. tube. 

(b) At 87°C.—Polarize the solution, obtained as directed in (a), at 87°C. in a 200 

mm. jacketed tube. 

41 REDUCING SUGARS.—TENTATIVE. 

Dilute 10 ce. of the solution, used for direct polarization, 39, to 250 ec. and de- 

termine reducing sugars in 25 cc. of this solution by one of the methods given under 

VIII, 25, 36, 39 or 56, respectively. Calculate the result to per cent of invert 
sugar. 

42 SUCROSE.—TENTATIVE. 

Proceed as directed under VIII, 18. Determine reducing sugars after inver- 
sion by diluting 10 cc. of the solution obtained in 40, with a small amount of water, 

neutralizing with sodium carbonate, and making up to 250 ce. with water. Employ 

50 ce. of this solution for the determination, using the same method as in 41. 

43 LEVULOSE.—TENTATIVE. 

Multiply the direct reading at 87°C., 39 (d), by 1.0315 and subtract the product 

from the constant direct polarization at 20°C., 39 (b): divide the difference by 2.3919 

to obtain the grams of levulose in a normal weight of the honey. From this figure 
calculate the per cent of levulose in the original sample. 

44 DEXTROSE.—TENTATIVE. 

Subtract the per cent of levulose, obtained in 43, from the per cent of invert 
sugar, found in 41, to obtain the approximate per cent of dextrose. 

The dextrose can be determined more accurately by multiplying the per cent 

of levulose, as found in 43, by the factor 0.915, which gives its dextrose equivalent 
in copper reducing power. Subtract this figure from that of the reducing sugars, 41, 

calculated as dextrose, to obtain the percentage of dextrose in the sample. (Owing 

to the difference in the reducing powersof different sugars, the sum of the dex- 

trose thus found and the levulose as obtained in 43 will be greater than the amount 

of invert sugar obtained in 41). 

45 DEXTRIN (APPROXIMATE).—TENTATIVE. 

Transfer 8 grams of the sample (4 grams in the ease of dark colored honey-dew 

honey) to a 100 ce. flask (using not more than 4 cc. of water) by allowing the sam- 

ple to drain from the weighing dish into the flask and then dissolving the residue in 

2 cc. of water. After adding this solution to the contents of the flask, rinse the 

weighing dish with two 1 ce. portions of water to which a little alcohol is added sub- 

sequently. Fill the flask to the mark with absolute aleohol, shaking constantly. 

Set the flask aside until the dextrin has collected on the sides and bottom and the 
liquid is clear. Decant the clear liquid through a filter paper and wash the resi- 

due in the flask with 10 ec. of 95% alcohol, pouring the washings through the same 

filter. Dissolve the dextrin in the flask with boiling water and filter through the 

filter paper already used, receiving the filtrate in a tared dish, prepared as directed 

under 4, Rinse the flask and wash the filter a number of times with small portions 

of hot water, evaporate on a water bath and dry to constant weight in vacuo 

at 70°C. 
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After determining the weight of the alcohol precipitate, dissolve the latter in 

water and make up to definite volume, using 50 cc. of water for each 0.5 gram of pre- 

cipitate or part thereof. 
Determine reducing sugars in the solution both before and after inversion as 

directed under VIII, 18, expressing the results as invert sugar. Calculate sucrose 
from the results thus obtained and subtract the sum of the reducing sugars before 

inversion and sucrose from the weight of the total alcoholic precipitate to obtain 

the weight of the dextrin. 

46 FREE ACID.—TENTATIVE. 

Dissolve 10 grams of the honey in water and titrate with N/10 sodium hydroxid 

using phenolphthalein as an indicator. Express the results in terms of cc.of N/10 

sodium hydroxid required to neutralize 100 grams of the sample. 

47 GLUCOSE.—TENTATIVE. 

Qualitative test.—Dilute the honey with water in the proportion of 1 to 1, then add 
a few cc. of iodin solution (1 gram of iodin, 3 grams of potassium iodid, 50 ce. of 

water). In the presence of glucose the solution turns red or violet, the depth and 

character of the color depending upon the quality and nature of the glucose em- 

ployed. A blank test with a pure honey of about the same color should be made 

in order to secure an accurate color comparison. Should the honey be dark and 

the percentage of glucose very small, precipitate the dextrin which may be pres- 

ent by adding several volumes of 95% alcohol. Allow to stand until the precipitate 

settles (do not filter), decant the liquid, dissolve the residue of dextrins in hot 

water, cool and apply the above test to this solution. A negative result is not 

proof of the absence of glucose as some glucose, especially of high conversion, does 

not give any reaction with iodin.?® 
Quantitative test—An approximate determination can be made by Browne’s 

formula as follows: Multiply the difference in the polarizations of the invert solu- 

tion at 20°C. and 87°C. by 77 and divide this product by the percentage of invert 

sugar after inversion found in the sample. Multiply the quotient by 100 and di- 

vide the product by 26.7, to obtain the percentage of honey in the sample; 100 per 

cent minus the per cent of honey gives the percentage of glucose. 

COMMERCIAL INVERT SUGAR.1° 

QUALITATIVE TESTS. 

Fiehe Test (Bryan Modification'!!).—Tentative. 

48 REAGENT. 

Resorcin solution.—Dissolve 1 gram of resorcin in 100 ce. of hydrochloric acid, 

sp. gr. 1.19. 

49 MANIPULATION. 

Introduce 10 cc. of a 50% honey solution into a test tube and add 5 ce. of ether. 
Shake gently and allow to stand for some time until the ether layer is clear. Trans- 

fer 2 cc. of this clear ether solution to a small test tube and add a large drop of the 

resorcin solution. Shake and note the color immediately. In the presence of arti- 

ficial invert sugar, the resorcin assumes immediately an orange-red color turning 

to dark red. 
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Feder Anilin Chlorid Test.1*—Tentative. 

50 REAGENT. 

Anilin chlorid solution.—To 100 ce. of C. P. anilin add 30 ce. of 25% hydrochloric 
acid. 

51 MANIPULATION. 

Introduce 5 grams of the honey into a porcelain dish and add 2.5 ce. of the anilin 

reagent. A bright red color indicates the presence of commercial invert sugar. 

52 DIASTASE.18 

Mix 1 part of honey with 2 parts of sterile water. Treat 10 cc. of this solution 

with 1 ce. of 1% soluble starch solution and digest at 45°C. for an hour. At the end 

of this time test the mixture with 1 ce. of iodin solution (1 gram of iodin, 2 grams 

of potassium iodid, 300 cc. of water). Treat another 10 cc. portion of the honey 

solution, mixed with 1 cc. of the soluble starch solution, without heating to 45°C., 

with the reagent and compare the colors produced. If the original honey had not 

been heated sufficiently to kill the diastase, an olive-green or brown coloration will 

be produced in the mixture that has been heated at 45°C. Heated or artificial 

honey becomes blue. 

MAPLE PRODUCTS. 

53 PREPARATION OF SAMPLE.—TENTATIVE. 

(a) Maple sirup.—Determine the moisture by the method given under 54 (a). If 

the moisture is less than 35%, and there is some mineral sediment, pour the clear 

sirup into a beaker, washing the sediment also into the beaker with water. Then 

concentrate the sirup by boiling to a moisture content of about 35% (b. p. 104°C.). 

Set aside until cool, or preferably let the covered material stand overnight, and 
pour off the clear liquid for the analytical work. Where no sediment is present 

the sample is ready for analysis after careful mixing. Where sugar has crystal- 

lized out, warm to dissolve the sugar before starting the analysis. It is desira- 
ble in order to compare results upon different samples, to reduce all results other 

than moisture to a dry substance basis as determined in the clear sirup. 

(b) Maple sugar, maple cream, maple waz, ete.—Determine moisture, by the meth- 

od given under 54 (b), in the sample in its original condition by thoroughly mixing, 
if semi-plastic, or by rubbing up in a mortar representative portions of the product 

if solid. For all other analytical determinations use a solution prepared as fol- 
lows: Weigh roughly 100 grams of the product into a beaker and dissolve by boil- 

ing with 200 ce. of water. Decant the resulting sirup while hot through a muslin 
filter, concentrate by boiling to a moisture content of 35% (b. p. 104°C.), cool, or 

preferably let the covered material stand overnight, set aside until clear, and use 

this clear sirup for analysis. It is desirable, in order to compare results upon 
different samples, that all results except moisture be expressed upon a dry basis. 

54 MOISTURE.—TENTATIVE. 

(a) Maple siruwp.—Proceed as directed under 35 or 10. 

(b) Maple sugar, maple cream, etc.—Proceed as directed under 35. 

55 POLARIZATION.—TENTATIVE. 

(A) Direct at 20°C.—Proceed as directed under VIII, 14. 
(b) Invert at 20°C.—Proceed as directed under VIII, 14. 

(C) Invert at 87°C.—Proceed as directed under 25 to detect commercial glucose. 
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56 REDUCING SUGARS AS INVERT SUGAR.—TENTATIVE. 

(a) Before inversion—Proceed as directed under VIII, 25, using an aliquot of 
the solution used for direct polarization, 55 (a), and only neutral lead acetate for 

clarification. 

(b) After inversion—Proceed as directed under VIII, 25, using an aliquot of 
the solution used for the invert polarization, 55 (b), and only neutral lead acetate 

for clarification. 

SUCROSE. 

57 By Polarization.—Tentative. 

Proceed as directed under VIII, 14 or 16. 

58 By Reducing Sugars Before and After Inversion.—Tentative. 

Proceed as directed under VIII, 18. 

59 TOTAL ASH.—TENTATIVE. 

Proceed as directed under 13. 

60 SOLUBLE AND INSOLUBLE ASH.—TENTATIVE. 

Proceed as directed under 17. 

61 ALKALINITY OF THE SOLUBLE ASH.—TENTATIVE. 

Proceed as directed under 18. 

62 ALKALINITY OF THE INSOLUBLE ASH.—TENTATIVE. 

Proceed as directed under 19. 

LEAD NUMBER (WINTON).—TENTATIVE. 

63 REAGENTS. 

Standard basic lead acetate solution.—Boil 430 grams of normal lead acetate and 

130 grams of litharge, for 30 minutes, or boil 560 grams of Horne’s dry basic lead 
acetate with 1 liter of water, cool, allow to settle and dilute the supernatant liquid 

to 1.25 sp. gr. To a measured amount of this solution add 4 volumes of water and 
filter if not perfectly clear. The solution should be standardized each time a set 
of determinations is made. 

If the directions for preparing the basie lead acetate are not carried out care- 
fully, the use of Horne’s dry basic lead acetate is preferable. 

64 DETERMINATION OF LEAD IN THE BLANK. 

Transfer 25 cc. of the standard basic lead acetate to a 100 ce. flask, add a few drops 

of acetic acid, and make up to the mark with water. Shake and determine lead 
sulphate in 10 cc. of the solution as directed under 65. The use of the acid is im- 

perative in this case to keep the lead in solution, when diluted with water. 

65 DETERMINATION. 

Transfer 25 grams of the sample to a 100 cc. flask by means of water. Add 25 

ec. of the standard basic lead acetate and shake, fill to the mark, shake, and allow to 

stand for at least 3 hours before filtering. Pipette 10 cc. of the clear filtrate into 

a 250 cc. beaker, add 40 cc. of water and 1 cc. of concentrated sulphuric acid, shake 

and add 100 ce. of 95% alcohol. Allow to stand overnight, filter on a tared Gooch, 
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wash with 95% alcohol, dry in a water oven, and ignite in a muffle or over a Bun- 

sen burner, applying the heat gradually at first, and avoiding a reducing flame. 
Cool and weigh. Subtract the weight of lead sulphate so found from the weight of 

lead sulphate found in the blank, 64, and multiply by the factor 27.325. The use 

of this factor gives the lead number directly without the various calculations other- 

wise required. 

MALIC-ACID VALUE. 

66 Cowles Method.'*—Tentative. 

Weigh 6.7 grams of the sample into a 200 ce. beaker, add 5 cc. of water, then 2 

ec. of a 10% calcium acetate solution and stir. Add gradually, and with constant 

stirring, 100 ce. of 95% alcohol, and agitate the solution until the precipitate set- 

tles, or let stand, until the supernatant liquid is clear. Filter off the precipitate 

and wash with 75 ec. of 85% alcohol. Dry the filter paper and ignite in a platinum 

dish. Add 10 ec. of N/10 hydrochloric acid and warm gently until all the lime 

dissolves. Cool and titrate back with N/10 sodium hydroxid, using methyl orange 
as an indicator. The difference in cc. divided by 10 represents the malic acid value 

of the sample. Previous to use the reagents should be tested by a blank determina- 

tion and any necessary corrections applied. 

67 METALS.—TENTATIVE. 

Proceed as directed under XII. 

SUGAR HOUSE PRODUCTS. 

SUCROSE IN BEETS. 

68 Alcohol Extraction Method (Herzfeld Modification'®).—Tentative. 

Weigh 26 grams of the beet pulp and transfer to a 100 cc. flask with about 50 cc. 
of 90% alcohol and 3-5 ce. of basic lead acetate solution. Connect a reflux condenser 

to the flask and place on a boiling water bath for 10-15 minutes. Then pour the 

whole into a Soxhlet extractor, washing out the flask with fresh portions of 90% 

alcohol. Connect the same 100 ce. flask to the extractor, and fit the latter with 

a return condenser. Add 90% alcohol until the siphon is started and the flask is 

about three fourths full. Place the flask in a covered water bath kept at a heat 

that will allow the alcohol to boil freely. Continue the extraction for 1-4 hours, 
or until a test of the alcohol in the extractor gives no color with alpha-naphthol 

solution when tested as follows: Introduce into a test tube a few drops of the alco- 
hol coming from the extractor, add 4 or 5 drops of a 20% alcoholic alpha-naphthol 

solution and 2 cc. of water. Shake well, tip the tube, and allow 2-5 ec. of colorless 

concentrated sulphuric acid to flow down the side of the tube; then hold the tube 
upright and, if sucrose is present, a color varying from a faint to a deep violet will 

be noted at the junction of the two liquids. On shaking, the whole solution becomes 
a blue violet color. This test is suitable for this work, but it must be remembered 

that other substances besides sucrose give this color reaction. 
Remove the flask, transfer to a 100 cc. graduated flask, cool to the standard 

temperature, dilute to the mark with 90% alcohol, shake and filter, keeping the 

funnel covered with a watch glass. Polarize in a 200 mm. tube. 
Avoid evaporation and changes of temperature and also use a minimum amount 

of basic acetate for clarification, 3 cc. rather than 5 ec. By digesting the beet 

pulp with the aleohol before extraction, the time of extraction is greatly shortened 

the pulp becomes thoroughly impregnated with the alcohol, and all the air is re- 
moved, resulting in a good extraction of the whole material. If the pulp is fine 
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and tends to clog the siphon, aleohol-washed cotton may be used as a plug in the 
extractor before adding the beet pulp, and a fine mesh screen may be placed over 

the pulp to keep the whole compact in the extractor. 

69 Pellet Aqueous Method'* (Hot Digestion).—Tentative. 

Weigh 52 grams of the beet cuttings and transfer them with water to a wide- 

mouthed flask graduated to a content of 201.2 cc.; add 5-10 ce. of basic lead acetate 
solution, fill the flask to the mark with hot water, and shake. Immerse the flask 

in a water bath at 80°C. and rotate at intervals. Add water from time to time so 

that at the end of the heating (about 30 minutes) the water in the flask is a little 

above the mark. Remove the flask from the water bath and allow it to cool to 

standard temperature. Add sufficient concentrated acetic acid to make the solu- 

tion very slightly acid (generally less than 0.5 ec.) and a few drops of ether to break 
the foam. Make up to the mark, mix thoroughly, filter, and polarize in a 200 mm. 

tube. 

The fineness of the pulp governs the time of heating. Add enough water at the 
start and maintain this volume during the extraction, so that not more than 5 cc. of 
water will be necessary to complete the volume after cooling. The proportion of 
pulp to water must not be increased beyond the prescribed amount, for when smaller 
proportions of water to pulp are used and then a large quantity of water is added at 
the last to make up to volume, the sugar does not become equally diffused and the 
results are too low. Differences of over 1% in sugar content may be caused by lack 
of care in this particular. 

70 Hot Water Digestion Method.—Tentative. 

(Herzfeld Modification of the Sachs Le Docte Method!’.) 

There are needed nickel-plated sheet iron vessels, 11 cm. high, 6 em. body diame- 

ter, and 4 cm. mouth diameter, also stoppers covered with tin foil to fit the same. 
Weigh 26 grams of the beet pulp on a watch glass (small enough to go into the 

neck of the beaker) and transfer to the metal beaker, add 177 cc. of dilute basic 

lead acetate solution (5 parts of basic lead acetate solution (sp. gr. 1.25) to 100 
parts of water), shake and stopper lightly. Submerge the beaker in a water bath 

at 75°-80°C. for 30 minutes, shaking intermittently. When all the air has been 
expelled (generally after 5 minutes), tighten the stopper. After 30 minutes, shake, 

cool to standard temperature, filter, add a drop of acetic acid to the filtrate and 
polarize in a 400 mm. tube. The reading is the per cent of sugar in the beet pulp. 
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X. FOOD PRESERVATIVES.—TENTATIVE. 

SALICYLIC ACID. 

1 PREPARATION OF SAMPLE. 

(a) Non-alcoholic liquids.—Many liquids may be extracted directly as described 

in 2 or 4 without further treatment. If gums or mucilaginous substances are present, 
pipette 100 cc. into a 250 cc. volumetric flask, add about 5 grams of sodium chlorid, 

shake until the latter is dissolved, make up to the mark with alcohol, shake vigor- 

ously, allow the mixture to stand for 10 minutes with occasional shaking, filter 
through a dry folded filter and treat an aliquot of the filtrate as directed under (b). 

(b) Alcoholic liquids.—Make 200 ce. of the sample alkaline with sodium hydroxid 

solution, using litmus as an indicator, and evaporate on a steam bath to about one 

third its original volume. Dilute to the original volume with water and filter, if 

necessary, through a dry filter. 

(C) Solid or semi-solid substances.—Grind the sample and mix thoroughly. Trans- 

fer a convenient quantity (50-200 grams according to the consistency of the sam- 
ple) to a 500 cc. volumetric flask, add sufficient water to make a volume of about 

400 cc., shake until the mixture becomes uniform, add 2-5 grams of calcium chlorid, 

shake until the latter is dissolved, render distinctly alkaline with sodium hydroxid 

solution, using litmus as an indicator, fill to the mark with water, shake thoroughly, 

allow to stand for at least 2 hours shaking frequently and filter through a large 
folded filter. 

DETECTION AND ESTIMATION. 

72 Ferric Chlorid Test.—Qualitative. 

Introduce 50 cc. of the sample or an equivalent amount of an aqueous extract, 

prepared as directed under 1, into a separatory funnel, add one tenth its volume 

of dilute hydrochloric acid (1 to 3) and extract with 50 cc. of ether. If the mixture 
emulsifies, add 10-15 cc. of petroleum ether (b. p. below 60°C.) and shake. If this 

treatment fails to break the emulsion whirl the mixture in a centrifuge, or allow it 
to stand until a considerable portion of the aqueous layer has separated, run off 
the latter, shake vigorously and again allow to separate. Wash the ether layer 
with two 5 cc. portions of water, evaporate the greater portion of the ether in a por- 

celain dish on a steam bath, allow the remainder to evaporate spontaneously and 

add a drop of 0.5% ferric chlorid solution. A violet color indicates salicylic acid. 

If coloring matter or other interfering substances are present in the residue 
left after evaporation of the ether, purify the salicylic acid by one of the following 
methods: 

(A) Dissolve the residue from the ether extract, obtained as directed above, 

in about 25 ec. of ether, transfer the latter to a separatory funnel and shake with 

an equal quantity of water, made distinctly alkaline with several drops of am- 

monium hydroxid. Allow to separate, filter the aqueous layer through a wet fil- 

ter into a porcelain dish, evaporate almost to dryness, and test the residue as directed 

above. 

(b) Dry the residue from the ether extract, obtained as directed above, in a 

desiccator over sulphuric acid and extract with several 10 cc. portions of carbon 
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disulphid or petroleum ether (b. p. below 60°C.), rubbing the contents of the dish 

with a glass rod, and filtering the successive portions of the solvent through a dry 
paper into a second porcelain dish. Evaporate the greater portion of the solvent 

on a steam bath, allow the remainder to evaporate spontaneously and test the 
residue as directed above. 

(C) Transfer the residue from the ether extract, obtained as directed above, 

to a small porcelain crucible by means of a few cc. of ether and allow the solvent 

to evaporate spontaneously. Cut a hole in a piece of asbestos board sufficiently 
large to admit about two thirds of the crucible, cover the latter with a small, round- 

bottomed flask filled with cold water, and heat over a small Bunsen flame until 

any salicylic acid present has sublimed and condensed upon the bottom of the 
flask. Test the sublimate as directed above. 

3 Jorissen’s Test.'—Qualitative. 

Dissolve the residue from the ether extract, obtained as directed under 2, or, 

in case impurities are present, the purified material obtained as directed under 2 

(a), (b) or (C) in a little hot water. Cool 10 cc. of the solution in a test tube, add 

4 or 5 drops of 10% potassium nitrite solution, 4 or 5 drops of 50% acetic acid and 

1 drop of 10% cupric sulphate solution, mix thoroughly and heat to boiling. Boil 

for half a minute and allow to stand for 1-2 minutes. In the presence of salicylic 

acid a blood red color will develop. 

Colorimetric Method.—Quantitative. 

4 EXTRACTION. 

Pipette a convenient portion of the sample (100 cc. or a volume representing not 

less than 20 grams of the original sample) or a solution, prepared as in 1, into a sepa- 

ratory funnel, make the solution neutral to litmus with dilute hydrochloric acid 

(1 to 3) and add an excess of concentrated hydrochloric acid equivalent to 2 ce. 

of acid for each 100 ce. of solution. Extract with 4 separate portions of ether, 

using for each extraction a volume of ether equivalent to half the volume of the 

aqueous layer. If an emulsion forms on shaking, this may usually be broken by 

adding a little (one fifth the volume of the ether layer) petroleum ether (b. p. be- 

low 60°C.) and shaking again or by centrifugalizing. If an emulsion still persists, 

allow it to remain with the aqueous layer. If an emulsion remains after the 
fourth extraction, separate it from the clear ether and the clear aqueous layer 

and extract it separately with 2-3 small portions of ether. Combine the ether 

extracts, wash with one tenth their volume of water, allow the layers to separate 

and reject the aqueous layer. Wash in this way until the aqueous layer after sepa- 

ration yields a yellow color upon the addition of methyl orange and 2 drops of N/10 

sodium hydroxid. Distil slowly the greater part of the ether, transfer the remainder 

to a porcelain dish and allow the ether to evaporate spontaneously. If there are 
no interfering substances present, proceed as directed in 5. If such interfering 

substances are present, purify the residue by one of the following methods: 

(a) Dry thoroughly the residue in vacuo over sulphuric acid and extract with 
10 portions of 10-15 ce. each of carbon disulphid or petroleum ether (b. p. below 

60°C.), rub the contents of the dish with a glass rod and filter the successive portions 

of the solvent through a dry filter into a porcelain dish. Test the extracted resi- 
due with a drop of ferric alum solution and, if it gives a reaction for salicylic acid, 

dissolve it in water and reextract with ether, proceeding as directed above. Dis- 

til the greater portion of the carbon disulphid or petroleum ether and allow the 

remainder to evaporate spontaneously. Proceed as directed in 5. 
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(b) Dissolve the residue in 40-50 ce. of ether. Transfer the ether solution to 

a separatory funnel and extract with 3 successive 15 cc. portions of 1% ammonium 

hydroxid. (If fat is known to be present in the original ether extract, extract the 

latter directly with 4 portions of the ammonium hydroxid instead of 3.) Combine 

the alkaline aqueous extracts, acidify, again extract with ether and wash the com- 

bined ether extracts as directed above. Distil slowly the greater portion of the 
ether, allow the remainder to evaporate spontaneously and proceed as directed in 5. 

5 DETERMINATION. 

Dissolve the residue, obtained in 4, in a small amount of hot water and, after 

cooling, dilute to a definite volume (usually 50-100 cc.), dependent on the amount 

of salicylic acid present. If the solution is not clear, filter through a dry filter. 

Dilute aliquots of the solution and treat with a few drops of 0.5% ferric chlorid 

solution or 2% ferric alum solution. 

The ferric alum solution should be boiled until a precipitate appears, allowed to 
settle, and filtered. The acidity of the solution is slightly increased in this manner, 
but it remains clear for a considerable time, and the turbidity caused by its dilution 
with water is much less and does not appear as soon as when the unboiled solution 
is used. This turbidity interferes with the exact matching of the color. 

Compare the colors developed with that obtained when a standard salicylic acid 
solution (containing 1 mg. of salicylic acid in 50 cc.) is similarly treated, using 

Nessler tubes or a colorimeter. In either case, and especially with ferric chlorid, 

avoid an excess of the reagent, although an excess of 0.5 cc. of 2% ferric alum solu- 

tion may be added to 50 cc. of the comparison solution of salicylic acid without 

impairing the results. 

BENZOIC ACID. 

PREPARATION OF SAMPLE. 

6 General Method. 

If solid or semi-solid, grind the sample, and mix thoroughly. Transfer about 

150 grams to a 500 ec. graduated flask, add enough pulverized sodium chlorid to 
saturate the water in the sample, render alkaline with sodium hydroxid solution 

or milk of lime, and dilute to the mark with a saturated salt solution. Allow to 

stand for at least 2 hours, with frequent shaking, and filter. If the sample contains 

large amounts of matter precipitable by salt solution, it is advisable to follow a 

method similar to that given under 7 (d). When alcohol is present, follow the 

method given under 7 (C). When large amounts of fats are present, make an 

alkaline extraction of the filtrate before proceeding as directed under 11. 

7 Special Methods. 

(a) Ketchup.—Saturate the water in 150 grams of ketchup by adding 15 grams of 

pulverized sodium chlorid. Transfer the mixture to a 500 ce. graduated flask, rins- 

ing with about 150 cc. of saturated sodium chlorid solution. Make slightly alkaline 

to litmus paper with strong sodium hydroxid solution and fill to the mark with satu- 

rated salt solution. Allow to stand for at least 2 hours, shaking frequently. 
Squeeze through a heavy muslin bag and then filter through a large folded filter. 

(b) Jellies, jams, preserves and marmalades.—Dissolve 150 grams of the sam- 

ple in about 300 cc. of saturated salt solution. Add 15 grams of pulverized sodium 

chlorid. Make alkaline to litmus paper with milk of lime. Transfer to a 500 cc. 

graduated flask and dilute to the mark with saturated salt solution. Allow to 
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stand for at least 2 hours, shaking frequently, centrifugalize if necessary, and 
filter through a large folded filter. : 

(C) Cider containing alcohol, and similar products—Make 250 cc. of the sample 
alkaline to litmus paper with sodium hydroxid solution and evaporate on the steam 
bath to about 100 ce. Transfer the sample to a 250 cc. graduated flask, add 30 grams 
of pulverized sodium chlorid and shake until dissolved. Dilute to the original 
volume, 250 cc., with saturated salt solution, allow to stand for at least 2 hours, 

shaking frequently, and filter through a folded filter. 

(d) Salted or dried fish.—Wash 50 grams of the ground sample into a 500 ce. gradu- 

ated flask with water. Make slightly alkaline to litmus paper with strong sodium 

hydroxid solution and dilute to the mark with water. Allow to stand for at least 
2 hours, shaking frequently, and then filter through a folded filter. Pipette accu- 

rately as large a portion of the filtrate as possible (at least 300 cc.) into a second 

500 cc. flask. Add 30 grams of the pulverized sodium chlorid for each 100 cc. of 
solution. Shake until the salt has dissolved and dilute to the mark with saturated 

salt solution. Mix thoroughly and filter off the precipitated protein matter on 

a folded filter. 

8 DETECTION AND ESTIMATION. 

Extract benzoic acid as directed under 2 or 4. If benzoic acid is present in 

considerable quantity, it will crystallize from the ether in shining leaflets having 

a characteristic odor on heating. Dissolve the residue in hot water, divide into 

2 portions, and test according to 9 or 10. 

9 Ferric Chlorid Test.—Qualitative. 

Make the solution from 8 alkaline with ammonium hydroxid, expel the excess of 

ammonia by evaporation, dissolve the residue in water, and add a few drops of a 

neutral 0.5% ferric chlorid solution. A brownish precipitate of ferric benzoate 

indicates the presence of benzoic acid. 

10 Modified Mohler Test.2—Qualitative. 

Add to the water solution, prepared as described under 8, 1-3 ec. of N/3 sodium 

hydroxid and evaporate to dryness. To the residue, add 5-10 drops of concentrated 

sulphuric acid and a small crystal of potassium nitrate. Heat for 10 minutes in 

a glycerol bath at 120°-130°C., or for 20 minutes in a boiling water bath. The 
temperature must not exceed 130°C. After cooling add 1 cc. of water and make 

distinctly ammoniacal; boil the solution to decompose any ammonium nitrite which 

may have been formed. Cool and add a drop of fresh, colorless ammonium sulphid, 

without allowing the layers to mix. A red-brown ring indicates benzoic acid. 

On mixing, the color diffuses through the whole liquid and, on heating, finally changes 

to greenish yellow. This differentiates benzoic acid from salicylic acid or cinnamic 
acid. The last two form colored compounds, which are not destroyed by heating. 

The presence of phenolphthalein interferes with this test. 

11 Quantitative Method. 

Pipette a convenient portion (100-200 cc.) of the filtrate, obtained in 6 or 7, into a 

separatory funnel. Neutralize the solution to litmus paper with hydrochloric 
acid (1 to 3) and add an excess of 5 cc. of the same acid. In the case of salted fish 

a precipitation of protein matter usually occurs on acidifying, but the precipitate- 

does not interfere with the extraction. Extract carefully with chloroform, using 

successive portions of 70, 50, 40, and 30 cc. To avoid an emulsion, shake cautiously 
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each time. The chloroform layer usually separates readily after standing a few 
minutes. If an emulsion forms, break it: (1) by stirring the chloroform layer with 

a glass rod; (2) by drawing it off into a second funnel and giving 1 or 2 sharp shakes 

from one end of the funnel to the other; or (3) by centrifugalizing fora few moments. 

As this is a progressive extraction, draw off carefully as much of the clear chloro- 
form solution as possible after each extraction, but do not draw off any of the emul- 

sion with the chloroform layer. If this precaution is taken, the chloroform extract 

need not be washed. 

Transfer the combined chloroform extracts to a porcelain evaporating dish, 

rinse the container several times with a few ce. of chloroform, and evaporate to 

dryness at room temperature in a current of air dried over calcium chlorid. 
The extract may also be transferred from the separatory funnel to a 300 cc. Erlen- 

meyer flask, rinsing the separatory funnel 3 times with 5-10 cc. of chloroform. Dis- 

til very carefully to about one fourth the original volume, keeping the temperature 

down so that the chloroform comes over in drops, not in a steady stream. Then 

transfer the residue to a porcelain evaporating dish, rinsing the flask 3 times with 

5-10 ee. portions of chloroform, and allow to evaporate to dryness spontaneously. 

Dry the residue overnight (or until no odor of acetic acid can be detected if the 

product is a ketchup) in a desiccator containing sulphuric acid. Dissolve the resi- 

due of benzoic acid in 30-50 ec. of neutral alcohol, add about one fourth this volume 

of water, 1 or 2 drops of phenolphthalein, and titrate with N/20 sodium hydroxid 

(1 ec. is equivalent to 0.0072 gram of anhydrous sodium benzoate). 

SACCHARIN. 

12 Qualitative Test. 

Extract with ether (after maceration and exhaustion with water, if necessary), 
as directed in 1 and 4. Allow the ether extract to evaporate spontaneously and 

note the taste of the residue. The presence of saccharin, to the extent of 20 mg. 

per liter, is indicated by a sweet taste. Confirm by heating with sodium hydroxid, 

as described below, and detecting the salicylic acid formed thereby. A sweet taste, 
suggesting the presence of a trace of saccharin, has been obtained frequently in 
saccharin-free wines, due to the so-called ‘‘false saccharin’. 

Acidify 50 ce. of a liquid food or the aqueous extract of 50 grams of a solid or semi- 
solid, prepared as directed in 1 (C), and extract with ether as directed in 13. Dis- 
solve the residue, remaining after evaporation of the ether, in a little hot water 

and test a small portion of this solution for salicylic acid as directed under 2 or 3. 
Dilute the remainder of the solution to about 10 cc., and add 2 ce. of sulphurie 

acid (1 to 3). Heat to boiling and add a slight excess of 5% potassium perman- 

ganate solution, drop by drop; partly cool the solution, dissolve a piece of sodium 

hydroxid in it, and filter the mixture into a silver dish (silver crucible lids are well 

adapted to the purpose); evaporate to dryness and heat for 20 minutes at 210°— 

215°C. Dissolve the residue in water, acidify with hydrochloric acid and test the 

ether extract for salicylic acid as directed under 2 or 3. By this method all the 
so-called ‘false saccharin’? and the salicylic acid naturally present (also added 

salicylic acid when not present in too large an amount) are destroyed, while 5 mg. 
of saccharin per liter are detected with certainty. 

13 Quantitative Method. 

Pipette 100 cc. of the sample, or a convenient portion of a solution, prepared 

as directed under 1, representing not less than 20 grams of the sample, into a sepa- 



146 METHODS OF ANALYSIS [Chap. 

ratory funnel, make the solution neutral to litmus with dilute hydrochloric acid 
(1 to 3) and then add concentrated hydrochloric acid in the proportion of 5 ec. for 

each 100 cc. of solution. Extract with 4 separate portions of ether using, for each 

extraction, a volume of ether equivalent to half the volume of the aqueous layer. 
If the mixture emulsifies on shaking, this difficulty may be overcome as directed 

under 4. Wash the combined ether extracts with two 5 ec. portions of water, re- 

move the ether by distillation, and transfer the residue into a platinum crucible 
by means of a small amount of ether. Evaporate the ether on a steam bath, add 
about 2-3 ec. of 10% sodium carbonate solution to the residue, rotate so that all 

of the residue is brought into contact with the solution, and evaporate to dryness 

onasteam bath. Add 4 grams of a mixture of equal parts of anhydrous sodium and 

potassium carbonates, heat gently at first, and then to complete fusion for 30 minutes 

over an alcohol or other sulphur-free flame. Cool, dissolve the melt in water, acidify 
with hydrochloric acid and determine the sulphate present as barium sulphate. 
Correct the result thus obtained for any sulphur present in the fusion mixture as 

found in a blank determination. Calculate the amount of saccharin in the sample 
by multiplying the weight of barium sulphate by 0.7845. 

BORIC ACID AND BORATES. 

14 Qualitative Test.8 

Preliminary test—Immerse a strip of turmeric paper in the sample acidified 

with hydrochloric acid in the proportion of 7 cc. of concentrated acid to each 100 

cc. of sample, and allow the paper to dry spontaneously. If borax or boric acid is 

present, the paper will acquire a peculiar red color, changed by ammonium hydroxid 

to a dark blue-green but restored by acid. Solid or pasty samples may be heated 

with enough water to make them sufficiently fluid, concentrated hydrochloric acid 
added in about the proportion of 1 to 13 and the liquid tested in the same way. 

Confirmatory test—Make about 25 grams of the sample decidedly alkaline with 

lime water and evaporate to dryness on a water bath. Ignite the residue to de- 

stroy organic matter. Digest with about 15 cc. of water, add concentrated hydro- 

chloric acid, drop by drop, until the ignited residue is dissolved, and then add 1 ee. 

in excess. Saturate a piece of turmeric paper with the solution, and allow it to 

dry without the aid of heat. In the presence of borax or boric acid, the color change 
will be the same as given above. 

15 Quantitative Method.s 

Make 10-100 grams of the sample (depending upon the nature of the sample 

and the amount of boric acid present) distinctly alkaline with sodium hydroxid 

solution and evaporate to dryness in a platinum dish. Ignite the residue until 

organic matter is destroyed, avoiding an intense red heat, cool, digest with about 

20 ee. of hot water, and add hydrochlorie acid, drop by drop, until the reaction is 
distinctly acid. Filter into a 100 ce. flask, and wash with a little hot water, the 

volume of the filtrate not to exceed 50-60 ce. Return the filter containing any 

unburned carbon to the platinum dish, make alkaline by wetting thoroughly with 

lime water, dry on a steam bath and ignite to a white ash. Dissolve the ash in 
a few ec. of dilute hydrochloric acid and add to the liquid in the 100 ee. flask, rins- 

ing the dish with a few cc. of water. To the combined solutions, add 0.5 gram of 

ealcium chlorid and a few drops of phenolphthalein, then 10% sodium hydroxid 

solution until a permanent light pink color is produced, and finally dilute to 

a ai ie 
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the mark with lime water. Mix and filter through a dry filter. To 50 cc. of the 
filtrate add N/1 sulphuric acid until the pink color disappears, then add methyl 

orange, and continue the addition of the acid until the yellow color is changed to 
pink. Boil for about 1 minute to expel carbon dioxid. Cool, and carefully add 

N/5 sodium hydroxid until the liquid assumes a yellow tinge, avoiding an excess 
of the alkali. All the boric acid is now in a free state with no uncombined sulphuric 

acid present. Adda little phenolphthalein, and an equal volume of neutral glycerol. 

Titrate with N/5 sodium hydroxid until a permanent pink color is produced. About 

10 grams of mannitol may be substituted for the glycerol in this determination. 

At the end of the titration add an additional 2 grams and continue the titration if 

the pink color is discharged. Repeat the alternate addition of mannitol and alkali 

until a permégent end point is reached. 
One ce. of N/5 sodium hydroxid is equivalent to 0.0124 gram of boric acid. 

FORMALDEHYDE. 

16 PREPARATION OF SAMPLE. 

Tf solid or semi-solid, macerate 200-300 grams of the material with about 100 cc. 

of water ina mortar. Transfer to a short-necked, 500-800 ce. copper or glass dis- 

tillation flask and make distinctly acid with phosphoric acid, connect with a con- 

denser and distil 40-50 ce. In the case of highly colored liquids, the same method 

of preparation should be employed. 

In the case of meats and fats, extract the formaldehyde with alcohol and use the 

filtrate. In the case of fat, heat the mixture above the melting point of the fat to 

insure thorough extraction. In the case of milk, shake with an equal volume of 

strong alcohol and use the filtrate. Shake other liquids with an equal volume of 
strong alcohol and filter from any insoluble matter. 

QUALITATIVE TESTS. 

17 Phenylhydrazin Hydrochlorid Method.’ 

Mix 5 ce. of the distillate, as prepared under 16, or of an alcoholic solution or 
extract obtained as directed above, with 0.03 gram of phenylhydrazin hydrochlorid, 

and 4 or 5 drops of a 1% ferric chlorid solution. Add slowly and with agitation, 
in a bath of cold water to prevent heating the liquid, 1-2 cc. of concentrated sul- 

phurie acid. Dissolve the precipitate by the addition either of concentrated sul- 

phuric acid (keeping the mixture cool) or alcohol. In the presence of formaldehyde 

a red color develops. 

This method gives reliable reactions for formaldehyde in solutions of formalde- 

hyde varying from 1 part in 50,000 to 1 part in 150,000. Acetaldehyde and benz- 
aldehyde give no reaction when treated by this method and do not interfere with 

the reaction given by formaldehyde. 

18 Hehner Method.® 

Mix about 5 cc. of the distillate, obtained in 16, with an equal volume of pure 
milk, or a 1-2% solution of egg albumen, in a test tube and underlay with strong 

commercial sulphuric acid without mixing. A violet or blue color at the junction 

of the two liquids indicates formaldehyde. This color is given only in the presence 

of a trace of ferric chlorid or other oxidizing agent. As pointed out by Hehner, 

milk may be treated directly by this method and gives positive tests in the presence 

of 1 or more parts of formaldehyde per 10,000. Some other articles of food rich 

in proteins, for example, egg albumen, give the reaction in the presence of water 
without the addition of milk. 
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19 Leach Method. 

Mix about 5 ce. of the distillate, obtained under 16, with an equal volume of pure 

milk in a porcelain casserole and add about 10 ec. of concentrated hydrochloric 

acid, containing 1 ec. of 10% ferric chlorid solution, to each 500 ec. of acid. Heat 

to 80°-90°C. directly over the gas flame, rotating the casserole to break up the curd. 

A violet coloration indicates formaldehyde. 

Rimini Method.’ 

20 Phenylhydrazin Hydrochlorid and Sodium Nitro-prussid Test. 

This method may be applied directly to liquid foods, to an aqueous or alcoholic 

extract of solid foods, or to the distillate prepared as directed in 16. In the case 

of milk, apply the method directly. In the case of meat, comminute the sample, 

extract with 2 volumes of hot water, and employ the expressed liquid for the test. 
Heat fats above their melting point with 10 cc. of alcohol, shake thoroughly, cool, 

filter through a moistened filter, and use the filtrate for the test. 

Dissolve a lump of phenylhydrazin hydrochlorid about the size of a pea in 3-5 

ee. of the liquid to be tested, add 2-4 drops (not more) of a 5-10% sodium nitro- 

prussid solution and 8-12 drops of an approximately 12% sodium hydroxid solution. 

If formaldehyde is present, a green or blue color develops depending upon the 

amount. When formaldehyde is present to the extent of more than 1 part in 70,000- 

80,000 in the solution tested, a distinct green or bluish green reaction is obtained. 

In more dilute solutions the green tint becomes less marked and a yellow tinge tend- 

ing toward greenish brown develops. 

With this method acetaldehyde and benzaldehyde give a color varying from 

red to brown, according to the strength of the solution. A reaction may there- 

fore be obtained with these aldehydes similar to that obtained with formaldehyde 

in solutions more dilute than 1 part in 70,000. The presence of acetaldehyde or 

benzaldehyde together with formaldehyde gives a yellowish or yellowish green 

tinge. The reaction for formaldehyde may therefore be masked by the presence 

of other aldehydes, but is characteristic when a clear green color is obtained. 

21 Phenylhydrazin Hydrochlorid and Potassium Ferricyanid Test. 

Proceed as directed in 20, substituting a solution of potassium ferricyanid for 

the sodium nitro-prussid. Formaldehyde gives a red color. Alcoholic extracts 

from foods must be diluted with water to prevent the precipitation of potassium 

ferricyanid. The test is not applicable in the presence of the coloring matter of 

blood. 

22 Phenylhydrazin Hydrochlorid and Ferric Chlorid Test. 

Treat 15 cc. of milk or other liquid food or of the distillate, prepared as directed 
under 16, with 1 cc. of a dilute phenylhydrazin hydrochlorid solution, then with 

a few drops of dilute ferric chlorid solution and, finally, with concentrated hydro- 

chloric acid. The presence of formaldehyde is indicated by the formation of a 
red color, which changes after some time to orange yellow. 

Milk may be examined directly by this method, but more delicate tests may be 
obtained from the distillate from milk or from milk serum. Acetaldehyde or benz- 

aldehyde does not interfere with the reaction. 
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23 Phloroglucol Method.8 

To 10 ce. of milk or other liquid food under examination in a test tube add, by 

means of a pipette, 2 cc. of phloroglucol reagent (1 gram of phloroglucol, 20 grams of 

sodium hydroxid and water to make 100 cc.), placing the end of the pipette on the 

bottom of the“ “be in such a manner that the reagent will form a separate layer. 
che cor : 5 

ye be present, a bright red coloration (not purple) forms at the 
Che cate. ; ; : 

zone of co. _ This solution gives a yellow color in the presence of some alde- 
hydes, and, if.t is used for the detection of aldehyde formed by the oxidation of 

methyl alcohol‘after the destruction of ethyl aldehyde with hydrogen peroxid, an 
orange yellow color will slowly appear when an insufficient amount of hydrogen 

peroxid has been employed. On the other hand, if the excess of hydrogen 

peroxid is not fully destroyed before the use of this reagent, a purple color develops 

slowly. The clear, red color given by the use of this reagent forms quickly, and, 

in the presence of but a small amount of formaldehyde fades rapidly. 

FLUORIDS. 

QUALITATIVE TESTS. 

24 Method I.—Modified Method of Blarez.° 

Thoroughly mix the sample and boil 150 ce. (in the case of solid foods an aqueous 

extract may be employed provided the fluorids are in a soluble form). Add to the 
boiling liquid 5 ce. of 10% potassium sulphate solution and 10 ec. of 10% barium 

acetate solution. Collect the precipitate in a compact mass (a centrifuge may be 
used advantageously) and wash upon a small filter. Transfer to a platinum crucible 

and ignite. 
Dip a carefully cleaned glass plate, while hot, in a mixture of equal parts of Car- 

naitba wax and paraffin and allow to cool. Make, with a sharp instrument, a dis- 

tinctive mark through the wax, taking care not to scratch the surface of the glass. 

Add a few drops of concentrated sulphuric acid to the residue in the crucible 

and cover with the waxed plate, having the mark nearly over the center and mak- 
ing sure that the edge of the crucible is in close contact with it. Keep the top sur- 

face of the plate cool by means of a suitable device and heat the crucible for an hour 

at as high a temperature as practicable without melting the wax (an electric stove 

gives the most satisfactory form of heat). 
If fluorids be present, a distinct etching will be apparent on the glass where it 

was exposed. 

25 Method II. 

The preceding method may be varied by mixing a small amount of precipitated 

silica with the precipitated barium fluorid and applying the method for the detection 

of fluosilicates, under 27 or 28. 
This method is of value in the case of foods whose ash contains a considerable 

amount of silica. Under these circumstances, concentrated sulphuric acid liber- 

ates silicon fluorid, which would escape detection under 24. 

FLUOBORATES AND FLUOSILICATES. 

26 PREPARATION OF SAMPLE. 

Make about 200 grams of the sample alkaline with lime water, evaporate to dry- 

ness, and incinerate. Extract the crude ash with water, to which sufficient acetic 
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acid has been added to decompose carbonates, filter, ignite the insoluble portion, 

extract with dilute acetic acid, and again filter. The insoluble portion now con- 

tains calcium silicate and fluorid, while the filtrate will contain all the boric acid 

present. 

QUALITATIVE TESTS. 

27 Method I.+° 

Incinerate the filter, from 26, containing the insoluble portion, nux with a little 

precipitated silica, transfer to a short test tube, attached to a small U-tube contain- 
ing a few drops of water and add 1-2 ce. of concentrated sulphuric acid. Keep 

the test tube in a beaker of water on the steam bath for 30-40 minutes. If any 

fluorin be present, the silicon fluorid generated will be decomposed by the water 

in the U-tube and will form a gelatinous deposit on the walls of the tube. 

Next test the filtrate as directed under 14. If both hydrofluoric and boric acids 

be present, it is probable that they are combined as borofluorid. If, however, 

silicon fluorid is detected and not boric acid, the operation should be repeated with- 

out the introduction of the silica, in which case the formation of the silicon skeleton 

is conclusive evidence of the presence of fluosilicate. In an ash containing an ap- 

preciable amount of silica, sulphuric acid will liberate silicon fluorid rather than 

hydrofluoric acid. The presence of a fluosilicate is indicated, therefore, and not 

the presence of a fluorid. 

28 Method ITI. 

Incinerate the filter, from 26, containing the insoluble portion, in a platinum 

crucible, mix with a little precipitated silica, and add 1 ec. of concentrated sul- 

phuric acid. Cover the crucible with a watch glass, from the underside of which 

a drop of water is suspended, and heat for an hour at 70°-80°C.; keeping the watch 

glass cooled. The silicon fluorid which is formed is decomposed by the water, leav- 

ing a gelatinous deposit of silica and etching a ring at the periphery of the drop 
of water. Test the filtrate for boric acid as directed under 14. 

ak up vu 

SULPHUROUS ACID. 

29 Qualitative Test. 

Add some sulphur-free zinc, and several ec. of hydrochloric acid to about 25 

grams of the sample (with the addition of water, if necessary) in a 200 ec. Erlen- 

meyer flask. In the presence of sulphites, hydrogen sulphid will be generated 

and may be detected with lead acetate paper. Traces of metallic sulphids are 
occasionally present in vegetables, and will give the same reaction as sulphites 

under the conditions of the above test. Positive results obtained by this method 

should be verified by the distillation method under 30. 
It is always advisable to make the quantitative determination of sulphites, 

owing to the danger that the test may be due to traces of sulphids. A trace is not 

to be considered sufficient indication of the presence of sulphur dioxid either as a 
bleaching agent or as a preservative. 

TOTAL SULPHUROUS ACID. 

30 Method I.—Distillation Method. 

Distil 20-100 grams of the sample (adding recently boiled water if necessary) 

in a current of carbon dioxid, after the addition of about 5 ce. of a 20% glacial phos- 
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phoric acid solution, until 150 cc. have passed over. Collect the distillate in about 

100 cc. of nearly saturated bromin water, allowing the end of the condenser to dip 

below the surface. The method and apparatus may be simplified without material 

loss in accuracy by omitting the current of carbon dioxid, adding 10 cc. of phosphoric 

acid instead of 5 ce., and dropping into the distillation flask, immediately before 
attaching the condenser, a piece of sodium bicarbonate weighing not more than 
1gram. The carbon dioxid liberated is not sufficient to expel the air entirely from 

the apparatus, but will prevent oxidation to a large extent. When the distillation 
is finished, boil off the excess of bromin, dilute the solution to about 250 cc., add 5 

ee. of hydrochloric acid (1 to 3), heat to boiling, and precipitate the sulphuric acid 

with 10% barium chlorid solution. Boil for a few minutes longer, allow to stand 

overnight in a warm place, filter on a weighed Gooch, wash with hot water, ignite 

at a dull red heat, and weigh as barium sulphate. 

31 Method II.—Direct Titration Method. 

In the examination of wine, fairly accurate results may be obtained by the fol- 

lowing method: 
Place 25 ec. of 5.6% potassium hydroxid solution in a 200 cc. flask. Introduce 

50 cc. of the sample, mix with the potassium hydroxid solution, and allow the mix- 
ture to stand for 15 minutes with occasional agitation. Add 10 cc. of sulphuric acid 

(1 to 3) and a few cc. of starch solution, and titrate the mixture with N/50 iodin solu- 

tion. Introduce the iodin solution as rapidly as possible and continue the addition 

until the blue color persists for several minutes. One cc. of N/50 iodin is equiva- 

lent to 0.00064 gram of sulphur dioxid. 

DETERMINATION OF FREE SULPHUROUS ACID. 

32 (Especially Adapted to Wine.) 

Treat 50 cc. of the sample in a 200 ce. flask with about 5 cc. of sulphuric acid 

(1 to 3) add about 0.5 gram of sodium carbonate to expel the air, and titrate the sul- 

phurous acid with N/50 iodin, as directed under 31. 

BETA-NAPHTHOL. 

33 Qualitative Test. 

Extract 200 ec. of the sample, or of its aqueous extract, prepared as directed 

under 1 (C), with 10 cc. of chloroform in a separatory funnel. To the chloroform 

extract in a test tube add a few drops of alcoholic potash, and place in a boiling 

water bath for 2 minutes. The presence of beta-napthol is indicated by the forma- 

tion of a deep blue color, which changes to green and then to yellow. 

ABRASTOL. 

QUALITATIVE TESTS. 

34 Sinibaldi Method. 

Make 50 cc. of the sample alkaline with a few drops of ammonium hydroxid and 

extract with 10 cc. of amyl alcohol, adding ethyl alcohol if an emulsion is formed. 

Decant the amyl alcohol, filter if turbid, and evaporate to dryness. Add to the 

residue 2 cc. of nitric acid (1 to 1), heat on the water bath until half of the liquid 

is evaporated, and transfer to a test tube with the addition of 1 ce. of water. Add 

about 0.2 gram of ferrous sulphate and an excess of ammonium hydroxid, drop by 
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drop, with constant shaking. If the resultant precipitate is of a reddish color, 
dissolve it in a few drops of sulphuric acid, and add ferrous sulphate and ammonium 

hydroxid as before. As soon as a dark colored or greenish precipitate is obtained, 
introduce 5 ec. of alcohol, dissolve the precipitate in sulphuric acid, shake well and 
filter. In the absence of abrastol this method gives a colorless or light yellow liquid, 
while a red color is produced in the presence of 0.01 gram of abrastol. 

35 Sanglé-Ferritre Method." 

Boil 200 ce. of the sample with 8 cc. of concentrated hydrochloric acid for an 
hour in a flask fitted with a reflux condenser. Abrastol is thus converted into beta- 

naphthol and is detected as directed under 33. 

SUCROL OR DULCIN. 

QUALITATIVE TESTS. 

36 Morpurgo Method.4 

Evaporate about 100 cc. of the sample, or of the aqueous extract prepared as 

directed under 1 (C) and neutralized with acetic acid, to a sirupy consistency after 
the addition of about 5 grams of lead carbonate, and extract the residue several 

times with 90% alcohol. Evaporate the alcoholic extract to dryness, extract the 

residue with ether, and allow the ether to evaporate spontaneously in a porcelain 

dish. Add 2 or 3 drops each of phenol and concentrated sulphuric acid and heat 

for about 5 minutes on the water bath, cool, transfer to a test tube and overlay with 

ammonium hydroxid or sodium hydroxid solution with the least possible mixing. 

The presence of dulcin is indicated by the formation of a blue color at the zone of 

contact. 

37 Jorissen Method.® 

Suspend the residue from the ether extract obtained as directed above in about 

5 ce. of water; add 2-4 cc. of an approximately 10% solution of mercuric nitrate, 

and heat for 5-10 minutes on the water bath. In the presence of sucrol a violet blue 
color is formed, which is changed to a deep violet on the addition of lead peroxid. 

FORMIC ACID. 

Quantitative Method.'* 

38 REAGENTS. 

(a) Sodium acetate solution.—Dissolve 50 grams of dry sodium acetate in suffi- 

cient water to make 100 ce. and filter. 

(b) Mercuric chlorid reagent.—Dissolve 100 grams of mercuric chlorid and 150 

grams of sodium chlorid in sufficient water to make 1 liter and filter. 

(C) Tartaric acid. 

(d) Barium carbonate. 

39 APPARATUS. 

The apparatus required (Fig. 6) consists of a steam generator (S), a 300 ec. flask 

(A) in which the sample is placed, a 500 cc. flask (8), containing a suspension of bari- 

um carbonate, a spray trap (7), a condenser, and a 1 liter graduated flask (C). 
The tip of the tube (D), leading into (B), consists of a bulb containing a number 

of small holes to break the vapor into small bubbles. 
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FIG. 6. APPARATUS FOR DETECTION OF FORMIC ACID. 

40 DETERMINATION. 

For thin liquids like fruit juices, use 50 ce. For heavy liquids and semi-solids 
like sirups and jams, use 50 grams diluted with 50 cc. of water. Place the sam- 

ple in the flask (A), add 1 gram of tartaric acid, and connect as shown in Fig. 6, 

the flask (B) having been charged previously with a suspension of 2 grams of barium 

carbonate in 100 cc. of water. If much acetic acid is present, sufficient barium 
carbonate must be used so that at least 1 gram remains at the end of the operation. 

Heat the contents of flasks (A) and (B) to boiling and distil with steam from the 

generator (S), the vapor passing first through the sample in flask (A), then through 

the boiling suspension of barium carbonate in (B), after which it is condensed, and 

measured in the graduated flask (C). Continue the distillation until 1 liter of dis- 

tillate is collected, maintaining the volume of the liquids in the flasks (A) and (B) 

as nearly constant as possible by heating with small Bunsen flames, and avoid- 
ing charring of the sample in the flask (A). After 1 liter of distillate has been col- 

lected, disconnect the apparatus and filter the contents of flask (B) while hot, wash- 
ing the barium carbonate with a little hot water. The filtrate and washings should 

now measure about 150 ce. If not they should be boiled down to that volume. Then 

add 10 ce. of the sodium acetate, 2 ec. of 10% hydrochloric acid, and 25 cc. of the 

mercuric chlorid reagent. Mix thoroughly and immerse the container in a boil- 
ing water bath or steam bath for 2 hours. Then filter on a tared Gooch, wash the 

precipitate thoroughly with cold water and finally with alittle alcohol. Dry in a 

boiling water oven for 30 minutes, cool, weigh, and calculate the weight of formic 

acid present by multiplying the weight of the precipitate by 0.0975. If the weight 

of mercurous chlorid obtained exceeds 1.5 grams, the determination must be re- 
peated, using more mercuric chlorid reagent or a smaller amount of sample. A blank 
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test should be conducted with each new lot of reagents employed in the reduction, 

using 150 cc. of water, 1 cc. of 10% barium chlorid solution, 2 ce. of 10% hydrochloric 
acid, 10 cc. of the sodium acetate, and 25 cc. of the mercuric chlorid reagent, heat- 

ing the mixture in a boiling water bath or steam bath for 2 hours. The weight of 
mercurous chlorid obtained in this blank test must be deducted from that obtained 
in the regular determination. 
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XI. COLORING MATTERS IN FOODS.—TENTATIVE. 

(An italicized number, following immediately the name of a dye, is the 
number by which that dye is designated in ‘“‘A Systematic Survey of 

the Organic Colouring Matters’’, 1904, by Arthur Green, 
based on the German of Schultz and Julius.) 

1 PIGMENTS. 

The insoluble pigments, ultramarine, lampblack, etc., are most commonly used 

as facings and may be separated by washing the sample with water and allowing 

the washings to settle. The particles of coloring matter can be identified by micro- 

scopic examination and by treatment of the residue or purified coloring matter 

with chemical reagents. A large proportion of the common pigments other than 

lakes, such as the yellow, brown and red ochres and umbers, are derivatives of the 

heavy metals and contain iron, manganese, etc. Others, such as various green and 

blue compounds, including the green chlorophyll derivatives, contain copper. 

These pigments may be identified by the usual tests for the respective metals. The 
analytical properties of the insoluble coloring matters are described in various 

standard works, some of which are listed in the bibliography, especially ‘‘Farb- 

stofitabellen by Schultz!.”’ 

SOLUBLE COLORING MATTERS AND THEIR LAKES. 

COAL TAR DYES. 

2 Wool dyeing test?. 

(a) Wines, fruit juices, distilled liquors, flavoring extracts, vinegars, beers, sirups, 

non-alcoholic beverages and similar products.—Dilute’ 20-200 cc. of the sample with 

1-3 volumes of water and boil or heat on the steam bath with a small piece of white 

woolen cloth (nun’s veiling). When the mixture contains much alcohol, heat until 

most of the alcohol has been removed; in other cases, take out the wool after 

5-15 minutes and rinse with water. Then treat the liquid with 3 or 4 drops of con- 
centrated hydrochloric acid for each 100 cc. and warm again for 10-20 minutes with 

a clean piece of wool. The basic dyes go on the fiber best from neutral or faintly 
ammoniacal solutions and, if present, will appear on the first piece of wool. Acid 

colors dye from neutral solutions but more readily from those containing free acid. 
If the wool takes up any considerable amount of coloring matter in either case, the 

presence of coal tar dyes isindicated. The lichen colors’ (Archil, Cudbear, Litmus) 

go readily on wool, however, and many other natural colors, such as Turmeric, will 

dye the fiber, if present in considerable amount. On the other hand, a few coal 

tar dyes, especially Auramine O and Naphthol Green B, are quite unstable and, if 

present in small amounts, may give no distinct dyeing. Acid dyes are much more 

frequently used than basic dyes and in most cases may be removed from wool with- 

out much decomposition by ‘‘stripping’’ the latter with dilute ammonia‘. By the 

action of the alkali, many natural colors are destroyed, while others remain for the 
most part on the fiber. If the behavior with wool in neutral and acid solutions 

indicates the presence of acid dyes, rinse the colored cloth thoroughly with water, 

cover with 2% ammonium hydroxid solution in a casserole, boil for a few minutes, 

remove the cloth and squeeze out the adhering liquid. Boil the ammoniacal solu- 
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tion to remove the excess of ammonia, drop in a piece of clean, wet wool, make dis- 

tinctly but not strongly acid with hydrochloric acid and boil again. If acid coal 

tar dyes are present, they will usually give a fairly clean, bright dyeing on the second 

piece of wool. A further purification may be carried out by repeating the stripping 

and re-dyeing, though generally accompanied by corresponding loss of dye. 
(b) Candies and similar colored sugar products.—Dissolve about 20 grams of the 

sample in 100 ec. of water and treat the solution as directed under (a). When the 

coloring matter is on the surface of the candy, pour off the solution before the color- 

less inner portion has dissolved. 

(Cc) Jams and jellies —Boil a mixture of 10-20 grams of the sample and 100 ce. 

of water with wool in neutral and also in acid solution as directed under (a). For 

thick jams it is usually better, though less easy, first to extract the coloring sub- 

stances by treating the product as directed under (d). 

(d) Canned and preserved fruits and vegetables, sausage casings, smoked fish, coffee, 

spices, etc.—Macerate 20-200 grams of the sample with 4-5 times its weight of 80% 

alcohol. After standing a few hours pour off the solvent as completely as possible 

and repeat the extraction, using 70% alcohol containing about 1% of ammonia. 
(1) Examine separately the filtered alcoholic extracts as directed under (a); or, (2) 

Boil the ammoniacal solution until practically neutral, complete the neutralization 

with acetic acid. add the neutral 80% alcohol extract, continue the evaporation 

until most of the alcohol is removed, and boil with wool as directed under (a). 

(@) Cocoa and chocolate products.—Treat cocoa as directed under (d). The alco- 

holic extract will contain a large amount of natural coloring matter and several 

dyeings and strippings may be necessary to get rid of this in order to show the pres- 

ence of coal tar dyes. 
Chocolate may be treated similarly but the following procedure is preferable: 

Wash 20-200 grams of the well divided sample with gasoline on a filter until most of 

the fat has been removed; if the gasoline is colored, reserve for the examination of 

oil-soluble dyes as directed under 3. Remove most of the adherent solvent from the 

residue by evaporation or pressure between layers of absorbent paper and digest 

with alcohol as directed under (d). 

Coal tar dyes may also be detected in chocolate and cocoa products by mixing 

directly with 3-4 times their weight of hot water and immediately boiling the magma 

with wool, as directed under (€). Because of the presence of large amounts of fatty 

and protein materials, this method is not very satisfactory. 

(f) Cereal products.—Proceed as directed under (d), in most cases working with a 

large amount of the sample, 200-500 grams, and a relatively smaller amount of alcohol. 

Where tests are to be made only for the acid dyes, the extraction with neutral 

80% alcohol may be omitted advantageously. 

3 OIL-SOLUBLE DYES’. 

Prepare an alcoholic solution of the oil-soluble dye by one of the following methods 

which are to be applied to the oil or fat obtained by extraction with ether or gasoline 

if the nature of the substance requires it: 

(a) Shake the oil or melted fat with an equal volume of 90% alcohol. The alcohol 

after separation will contain Aniline Yellow, Butter Yellow, Aminoazotoluene and 

Auramine, if present. 

(b) Saponify 20-200 grams of the oil or fat with alcoholic potash and, after re- 
moval of most of the alcohol on the steam bath, extract the soap with ether or gaso- 

line. Most of the common dyes are removed by this treatment, though the digestion 

with strong alkali may cause some decomposition and make the extraction rather 

troublesome. 
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(C) Dilute 20-200 grams of the oil or melted fat with 1-2 volumes of gasoline and 

shake out successively with 2-4% potassium or sodium hydroxid solution, 12-15% 

hydrochloric acid, and phosphoric-sulphurie acid mixture, prepared by mixing 

85% phosphoric acid with about 10-20% by volume of concentrated sulphuric acid. 
The dilute alkali extracts Sudan G and Annatto. The dilute hydrochloric acid 

extracts Aniline Yellow (7), Aminoazotoluene, and Butter Yellow (16), the first 2 

forming orange-red, the latter cherry-red solutions in this solvent. Benzeneazo- 

beta-naphthylamin and homologues also come in this group, though they are not 

extracted very readily and decompose rapidly on standing in strongly acid solution. 

The phosphoric acid mixture is necessary for the extraction of Sudan I (11), Sudan 

II (49), Sudan III (143), and the homologue of the last, Sudan IV. The procedure 

is not very suitable in the presence of Auramine but this dye is seldom found in oils. 

Neutralize the alkaline and dilute hydrochloric acid solutions; dilute the phosphoric 

acid mixture and partially neutralize, cooling the liquid during this operation; 
and extract the dyes by shaking with ether or gasoline. 

For the direct dyeing test use the alcoholic solution, obtained as directed in (a). 

Evaporate to dryness the ether or gasoline solutions, obtained as directed in (b) and 

(C), and dissolve the residue in 10-20 ec. of strong alcohol. To the alcoholic solution 

add some strands of white silk and alittle water and evaporate on the steam bath until 
the alcohol has been removed or until the dye is taken up by the silk. The dyeing 

test is sometimes unsatisfactory and in all cases a small portion of the alcoholic solu- 

tion should be tested by treating with an equal volume of concentrated hydrochloric 

acid and stannous chlorid solution. The common oil-soluble coal tar dyes are ren- 

dered more red or blue by the acid and are decolorized by the reducing agent. Most 

of the natural coloring matters become slightly paler with the acid and are little 

changed by the stannous chlorid solution. 

SEPARATION OF COLORING MATTERS IN PURE CONDITION BY MEANS OF 
IMMISCIBLE SOLVENTS!®. 

4 PREPARATION OF SAMPLE. 

(A) Water-soluble colors.—Proceed as directed under 2, omitting the fixation of 

the color on wool, and obtain an aqueous solution as free as practicable from sus- 

pended matter, alcohol, acids, alkalies and salts. 

(b) Water-insoluble lakes.—If the sample is in solid form, treat the well divided 

material with sufficient water to form a paste. Liquids require no preparation 

except the removal of alcohol when present. 

5 MIXTURES OF ORANGE I, ERYTHROSINE, INDIGO CARMINE, AMARANTH, 
TARTRAZINE, NAPHTHOL YELLOW S, PONCEAU 3R AND 

LIGHT GREEN S F YELLOWISH. 

The use of immiscible solvents for the separation of mixtures of coloring matters 
usually involves a systematic fractionation since many of the dyes used do not differ 

very greatly in their solubilities in the various solvents. When it seems probable 

that only the 8 coal tar dyes permitted under the Federal Food and Drugs Act? 
are present, the following abridged procedure may be used for their separation. For 

this procedure the concentration of the dye solution should lie preferably between 

0.01-0.05%. The solutions obtained in the examination of colored food products 

practically never require further dilution but with commercial food colors care must 

be taken that the concentration is not too high. Treat the sample, prepared as 

directed in 4, with one half its volume of concentrated hydrochloric acid and extract 

a few times with amyl aleohol. The use of the centrifuge is sometimes necessary 
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to separate the layers. Designate the residual aqueous layer as A. Combine the 

amyl alcohol extracts and wash with 4-5 portions of N/4 hydrochloric acid or until 

this solvent extracts very little color. These washings will contain any Indigo 

Carmine, Amaranth and Tartrazine present, the Indigo Carmine being removed in 

somewhat larger proportion in the first washings than the other 2. With ordinary 
concentration very little Ponceau will be removed. Designate these combined 

washings as B. 

6 ORANGE I AND ERYTHROSINE. 

Measure, if necessary, the amyl alcohol extract, under 5, then (1) Dilute with an 

equal volume of petroleum ether or low boiling gasoline, and again wash several 

times with N/4 hydrochloric acid to extract Ponceau 3R and Naphthol Yellow §; 

or, (2) Without dilution with gasoline, wash with 5% salt solution until these 2 dyes 

are extracted. Designate these washings as C. The Ponceau and Yellow having 

been removed, the amy] alcohol, containing an equal volume of gasoline, is washed 

a few times with water which will extract Orange I. This dye having been removed, 

shake the solution, although the latter may appear almost colorless, with very dilute 

sodium hydroxid solution to remove Erythrosine. If considerable Orange I is present, 
some of it may contaminate the washings containing the Ponceau 3R and Naphthol 

Yellow S, especially when these have been separated by means of N/4 hydrochloric 

acid after the addition of gasoline. 

7 INDIGO CARMINE, AMARANTH AND TARTRAZINE. 

The presence of 2 or all 3 of these dyes is usually indicated by the appearance 
of the N/4 hydrochloric acid washings, B, under 5. Evyaporate the combined N/4 

hydrochloric acid washings to dryness to remove the excess of hydrochloric acid and 

dissolved amyl alcohol. Dissolve the residue in water, divide the solution and iden- 

tify the constituent colors in the portions. To a portion of the slightly acidified 

solution add a few decigrams of urea, warm and add 1 or 2 drops of sodium nitrite 
solution. Indigo Carmine is converted into the pale yellow isatin sulphonate while 

the other dyes are but little affected. The isatin compound is not ordinarily present 
in sufficient concentration to tint the solution but it differs from Tartrazine also in 

being much less readily extracted by amyl alcohol from strong acid solutions (less 

than one half from 4N acid). The solution now contains the Amaranth or Tar- 
trazine, or both, practically unaffected. Amaranth is much more quickly attacked 

by most reducing agents than Tartrazine. Treat the solution, which should be neu- 

tral or faintly acid (in the presence of sodium carbonate the reduction of the tar- 

trazine takes place still more slowly), at room temperature with a dilute solution of 

sodium hyposulphite (Na2S.0,), adding the latter very carefully, drop by drop, and 

allowing sufficient time after the addition of each drop for the reduction to take 

place. When the color shows that the Amaranth has been destroyed completely, 

shake the mixture at once with air to oxidize the slight excess of hyposulphite before 
it can react further on the Tartrazine. 

To separate the Indigo Carmine heat to boiling another portion of the solution, 

which should be neutral or faintly acid, and add dilute sodium hyposulphite solution, 

drop by drop, until all the dyes are reduced. On shaking with air the Indigo Carmine 

is quickly re-formed. 

8 NAPHTHOL YELLOW S AND PONCEAU 3R. 

Treat the N/4 acid solution or the salt solution, C, under 6, as the case may be, 

containing the Ponceau and Naphthol Yellow S, with enough hydrochloric acid to 

make it about 2N and shake out a few times with washed ethyl acetate’. Remove 
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the Yellow from the combined ethyl acetate extracts by shaking with water. Naph- 
thol Yellow S is almost colorless in strongly acid solutions, and its absence in wash- 

ings, etc., must never be assumed until these have been made alkaline. Finally 

separate the Ponceau 3R from the acid solution by shaking with amyl alcohol, and 

then wash out the dye from this extract with a few small portions of water. If, 

in the case of mixtures containing Orange I, the washings of the ethyl acetate, which 

should contain only Naphthol Yellow 8, become more red upon the addition of al- 

kalies, combine, then (1) Make N/4 with hydrochloric acid and remove the contami- 

nating Orange by shaking with amyl alcohol-gasoline mixture (1 to 1); or, (2) Treat 

the combined washings with one fifth their volume of concentrated hydrochloric 

acid, extract the dyes by shaking once with amyl alcohol, and remove the Yellow 

by washing with several portions of 5% salt solution. 

9 LIGHT GREEN S F YELLOWISH. 

The original mixture, A, under 5, from which the above mentioned 7 colors have 

been removed by adding acid and shaking out with amyl alcohol, may still contain 

Light Green S F Yellowish, which will be colorless or nearly so in the acid solution. 

To separate this dye treat the mixture with strong ammonia or potassium hydrox- 

id solution until slightly alkaline, and neutralize with acetic acid. Any Green 

present will now be apparent by the color of the mixture. Extract the color by 
shaking with a few small portions of dichlorhydrin. Wash the dichlorhydrin extract 

with a little water, then dilute with several volumes of benzene or carbon tetra- 

chlorid, and remove the dye by shaking with water. 

When coal tar dyes other than the 8 mentioned above are present, the solutions 

obtained in this procedure will be found to contain a coloring matter which does not 

correspond exactly in properties to one of the dyes named above. When coal tar 
dyes other than these 8 are present, reference should be made to the larger works?. 

COAL TAR DYES IN GENERAL. 

10 BASIC DYES. 

Most basic dyes may be separated from mixtures by making alkaline with sodium 

hydroxid and shaking with ether!’. Use the sample, prepared as in 4, for this pur- 

pose. Separate the ether layer, which may or may not be colored, and shake with 

2-5% acetic acid, which will take up any dye present, forming a colored solution. 

Although the common basic colors undergo some alteration by this treatment", 

it may be used for the qualitative detection and separation of Methyl] Violet B (451), 

Magenta (448), Bismarck Brown (197), Malachite Green (427), and Rhodamine B 

(604). With care Auramine (425) may also be separated in this way though it is 

quickly decomposed on standing in alkaline solution. 

11 ACID DYES. 

The following short procedure is often convenient for the examination of mixtures 
of acid dyes: Make the sample, prepared as in 4, the color concentration of which 
does not vary greatly from 0.01-0.05%, strongly acid by adding one half its volume 

of concentrated hydrochloric acid and shake with amyl alcohol. Separate the 
amyl alcohol solution and wash by shaking with successive portions of one half its 

volume of water, reserving the portions in separate test tubes or beakers. Because 

of the acid dissolved in the amyl alcohol these washings will show a regular decrease 

in acidity and the coloring matters will appear in maximum amount in the different 

fractions according to their respective solubilities. Ponceau 6R (108) is washed 

out chiefly while the acidity is still high, N/1 or above. Amaranth (107), Brilliant 
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Scarlet (106) and Tartrazine (94) appear when the washings have an acidity between 

N/1 and N/4; Orange G (14) and Soluble Blue (480) between N/2 and N/16; Palatine 

Searlet (83), Ponceau 2R (45) and 3R (56), Naphthol Yellow S (4), Cochineal (706), 

Crystal Ponceau (64) and Azorubine A (103) between N/16 and N/256. When the acid 

is practically all removed, Orange I (85), Orange II (86) and Croceine Orange (13) 

begin to wash out, and less readily, Orange IV (88) and Metanil Yellow (95). Finally 

the unsulphonated coloring matters, such as Erythrosine G (4/6), Erythrosine (617) 

and the Rose Bengals (520 and 623) are removed very slowly by water or not at all 

when all traces of acid have been removed. Acid Yellow (8) and Brilliant Yellow 

S (89) are not very uniform in composition. They are partially taken up by amyl 
alcohol from acid solution and appear chiefly in the first washings. Indigo Carmine 

(692) behaves somewhat similarly. 

IDENTIFICATION OF THE COAL TAR DYES!?. 

12 GENERAL. 

The most widely used tests for the identification of coal tar dyes refer to the 

changes produced with acids and alkalies. Other tests, based upon the behavior 

with reducing agents, followed perhaps by treatment with oxidants or by separation 

and identification of the reduction products!’, and tests based upon oxidation of the 

dye and treatment of the oxidation products are generally applicable. Spectro- 
scopic methods are also used". 

13 COLOR CHANGES PRODUCED WITH ACIDS AND ALKALIES. 

Transfer the separated coloring matter to wool (or silk in the case of oil-soluble 

dyes) by boiling as directed in2 (a) or 3. Care should be taken that the final dyeing 

is made in a solution fairly free from foreign matter such as sugar or aromatic sub- 

stances, which, adhering to the fiber, may modify the reaction. In most cases the 

amount of color available is small and should not be dyed on too large a piece of wool 

(or silk). Rinse thoroughly the dyed fibre in running water, dry, cut into small pieces 

and place separately in the depressions of a white porcelain spot plate. Moisten the 

pieces with the respective reagents employed. (For many coloring matters the 
hue upon treatment with acids or alkalies varies markedly with the concentration 

of the reagents and amount of dye present; therefore the unknown dye should be 

compared with dyeings of known colors of approximately the same dye concentration 

as shown by this appearance.) 

The table under 14 shows the color changes produced by concentrated hydro- 

chloric and sulphuric acids, 10% sodium hydroxid and 12% ammonium hydroxid 

solutions on wool dyed with 0.1-0.5% of the respective coloring matters. Included 

also are the reactions of the oil-soluble colors but these refer to dyeings on silk. 

The dyes are arranged approximately according to hue. Brown is classed with 
orange, black (gray) with violet. 
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14 TABLE 14. 

Color reactions produced on dyed fibers by various reagents. 

COLORING MATTER Sea ore SULPHURIC ACID SODIUM HYDROXID at 

Rhodamine B_ |404) Orange Yellow Bluer “|! Bluer 
Rose Bengal 523) Almost Orange No change No change 

decolorized 
Archil 710| Red Dull brown Violet Violet 
Magenta 448| Yellowish Dull brown Decolorized Paler 

brown 
Acid Magenta |462) Almost Yellow Decolorized Decolorized 

decolorized 
Palatine Red 62| Darker Violet Dull brown Little change 
Bordeaux B 65| Violet Blue Brown Little change 
Amaranth 107) Slightly Violet to Dull brown- | Little change 

darker brownish ish 
Azorubine A 108) Little change | Violet Red Red 
Erythrosine 517) Orange-yellow| Orange-yellow| No change No change 

Ponceau 6RB_ {169} Blue Blue Dutt violet- | Little change 
red 

Ponceau 6R 108| Violet-red Violet Brown Orange-red 
Crystal 64| Violet-red Violet Dull brown Little change 
Ponceau 

Ponceau 3R 56| Little change | Little change | Dull orange Little change 
Sudan III* 143 Violet, then | Green Violet-red Little change 

rown 
Safranine 584| Greenish blue | Green Red Red 
Brilliant 106| Red Violet-red Yellowish Orange-red 

Scarlet brown 
Ponceau 2R 56| Little change | Little change Browuich No change 

yellow 
Palatine §3| Darker Violet-red Brownish No change 

Scarlet yellow 
Erythrosine G |51/6| Yellow-orange| Yellow-orange| No change No change 
Sudan 11* 49| Red Violet-red Little change | No change 
Sudan 1* 11) Orange-red Red Redder No change 
Cochineal 706| Little change | Little change | Violet-red Violet-red 
Bismarck 197| Redder, Browner Yellower Yellower 
Brown darker 

Bismarck 201| Redder, Browner Yellower Yellower 
Brown R darker 

Orange I 8§| Violet Violet Red, dark Red, dark 
Orange II 86| Red Red Dull red No change 
Croceine 8| Orange-red Orange Slightly No change 
Orange darker 

Orange G 14| Little change | Orange Dal propa No change 
ish re 

Orthotoluene- Red Violet Little change | No change 
azo-beta- 
naphthyl- 
amine* 

Sudan G* 10) Orange-yellow Brownish Orange-yellow| No change 
yellow 

Butter Yellow* | 16| Violet-red Orange-yellow| No change No change 
Aniline Yellow*| 7| Brownish red | Orange-yellow} Little change | No change 

Aminoazo- Dull orange Orange-yellow| Little change | No change 
ortho-tolu- 
ene* 

* Oil-soluble 
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14 Tasip 14.—Continued. 

COLORING MATTER pcb oe SULPHURIC ACID | SODIUM HYDROXID aeheeee 

Fluoresceine 510) Little change | Little change | Green  flu- Green flu- 
. orescent orescent 

Metanil Yellow | 95} Violet-red Violet No change No change 
Azoflavine 92| Violet-red Violet-red Dull brown Little change 
Acid Yellow 8} Red Orange Little change | No change 
Brilliant 89| Violet-red Violet-red Little change | Little change 

Yellow 8 
Tartrazine 94| Slightly Slightly Little change | Little change 

darker darker 
Naphthol 4| Almost Very pale, No change No change 

Yellow S decolorized dull brown 
Auramine 425| Decolorized Almost Decolorized Paler 

decolorized 
Turmeric 707| Red Reddish Orange Orange 

brown 
Quinoline 667| Slightly Brownish Slightly Little change 

Yellow darker yellow paler 
Naphthol 398) Yellowish Brownish No change No change 

Green B yellow 
Guinea Green |433|} Pale orange- | Pale, dull Decolorized Decolorized 

B yellow yellow 
Light Green SF |434| Pale orange- | Pale, dull Decolorized Decolorized 

Yellowish yellow yellow 
Night Green 2B |438| Pale orange- | Pale, dull Decolorized Paler 

yellow yellow 
Malachite 427| Almost Almost Decolorized Decolorized 

Green decolorized decolorized 
Erioglaucine A |436| Yellow Pale, dull Slightly Little change 

yellow or darker 
brown 

Patent Blue A |442| Pale orange- | Pale or dull | Little change | Little change 
yellow brown 

Soluble Blue 480| Paler Brown Pale reddish meee 
orize 

Indigo Carmine |692| Slightly Slightly Greenish yel- | Greenish blue 
darker darker low 

Formyl Violet |468| Pale orange- | Pale, dull Decolorized Decolorized 
yellow orange 

Methy] Violet B |451| Yellowish Yellowish Decolorized pesos 
orize 

Nigrosine, sol- |602} Dull bluish Dull greenish | Brownish red,! Pale reddish 
uble paler 

15 SPECIAL TESTS FOR COAL TAR DYES PERMITTED’ UNDER THE FEDERAL 

FOOD AND DRUGS ACT. 

The dyes, given in 5, are sufficiently characterized in most cases by the solubilities 

shown in their separation and by the color changes given by acids and alkalies on 

the dyed fiber. This is especially true with Amaranth, Tartrazine, and Orange I. 
By treatment with reducing agents such as stannous chlorid, titanous chlorid, zine 

dust or sodium hyposulphite in acid solution, Indigo Carmine, Amaranth, Tartra- 

zine, Ponceau 3R and Orange I are decolorized. With Indigo Carmine the color 
returns on shaking with air, most readily on warming, or on the addition of oxidiz- 

ing agents such as ferric chlorid or potassium persulphate. Excess of the reducing 

agents must of course be avoided. With the last 4 named dyes the color is not re- 

stored. Dilute solutions of Light Green S F Yellowish, Naphthol Yellow S and 
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Erythrosine become paler or colorless with acids so that the effects of acid reducing 

agents are not so readily apparent. Neutral solutions of Naphthol Yellow S are 
decolorized by sodium hyposulphite and other reducing agents, the color not return- 

ing with air or oxidants. An evanescent deepening of the shade may take place 

immediately upon the addition of the hyposulphite. Erythrosine and Light Green 

S F Yellowish become paler with sodium hyposulphite, the color being partially 
restored upon the addition of potassium persulphate. 

In hot solutions containing an excess of sodium tartrate the dyes named 
are readily decolorized by titanium trichlorid'*. In the case of Indigo Carmine if 

the reducing agent has been added carefully and an excess avoided, the blue color 

readily returns on shaking with air. With Erythrosine and Light Green S F Yel- 

lowish the color is scarcely restored by air but on cooling and adding potassium 

persulphate returns imperfectly. The reduction products of the other dyes do 
not give colored solutions again on oxidation disregarding a slight yellowish or 
brownish tint that may sometimes appear. 

Indigo Carmine is extracted in small proportions from slightly acid solutions by 

shaking with dichlorhydrin. Most of the other common bluish dyes are triphenyl- 

methane derivatives and are relatively more soluble in this liquid than in the aque- 

ous layer. A small portion (1 ec.) of the solution obtained in the separation, 5, 
may be used directly. 

Ponceau 3R gives in neutral or faintly acid solutions a bluish red, flocculent pre- 
cipitate with barium chlorid or acetate, practically all of the dye being removed from 

solution. Some of the solution obtained in the separation, 5, may be used in this 

test, first neutralizing the free hydrochloric acid with sodium acetate; or better, it 

may be evaporated to dryness on the steam bath to remove the acid and the residue 
taken up with a little water. The solution should contain 0.005% or more of the 
dye. 

Naphthol Yellow S, in solutions containing an excess of ammonia or sodium car- 

bonate, becomes intensely rose-red on the addition of sodium hyposulphite, the color 

‘gradually fading again as complete reduction takes place. 

Erythrosine differs from most of the common dyes by containing iodin. To test 
for this, acidify the solution with sulphuric acid, shake with ether, separate the 

ether solution of the color and evaporate to dryness in a platinum dish after the 

addition of a few drops of sodium carbonate solution or sufficient to form the deep 
red sodium salt. Hold the dish containing the residue in the Bunsen flame until 

organic matter is destroyed, take up the residue with water, acidify with sulphuric 

acid and test for iodin in one of the usual ways, suchas with chlorin water and carbon 

disulphid or tetrachlorid, or with starch paste and an oxidizing agent. It is useless 

to test for iodin with very small amounts of dye but in most cases sufficient coloring 

matter can be separated from the food product to give satisfactory results. 

16 NATURAL COLORING MATTERS. 

The natural coloring matters as a class show much less tendency to dye animal 

fiber than do the common synthetic colors. In many cases the crude products used. 

contain a number of colored substances and a complete separation can scarcely be 

attempted. Most of the natural coloring matters, in dilute solution, are sensitive 

to alkalies, some to acids, hence such reagents must be used with care. 
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SEPARATION OF NATURAL COLORING MATTERS. 

17 Extraction with Ether from Neutral Solutions. 

From neutral solutions ether extracts Carotin, Xanthophyll (the pigment found in 

leaves, fats and oils, egg yolk, carrots, etc.), the coloring matter of tomatoes and 

paprika and green Chlorophyll. The coloring matter remains in the ether solution 

on shaking with dilute sodium hydroxid solution or dilute hydrochloric acid, no 

apparent change taking place although chemically the substances may be altered 
more or less by this treatment. 

18 Extraction with Ether from Acid Solutions, 

From slightly acid solutions ether extracts very readily and completely the 

coloring matter of Alkanet, Annatto, Turmeric, and the red dyewoods, Sandalwood, 

Camwood and Barwood. It extracts in large proportion the flavone coloring matters 

of Fustic, Persian Berries (after hydrolysis), and Quercitron as well as the coloring 

matter of Brazilwood and the green derivatives formed from Chlorophyll by alkaline 

treatment. It extracts in relatively small amount the coloring matters of Logwood, 

Archil, Saffron and Cochineal. The coloring matters of this group are readily re- 

moved from ether by shaking with alkaline solutions but in most cases rapidly 
undergo chemical change. 

19 Extraction with Amyl Alcohol from Acid Solutions. 

From slightly acid solutions amyl alcohol extracts largely the coloring matters of 

Logwood, Archil, Saffron and Cochineal. [From ammoniacal Cochineal (Carmine) 

the ordinary coloring matter is readily re-formed upon standing with hydrochloric 

acid.] Amy] alcohol extracts in relatively small proportions Caramel and the Antho- 
cyans constituting the red coloring matter of the most common fruits. 

IDENTIFICATION OF NATURAL COLORING MATTERS. 

20 REAGENTS. 

(a) Hydrochloric acid.—Sp. gr. 1.20. 
(b) 10% sodium or potassium hydroxid solution. 

(C) Sodium hyposulphite solution.—A freshly prepared 5% solution of ‘‘Blankite”’, 

sodium hyposulphite (Na2820;). 

(G) 0.5% ferric chlorid solution.—Freshly prepared but may be made by diluting a 

10% stock solution. 

(€) 10% potassium or ammonium alum solution. 

(f) 5% uranium or sodium uranium acetate solution 

(3) Sulphuric acid.—Sp. gr. 1.84. 

21 PROCEDURE. 

Relatively few good tests are known for the common natural colors. Some of 

their most useful analytical properties!? are tabulated in 22. In general these tests 
should be applied to the somewhat purified solutions of the coloring matter obtained 

as indicated in 17, 18 or 19. 

Evaporate ether solutions to dryness, warm the residue with a little aleohol and 

dilute the aleoholic solution with water. Apply the reagents as stated below: 
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Hydrochloric acid.—Add concentrated acid (sp. gr. 1.20) to the solution, first 

1 or 2 drops, then a large excess, equal to 3-4 times the volume of the solution. 

Sodium hydroxid (potassium hydroxid).—Make the solution slightly alkaline by 
adding a drop of the 10% sodium hydroxid solution. A 10% solution of potassium 

hydroxid in methy! aleohol must be used for the ‘“‘brown phase reaction’”’ for chloro- 

phyll, described in 23, and may also be employed for the other tests. 

Sodium hyposulphite.—Add the sodium hyposulphite solution drop by drop. 

Ferric chlorid.—Add a small amount of the 0.5% ferric chlorid solution to the 

solution to be tested. The reagent must be added very carefully, a small drop at a 

time, as the colorations are not obtained in all cases when an excess is used. 

Alum.—Add to the test solution one fifth its volume of the 10% potassium or 
ammonium alum solution. 

Uranium acetate.—Add the 5% uranium acetate solution drop by drop to the solu- 

tion to be tested. 

Concentrated sulphuric acid on the dry color.—Evaporate a small amount of the 

solution or of the coloring matter in a porcelain dish. Cool thoroughly and treat 

the dry residue with 1 or 2 drops of co!d, concentrated sulphuric acid. The color- 

ations are in some cases extremely fugitive and may be observed only the instant 

the acid wets the residue. 

The properties of pure preparations of the various natural coloring matters are 
described, for the most part, by Rupe'®. Properties of the Chlorophylls and 
Carotinoids are given by Willstatter and Stoll'®. Those of the coloring matters of 
the Corn Flower, Rose, Pelargona Flower, Larkspur, Cranberry, Whortleberry and 
Purple Grape are described by Wiillstiitter?°. 



[Chap. METHODS OF ANALYSIS 166 

a
 
e
e
 

en]q-39]01 A 

@N]4-39]01A MO
TT
OA
 

09
 

S
u
i
d
u
v
y
o
 

‘p
ay
 

"
0
7
1
0
0
 

A
N
G
 

N
O
 

I
O
V
 

O
1
N
N
H
A
T
O
S
 

d
a
L
V
U
L
N
I
O
N
O
D
 

u
s
e
d
 

Ys
tM
oT
To
R 

|
 

Me
re

te
 

So
po
co
dn
so
DD
D 

ee
 

CR
 

e
R
e
 

e
 

Bi
t 

ec
e:
 

ee
e 

ee 

(quae 

-S
so
uv
Ad
 

U9
} 

(M
o]

s 
-j
o 

an
y 

4s
iy
 

| 
Io
yy
es
 

a
y
)
 

Yo
Ry
q 

10
 

pe 
a
e
 

Se
 

ee
 

| 
eZ
ue
vy
o)
 

UM
OI
G 

‘G
o]
OI
A 

SER 
ES
E 

pe
r 

Up 
ec 

pe
l-
as
oy
 

|
 

Jo
 

se
pe

ys
 

yi
eq
 

(q
ua
 

| 
-s
ou
vA
a 

ud
} 

| 
-j
o 

on
y 

4y
si
g 

(m
oj
s 

|
 

94
9)
 

yo
ut

q 
|
 

Io
yy
el
 

IO
 

uM
OI
q 

Su
Ip
ey
 

as
uv
yo
) 

‘J
OT
OT
A 

Jo
 

Ap
yo
rn
b 

“y
ay
or
a,
 

|
 

pe
r-
as
oy
y 

so
pe
ys
 

Y
V
q
 

N
O
I
L
O
A
1
0
8
 

|
 

N
O
I
L
O
1
0
8
 

W
O
a
1
V
 

N
O
I
L
O
T
I
O
S
 

G
L
Y
L
E
0
V
 

W
O
I
N
V
H
O
 

“S
]U
ab
Da
d 

UO
UM

LO
D 

YI
UM
 

8.
19
}I
DU
L 

6U
24

10
]0

9 
JD
UN
JD
U 

UL
D}
19
9 

fo
 

Lo
Ll
an
ya
g 

a
I
u
O
1
H
O
 

O
l
N
u
d
s
 

uoTynyjos 

Sule 

yTS) 

Ur 

uaes 

ATISBa 

e1
0u

l 
U0

ly
 

-9
Bd

Y 
«I

B 

M
e
o
 

C
t
 

CI
 

u
e
y
M
 

Ju
l 

-U
IN

ga
I 

10
]O
9 

as
uv

yo
 

‘p
az

i1
0[

00
0q

, 
en
jq
 

|
 

ou
 

Jo
 

91
99
VT
 

[y
o1

y 

e
e
 

 
)
 

e
n
]
q
 

d
a
a
q
 

. 
s
e
e
 

e
e
e
 

e
e
e
 

. 
J
O
U
B
H
T
Y
 

uo
ly
ep
rx
o 

A
q
 

1a
uM
mo
iq
 

sd
ur

m0
00

q 
‘A
yy
qo
mn
b 

pe
zl

10
[o

oe
p 

AI
OA

 
Aj

ay
o|

du
io

o 
Ay

ye
ns

n 
‘1

0 
ys
ou
me
 

‘S
IS
 

-[
09
 

94
BI
S 

-A
jo
rp
Aq
 

A
q
 

Io
 

on
yj
q 

S1
0 

Pe
At
io
p 

su
Ip
 

[n
p 

‘u
se

d 
JO
O 

4I
na
y 

po
r 

-1
ue

A0
01

4 
U
y
 

(OG
OS 

C
B
U
 

Gi
li
 

s
e
m
e
e
c
a
s
 

“""| 
Jo
 

s
u
s
A
o
o
y
j
u
y
 

(
p
o
o
m
i
e
g
 

pu
e 

p
o
o
m
u
r
n
y
 

pr
os
 

‘
p
o
o
a
y
s
p
u
r
g
 

jo
 

ss
ao

xo
 

‘
p
o
o
m
i
z
v
i
g
)
 

Oe
 

Oe 
ae

 
an
e 

oe 
Pe
l-
JO
TO
TA
 

|
 

YQ
IM
 

pa
s 

d
a
a
 

Sp
oo
Mp
oy
y 

O
e
 

-B
pI
xo
o1
 

A
q
 

Ay
qo

aj
so

du
rt

 
Su

lu
in

jo
d 

pr
ow
 

IO
0[

0d
 

‘p
az
ts
10
 

aN
] 

q-
J9

]O
TA

 
Jo

 
ss

ao
xe

 
-[

Oo
ep

 
ys
ow
yy
 

0}
 

=
 

4e
7O

TA
 

|
 

Y
I
M
 

po
r 

d
a
a
q
 

Pp
oo

ms
or

y 

N
O
I
L
O
1
0
8
 

N
O
I
L
O
1
0
8
 

G
L
I
H
d
T
O
8
S
0
O
d
A
H
 

d
I
x
O
u
d
a
H
 

I
O
V
 

O
I
M
O
T
H
O
O
U
G
A
H
 

|
 

H
A
L
L
Y
N
 

O
N
I
H
O
T
O
D
 

W
a
I
d
o
s
 

w
a
A
I
d
o
O
s
 

‘G
y 

G1
av

y,
 

5
 



COLORING MATTERS IN FOODS XI] 

a
 

_
 

S
T
 

e
e
 

44 

R
O
T
O
 
U
O
 
peureyqo 

uorjovel 
‘an[g 

a
n
i
d
 

eduvi0 0} 

AOT[PA 

ped 

poqooge 
40N 

suoly 
-810]00 

9dUBIO, 

JOUMOIq 
yey MoUlOG 

osueyo 

aT 

T 90U908a10 

-ny 

used 

% 
Suidojaa 

-op 

‘O14sn,y 

fMOT[9A 

AT 

-8U0198 

910 

esueyo 

aT 

aZuvyo 
O
N
 

IOUMOIG yey Moul0s sdeyi9g ‘azueyo 

payxieul 

ON suol} 

-B10[09 

YB] 

IO U9013-9AT1Q 

TOUMOIG yey 
Moul0s 

sdeyi0g ‘asuvyo 
pexieu ON 

I9UMOIG 48 Moul0s 

sdeyiog 

esueyo 
peyxreul ON Joyrep APYITS 

royed AT} 43118 

p
e
7
0
9
g
e
 
9
]
9
4
1
T
 

p
e
a
 B
e
 
oF} 

I
T
 

p
e
q
o
o
H
e
 
9
]
4
4
0
T
 

p
9
p
o
Q
s
 
OTFWT 

e
d
u
e
y
o
 

peyxieul 
ON 

uMoIq 

radsap 

AQ ysts 10 

asueyo 

aT}T 

€z §,,Woryoe 

-a1 

oseyd 

UMOIg,, 

esueyo 
ou 

JO 
9]39VT 

MOT[9A 

SUIv 
M
O
Y
 

4 

MOTIPA-9 
U
S
I
 

U
M
O
I
G
-
9
F
U
B
I
O
 9O]OTA 

asueyo 

ou 

10 

919341] 

YSIUMOIG 
B
L
O
F
 

sayed 
Ayqqats 

s
d
v
y
i
e
g
 

‘aduByo ep44ary 

a
s
u
e
y
o
 

ou 
JO 

9934V'T 

[peky 
pe}e1j3u90u00 
jo 

souInjoA 
#-Z W

P
A
 
MOT 

-]aA 
Ayasuay 

-ul 
s
a
m
o
o
e
g
 

RIO’ peye1gue0u00 
yO 

soumyjoa 
[e1eAes 

=
:
 jo 

uolyIppe 
uo 

pes-oulmieo 
10 

pol-aduvIC, 

asueyo 

aT 

‘asuBI0 

SUIVUIAY. asueyo 

ou 

10 

9]}4I'T 

JeumBIeD 
Aqd 

-O10[YQ waedry) 
TAqdoqyuex 

pues uljorey) 

wolyes 049 

‘uorp1or9eney ‘sollleg 
U
I
s
 

-19g 
‘
o
1
y
s
n
 yy Jo 

S10[00 
B
U
O
A
B
L
 (
s
o
u
a
0
s
e
l
0
n
g
 

u9eI3 
44ST] 

PuU¥ IO[OD 
MOT -[af 

aind 
A
q
 

peziiayoBieyo 
JOyoo|s 

10 
qoyyo 

Ul 
UOTZ 

-N[O8) 
O
1
L
9
U
I
I
N
 JT, 

oj) 8UUy 

y
e
e
u
r
y
q
o
o
y
)
 



168 METHODS OF ANALYSIS {Chap. 

SPECIAL TESTS FOR NATURAL COLORING MATTERS. 

23 CHLOROPHYLL. 

199 
The ‘‘brown phase reaction’?! may be useful for the characterization of Chloro- 

phyll, when this has not been previously treated with alkalies. Treat the green 
ether or petroleum ether solution of the coloring matter with a small amount of 

10% solution of potassium hydroxid in methyl aleohol. The color becomes brown, 

returning to green in a few minutes. 

ANNATTO. 

24 Leach Test?*. 

Pour on a moistened filter an alkaline solution of the color obtained by shaking out 

the oil or melted and filtered fat with warm, dilute sodium hydroxid solution. If 
Annatto is present, the filter paper will absorb the color so that, when washed with 

a gentle stream of water, it will remain dyed a straw color. Dry the filter and add a 

drop of stannous chlorid solution. If the color turns pink the presence of Annatto 

is confirmed. 

25 TURMERIC. 

Carry out the highly characteristic reaction of Curcumine (Turmeric) with boric 
acid as follows: Treat the aqueous or dilute alcoholic solution of the color with 

hydrochlorie acid until the shade just begins to appear slightly orange. Divide 

the mixture into 2 parts and add some boric acid powder or crystals to 1 portion. 
A marked reddening will be quickly apparent, best seen by comparison with the 

portion to which the boric acid has not been added. The test may also be made by 

dipping a piece of filter paper in the alcoholic solution of the coloring matter, drying 

at 100°C., then moistening with a weak solution of boric acid to which a few drops 

of hydrochloric acid have been added. On drying again a cherry-red color will be 
developed. 

26 COCHINEAL. 

When the presence of Cochineal is suspected, acidify the mixture with one third 

its volume of concentrated hydrochloric acid and shake with amyl alcohol. Wash 

the amyl alcohol solution of the coloring matter 2-4 times with equal volumes of 
water to remove hydrochloric acid, ete. Dilute the amyl alcohol with 1-2 volumes of 

gasoline and shake with a few small portions of water to remove the color. Sepa- 
rate the solution into 2 portions. To the first add, drop by drop, 5% uranium ace- 

tate solution, shaking thoroughly after each addition. In the presence of cochineal 
a characteristic emerald-green color is produced**. The green coloration with 
uranium salts is not developed in the presence of much free acid. Therefore add a‘ 

little sodium acetate before making this test or a correspondingly large amount of 

uranium acetate must be added. To the second portion add a drop or so of ammon- 

ium hydroxid, and, in the presence of Cochineal, a violet coloration results. This, 

however, is not so sensitive to small amounts as the first test and many fruit colors 

give tests hardly to be distinguished. 

As cochineal lakes very often contain tin, further examination for this metal 
should always be made when water-insoluble cochineal compounds appear to be 

present. 
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XII. METALS IN FOODS. 

ARSENIC!.—_TENTATIVE. 

1 REAGENTS. 

(a) Nitric and sulphuric acids, arsenic-free.—Specific gravities 1.42 and 1.84, 

respectively. 
(b) Sulphuric acid (1 to 2). 
(C) Zinc, arsenic-free.—Stick zine broken into pieces approximately 1 cm. in 

length. 

(d) Lead acetate paper.—Heavy filter paper soaked in 20% lead acetate solution, 

dried and cut into pieces about 4.5 by 16 cm. 

(e) Lead acetate cotton.—Absorbent cotton soaked in 5% lead acetate solution. 

(f) Mercuric bromid paper—Cut heavy, close-textured drafting paper (similar 

to Whatman’s cold pressed) into strips exactly 2.5 mm. wide and about 12 em. long. 

Soak for an hour in a 5% solution of mercuric bromid in 95% alcohol, squeeze out 

the excess of solution and dry on glass rods. Cut off the ends of the strips before 

using. 

(8) 20% potassium iodid solution. 

(h) Stannous chlorid solution.—Forty grams of stannous chlorid crystals made up 

to 100 ce. with concentrated hydrochloric acid. 

(i) Standard arsenic solution.—Dissolve 1 gram of arsenious oxid in 25 ec. of 20% 

sodium hydroxid solution, neutralize with dilute sulphuric acid, add 10 ce. of the 

concentrated sulphuric acid and dilute to 1 liter with recently boiled water. One 

ec. of this solution contains 1 mg. of arsenious oxid (As2Qg). 

Dilute 20 ce. of this solution to 1 liter. Fifty ce. of the latter solution when 

diluted to 1 liter give a dilute standard solution containing 0.001 mg. of arsenious 
oxid (As2O3) per ec. which is used to prepare the standard stains. The dilute solu- 

tions must be freshly prepared immediately before use. 

2 APPARATUS. 

Use a 2 ounce wide-mouthed bottle as a generator.. Fit this by means of a per- 

forated rubber stopper with a glass tube, diameter 1 cm. and 6 cm. long, containing 

a piece of the lead acetate paper rolled into a cylinder. Connect this tube by means 

of a perforated rubber stopper with a similar tube filled with the lead acetate cotton, 

squeezed to remove excess of the solution. The cotton in all tubes used should be 

uniformly moist to obtain comparative stains. Connect the second tube by means 

of a perforated rubber stopper with a narrow glass tube, internal diameter 3 mm. 

and 12 cm. long, containing a strip of the mercuric bromid paper. See Fig.7. Rubber 

stoppers used for connections must be free from any white coating. 

3 PREPARATION OF SOLUTION. 

Weigh 5-50 grams of the finely divided and well mixed sample into a porcelain 

casserole, the amount selected depending upon the character of the material and the 

ease with which it is oxidized. With dry, highly nitrogenous substances employ 
5 grams; pulped vegetables, 25 grams; liquids with low solid content like beer or 

171 
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vinegar, 50 grams. Add 10-15 ce. of the nitric acid, cover the casserole by setting 
a watch glass inside the rim, convex side upward, heat until vigorous action is 
over, cool and add 10 ce. of the concentrated sulphuric acid. Heat on a wire gauze 
over a flame until the mixture turns dark brown or black, then add more nitric acid 

in 5 ec. portions, heating between each addition until the liquid remains colorless 
or yellow when evaporated until sulphur trioxid fumes are evolved. To remove 

FIG. 7. APPARATUS FOR THE DETERMINATION OF ARSENIC, 

completely all nitric or nitrous acid, evaporate to about 5 ec., cool, dilute with 10- 

15 ce. of water and again evaporate until white fumes are evolved. Cool, dilute with 
water, again cool, and make up with water to a definite volume (usually 25-100 cc., 

depending upon the amount of sample taken and its arsenic content). 

4 DETERMINATION. 

Introduce 20 ce. of the solution or, if the amount of arsenic is large, an aliquot 
containing not more than 0.03 mg. of As,O3, prepared as directed in 3, into the 
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generator of the apparatus described in 2 and add 20 cc. of the dilute sulphuric acid. 
If the total volume is less than 40 ec., dilute to that volume with water and add 

4 cc. of the 20% potassium iodid solution. Heat to about 90°C., add 3 drops of 

the stannous chlorid solution and heat for 10 minutes. Cool the generator and its 

contents in a pan containing water and ice; when cold add about 15 grams of the 

stick zine and connect the entire apparatus as described in 2. Keep the bottles in 

ice water for 15 minutes, then remove from the bath and allow the evolution of gas 

to proceed for an hour longer. Remove the sensitized paper and compare the stain 

with similar ones produced under like conditions with known amounts of arsenic, 

using portions of the standard arsenic solution, containing 0.001, 0.002, 0.005, 0.010, 

0.015, 0.025 and 0.030 mg. of arsenious oxid (As.O3), and adding such quantities of 

water and sulphuric acid that the same volume and acid strength are maintained as 
above. 

TIN?. 

5 Gravimetric Method.—Tentative. 

Weigh 50-100 grams of the sample (depending upon the amount of dry substance 

present and the relative ease with which the organic matter is oxidized) into an 800 

ec. Kjeldahl flask and add 100 ce. of concentrated nitric acid. Allow to stand over- 

night (this procedure being preferred if much fat or sugar is present) or else place 

the flask on a wire gauze over a free flame and heat until the contents boil quietly. 
Add 25-50 cc. of concentrated sulphuric acid (depending upon the amount of dry 

substance present in the sample), and heat until white fumes are generated, cool 
somewhat, then add 5-10 cc. of concentrated nitric acid and continue heating as 

before. Repeat the addition of nitric acid until the solution remains clear after 
boiling off the nitric acid and fumes of sulphur trioxid appear. 

Add 200 ce. of water to the digested sample, prepared as directed above, and pour 

into a 600 cc. beaker. Rinse out the Kjeldahl flask with 3 portions of boiling water 

so that the total volume of the solution is about 400 cc. Cool, add concentrated 

ammonia until just alkaline and then hydrochloric or sulphuric acid until the acidity 
is about 2%. Place the beaker, covered, on a hot plate, heat to about 95°C. and pass 

in a slow stream of hydrogen sulphid for another hour. Digest on the hot plate for an 

hour and allow to stand 1-2 hours longer. 

Filter the tin sulphid on an 11 em. filter, similar in quality to No. 590, white ribbon, 

8S. & S. Wash alternately with 3 portions each of wash solution (100 ce. of saturated 
ammonium acetate solution, 50 cc. of glacial acetic acid and 850 cc. of water) and 

hot water. Digest the filter and precipitate in a 50 cc. beaker with 3 successive 

portions of ammonium polysulphid, heat to boiling each time and filter through a 
9 cm. filter. Wash the precipitate on the filter with hot water. Acidify the filtrate 
with acetic acid, digest on a hot plate for an hour, allow to stand overnight and 

filter through a double 11 em. filter. Wash alternately with 2 portions each of the 

wash solution and hot water and dry thoroughly in a weighed porcelain crucible. 
Ignite over a Bunsen flame, very gently at first and later at full heat. The cru- 
cible, partly covered, is then heated strongly with a large or Méker burner. Stan- 
nic sulphid must be roasted gently to the oxid, which may be heated strongly with- 

out loss by volatilization. Weigh as stannic oxid and calculate to metallic tin. 

Volumetric Method?.—Tentative. 

6 REAGENTS. 

(a) Air-free wash solution.—Dissolve 20 grams of sodium bicarbonate in 2 liters 

of boiled water and add 40 ce. of concentrated hydrochloric acid. This solution 
should be freshly prepared before use. 
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(b) N/100 iodin.—The solution must be standardized frequently against (d), con- 

taining asbestos, and treated as described in 7, omitting the precipitation and boil- 

ing with hydrochlorie acid and potassium chlorate. To obtain exact results the 
tin solution used for standardization should contain about the same amount of tin 
as is found in the sample under examination. 

(C) N/100 sodium thiosulphate. 

(d) Standard tin solution—Dissolve 1 gram of tin in about 500 ce. of concen- 

trated hydrochloric acid. Make up to 1 liter with water. One cc. contains 1 mg. 

of tin. 

(e@) Sheet aluminium.—Use sheet aluminium, about 30 gauge, free from tin. 

7 DETERMINATION. 

Proceed as directed in 5 to ‘Digest on the hot plate for an hour and allow to 

stand 1-2 hours longer’’. 

Filter the precipitate of tin sulphid upon asbestos in a Gooch crucible with a 

detachable bottom, using suction. Wash the precipitate a few times and then 
transfer the detachable bottom, asbestos pad, and tin precipitate to a 300 ee. Er- 

lenmeyer flask. Remove all traces of the precipitate from the inside of the cru- 
cible by means of a jet of hot water and a policeman, using a minimum amount of 

water for washing. 

Add 100 ce. of concentrated hydrochloric acid and 0.5 gram of potassium chlorate 

to the flask. Boil for about 15 minutes, making about 4 more additions of smaller 

amounts of potassium chlorate as chlorin is boiled out of the solution. Wash the 

particles of potassium chlorate down from the neck of the flask with water and 

finally boil to remove chlorin. Then add about 1 gram of the sheet aluminium to 
dispel the last traces of chlorin. 

Attach the flasks, in duplicate, as described below, to a large carbon dioxid gener- 

ator. Pass the carbon dioxid through a scrubber containing water and then divide 
into 2 streams by means of a Y-tube, each stream of carbon dioxid entering one of 

the flasks by means of a long rubber tube connected with a bulbed tube, passed 
through the rubber stopper of the flask and having its lower end near the surface of 

the liquid in the flask. The carbon dioxid leaves the flask by a second bulbed tube, 
the opening of which is near the top of the flask. This glass tube is connected by a 

long rubber tube to a second glass tube about 10 inches long which is immersed in a 

cylinder containing water. This gives a water-seal to the delivery tube and a pres- 

sure against which the current of carbon dioxid must work. It also restrains any 

strong flow of gas when not desired and permits a gas pressure in the Erlenmeyer 

flask. 

After the flasks are connected, raise the tubes in the water-seal cylinders so that 
the generator has practically no pressure to overcome. Allow the carbon dioxid 

to run for a few minutes. Drop the tubes to the bottom of the cylinders, creating 

pressure in the flasks. Lift the rubber stoppers of the flasks alternately about a 

dozen times, in order to force out any air remaining in the flasks. Slightly raise the 

stopper on one of the flasks and quickly drop about 2 grams of sheet aluminium into 
the flask. The aluminium should be folded into a strip about 1 em. wide and slightly 

bent so as to prevent it from striking directly on the bottom of the flask. After 

the aluminium has entirely dissolved, raise the tubes in the water-seal cylinders so 

as to allow carbon dioxid to pass through, place the flasks upon hot plates, and heat 

to boiling. After boiling for a few minutes, remove the flasks from the hot plates 

and cool in ice water (or cold running water), still maintaining within them an 
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atmosphere of carbon dioxid. Lower the tubes in the cylinder. When cool, dis- 

connect the flasks one at a time, putting a glass plug into the carbon dioxid inflow. 

Wash the tubes, rubber stopper and sides of the flask with the air-free wash solution, 
add starch paste and titrate at once with the N/100 iodin. 

If it is desired to titrate by the excess method, run an excess of the N/100 iodin 
into the flask while it is still connected with the carbon dioxid stream. Then wash 
out the tubes and titrate the excess of iodin with the N/100 sodium thiosulphate. 

The rubber connections should be washed with water after each determination. 

8 COPPER.—TENTATIVE. 

Destroy organic matter as directed in 5. Concentrate the sulphuric acid residue 

by continued digestion to a volume of 10-15 cc., cool, dilute with a little water, trans- 

fer to a 400 ce. beaker, rinse the Kjeldahl flask with water, adding the rinsings to the 

contents of the beaker, dilute to about 200 ce. and boil to expel nitrous fumes. Cool, 

render the solution slightly alkaline with ammonium hydroxid and boil to expel the 

excess of ammonia. Add 5 cc. of concentrated hydrochloric acid for each 100 ce. 

of solution, heat to incipient boiling and saturate the solution with hydrogen sul- 

phid. Allow to stand on a steam bath for a few minutes until the sulphid flocculates, 

filter and wash the precipitate with hydrogen sulphid water. Protect the precipi- 
tate from contact with air as much as possible, use only hydrogen sulphid water for 
washing and carry out this operation without interruption. Reserve the filtrate 

for the determination of zinc, if necessary. Place the filter containing the copper 

sulphid precipitate in a small flask, add 4-5 ce. of concentrated sulphuric acid and 

the same amount of nitric acid and heat until white fumes appear. Continue the 
oxidation, adding a little nitric acid from time to time, until the liquid remains 

colorless upon heating to the appearance of white fumes. Cool, dilute with about 
30 ce. of water, add an excess of bromin water and boil until all bromin is expelled. 

Determine the copper as directed in VIII, 29, using N/100 sodium thiosulphate for 

the titration. 

9 ZINC.—TENTATIVE. 

Proceed as directed in 8 to the point indicated by the sentence ‘‘Reserve the fil- 
trate for the determination of zinc, if necessary’’. Boil the filtrate, containing the 

zine, to expel hydrogen sulphid and to reduce the volume to about 250-300 ec., add 

a drop of methyl orange and 5 grams of ammonium chlorid and make alkaline with 
ammonium hydroxid. Add dilute hydrochloric acid, drop by drop, until the re- 

action is faintly acid, then add 10-15 ec. of 50% sodium or ammonium acetate solu- 

tion and pass in hydrogen sulphid for a few minutes until precipitation is complete. 

Allow the precipitate to settle, filter, refilter, if necessary, until the filtrate is clear, 

and wash the precipitate twice with hydrogen sulphid water. Dissolve the precipi- 

tate on the filter with a little hydrochloric acid (1 to 3), wash the filter with water, 

boil the filtrate and washings to expel hydrogen sulphid, cool and add a distinct 

excess of bromin water. Then add 5 grams of ammonium chlorid and ammonium 

hydroxid until the color, caused by free bromin, disappears. Add hydrochloric 

acid (1 to 3), drop by drop, until the bromin color just reappears, then add 10-15 ce. 

of 50% sodium or ammonium acetate solution and 0.5 cc. of 10% ferric chlorid solu- 

tion, or enough to precipitate all the phosphates. Boil until all the iron is precipi- 

tated. Filter while hot and wash the precipitate with water containing a little 
sodium acetate. Pass hydrogen sulphid into the combined filtrate and washings 
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until all the zine sulphid, which should be pure white, is precipitated, filter upon a 
tared Gooch and wash with hydrogen sulphid water, containing a little ammonium 

nitrate. Dry the crucible and its contents in an oven, ignite at a bright red heat, 
cool and weigh as zine oxid. Calculate the weight of metallic zinc. 
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XI. FRUITS AND FRUIT PRODUCTS. 

1 PREPARATION OF SAMPLE.—TENTATIVE. 

All samples received in open packages (i.e., not in sterile condition) must be trans- 

ferred without delay to glass-stoppered containers and kept in a cool place. The 

determination of alcohol, total and volatile acids, solids and sugars, particularly 

in the case of fruit juices and fresh fruits, should be made at once as fermentation 

is liable to begin very soon. Portions for the determinations of sucrose and reducing 
sugar may be weighed and, after adding a slight excess of neutral lead acetate solu- 

tion, kept without fermenting for several days if desired. The various products 

are prepared as directed below. 
(a) Juices.—Prepare the fresh juice by pressing the well pulped fruit in a jelly 

bag and filtering through muslin. 
(b) Jellies and sirups.—Mix thoroughly to insure uniformity in sampling. Weigh 

60 grams into a 300 ce. flask, add water, dissolve by frequent shaking, then make up 

to the mark with water, and use aliquots for the various determinations. If the 
jelly contains starch or other insoluble material, mix thoroughly before taking the 

aliquots. 

(C) Fresh and dried fruits.—Pulp the whole, well cleaned fruit in a large mortar or 

by means of a food chopper and mix thoroughly. In the case of stone fruits, remove 

the pits and determine their proportion in a weighed sample. 

(d) Jams, marmalades, preserves and canned fruits.—Pulp thoroughly the entire 

contents of the jar or can, as directed under (C); with stone fruits remove the pits 

and, if desired, determine their proportion in a weighed sample. In the exami- 

nation of canned fruits it is often sufficient merely to examine the sirups in which the 

fruits are preserved. In such cases the liquor may be separated and treated as pre- 
scribed for juices. 
2 ALCOHOL.—TENTATIVE. 

Determine alcohol in 50 grams of the original material as directed under IX, 31. 

3 TOTAL SOLIDS.—TENTATIVE. 

(a) Juices, jellies and sirups containing no insoluble matter.—Proceed as di- 

rected in IX, 3, 5, 7 or 10, employing the sample prepared as directed in 1 (a) or (b). 

(b) Fresh and dried fruits, jams, marmalades, preserves, canned foods and other 

products containing insoluble matter—Weigh about 20 grams of pulped fresh fruit, 

or such an amount of fruit products as will give not more than 3-4 grams of dried 

material; if necessary to secure a thin layer of the material, add a few cc. of water, 
mix thoroughly, and dry as directed in IX, 3 or 4. 

_ It is to be noted that certain State and Federal regulations require the moisture 
in dried apples to be determined by drying for 4 hours at the temperature of boiling 
water. 

INSOLUBLE SOLIDS. 

4 Direct Method.—Tentative. 

Transfer 50 grams of the sample to a mortar by means of warm water and macerate 

thoroughly; then transfer to a muslin filter and wash thoroughly with about 500 ce. 

of warm water, stirring the pulp thoroughly on each addition of water. This amount 

of water is usually sufficient to remove all soluble material. In extreme cases increase 

177 
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the washings to 1000 ce. Transfer the insoluble residue to an evaporating dish, dry 
and weigh. If it is desired to determine the alcohol precipitate, 18, cool the filtrate, 

make up to a definite volume and reserve for this determination. 

5 Indirect Method.—Tentative. 

Transfer 25 grams of the fruit product to a 250-500 ec. graduated flask, the size 
of the flask depending upon the volume of insoluble matter present, add water, 

shake thoroughly and make up to volume. Allow to settle and either filter or decant 
the supernatant liquid. Determine the soluble solids in an aliquot, as directed in 

3 (a). The fruit must be macerated thoroughly; the use of a mechanical shaker is 
advisable. The percentage of insoluble solids is the difference between the per- 

centage of the total solids and the percentage of soluble solids. 

6 TOTAL ASH.—OFFICIAL. 

Determine the ash as directed under VIII, 4, using 50 ce. of the solution of the 
jelly or diluted sirup, 1 (b), evaporated to dryness, or 25 grams of juice or of fresh 

or canned fruit, or 10 grams of Jam, marmalade, preserves, or dried fruit. 

7 ALKALINITY OF THE ASH.—TENTATIVE. 

Into the platinum dish containing the ash introduce a measured excess of N/5 

nitric acid, heat to boiling, cool and add a few drops of methyl orange. Carefully 

rub up the ash with a rubber-tipped stirring rod and titrate the excess of acid with 

N/10 potassium or sodium hydroxid. Express the result as the number of cc. of 
N/10 acid required to neutralize the ash from 100 grams of the sample. 

8 SULPHATE AND CHLORID.—TENTATIVE. 

Wash the solution of the ash, obtained in 7, into a 50 ce. flask and make up to the 
mark with water. Evaporate 25 cc. of this solution to dryness several times with con- 

centrated hydrochloric acid, take up the final residue in a small amount of hot water, 
filter, wash the paper with hot water, acidify the filtrate with a few drops of hydro- 

chloric acid and determine the sulphate by precipitation with barium chlorid 

solution. From the weight of barium sulphate calculate the sulphate present as 

per cent of potassium sulphate. 

In the other portion of the solution determine the chlorin as directed under III, 15. 

The nitric acid added before making the titration will, if it contain enough nitrous 

oxid, completely destroy the red color of the methyl orange and leave a clear solu- 
tion for the titration. Calculate the chlorin as per cent of sodium chlorid. 

9 TOTAL ACIDITY.—TENTATIVE. 

Dilute 25 ec. of the solution of jelly or diluted sirup, 1 (b), or 10 grams of juice or 

fresh fruit, with recently boiled water to about 250 cc., or less if the sample be not 

highly colored; titrate the acid with N/10 alkali, using phenolphthalein as an in- 
dicator. In the case of highly colored products employ azolitmin solution or phenol- 

phthalein powder [XVI, 25] on a spot plate instead of phenolphthalein solution. 
Calculate the results as malic, citric or tartaric acid, specifying the acid used and 
expressing the results in grams per 100 cc. 

10 VOLATILE ACIDS.—TENTATIVE. 

Dissolve 10 grams of the sample, dilute to 25 cc. and distil in a current of steam, 

as directed under XVI, 27. Each cc. of N/10 alkali is equivalent to 0.0060 gram of 
acetic acid. 
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11 FREE MINERAL ACIDS.—TENTATIVE. 

Proceed as directed under XIX, 26, 27 or 28. 

12 PROTEIN.—OFFICIAL. 

Proceed as directed under I, 18, 21 or 23, using 5 grams of jelly or other fruit 

product containing a large amount of sugar, or 10 grams of juice or fresh fruit and 

a larger quantity of the sulphuric acid if necessary for complete digestion. Multi- 

ply the percentage of nitrogen by 6.25 to obtain the percentage of protein. 

SUCROSE. 

13 By Polarization.—O fficial. 

Determine by polarizing before and after inversion, as directed under IX, 22 or 23. 

14 By Reducing Sugars Before and After Inversion.—Tentative. 

Proceed as directed under VIII, 18. 

15 REDUCING SUGARS.—TENTATIVE. 

Proceed as directed under VIII, 25, expressing the results as invert sugar. 

16 COMMERCIAL GLUCOSE.—TENTATIVE. 

Proceed as directed under IX, 25. 

17 DEXTRIN.—TENTATIVE. 

Dissolve 10 grams of the sample in a 100 ce. flask, add 20 mg. of potassium fluorid, 

and then about one fourth of a cake of compressed yeast. Allow the fermentation 

to proceed below 25°C. for 2-3 hours to prevent excessive foaming, and then incu- 

bate at 27°-30°C. for 5 days. At the end of that time, clarify with basic lead acetate 
solution and alumina cream, make up to 100 cc. and polarize in a 200 mm. tube. 

A pure fruit jelly will show a dextro or laevo-rotation of not more than a few tenths 

of a degree. If a polariscope having the Ventzke scale be used and a 10% solution 

polarized in a 200 mm. tube, the number of degrees read on the sugar scale of the in- 

strument multiplied by 0.8755 will give the percentage of dextrin, or the following 

formula may be used: 

Percentage of dextrin = pets in which 
198 xX LX W 

C = degrees of circular rotation; 

L = length of tube in decimeters; 

W = weight of sample in 1 cc. 

18 ALCOHOL PRECIPITATE.—TENTATIVE. 

Evaporate 100 cc. of a 20% solution of jelly or diluted sirup, 1 (b), or of the wash- 

ings from the determination of insoluble solids, 4, to 20 ce.; add slowly, with constant 

stirring, 200 ce. of 95% alcohol by volume and allow the mixture to stand overnight. 

Filter and wash with 80% alcohol by volume. Wash the precipitate from the 

filter paper with hot water into a platinum dish; evaporate to dryness; dry at 100°C. 

for several hours and weigh; then burn off the organic matter and weigh the residue 

as ash. Designate the loss in weight upon ignition as the alcohol precipitate. 

The ash should be chiefly lime and not more than 5% of the total weight of the 
alcohol precipitate. If it is greater than this, some of the salts of the organic acids 

have been brought down. Titrate the water-soluble portion of this ash with N/10 

acid, as any potassium bitartrate precipitated by the alcohol can thus be estimated. 
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STARCH. 

19 Qualitative Test.—Tentative. 

First destroy the color of the jelly by treatment with sulphuric acid and potassium 

permanganate solution and then test with iodin solution. Bring the solution of 
jelly nearly to boiling, add several cc. of dilute sulphuric acid and then potassium 
permanganate solution until all color is destroyed. The starch remains unaffected 
by this treatment. The presence of starch is not necessarily an indication of its 
addition as an adulterant. It is usually present in small amount in the apple, and 
occasionally in other fruits, and unless it is found in the fruit product in consider- 

able amount its presence may be due to these natural sources. 

GELATIN. 

20 Qualitative Test.—Tentative. 

The presence of gelatin in jellies and jams is shown by the increased content of 

nitrogen. Precipitate a concentrated solution of jelly or jam with 10 volumes of 
absolute alcohol and determine nitrogen in the dried precipitate as directed under 

I, 18, 21 or 23. 
AGAR AGAR, 

QUALITATIVE TESTS. 

21 By Microscopic Examination?.—Tentative. 

Heat the jelly with 5% sulphuric acid, add a crystal of potassium permanganate 

and allow to settle. If agar agar is present the sediment will be rich in diatoms 

which can be detected by the use of the microscope. 

22 By Precipitation?.—Tentative. 

Cover 30 grams of the jam or jelly with 270 cc. of hot water, stir until thoroughly 

disintegrated and boil for 3 minutes. Filter immediately, while still boiling hot, 

through a filter paper of texture similar to No. 597,S.&S. In the presence of agar 

agar a precipitate will form upon standing not longer than 24 hours. Filter, 
wash with cold water and dissolve from the paper by means of a very small amount 
of boiling water. Upon chilling this hot water solution a firm jelly will be formed 

that can be examined by the touch. This method will detect 0.2% of agar agar with 
certainty if the proportions of jam or jelly and water are strictly observed. 

TARTARIC ACID.—TENTATIVE. 

23 PREPARATION OF SOLUTION. 

Filter fruit juices and employ the filtrate directly. In the case of jellies filter 

the solution, prepared as directed in 1 (b), and employ the filtrate. In the case of 

sirups or substances containing insoluble matter like pulped fruit, jams, marmalades, 

etc., weigh 50-100 grams, the amount selected being dependent upon the content of 

solids, of the sample, prepared as directed in 1 (C) or (d), introduce into a 200 ce. 

graduated flask, make up to the mark with water, allow to stand for an hour, shake at 
frequent intervals, filter through a dry paper and use the filtrate. 

24 DETERMINATION, 

Determine the tartaric acid in 100 ce. of fruit juice or the same amount of a solu- 

tion of the sample, prepared as directed in 23, employing the method given under XVI, 

29, except that 20 ec. of alcohol are used in the precipitation instead of 15 ce. 
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MALIC ACID. 

25 Method I.—Tentative. 

(For fruit juices and similar products containing no tartaric acid and not 
over 15% of sugars and in which the color does not interfere 

with polarization.) 

Filter the sample, if necessary to secure a solution which can be readily polar- 

ized, and polarize with white light and a dichromate cell, using a 200 mm. tube if 

possible. 

If the sample contains free mineral acid, transfer a measured portion (75 ce. is a 

convenient volume) to a 100 cc. graduated flask, add enough standard alkali, cal- 

culated from the acidity as determined in 9, to neutralize the total acidity, dilute 
to the mark, mix well and filter. If no free mineral acids are present, it is unneces- 

sary to neutralize the sample. If neutralized, proper correction must be made for 

dilution in making the final calculation. 

Transfer 25 cc. of the sample, or a neutralized solution, to a flask graduated at 25 

and 27.5 ce., add about 2.5 grams of powdered uranyl acetate, and shake vigorously 

at frequent intervals for 3 hours, keeping the mixture well protected from light. 

Tf all of the uranyl acetate dissolves, add more so that a small amount remains 
undissolved at the end of 3 hours. Dilute the solution to the 27.5 cc. mark with 

saturated uranyl acetate solution, mix well and filter, if necessary, through a folded 
filter. Polarize, if possible, in a 200mm.tube. If the solution is too dark to polarize 

in a 200 mm. tube, a 100 or 50 mm. tube may be used. Multiply the reading by 1.1 

to correct for the dilution. 
Multiply the algebraic difference in degrees Ventzke between the 2 readings cal- 

culated to the basis of a 200 mm. tube by the factor 0.036 to obtain the weight of 

malic acid in the sample in grams per 100 cc. 
Make all polarizations at the same room temperature with white light and with 

a dichromate cell. Make at least 6 readings in each case and take an average of 

these. 
In the case of dark colored fruit juices which cannot be polarized readily, approxi- 

mately quantitative results may be obtained by adding to the solutions a few drops 

of bromin, shaking thoroughly and filtering just before polarization. 

Method IT.—Tentative. 

(Approximate determination for fruit juices and similar products con- 
taining no tartaric acid and more than 15% of sugars.) 

26 PREPARATION OF SOLUTION‘. 

Weigh out 25 grams of the sample and transfer to a 600 cc. beaker with a little 

95% alcohol by volume. Add alcohol a little at a time until 200 ce. have been added, 

stirring the mixture well, and warming, if necessary, to insure solution of all alcohol- 

soluble substances. Filter on a Biichner funnel, using suction, and thoroughly 

wash the precipitated pectins and insoluble matter with 95% alcohol, disregarding 

any slight turbidity which may appear in the filtrate after the washings have 
been added. From 9, calculate the amount of N/4 barium hydroxid required 

nearly to neutralize the acidity in the 25 grams of sample taken. To the com- 

bined filtrate and washings in an Erlenmeyer flask add the calculated quantity of 
barium hydroxid solution, stir until reaction is complete and then add 3-5 drops, or 

more if required, of 50% barium acetate solution to insure an excess of barium. 

Make up the volume of the mixture to about 375 cc. (not less) with alcohol, and re- 

flux until the precipitate settles readily after being shaken. This may require 3-4 
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hours. Filter with suction and thoroughly wash the precipitate in the flask and 

on the paper with 95% alcohol by volume. Transfer the portion on the filter to 

the original flask, rinsing the paper with a jet of hot water. Digest the pre- 
cipitate with hot water, containing 2 grams of sodium sulphate in solution, un- 

til the reaction is complete, and boil until the barium sulphate precipitate settles 

readily. Concentrate by evaporation, if necessary, and transfer to a 100 ce. vol- 

umetric flask with a little hot water, cool, make up to volume with water and 

filter. 

27 DETERMINATION. 

Transfer 25 cc. of the filtrate, obtained in 26, to a flask graduated at 25 and 

27.5 ec., add about 2.5 grams of pulverized uranyl acetate and shake vigorously at 

frequent intervals for 3 hours, keeping the solution well protected from light. If all 

the uranyl acetate dissolves, add more so that a small amount remains undissolved 
at the end of 3 hours. Dilute the solution to the 27.5 cc. mark with saturated uranyl 
acetate solution, mix well, filter if necessary, and polarize in a 200 mm. tube, using 
the same precautions as described in 25. Multiply the reading, calculated to the 

basis of a 200 mm. tube, by 1.1 to correct for the dilution. 

Polarize another portion of the filtrate, obtained in 26, which has not been treated 

with uranyl acetate. Multiply the algebraic difference in degrees Ventzke between 

the 2 readings, calculated to the basis of a 200 mm. tube, by the factor 0.036 to obtain 
the weight of malic acid in grams per 100 cc. in the solution as obtained in 26. 

Method IIT.—Tentative. 

(Approximate determination for products containing tartaric acid.) 

28 PREPARATION OF SOLUTION. 

Prepare the sample as directed under 26 up to the point of filtration and washing 

of the barium malate precipitate, then dry the precipitate thoroughly and transfer 

the portion on the filter to the original flask, rinsing the paper with a jet of hot 

water. Digest the precipitate with hot water, transfer to a 100 ce. volumetric 

flask with a little hot water, cool, make up to volume with water and filter to re- 

move insoluble barium tartrate. This amount of water is sufficient to dissolve 

barium malate up to amounts as large as approximately 0.9 gram in 100 cc. More 

than 100 cc. of water must be used when more than 0.9 gram of barium malate 
is present. The amount of barium tartrate dissolved by hot water is so small as to 

affect only slightly the polarization after treatment with uranyl acetate. 

29 DETERMINATION. 

Proceed as directed in 27, using the solution prepared as directed in 28. 

CITRIC ACID®.—TENTATIVE. 

(Applicable in the presence of sugar and malic and tartaric acids.) 

30 REAGENTS. 

(a) Barium hydroxid solution.—Approximately N/4. 

(b) 50% barium acetate solution. 

(C) Sulphuric acid (1 to 1) and (1 to 4). 

(d) Potassium or sodium bromid solution.—Dissolve 15 grams of potassium bromid 
in 40 ce. of water or 16 grams of sodium bromid in 50 cc. of water. 
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(e) 5% potassium permanganate solution. 
(f) Ferrous sulphate solution.—Dissolve 20 grams of ferrous sulphate in 100 cc. 

of water containing 1 ec. of concentrated sulphuric acid. 
(&) Bromin water.—Freshly prepared, saturated solution. 

31 DETERMINATION. 

Proceed as directed in 26 up to “Filter with suction and thoroughly wash the 

precipitate in the flask and on the paper with 95% alcohol by volume’’. Transfer the 
precipitate from the filter to the flask with a jet of hot water, boil until alcohol 

ean no longer be detected by odor, and add enough of the sulphuric acid (1 

to 5) to precipitate all the barium originally added and to allow 2 cc. in excess. 

Evaporate by careful boiling to a volume of 60-70 cc., cool and add 5ce. of freshly 
prepared saturated bromin water, or enough to show a distinct excess. Transfer 
with water to a 100 ce. volumetric flask and dilute to the mark at standard 

temperature. Mix thoroughly, allow the precipitate to settle and filter through 

a dry paper. The precipitate may be separated by centrifugalizing and the super- 

natant liquid decanted, if necessary: Pipette an aliquot of the filtrate, containing 

not more than 250 mg. of citric acid, calculated from the total acidity of the sample, 

into a 300 cc. Erlenmeyer flask. If possible, the amount of citric acid in the ali- 

quot should exceed 50 mg. Add 10 ce. of the sulphuric acid (1 to 1) and 5ce. of the 

potassium or sodium bromid solution, mix, warm the flask in a water bath to 48°-50°C. 
and allow it to remain in the bath for 5 minutes. After removing from the bath add 

rapidly from a pipette, drop by drop with frequent interruptions, 25 ce. of the 5% 

potassium permanganate solution and shake vigorously, avoiding a temperature 
during oxidation exceeding 55°C. Set the flask aside until the hydrated peroxid of 

manganese begins to settle. The supernatant liquid should be dark brown, showing 

an excess of permanganate; if an excess is not indicated, add more permanganate. 

Shake, again set aside to settle and repeat this operation until the precipitate 

assumes a yellow color and most of it has dissolved. Finally, while the solution 

is still warm, remove the last undissolved portion of hydrated peroxid of manganese 
precipitate and also the excess of bromin by adding, drop by drop, the clear ferrous 

sulphate solution. Allow the solution to cool, shaking occasionally. If the opera- 

tions have been properly conducted, a heavy white precipitate of pentabromacetone 
is obtained which becomes crystalline on occasional shaking and in this condition 

is entirely insoluble in water. Allow the mixture to stand overnight, collect it by 

means of gentle suction on a tared Gooch crucible provided with a thin pad of asbestos, 

previously dried over sulphuric acid in a vacuum desiccator, wash with water slightly 

acidified with sulphuric acid and finally wash twice with water. Dry the precipitate 
to constant weight over sulphuric acid in a vacuum desiccator, protecting the precipi- 

tate from strong light. The weight of pentabromacetone multiplied by the factor 0.424 

gives the equivalent weight of anhydrous citric acid (H3CsH;O;). Occasionally the 

pentabromacetone is first obtained in the form of oily droplets. These become 

crystalline on standing or on cooling and are usually discolored by negligible traces 

of manganese or iron. 

The above method may be applied directly to the sample without previous pre- 
cipitation of the citric acid as the barium salt when the amount of sugar or other 
permanganate reducing substances is not excessive. In this case begin the deter- 
mination with the addition of 2 cc. of sulphuric acid (1 to 5) and the treatment 
with bromin water. 

32 METALS. TENTATIVE. 

Proceed as directed under XII. 
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33 PRESERVATIVES.—TENTATIVE. 

Proceed as directed under X. 

34 COLORING MATTERS.—TENTATIVE. 

Proceed as directed under XI. 

35 SWEETENING SUBSTITUTES.—TENTATIVE. 

Proceed as directed under X, 12, 36 or 37. 

BIBLIOGRAPHY. 
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XIV. CANNED VEGETABLES. 

1 PHYSICAL EXAMINATION!.—TENTATIVE. 

Note carefully the external appearance of the packages to detect the presence of 

“Teakers’’, ‘‘swells’’ or ‘‘springers’’. In general the ends of sound tins of canned 

vegetables are slightly concave. On opening the package note the relative pro- 

portion of solid and liquid contents and the level of the solids and of the total con- 

tents in the tin. Note the general appearance, odor, flavor, color and size of the 

vegetables; appearance of the liquor or brine, whether clear or turbid, and the con- 

dition of the inner walls of the container, especially as to blackening and corrosion. 

In all instances the analyst should familiarize himself with the normal appearance, 

odor, color, flavor and other properties of the product under examination. Care- 

ful macroscopic or microscopic,examination should be made for worm infestation, 
mold, dirt, or other evidence of decomposition or filth. 

2 PREPARATION OF SAMPLE.—TENTATIVE. 

The preparation of the sample for analysis depends upon the character of the 
product and the determinations to be made. Samples in which only the solid or 

liquid portion is required should be treated as follows: Weigh the full can, open, 
pour off the liquid, allow the solid portion to drain for a minute, re-weigh the can 

and drained vegetables, then remove the solid portion and weigh the dry, empty 

can. The method selected for draining the vegetables is dependent upon the nature 

and condition of the sample. In most cases it is sufficient to cut around the cover 

and before turning it back allow the liquor to drain through the slit. Whenever a 
portion of the solid material would escape with the liquor by this procedure, drain 
upon a piece of cheese-cloth. From the weights thus obtained determine the per- 

centage of liquid and solid contents. If only the solid portion is required, separate 

in a similar manner and grind thoroughly the drained vegetables in a mortar or 

food chopper. If a composite of the solid and liquid portion is required, grind 
thoroughly the contents of the can in a mortar or food chopper. In all cases mix 

thoroughly the portion used and preserve the balance in glass-stoppered containers. 

Unless the analysis is to be completed in a reasonably short time, determine the 

moisture in a portion of the sample prepared as above and, in order to prevent decom- 
position, dry the remainder and then expose to air until it becomes air-dry, grind, mix 

thoroughly and preserve in glass-stoppered containers. A second moisture determi- 
nation is required in this procedure. 

3 MOISTURE.—TENTATIVE. 

Dry a quantity of the sample, representing about 2 grams of dry material, as 
directed in IX, 2. 

4 ASH.—OFFICIAL. 

Determine total ash as directed in VIII, 4. 

5 SALT.— OFFICIAL. 

Determine chlorin as directed under III, 15, and express the result in terms of 
sodium chlorid. 
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6 SUGARS.—TENTATIVE. 

Determine reducing sugars and sucrose as directed in VIII, 58 and 59, varying 

the weight of the sample employed according to its sugar content. 

7 TOTAL ACIDS.—TENTATIVE. 

Proceed as directed in XVI, 25. Express the result as citric acid;1 ec. of N/10 

alkali is equivalent to 0.0070 gram of crystallized citric acid. 

8 VOLATILE ACIDS.—TENTATIVE. 

Proceed as directed in XVI, 27. Express the results as acetic acid; 1 ec. of N/10 
alkali is equivalent to 0.0060 gram of acetic acid. 

9 PRESERVATIVES.—TENTATIVE. 

Proceed as directed under X. 

10 COLORING MATTERS.—TENTATIVE. 

Proceed as directed under XI. 

11 METALS.—TENTATIVE. 

Proceed as directed under XII. 

BIBLIOGRAPHY. 

1U.8. Bur. Chem. Bulls. 125 and 151; U.S. Dept. Agr. Bull. 196; U.S. Bur. Chem. 
Cire. 54; Research Laboratory, National Canners Association, Bull. 2. 



XV. CEREAL FOODS. 

WHEAT FLOUR. 

1 MOISTURE.—OFFICIAL. 

Determine moisture as directed in VIII, 2. 

2 ASH.—OFFICIAL. 

Determine ash as directed in VIII, 4, using 5 grams of the flour. 

3 CRUDE FAT OR ETHER EXTRACT.—OFFICIAL. 

Determine the ether extract as directed in VIII, 10. With fine flour the addition 
of an equal weight of clean, dry sand is frequently necessary. 

4 CRUDE FIBER.—OFFICIAL., 

Determine crude fiber as directed in VIII, 68. 

5 ACIDITY OF WATER EXTRACT.—TENTATIVE. 

Weigh 18 grams of the flour into a 500 cc. Erlenmeyer flask and add 200 ce. of 

earbon dioxid-free water. Place the flask, loosely stoppered, for an hour in a water 

bath kept at 40°C., shaking occasionally. Filter upon a dry, folded filter, return- 

ing the first 10-15 ce. of the filtrate to the filter. Titrate 100 cc. of the clear filtrate 
with N/20 sodium hydroxid, using phenolphthalein as an indicator. Each ce. of 

N/20 sodium hydroxid is equivalent to 0.05% acidity as lactic acid. 

6 SUGARS.—TENTATIVE. 

Determine reducing sugars and sucrose as directed in VIII, 58 and 59. 

if PROTEIN.—OFFICIAL. 

Determine nitrogen as directed in I, 18, 21 or 23. Multiply the percentage of 

nitrogen by 5.7 to obtain the percentage of protein. 

ALCOHOL-SOLUBLE PROTEIN. 

8 Method I. (By nitrogen determination)—Tentative. 

Transfer 4 grams of the flour to a 150-200 cc. bottle or Erlenmeyer flask and add 

100 cc. of 70% alcohol by volume, taking care that none of the material sticks 

to the bottom of the container. Shake thoroughly 10-12 times at intervals of 30 

minutes at room temperature, or shake continuously in a shaking machine for 

an hour, and then set aside overnight. Shake thoroughly once more, allow to settle 

and filter through a dry, folded filter, returning the first runnings to the filter until 

a clear filtrate is obtained. Pipette 50 ce. of the filtrate, equivalent to 2 grams of 

the sample, into a Kjeldahl flask, dilute with 100 cc. of water to prevent frothing 

during digestion and determine nitrogen as directed in I, 18, 21 or 23. 
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9 Method II. (By Polarization)—Tentative. 

REAGENT. 

Millon’s reagent.—Dissolve metallic mercury in an equal weight of concentrated 
nitric acid and dilute the solution with an equal volume of water. The freshly 
prepared solution must be used. 

10 DETERMINATION. 

Weigh 15.97 grams of the flour into a 300 cc. flask and add 100 cc. of alcohol (sp. 

gr. 0.90). Shake at 30 minute intervals for 3 hours and then let stand overnight. 
Filter through a dry, folded filter and polarize in a 200 mm. tube. Precipitate the 

proteins in 50 ce. of the filtrate by the addition of 5 ec. of Millon’s reagent. Shake, 

filter and polarize the filtrate in a 200 mm. tube. Multiply the reading in degrees 

Ventzke by 1.1 to correct for the dilution and deduct the product from the first 
reading. This difference multiplied by 0.2 gives the per cent of gliadin! nitrogen. 

11 PROTEIN SOLUBLE IN 5 PER CENT POTASSIUM SULPHATE SOLUTION.—TENTATIVE. 

Weigh 6 grams of the flour into a 200 ec. flask and introduce exactly 100 ce. of 

5% potassium sulphate solution. Shake at 30 minute intervals for 3 hours and 

let stand overnight or, better still, agitate at moderate speed in a shaker for 3 hours, 

let settle 30 minutes, filter and determine the nitrogen in 50 cc. of the filtrate as 

directed in I, 18, 21 or 23. 

12 GLOBULIN AND ALBUMIN (EDESTIN AND LEUCOSIN) AND AMINO NITROGEN?.— 
TENTATIVE. 

Weigh 10 grams of the flour into a 500 ce. Erlenmeyer flask, add 250 ce. of 1% 

sodium chlorid solution, stopper the flask and shake thoroughly. Let stand, with 

occasional shaking, for 3 hours, filter through dry paper and evaporate 100 cc. of 

the filtrate to a small volume in a Kjeldahl digestion flask with 5 ec. of concentrated 

sulphuric acid. Add the remainder of the sulphuric acid and determine the nitro- 

gen as directed inI, 18, 21 or 23. To a second 100 cc. of the filtrate add 5 ce. of 20% 
phosphotungstic acid solution, shake thoroughly, allow to settle and filter by de- 

cantation. Wash slightly with water, concentrate the filtrate with 5 cc. of sul- 

phuric acid in a Kjeldahl flask and determine the nitrogen (amino) as directed in 

I, 18, 21 or 23. Deduct the amino nitrogen from the nitrogen found in the first frac- 

tion to obtain the nitrogen as globulin and albumin’. 

13 GLUTENIN.—TENTATIVE. 

Deduct the sum of the potassium sulphate-soluble nitrogen, 11, and the alcohol- 
soluble nitrogen, 8, from the total nitrogen, 7, and multiply the difference by 5.7. 

14 COLD WATER-SOLUBLE EXTRACT.—TENTATIVE. 

Weigh 20 grams of the flour into a 500 ec. Erlenmeyer flask and add gradually 

200 ce. of water at 10°C., shake vigorously when about 50 cc. of water have been 

added and continue shaking during the addition of the remainder. Allow to stand 

at 10°C. for 40 minutes, shaking occasionally. Filter through a large, dry, coarse 

filter paper, returning the first runnings to the filter until a clear filtrate is obtained. 

Pipette 20 cc. of the clear filtrate into a tared dish, evaporate to dryness on a steam 

bath, and dry to constant weight in an oven at 100°C. for periods of 30 minutes. 
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GLUTEN. 

15 Bamihl Test. (Qualitative)—Tentative. 

Place a very small quantity (about 1.5 mg.) of the flour on a microscope slide, 
add a drop of water, containing 0.2 gram of water-soluble eosin in 1 liter, and mix 

by means of a cover-glass, holding the latter at first in such a manner that it is raised 
slightly above the slide, and taking care that none of the flour escapes from beneath 

it. Finally allow the cover-glass to rest on the slide and rub it back and forth 
until the gluten has collected into rolls. The operation should be carried out on 

a white paper so that the formation of gluten rolls can be noted. Wheat flour, or 

other flours containing gluten, show by this treatment a copious amount of gluten, 

which absorbs the eosin with avidity, assuming a carmine color. Rye and corn 

flour yield only a trace of gluten, and buckwheat flour no appreciable amount. 

The preparations are best examined with the naked eye, thus gaining an idea of 
the amount of gluten present. If the flour is coarse, or contains a considerable amount 

of bran elements, as is true of buckwheat flour and low-grade wheat flour, the test 
should be made after bolting, as the bran particles and coarse lumps interfere with 
the formation of gluten rolls. 

16 Quantitative Method.—Tentative. 

Weigh 25 grams of the flour into a cup or porcelain mortar, add sufficient tap water 

(about 15 ec.) to form a firm dough ball and work into a dough with a spatula or 

pestle, taking care that none of the material adheres to the utensil employed. Allow 

the dough to stand in water at room temperature for an hour, then knead gently 

in a stream of tap water until the starch and all soluble matters are removed. This 

operation requires approximately 12 minutes and should be performed over bolting 
cloth or a horsehair sieve. To determine if the gluten is starch-free let 1 or 2 drops 

of the wash water, obtained by squeezing the gluten, fall into a beaker containing 
perfectly clear water. If starch is present a cloudiness appears. Allow the gluten 

thus obtained to stand in water for an hour, then press as dry as possible between 

the hands, roll into a ball, place in a tared, flat-bottomed dish and weigh as moist 

gluten. Transfer to an oven, dry to constant weight at 100°C. (about 24 hours), 

cool and weigh as dry gluten. 

CHLORIN. 

17 Qualitative Test. (Chlorin-Bleached Flours)—Tentative. 

Extract 30 grams of the flour with gasoline and allow the latter to evaporate. 

A small amount of oil remains. Heat a piece of copper wire in a colorless gas flame 

until it is black andno longer colors the flame green. Dip the hot end of the wire 

into the oil and again bring into the flame. If chlorin or bromin has been used as 
a bleaching agent, a green or blue coloration is produced. 

18 Quantitative Method. (Added Chlorin in Chlorin-Bleached Flours)—Tentative. 

Weigh 20 grams of the flour into a flat-bottomed aluminium dish, 8-10 cm. in 
diameter, and dry 5 hours in a boiling water or steam oven, transfer, with as little 

exposure to the air as possible, to a continuous fat extractor, and extract for 16 hours 
with anhydrous alcohol-free ether, which is also free from chlorin. Transfer the 

ether extract to a nickel dish and add 25 ec. of a solution containing 25 grams of 

sodium hydroxid and 15 grams of sodium nitrate per liter. Place the dish on a 

steam bath, evaporate to dryness and ignite in a muffle at a dull red heat until 
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the contents are thoroughly charred. Extract the charred mass with 25 ce. of 1% 

nitric acid and filter. Return the residue to the dish, char and again extract with 

25 ec. of 1% nitric acid, filter, wash with hot water, return to the dish and ignite 

to a whiteash. Dissolve the ash in 5% nitric acid and add the solution to the filtrates 

previously obtained. Determine the chlorin in the combined filtrates either gravi- 
metrically, as directed in I, 16 (a), or volumetrically, as directed in III, 15, using 
N/50 solutions for greater accuracy. 

NITRITE NITROGEN.—TENTATIVE. 

19 REAGENTS. 

(a) Sulphanilic acid solution.—Dissolve 0.5 gram of sulphanilic acid in 150 ec. of 
20% acetic acid. 

(b) Alpha-naphthylamin hydrochlorid solution.—Dissolve, by heating, 0.2 gram 

of the salt in 150 ec. of 20% acetic acid. 

(C) Standard nitrite solution —Dissolve 0.1097 gram of dry C. P. silver nitrite 

in about 20 ec. of hot water, add 0.10 gram of C. P. sodium chlorid, shake until 

the silver chlorid floceulates and make up to 1 liter. Draw off 10 cc. of the 

clear solution and dilute to 1 liter. Each ec. of the last solution is equivalent to 

0.0001 mg. of nitrogen as nitrite. [Cf. IV, 12 (d)] 
The silver nitrite may be prepared as follows: To a cold solution of about 2 

grams of sodium or potassium nitrite in 50 cc. of water, add a solution of silver 

nitrate as long as a precipitate appears. Decant the liquid and thoroughly wash 

the precipitate with cold water. Dissolve in boiling water. On cooling the silver 

nitrite crystallizes out. Dry the crystals in the dark at ordinary temperature (pre- 

ferably in a vacuum). 

20 DETERMINATION. 

(1) Select a series of 100 ce. volumetric flasks of uniform dimensions and color. 

Place 2 grams of high-grade, nitrite-free flour in each; add approximately 70 ce. of 

nitrite-free water and shake until the flour is thoroughly moistened. Add to these 

flasks varying amounts of the standard sodium nitrite solution, so that a series of 

comparison standards will be obtained having a range covering the probable nitrite 

content of the unknown sample. Reserve 1 flask for a blank test. In order to 

avoid making a large series of standards it is well to make a preliminary test to as- 

certain the approximate nitrite content of the unknown. Where the quantity of 

nitrite present is small, the nitrite solution in the flasks may be increased by 0.4 

ec. each. Where bleaching is excessive, 1 gram of flour may be used throughout, 

or the standards may be given a wider variation in nitrite content. 

To each of 2 similar flasks add 2 grams of the flour and 90 cc. of water; shake 

thoroughly and digest all the flasks, including the blank, in a water bath at 40°C. 

for at least 15 minutes; add 2 cc. each of the sulphanilic acid and alpha- 

naphthylamin hydrochlorid solutions to each flask. Continue the digestion at 

40°C. for an additional 20 minutes. The color must be developed in all the flasks 

under conditions as nearly uniform as possible. Make up to the marks with nitrite- 

free water and compare the unknown with the series of standards. This may be 

done in a large, white, enameled pan; the effect of the turbidity, due to the flour, 
being minimized by the white background. The solutions should be allowed to 

subside and should not be shaken during comparison; or, 

(2) Weigh 20 grams of the flour into a 500 cc. Erlenmeyer flask, add 200 ce. of 

nitrite-free water, previously warmed to 40°C., and close the flask with a rubber 
stopper. Shake vigorously for 5 minutes and digest for an hour in a water bath, 
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keeping the temperature of the liquid in the flask at 40°C. and shaking at 10 minute 
intervals. Finally filter on a dry, nitrite-free, folded filter. Return the first run- 

nings to the filter until a clear filtrate is obtained. Pipette 50 cc. of the filtrate and 
50 ce. of the standard nitrite solution into small flasks; add to each, 50 ce. of water, 
2 ec. each of the sulphanilic acid and alpha-naphthylamin hydrochlorid solutions, 

shake and allow to stand an hour to bring out the color. Compare the 2 solutions 
in a colorimeter. Divide the height of the column of the standard solution by that 
of the solution of the sample to obtain the parts of nitrogen as nitrous acid (free 
and combined) per million of flour. 

21 GASOLINE COLOR VALUE.—TENTATIVE. 

Place 20 grams of the flour in a wide-mouthed, glass-stoppered 120 cc. bottle and 

add 100 cc. of colorless gasoline. Stopper tightly and shake vigorously for 5 minutes. 

After standing 16 hours, shake again for a few seconds until the flour has been loos- 
ened from the bottom of the bottle and thoroughly mixed with the gasoline, then 

filter immediately on a dry 11 cm. paper into an Erlenmeyer flask, keeping the fun- 

nel covered with a watch glass to prevent evaporation. In order to secure a clear 

filtrate, a certain quantity of the flour should be allowed to pass over onto the paper 

and the first portion of the filtrate passed through a second time. It will be found 

convenient to fit the filter paper to the funnel by means of water and dry thoroughly 

either by standing overnight in a well-ventilated place or by heating. 
Determine the color value of the clear gasoline solution in a Schreiner or similar 

colorimeter, using for comparison a 0.005% potassium chromate solution. This solu- 

tion corresponds to a gasoline number of 1.0 and is conveniently prepared by dilu- 
ting 10 cc. of a 0.5% solution to 1 liter. The colorimeter tube, containing the 

gasoline solution, should first be adjusted so as to read 50 mm., then the tube 

containing the standard chromate solution raised or lowered until the shades of yellow 
in both tubes match. The reading of the chromate solution, divided by the reading 

of the gasoline solution, gives the gasoline color value. The color value may be deter- 
mined also in Nessler tubes, using for comparison potassium chromate solutions 
of various dilutions prepared from a 0.5% solution and filling the tubes in all cases 
to the height of 50 mm. 

BIBLIOGRAPHY. 
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XVI. WINES. 

1 PHYSICAL EXAMINATION.—TENTATIVE. 

Note the following: whether the container is ‘‘bottle full’’; the appearance of 
the wine, whether there is any sediment and if it is bright or turbid; condition when 

opened, whether still, gaseous or carbonated; color and depth of color; odor, whether 

vinous, acetous, pleasant or foreign; and taste, whether vinous, acetous, sweet, 

dry or foreign. 

2 PREPARATION OF SAMPLE.—TENTATIVE. 

If gas is contained in the wine, remove it by pouring back and forth in beakers, 

Filter the wine, regardless of appearance, before analysis and determine immedi- 

ately the specific gravity and such ingredients as alcohol, acids and sugars as are 
liable to change through exposure. 

3 SPECIFIC GRAVITY.—TENTATIVE. 

C ; : 20° C. 
Determine the specific gravity at ~j~— by means of a pycnometer. 

4 ALCOHOL.—TENTATIVE. 

(a) By volume.—Measure 100 cc. of the liquid at 20°C. into a 300-500 cc. distilla- 
tion flask, add 50 cc. of water, attach the flask to a vertical condenser by means of 
a bent tube and distil almost 100 ec., making up to 100 ce. volume when cooled 

to 20°C. Foaming, which sometimes occurs, especially with young wines, may be 
prevented by the addition of a small amount of tannin. To determine the alcohol in 

wines which have undergone acetous fermentation and contain an abnormal amount 

of acetic acid, exactly neutralize the portion taken with sodium hydroxid solution 

before distilling. This is unnecessary, however, in wines of normal taste and odor. 

Determine the specific gravity of the distillate at a and obtain the correspond- 

ing percentage of alcohol by volume from 5. 

(b) Grams per 100 cc.—From the specific gravity of the distillate, obtained in 

(a), ascertain from 5 the corresponding alcohol content in grams per 100 ce. 

(C) By weight.—Divide the number of grams in the 100 ce. of distillate, as ob- 

tained in (b), by the weight of the sample as calculated from its specific gravity. 
(d) By immersion refractometer.—The percentages of alcohol, as determined in 

(a) and (C), may be verified by determining the immersion refractometer reading 

of the distillate and obtaining, from 6, the corresponding percentages of alcohol. 
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5 TABLE 16.—ALCOHOL TABLE. 

(Calculated by the U. 8. Bureau of Standards from its experimental results'.) 

For calculating the percentages of alcohol in mixtures of ethyl alcohol and water from their 
specific gravities. 

SPECIFIC BCOn CU SPECIFIC AT COBOL SPECIFIC HOE 
GRAVITY Graviry |————_————___| gravity 
20°C. Percent | Per | Grams| 20°C. Per cent | Per | Grams| 20°C. Per cent | Per | Grams 
4 by volumejcent by| _ per 4° by volume|cent by} per e by volume|cent by] per 

at 20°C. | weight | 100 ce. at 20° C. | weight | 100cc. at 20°C. | weight | 100 ce. 

0.99823 0.00 0.00 0.00 |} 0.99492 2.26 1.79 1.78 | 0.99174 4.50 3.58 3.55 
0.99815 0.05 O04 0.04 | 0.99485 2.30 1.82 1.81 | 0.99168 4.56 3.62 3.59 
0.99808 0.10 0.08 0.08 | 0.99477 2.35 1.86 1.85 | 0.99161 4.60 3.66 3.63 
0.99800 0.15 0.12 0.12 | 0.99470 2.40 1.90 1.89 | 0.99154 4.65 3.70 3.67 
0.99793 0.20 0.16 0.16 | 0.99463 2.45 1.94 1.93 | 0.99147 4.10 8:7£ sam 

0.99785 0.25 0.20 0.20 | 0.99456 2.50 1.98 1.97 | 0.99140 4.75 3.78 3.75 
0.99778 0.30 0.24 0.24 | 0.99449 2.55 2.02 2.01 | 0.99133 4.80 $8.82 3.79 
0.99770 035 0.28 0.28 | 0.99442 2.60 2.06 2.05 | 0.99127 4.85 3.86 3.83 
0.99763 0.40 0.32 0.32 | 0.99434 2.65 2.10 2.09 | 0.99120 4.90 3.90 3.87 
0.99755 0.45 0.36 0.36 | 0.99427 2.70 2.14 2.13 | 0.99113 4.95 3.94 3.91 

0.99748 0.50 0.40 0.40 | 0.99420 2.75 2.18 2.17 | 0.99106 5.00 3.98 3.95 
0.99741 0.55 O.44 0.44 | 0.99413 2.80 2.22 2.21 | 0.99100 6.05 4.02 3.99 
0.99734 0.60 0.47 0.47 | 0.99405 2.85 2.26 2.25 | 0.99093 6.10 4.06 4.08 
0.99726 0.65 0.51 0.51 | 0.99398 2.90 2.80 2.29 | 0.99087 6.15 4.10 4.07 
0.99719 0.70 0.55 0.55 | 0.99391 2.95 2.384 2.33 | 0.99080 6.20 4.14 4.10 

0.99711 0.75 0.59 0.59 | 0.99384 3.00 2.88 2.37 | 0.99073 6.25 4.18 4.14 
0.99704 0.80 0.63 0.63 | 0.99377 3.05 2.42 2.41 | 0.99066 5.30 4.22 4.18 
0.99697 0.85 0.67% 0.67 | 0.99370 3.10 2.46 2.45 | 0.99060 6.35 4.26 4.22 
0.99690 0.90 0.71 0.71 | 0.99362 3.15 2.50 2.49 | 0.99053 640 4.30 4.26 
0.99682 0.95 0.75 0.75 | 0.99355 3.20 2.54 2.53 | 0.99047 6.45 4.34 4.30 

0.99675 1.00 0.79 0.79 | 0.99348 3.25 2.58 2.57 | 0.99040 6560 4.38 4.34 
0.99667 1.06 0.83 0.83 | 0.99341 3.30 2.62 2.60 | 0.99033 56.66 4.42 4.38 
0.99660 1.10 0.87 0.87 | 0.99334 3.35 2.66 2.64 | 0.99026 5.60 4.46 4.42 
0.99652 1.16 0.91 0.91 | 0.99327 3.40 2.70 2.68 | 0.99020 56.65 4.50 4.46 
0.99645 1.20 0.95 0.95 | 0.99320 3.45 2.74 2.72 | 0.99013 6.70 4.54 4.50 

0.99638 1.25 0.99 0.99 | 0.99313 3.50 2.78 2.76 | 0.99006 6.75 4.58 4.54 
0.99631 1.30 1.03 1.03 | 0.99306 3.55 2.82 2.80 | 0.98999 6.80 4.62 4.58 
0.99623 1.35 1.07 1.07 | 0.99299 3.60 2.86 2.84 | 0.98993 6.85 4.66 4.62 
0.99616 1.40 1.11 1.11 | 0.99292 3.65 2.90 2.88 | 0.98986 6.90 4.70 4.66 
0.99608 1.46 1.15 1.15 | 0.99285 3.70 2.94 2.92 | 0.98980 6.95 4.74 4.70 

0.99601 1.50 1.19 1.19 | 0.99278 3.75 2.98 2.96 | 0.98973 6.00 4.78 4.74 
0.99594 1.55 1.23 1.23 | 0.99271 3.80 3.02 3.00} 0.98967 6.05 4.82 4.78 
0.99587 1.60 1.27 1.26 | 0.99264 3.85 3.06 3.04 | 0.98960 6.10 4.87 4.82 
0.99579 1.65 1.31 1.30 | 0.99257 3.90 38.10 3.08 | 0.98954 6.15 4.91 4.86 
0.99572 1.70 1.36 1.34 | 0.99250 3.95 3.14 3.12 | 0.98947 6.20 4.95 4.89 

0.99564 1.75. 1.89 1.38 | 0.99243 4.00 3.18 3.16 | 0.98941 6.25 4.99 4.93 
0.99557 1.80 1.43 1.42 | 0.99236 4.05 3.22 3.20 | 0.98934 6.30 5.03 4.97 
0.99550 1.85 1.47 1.46 | 0.99229 4.10 3.26 3.24 | 0.98928 6.35 4.07 5:0n 
0.99543 1.90 1.6% 1.50 | 0.99222 4.15 3.380 3.28 | 0.98921 6.40 6.11 5.05 
0.99535 1.96 1.65 1.54 | 0.99215 4.20 3.34 3.32 | 0.98915 6.45 6.15 5.09 

0.99528 2.00 1.69 1.58 | 0.99208 4.25 3.38 3.36 | 0.98908 6.50 6.19 5.138 
0.99520 2.06 1.63 1.62 | 0.99201 4.30 3.42 3.39 | 0.98902 6.55 6:88 “ous 
0.99513 2.10 1.67 1.66 | 0.99195 4.35 3.46 3.43 | 0.98895 6.60 5.27 5.21 
0.99506 2.15 1.71 1.70 | 0.99188 4.40 3.50 3.47 | 0.98889 6.65 6.31 5.25 
0.99499 2.20 © 1.7, 1.74 | 0.99181 4.45 3.54 3.51 | 0.98882 6.70 65.85 5.29 



XVI] WINES 195 

5 TABLE 16.—ALCOHOL TABLE.—Continued. 

sneer ALCOHOL ae ALCOHOL apierrare ALCOHOL 

GRAVITY |——————_————_———__|_ GRAVITY GRAVITY 
20°C. Per cent | Per |Grams| 20°C. Per cent | Per | Grams 20°C. Per cent | Per | Grams 
4° by volumejcent by| per 4° by volume|cent by| per 4° by volume|cent by| per 

at 20°C. | weight | 100 cc. | at 20° C. | weight | 100 cc. at 20°C. | weight | 100 ce. 

0.98876 6.75 5.39 5.33 | 0.98566 9.25 7.41 7.30 | 0.98267 11.75 9.44 9.28 
0.98870 6.80 5.43 5.37 | 0.98560 9.30 7.45 7.34 | 0.98261 11.80 9.48 9.31 
0.98864 6.85 65.47 5.41 | 0.98554 9.35 7.49 7.38 | 0.98255 11.85 9.59 9.35 
0.98857 6.90 5.51 5.45 | 0.98549 9.40 7.53 7.42 | 0.98250 11.90 9.56 9.39 
0.98851 6.95 65.55 5.49 | 0.98543 9.45 7.57% 7.46 | 0.98244 11.95 9.60 9.43 

0.98845 7.00 5.59 5.53 | 0.98537 9.50 7.61 7.50 | 0.982388 12.00 9.64 9.47 
0.98839 7.05 65.63 5.57 | 0.98531 9.65 7.65 7.54] 0.98232 12.05 9.68 9.51 
0.98832 7.10 5.67 5.60 | 0.98524 9.60 7.69 7.58 | 0.98226 12.10 9.72 9.55 
0.98826 7.16 5.71 5.64 | 0.98518 9.65 7.73 7.62] 0.98220 12.15 9.76 9.59 
0.98820 7.20 5.75 5.68 | 0.98512 9.70 7.77 7.66 | 0.98214 12.20 9.80 9.63 

0.98813 7.25 5.79 5.72 | 0.98506 9.75 7.81 7.70) 0.98208 12.25 9.84. 9.67 
0.98806 7.30 5.83 5.76 | 0.98501 9.80 7.85 7.73 | 0.98203 12.30 9.89 9.71 
0.98800 7.35 5.87 5.80 | 0.98495 9.85 7.89 7.77) 0.98197 12.35 9.98 9.75 
0.98794 7.40 5.91 5.84 | 0.98488 9.90 7.93 7.81 | 0.98191 12.40 9.97 9.79 
0.98788 7.45 5.95 5.88 | 0.98482 9.95 7.97 7.85 | 0.98185 12.45 10.01 9.83 

0.98781 7.50 5.99 5.92 | 0.98476 10.00 8.02 7.89] 0.98180 12.50 10.05 9.87 
0.98775 7.55 6.03 5.96 | 0.98470 10.05 8.06 7.93 | 0.98174 12.55 10.09 9.91 
0.98769 7.60 6.07 6.00 | 0.98463 10.10 8.10 7.97 | 0.98168 12.60 10.13 9.95 
0.98763 7.65 6.11 6.04] 0.98457 10.16 8.14 8.01] 0.98162 12.65 10.17 9.99 
0.98756 7.70 6.15 6.08 | 0.98452 10.20 8.18 8.05 | 0.98156 12.70 10.21 10.03 

0.98750 7.75 6.19 6.12] 0.98446 10.25 8.22 8.09] 0.98150 12.75 10.25 10.07 
0.98744 7.80 6.24 6.16 | 0.98441 10.30 8.26 8.13 | 0.98145 12.80 10.29 10.10 
0.98738 7.86 6.28 6.20 | 0.98435 10.35 8.30 8.17 | 0.981389 12.865 10.33 10.14 
0.98731 7.90 6.82 6.24] 0.98428 10.40 8.34 8.21] 0.98132 12.90 10.38 10.18 
0.98725 7.95 6.86 6.28 | 0.98422 10.45 8.38 8.25] 0.98127 12.95 10.42 10.22 

0.98718 8.00 6.40 6.32 | 0.98416 10.50 8.42 8.29 | 0.98122 13.00 10.46 10.26 
0.98712 8.05 6.44 6.36 | 0.98410 10.55 8.46 8.33] 0.98116 13.05 10.50 10.30 
0.98706 8.10 6.48 6.39 | 0.98404 10.60 8.50 8.37 | 0.98111 13.10 10.54 10.34 
0.98700 815 6.52 6.43 | 0.983898 10.65 8.54 8.41] 0.98105 13.15 10.58 10.38 
0.98694 8.20 6.56 6.47 | 0.98391 10.70 8.58 8.45 | 0.98100 13.20 10.62 10.42 

0.98688 8.25 6.60 6.51! 0.98385 10.75 8.62 8.49] 0.98094 13.25 10.66 10.46 
0.98682 8.30 6.64 6.55 | 0.98379 10.80 8.66 8.52] 0.98089 13.30 10.70 10.50 
0.98676 8.35 6.68 6.59 | 0.98373 10.85 8.70 8.56] 0.98083 13.35 10.74 10.54 
0.98670 8.40 6.72 6.63 | 0.98368 10.90 8.75 8.60] 0.98077 13.40 10.78 10.58 
0.98664 8.45 6.76 6.67 | 0.98362 10.95 8.79 8.64] 0.98071 13.45 10.82 10.62 

0.98658 8.60 6.80 6.71 | 0.98356 11.00 8.83 8.68 | 0.98066 13.50 10.86 10.66 
0.98652 8.55 6.84 6.75 | 0.98350 11.05 8.87 8.72] 0.98060 13.55 10.90 10.70 
0.98646 8.60 6.88 6.79 | 0.98344 11.10 8.91 8.76] 0.98054 13.60 10.95 10.74 
0.98640 865 6.92 6.83 | 0.98338 11.15 8.95 8.80] 0.98048 13.65 10.99 10.78 
0.98633 8.70 6.96 6.87 | 0.98332 11.20 8.99 8.84] 0.98043 13.70 11.03 10.81 

0.98627 8.75 7.00 6.91 | 0.98326 11.25 9.03 8.88 | 0.98037 13.75 11.07 10.85 
0.98620 8.80 7.04 6.95 | 0.98320 11.30 9.07 8.92] 0.98031 13.80 11.11 10.89 
0.98614 8.85 7.08 6.99] 0.98314 11.35 9.11 8.96 | 0.98025 13.85 11.15 10.93 
0.98608 8.90 7.12 7.03 | 0.98308 11.40 9.15 9.00] 0.98020 18.90 11.19 10.97 
0.98602 8.95 7.16 7.07 | 0.98302 11.46 9.19 9.04] 0.98014 18.95 11.23 11.01 

0.98596 900 7.20 7.10 | 0.98296 11.50 9.23 9.08] 0.98009 14.00 11.28 11.05 
0.98590 9.05 7.24 7.14 | 0.98290 11.655 9.27 9.12] 0.98003 14.05 11.82 11.09 
0.98584 9.10 7.29 7.18 | 0.98285 11.60 9.382 9.16] 0.97998 14.10 11.36 11.13 
0. 9857; 9.16 7.33 7.22 | 0.98279 11.65 9.36 9.20 | 0.97992 14.15 11.40 11.17 
0.98572 9.20 7.37 7.26 | 0.98273 11.70 9.40 9.24] 0.97986 14.20 11.44 11.21 
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5 TABLE 16.—ALCOHOL TABLE.—Continued. 

SPECIFIC ALCOHOL SPECIFIC ALCOHOL SPECIFIC ALCOHOL 

GRAVITY GRAVITY GRAVITY 
202.6! Percent | Per | Grams 20°C. Per cent | Per | Grams 20°C. Per cent | Per 

by volume|cent by] per 4° by volume|cent by| _per 4° by volume|cent by 
at 20° C. | weight | 100 ce. at 20°C. | weight | 100 cc. at 20°C. | weight 

0.97980 14.26 11.48 11.25 | 0.97704 16.75 13.63 13.22 | 0.97438 19.26 15.69 
0.97975 14.30 11.62 11.29 | 0.97699 16.80 13.57 13.26 | 0.97433 19.30 16.64 
0.97969 14.35 11.56 11.33 | 0.97694 16.865 13.61 13.30 | 0.97428 19.36 15.68 
0.97964 14.40 11.60 11.37 | 0.97689 16.90 13.66 13.34 | 0.97423 19.40 15.72 
0.97958 14.45 11.64 11.41 | 0.97683 16.95 13.70 13.38 | 0.97417 19.45 15.76 

0.97953 14.60 11.68 11.44 | 0.97678 17.00 13.74 13.42 | 0.97412 19.60 15.80 
0.97947 14.65 11.72 11.48 | 0.97672 17.05 13.78 13.46 | 0.97407 19.65 15.84 
0.97942 14.60 11.77 11.52 | 0.97667 17.10 13.82 13.50 | 0.97402 19.60 15.88 
0.97936 14.65 11.81 11.56 | 0.97661 17.16 13.86 13.54 | 0.97396 19.65 15.92 
0.97930 14.70 11.85 11.60 | 0.97656 17.20 13.90 13.58 | 0.97391 19.70 15.97 

0.97924 14.75 11.89 11.64] 0.97650 17.25 13.94 13.62 | 0.97386 19.76 16.01 
0.97919 14.80 11.98 11.68 | 0.97645 17.30 13.98 13.66 | 0.97381 19.80 16.05 
0.97913 14.85 11.97 11.72 | 0.976389 17.36 14.02 13.70 | 0.97375 19.85 16.09 
0.97908 14.90 12.01 11.76 | 0.97634 17.40 14.07 13.74 | 0.97370 19.90 16.13 
0.97902 14.95 12.05 11.80 | 0.97629 17.45 14.11 13.78 | 0.97364 19.95 16.17 

0.97897 16.00 12.09 11.84 | 0.97624 17.50 14.15 138.81 | 0.97359 20.00 16.21 
0.97891 16.05 12.73 11.88 | 0.97618 17.65 14.19 13.85 | 0.97354 20.05 16.25 
0.97885 16.10 12.18 11.92 | 0.97613 17.60 14.23 13.89 | 0.97349 20.10 16.30 
0.97879 16.15 12.22 11.96 | 0.97607 17.65 14.27 13.93 | 0.97344 20.165 16.34 
0.97874 16.20 12.26 12.00 | 0.97602 17.70 14.31 13.97 | 0.97339 20.20 16.38 

0.97868 15.25 12.30 12.04 | 0.97596 17.76 14.85 14.01 | 0.97333 20.265 16.42 
0.97863 16.30 12.34 12.08 | 0.97591 17.80 14.40 14.05 | 0.97328 20.30 16.46 
0.97857 16.386 12.88 12.12] 0.97586 17.85 14.44 14.09 | 0.97322 20.365 16.50 
0.97852 16.40 12.42 12.16 | 0.97581 17.90 14.48 14.13 | 0.97317 20.40 16.55 
0.97846 16.45 12.46 12.20] 0.97575 17.95 14.52 14.17 | 0.97311 20.46 16.59 

0.97841 15.50 12.50 12.23 | 0.97570 18.00 14.56 14.21 | 0.97306 20.50 16.63 
0.97835 15.55 12.64 12.27 | 0.97564 18.05 14.60 14.25 | 0.97300 20.55 16.67 
0.97830 16.60 12.69 12.31 | 0.97559 18.10 14.64 14.29 | 0.97295 20.60 16.71 
0.97824 15.65 12.63 12.35 | 0.97553 18.15 14.68 14.33] 0.97289 20.65 16.75 
0.97819 16.70 12.67 12.39 | 0.97548 18.20 14.73 14.37 | 0.97284 20.70 16.80 

0.97813 16.75 12.71 12.43 | 0.97542 18.25 14.77 14.41 | 0.97278 20.75 16.84 
0.97808 15.80 12.75 12.47 | 0.97538 18.30 14.81 14.45 | 0.97273 20.80 16.88 
0.97802 15.85 12.79 12.51 | 0.97532 18.35 14.85 14.49 | 0.97268 20.856 16.92 
0.97797 15.90 12.83 12.55 | 0.97527 18.40 14.89 14.52 | 0.97263 20.90 16.96 
0.97791 15.95 12.87 12.59 | 0.97522 18.45 14.93 14.56 | 0.97257 20.95 17.00 

0.97786 16.00 12.92 12.63 | 0.97517 18.60 14.97 14.60 | 0.97252 21.00 17.04 
0.97780 16.05 12.96 12.67 | 0.97512 18.55 15.01 14.64 | 0.97247 21.05 17.08 
0.97775 16.10 13.00 12.71 | 0.97507 18.60 15.06 14.68 | 0.97242 21.10 17.13 
0.97769 16.16 13.04 12.75 | 0.97501 18.65 15.10 14.72 | 0.97237 21.16 17.17 
0.97764 16.20 13.08 12.79 | 0.97496 18.70 15.14 14.76 | 0.97232 21.20 17.21 

0.97758 16.25 13.12 12.83 | 0.97490 18.75 16.18 14.80 | 0.97227 21.26 17.26 
0.97753 16.30 13.16 12.87 | 0.97485 18.80 15.22 14.84] 0.97222 21.30 17.29 
0.97747 16.86 13.20 12.91 | 0.97479 18.85 15.26 14.88 | 0.97216 21.36 17.33 
0.97742 16.40 13.24 12.95 | 0.97474 18.90 15.30 14.92] 0.97210 21.40 17.38 
0.97737 16.45 13.28 12.99 | 0.97469 18.95 15.34 14.96 | 0.97204 21.46 17.42 

0.97732 16.50 13.33 13.02 | 0.97464 19.00 15.39 15.00 | 0.97199 21.50 17.46 
0.97726 16.55 13.37 13.06 | 0.97459 19.05 15.43 15.04] 0.97193 21.56 17.60 
0.97721 16.60 13.41 13.10 | 0.97454 19.10 15.47 15.08 | 0.97188 21.60 17.64 
0.97715 16.65 13.45 13.14 | 0.97449 19.15 15.51 15.12 | 0.97183 21.65 17.68 
0.97710 16.70 13.49 13.18 | 0.97444 19.20 15.55 15.16 | 0.97178 21.70 17.63 

Grams 
per 

100 ce. 

15.20 
15.23 
15.27 
15.31 
15.35 

15.39 
15.43 
15.47 
15.51 
15.55 

15.59 
15.63 
15.67 
15.71 
15.75 

15.79 
15.83 
15.87 
15.91 
15.95 

15.99 
16.02 
16.06 
16.10 
16.14 

16.18 
16.22 
16.26 
16.30 
16.34 

16.38 
16.42 
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TABLE 16.—ALCOHOL TABLE.—Continued. 

SPECIFIC SE COnOn, SPECIFIC ALCOROL SPECIFIC SECO OL 
GRAVITY GRAVITY GRAVITY 
20°C. Per cent | Per | Grams 20° Per cent | Per | Grams 20°C. Per cent | Per | Grams 
£ by volume|cent by} _ per 4° by volumejcent by| per 4° by volume|cent by] per 

at 20°C. | weight | 100 cc. at 20° C. | weight | 100 ce. at 20°C. | weight | 100 ce 

0.97172 21.75 17.67 17.17 | 0.96896 24.25 19.75 19.14] 0.96612 26.76 21.85 21.12 
0.97167 21.80 17.71 17.21 | 0.96891 24.30 19.80 19.18 | 0.96606 26.80 21.90 21.16 
0.97161. 21.85 17.75 17.25 | 0.96885 24.35 19.84 19.22 | 0.96600 26.85 21.94 21.20 
0.97156 21.90 17.79 17.29 | 0.96880 24.40 19.88 19.26 | 0.96595 26.90 21.98 21.23 
0.97150 21.95 17.83 17.33 | 0.96874 24.45 19.92 19.30 | 0.96589 26.95 22.02 21.27 

0.97145 22.00 17.88 17.37 | 0.96869 24.50 19.96 19.34 | 0.96583 27.00 22.07 21.31 
0.971389 22.05 17.92 17.41 | 0.96863 24.55 20.00 19.38 | 0.96577 27.05 22.11 21.35 
0.97184 22.10 17.96 17.45 | 0.96857 24.60 20.05 19.42 | 0.96571 27.10 22.15 21.39 
0.97128 22.15 18.00 17.49 | 0.96851 24.65 20.09 19.46 | 0.96565 27.16 22.19 21.48 
0.97123 22.20 18.04 17.52 | 0.96846 24.70 20.13 19.50 | 0.96559 27.20 22.24 21.47 

0.97118 22.25 18.08 17.56 | 0.96840 24.75 20.17 19.54 | 0.96553 27.25 22.28 21.51 
0.97113 22.30 18.13 17.60 | 0.96835 24.80 20.22 19.58 | 0.96548 27.30 22.82 21.55 
0.97107 22.35 18.17 17.64] 0.96829 24.86 20.26 19.62 | 0.96542 27.35 22.36 21.59 
0.97102 22.40 18.21 17.68 | 0.96823 24.90 20.30 19.66 | 0.96536 27.40 22.40 21.63 
0.97096 22.45 18.25 17.72 | 0.96817 24.95 20.34 19.70 | 0.96530 27.45 22.44 21.67 

0.97091 22.650 18.29 17.76 | 0.96812 25.00 20.38 19.73 | 0.96525 27.50 22.49 21.71 
0.97085 22.55 18.33 17.80 | 0.96806 25.05 20.42 19.77 | 0.96519 27.66 22.68 21.75 
0.97080 22.60 18.88 17.84 | 0.96801 25.10 20.47 19.81 | 0.96513 27.60 22.57 21.79 
0.97074 22.65 18.42 17.88 | 0.96795 25.15 20.51 19.85 | 0.96507 27.65 22.61 21.83 
0.97069 22.70 18.46 17.92 | 0.96789 25.20 20.55 19.89 | 0.96501 27.70 22.66 21.87 

0.97063 22.75 18.50 17.96 | 0.96783 25.25 20.69 19.93 | 0.96495 27.75 22.70 21.91 
0.97058 22.80 18.54 18.00 | 0.96778 26.30 20.64 19.97 | 0.96489 27.80 22.74 21.94 
0.97052 22.85 18.58 18.04 | 0.96772 25.35 20.68 20.01 | 0.96483 27.85 22.78 21.98 
0.97047 22.90 18.63 18.08 | 0.96766 25.40 20.72 20.05 | 0.96477 27.90 22.83 22.02 
0.97041 22.95 18.67 18.12 | 0.96760 25.45 20.76 20.09 | 0.96471 27.95 22.87 22.06 

0.97036 23.00 78.71 18.16 | 0.96755 26.50 20.80 20.13 | 0.96465 28.00 22.91 22.10 
0.97030 23.06 18.75 18.20 | 0.96749 25.55 20.84 20.17 | 0.96459 28.05 22.95 22.14 
0.97025 23.10 18.79 18.24 | 0.96744 25.60 20.89 20.21 | 0.96454 28.10 23.00 22.18 
0.97019 23.16 18.83 18.28 | 0.96738 25.65 20.93 20.25 | 0.96448 28.15 23.04 22.22 
0.97013 23.20 18.88 18.31 | 0.96733 25.70 20.97 20.29 | 0.96442 28.20 23.08 22.26 

0.97007 23.25 18.92 18.35 | 0.96727 25.75 21.01 20.33 | 0.96436 28.25 23.12 22.30 
0.97002 23.30 18.96 18.39 | 0.96722 25.80 21.06 20.37 | 0.96480 28.30 23.17 22.34 
0.96996 23.36 19.00 18.43 | 0.96716 25.85 21.10 20.41 | 0.96424 28.35 23.21 22.38 
0.96991 23.40 19.04 18.47 | 0.96710 25.90 21.14 20.44 | 0.96418 28.40 23.25 22.42 
0.96985 23.45 19.08 18.51 | 0.96704 25.95 21.18 20.48 | 0.96412 28.45 23.29 22.46 

0.96980 23.50 19.13 18.55 | 0.96629 26.00 21.22 20.52 | 0.96406 28.50 23.33 22.50 
0.96974 23.565 19.17 18.59 | 0.96693 26.05 21.26 20.56 | 0.96400 28.55 23.87 22.54 
0.96969 23.60 19.21 18.63 | 0.96687 26.10 21.31 20.60 | 0.96393 28.60 23.42 22.57 
0.96963 23.66 19.25 18.67 | 0.96681 26.15 21.35 20.64 | 0.96387 28.65 23.46 22.61 
0.96958 23.70 19.29 18.71 | 0.96675 26.20 21.39 20.68 | 0.96381 28.70 23.61 22.65 

0.96952 23.75 19.83 18.75 | 0.96669 26.25 21.48 20.72 | 0.96375 28.75 28.65 22.69 
0.96947 23.80 19.388 18.79 | 0.96664 26.30 21.48 20.76 | 0.96369 28.80 23.69 22.73 
0.96941 23.85 19.42 18.83 | 0.96658 26.35 21.62 20.80 | 0.96363 28.85 23.63 22.77 
0.96936 23.90 19.46 18.87 | 0.96653 26.40 21.56 20.84 | 0.96357 28.90 23.67 22.81 
0.96930 23.95 19.50 18.91 | 0.96647 26.45 21.60 20.88 | 0.96351 28.95 23.71 22.85 

0.96925 24.00 19.55 18.94 | 0.96641 2€.50 21.64 20.92 | 0.96346 29.00 23.76 22.89 
0.96919 24.05 19.59 18.98 | 0.96635 26.55 21.68 20.96 | 0.96340 29.05 23.80 22.93 
0.96913 24.10 19.63 19.02 | 0.966830 26.60 21.73 21.00 | 0.96334 29.10 23.84 22.97 
0.96907 24.15 19.67 19.06 | 0.96624 26.65 21.77 21.04 | 0.96328 29.15 23.88 23.01 
0.96902 24.20 19.71 19.10 | 0.96618 26.70 21.81 21.08 | 0.96322 29.20 23.98 23.05 
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TABLE 16.—ALCOHOL TABLE.—Continued. 

REC LRTG ALCOHOL SPECIFIC ALCOHOL SPECIFIC 

GRAVITY GRAVITY GRAVITY 
20° C. Per cent Per | Grams 20° C. Per cent | Per | Grams 20° C. 
P by volumej|cent by| _ per 4° by volumejcent by] _ per 4° 

at 20° C. | weight | 100 cc. at 20°C. | weight | 100 cc. 

0.96316 29.25 23.97 23.09 | 0.96005 31.75 26.10 25.06 | 0.95669 
0.96310 29.30 24.01 23.13 | 0.95998 31.80 26.15 25.10 | 0.95662 

0.96304 29.35 24.05 23.17 | 0.95992 31.85 26.19 25.14 | 0.95655 

0.96297 29.40 24.10 23.21 | 0.95985 31.90 26.23 25.18 | 0.95648 

0.96291 29.45 24.14 23.25 | 0.95979 31.95 26.27 25.22 | 0.95641 

0.96285 29.50 24.18 23.29 | 0.95972 32.00 26.82 25.26 | 0.95634 

0.96279 29.55 24.22 23.33 | 0.95965 32.05 26.386 25.30 | 0.95627 
0.96273 29.60 24.27 23.36 | 0.95958 32.10. 26.41 25.34 | 0.95619 

0.96267 29.65 24.81 23.40 | 0.95952 32.15 26.45 25.38 | 0.95612 

0.96261 29.70 24.85 23.44 | 0.95945 32.20 26.49 25.42 | 0.95605 

0.96255 29.75 24.89 23.48 | 0.95989 32.25 26.58 25.46 | 0.95598 

0.96248 29.80 24.44 23.52 | 0.95932 32.30 26.68 25.50 | 0.95591 
0.96242 29.85 24.48 23.56 | 0.95926 32.35 26.62 25.54 | 0.95584 

0.96236 29.90 24.52 23.60 | 0.95920 32.40 26.66 25.58 | 0.95577 
0.96230 29.95 24.56 23.64 | 9.95913 32.45 26.70 25.61 | 0.95570 

0.96224 30.00 24.61 23.68 | 0.95906 32.50 26.75 25.64 | 0.95563 
0.96218 30.05 24.65 23.72 | 9.95900 32.55 26.79 25.68 | 0.95556 
0.96211 30.10 24.69 23.76 | 0.95893 32.60 26.83 25.72 | 0.95549 
0.96205 30.15 24.78 23.80 | 0.95887 32.65 26.87 25.76 | 0.95542 

0.96199 30.20 24.78 23.84 | 0.95880 32.70 26.92 25.80 | 0.95535 

0.96193 30.25 24.82 23.88 | 0.95873 32.75 26.96 25.84 | 0.95528 
0.96187 30.30 24.87 23.92 | 0.95866 32.80 27.01 25.89 | 0.95521 

0.96181 30.35 24.91 23.96 | 0.95859 32.85 27.06 25.93 | 0.95513 

0.96175 30.40 24.95 24.00 | 0.95852 32.90 27.09 25.97 | 0.95506 

0.96169 30.45 24.99 24.04 | 0.95846 32.95 27.13 26.01 | 0.95499 

0.96163 380.50 26.04 24.08 | 0.95839 33.00 27.18 26.05 | 0.95492 
0.96157 30.55 25.08 24.12 | 0.95833 33.05 27.22 26.09 | 0.95485 
0.96150 30.60 25.12 24.15 | 0.95826 33.10 27.27 26.13 | 0 95478 
0.96144 30.65 25.16 24.19 | 0.95819 33.15 27.31 26.17 | 0.95470 

0.96138 30.70 25.21 24.23 | 0.95812 33.20 27.35 26.21 | 0.95463 

0.96132 30.75 26.25 24.27 | 0.95806 33.25 27.389 26.25 | 0.95456 
0.96125 30.80 26.30 24.31 | 0.95799 33.30 27.44 26.29 | 0.95449 
0.96119 30.85 25.34 24.35 | 0.95792 33.35 27.48 26.33 | 0.95441 
0 96112 30.90 25.88 24.39 | 0.95785 33.40 27.52 26.36 | 0.95434 
0.96106 30.95 25.42 24.43 | 0.95778 33.45 27.56 26.40 | 0.95426 

0.96100 $31.00 25.46 .24.47 | 0.95771 33.50 27.61 26.44 | 0.95419 

0.96094 31.05 25.50 24.51 | 0.95764 33.55 27.65 26.48 | 0.95412 

0.96088 31.10 25.55 24.55 | 0.95757 33.60 27.70 26.52 | 0.95405 
0.96082 $1.15 25.59 24.59 | 0.95751 33.65 27.74 26.56 | 0.95397 
0.96075 31.20 25.63 24.63 | 0.95745 33.70 27.78 26.60 | 0.95390 

0.96069 31.25 25.67 24.67 | 0.95738 33.76 27.82 26.64 | 0.95382 
0.96062 $1.30 25.72 24.71 | 0.95731 33.80 27.87 26.68 | 0.95375 

0.96056 31.86 25.76 24.75 | 0.95724 33.85 27.91 26.72 | 0.95367 
0.96049 31.40 25.81 24.79 | 0.95717 33.90 27.96 26.76 | 0.95360 
0.96043 31.45 25.85 24.83 | 0.95710 33.95 28.00 26.80 | 0.95353 

0.96036 31.60 25.89 24.86 | 0.95703 34.00 28.04 26.84 | 0.95346 
0.96030 31.65 25.93 24.90 | 0.95696 34.05 28.08 26.88 | 0.95338 

0.96024 31.60 25.98 24.94 | 0.95689 34.10 28.13 26.92 | 0.95331 
0.96018 31.65 26.02 24.98 | 0.95682 34.15 28.17 26.96 | 0.95323 
0.96011 31.70 26.06 25.02 | 0.95675 34.20 28.22 26.99 | 0.95315 

Per cent 
by volume 
at 20°C. 

34.25 
34.30 
34.35 
34.40 
34.45 

34.50 
34.55 
34 60 
34.65 
34.70 

34.75 
34.80 
34.85 
34.90 
34.95 

35.00 
35.05 
35.10 
35.15 
35.20 

35.25 
35.30 
35.35 
35.40 
35.45 

35.50 
35.55 
35.60 
35.65 
35.70 

35.75 
35.80 
35.85 
35.90 
35.95 

36.00 
36.05 
36.10 
36.15 
36.20 

36.25 
36.30 
36.35 
36.40 
36.45 

36.50 
36.55 
36.60 
36.65 
36.70 
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Per 
cent by 
weight 

28.26 
28.30 
28.34 
28.39 
28.43 

28.48 
28.62 
28.56 
28.60 
28.65 

28.69 
28.74 
28.78 
28.82 
28.86 

28.91 
28.95 
29.00 
29 04 
29.08 

29.12 
29.17 
29.21 
29.26 
29.30 

29.34 
29.38 
29.43 
29 47 
29.52 

29.66 
29.61 
29.65 
29.69 
29.73 

29.78 
29.82 
29.87 
29.91 
29.96 

29.99 
30.04 
80.09 
30.13 
80.17 

80.22 
30.26 
30.31 
30.35 
30.39 
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5 TABLE 16.—ALCOHOL TABLE.—Continued. 

SPECIFIC Aron SPECIFIC SCOOT: SPECIFIC COOL 
GRAVITY GRAVITY GRAVITY 

20° C. Per cent | Per | Grams 20° C. Per cent | Per | Grams 20° C. Per cent | Per | Grams 
ro by volumejcent by} per 4° by volumejcent by per 4° by volumej|cent by} per 

at 20° C. | weight | 100 cc at 20°C. | weight | 100 ec. at 20°C. | weight | 100 ce. 

0.95308 36.75 30.43 29.01 | 0.94926 39.25 32.63 30.99 | 0.94519 41.75 34.86 32.96 
0.95301 36.80 30.48 29.05 | 0.94918 39.30 32.68 31.02 | 0.94510 41.80 34.91 33.00 
0.95294 36.85 380.52 29.09 | 0.94910 39.35 82.72 31.06 | 0.94502 41.85 34.95 33.04 
0.95287 36.90 30.57 29.13 | 0.94901 39.40 382.77 31.10 | 0.94494 41.90 35.00 33.07 
0.95279 36.95 30.61 29.17 | 0.94893 39.45 32.81 31.14] 0.94486 41.95 35.04 33.11 

0.95272 37.00 30.66 29.21 | 0.94885 39.50 32.86 31.18 | 0.94477 42.00 35.09 33.15 
0.95264 37.05 30.70 29.25 | 0.94877 39.55 32.90 31.22 | 0.94469 42.05 35.13 33.19 
0.95257 37.10 30.74 29.29 | 0.94869 39.60 32.96 31.26 | 0.94460 42.10 35.18 33.23 
0.95249 37.15 30.78 29.33 | 0.94861 39.65 32.99 31.30 | 0.94452 42.15 385.22 33.27 
0.95242 37.20 30.83 29.36 | 0.94853 39.70 383.04 31.34] 0.94443 42.20 35.27 33.31 

0.95234 37.25 30.87 29.40 | 0.94845 39.75 383.08 31.38 | 0.94435 42.25 35.31 33.35 
0.95227 37.30 30.92 29.44 | 0.94837 39.80 33.13 31.42 | 0.94427 42.30 35.36 33.39 
0.95219 37.35 30.96 29.48 | 0.94829 39.85 33.17 31.46 | 0.94419 42.85 35.40 33.43 
0.95211 37.40 31.01 29.52 | 0.94821 39.90 33.22 31.50 | 0.94410 42.40 36.45 33.47 
0.95203 37.45 31.06 29.56 | 0.94813 39.95 33.26 31.54 | 0.94402 42.45 35.49 33.51 

0.95196 37.50 31.09 29.60 | 0.94805 40.00 33.80 31.57 | 0.94893 42.650 35.54 33.55 
0.95188 37.66 31.13 29.64 | 0.94797 40.05 33.34 31.61 | 0.94885 42.55 35.58 33.59 
0.95181 37.60 31.18 29.68 | 0.94789 40.10 33.39 31.65 | 0.94376 42.60 35.63 33.63 
0.95173 37.66 31.22 29.72 | 0.94781 40.15 33.43 31.69 | 0.943868 42.65 35.67 33.67 
0.95166 37.70 31.27 29.76 | 0.94773 40.20 33.48 31.73 | 0.94359 42.70 385.72 33.71 

0.95158 37.75 31.31 29.80 | 0.94765 40.26 33.52 31.77 | 0.94351 42.75 35.76 33.75 
0.95151 37.80 31.36 29.84 | 0.94757 40.30 33.57 31.81 | 0.94342 42.80 35.81 33.78 
0.95143 37.85 31.40 29.88 | 0.94749 40.35 383.61 31.85 | 0.94334 42.85 35.85 33.82 
0.951385 37.90 381.45 29.92 | 0.94741 40.40 33.66 31.89 | 0.94325 42.90 35.90 33.86 
0.95127 37.95 31.49 29.96 | 0.94733 40.46 383.70 31.93 | 0.94317 42.95 35.94 33.90 

0.95120 38.00 31.53 29.99 | 0.94725 40.50 33.75 31.97 | 0.94308 48.00 35.99 33.94 
0.95112 38.05 31.57 30.03 | 0.94717 40.65 33.79 32.01 | 0.94300 48.05 36.03 33.98 
0.95104 38.10 31.62 30.07 | 0.94708 40.60 33.84 32.05 | 0.94291 42.10 36.08 34.02 
0.95096 38.15 31.66 30.11 | 0.94700 40.65 33.88 32.09 | 0.94283 48.15 36.12 34.06 
0.95089 38.20 31.71 30.15 | 0.94692 40.70 33.98 32.13 | 0.94274 48.20 36.17 34.10 

0.95081 38.25 31.75 30.19 | 0.94684 40.75 33.97 32.17 | 0.94265 438.25 36.21 34.14 
0.95074 38.30 31.80 30.23 | 0.94676 40.80 34.02 32.20 | 0.94256 48.30 36.26 34.18 
0.95066 38.35 31.84 30.27 | 0.94668 40.85 34.06 32.24] 0.94248 48.35 386.30 34.22 
0.95058 38.40 31.89 30.31 | 0.94659 40.90 34.11 32.28 | 0.94239 43.40 36.35 34.26 
0.95050 38.45 31.938 30.35 | 0.94651 40.95 34.16 32.32 | 0.94231 438.45 36.89 34.30 

0.95043 38.50 31.97 30.39 | 0.94643 41.00 34.19 32.36 | 0.94222 43.50 36.44 34.34 
0.95035 38.55 32.01 30.43 | 0.94635 41.05 34.238 32.40 | 0.94214 48.55 36.48 34.38 
0.95027 38.60 32.06 30.47 | 0.94627 41.10 34.28 32.44 | 0.94205 43.60 36.53 34.42 
0.95019 38.65 32.10 30.51 | 0.94619 41.15 34.32 32.48 | 0.94197 48.65 36.57 34.46 
0.95011 38.70 32.15 30.55 | 0.94610 41.20 34.37 32.52 | 0.94188 43.70 36.62 34.49 

0.95003 38.75 32.19 30.59 | 0.94602 41.25 34.41 32.56 | 0.94179 48.75 36.66 34.53 
0.94996 38.80 32.24 30.63 | 0.94594 41.30 34.46 32.60 | 0.94170 43.80 36.71 34.57 
0.94988 38.85 32.28 30.67 | 0.94586 41.35 34.50 32.64 |0.94161 43.85 36.75 34.61 
0.94980 38.90 32.33 30.71 | 0.94577 41.40 34.55 32.68 | 0.94152 48.90 36.80 34.65 
0.94972 38.95 32.37 30.75 | 0.94569 41.45 34.59 32.72 | 0.94144 43.95 36.84 34.69 

0.94964 39.00 32.42 30.79 | 0.94560 41.50 34.64 32.76 | 0.94135 44.00 36.89 34.73 
0.94956 39.05 32.46 30.83 | 0.94552 41.55 34.68 32.80 | 0.94126 44.05 36.94. 34.77 
0.94949 39.10 32.51 30.87 | 0.94544 41.60 34.73 32.84] 0.94117 44.10 36.99 34.81 
0.94941 39.15 32.55 30.91 | 0.94536 41.65 34.77 32.88 | 0.94108 44.16 37.03 34.85 
0.94934 39.20 32.59 30.95 | 0.94527 41.70 34.82 32.92 | 0.94099 44.20 37.08 34.89 
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TABLE 16.—ALCOHOL TABLE.—Continued. 

ee ALCOHOL SoROrTG ALCOHOL micens. ALCOHOL 

GRAVITY GRAVITY SS 
20°C. | Percent | Per | Grams 20°C. | Per cent | Per | Grams 20°C. | Percent | Per , Grams 
4° by volume|cent by per 4° by volume|cent by per 4° by volume]cent by per 

at 20° C. | weight | 100 ec. at 20° C. | weight | 100 ce. at 20°C. | weight | 100 cc. 

0.94091 44.25 37.12 34.93 | 0.93638 46.75 39.41 36.90 | 0.93164 49.265 41.72 38.87 
0.94082 44.80 37.17 34.97 | 0.93629 46.80 39.46 36.94 | 0.93155 49.30 41.77 38.91 
0.94073 44.385 37.21 35.01 | 0.93619 46.85 39.50 36.98 | 0.93145 4935 41.82 38.95 
0.94064 44.40 37.26 35.05] 0.93610 46.90 39.55 37.02 | 0.93136 49.40 41.87 38.99 
0.94055 44.45 37.30 35.09 | 0.93600 46.95 39.59 37.06 | 0.93126 49.46 41.91 39.03 

0.94046 44.50 37.35 35.13 | 0.93591 47.00 39.64 37.10 | 0.93116 49.50 41.96 39.07 
0.94037 44.55 37.39 35.17 | 0.93582 47.05 39.68 37.14] 0.93106 49.65 42.01 39.11 
0.94028 44.60 37.44 35.20 | 0.93573 47.10 39.73 37.18 | 0.93096 49.60 42.06 39.15 

94020 44.65 37.48 35.24 | 0.93563 47.15 39.77 37.22 | 0.93086 49.65 42.10 39.19 
94011 44.70 37.53 35.28 | 0.93554 47.20 39.82 37.26 | 0.93076 49.70 42.15 39.23 

94002 44.75 37.57 35.32 | 0.93545 47.25 39.87 37.30 | 0.93066 49.75 42.19 39.27 
93993 44.80 37.62 35.36 | 0.93536 47.30 39.92 37.34 | 0.93056 49.80 42.24 39.31 
93984 44.85 37.66 35.40 | 0.93526 47.35 39.96 37.38 | 0.93046 49.85 42.29 39.35 
93975 44.90 37.71 35.44] 0.93517 47.40 40.01 37.42 | 0.93036 49.90 42.34 39.39 
93966 44.95 37.75 35.48 | 0.93507 47.465 40.05 37.46 | 0.93026 49.95 42.38 39.43 

93957 45.00 37.80 35.52 | 0.93498 47.50 40.10 37.49 | 0.93017 50.00 42.43 39.47 
93948 45.05 37.85 35.56 | 0.93488 47.55 40.14 37.53 | 0.93007 60.06 42.47 39.51 
93939 45.10 37.90 35.60 | 0.93479 47.60 40.19 37.57 | 0.92997 60.10 42.562 39.55 
93931 45.15 37.94 35.64 | 0.93470 47.65 40.24 37.61 | 0.92987 50.15 42.57 39.59 

0.93922 45.20 37.99 35.68 | 0.93461 47.70 40.29 37.65 | 0.92977 50.20 42.62 39.63 

0.93912 45.25 38.03 35.72 | 0.93451 47.75 40.33 37.69 | 0.92967 560.25 42.66 39.67 
0.93903 45.30 38.08 35.76 | 0.93442 47.80 40.38 37.73 | 0.92957 60.30 42.71 39.70 
0.93894 45.35 38.12 35.80 | 0.93482 47.85 40.42 37.77 | 0.92947 60.35 42.76 39.74 
0.93885 45.40 38.17 35.84 | 0.93423 47.90 40.47 37.81 | 0.92938 60.40 42.81 39.78 
0.93876 45.45 38.21 35.88 | 0.93413 47.95 40.51 37.85 | 0.92928 60.45 42.85 39.82 

0.93867 45.50 38.26 35.92 | 0.93404 48.00 40.56 37.89 | 0.92918 60.60 42.90 39.86 
0.93858 45.55 38.30 35.96 | 0.93394 48.05 40.61 37.93 | 0.92908 560.55 42.94 39.90 
0.93849 45.60 38.35 35.99 | 0.93385 48.10 40.66 37.97 | 0.92898 60.60 42.99 39.94 
0.93840 45.65 38.39 36.03 | 0.93375 48.15 40.70 38.01 | 0.92888 60.65 43.04 39.98 
0.93831 45.70 38.44 36.07 | 0.93366 48.20 40.75 38.05 | 0.92879 60.70 43.09 40.02 

0.93822 45.75 38.49 36.11 | 0.93356 48.25 40.79 38.09 | 0.92869 60.75 43.13 40.06 
0.93813 45.80 38.54 36.15 | 0.93347 48.30 40.84 38.13 | 0.92859 60.80 43.18 40.10 
0.93803 45.85 38.68 36.19 .93337 48.35 40.89 38.17 | 0.92849 560.85 43.23 40.14 
0.93794 45.90 38.63 36.23 93328 48.40 40.94 38.21 .92839 60.90 43.28 40.18 

93785 46.95 38.67 36.27 .93318 48.45 40.98 38.25 .92829 60.95 43.32 40.22 

.93308 48.60 41.03 38.29 92818 61.00 43.37 40.26 
48.55 41.07 38.33 .92808 61.05 43.42 40.30 
48.60 41.12 38.36 .92798 61.10 43.47 40.34 
48.65 41.16 38.40 92788 61.16 43.51 40.38 
48.70 41.21 38.44 .92778 61.20 43.66 40.42 

0 
0 

0 
0 
0 
0 
0 

.93260 48.75 41.26 38.48 | 0.92768 5125 43.60 40.46 
93251 48.80 41.31 38.52 | 0.92759 61.30 43.65 40.49 

41.8 56 | 0 
0 
0 

0 
0 
0 
0 
0 

93776 46.00 38.72 36.31 
93767 46.05 38.76 36.35 
93758 46.10 38.81 36.39 
93749 46.15 38.85 36.43 
93740 46.20 38.90 36.47 

9373 46.25 38.95 36.51 
93721 46.30 39.00 36.55 
93712 46.35 389.04 36.59 
93703 46.40 39.09 36.63 
.93693 46.45 39.13 36.67 

93241 48.85 8 92749 61.35 43.70 40.53 
93232 48.90 41.40 38.60 92739 51.40 43.75 40.57 
93222 48.95 41.44 38.64 92729 61.45 43.79 40.61 

93684 46.50 39.18 36.70 | 0.93213 49.00 
93675 46.55 39.22 36.74 | 0.93203 49.05 

4 92719 61.50 43.84 40.65 
i 41 .é 

93666 46.60 39.27 36.78 | 0.93194 49.10 41.5! 
/ 
+ 

f 

92709 61.55 43.89 40.69 
.92699 61.60 43.94 40.73 
92689 61.65 43.98 40.77 

44.03 40.81 
93656 46.65 39.31 36.82 | 0.93184 49.15 

0.93647 46.79 389.36 36.86 | 0.93174 49.20 92678 61.70 

= 
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5 TABLE 16.—ALCOHOL TABLE.—Continued. 

=e ALCOHOL aeEcune ALCOHOL PoRGaG ALCOHOL 

GRAVIT GRAVITY GRAVITY 
20°C. Per cent Per | Grams 20° C. Per cent Per Grams 20°C. Per cent | Per Grams 
Toi by volumejcent by} _ per ee by volume|cent by} per 4° by volume|cent by| per 

at 20° C. H weight | 100 ec at 20°C. | weight | 100 ce. at 20° C. | weight | 100 ce. 

0.92668 61.75 44.08 40.85 | 0.92157 64.25 46.46 42.82 | 0.91629 66.75 48.89 44.80 
0.92658 61.80 44.13 40.89 | 0.92147 64.30 46.51 42.86 | 0.91618 66.80 48.94 44.83 
0.92648 61.85 44.17 40.93 | 0.92137 654.35 46.56 42.90 | 0.91608 56.85 48.98 44.87 
0.92637 51.90 44.22 40.97 | 0.92126 54.40 46.61 42.94] 0.91597 66.90 49.03 44.91 
0.92627 61.95 44.26 41.01 | 0.92116 54.45 46.66 42.98 | 0.91586 66.95 49.08 44.95 

0.92617 62.00 44.37 41.05 | 0.92105 64.50 46.71 438.02 | 0.91575 67.00 49.18 44.99 
0.92607 52.05 44.36 41.09 | 0.92095 64.55 46.75 43.06 | 0.91565 57.06 49.18 45.03 
0.92597 52.10 44.41 41.13 | 0.92084 654.60 46.80 43.10 | 0.91554 567.10 49.23 45.07 
0.92587 52.165 44.46 41.17 | 0.92074 64.65 46.85 43.14 | 0.91543 67.15 49.28 45.11 
0.92577 62.20 44.61 41.20 | 0.92063 64.70 46.90 43.18 | 0.91532 67.20 49.33 45.15 

0.92567 62.25 44.55 41.24 | 0.92053 64.75 46.94 43.22] 0.91521 67.25 49.88 45.19 
0.92557 652.30 44.60 41.28 | 0.92042 54.80 46.99 43.26 | 0.91510 67.30 49.43 45.23 
0.92547 62.36 44.65 41.32 | 0.92032 54.85 47.04 43.30 | 0.91500 657.35 49.47 45.27 
0.92537 62.40 44.70 41.36 | 0.92021 54.90 47.09 43.34] 0.91489 67.40 49.52 45.31 
0.92527 62.45 44.74 41.40 | 0.92011 64.95 47.14 43.38 | 0.91478 57.45 49.67 45.35 

0.92516 62.650 44.79 41.44) 0.92000 55.00 47.19 43.42 | 0.91467 57.50 49.62 45.39 
0.92506 62.56 44.84 41.48 | 0.91990 55.05 47.24 43.46 | 0.91457 567.55 49.67 45.48 
0.92496 562.60 44.89 41.52] 0.91979 565.10 47.29 43.49 | 0.91446 567.60 49.72 45.47 
0.92486 62.65 44.93 41.56) 0:91969 65.15 47.33 43.53 | 0.91435 67.65 49.77 45.51 
0.92476 52.70 44.98 41.60 | 0.91958 55.20 47.388 43.57 | 0.91424 67.70 49.82 45.55 

0.92466 562.75 45.03 41.64] 0.91948 65.25 47.43 43.61] 0.91414 57.75 49.87 45.59 
0.92455 562.80 45.08 41.68 | 0.91937 56:30 47.48 43.65 | 0.91403 57.80 49.92 45.63 
0.92445 62.85 45.12 41.72 | 0.91927 655.35 47.53 43.69 | 0.91392 57.85 49.96 45.67 
0.92434 62.90 45.17 41.76 | 0.91916 65.40 47.58 43.73 | 0.91381 57.90 460.01 45.70 
0.92424 62.95 45.22 41.80 | 0.91906 55.45 47.62 43.77 | 0.91370 67.95 50.06 45.74 

0.92414 563.00 45.27 41.83 | 0.91895 655.60 47.67 43.81 | 0.91359 68.00 450.11 45.78 
0.92404 63.05 45.31 41.87 | 0.91885 65.55 47.72 43.85 | 0.91348 68.06 60.16 45.82 
0.92394 563.10 45.36 41.91 | 0.91874 565.60 47.77 43.89 | 0.91337 68.10 50.21 45.86 
0.92384 53.15 45.41 41.95 | 0.91864 55.65 47.82 43.93 | 0.91326 68.15 50.26 45.90 
0.92373 53.20 45.46 41.99 | 0.91853 65.70 47.87 43.97 | 0.91315 68.20 60.31 45.94 

0.92363 63.25 45.51 42.03 | 0.91842 65.75 47.91 44.01 | 0.91304 658.25 50.36 45.98 
0.92353 563.30 45.56 42.07 | 0.91831 55.80 47.96 44.04 | 0.91293 58.30 40.41 46.02 
0.923438 53.35 45.60 42.11 | 0.91821 655.85 48.01 44.08 | 0.91282 68.35 60.46 46.06 
0.92332 53.40 45.65 42.15 | 0.91810 55.90 48.06 44.12} 0.91271 68.40 40.51 46.10 
0.92322 53.45 45.70 42.19 | 0.91800 655.95 48.11 44.16 | 0.91261 58.45 450.55 46.14 

0.92312 63.50 45.75 42.23 | 0.91789 66.00 48.16 44.20 | 0.91250 58.50 450.60 46.17 
0.92302 53.55 45.79 42.27 | 0.91779 656.05 48.20 44.24 | 0.91239 58.55 50.65 46.21 
0.92291 53.60 45.84 42.31] 0.91768 56.10 48.25 44.28 | 0.91228 68.60 450.70 46.25 
0.92281 53.65 45.89 42.35 | 0.91758 66.15 48.30 44.32] 0.91217 58.65 60.75 46.29 
0.92271 53.70 45.94 42.39 | 0.91747 66.20 48.35 44.36 | 0.91206 58.70 60.80 46.33 

0.92261 63.75 45.98 42.43 | 0.91736 56.25 48.40 44.40 | 0.91194 58.75 50.85 46.37 
0.92250 53.80 46.03 42.47 | 0.91725 56.30 48.45 44.44 | 0.91183 58.80 50.90 46.41 
0.92240 53.85 46.08 42.51] 0.91715 66.35 48.50 44.48 | 0.91171 58.85 60.95 46.45 
0.92230 53.90 46.13 42.55] 0.91704 56.40 48.55 44.52 | 0.91160 68.90 461.00 46.49 
0.92220 563.95 46.18 42.59 | 0.91694 66.45 48.59 44.56 | 0.91149 68.95 461.05 46.53 

0.92209 54.00 46.23 42.62] 0.91683 56.50 48.64 44.60 | 0.91138 59.00 61.10 46.57 
0.92199 64.05 46.27 42.66 | 0.91672 56.55 48.69 44.64 | 0.91127 59.05 61.15 46.61 
0.92188 54.10 46.32 42.70 | 0.91661 56:60 48.74 44.68 | 0.91116 69.10 51.20 46.65 
0.92178 54.15 46.36 42.74 | 0.91650 656.65 48.79 44.72] 0.91104 59.15 51.25 46.69 
0.92167 54.20 46.41 42.78 | 0.91639 56.70 48.84 44.76 | 0.91093 59.20 51.30 46.73 
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TABLE 16.—ALCOHOL TABLE.—Continued. 

SPECIFIC pated ) SPECIFIC EHEC) SPECIFIC ABESIEIS 
GRAVITY GRAvIty |—————————_——_———_|_ eravity 
20° C. Percent | Per Grams 20°C. Per cent | Per Grams 20°C. Per cent | Per Grams 
4° by volume|cent by per 4° by volumejcent by per 4° by volume|cent by per 

at 20°C. | weight | 100 ce. at 20°C. | weight | 100 ce. at 20°C. | weight | 100 ce 

0.91082 59.25 461.85 46.77 | 0.90520 61.75 43.85 48.74 | 0.89942 64.25 56.39 50.72 
0.91071 59.30 61.40 46.81 | 0.90509 61.80 63.90 48.78 | 0.89930 64.30 56.44 50.76 
0.91060 59.36 61.45 46.85 | 0.90497 61.85 53.95 48.82 | 0.89918 64.35 456.49 50.80 
0.91049 59.40 451.50 46.89 | 0.90486 61.90 454.00 48.86 | 0.89907 64.40 56.54 50.83 
0.910388 59.45 61.55 46.93 | 0.90474 61.95 54.05 48.90 | 0.89895 64.45 56.59 50.87 

0.91027 59.50 461.60 46.97 | 0.90463 62.00 454.10 48.94 | 0.89884 64.50 56.64 50.91 
0.91016 69.55 461.65 47.01 | 0.90451 62.05 64.15 48.98 | 0.89872 64.55 466.70 50.95 
0.91005 69.60 41.70 47.05 | 0.90440 62.10 464.20 49.02 | 0.89861 64.60 46.75 50.99 
0.90993 59.65 451.74 47.09 | 0.90428 62.15 54.25 49.06 | 0.89849 64.65 46.80 51.03 
0.90982 59.70 61.79 47.12 | 0.90417 62.20 54.30 49.10 | 0.89837 64.70 66.85 51.07 

0.90971 59.75 51.84 47.16 | 0.90406 62.25 54.35 49.14 | 0.89825 64.75 66.90 51.11 
0.90960 59.80 61.89 47.20 | 0.90395 62.30 64.40 49.18 | 0.89814 64.80 466.95 51.15 
0.90949 59.85 51.94 47.24 | 0.90383 62.35 54.45 49.22 | 0.89802 64.85 47.00 51.19 
0.909388 59.90 51.99 47.28 | 0.90872 62.40 654.50 49.25 | 0.89791 64.90 47.05 51.23 
0.90926 59.95 52.04 47.32 | 0.90360 62.46 54.55 49.29 | 0.89779 64.95 67.11 51.27 

0.90915 60.00 52.09 47.36 | 0.90349 62.50 54.60 49.33 | 0.89767 65.00 47.16 51.31 
0.90904 60.05 52.14 47.40 | 0.90337 62.65 54.66 49.37 | 0.89755 66.05 67.21 51.35 
0.90893 60.10 52.19 47.44 | 0.90326 62.60 54.71 49.41 | 0.89744 65.10 57.26 51.39 
0.90882 60.15 52.24 47.48 | 0.90314 62.65 64.76 49.45 | 0.89732 65.16 457.31 51.48 
0.90871 60.20 62.29 47.52 | 0.90302 62.70 64.81 49.49 | 0.89720 65.20 47.36 51.47 

0.90859 60.25 52.34 47.56 | 0.90290 62.75 54.86 49.53 | 0.89708 65.26 467.41 51.51 
0.90848 60.30 52.39 47.60 | 0.90279 62.80 64.91 49.57 | 0.89696 65.30 67.46 51.55 
0.908387 60.35 642.44 ° 47.64 .90267 62.85 54.96 49.61 | 0.89684 65.35 67.52 51.59 
0.90826 60.40 52.49 47.68 | 0.90256 62.90 55.01 49.65 | 0.89672 65.40 67.57 51.63 
0.90814 60.45 462.54 47.72 90244 62.95 55.06 49.69 | 0.89660 65.45 67.62 51.67 

0.90803 60.50 642.59 47.76 90233 63.00 55.11 49.73 | 0.89649 65.50 457.67 51.71 
0.90792 60.565 62.64 47.80 90221 63.05 655.16 49.77 | 0.89637 65.65 47.72 51.75 
0.90781 60.60 452.69 47.84 90210 63.10 55.21 49.81 | 0.89626 65.60 67.77 51.78 
0.90769 60.65 62.74 47.88 90198 63.15 55.26 49.85 | 0.89614 65.65 467.83 51.82 
0.90758 60.70 62.79 47.91 90187 63.20 55.31 49.89 | 0.89602 65.70 467.88 51.86 

0.90747 60.75 652.84 47.95 90175 63.25 55.37 49.93 | 0.89590 65.75 47.93 51.90 
0.90736 60.80 52.89 47.99 .90163 63.30 55.42 49.97 | 0.89578 65.80 467.98 51.94 
0.90724 60.85 62.94 48.03 90151 63.35 455.47 50.01 | 0.89566 65.85 468.04 51.98 
0.90713 60.90 62.99 48.07 90140 63.40 55.52 50.04 | 0.89554 65.90 68.09 52.02 
0.90701 60.95 63.04 48.11 .90128 63.45 45.57 50.08 | 0.89542 65.95 68.14 52.06 

0.90690 61.00 453.09 48.15 90117 63.50 455.62 50.12 | 0.89531 66.00 68.19 52.10 
0.90678 61.05 53.14 48.19 90105 63.55 45.67 50.16 .89519 66.05 68.24 52.14 
0.90667 61.10 63.19 48.23 90094 63.60 55.72 50.20 .89507 66.10 58.29 52.18 
.90656 61.15 63.24 48.27 90082. 63.65 455.77 50.24 .89495 66.15 58.35 52.22 
90645 61.20 63.29 48.31 90070 63.70 55.82 50.28 .89483 66.20 68.40 52.26 

0 
0 
0 
0 

90633 61.25 63.34 48.35 90059 63.75 55.88 50.32 | 0.89471 66.25 48.45 52.30 
90622 61.30 63.39 48.39 90048 63.80 65.93 50.36 | 0.89459 66.30 68.60 52.33 
90610 61.35 53.44 48.43 90036 63.85 55.98 50.40 | 0.89447 66.35 58.65 52.37 

0 
0 

0 
0 
0 
0 
0 

90599 61.40 63.49 48.47 90025 63.90 466.03 50.44 894385 66.40 68.60 52.41 
90588 61.45 53.55 48.51 90013 63.95 56.08 50.48 89423 66.45 58.66 52.45 

89411 66.50 68.71 52.49 
.89399 66.55 68.76 52.53 
.89387 66.60 68.81 52.57 
89375 66.65 458.87 52.61 
.89363 66.70 68.92 52.65 

90577 61.50 53.60 48.55 
90565 61.55 53.65 48.59 
.90554 61.60 53.70 48.62 

0.90543 61.65 53.75 48.66 
0.90532 61.70 453.80 48.70 

90001 64.00 456.13 50.52 
.89989 64.05 46.18 50.56 
.89978 64.10 46.23 50.60 
.89966 64.15 66.29 50.64 
.89954 64.20 46.34 50.68 

oso 99999 SO 
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TABLE 16.—ALCOHOL TABLE.—Continued. 

SPECIFIC Or. SPECIFIC SPECIFIC Meer) 
GRAVITY GRAVITY GRAVITY 
20°C. Per cent | Per 20°C. Per cent Grams 20°C. Per cent | Per 
2 by volume|cent by 4° by volume per go my by volume|cent by 

at 20°C. | weight at 20° C. 100 ee. at 20°C. | weight 

0.89351 66.75 458.97 0.88744 69.25 54.66 | 0.88120 71.75 64.27 
0.89339 66.80 459.02 0.88732 69.30 54.70 | 0.88107 71.80 64.82 
0.89327 66.85 69.07 0.88720 69.35 54.74 | 0.88094 71.85 64.38 
0.89315 66.90 459.12 0.88707 69.40 54.78 | 0.88081 71.90 64.43 
0.89303 66.95 59.18 0.88695 69.45 54.82 | 0.88069 71.95 64.49 

0.89291 67.00 459.23 0.88682 69.50 54.86 | 0.88056 72.00 64.54 
0.89279 67.05 59.28 0.88670 69.55 54.90 | 0.88044 72.05 64.60 
0.89267 67.10 59.33 0.88658 69.60 54.94 | 0.88031 72.10 64.65 
0.89255 67.15 459.39 0.88646 69.65 54.98 | 0.88018 72.15 64.71 
0.89243 67.20 59.44 0.88633 69.70 55.02 | 0.88005 72.20 64.76 

0.89231 67.25 59.49 0.88621 69.75 55.06 | 0.87993 72.25 64.82 
0.89219 67.30 459.54 0.88608 69.80 55.10 | 0.87980 72.30 64.87 
0.89207 67.35 459.60 0.88596 69.85 55.14 | 0.87967 72.356 64.93 
0.89195 67.40 59.65 0.88583 69.90 55.18 | 0.87954 72.40 64.98 
0.89183 67.45 59.70 0.88571 69.95 55.22 | 0.87942 72.45 65.03 

0.89171 67.50 59.75 0.88558 70.00 55.25 | 0.87929 72.50 65.08 
0.89159 67.55 59.81 0.88546 70.05 55.29 | 0.87916 72.65 65.14 
0.89147 67.60 59.86 0.88533 70.10 55.33 | 0.87903 72.60 66.19 
0.89135 67.65 459.91 0.88521 70.15 55.37 | 0.87891 72.65 66.25 
0.89122 67.70 659.96 0.88508 70.20 55.41 | 0.87878 72.70 65.30 

0.89110 67.75 60.02 0.88496 70.25 55.45 | 0.87865 72.75 65.36 
0.89098 67.80 60.07 0.88484 70.30 55.49 | 0.87852 72.80 65.41 
0.89086 67.85 60.12 0.88472 70.35 55.53 | 0.87839 72.85 65.47 
0.89074 67.90 60.17 0.88459 70.40 55.57 | 0.87826 72.90 65.52 
0.89062 67.95 60.23 0.88447 70.45 55.61 | 0.87813 72.95 65.58 

0.89050 68.00 60.28 0.88484 70.50 55.65 | 0.87800 73.00 65.63 
0.89038 68.05 60.33 0.88422 70.65 55.69 | 0.87788 73.05 65.69 
0.89026 68.10 60.38 0.88409 70.60 55.73 | 0.87775 73.10 65.74 
0.89014 68.15 60.44 0.88397 70.65 55.77 | 0.87762 73.15 65.80 
0.89001 68.20 60.49 0.88384 70.70 55.81 | 0.87749 73.20 65.86 

0.88989 68.25 60.54 0.88372 70.75 55.85 | 0.87737 73.25 65.91 
0.88977 68.30 60.59 0.88359 70.80 55.89 | 0.87724 73.30 65.96 
0.88965 68.35 60.65 0.88347 70.85 55.93 | 0.87711 73.35 66.02 
0.88952 68.40 60.70 0.88334 70.90 55.97 | 0.87698 73.40 66.07 
0.88940 68.45 60.75 0.88322 70.95 56.01 | 0.87685 73.45 66.13 

0.88928 68.50 60.80 0.88309 71.00 56.04 | 0.87672 73.50 66.18 
0.88916 68.55 60.86 0.88297 71.05 56.08 | 0.87659 73.55 66.23 
0.88904 68.60 60.91 0.88284 71.10 56.12 | 0.87646 73.60 66.28 
0.88892 68.65 60.96 0.88272 71.15 56.16 | 0.87633 73.65 66.34 
0.88879 68.70 61.01 0.88259 71.20 56.20 | 0.87620 73.70 66.39 

0.88867 68.75 61.07 0.88246 71.25 56.24 | 0.87607 73.75 66.45 
0.88854 68.80 61.12 0.88233 71.30 56.28 | 0.87594 73.80 66.50 
0.88842 68.85 61.17 0.88221 71.35 56.32 | 0.87581 73.85 66.56 
0.88830 68.90 61.22 0.88208 71.40 56.36 | 0.87568 73.90 66.61 
0.88818 68.95 61.28 0.88196 71.45 56.40 | 0.87555 73.95 66.67 

0.88805 69.00 61.33 0.88183 71.50 56.44 | 0.87542 74.00 66.72 
0.88793 69.05 61.39 0.88171 71.55 56.48 | 0.87529 - 74.05 66.78 
0.88781 69.10 61.44 0.88158 71.60 56.52 | 0.87516 74.10 66.83 
0.88769 69.15 61.49 0.88145 71.65 56.56 | 0.87504 74.15 66.89 
0.88756 69.20 61.54 0.88132 71.70 56.60 | 0.87491 74.20 66.94 



Grams 
per 

100 ce. 

60.58 
60.62 
60.66 
60.70 
60.74 

60.78 

SPECIFIC 
GRAVITY 

° 

ro 

0.86137 
0.86124 
0.86110 
0.86096 
0.86082 

0.86069 
0.86055 
0.86041 
0.86027 
0.86013 

0.85999 
0.85984 
0.85970 
0.85956 
0.85942 

0.85928 
0.85914 
0.85901 
0.85887 
0.85873 

0.85859 
0.85846 
0.85832 
0.85818 
0.85804 

0.85789 
0.85775 
0.85761 
0.85747 
0.85733 

0.85719 
0.85705 
0.85691 
0.85677 
0.85663 

0.85648 
0.85634 
0.85620 
0.85606 
0.85592 

0.85464 
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TABLE 16.—ALCOHOL TABLE.—Continued. 

anti ALCOHOL aaoRe ALCOHOL 

GRAVITY GRAVITY 
20°C. Per cent Per Grams i Per cent Per 
7 by volume|cent by] _ per 4° by volume|cent by 

at 20°C. | weight | 100 cc. at 20°C. | weight 

0.87478 74.25 67.00 58.61 | 0.86818 76.75 69.78 
0.87465 74.30 67.05 58.65 | 0.86805 76.80 69.84 

0.87452 74.35 67.11 58.69 | 0.86791 76.85 69.90 

0.87439 74.40 67.16 58.73 | 0.86778 76.90 69.95 
0.87426 74.45 67.22 58.77 | 0.86764 76.95 70.01 

0.87413 74.60 67.27 58.81 | 0.86751 77.00 70.06 
0.87400 74.55 67.33 58.85 | 0.86737 77.05 70.12 
0.87387 74.60 67.38 58.89 | 0.86724 77.10 70.18 
0.87373 74.65 67.44 58.93 | 0.86710 77.15 70.24 
0.87360 74.70 67.49 58.97 | 0.86697 77.20 70.29 

0.87347 74.75 67.65 59.01 | 0.86684 77.25 70.35 
0.87334 74.80 67.61 59.04 | 0.86671 77.30 70.40 
0.87321 74.85 67.67 59.08 | 0.86657 77.35 70.46 
0.87308 74.90 67.72 59.12 | 0.86644 77.40 70.61 
0.87295 74.95 67.78 59.16 | 0.86630 77.45 70.57 

0.87282 75.00 67.83 59.20 | 0.86617 77.50 70.63 
Q.87269 75.05 67.89 59.24 | 0.86603 77.55 70.69 
0.87256 75.10 67.94 59.28 | 0.86589 77.60 70.74 
0.87243 76.15 68.00 59.32 | 0.86575 77.65 70.80 
0.87230 75.20 68.05 59.36 | 0.86562 177.70 70.85 

0.87217 75.25 68.11 59.40 | 0.86548 77.75 70.91 
0.87204 75.30 68.16 59.44 | 0.86535 77.80 70.97 
0.87190 75.36 68.22 59.48 | 0.86521 77.85 71.03 
0.87177 75.40 68.27 59.52 | 0.86508 77.90 71.08 
0.87164 75.45 68.33 59.56 | 0.86494 77.95 71.14 

0.87151 765.50 68.38 59.60 | 0.86480 78.00 71.19 

0.871388 75.55 68.44 59.64 | 0.86466 78.06 71.25 
0.87125 75.60 68.49 59.67 | 0.86453 78.10 71.31 

0.87111 76.65 68.65 59.71 | 0.86439 78.15 71.37 

0.87098 75.70 68.60 59.75 | 0.86426 78.20 71.42 

0.87084 75.75 68.66 59.79 | 0.86412 78.25 71.48 
0.87071 75.80 68.72 59.83 | 0.86399 78.30 71.54 
0.87058 75.85 68.78 59.87 | 0.86385 78.35 71.60 
0.87045 75.90 68.83 59.91 | 0.86371 78.40 71.65 

0.87032 75.95 68.89 59.95 | 0.86357 78.45 71.71 

0.87019 76.00 68.94 59.99 | 0.86344 78.50 71.7 
0.87005 76.05 69.00 60.03 | 0.86330 78.55 71.82 
0.86992 76.10 69.05 60.07 | 0.86316 78.60 71.88 

0.86979 76.15 69.11 60.11 | 0.86302 78.65 71.94 
0.86966 76.20 69.16 60.15 | 0.86289 78.70 71.99 

0.86952 76.25 69.22 60.19 | 0.86275 78.75 72.05 
0.86939 76.30 69.27 60.23 | 0.86261 78.80 72.11 

0.86925 76.35 69.33 60.27 | 0.86247 78.85 2.17 

0.86912 76.40 69.39 60.31 | 0.86234 78.90 72.22 
0.86898 76.45 69.45 60.35 | 0.86220 78.95 72.28 

0.86885 76.50 69.50 60.39 | 0.86206 79.00 72.34 
0.86872 76.55 69.56 60.43 | 0.86192 79.05 72.40 
0.86859 76.60 69.61 60.47 | 0.86179 79.10 72.45 
0.86845 76.65 69.67 60.51 | 0.86165 79.15 72.41 

0.86832 76.70 69.72 60.54 | 0.86151 79.20 72.57 0.85450 

[Chap. 

ALCOHOL 

Per cent 
by volume 
at 20°C. 

79.25 
79.30 
79.35 
79.40 
79.45 

79.50 
79.55 
79.60 
79.65 
79.70 

79.75 
79.80 
79.85 
79.90 
79.95 

80.00 
80.05 
80.10 
80.15 
80.20 

80.26 
80.30 
80.35 
80.40 
80.45 

80.50 
80.55 
80.60 
80.65 
80.70 

80.75 
80.80 
80.85 
80.90 
80.95 

81.00 
81.05 
81.10 
81.15 
81.20 

81.25 
81.30 
81.35 
81.40 
81.45 

81.50 
81.55 
81.60 
81.65 
81.70 

Per 
cent by 
weight 

72.63 
72.68 
72.74 
72.80 
72.86 

72.91 
72.97 
73.03 
73.09 
73.14 

73.20 
78.26 
73.32 
73.37 
73.43 

73.49 
73.55 
73.60 
73.66 
73.72 

73.78 
73.83 
73.89 
73.95 
74.01 

74.06 
74.12 
74.18 
74.24 
74.30 

74.36 
74.42 
74.48 
74.53 
74.59 

74.65 
74.71 
74.77 
74.83 
74.88 

74.94 
75.00 
75.06 
75.12 
75.18 

76.24 
75.30 
75.35 
75.41 
75 47 

Grams 
per 

100 cc. 

62.56 
62.60 
62.64 
62.67 
62.71 

62.75 
62.79 
62.83 
62.87 
62.91 

62.95 
62.99 
63.03 
63.07 
63.11 

63.15 
63.19 
63.23 
63.27 
63.30 

63.34 
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TABLE 16.—ALCOHOL TABLE.—Continued. 

SPECIFIC SOL SPECIFIC Ose SPECIFIC EO Go 
GRAVITY GRAVITY GRAVITY 
20° C. Per cent | Per | Grams 20° C. Per cent | Per | Grams 20°C. Per cent | Per 
ro by volumejcent by} per ro by volume|cent by} per 4° by volume|cent by 

at 20°C. | weight | 100 cc at 20°C. | weight} 100 ce. at 20°C. | weight 

0.85436 81.75 75.53 64.53 | 0.84713 84.25 78.50 66.50 | 0.83957 86.75 81.56 
0.85422 81.80 75.59 64.57 | 0.84698 84.30 78.56 66.54 | 0.83942 86.80 81.62 
0.85408 81.85 75.65 64.61 | 0.84683 84.35 78.62 66.58 | 0.83927 86.85 81.68 
0.85393 81.90 75.71 64.65 | 0.84668 84.40 78.68 66.62 | 0.83912 86.90 81.75 
0.85379 81.95 75.77 64.69 | 0.84654 84.45 78.74 66.66 | 0.83896 86.95 81.81 

0.85364 82.00 75.82 64.73 | 0.84639 84.50 78.80 66.70 | 0.83881 87.00 81.87 
0.85350 82.05 75.88 64.77 | 0.84624 84.55 78.86 66.74 | 0.83865 87.05 81.93 
0.85336 82.10 75.94 64.81 | 0.84609 84.60 78.93 66.78 | 0.83850 87.10 81.99 
0.85322 82.15 76.00 64.85 | 0.84594 84.65 78.99 66.82 | 0.83834 87.15 82.05 
0.85307 82.20 76.06 64.88 | 0.84579 84.70 79.05 66.86 | 0.83818 87.20 82.12 

0.85293 82.25 76.12 64.92 | 0.84564 84.75 79.11 66.90 | 0.83802 87.25 82.18 
0.85279 82.30 76.18 64.96 | 0.84549 84.80 79.17 66.94 | 0.83787 87.30 82.24 
0.85265 82.35 76.24 65.00 | 0.84534 84.85 79.23 66.98 | 0.83771 87.35 82.30 
0.85250 82.40 76.30 65.04 | 0.84519 84.90 79.29 67.02 | 0.83756 87.40 82.37 
0.85236 82.45 76.36 65.08 | 0.84504 84.95 79.35 67.06 | 0.83740 87.45 82.43 

0.85222 82.50 76.41 65.12 | 0.84489 85.00 79.41 67.09 | 0.83725 87.50 82.49 
0.85207 82.55 76.47 65.16 | 0.84474 85.06 79.47 67.13 | 0.83709 87.65 82.65 
0.85192 82.60 76.53 65.20 | 0.84459 85.10 79.63 67.17 | 0.83694 87.60 82.62 
0.85178 82.65 76.59 65.24 | 0.84444 85.15 79.59 67.21 | 0.83678 87.65 82.68 
0.85164 82.70 76.65 65.28 | 0.84429 85.20 79.65 67.25 | 0.83663 87.70 82.74 

0.85150 82.75 76.71 65.32 | 0.84414 85.25 79.71 67.29 | 0.83647 87.75 82.80 
0.85135 82.80 76.77 65.36 | 0.84399 85.30 79.78 67.33 | 0.83632 87.80 82.87 
0.85121 82.85 76.83 65.40 | 0.84384 85.35 79.84 67.37 | 0.83616 87.85 82.93 
0.85106 82.90 76.89 65.44 | 0.84369 85.40 79.90 67.41 | 0.83601 87.90 82.99 
0.85092 82.95 76.95 65.48 | 0.84354 85.45 79.96 67.45 | 0.83585 87.95 83.05 

0.85077 83.00 77.01 65.51 | 0.84339 85.50 80.02 67.49 | 0.83569 88.00 83.12 
0.85063 83.05 77.07 65.55 | 0.84323 85.55 80.08 67.53 | 0.83553 88.05 83.18 
0.85049 83.10 77.13 65.59 | 0.84308 85.60 80.14 67.57 | 0.83537 88.10 83.25 
0.85035 83.15 77.19 65.63 | 0.84293 85.65 80.20 67.61 | 0.83521 88.15 83.31 
0.85020 83.20 77.24 65.67 | 0.84278 85.70 80.27 67.65] 0.83505 88.20 83.37 

0.85006 83.25 77.30 65.71 | 0.84263 85.75 80.33 67.69 | 0.83489 88.25 83.43 
0.84991 83.30 77.36 65.75 | 0.84248 85.80 80.39 67.73 | 0.83473 88.30 83.50 
0.84977 83.35 77.42 65.79 | 0.84233 85.85 80.45 67.77 | 0.83457 88.35 83.56 
0.84962 83.40 77.48 65.83 | 0.84218 85.90 80.61 67.80 | 0.83442 88.40 83.63 

0.84948 83.45 77.54 65.87 | 0.84203 85.95 80.57 67.84 | 0.83426 88.45 83.69 

0.84933 83.50 77.60 65.91 | 0.84188 86.00 80.63 67.88 | 0.83410 88.60 83.76 
0.84918 83.55 77.66 65.95 | 0.84172 86.05 80.69 67.92] 0.83394 88.55 83.81 
0.84903 83.60 77.72 65.99 | 0.84157 86.10 80.76 67.96 | 0.83379 88.60 83.88 
0.84889 83.65 77.78 66.03 | 0.84141 86.15 80.82 68.00 | 0.83363 88.65 83.94 
0.84874 83.70 77.84 66.07 | 0.84126 86.20 80.88 68.04 | 0.83347 88.70 84.00 

0.84859 83.75 77.90 66.11 | 0.84110 86.25 80.94 68.08 | 0.83331 88.75 84.06 
0.84844 83.80 77.96 66.15 | 0.84095 86.30 81.00 68.12 | 0.83315 88.80 84.13 
0.84836 83.85 78.02 66.19 | 0.84080 86.35 81.06 68.16 | 0.83299 88.85 84.19 
0.84815 83.90 78.08 66.23 | 0.84065 86.40 87.13 68.20 | 0.83283 88.90 84.26 
0.84801 83.95 78.14 66.27 | 0.84049 86.45 81.19 68.24 | 0.83267 88.95 84.32 

0.84786 84.00 78.20 66.30 | 0.84034 86.50 81.25 68.28 | 0.83251 89.00 84.39 
0.84772 84.05 78.26 66.34] 0.84018 86.55 81.31 68.32 | 0.83235 89.05 84.45 
0.84757 84.10 78.32 66.38 | 0.84003 86.60 81.37 68.36 | 0.83219 89.10 84.61 
0.84742 84.15 78.38 66.42 | 0.83987 86.65 81.43 68.40 | 0.83203 89.15 84.57 
0.84727 84.20 78.44 66.46 | 0.83972 86.70 81.50 68.44 | 0.83186 89.20 84.64 

Grams 
per 

100 ce. 

68.48 
68.52 
68.56 
68 .60 
68.64 

68 .68 
68.72 
68.76 
68.80 
68.84 

68 .88 
68.91 
68.95 
68.99 
69.03 

69.07 
69.11 
69.15 
69.19 
69.23 

69.27 
69.30 
69.34 
69.38 
69.42 

69.46 
69.50 
69.54 
69.58 
69.62 

69.66 
69.70 
69.74 
69.78 
69.82 

69.86 
69.90 
69.94 
69.98 
70.01 

70.05 
70.09 
70.13 
70.17 
70.21 

70.25 
70.29 
70.33 
70.37 
70.41 
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TABLE 16.—ALCOHOL TABLE.—Continued. 

SE ROnET ALCOHOL mare ALCOHOL set eae Rraonon 

GRAVITY GRAVITY GRAVITY 
20°C. Per cent | Per | Grams 20°C. Per cent | Per | Grams 20°C. | Per cent | Per 
4° by volumelcent by per 4° by volume|cent by per 4° by volume|cent by 

at 20°C. | weight | 100 cc. at 20°C. | weight | 100 cc at 20°C. | weight 

0.83170 89.25 84.70 70.45 | 0.82332 91.75 87.96 72.42 | 0.81482 94.25 91.36 
0.83154 89.30 84.77 70.49 | 0.82315 91.80 88.03 72.46 | 0.81413 94.30 91.43 
0.83138 89.35 84.83 70.53 | 0.82298 91.85 88.09 72.50 | 0.81394 94.35 91.50 
0.83121 89.40 84.90 70.57 | 0.82281 91.90 88.16 72.54 | 0.81375 94.40 91.57 
0.83105 89.45 84.96 70.61 | 0.82263 91.95 88.22 72.58 | 0.81356 94.45 91.64 

0.83089 89.50 85.03 70.65 | 0.82246 92.00 88.29 72.62 | 0.81337 94.60 91.71 
0.83073 89.55 85.09 70.69 | 0.82229 92.05 88.36 72.66 | 0.81318 94.55 91.78 
0.83056 89.60 86.15 70.72 | 0.82212 92.10 88.43 72.70 | 0.81299 94.60 91.85 
0.83040 89.65 85.21 70.76 | 0.82194 92.15 88.49 72.74 | 0.81280 94.65 91.92 
0.83024 89.70 85.28 70.80 | 0.82177 92.20 88.56 72.78 | 0.81260 94.70 91.99 

0.83008 89.75 85.34 70.84 | 0.82159 92.25 88.63 72.82 | 0.81241 94.76 92.06 
0.82991 89.80 85.41 70.88 | 0.82141 92.30 88.70 72.86 | 0.81222 94.80 92.13 
0.82975 89.85 85.47 70.92 | 0.82123 92.35 88.76 72.90 | 0.81202 94.85 92.20 
0.82958 89.90 85.54 70.96 | 0.82106 92.40 88.83 72.94 | 0.81183 94.90 92.27 
0.82942 89.95 85.60 71.00 | 0.82088 92.45 88.89 72.98 | 0.81163 94.95 92.34 

0.82925 90.00 85.67 71.04 | 0.82071 92.50 88.96 73.02 | 0.81144 95.00 92.41 
0.82909 90.05 85.73 71.08 | 0.82053 92.55 89.03 73.06 | 0.81124 95.05 92.48 
0.82892 90.10 85.80 71.12 | 0.82085 92.60 89.10 73.09 | 0.81105 95.10 92.55 
0.82876 90.16 85.86 71.16] 0.82017 92.65 89.16 73.13 | 0.81086 96.15 92.63 
0.82859 90.20 85.93 71.20 | 0.82000 92.70 89.23 73.17 | 0.81067 95.20 92.70 

0.82843 90.25 85.99 71.24 | 0.81982 92.75 89.30 73.21 | 0.81047 95.25 92.77 
0.82826 90.30 86.06 71.28 | 0.81964 92.80 89.37 73.25 | 0.81028 95.30 92.84 
0.82810 90.35 86.12 71.32 | 0.81946 92.85 89.43 73.29| 0.81008 95.35 92.91 
0.82793 90.40 86.19 71.36 | 0.81929 92.90 89.50 73.33 | 0.80988 95.40 92.98 
0.82776 90.45 86.25 71.40 | 0.81911 92.95 89.57 73.37 | 0.80968 95.45 93.05 

0.82759 90.50 86.32 71.44 | 0.81893 93.00 89.64 73.41 | 0.80949 95.60 93.12 
0.82742 90.55 86.38 71.48 | 0.81875 93.05 89.71 73.45 | 0.80929 95.55 93.20 
0.82725 90.60 86.45 71.52 | 0.81856 93.10 89.78 73.49 | 0.80909 95.60 93.27 
0.82708 90.65 86.51 71.56 | 0.818388 93.15 89.84 73.53 | 0.80889 95.65 93.34 
0.82691 90.70 86.58 71.59 | 0.81821 93.20 89.91 73.57 | 0.80869 95.70 93.41 

0.82674 90.75 86.64 71.63 | 0.81803 93.25 89.98 73.61 | 0.80849 95.765 93.48 
0.82657 90.80 86.71 71.67 | 0.81784 93.30 90.05. 73.65 | 0.80829 95.80 93.55 
0.82640 90.85 86.77 71.71 | 0.81766 93.365 90.12 73.69 | 0.80809 95.85 93.63 
0.82624 90.90 86.84 71.75 | 0.81748 93.40 90.19 73.72 | 0.80789 95.90 93.70 
0.82607 90.95 86.90 71.79 | 0.81730 93.45 90.25 73.76 | 0.80769 95.95 93.77 

0.82590 91.00 86.97 71.83 | 0.81711 93.50 90.32 73.80 | 0.80749 96.00 93.84 
0.82573 91.05 87.03 71.87 | 0.81693 93.65 90.39 73.84 | 0.80729 96.05 93.92 
0.82556 91.10 87.10 71.91 | 0.81675 93.60 90.46 73.88 | 0.80709 96.10 93.99 
0.82539 91.15 87.17 71.95 | 0.81657 93.65 90.63 73.92 | 0.80689 96.15 94.06 
0.82522 91.20 87.24 71.99 | 0.81638 93.70 90.60 73.96 | 0.80668 96.20 94.13 

0.82505 91.256 87.30 72.03 | 0.81620 93.75 90.67 74.00 | 0.80648 96.26 94.21 
0.82488 91.30 87.37 72.07 | 0.81601 93.80 90.74 74.04 | 0.80627 96.30 94.28 
0.8247 91.35 87.43 72.11 | 0.81582 93.85 90.80 74.08 | 0.80607 96.35 94.35 
0.82453 91.40 87.50 72.15 | 0.81563 93.90 90.87 74.12 | 0.80586 96.40 94.42 
0.82436 91.45 87.56 72.19 | 0.81545 93.95 90.94 74.16 | 0.80566 96.45 94.50 

0.82419 91.60 87.63 72.23 | 0.81526 94.00 91.01 74.20 | 0.80545 96.50 94.57 
0.82401 91.55 87.69 72.27 | 0.81507 94.05 91.08 74.24 | 0.80525 96.55 94.65 
0.82384 91.60 87.76 72.30 | 0.81488 94.10 91.15 74.28 | 0.80504 96.60 94.72 
0.82367 91.65 87.83 72.34 | 0.81469 94.15 91.22 74.32 | 0.80483 96.65 94.79 
0.82350 91.70 87.90 72.38 | 0.81450 94.20 91.29 74.36 | 0.80462 96.70 94.86 

Grams 
per 

100 cc. 

74.40 
74.44 
74.48 
74.52 
74.56 

74.59 
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TABLE 16.—ALCOHOL TABLE.—Concluded. 

ALCOHOL 
SPECIFIC 
GRAVITY 

20°C. | Per cent 
4° by volume 

at 20°C. 

0.80442 96.75 
0.80421 96.80 
0.80400 96.85 
0.8037 96.90 
0.80358 96.95 

0.80337 97.00 
0.80315 97.05 
0.80294 97.10 
0.80273 97.15 
0.80252 97.20 

0.80230 97.25 
0.80208 97.30 
0.80186 97.35 
0.80164 97.40 
0.80143 97.46 

0.80122 97.50 
0.80100 97.55 
0.80078 97.60 
0.80056 97.65 
0.80034 97.70 

0.80012 97.75 
0.79990 97.80 
0.79968 97.85 
0.79945 97.90 
0.79923 97.95 

Per 
cent by 
weight 

94.94 
96.01 
95.09 
95.16 
95.24 

95.31 
96.39 
95.46 
95.53 
95.60 

95.68 
95.75 
95 83 
95.91 
95.98 

96.05 
96.13 
96.21 

| 
SPECIFIC 

GRAVITY 

ALCOHOL 
SPECIFIC 
GRAVITY 

207 

ALCOHOL 

20°C. | Per cent | Per | Grams 20° C. Per cent | Per 
4° by volume|cent by} _ per 4° by volume|cent by 

at 20°C. | weight | 100 ce. at 20° C. | weight 

0.79900 98.00 96.82 77.36 | 0.79311 99.25 98.78 
0.79878 98.05 96.90 77.40 | 0.79286 99.30 98.86 
0.79855 98.10 96.97 77.43 | 0.79262 99.35 98.94 
0.79832 98.15 97.05 77.47 | 0.79237 99.40 99.02 
0.79809 98.20 97.12 77.51 | 0.79213 99.45 99.10 

0.79786 98.25 97.20 77.55 | 0.79188 99.50 99.18 
0.79763 98.30 97.28 77.59 | 0.79163 99.55 99.26 
0.79740 98.35 97.386 77.63 | 0.791388 99.60 99.34 
0.79717 98.40 97.48 77.67 | 0.79113 99.65 99.42 
0.79695 98.45 97.61 77.71 | 0.79088 99.70 99.51 

0.79672 98.50 97.59 77.75 | 0.79062 99.75 99.59 
0.79648 98.55 97.67 77.79 | 0.79037 99.80 99.67 
0.79625 98.60 97.75 77.83 | 0.79011 99.85 99.75 
0.79601 98.65 97.83 77.87 | 0.78986 99.90 99.83 
0.79577 98.70 97.90 77.91 | 0.78960 99.95 99.91 

0.79553 98.75 97.98 77.95 | 0.78934 100.00 100.00 
0.79529 98.80 98.06 77.99 
0.79505 98.85 98.14 78.03 
0.79481 98.90 98.22 78.07 
0.79457 98.95 98.30 78.11 

0.79432 99.00 98.38 78.14 
0.79408 99.05 98.46 78.18 
0.79384 99.10 98.54 78.22 
0.79360 99.15 98.62 78.26 
0.79335 99.20 98.70 78.30 
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TABLE 17.—ALCOHOL 

20° C. 

Per cent 

19°C. 

Per cent Per cent 

18°C. 

METHODS OF ANALYSIS 

by 
Per cent 

For calculating the percentages of alcohol in mixtures of ethyl alcohol and 
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TABLE. 

water from their Zeiss immersion refractometer readings* at 17.5°-25°C. 
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17.5° C. 18° C. 
—+—— 
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Per cent | Per cent 
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weight 
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TABLE.—Continued. 

21°C. 22°C. 23°C. 24°C. 25°'C. 

SCALE 
Per cent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | READING 

y y by y by by by y 
weight volume weight volume weight volume weight volume weight 

8.14 | 10.31 8.30 10.51 8.46 10.72 8.63 10.93 8.80 28.0 
8.19 | 10.38 8.35 10.58 8.52 10.79 8.69 10.99 8.85 28.1 
8.25 10.45 8.41 10.65 8.58 10.86 8.74 11.06 8.91 28.2 
8.30 | 10.52 8.46 10.72 8.63 10.93 8.80 11.13 8.97 28.3 
8.36 | 10.59 8.52 10.79 8.69 11.00 8.86 11.20 9.02 28.4 

8.41 10.66 8.58 10.86 8.74 11.06 8.91 11.27 9.08 28.5 
8.47 | 10.72 8.63 10.93 8.80 11.13 8.97 11.33 9.13 28.6 
8.52 | 10.79 8.69 11.00 8.86 11.20 9.02 11.40 9.19 28.7 
8.58 | 10.86 8.74, | 11.06 8.91 11.27 9.08 11.47 9.24 28.8 
8.64 | 10.93 8.80 11.13 8.97 11.33 9.18 11.54 9.80 28.9 

8.69 | 11.00 8.86 11.20 9.02 11.40 9.19 11.61 9.36 29.0 
8.75 | 11.06 8.91 11.27 9.08 11.47 9.24 11.68 9.41 29.1 
8.80 | 11.13 8.97 11.33 9.13 11.54 9.30 11.75 9.47 29.2 
8.86 | 11.20 9.02 11.40 9.19 11.60 9.35 11.81 9.52 29.3 
8.91 11.27 9.08 11.47 9.24 11.67 9.41 11.88 9.68 29.4 

8.97 | 11.33 9.18 11.54 9.30 11.74 9.46 11.94 9.63 29.5 
9.02 | 11.39 9.18 11.60 9.35 11.81 9.52 12 01 9.69 29.6 
9.08 11.46 9.24 11.67 9.41 11.87 9.57 12.08 9.75 29.7 
9.13 | 11.53 9.29 11.74 9.46 11.94 9.63 12.15 9.80 29.8 
9.18 | 11.60 9.35 11.81 9.52 12.01 9.69 12.22 9.86 29.9 

9.24 | 11.66 9.40 11.87 9.57 12.08 9.74 12.29 9.91 30.0 
9.29 | 11.73 9.46 11.93 9.63 12.14 9.80 12.36 9.97, 30.1 
9.84 | 11.79 9.51 12.00 9.68 12.21 9.85 12.42 10.02 30.2 
9.40 | 11.86 9.57 12.07 9.74 12.28 9.91 12.49 10.08 30.3 
9.45 | 11.93 9.62 12.13 9.79 12 34 9.96 12.66 10.13 30.4 

9.50 £1799 9.67 12.20 9.85 12.41 10.02 12.63 10.19 30.5 
9.56 | 12.06 9.73 12.27 9.90 12.48 10.07 12.70 10.24 30.6 
9.61 12.13 9.78 12.34 9.96 12.65 10.13 12.77 10.30 30.7 
9.67 | 12.19 9.84 12.40 10.01 12.61 10.18 12.84 10.36 30.8 
9.72 | 12.26 9.89 12.47 10.07 12.68 10.24 12.90 10.41 30.9 

9.77 | 12.32 9.95 12.54 10.12 12.75 10.29 12.97 10.47 31.0 
9.83 12.39 10.00 12.60 10.17 12.82 10.35 13.04 10.52 31.1 
9.88 12.46 10.05 12.67 10.28 12.89 10.40 13.11 10.58 31.2 
9.94 12.62 10.11 12.74 10.28 12.95 10.46 13.17 10.63 31.3 
9.99 12.59 10.16 12.81 10.34 13.02 10.51 13.24 10.69 31.4 

10.04 | 12.66 10.22 12.87 10.39 13.09 10.57 132320 10.74 31.5 
LOMON | A2e72 10)..27, 12.94 10.45 13.15 10.62 13.37 10.80 31.6 
10.15 12.79 10.32 13.01 10.50 13.22 10.68 13.44 10.86 31.7 
10.21 12.85 10.38 13.07 10.55 13.29 10.73 13.51 10.91 31.8 
10.26 | 12.92 10.43 13.14 10.61 13.35 10.78 13.67 10.97 31.9 

10.31 12.99 10.49 13.20 10.66 13.42 10.84 13.64 11.02 32.0 
10.37 13.05 10.54 13.27 10.72 13.49 10.90 13272), 11.08 32.1 
10.42 13.12 10.59 13.34 10.77 13.55 10.95 13, teats 32.2 

10.48 | 13.18 10.65 13.40 10.83 13.62 11.01 13.84 11.19 32.3 
10.53 | 13.25 10.70 13.47 10.88 13.69 11.06 nO: ) a 2 32.4 

10.58 13.32 10.76 13.53 10.94 bk Ft a Gay 13.97 11.30 32.5 
10.64 13.38 10.81 | 13.60 10.99 13.82 LEST: 14.04 11.35 32.6 

10.69 13.45 10.87 13.66 11.04 13.89 11.22 14.11 11.41 32.7 
10.75 | 13.51 10.92 13.73 11.10 13.95 11.28 14.17 11.46 32.8 
10.80 | 13.68 10.97 13.80 11.15 14.02 11.33 11.52 32.9 14.24 
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6 TABLE 17.—ALCOHOL 

17.5°C. 18°C. 19°C. 20°C. 21°C. 

Reioina Per cent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent 
by ay 2y by Dy by 

volume weight volume weight volume weight volume weight volume 

33.0 12.69 10.24 12.79 10.33 13.01 10.50 13.22 10.68 13.43 
33.1 12.76 10.30 12.86 10.38 13.07 10.56 13.28 10.78 13.50 
33.2 12.82 10.35 12.92 10.43 13°13 10.61 13.35 10.79 13.56 
33.3 12.88 10.40 12.99 10.49 13.20 10.66 13.41 10.84 13.63 
33.4 12.95 10.45 13.05 10.54 13.26 10.71 13.48 10.89 13.69 

33.5 13.01 10.50 13.11 10.59 13.32 10.77 13.54 10.95 13.76 
33.6 13.08 10.56 13.18 10.64 13.39 10.82 13.61 11.00 13.82 
33.7 13.14 10.61 13.24 10.70 13.45 10.87 13.67 11.05 13.89 
33.8 13.20 10.66 13.30 10.75 13.52 10.93 13.74 11.10 13.95 
33.9 13.26 10.71 13.37 10.80 13.58 10.98 13.80 11.16 14.02 

34.0 13233) -LOktG 13.43 10.85 13.64 11.03 13.86 11.21 14.08 
34.1 13.39 10.82 13.49 10.91 13.71 11.08 13.93 11.26 14.15 
34.2 13.45 10.87 13.56 10.96 Bye | lhe 13.99 11.31 14.21 
34.3 13.52 10.92 13.62 11.01 13.83 11.19 14.06 11.36 14.27 
34.4 13.58 10.97 13.68 11.06 13.90 11.24 14.12 11.41 14.34 

34.5 13.64 11.03 Seb. eer 13.96 11.29 14.18 11.47 14.40 
34.6 13.70 11.08 13.81 11.16 14.02 11.34 14.25 11.52 14.47 
34.7 13.77 11.18 13.87 11.22 14.08 11.39 14.31 11.57 14.53 
34.8 13.83 11.18 13.94 11.27 14.14 11.44 14.37 11.62 14.59 
34.9 13.89 11.23 14.00 11.32 14.20 11.49 14.43 11.67 14.66 

35.0 13.96 11.28 14.06 11.37 14.27 11.55 14.50 11.73 14.72 
35.1 14.02 11.33 14.13 11.42 14.33 11.60 14.56 11.78 14.78 
35.2 14.08 11.38 14.19 11.47 14.39 11.65 14.62 11.83 14.85 

35.3 14.14 11.44 14.25 11.52 14.46 11.70 14.69 11.88 14.91 
35.4 14.21 11.49 14.31 11.57 14.52 11.75 14.75 11.93 14.97 

35.5 14.27 11.54 14.38 11.63 14.59 11.81 14.81 11.99 15.04 
35.6 14.33 11.59 14.44 11.68 14.65 11.86 14.87 12.04 15.10 
35.7 14.89 11.64 14.50 11.73 14.71 11.91 14.94 12.09 15.16 
35.8 14.46 11.69 14.56 11.7 14.78 11.96 15.00 12.14 15.23 
35.9 14.52 11.74 14.63 11.83 14.84 12.01 15.06 12.19 15.29 

36.0 14.68 11.79 14.69 11.88 14.90 12.06 15.13 12.24 15.35 
36.1 14.64 11.85 14.75 11.94 14.97 12.11 15.19 12.380 15.42 
36.2 14.71 11.90 14.81 11.99 15.03 12.16 16.25 12.35 15.48 

36.3 14.77 11.95 14.88 12.04 15.09 12.22 16.32 12.40 15.54 
36.4 14.83 12.00 14.94 12.09 15.16 12.27 15.38 12.45 15.61 

36.5 14.89 12.05 15.00 12.14 15.22 12.32 15.44 12.50 15.67 
36.6 14.96 12.10 15.06 12.19 15.28 12.87 15.51 12.56 15.73 
36.7 15.02 12.15 15.13 12.24 15.35 12.42 16.57 12.61 15.80 
36.8 15.08 12.20 15.19 12.29 15.41 12.47 15.63 12.66 15.86 
36.9 16.14 12.25 15.25 12.34 15.47 12.53 16.70 12.71 15.92 

37.0 15.20 12.30 15.31 12.40 15.53 12.58 15.76 12.77 15.99 
37.1 15.27 12.36 15.38 12.45 15.60 12.63 15.82 12.82 16.05 
37.2 15.33 12.41 15.44 12.50 15.66 12.68 15.89 12.87 16.11 
37.3 15.39 12.46 15.50 12.55 15.72 12.75 15.95 12.92 16.18 

37.4 16.45 12.51 15.56 12.60 15.79 12.78 16.01 12.97 16.24 

Oued. 15.651 12.56 15.63 12.65 16.85 12.84 16.08 13.03 16.30 
37.6 16.57 12.61 15.69 12.7 15.91 12.89 16.14 13.08 16.37 

BY ath 15.64 12.66 15.75 12.765 15.97 12.94 16.20 13.13 16.43 
37.8 15.70 12.71 15.81 12.81 16.04 12.99 16.26 13.18 16.49 
SY fet! A576: 12376: 15.88 12.86 16.10 13.04 16.33 18.28 16.56 
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TABLE.—Continued. 6 

21°C. 22°C. 23°C. 24°C. 25°C. 

SCALE 
Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | rEapiIna 

by by by by by vy y vy y 
weight volume weight volume weight volume weight volume weight 

10.85 | 13.64 11.03 13.86 11.21 14.09 11.39 14.31 11.57 33.0 
10.91 13.71 11.08 13.93 11.26 14.15 11.44 14.38 11.63 33.1 
10.96 | 13.78 11.13 13.99 11.31 14.22 11.49 14.44 11.68 33.2 
11.02 13.84 11.19 14.06 11.37 14.28 11.55 14.51 11.7 33.3 
11.07 | 13.91 11.24 14.13 11.42 14.35 11.60 14.58 11.79 33.4 

11.12 13.97 11.29 14.19 11.48 14.42 11.66 14.64 11.85 33.5 
DEL 14.04 11.35 14.26 11.53 14.48 11.71 14.71 11.90 33.6 
11.23 14.11 11.40 14.32 11.58 14.55 11.77 14.78 11.96 33.7 
11.98 | 14.17 11.46 14.39 11.64 14.62 11.82 14.85 12.01 33.8 
11.88 | 14.24 11.651 14.45 11.69 14.68 11.88 T49r 12207 33.9 

11.38 | 14.30 11.56 14.52 11.75 14.75 11.93 14.98 12.12 34.6 
He WAL ST 1161 14.59 11.80 14.81 11.98 15.05 12.18 34.1 
11.49 14.43 11.67 14.65 11.85 14.88 12.04 15:11, 12.28 34.2 
11.54 | 14.50 11.7 14.72 11.91 14.95 12.09 16.18 12.29 34.3 
11.69 | 14.57 11.78 14.78 11.96 16.01 12.15 15.25 12.34 34.4 

11.65 14.63 11.83 14.85 12.02 15.08 12.20 15.31 12.40 34.5 
11.70 | 14.70 11.88 14.91 12.07 15.14 12.26 15.38 12.45 34.6 
11.76 | 14.76 11.94 14.98 12.12 15.21 12.31 16.45 12.51 34.7 
11.81 14.83 11.99 15.05 12.18 15.28 12.36 165.51 12.56 34.8 
11.86 | 14.89 12.04 16.11 12.23 15.34 12.42 15.58 12.62 34.9 

11.91 | 14.96 12.10 15.18 12.28 15.41 12.47 16.65 12.67 35.0 
11.96 | 165.03 12.15 16.24 12.34 15.47 12.53 16.71 12.78 35.1 
12.02 | 15.09 12.20 15.31 12.39 15.64 12.58 15.78 12.78 35.2 
12.07 | 16.15 12.25 15.37 12.44 15.61 12.64 15.85 12.84 35.3 
12.12 | 156.22 12.31 15.44 12.50 15.67 12.69 15.91 12.89 35.4 

12.17 | 15.28 12.36 165.50 12.55 16.74 12.75 15.98 12.95 35.5 
12.23 16.34 12.41 15.56 12.60 15.80 12.80 16.05 13.00 35.6 
12.28 15.41 12.47 15.63 12.66 15.87 12.85 16.11 13.05 35.7 
12.33 15.47 12.52 15.69 12.71 16.93 12.91 1G2185 (3211 35.8 
12.38 15.53 12.57 15.76 12.76 16.00 12.96 16.24 13.16 35.9 

12.48 |16.59 12.62 15.82 12.82 16.06 13.02 16.31 13.21 36.0 
12.49 15.66 12.68 15.89 12.87 16.13 13.07 16.37 13.27 36.1 
12.64 | 15.72 12.73 15.95 12.92 16.19 13.12 16.44 13.32 36.2 
12.59 | 16.78 12.78 16.02 12.98 16.26 13.18 16.50 13.37 36.3 
12.64 15.85 12.84 16.08 13.03 16.32 13.23 16.56 13.43 36.4 

12.70 | 15.91 12.89 16.15 13.08 16.39 13.28 16.63 13.48 36.5 
12.75 | 15.97 12.94 16221 13E14 16.45 13.34 16.69 13.53 36.6 
12.80 16.04 12.99 16.28 13.19 16.52 13.39 16.76 13.59 36.7 
12.85 | 16.10 13.05 16.34 13.2 16.58 13.44 16.82 13.64 36.8 
12.91 16.16 13.10 16.40 13.29 16.65 13.49 16.89 13.70 36.9 

12.96 | 16.23 13.15 16.47 13.35 16.71 13.55 16.95 13.75 37.0 
13.01 16.29 13.20 16.53 13.40 16.77 13.60 17.02 13.80 37.1 
13.06 | 16.35 13.26 16.60 13.45 16.84 13.65 17.08 13.86 37.2 
13.11 16.42 13.31 16.66 13.50 16.90 13.71 17.15 13.91 37.3 
13.16 16.48 13.36 16.72 13.56 16:9% 18576: 17.21 13.96 37.4 

13.21 16.54 13.41 16.79 13.61 17.03 13.81 17.27 14.02 37.5 
13.27 16.61 13.46 16.85 13.66 17.09 13.87 17.34 14.07 37.6 
13 .32 16.67 13.52 16°92" 13°72 17.16 13.92 17.40 14.12 37.7 
13.87 | 16.73 13.57 16.98 13.77 17.22 138.97 17.46 14.17 37.8 
13.42 | 16.80 13.62 17.04 13.82 17.28 14.03 17.53 14.23 37.9 
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6 TABLE 17.—ALCOHOL 

17.5° C. 18°C. 19°C. 20°C. 21°C. 

SENG Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent 
by by by by by y by y y 

volume weight volume weight volume weight volume weight volume 

38.0 15.82 12.81 15.94 12.91 16.16 13.09 16.39 13.28 16.62 
38.1 15.88 12.86 16.00 12.96 16.22 13.14 16.45 13.33 16.68 
38.2 15.94 12.91 16.06 13.01 16.29 13.19 16.51 13.38 16.75 
38.3 16.01 12.96 16.12 138.06 16.35 13.25 16.57 13.44 16.81 
38.4 16.07 13.02 16.18 13.11 16.41 13.30 16.64 13.49 16.87 

38.5 16.13 13.07 16.25 13.16 16.47 13.35 16.70 13.54 16.94 
38.6 16.19 13.12 16.31 13.21 16.53 13.40 16.76 13.59 17.00 
38.7 16.25 13.17 16.37 13.26 16.60 13.45 16.83 13.64 17.06 
38.8 16.31 13.22 16.43 13.31 16.66 13.50 16.89 13.69 17.13 
38.9 16.37 13.27 16.49 13.37 16.72 13.65 16.95 13.74 17.19 

39.0 16.44 13.32 16.55 13.42 16.78 13.61 L701 | 18879 17.25 
39.1 16.50 13:87 16.61 13.47 16.84 13.66 17.07 13.85 17.31 
39.2 16.56 13.42 16.67 13.52 16:91 13.71 17.14 13.90 17.38 
39.3 16.62 13.47 16.74 13.57 16597 (18276; 17.20 18.95 17.44 
39.4 16.68 13.52 16.80 13.62 17.03 13.81 17.26 14.00 17.50 

39.5 16.74 13.57 16.86 13.67 17.09 13.86 17.32 14.05 17.56 
39.6 16.80 13.62 16.92 13.72 W716 13397 17-39) Ta10 17.63 
39.7 16.87 13.68 16.98 13.77 17.21 . 13.96 17.45 14.15 17.69 

39.8 16.93 13.78 17.04 13.82 17.28 14.02 17.51 14.21 17.75 
39.9 16.99 13.78 elO P1S28% 17.34 14.07 17.57 14.26 17.81 

40.0 17.056 13.83 17.16 13.92 17.40 14.12 17.63 14.31 17.88 
40.1 17.11 13.88 17.23 13.98 17.46 14.17 17.70 14.36 17.94 

40.2 LAT, 18:98 17.29 14.03 17.52 14.22 aly fa ge] 18.00 
40.3 17.23 13.98 17.35 14.08 17.68 14.27 17.82 14.46 18.06 
40.4 17.29 14.03 17.41 14.13 17.64 14.32 17.88 14.51 18.12 

40.5 17.35 14.08 17.47 14.18 ATL 14-38% 17.94 14.56 18.19 
40.6 A741 14.18 17.53 14.28 LT Lesko 18.01 14.62 18 25 
40.7 17.48 14.18 17.59 14.28 17.83 14.47 18.07 14.67 18.31 

40.8 17.564 14.23 17.65 14.33 17.89 14.52 18.13 14.72 18 37 
40.9 17.60 14.28 17.71 14.38 17.95 14.57 18.19 914577 18.43 

41.0 17.66 14.33 17.77 = 14.43 18.01 14.62 18.25 14.82 18.49 
41.1 17.72 14.38 17.84 14.48 18.07 14.68 18.31 14.87 18 56 
41.2 17.78 14.48 17.90 14.53 18:13 14.73 18.37 14.98 18.62 
41.3 17.84 14.48 17.96 14.58 18.20 14.78 18.44 14.97 18 68 
41.4 17.90 14.53 18.03 14.63 18.26 14.83 18.50 15.03 18.74 

41.5 17.96 14.58 18.08 14.68 18.32 14.88 18.56 15.08 18.80 

41.6 18.02 14.63 18.14 14.73 18.38 14.93 18.62 15.13 18.86 
41.7 18.08 14.68 18.20 14.78 18.44 14.98 18.68 15.18 18.93 

41.8 18.14 14.73 18.26 14.83 18.50 15.03 18.74 15.28 18.99 

41.9 18.20 14.78 18.32 14.88 18.56 15.08 18.81 15.28 19.05 

42.0 18.27 14.83 18.38 14.93 18 62 15.13 18.87 15.38 191 

42.1 18.33 14.88 18.44 14.98 18.68 15.18 18.93 15.38 19.17 
42.2 18.39 14.93 18.50 15.03 18.74 15.23 18.99 15.43 19.23 
42.3 18.45 14.98 18.56 15.08 18.80 15.28 19.05 15.48 19.29 
42.4 18.51 15.03 18.62 15.13 18.87 15.33 19.11 165.53 19.36 

42.5 18.57 15.08 18.68 15.18 18.93 15.38 19.17 15.58 19 42 
2.6 | 18.63 15.13 18.75 15.23 18.99 15.43 19.23 15.63 19.48 
2.7 18.69 15.18 18.81 15.28 19.05 15.48 19.29 15.69 19.64 

42.8 |18.76 165.28 18.87 15.33 19.11 15.58 19.36 15.74 19 60 
42.9 |18.81 15.28 18.93 15.38 19.17 15.58 19.42 15.79 19.66 
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TABLE.—Continued. 6 

21°C. 22°C. 23°C. 24°C. 25°C. 

SCALB 
Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | READING 

Vy by by by vy y 3 by by 
weight volume weight volume weight volume weight volume weight 

18.47 |16.86 13.67 | 17.11 18.87 | 17.36 14.08 |17.59 14.28 38.0 
18.68 | 16.92 13.72 LI AT 18298 17.41 14.18 17.66 14.33 38.1 
18.68 | 16.99 13.78 17.23 13.98 17.47 14.18 LTE 2s), CLASS 38.2 
18.68 | 17.05, 13.83 17.30 14.08 17.54 14.23 WTS 14.48 38.3 
18.68 | 17.11 138.88 17.36 14.08 17.60 14.29 17.85 14.49 38.4 

Hsn7oe |lvels! 718298 17.42 14.14 17.66 14.34 17/90 | 14.64 38.5 
18379 | 17.24 18.98 17.48 14.19 LTS, 12889 17.97 14.69 38.6 
18.84 | 17.30 14.04 17.55 14.24 17.79 14.44 18.04 {4.64 38.7 
18.89 | 17.36 14.09 U7:6L 814.99 17.85 14.49 18.10 14.70 38.8 
18.94 | 17.43 14.14 17.67 14.34 17.92 14.65 18.16 14.75 38.9 

18.99 | 17.49 14.19 17.74 14.40 17.98 14.60 18.23 14.80 39.0 
14.05 | 17.65 14.24 17.80 14.45 18.04 14.65 18.29 14.85 39.1 
14.10 | 17.62 14.80 17.86 14.50 18.11 14.70 18.35 14.91 39.2 
14.16 | 17.68 14.85 17.92. 14.55 18.17 14.76 18.42 14.96 39.3 
14.20 17.74 14.40 17/99 14560 18 23 14.81 18.48 15.01 39.4 

14.26 | 17.81 14.45 18.05 14.66 18.30 14.86 18.64 15.06 39.5 
14.30 17.87 14.50 aR ea Vaya 18.36 14.91 18.61 15.12 39.6 

14.86 | 17.93 14.56 18.18 14.76 18.42 14.96 18.67 15.17 39.7 
14.41 117.99 14.61 |1824 14.81 |18.48 15.02 |1873 15.99 39.8 
14.46 | 18.06 14.66 18.30 14.87 18.65 15.07 18.80 15.27 39.9 

14.61 18.12 14.71 18.36 14.92 18.61 15.12 18.86 15.32 40.0 

14.56 18.18 14.77 18 43 14.97 18.67 15.17 18.92 15.38 40.1 

14.61 18.24 14.82 18.49 15.02 18.74 15.22 18.99 15.43 40.2 

14.67 | 18.30 14.87 18.65 15.07 18.80 15.27 19.05 15.48 40.3 
14.72 18.37 14.92 18.61 15.12 18.86 15.33 19.11 15.58 40.4 

14.77 18 43 14.97 18.68 15.17 18.92 15.38 19.18 15.59 40.5 

14.82 18.49 15.03 18.74 15.23 18.99 15.43 19.24 15.64 40.6 

14.87 18.56 15.08 18.80 15.28 19.05 15.48 19.30 15.69 40.7 

14.92 | 18.61 15.13 18.86 15.33 LOPLI) 160568 19.37 15.74 40.8 
14.97 18.68 156.18 18.93 15.88 19.18 15.69 19.43 15.80 40.9 

15.08 |18.74 15.23 18.99 15.43 19.24 15.64 19.49 15.85 41.0 
15.08 18.80 15.28 19.05 16.48 19.30 15.69 19.56 156.90 41.1 

16.18 | 18.86 15.33 19.11 15.53 19.86 15.74 19.62 15.95 41.2 
16.18 18.93 15.38 19.17 15.58 19.43 15.79 19.68 16.01 41.3 
15.28 18.99 15.48 19.24 15.64 19.49 15.84 19.75 16.06 41.4 

15.28 19.05 15.48 19.30 15.69 19.55 15.90 LOVSU IGT 41.5 

16.33 AST | 16.58 19.36 15.74 19.61 15.95 19.87 16.16 41.6 
15.38 19.17 15.58 19.42 15.79 19.68 16.00 19.94 16.21 41.7 
16.43 19.23 15.63 19.48 15.84 19.74 16.05 20.00 16.27 41.8 

15.48 19.29 15.69 19.55 15.89 19.80 16.10 20.06 16.32 41.9 

16.53 19.36 15.74 19.61 15.94 19.86 16.16 20.13 16.37 42.0 

16.68 | 19.42 15.79 19.67 15.99 19.93 16.21 20.19 16.42 42.1 
15.68 |19.48 15.84 19.73 16.05 19.99 -16.26 20.26 16.48 42.2 
16.69 19.64 15.89 19.80 16.10 20.05 16.31 20.31 16.53 42.3 

15.74 |19.60 15.94 19.86 16.15 20.11 16.36 20.38 16.58 42.4 

15.79 |19.66 15.99 19.92 16.20 20.18 16.41 20.44 16.63 42.5 
15.84 19.72 16.04 19.98 16.265 20.24 16.47 20.50 16.79 42.6 

15.89 19279) © 16209 20.04 16.30 20.30 16.52 20.57 16.74 42.7 

16.94 |19.85 16.14 20.10 16.35 20.36 16.57 20.63 16.79 42.8 
15.99 19.91 16.19 20.17 16.41 20.43 16.62 20.69 16.84 42.9 



[Chap. 

TABLE 17.—ALCOHOL 

220 METHODS OF ANALYSIS 

6 

17.5° C. 18°C. 19°C. 20°C. 

eananed Per cent | Percent | Percent | Percent | Percent | Percent | Percent | Per cent 
Y; iy. y iy. vy oy. ME vi 

volume weight volume weight volume | weight volume weight 

43.0 18.87 15.33 18.99 15.43 19.23 165.63 19.48 15.84 
43.1 18.93 15.38 19.05 15.48 19.29 15.68 19.54 15.89 
43.2 18.99 15.43 19.11 15.68 19.36 15.73 19.60 15.94 
43.3 19.05 15.48 19.17 15.58 19.41 15.78 19.66 15.99 
43.4 191 © 15.68 19.23 15.63 19.47 15.83 19.72 16.04 

43.5 19.17 15.58 19.29 15.68 19.53 15.88 19.79 16.09 
43.6 19.23 15.63 19.36 15.73 1959 15.93 19.85 16.14 
43.7 19.29 15.68 19.41 15.78 19.65 15.98 19°91. 16:19 
43.8 19.35 15.73 19.47 15.83 19.72 16.03 19:97 16284 
43.9 19.40 15.78 19.563 15.88 19.78 16.08 20.03 16.29 

44.0 19.46 15.83 19.59 15.93 19.84 16.13 20.09 16.34 
44.1 19.52 15.88 19.65 15.98 19.90 16.18 20.15 16.39 
44.2 19.58 15.93 19.71 16.03 19.96 16.28 20.21 16.44 
44.3 19.64 15.98 19.77 16.08 20.02 16.28 20.27 16.49 
44.4 19.70 16.02 19.83 16.13 20.08 16.33 20.33 16.55 

44.5 19.76 16.07 19.89 16.18 20.14 16.38 20.39 16.60 
44.6 19.82 16.12 19.95 16.28 20.20 16.438 20.46 16.65 
44.7 19.88 16.17 20.01 16.27 20.26 16.48 20.52 16.70 
44.8 19.94 16.22 20.07 16.32 20.32 16.53 20.68 16.75 
44.9 20.00 16.27 20.12 16.37 20.38 16.58 20.64 16.80 

45.0 20.06 16.32 20.18 16.42 20.44 16.63 20.70 16.85 
45.1 20.12 16.387 20.24 16.47 20.50 16.68 20.76 16.90 
45.2 20.18 16.41 20.30 16.52 20.66 16.73 20.82 16.95 
45.3 20.24 16.46 20.36 16.57 20.62 16.78 20.88 17.00 
45.4 20.29 16.51 20.42 16.62 20.68 16.83 20.94 17.05 

45.5 20.35 16.56 20.48 16.67 20.74 16.88 21.00 17.10 
45.6 20.41 16.61 20.54 16.72 20.80 16.93 21.06 17.16 
45.7 20.47 16.66 20.60 16.76 20.86 16.98 2142 7220, 
45.8 20.63 16.71 20.66 16.81 20.92 17.03 21.18 17.265 
45.9 20.59 16.76 20.72 16.86 20.98 17.08 21.24 17.30 

46.0 20.65 16.80 20.78 16.91 21.04 17.13 21.30 17.35 
46.1 20.71 16.85 20.83 16.96 21.10 17.18 21.36 17.40 
46.2 20.76 16.90 20.89 17.01 21.16 17.23 21.42 17.45 
46.3 20.82 16.95 20.95 17.06 21.22 17.28 21.48 17.50 
46.4 20.88 17.00 QUOT 711 21.28 17.33 21.54 17.55 

46.5 20.94 17.05 21.07 17.16 21.34 17.38 21.60 17.60 
46.6 21.00 17.10 21.13 17.21 21.40 17.43 21.66 17.65 
46.7 2106 17.15 21.19 17.26 21.46 17.48 21.72 17.70 
46.8 21.12 17.20 21.25 17.31 21.52 17.53 21.78 17.75 
46.9 21.18 17.25 21.31 17.36 21.58 17.58 21.84 17.80 

47.0 21.24 17.30 QUST L741 21.64 17.63 21.90 17.85 
47.1 21.30 17.85 21.43 17.46 21.70 17.68 21.96 17.90 
47.2 21.36 17.40 21.49 17.51 21.76 17.738 22.02 17.95 
47.3 21.42 17.46 21.55 17.56 21.82 17.78 22.08 18.01 
47.4 21.48 17.50 AUG ier 7,161 21.88 17.83 22.15 18.06 

47.5 21.64 17.55 21°67) 17:66 21.94 17.88 22-21 18-41 
47.6 21.60 17.60 210138) 2787. 22.00 7.94 22.27 18.16 
47.7 21.66 17.65 2I79) | 17876 22.06 17.99 22.33 18.21 
47.8 21.72 17.70 21.85 17.81 22.12 18.04 22.39 18.26 
47.9 21.78 17.76 21.91 17.86 22.18 18.09 22.45 18.31 

21°C. 

Per cent 
y 

volume 

19.72 
19.79 
19.85 
19.91 
19.97 

20.03 
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21°C. 22°C. 23°C. 24°C. 25°C. 

SCALE 
Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | RBADING 

by vy by y by y by vy y 
weight volume weight volume weight volume weight volume weight 

16.04 | 19.97 16.24 20.23 16.46 20.49 16.67 20.75 16.90 43.0 
16.09 | 20.03 16.30 20.29 16.651 20.55 16.73 20.82 16.95 43.1 
16.14 | 20.09 16.35 20.35 16.56 20.61 16.78 20.88 17.00 43.2 
16.19 20.15 16.40 20.41 16.61 20.68 16.83 20.94 17.05 43.3 
16.24 | 20.21 16.45 20.47 16.66 20.74 16.88 210L> 17270 43.4 

16.29 | 20.28 16.50 20.53 16.71 20.80 16.93 21.07 17.16 43.5 
16.34 20.34 16.55 20.60 16.76 20.86 16.98 21.13 17.21 43.6 
16.40 | 20.40 16.60 20.66 16.82 20.93 17.04 21.19 17.26 43.7 
16.46 | 20.46 16.65 20.72 16.87 20:99" 17209 21.25 17.31 43.8 
16.50 20.52 16.70 20.78 16.92 21.056 17.14 21.32 17.36 43.9 

16.55 | 20.58 16.76 20.84 16.97 pa Eh b es en) 21.38 17.41 44.0 
16.60 | 2064 16.81 20.90 17.02 palsy) Seer A 21.44 17.47 44.1 
16.65 | 20.71 16.86 20.96 17.07 21.23 17.29 21.50 17.52 44.2 
16.70 | 20.77 16.91 21.02 17.12 21.30 17.35 21.57 17.57 44.3 
16.75 20.83 16.96 21.09 17.17 21.36 17.40 21.63 17.62 44.4 

16.80 20.89 17.01 21.15 17.22 QU 42) 17245 21.69 17.67 44.5 

16.85 | 20.95 17.06 21.21 17.28 21.48 17.50 21.75 17.73 44.6 
16290" |, 21-01 17.97 PAL lt (aGb} 21.54 17.55 208t 17278 44.7 
16.95 | 21.07 17.16 21.33 17.38 21.60 17.60 21.88 17.83 44.8 
TOU 2E13 17-21 21.39 17.43 21.67 17.65 21.94 17.88 44.9 

17.06 2ABION 17286: 21.45 17.48 21.73) 17-071 22.00 17.93 45.0 
17.11 21.25 17.31 21.62 17.53 21.79 17.76 22.06 17.98 45.1 
el6m||}aleal § 17-36 21.58 17.58 21.86 17.81 22.13 18.04 45.2 
Leet | 237 1747 21.64 17.63 21.91 17.86 22.19 18.09 45.3 
17.26 | 21.43 17.46 21.70 17.68 21.98 17.91 22.26 18.14 45.4 

17.31 21.49 17.61 2157605 IETS 22.04 17.96 22.32 18.20 45.5 
17.36 21.55 17.56 21.82 17.79 22.10 18.02 22.38 18.25 45.6 
17.41 21.61 17.61 21.88 17.84 22.16 18.07 22.45 18.30 45.7 
17.46 21.67 17.66 21.94 17.89 22.23 18.12 22.51 18.36 45.8 
epi alts 17.71 22.01 17.94 22.29 18.17 22.57 18.41 45.9 

feoo ato) 17.76 22.07 17.99 22.35 18.23 22.64 18.47 46.0 
17.61 21°85 17.81 22.13 18.04 22.42 18.28 22.70 18.62 46.1 
17.66 21.91 17.86 22.19 18.09 22.48 18.33 22.76 18.57 46.2 
17.71 2197. 1791 22.26 18.15 22.54 18.39 22.83 18.63 46.3 
17.76 | 22.03 17.96 22.32 18.20 22.61 18.44 22.89 18.68 46.4 

17.81 22.09 18.01 22.38 18.25 22.67 18.49 22.96 18.73 46.5 
17.86 | 22.16 18.06 22.44 18.30 22.73 18.55 23.02 18.79 46.6 
17.91 22.22 18.11 22.51 18.36 22.80 18.60 23.08 18.84 46.7 

17.96 | 22.28 18.17 22.57 18.41 22.86 18.65 23.15 18.90 46.8 
18.01 22.34 18.22 22.63 18.46 22.92 18.70 23.21 18.95 46.9 

18.06 | 22.41 18.27 22.69 18.51 22.99 18.76 23.28 19.00 47.0 
18.11 22.47 18.32 22.76 18.57 23.05 18.81 23.34 19.05 47.1 
18.16 22.53 18.38 22.82 18.62 23.12 18.86 23.41 19.11 47.2 
18.21 | 22.69 18.43 22.88 18.67 23.18 18.92 23.47 19.16 47.3 
18.26 | 22.66 18.48 22.94 18.72 23.24 18.97 23.64 19.22 47.4 

18.31 22.72 18.53 23.01 18.78* | 23.31 19.02 23.60 19.27 47.5 
18.36 22.78 18.58 23.07 18.83 23.37 19.08 23.67 19.33 47.6 
18.42 22.84 18.64 23.13 18.88 23.44 19.13 23.73 19.38 47.7 
18.47 22.91 18.69 23.20 18.93 23.50 19.18 23.80 19.48 47.8 
18.52 22.97 18.74 23.26 18.99 23.56 19.24 23.86 19.49 47.9 
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17.5° C. 18°C. 19°C. 20°C. 

Seapine Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent 
Dy by y y by Ke y y, 

volume weight volume weight volume weight volume weight 

48.0 21.84 17.80 21.97 17.91 22.24 18.14 22.51 18.36 
48.1 21.90 17.85 22.03 17.96 22.30 18.19 22.57 18.41 
48 .2 21.96 17.90 22.09 18.01 22.36 18.24 22.63 18.46 
48.3 22.02 17.965 22.15 18.06 22.42 18.29 22.69 18.51 
48.4 22.08 18.00 22.21 18.11 22.48 18.34 22.75 18.56 

48.5 22.14 18.05 22.27 18.16 22.64 18.39 22.81 18.61 
48 .6 22.20 18.10 22.33 18.21 22.60 18.44 22.87 18.66 
48.7 22.26 18.15 22.39 18.26 22.66 18.49 22.93 18.71 
48.8 22.32 18.20 22.45 18.31 22.72 18.54 22.99 18.76 
48.9 22.38 18.25 22.61 18.36 22.78 18.59 23.06 18.81 

49.0 22.44 18.30 22.57 18.41 22.84 18.64 23.12 18.86 
49.1 22.60 18.35 22.63 18.46 22.90 18.69 23.18 18.91 
49.2 22.56 18.40 22.69 18.61 22.96 18.74 23.24 18.96 
49.3 22.62 18.46 22.75 18.56 23.02 18.79 23.30 19.02 
49.4 22.68 18.50 22.81 18.61 23.08 18.84 23.36 19.07 

49.5 22.74 18.55 22.87 18.66 23.15 18.89 23.42 19.12 
49.6 22.80 18.60 22.938 18.71 23.21 18.94 23.48 19.17 
49.7 22.86 18.65 22.99 18.76 23.27 18.99 23.55 19.22 
49.8 22.92 18.70 23.06 18.81 23.33 19.04 23.61 19.27 
49.9 22.98 18.75 23.11 18.86 23.39 19.09 23.67 19.32 

50.0 23.04 18.80 23.17 18.91 23.45 19.14 23.78 19.88 
50.1 23.10 18.85 23.23 18.96 23.651 19.19 23.79 19.48 
50.2 23.16 18.90 23.30 19.02 23.67 19.24 23.85 19.48 
50.3 23.22 18.95 23.36 19.07 23.63 19.29 23.91 19.53 
50.4 23.28 19.00 23.42 19.12 23.69 19.35 23.98 19.58 

50.5 23.34 19.05 23.48 19.17 23.75 19.40 24.04 19.63 
50.6 23.40 19.10 23.64 19.22 23.81 19.45 24.10 19.69 
50.7 23.46 19.15 23.60 19.27 23.87 19.50 24.16 19.74 
50.8 23.61 19.20 23.66 19.82 23.93 19.55 24.22 19.79 
50.9 23.57 19.25 23.72 19.37 23.99 19.60 24.28 19.84 

51.0 23.63 19.30 23.78 19.42 24.05 19.65 24.35 19.89 
51.1 23.69 19.36 23.84 19.47 24.12 19.70 24.41 19.94 
51.2 23.75 19.40 23.90 19.52 24.18 19.75 24.47 20.00 
61.3 23.81 19.45 23.96 19.57 24.24 19.80 24.53 20.05 
51.4 23.87 19.50 24.02 19.62 24.30 19.85 24.59 20.10 

51.5 23.93 19.55 24.08 19.67 24.36 19.90 24.65 20.15 
51.6 23.99 19.60 24.14 19.72 24.42 19.95 24.72 20.20 
51.7 24.056 19.65 24.20 19.77 24.48 20.01 24.78 20.26 
51.8 24.11 19.70 24.26 19.82 24.64 20.06 24.84 20.31 
51.9 24.17 19.765 24.32 19.87 24.60 20.11 24.90 20.36 

52.0 24.23 19.80 24.38 19.92 24.66 20.16 24.96 20.41 
52.1 24.30 19.85 24.44 19.97 24.73 20.21 25.03 20.46 
52.2 24.36 19.90 24.50 20.02 24.79 20.26 25.09 20.52 
52.3 24.42 19.95 24.56 20.07 24.85 20.31 25.15 20.57 
52.4 24.48 20.00 24.62 20.12 24.91 20.37 25.21 20.62 

52.5 24.54 20.05 24.68 20.17 24.97 20.42 25.28 20.67 
52.6 24.60 20.10 24.74 20.22 25.03 20.47 25.34 20.72 
52.7 24.66 20.15 24.80 20.28 25.09 20.52 25.40 20.78 
52.8 24.72 20.20 24.86 20.33 25.15 20.57 25.46 20.83 
52.9 24.78 20.25 24.92 20.38 25.22 20.62 25.53 20.88 
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21°C. 

Per cent 
hi 

weight 

18.57 
18.62 
18.67 
18.72 
18.77 

18.83 
18.88 
18.93 
18.98 
19.03 

19.08 
19.14 
19.19 
19.24 
19.29 

19.35 
19.40 
19.45 
19.51 
19.56 

19.61 
19.66 
19.72 
19.77 
19.82 

19.87 
19.93 
19.98 
20.03 
20.08 

20.14 
20.19 
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22°C. 23°C. 24°C. 25°C. 

SCALE 
Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | READING 

y by by y by oy y Dy, 
volume weight volume weight volume weight volume weight 

23.03 18.79 23.32 19.04 23.63 19.29 23.93 19.54 48.0 
23.09 18.84 23.39 19.09 23.69 19.34 23.99 19.60 48.1 
23.16 18.90 23.45 19.14 23.76 19.40 24.06 19.65 48.2 
23.22 18.95 23.52 19.20 23.83 19.45 24.13 19.71 48.3 
23.28 19.00 23.58 19.25 | 23.89 19.50 24.19 19.76 48.4 

23.35 19.06 23.64 19.31 23.96 19.56 24.26 19.82 48.5 
23.41 19.11 23.71 19.386 | 24.02 19.61 24.32 19.87 48.6 
23.47 19.16 23.77 19.41 24.08 19.67 24.39 19.92 48.7 
23.64 19.21 23.83 19.47 | 24.14 19.72 24.45 19.98 48.8 
23.60 19.27 23.90 19.52 | 24.21 19.77 24.52 20.03 48.9 

23.66 19.32 23.96 19.57 | 24.27 19.83 24.69 20.09 49.0 
23.73 19.37 24.03 19.63 | 24.34 19.88 24.65 20.15 49.1 
23.79 19.48 24.09 19.68 | 2440 19.94 24.72 20.20 49.2 
23.85 19.48 24.15 19.73 | 24.47 19.99 24.78 20.26 49.3 
23.92 19.54 24.22 19.79 | 24.53 20.04 24.85 20.31 49.4 

23.98 19.59 24.28 19.84 | 24.60 20.10 24.91 20.37 49.5 
24.04 19.64 24.35 19.89 | 24.66 20.16 24.98 20.42 49.6 
24.11 19.70 24.41 19.95 | 24.73 20.21 25.05 20.48 49.7 
24.17 19.75 24.48 20.00 | 24.79 20.27 25.11 20.54 49.8 
24.24 19.80 24.54 20.05 | 24.86 20.32 25.18 20.59 49.9 

24.30 19.86 24.61 20.11 24.92 20.38 25.25 20.65 50.0 
24.37 19.91 24.67 20.16 | 24.99 20.43 25.31 20.70 50.1 
24.43 19.96 24.74 20.22 | 25.05 20.49 25.38 20.76 50.2 
24.49 20.02 24.80 20.27 | 25.12 20.54 25.45 20.82 50.3 
24.56 20.07 24.86 20.33 | 265.18 20.60 25.51 20.87 50.4 

24.62 20.12 24.93 20.38 | 25.25 20.65 25.68 20.93 50.5 
24.69 20.18 24.99 20.44 | 26.32 20.71 25.65 20.98 50.6 
24.75 20.23 25.06 20.49 | 26.38 20.76 25.71 21.04 50.7 
24.81 20.29 26.12 20.65 | 25.45 20.82 25.78 21.10 50.8 
24.88 20.34 25.19 20.60 | 25.51 20.87 25.85 21.15 50.9 

24.94 20.39 25.25 20.66 | 25.68 20.93 265.91 21.21 51.0 
25.01 20.45 25.32 20.71 | 25.64 20.98 25.98 21.27 51.1 
25.07 20.50 25.38 20.77 | 25.71 21.04 26.05 21.32 51.2 
25.13 20.55 25.45 20.82 | 25.78 21.09 26.11 21.38 51.3 
25.20 20.61 25.51 20.87 | 265.84 21.15 26.18 21.44 51.4 

25.26 20.66 25.58 20.93 | 25.91 21.21 26.25 21.49 51.5 
25.33 20.72 25.64 20.98 | 25.97 21.26 26.32 21.55 51.6 
25.39 20.77 25.71 21.04 26.04 21.32 26.39 21.61 51.7 
25.46 20.82 25.77 21.09 | 26.11 21.87 26.45 21.66 51.8 
25.62 20.88 25.84 21.16 | 26.17 21.48 26.52 21.72 51.9 

25.58 20.93 25.90 21.20 | 26.24 21.49 26.59 21.7 52.0 
25.65 20.98 25.97 21.26 | 26.31 21.54 26.66 21.83 52.1 
25.71 21.04 26.03 21.31 26.37 21.60 26.72 21.89 52.2 
25.78 21.09 26.10 21.37 | 26.44 21.65 26.79 21.95 52.3 
25.84 21.16 26.16 21.42 | 26.61 21.7 26.86 2.01 52.4 

25.90 21.20 26.23 21.48 | 26.57 21.77 26.93 22.06 52.5 
25.97 21.26 26.29 21.53 | 26.64 21.82 26.99 22.12 52.6 
26.03 21.31 26.36 21.59 | 26.71 21.88 27.06 22.18 52.7 
26.10 21.36 26.42 21.64 | 26.77 21.93 27.13 22.24 52.8 
26.16 21.42 26.49 21.7 26.84 21.99 27.20 22.29 52.9 
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6 TABLE 17.—ALCOHOL 

17.5°C. 18°C. 19°C. 20°C. 21°C. 

SEKDING Per cent | Percent | Percent | Percent | Percent | Percent | Percent | Per cent | Per cent 
by by. y Dy ry ay by by 

volume weight volume weight volume weight volume weight volume 

53.0 24.84 20.30 24.98 20.43 25.28 20.68 25.59 20.93 25.90 
53.1 24.90 20.36 25.04 20.48 25.34 20.73 25.65 20.98 25.96 
53.2 24.96 20.41 25.10 20.53 25.40 20.78 25.71 21.04 26.03 
53.3 25.02 20.46 25.16 20.58 25.46 20.83 25.77 21.09 26.09 
53.4 25.08 20.51 25.23 20.63 25.52 20.88 25.84 21.14 26.16 

53.5 25.14 20.56 25.29 20.68 25.59 20.93 25.90 21.20 26 .22 
53.6 25.20 20.61 25.35 20.74 25.65 20.98 25.96 21.25 26 28 
53.7 25.26 20.66 25.41 20.79 25.71 21.04 26.03 21.30 26.35 
53.8 25.32 20.71 25.47 20.84 25.77 21.09 26.09 21.36 26.41 
53.9 25.38 20.76 25.53 20.89 25.83 21.14 26.15 21.41 26.47 

54.0 25.44 20.81 25.59 20.94 25.90 21.19 26.22 21.47 26 54 
54.1 25.50 20.86 25.65 20.99 25.96 21.25 26.28 21.52 26.60 
54.2 25.56 20.91 25.71 21.04 26.02 21.30 26.34 21.57 26.67 
54.3 25.62 20.96 25.77 21.09 26.08 21.35 26.41 21.63 26.73 
54.4 25.68 21.02 25.84 21.14 26.14 21.40 26.47 21.68 26.79 

54.5 25.75 21.07 25.90 21.20 26.20 21.46 26.53 21.73 26.86 
54.6 25.81 21.12 25.96 21.25 26.27 21.651 26.59 21.79 26.92 
54.7 25.87 21.17 26.02 21.30 26.33 21.56 26.66 21.84 26.99 
54.8 25.93 21.22 26.08 21.35 26.39 21.62 26.72 21.90 27.05 
54.9 25.99 21.27 26.14 21.40 26.45 21.67 26.78 21.95 27.11 

55.0 26.05 21.32 26.20 21.45 26.52 21.72 26.85 22.00 27.18 
55.1 26-117 421-87, 26.26 21.61 26.58 21.77 26.91 22.05 27.24 

55.2 26.17 21.48 26.32 21.56 26.64 21.83 26.97 22.11 27.31 
55.3 26.23 21.48 26.38 21.61 26.70 21.88 27.04 22.16 27.37 
55.4 26.29 21.53 26.45 21.66 26.76 21.93 27.10 22.21 27.43 

26.35 21.58 26.51 21.71 26.83 21.98 27.16 22.26 27.49 
26.41. 21.63 26.57 21.76 26.89 22.04 27.23 22.32 27.55 
26.47 21.68 26.63 21.81 26.95 22.09 27.29 22.37 27.62 
26.53 21.73 26.69 21.87 27.01 22.14 27.35 22.42 27.69 
26.59 21.79 26.75 21.92 27.07 22.19 27.41 22.48 27.75 

26.65 21.84 | 26.81 21.97 | 27.14 922.24 | 27.48 22.63 | 27.82 
26.72 21.89 | 26.87 22.02 | 27.20 22.30 | 27.54 92.68 | 27.88 
26.78 21.94 | 26.93 22.07 | 27.26 22.385 |27.60 22.64 | 27.94 
26.84 21.99 | 26.99 22.12 | 27.32 922.40 | 27.66 22.69 | 28.01 
‘96.90 22.04 | 27.05 22.18 | 27.38 92.45 | 27.73 22.74 | 28.07 

26.96 22.09 | 27.12 
27.02 22.14 | 27.18 
27.08 22.19 | 27.24 
27.14 22.95 | 27.30 
27.20 22.30 | 27.36 

a3 27.44 22.50 27.79 22.79 28.14 
28 27.51 22.66 27.85 22.85 28 .20 

‘ 27.57 22.61 27.91 22.90 28 26 
88 27.63 22.66 27.98 22.95 28.33 
43 27.69 22.71 28.04 23.01 28.39 % % *% WS WW WWE 

ce zs) 

ot 

Sap hvee Se DEDEY eo EDS US NEueA RW O OON Or mW O OMONID& 

57 27.26 92.85 | 27.42 22.48 |27.76 22.77 | 28.10 23.06 | 28.46 
57 27.32 92.40 | 27.48 22.54 | 27.81 22.82 | 28.16 23.11 | 28.52 
57 27.88 92.46 | 27.54 22.59 | 27.88 22.87 | 28.23 98.17 | 28.69 
57 27.44 92.50 | 27.60 22.64 |27.94 22.92 |28.29 923.29 | 28.65 
57 27.50 92.56 | 27.66 22.69 | 28.00 22.97 | 28.35 23.27 | 28.72 

57.5 27.66 22.61 | 27.73 22.74 | 28.06 23.03 |28.42 28.38 | 28.78 
57.6 27.62 22.66 | 27.79 22.79 |28.138 93.08 | 28.48 923.88 | 28.85 
57.7 27.68 929.71 | 27.85 22.85 |28.19 98.18 | 28.54 23.43 | 28.91 
57.8 27.75 89.76 27.91 22.90 28.25 23.19 28.60 23.49 28.97 
57.9 27.81 22.81 | 27.97 22.95 | 28.31 93.24 |28.67 23.54 | 29.04 
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TABLE.—Continued. 6 

21°C! 22°C. 23°C. 24°C. 25°C. 

SCALE 
Per cent | Per cent | Percent | Percent | Percent | Percent | Per cent | Per cent | Per cent | READING 

by by oy Vv by by ry vy vy 
weight volume weight volume weight volume weight volume weight 

21.20 |26.23 21.47 | 26.56 21.75 | 26.91 92.05 |29797 22.35 53.0 
91.95 | 26.29 21.53 26.62 21.81 26.97 22.10 27.33 22.41 53.1 
21.31 | 26.35 21.58 26.69 21.86 27.04 22.16 27.40 22.47 53.2 
21.86 | 26.42 21.64 26.75 21.92 27.11 22.22 27.47 22.52 53.3 
91.42 | 26.48 21.69 26.82 21.97 20.17 22.87 27.64 22.58 53.4 

91.47 | 26.65 21.74 26.88 22.03 27.24 22.33 27.61 22.64 53.5 
21.52 | 26.61 21.80 26.95 22.08 27.31 22.39 27.67 22.70 53.6 
91.58 | 26.68 21.85 27.01 22.14 27.38 22.44 27.74 22.75 53.7 
91.63 | 26.74 21.91 27.08 22.20 27.44 22.50 27.81 22.81 53.8 
91.69 | 26.81 21.96 27.15 22.25 27.61 22.56 27.88 22.87 53.9 

21.74 26.87 22.02 27.21 22.31 27.58 22.61 27.95 22.93 54.0 
21.79 | 26.94 22.07 27.28 22.37 27.64 22.67 28.01 22.98 54.1 
91.85 | 27.00 22.13 27.35 22.42 27.71 22.78 28.08 23.04 54.2 
21.90 27.07 22:18 27.41 22.48 27.78 22.78 28.15 23.10 54.3 
21.96 | 27.138 22.24 27.48 22.53 27.85 22.84 28.22 23.16 54.4 

22.01 27.20 22.29 27.65 22.59 27.91 22.90 28.29 23.22 54.5 

22.06 | 27.26 22.35 27.61 22.65 27.98 22.95 28.36 23.27 54.6 
99.19 | 27.33 22.40 27.68 22.70 28.05 23.01 28.43 23.33 54.7 
22.17 27.39 22.46 27.75 22.76 28.11 23.07 28.49 23.39 54.8 
22.23 27.46 22.51 27.81 22.81 28.18 23.13 28.56 23.45 54.9 

22.28 | 27.52 22.57 27.88 22.87 28.25 23.18 28.63 23.51 55.0 
22.33 27.59 22.68 27.95 22.93 28.32 23.24 28.70 23.56 55.1 
22.39 | 27.65 22.68 28.01 22.98 28.38 23.30 28.77 23.62 55.2 
22 4h 27.72 22.74 28.08 23.04 28.45 23.35 28.84 23.68 55.3 
22.49 | 27.78 22.79 28.15 23.10 28.562 23.41 28.90 23.74 55.4 

22.55 27.85 22.85 28.21 93.15 28.58 23.47 28.97 23.80 55.5 
22.60 27.92 22.90 28.28 23.21 28.65 23.53 29.04 23.86 55.6 
22.66 | 27.98 22.96 28.34 23.26 28.72 23.58 29-105) 23.97 55.7 
22.71 | 28.05 23.01 28.41 23.32 28.78 23.64 29.18 23.97 55.8 
22.76 | 28.11 23.07 28.48 23.38 28.85 23.70 29.24 24.03 55.9 

22.82 28.18 28.12 28.54 23.43 28.92 23.75 29.31 24.09 56.0 
22.87 28.24 23.18 28.61 23.49 28.99 23.81 29.38 24.14 56.1 
22.92 | 28.31 23.23 28.68 23.54 29.05 23.87 29.45 24.20 56.2 
22.98 28.37 23.29 28.74 23.60 29.12 23.93 29.52 24.26 56.3 
28.03 | 28.44 23.34 28.81 23.66 29.19 23.98 29.68 24.32 56.4 

23.09 | 28.50 23.40 28.87 23.71 29.26 24.04 29.65 - 24.38 56.5 
93.14 | 28.56 23.45 28.94 23.77 29.32 24.10 29.72 24.43 56.6 
23.20 | 28.63 23.51 29.01 23.83 29.39 24.15 29.79 24.49 56.7 
23.25 28.69 23.56 29.07 23.88 29.46 24.21 29.86 24.55 56.8 
23.31 | 28.76 23.62 29.14 23.94 29.53 24.27 29.93 24.61 56.9 

23.36 28.82 23.67 29.20 28.99 29.59 24.32 29.99 24.66 57.0 
28.42 | 28.89 23.73 29.27 24.05 29.66 24.38 30.06 24.72 57.1 
23.47 28.95 23.78 29.34 24.11 29.73 24.44 30.13 24.78 55.2 
23,52 | 29.02 23.84 29.40 24.16 29.80 24.49 30.20 24.84 55.3 
28.58 | 29.08 23.90 29.47 24.22 29.86 24.56 30.27 24.90 57.4 

23.63 29.15 23.95 29.53 24.27 29.93 24.61 30 34 24.95 57.5 
23.69 29:21 24.01 29.60 24.83 30.00 24.66 30.41 25.01 57.6 
23.74 29.28 24.06 29.66 24.89 30.07 24.72 30.48 25.07 57.7 
23.80 29.34 24.12 29.73 24.44 30.14 24.78 30.55 25.13 57.8 
28.85 | 29.414 24.17 29.80 24.50 30.20 24.83 30.62 25.19 57.9 
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TABLE 17.—ALCOHOL 

17.5° C. 18°C. 19°C. 20° C. 21°C. 

Per cent | Per cent | Per cent | Per cent 
by by 

weight | volume 

Per cent | Per cent 

by y 
weight volume 

Per cent | Per cent |} Per cent 
by 

volume 
y y 

weight volume weight volume 

PWNHO CONAN PWHHO 

BRWNHO CONAN PWNHHO CONAN RPWNHO DDMNI]AM 

DOMIDN 

27.87 22.86 28.03 23.00 28.38 23.29 28.73 23.59 29.10 
27.93 22.91 28.09 23.05 28.44 23.34 28.79 23.65 29.17 
27.99 22.96 28.15 23.10 28.50 23.40 28.86 23.70 29.23 
28.05 23.02 28.21 23.16 28.56 23.45 28.92 23.75 29.29 
28.11 23.07 28.28 23.21 28.62 23.50 28.98 23.81 29.36 

28.17 23.12 28.34 23.26 28.69 23 66 | 29.04 23.86 29.42 
28.23 23.17 28.40 23.31 28.75 23.61 29.11 23.91 29 48 
28.29 23.22 28.46 23.36 28.81 23.66 29.17 23.97 | 29.55 
28.35 23.27 28.52 23.41 28.88 23.71 29.23 24.02 29.61 
28.41 23.32 | 28.58 23.47 28.94 23.77 29.30 24.08 29.68 

28.47 23.37 28.64 23.62 29.00 23.82 29.36 24.13 29.74 
28.53 23.43 28.71 23.67 29.06 23.87 29.42 24.18 29 80 
28.59 23.48 28.77 23.62 29.12 23.93 29.49 24.24 29.87 
28.65 23.53 28.83 23.67 29.19 23.98 29.55 24.29 29.93 
28.71 23.58 28.89 23.73 29.25 24.03 29.61 24.34 29.99 

28.78 23.63 28.95 23.78 29.31 24.08 29.68 24.40 30.06 
28.84 23.68 29.01 23.83 29.37 24.14 29.74 24.45 30.13 
28.90 23.73 29.07 23.88 29.43 24.19 29.80 24.50 30.19 
28.96 23.79 29.13 23.93 29.50 24.24 29.87 24.56 30.26 
29.02 23.84 29.20 23.98 29.56 24.30 29.93 24.61 30.32 

29.08 23.89 29.26 24.04 29.62 24.35 29.99 24.67 30.39 
29.14 23.94 29.32 24.09 29.68 24.40 30.06 24.72 30.45 
29.20 23.99 29.38 24.14 29.74 24.46 30.12 24.77 30.52 
29.26 24.04 29.44 24.19 29.81 24.51 30.19 24.83 30.59 
29.32 24.10 29.50 24.26 29.87 24.56 30.25 24.88 30.65 

29.38 24.16 29.56 24.30 29.93 24.61 30.32 24.94 30.72 
29.45 24.20 29.63 24.35 29.99 24.67 30.38 24.99 30.78 
29.61 24.25 29.69 24.40 30.06 24.72 30.45 25.04 30.85 
29.57 24.30 29.75 24.46 30.12 24.77 30.51 25.10 30.91 
29.63 24.35 29.81 24.61 30.18 24.83 30.57 25.16 30.98 

29.69 24.41 29.87 24.66 30.25 24.88 30.64 25.21 31.05 
29.75 24.46 29.93 24.61 30.31 24.93 30.70 25.27 31.11 
29.81 24.61 29.99 24.66 30.38 24.98 30.77 25.32 31.18 
29.87 24.56 30.06 24.72 30.44 25.04 30.83 25.38 31.25 
29.93 24.61 30.12 24.77 30.60 25.09 30.90 25.44 31.32 

29.99 24.67 30.18 82 30.57 25.15 30.96 25.49 31.39 
30.06 24.72 30.25 .87 30.63 25.20 31.03 25.55 31.46 
30.12 24.77 30.31 30.69 25.26 31.09 25.60 31.52 
30.18 24.82 30.37 98 30.76 25.31 31.16 25.66 31.59 
30.25 24.88 30.44 .03 30.82 25.37 31.23 25.71 31.66 

30.31 24.93 30.50 25.09 30.89 25.43 31.29 25.77 31.72 
30.37 24.98 30.56 25.14 30.95 25.48 31.36 25.83 31.79 
30.43 2 .03 30.63 25.20 31.01 25.54 31.43 25.88 31.86 
30.50 26.09 30.69 25.25 31.08 25.59 31.49 25.94 31.93 
30.56 25.14 30.75 25.31 31.14 25.65 31.56 25.99 31.99 

2% % % % & ee 

Re «6 

30.62 25.20 30.82 25.36 31.21 26.7 31.63 26.05 32.06 
30.69 25.25 30.88 25.42 31.28 25.7 31.69 26.11 32.13 
30.75 25.31 30.94 25.47 31.34 25.81 31.76 26.17 32.20 
30.81 25.36 31.01 25.53 31.41 25.87 31.83 26.23 32.27 
30.87 25.42 31.07 25.58 31.47 25.92 31.89 26.29 32.34 
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TABLE.—Continued. 6 

B1-'C: 22° C. 23° C. 24°C. 25° C. 

SCALB 
Per cent Benicant Percent | Percent | Percent | Percent | Percent | Percent | Per cent | rmaprina 

wank volume weight volume weinht walnne waiehe wales SORE 

23.91 29.47 24.23 29.87 24.56 30.27 24.89 30.69 25.265 58.0 
23.96 29.54 24.28 29.93 24.61 30.34 24.95 30.76 25.31 58! 

24.02 | 29.60 24.34 29.99 24.66 30.41 25.01 30.83 25.37 58.2 
24.07 | 29.67 24.39 30.06 24.72 30.48 25.07 30.90 25.43 58.3 
24.18 | 29.73 24.45 30.13 24.78 30.64 25.13 30.97 25.49 58.4 

24.18 | 29.80 24.50 30.20 24.83 30.61 25.18 31.04 25.55 58.5 
24.23 29.86 24.56 30.26 24.89 30.68 25.23 31.11 25.61 58.6 

24.29 29.93 24.61 30.33 24.94 30.75 25.29 31.18 25.67 58.7 

24.84 29.99 24.67 30.40 25.00 30.82 25.35 31.25 25.73 58.8 
24.40 30.06 24.72 30.47 25.06 30.88 25.41 31.32 25.80 58.9 

24.45 | 30.13 24.78 30.53 25.12 30.95 25.47 31.40 25.86 59.0 
24.51 30.19 24.83 30.60 25.18 31.02 25.53 31.47 25.92 59.1 
24.56 30.26 24.89 30.67 256.24 31.09 25.59 31.54 25.98 59.2 
24.61 30.33 24.95 30.74 25.30 31.16 25.65 31.61 26.04 59.3 
24.67 | 30.39 25.00 30.81 25.36 31.23 25.71 31.68 26.10 59.4 

24.72 | 30.46 25.06 30.87 25.41 31.30 25.77 31.76 26.16 59.5 
24.78 | 30.63 25.11 30.94 25.47 31.38 25.83 31.83 26.23 59.6 
24.83 | 30.59 25.17 31.01 25.53 31.45 25.89 31.90 26.29 59.7 
24.89 | 30.66 25.23 31.08 25.59 31.52 25.95 31.97 26.35 59.8 
24.94 | 30.73 25.29 31.15 25.65 31.59 26.02 32.04 26.42 59.9 

24.99 | 30.79 25.34 31.22 25.71 31.66 26.08 32.12 26.48 60.0 
25.05 30.86 25.40 31.29 25.77 31.73 26.14 32.19 26.54 60.1 

25.11 30.93 25.46 31.36 25.83 31.80 26.20 32.27 26.61 60.2 

25.16 | 30.99 25.52 31.43 25.89 31.87 26.27 32.34 26.67 60.3 
25.22 | 31.06 25.67 31.50 25.96 31.94 26.33 32.41 26.73 60.4 

25.28 | 31.13 25.63 31.57 26.01 32.02 26.39 32.49 26.80 60.5 
25.34 | 31.20 25.69 31.64 26.07 32.09 26.45 32.56 26.86 60.6 
25.389 31.27 25.75 31.71 26.18 32.16 26.52 32.64 26.92 60.7 

25.45 | 31.33 25.80 31.78 26.19 32.23 26.58 32.71 26.99 60.8 
25.61 | 31.40 25.86 31.85 26.25 32.30 26.64 32.78 27.05 60.9 

25.56 31.47 25.92 31.92 26.31 32.38 26.70 32.86 27 12 61.0 
25.62 31.54 25.98 31.99 26.37 32.45 26.76 32.93 27.18 61.1 

25.68 31.61 26.04 32.06 26.43 32.52 26.83 33.01 27.24 61.2 

25.78 | 31.67 26.10 32.13 26.49 32.59 26.89 33.08 27.31 61.3 
25.79 | 31.74 26.16 32.20 26.55 32.67 26.95 33.16 27.37 61.4 

25.85 | 31.81 26.22 32.27 26.61 32.74 27.01 33.23 27.44 61.5 
25.90 | 31.88 26.28 32.34 26.67 32.81 27.08 33.31 27.50 61.6 
25.96 | 31.95 26.34 32.41 26.73 32.88 27.14 33.38 27.56 61.7 
26.02 | 32.01 26.40 32.49 26.79 32.96 27.20 33.46 27.63 61.8 
26.08 | 32.09 26.46 32.56 26.85 33.03 27.27 33.53 27.69 61.9 

26.14 32.16 26.51 32.63 26.92 33.10 27.33 33.60 27.76 62.0 

26.20 | 32.23 26.57 32.70 26.98 33.18 27.39 33.68 27.82 62.1 
26.25 32.30 26.63 32.77 27.04 33.25 27.46 33.75 27.88 62.2 

26.31 32.37 26.69 32.84 27.10 33.33 27.52 33.83 27.95 62.3 
26.87 32.44 26.75 32.91 27.16 33.40 27.68 33.90 28.01 62.4 

26.43 | 32.61 26.81 32.99 27.23 33.47 27.65 33.98 28.08 62.5 
26.49 32.58 26.87 33.06 27.29 33.55 27.71 34.05 28.16 62.6 
26.55 | 32.65 26.93 33.13 27.35 33.62 27.77 34.13 28.22 62.7 
26.61 32.72 26.99 33.20 27.41 33.70 27.84 34.21 28.28 62.8 

26.67 32.79 27.06 33.28 27.48 33:77 27.90 34.29 28.35 62.9 
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TABLE 17.—ALCOHOL 

17.5° C. 18°C. 19°C. 20° C. 21°C 

SNE Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent 
by oy oy ay oy. vy oy. by 

volume weight volume weight volume weight volume weight volume 

63.0 30.94 25.47 31.14 25.64 31.54 25.98 31.96 26.35 32.41 
63.1 31.00 25.52 31.20 25.69 31.61 26.03 32.03 26.41 32.48 
63.2 31.06 25.58 31.26 25.75 31.67 26.09 32.10 26.46 32.55 
63.3 31.13 25.63 31.33 25.80 31.74 26.165 32.17 26.52 32.62 
63.4 31.19 25.69 31.39 25.86 31.80 26.21 32.23 26.58 32.69 

63.5 31.26 25.74 31.46 25.91 31.87 26.26 32.30 26.64 32.76 
63.6 31.32 25.80 31.52 25.97 31.93 26.32 32.37 26.70 32.83 
63.7 31.38 25.85 31.59 26.02 32.00 26.38 32.44 26.76 32.90 
63.8 31.45 25.91 31.65 26.08 32.07 26.44 32.51 26.82 32.97 
63.9 31.51 25.96 31.72 26.13 32.13 26.49 32.58 26.88 33.04 

64.0 31.58 26.02 31.78 26.19 32.20 26.55 32.65 26.94 33.11 
64.1 31.64 26.07 31.85 26.25 32.27 26.61 32.72 26.99 33.18 
64.2 31:70 26.13 31.91 26.30 32.34 26.67 32.79 27.06 33.25 
64.3 31.77 26.18 31.97 26.36 32.40 26.72 32.86 27.11 33.32 
64.4 31.83 26.24 32.04 26.41 32.47 26.78 32.92 27.17 33.39 

64.5 31.90 26.29 32.11 26.47 32.54 26.84 32.99 27.23 33.46 
64.6 31.96 26.35 32.17 26.58 32.60 26.90 33.06 27.29 33.53 
64.7 32.03 26.40 32.24 26.58 32.67 26.95 33.13 27.35 33.60 
64.8 32.09 26.46 32.30 26.64 32.74 27.01 33.20 27.41 33.67 
64.9 32.16 26.61 32.37 26.69 32.81 27.07 33.27 27.47 33.74 

65.0 32.22 26.57 32.43 26.75 32.87 27.18 33.34 27.53 33.82 
65.1 32.29 26.63 32.50 26.80 32.94 27.19 33.41 27.59 33.89 
65.2 32.35 26.68 32.57 26.86 33.01 27.26 33.48 27.65 33.96 
65.3 32.42 26.74 32.63 26.92 33.08 27.31 33.55 27.71 34.03 
65.4 32.48 26.79 32.70 26.97 33.15 27.37 33.62 27.77 34.10 

65.5 32.55 26.85 32.76 27.08 33.22 27.43 33.69 27.83 34.18 
65.6 32.61 26.90 32.83 27.09 33.28 27.49 33.76 27.89 34.25 
65.7 32.68 26.96 32.89 27.165 33.35 27.54 33.83 27.95 34.32 
65.8 32.75 27.01 32.96 27.21 33.42 27.60 33.99 28.01 34.40 
65.9 32.81 27.07 33.03 27.26 33.49 27.66 33.97 28.07 34.47 

66.0 32.88 27.13 33.10 27.32 33.56 27.72 34.04 28.13 34.54 

66.1 32.94 27.19 33.17 27.38 33.63 27.78 34.11 28.19 34.62 

66.2 33.01 27.25 33.23 287.44 33.70 27.84 34.18 28.26 34.69 
66.3 33.07 27.30 33.30 27.50 33.77 27.90 34.25 28.32 34.76 
66.4 33.14 27.36 33.37 27.56 33.84 27.96 34.33 28.38 34.84 

66.5 33.21 27:42 33.44 27.62 33.91 28:02 34.40 28.45 34.91 

66.6 33.28 27.48 33.51 27.68 33.98 28.08 34.47 28.51 34.99 
66.7 33.35 27.54 33.58 27.73 34.05 28.14 34.54 28.57 35.06 

66.8 33.41 27.60 33.65 27.79 84.12 28.20 34.62 28.64 35.14 
66.9 33.48 27.65 33.72 27.85 34.19 28.27 34.69 28.70 35.21 

67.0 33.55 = 27:71 33.79 27.91 34.26 28.33 34.76 28.76 35.29 
67.1 33.62 287.77, | 33.86 27.97 34.34 28.39 34.83 28.82 35.37 
67.2 33.69 27.83 33.92 28.03 34.41 28.45 34.91 28.89 35.44 
67.3 33.76 27.89 33.99 28.09 34.48 28.52 34.98 28.95 35.52 
67.4 33.82 27.95 34.06 28.15 34.55 28.58 35.05 29.01 35.60 

67.5 33.89 28.01 34.13 28.21 34.62 28.64 35.13 29.08 35.67 
67.6 33.96 28.06 34.20 28.27 34.69 28.70 35.20 29.14 35.75 
esl 34.03 28.12 34.27 28.34 34.76 28.7 35.28 29.21 35.82 

67.8 34.09 28.18 34.34 28.40 34.84 28.83 35.35 29.27 35.90 
67.9 34.16 28.24 34.41 28.46 34.91 28.89 35.43 29.34 35.98 
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TABLE.—Continued. 6 

21°C. 22°C. 23°C. 24°C. 25°C. 

= SCALE 
Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | READING 

y. y by y oy, y by by ny 
weight volume weight volume weight volume weight volume weight 

96.738 | 32.87 27.12 33.35 27.54 33.84 27.96 34.36 28.42 63.0 
26.79 32.94 27.18 33.42 27.60 33.92 28.03 34.44 28.49 63.1 
96.85 | 383.01 27.24 33.50 27.66 33.99 28.09 34.52 28.55 63.2 
96.91 | 33.08 27.31 33.57 27.72 34.07 28.16 34.60 28.62 63.3 
96.96 | 33.15 27.37 33.64 27.79 34.15 28.23 34.67 28.69 63.4 

27.02 33.22 27.43 33.72 27.85 34.22 28.29 34.75 28.76 63.5 

27.09 33.30 27.49 33.79 27.91 34.30 28.36 34.83 28.82 63.6 
27.15 33.37 27.56 33.86 27.98 34.38 28.43 34.91 28.89 63.7 
27.21 33.44 27.62 33.93 28.04 34.45 28.49 34.98 28.96 63.8 
27.27 | 33.51 27.68 34.01 28.11 34.53 28.56 | 35.07 29.03 63.9 

27.33 33:59) 27.74 34.08 28.17 34.61 28.63 35.15 29.10 64.0 

27.39 33.66 27.81 34.16 28.24 34.68 28.69 35.23 29.17 64.1 
27.45 33213 27.87 34.23 28.30 34.76 28.76 35.31 29.24 64.2 

27.51 | 33.80 27.93 34.31 28.37 34.84 28.83 35.39 29.31 64.3 
27.57 | 33.88 27.99 34.39 28.43 34.92 28.89 35.48 29.38 64.4 

27.63 | 33.95 28.06 34.46 28.50 34.99 28.96 35.56 29.45 64.5 
27.70 | 34.02 28.12 34.54 28.57 35.07 29.03 35.64 29.52 64.6 
27.76 | 34.10 28.19 34.61 28.63 35.15 29.10 35.72 29.60 64.7 
27.82 34.17 28.25 34.69 28.70 35.23 29.17 35.80 29.67 64.8 
27.88 | 34.24 28.51 34.76 28.76 35.31 29.24 35.89 29.74 64.9 

27.94 34.32 28.38 34.84 28.83 35.39 29.31 35.97 29.81 65.0 
98.00 | 34.389 28.44 34.92 28.89 35.47 29.38 36.05 29.88 65.1 
28.06 34.47 28.51 34.99 28.96 35.55 29.44 36.13 29.95 65.2 
28.138 34.54 28.57 35.07 29.03 35.63 29.51 36.21 30.02 65.3 

28.19 34.61 28.63 35.15 29.10 35.71 29.58 36.30 30.10 65.4 

28.25 34.69 28.70 35.23 29.16 35.79 29.65 36.38 30.17 65.5 
28.32 | 34.76 28.76 35.30 29.23 35.87 29.72 36.46 30.24 65.6 
28.38 34.84 28.83 35.38 29.30 35.94 29.79 36.55 30.32 65.7 
28.45 | 34.91 28.89 35.46 29.37 36.02 29.86 36.63 30.39 65.8 
28.51 34.99 28.96 35.64 29.44 36.11 29.93 36.71 30.46 65.9 

28.57 35.06 29.02 35.62 29.51 36.19 30.00 36.79 30.54 66.0 
28.64 | 35.14 29.09 35.70 29.58 36.27 30.07 36.88 30.61 66.1 
28.70 35.22 29.16 35.77 29.64 36.35 30.15 36.96 30.68 66.2 
28.76 35.30 29.23 35.85 29.71 36.48 30.22 37.04 30.76 66.3 
28.83 | 35.38 29.29 35.93 29.78 36.52 30.29 37.13 30.83 66.4 

28.89 35.45 29.36 36.01 29.85 36.60 30.36 87.22 30.90 66.5 
28.96 | 35.63 29.43 36.09 29.92 36.68 30.43 37.30 30.98 66.6 
29.03 | 35.61 29.50 36.17 29.99 36.76 30.51 37.39 31.06 66.7 
29.09 35.69 29.57 36.25 30.06 36.84 30.58 37.48 31.18 66.8 
29.15 | 35.77 29.64 36.33 30.13 36.93 30.65 37:57 31.21 66.9 

29.22 35.84 29.71 36.41 30.20 37.01 30.72 37.65 31.28 67.0 
29.29 | 35.92 29.77 36.49 30.27 37.09 30.80 37.74 31.36 67.1 
29.385 | 36.00 29.84 36.57 30.34 37.18 30.87 37.83 31.44 67.2 
29.42 36.08 29.91 36.65 30.41 37.26 30.94 37.91 31.41 67.3 
29.49 | 36.16 29.98 36.73 30.49 37.35 31:02 38.00 31.59 67.4 

29.55 36.24 30.05 36.81 30.56 37.44 31.09 38.09 31.65 67.5 
29.62 | 36.32 30.12 36.90 30.63 SMO“. » S117, 38.18 31.74 67.6 
29.69 36.40 30.19 36.98 30.70 37.61 31.24 38.26 31.82 67.7 
29.75 | 36.48 30.26 37.06 30.77 37.69 31.32 38.35 31.89 67.8 
29.82 36.56 30.33 37.14 30.84 37.78 31.89 38.44 31.97 67.9 
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6 TABLE 17.—ALCOHOL 

17/52.C 18°C. 19°C. 20°C. 21°C. 

eine Per cent | Per cent | Per cent | Percent | Percent | Percent | Per cent | Per cent | Per cent 
by Dy. by b by ) y ay y 

volume weight volume weight volume weight volume weight volume 

68.0 | 34.23 28.30 | 34.48 28.52 |34.98 28.95 | 35.50 29.41 | 36.05 
68.1 34.30 28.36 34.55 28.58 35.05 29.01 35.57 29.47 36.13 
68 .2 34.36 28.42 34.62 28.64 35.13 29.08 35.65 29.54 36.21 
68.3 34.43 28.48 34.69 28.70 35.20 29.14 35.72 29.60 36.29 

68.4 34.50 28.54 34.76 28.76 35.27 29.21 35.80 29.67 36.37 

68.5 34.57 28.59 34.83 28.82 35.35 29.27 35.87 29.73 36.45 
68.6 34.64 28.65 34.90 28.88 35.42 29.33 35.95 29.80 36.52 
68.7 34.70 28.71 34.97 28.95 35.49 29.40 36.02 29.86 36.60 
68.8 34.77 28.77 35.04 29.01 35.57 29.46 36.10 29.93 36.68 
68.9 34.84 28.83 35.12 29.07 35.64 29.53 36.18 29.99 36.76 

69.0 34.91 28.89 35.19 29.13 35.71 29.59 36.25 30.06 36.84 
69.1 34.97 28.95 35.26 29.19 35.79 29.65 36.33 30.13 36.91 
69.2 35.04 29.01 35.33 29.26 35.86 29.72 36.41 30.20 36.99 
69.3 35.12 29.07 35.40 29.32 35.93 29.78 36.48 30.27 37.07 
69.4 35.19 29.14 35.47 29.38 36.01 29.85 36.56 30.33 37.15 

69.5 35.27 29.20 35.55 29.45 36.08 29.91 36.64 30.40 37.24 
69.6 35.34 29.26 35.62 29.51 36.16 29.97 36.72 30.47 37.32 
69.7 35.41 29.33 35.69 29.57 36.23 30.04 36.79 30.54 37.40 
69.8 35.49 29.39 35.76 29.64 36.31 30.11 36.87 30.61 37.48 
69.9 35.56 29.46 35.83 29.70 36.39 30.17 36.95 30.67 37.56 

70.0 35.64 29.52 35.91 29.76 36.46 30.2 37.02 30.74 37.64 
70.1 35.71 29.59 35.98 29.82 36.54 30.31 37.10 30.81 37.72 
70.2 35.78 29.65 36.05 29.89 36.61 30.38 37.19 30.88 37.80 
70.3 35.86 29.72 36.13 29.95 36.69 30.44 37.27 30.96 37.89 
70.4 35.93 29.78 36.20 30.01 36.76 30.51 37.35 31.01 37.97 

70.5 36.01 29.85 36.28 30.08 36.84 30.58 37.43 31.09 38.05 
70.6 36.08 29.91 36.35 30.15 36.92 30.64 37.51 31.16 38.13 
70.7 36.16 29.97 36.43 30.21 36.99 30.71 37.59 31.23 38.22 
70.8 36.23 30.04 36.50 30.28 37.07 30.78 37.67 31.30 38.30 
70.9 36.31 380.11 36.58 30.35 37.15 30.85 37.75 31.37 38.38 

71.0 36.38 30.17 36.65 30.41 37.23 30.91 37.83 31.44 38.47 
(alent 36.46 30.2 36.73 30.48 37.31 30.98 37.91 31.51 38.55 
71.2 36.53 30.30 36.80 30.55 37.39 31.05 37.99 31.59 38.63 
71.3 36.60 30.37 36.88 30.61 37.47 31.12 38.07 31.66 38.72 
71.4 36.68 30.44 36.95 30.68 37.55 31.19 38.16 31.73 38.80 

71.5 36.75 30.50 37.03 30.75 37.63 $1.26 38.24 31.80 38.88 
71.6 36.83 30.57 37.11 30.81 37.71 31.88 38.32 31.87 38.97 
les 36.90 30.64 37.19 30.88 37.79 31.40 38.40 31.94 39.05 
71.8 36.98 30.70 37.27 30.95 37.87 31.47 38.49 32.01 39.14 
71.9 37.05 30.77 37:34 31.01 37.94 31.54 38.57 32.09 39.23 

72.0 37.13 30.84 37.42 31.08 38.02 31.61 38.65 32.17 39.31 
72.1 37.21 30.90 37.50 31.165 38.11 31.68 38.74 32.24 39.40 
72.2 37.29 380.97 37.58 $1.22 | 38.19 31.76 38.82 32.82 39.49 
72.3 37.36 31.03 37.66 31.29 38.27 31.82 38.90 32.39 39.57 
72.4 37.44 31.10 37.73 381.36 38.35 31.89 38.98 32.47 39.66 

72.5 37.52 31.17 37.81 31.42 38.43 31.96 39.07 32.54 39.75 
72.6 37.60 31.24 37.89 31.49 38.51 32.04 39.16 32.62 39.83 
72.7 37:67 SILSI 37.97 31.56 38.59 82:71 39.24 32.69 39.92 
72.8 STAtb i VS1eS7, 88.05 381.63 | 38.67 $2.18 39.33 32.77 40.01 | 
72.9 37.83 31.44 38.13 31.70 38.76 32.26 39.41 32.84 40.10 | 
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TABLE.—Continued. 6 

21°C. 22° C. 23°C. 24°C. 25°C. 

Per cent | Percent | Percent | Percent | Percent | Per cent | Per cent | Per cent | Per cent Hebe 

Vv by by y y b by y ry. 
weight volume weight volume weight volume weight volume weight 

29 89 36.63 30.40 37.23 30.91 37.86 31.47 38.53 32.05 68.0 
29.95 | 36.71 30.47 37.31 30.99 37.95 31.54 38.61 32.13 68.1 
380.02 36.79 30.54 37.39 31.06 38.03 31.62 38.70 32.21 68 .2 

80.09 36.87 30.61 37.48 31.13 38.12 31.69 38.79 32.29 68.3 
80.16 36.95 30.68 STA56 “S122 38.21 31.77 38.88 32.37 68 .4 

80.23 37.03 30.75 37.65 31.28 38.30 31.84 38.96 32.45 68.5 
80.80 | 37.12 30.82 837.738 31.85 38.38 31.92 39.06 32.53 68.6 
80.87 | 37.20 30.89 37.82 31.43 38.47 31.99 39.15 32.61 68.7 
80.48 37.28 30.96 37.90 31.50 38.56 32.07 39.24 32.69 68.8 
30.50 37.36 31.03 37.98 $1.57 38.64 32.16 39.33 32.77 68.9 

80.57 | 37.45 31.10 38.07 31.65 38:73 $2.25 39.43 32.86 69.0 
80.64 | 37.63 31.17 38.15 31.72 38.82 32.31 39.52 32.94 69.1 
80.71 SieGl (S12 95 38.24 31.79 38.90 32.89 39.61 33.02 69.2 
80.78 37:69 81.82 38.32 31.87 38:99 32.47 39.70 383.10 69.3 
80.85 37.78 31.389 38.41 31.94 39.08 32.55 39.80 33.18 69.4 

30.92 | 37.86 31.46 38.50 32.02 39.17 32.63 39.89 33.26 69.5 
80.99 | 37.94 381.54 38.58 32.09 39.26 32.71 39.98 33.34 69.6 
81.06 | 38.03 31.61 38.67 32.17 39.35 32.78 40.07 33.43 69.7 
31.13 | 38.11 31.68 38.75 32.25 39.45 32.86 40.17 33.61 69.8 
$1.20 38.19 31.75 38.84 32.33 39.54 32.95 40.26 33.59 69.9 

$1.27 38.28 31.88 38.92 382.41 39.63 33.02 40.35 33.67 70.0 
81.35 38.36 31.90 39.01 32.49 39.72 83.11 40.44 33.75 70.1 
31.42 38.45 31.97 39.10 32.57 39.81 33.19 40.563 33.84 70.2 

31.49 38.53 32.05 39.19 32.65 39.90 33.27 40.62 33.92 70.3 
31.66 | 38.61 32.12 39.28 - 32.72 39.99 33.36 40.72 34.00 70.4 

31.63 38.70 32.20 39.37 32.80 40.08 383.43 40.81 34.08 70.5 
81.70 38.78 32.28 39.46 32.88 40.17 33.61 40.90 34.17 70.6 
31.78 38.87 32.86 39.55 32.96 40.26 33.59 40.99 34.26 70.7 

$1.85 | 38.95 32.43 39.64 33.04 40.35 33.68 41.08 34.83 70.8 
31.92 | 39.04 32.51 39.73 33.12 40.45 33.76 41.18 34.42 70.9 

81.99 39.12 32.59 39.82 33.20 40.54 33.84 41.27 34.50 71.0 
82.07 | 39.21 32.67 39:91 33.28: 40.63 33.92 41.36 34.58 (Alan 
$2.16 | 39.30 32.74 40.00 33.36 40.72 34.00 41.46 34.67 71.2 
$2.22 | 39.39 32.82 40.09 33.44 40.81 34.08 41.65 34.75 71.3 
82.30 39.48 32.90 40.18 33.52 40.90 34.17 41.64 34.83 71.4 

$2.37 | 39.57 82.98 40.27 33.60 40.99 34.25 41.74 34.92 WALD: 
82.45 39.65 33.05 40.36 33.68 41.08 34.33 41.83 35.00 71.6 
82.53 | 39.74 33.18 40.45 33.76 41.18 34.41 41.93 35.08 7 
82.60 | 39.83 33.21 40.54 33.84 41.27 34.50 42.02 35.17 71.8 
$2.68 39.92 33.29 40.63 33.92 41.36 34.58 42.11 35.26 71.9 

82.76 40.01 33.37 40.72 34.00 41.45 34.66 42.21 35.34 72.0 
$2.88 | 40.10 33.45 40.81 34.08 41.55 34.74 42.30 35.42 72.1 
82.91 40.18 33.62 40.90 34.16 41.64 34.83 42.40 35.61 72.2 
82.98 40.27 33.60 40.99 34.24 41.73 384.91 42.49 35.59 W2iso 
83.06 | 40.36 33.68 41.08 34.33 41.82 34.99 42.58 35.68 72.4 

83.14 | 40.45 33.76 41.17 34.41 41.92 35.08 42.68 35.76 72.5 
83.22 40.54 33.84 41.26 34.49 42.01 35.16 42.77 35.85 72.6 
$3.29 | 40.62 33.91 41.35 34.57 42.10 35.24 42.87 35.93 72.7 
33.37 | 40.71 33.99 41.45 34.65 42.19 35.33 42.96 36.02 72.8 
83 45 40.80 34.07 41.64 34.73 42.29 35.41 43.06 36.10 72.9 
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6 TABLE 17.—ALCOHOL 

17.5° C. 18° C. 19°C. 20° C. 21°C. 

SCALE 
READING | Per cent 

by 
volume 

Per cent | Per cent | Per cent | Per cent 
ny by 

weight volume 

Per cent | Per cent 
ay ‘y 

weight volume 

Per cent | Per cent 
by 3 Y: 

weight volume weight volume 

73.0 37.91 31.61 38.21 31.77 38.84 32.33 39.50 32.92 | 40.18 
1 37.98 31.58 38.29 31.84 38.92 32.40 39.59 32.99 40.27 

ne, 38.06 31.65 38.37 31.90 39.00. 32.48 39.67 33.07 40.36 
73.3 38.14 31.71 38.45 31.97 39.08 32.55 39.76 33.15 40.44 

4 38.22 31.78 38.53 32.04 39.17 32.62 39.84 33.22 | 40.63 

73.5 38.30 31.85 38.61 32.12 | 39.25 32.70 39.93 33.30 | 40.62 
73.6 38.38 31.92 38.69 32.19 39.34 32.77 40.02 33.37 | 40.70 
73.7 38.46 31.99 38.77 32.26 39.42 32.85 40.10 33.45 |} 40.79 
73.8 38.54 32.06 | 38.85 32.34 39.50 32.92 | 40.19 33.53 40.88 
73.9 38.62 32.13 38.93 32.41 39.59 32.99 40.28 33.60 | 40.97 

74.0 38.70 32.20 39.01 32.48 39.67 33.07 | 40.36 33.68 | 41.05 
74.1 38.78 32.27 39.09 32.65 39.76 33.15 | 40.45 33.76 41.14 
74.2 38.86 32.35 39.18 32.63 39.84 33.22 | 40.63 33.83 | 41.23 
74.3 38.94 32.42 39.26 32.70 39.92 33.30 | 40.62 33.91 41.32 
74.4 39.02 32.49 39.34 32.7 40.01 33.37 | 40.71 33.98 41.41 

74.5 39.10 32.56 39.43 32.85 | 40.09 33.45 40.79 34.06 | 41.60 
74.6 39.18 32.63 39.51 32.92 | 40.18 33.53 40.88 34.14 | 41.59 
74.7 39.26 32.70 39.59 32.99 | 40.27 33.60 | 40.97 34.22 | 41.68 
74.8 39.35 32.78 39.68 33.07 | 40.35 33.68 41.06 34.380 | 41.77 
74.9 39.43 32.85 39.76 33.15 | 40.44 33.76 41.14 34.88 | 41.86 

75.0 39.51 32.92 39.84 33.22 40.53 33.83 41.23 34.46 | 41.95 
75.1 39.60 32.99 39.93 33.30 40.61 33.91 41.32 34.54 | 42.04 
75.2 39.68 33.07 40.01 33.37 40.70 33.98 | 41.41 34.61 42.13 
75.3 39.76 33.15 40.09 33.45 | 40.78 34.06 | 41.50 34.69 42 22 
75.4 39.84 33.22 | 40.18 33.53 40.87 34.14 | 41.58 34.77 42.31 

75.5 39.93 33.30 | 40.27 33.60 | 40.96 34.22 | 41.67 34.85 | 42.40 
75.6 40.01 383.37 40.35 33.68 41.04 34.30 41.76 34.93 42.49 
75.7 40.09 33.45 40.44 33.76 | 41.13 34.38 | 41.85 385.01 42.58 
75.8 40.18 33.53 | 40.53 33.83 41.22 34.45 | 41.94 36.09 42.67 
75.9 40.27 33.60 40.61 33.91 41.31 34.53 | 42.03 36.17 | 42.76 

76.0 40.35 33.68 | 40.70 33.98 41.40 34.61 42.12 35.25 | 42.85 
76.1 40.44 33.76 | 40.78 34.06 | 41.48 34.68 42.21 35.33 42.95 
76.2 40.53 $3.83 | 40.87 34.14 41.57 34.77 42.30 35.41 43 04 
76.3 40.61 33.91 40.96 34.22 41.66 34.84 42.39 35.50 | 43.13 
76.4 40.70 383.98 | 41.04 34.29 | 41.75 34.92 | 42.48 35.58 43.22 

76.5 40.78 34.06 41.13 34.37 41.83 35.00 42.57 35.66 43.32 
76.6 40.87 34.14 41.22 34.45 41.92 35.08 42.66 35.74 43.41 
76.7 40.96 34.22 | 41.30 34.53 42.01 35.16 42.75 35.82 43 50 
76.8 41.04 34.29 41.39 34.60 42.10 35.2. 42.84 35.90 | 43.60 
76.9 41.13 34.37 41.48 34.68 42.19 35.32 42.93 35.98 43.69 

77.0 41.22 34.45 41.87 34.7 42.28 35.40 43.02 36.07 43.79 
77.1 41.31 34.52 41.65 34.84 42.37 35.48 43.11 36.16 43 .88 
77.2 41.39 34.60 41.74 34.91 42.46 35.56 43.20 36.24 43.97 
77.3 41.48 34.68 41.83 34.99 42.64 35.64 43.30 36.32 | 44.07 
77.4 41.57 34.76 41.91 35.07 42.63 35.72 43.39 36.40 44.16 

77.5 41.66 34.83 42.00 35.16 42.72 35.80 43.48 36.49 44.26 
77.6 41.75 34.91 42.09 35.23 42.81 35.88 43.57 36.67 44.35 
ed, 41.83 34.98 42.17 35.30 42.90 35.96 43.67 36.66 44.45 
77.8 41.92 35.06 42.26 35.38 42.99 36.04 43.76 36.74 44 64 
77.9 42.01 35.14 42.35 35.46 43.08 36.13 43.85 36.82 44 64 
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TABLE.—Continued. 

21°C. 22°C. 23°C. 24°C. 25° C. 

Per cent | Per cent | Percent | Percent | Percent | Percent | Percent | Percent | Per cent 
by y oy, by ay y oy, M7 y 

weight | volume | weight | volume | weight | volume | weight | volume | weight 

83.52 40.88 34.15 41.63 34.81 42.38 35.49 43.15 36.18 
83.60 40.97 34.23 41.72 34.89 42.47 35.58 43.24 36.27 
83.68 41.06 34.31 41.81 34.98 42.56 35.66 43.33 36.35 
$3.76 | 41.15 34.39 41.90 35.06 42.66 35.74 43.43 36.43 
83.88 | 41.24 34.47 41.99 35.14 42.75 35.83 43.52 36.52 

83.91 | 41.33 34.55 42.08 35.22 42.84 35.91 43.61 36.60 
$3.98 | 41.42 34.63 42.17 35.31 42.93 35.99 43.70 36.68 
34.06 | 41.51 34.71 42.27 35.39 43.03 36.08 43.80 36.77 
84.14 | 41.60 34.79 42.36 35.47 43.12 36.16 43.89 36.85 
84.22 | 41.69 34.87 42.45 35.55 43.21 36.24 43.98 36.93 

34.30 41.78 34.95 42.54 35.64 43.31 36.33 44.08 37.02 
84.88 | 41.87 35.03 42.63 35.72 43.40 36.41 44.18 37.11 
34.46 41.96 35.12 42.72 35.80 43.49 36.49 44.28 37.20 
34.54 | 42.06 35.20 42.82 35.88 43.58 36.58 44.38 37.29 
34.62 | 42.15 35.28 42.91 35.97 43.68 36.66 44.48 37.38 

84.70 42.24 35.36 43.00 36.05 43.77 36.74 44.57 37.47 
84.78 42.33 35.45 43.09 36.138 43.86 36.83 44.67 37.56 
84.86 42.42 35.63 43.19 36.22 43.95 36.91 44.77 37.65 
84.94 42.61 35.61 43.28 36.30 44.05 36.99 44.87 37.75 
386.02 | 42.61 35.69 43.37 36.39 44.15 37.08 44.97 37.84 

85.10 42.70 35.78 43.46 36.47 44.25 37.17 45.07 37.93 
85.18 42.79 35.86 43.56 36.55 44.34 37.26 45.18 38.02 
85.26 | 42.88 35.95 43.65 36.64 44.44 37.35 45.29 38.12 
85.384 | 42.97 36.03 43.74 36.72 44.63 37.44 45.39 38.21 
35.43 43.07 36.11 43.83 36.81 44.63 37.53 45.50 38.31 

35.51 | 48.16 36.20 43.92 36.89 44.73 37.62 45.61 38.40 
85.59 | 43.25 36.28 44.02 36.97 44.83 37.71 45.71 38.50 
35.67 43.35 36.36 44.12 37.06 44.93 37.80 45.82 38.60 
85.75 43.44 36.45 44.21 37.15 45.03 37.89 45.92 38.69 
85.84 | 43.63 36.53 44.31 37.24 45.13 37.98 46.02 38.79 

85.92 | 43.63 36.62 44.41 37.33 45.24 38.08 46.12 38.88 
36.00 | 43.72 36.70 44.50 37.42 45.34 38.17 46.23 38.98 
86.08 43.81 36.79 44.60 37.50 45.44 38.27 46.34 39.08 
86.17 | 43.91 36.87 44.70 37.59 45.55 38.36 46.45 39.18 
86.25 44.00 36.96 44.80 37.68 45.65 38.46 46.56 39.29 

86.34 44.10 37.04 44.89 37.77 45.75 38.55 46.67 39.39 
86.42 | 44.19 37.13 44.99 37.86 45.86 38.65 46.78 39.49 
86.51 44.29 37.22 45.09 37.95 45.96 38.74 46.89 39.59 
86.59 44.38 37.30 45.19 38.04 46.07 38.84 47.00 39.69 
36.68 44.48 37.39 45.30 38.13 46.18 38.93 47.11 39.80 

36.76 44.67 37.47 45.40 38.23 46.29 39.03 47.23 389.90 
86.85 | 44.67 37.56 45.50 38.32 46.40 39.13 47.34 40.00 
86.93 44.76 37.65 45.60 38.42 46.51 39.23 4745 40.11 
87.02 | 44.86 37.73 45.70 38.51 46.62 39.34 47.57 40.22 
87.10 44.95 37.82 45.81 38.60 46.73 39.44 47.68 40.32 

87.19 45.05 37.91 45.91 38.70 46.84 39.54 47.80 40.43 
387.28 45.15 37.99 46.01 38.79 46.95 39.64 47.91 40.54 
87.36 46.25 38.08 46.12 38.89 47.06 39.74 48.02 40.65 
87.45 | 46.35 38.18 46.23 38.98 47.17 39.85 48.14 40.75 
87.53 | 45.45 38.27 46.34 39.08 47.28 39.95 48.26 40.86 
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6 TABLE 17.—ALCOHOL 

17.5° C. 18°C. 19°C. 20° C. 21°C. 

Saiia Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent 
by y, by by y by by 

volume weight volume weight volume weight volume weight volume 

78.0 42.09 35.22 42.43 35.54 43.17 36.21 43.94 36.91 44.73 
78.1 42.18 35.30 42.52 35.62 43.27 36.29 44.04 36.99 44 83 

78.2 42.26 35.38 42.61 35.70 43.36 36.38 44.13 387.08 44.92 
78.3 42.35 35.45 42.70 35.77 43.45 36.46 44.23 37.16 45.02 

78.4 42.44 35.53 42.78 35.85 43.54 36.54 44.32 37.25 45.12 

78.5 42.52 35.61 42.87 35.98 43.63 36.63 44.42 37.383 45.22 

78.6 42.61 35.69 42.96 36.01 43.72 36.71 44.61 37.42 45.32 
78.7 42.69 35.77 43.05 36.09 43.82 36.79 44.60 37.50 45.42 
78.8 42.78 35.84 43.14 36.17 43.91 36.88 44.70 37.59 45 52 
78.9 42.86 35.92 43.23 36.26 44.00 36.96 44.79 37.68 45 62 

79.0 42.95 36.00 43.32 36.34 44.09 37.04 44.89 37.76 45.72 
79.1 43.04 36.08 43.41 36.42 44.19 37.13 44.98 37.85 45 82 
79.2 43.13 36.16 43.50 36.50 44.28 37.21 45.08 37.94 45.92 
79.3 43.22 36.25 43.59 36.59 44.38 37.30 45.18 38.02 46.02 

79.4 43.31 36.33 43.68 36.67 44.47 37.38 45.28 38.11 46.13 

79.5 43.40 36.41 43.77 36.75 44.56 37.47 45.38 38.20 46.24 
79.6 43.49 36.49 43.86 36.83 44.66 37.56 45.48 38.30 46.34 
79.7 43.58 36.57 43.95 36.92 44.75 37.64 46.68 38.39 46.45 
79.8 43.67 36.66 44.05 37.00 44.84 37.73 45.68 38.48 46.56 
79.9 43.76 36.74 44.14 37.09 44.93 37.81 45.78 38.57 46.67 

80.0 43.85 36.82 44.24 37.17 45.04 37.90 45.88 38.67 46.77 
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TABLE—Concluded. 

21°C. 22°C. 23°C. 24°C. 25° C. 

Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent 
Ng by Dy y oy Ni dy y 2. 

weight volume weight volume weight volume weight volume weight 

87.62 | 45.56 38.37 46.45 39.18 47.40 40.05 48.37 40.97 
87.71 45.66 38.46 46.56 39.29 47.51 40.16 48.49 41.08 

87.79 45.76 38.56 46.67 39.39 47.63 40.27 48.60 41.18 

87.88 45.86 38.65 46.78 39.49 47.74 40.37 43.72 41.29 
87.97 | 45.96 38.75 46.89 39.59 47.85 40.48 48.84 41.40 

88.06 | 46.07 38.84 47.00 39.69 47.97 40.59 48.95 41.51 
88.15 | 46.17 38.93 47.11 39.80 48.08 40.69 49.07 41.62 
88.24 | 46.28 39.08 47.22 39.90 48.19 40.80 49.19 41.73 
88.33 46.39 39.13 47.34 40.00 48.31 40.90 49.31 41.84 

88.43 | 46.50 39.23 47.45 40.11 48.42 41.01 49.42 41.95 

88.52 46.61 39.33 47.56 40.21 48.63 41.12 49.54 42.05 

88.61 46.72 39.43 47.67 40.32 48.65 41.22 49.66 42.16 
88.70 | 46.83 39.54 47.79 40.42 48.76 41.33 49.77 42.27 
88.80 | 46.93 39.64 47.90 40.53 48.88 41.44 49.89 42.38 
38.89 | 47.04 39.74 48.01 40.63 48.99 41.54 60.01 42.49 

88.98 | 47.15 89.84 48.12 40.74 49.10 41.65 50.13 42.60 
89.08 | 47.26 39.94 48.23 40.84 49.22 41.76 60.24 42.71 
89.18 | 47.37 40.04 48.34 40.95 49.33 41.86 50.36 42.82 
89.28 | 47.48 40.14 48.46 41.05 49.45 41.97 60.48 42.93 
89.38 | 47.69 40.24 48.57 41.16 49.66 42.08 60.59 43.04 

89.48 | 47.70 40.35 48.68 41.26 49.68 42.18 60.71 43.165 

SCALE 
READING 

78.0 
78.1 
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GLYCEROL IN DRY WINES. 

7 Method I. (By Direct Weighing)—Tentative. 

Evaporate 100 cc. of the wine in a porcelain dish on a water bath to a volume 
of about 10 cc. and treat the residue with about 5 grams of fine sand and 4-5 cc. of 

milk of lime (containing about 15% of calcium oxid) for each gram of extract pres- 

ent and evaporate almost to dryness. Treat the moist residue with 50 cc. of 90% 

alcohol by volume, remove the substance adhering to the sides of the dish with a 

spatula and rub the whole mass to a paste. Heat the mixture on a water bath, 

with constant stirring, to incipient boiling and decant the liquid through a filter 
into asmall flask. Wash the residue repeatedly by decantation with 10 ec. portions 

of hot 90% alcohol until the filtrate amounts to about 150 cc. Evaporate the filtrate 

to a sirupy consistency in a porcelain dish on a hot, but not boiling, water bath; 

transfer the residue to a small, glass-stoppered, graduated cylinder with 20 ce. of 

absolute alcohol and add 3 portions of 10 cc. each of anhydrous ether, shaking 

thoroughly after each addition. Let stand until clear, then pour off through a 

filter, and wash the cylinder and filter with a mixture of 1 part of absolute alcohol 

to 1} parts of anhydrous ether, also pouring the wash liquor through the filter. 

Evaporate the filtrate to a sirupy consistency, dry for an hour at the temperature 

of boiling water, weigh, ignite and weigh again. The loss on ignition gives the 

weight of glycerol. 

8 Method IT. (By Oxidation with Dichromate)—Tentative. 

Evaporate 100 cc. of the wine in a porcelain dish on a water bath, the temperature 

of which is maintained at 85°-90°C., to a volume of 10 ec. and treat the residue with 

about 5 grams of fine sand and 5 cc. of milk of lime (containing the equivalent of 

15 grams of calcium oxid). Proceed from this point as directed under XIX, 6, be- 

ginning with the clause “evaporate almost to dryness, with frequent stirring’. 

Observe the precautions given concerning the temperature at which all evapora- 

tions are to be made. 

9 GLYCEROL IN SWEET WINES.—TENTATIVE. 

With wines whose extract exceeds 5 grams per 100 cc., heat 100 cc. to boiling in 

a flask and treat with successive small portions of milk of lime until the wine be- 

comes first darker and then lighter in color. Cool, add 200 ce. of 95% alcohol by 

volume, allow the precipitate to subside, filter and wash with 95% alcohol. Treat 

the combined filtrate and washings as directed in 7 or 8. 

10 GLYCEROL-ALCOHOL RATIO.—TENTATIVE. 

Express this ratio as x : 100, in which x is obtained by multiplying the percentage 

by weight of glycerol by 100 and dividing the result by the percentage of alcohol 

by weight. 

EXTRACT. 

11 From the Specific Gravity of the Dealcoholized Wine.—Tentative. 

Calculate the specific gravity of the dealcoholized wine by the following formula: 

S = G+1-— A in which 

S = specific gravity of the dealcoholized wine; 
G = specific gravity of the wine, 3; and 

A = specifie gravity of the distillate obtained in the determination of alco- 
hol, 4 (a). 

ll 
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From IX, 9, ascertain the per cent by weight of extract in the dealcoholized wine 
corresponding to the value of S. Multiply the figure thus obtained by the value of 

S to obtain the grams of extract per 100 ec. of wine. 

12 By Evaporation.—Tentative. 

(a) In dry wines, having an extract content of less than 3 grams per 100 cc.—Evapo- 

rate 50 cc. of the sample on a water bath to a sirupy consistency in a 75 cc. flat- 

bottomed platinum dish, approximately 85 mm. in diameter. Heat the residue 
for 2} hours in a drying oven at the temperature of boiling water, cool in a desicca- 
tor and weigh as soon as the dish and contents reach room temperature. 

(b) In sweet wines.—When the extract content is between 3 and 6 grams per 100 cc., 

treat 25 ec. of the sample as directed under (a). 

When the extract exceeds 6 grams per 100 cc., however, the result, obtained as 

directed under 11, is accepted and no gravimetric determination is attempted. 
This is because of the serious error connected with drying levulose at high tempera- 

ture. 

13 NON-SUGAR SOLEDS.—TENTATIVE. 

Determine the non-sugar solids (sugar-free extract) by subtracting the amount 

of reducing sugars before inversion, 14, from the extract, 11 or 12. If sucrose is 

present in the wine, determine the non-sugar solids by subtracting the sum of re- 

ducing sugars before inversion and the sucrose from the extract. 

14 REDUCING SUGARS.—TENTATIVE. 

(a) Dry wines.—Place 200 cc. of the wine in a porcelain dish, exactly neutralize 

with N/1 sodium hydroxid, calculating the amount required from the determina- 
tion of acidity, 25, and evaporate to about one fourth the original volume. Trans- 

fer to a 200 ce. flask, add sufficient neutral lead acetate solution to clarify, dilute 

to the mark with water, shake and filter through a folded filter. Remove the lead 
with dry potassium oxalate and determine reducing sugars as directed under VIII, 

(b) Sweet wines.—In the case of sweet wines approximate the sugar content 
by subtracting 2 from the result in the determination of the extract and employ 

such a quantity of the sample that the aliquot taken for the copper reduction shall 
not exceed 245 mg. of invert sugar. Proceed as directed in (a) except that this smaller 

quantity of the sample is taken for the determination. 

SUCROSE. 

15 By Reducing Sugars Before and After Inversion.—Tentative. 

Proceed as directed under VIII, 18, using the method given under VIII, 25, for 
the determination of reducing sugars. 

16 By Polarization.—Tentative. 

Polarize part of the filtrate, obtained in 14, before and after inversion in 

a 200 mm. tube as directed under VIII, 14 or 16. In calculating the percentage 
of sucrose the relation of the amount of sample contained in 100 ec. to the normal 

weight must be taken into consideration. 

17 COMMERCIAL GLUCOSE.—TENTATIVE. 

Polarize a portion of the filtrate, obtained in 14, after inversion in a 200 

mm. jacketed tube at 87°C. as directed under IX, 25. In calculating the per- 
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centage of glucose the relation of the amount of sample contained in 100 ce. to the 
normal weight for the instrument must be taken into consideration. 

18 ASH.—TENTATIVE. 

Proceed as directed under VIII, 4, employing the residue from 50 cc. of the wine. 

19 ASH-EXTRACT RATIO.—TENTATIVE. 

Express results as 1: x, in which x is the quotient obtained by dividing the 

grams of extract per 100 ce. by the grams of ash per 100 cc. 

20 ALKALINITY OF THE WATER-SOLUBLE ASH.—TENTATIVE. 

Extract the ash, obtained as directed under 18, with successive small portions 

of hot water until the filtrate amounts to about 60 cc. and proceed as directed under 

IX, 18. Express the alkalinity in terms of the number of cc. of N/10 acid required 
to neutralize the water-soluble ash from 100 cc. of the wine. 

21 ALKALINITY OF THE WATER-INSOLUBLE ASH.—TENTATIVE. 

Ignite the filter and residue from 20 in the platinum dish in which the wine was 

ashed, and proceed as directed under IX, 19. Express the alkalinity in terms of 
the number of ec. of N/10 acid required to neutralize the water-insoluble ash from 

100 ec. of the wine. 

22 PHOSPHORIC ACID.—TENTATIVE. 

Dissolve the ash, obtained as directed under 18, in 50 cc. of boiling nitric acid 

(1 to 9), filter, wash the filter and determine phosphoric acid in the combined filtrate 

and washings, as directed in I, 6 or 9. If the ash ignites without difficulty, no free 

phosphoric acid need be suspected. Should there be any free acid, the ash remains 

black even after repeated leaching. In such cases calcium acetate or a mixture 

containing 3 parts of sodium carbonate and 1 of sodium nitrate should be added 
to avoid loss of phosphoric acid before attempting to ash. 

23 SULPHURIC ACID,—TENTATIVE. 

Precipitate directly the sulphuric acid in 50 cc. of the wine by means of barium 

chlorid solution, after acidifying with a small excess of hydrochloric acid, and de- 

termine the resulting barium sulphate as directed under I, 20. Allow the precipi- 

tate to stand for at least 6 hours before filtering. Report as sulphur trioxid (SOs). 

24 CHLORIN.—TENTATIVE. 

To 100 ce. of dry wine or 50 ce. of sweet wine add sufficient sodium carbonate 
to make distinctly alkaline. Evaporate to dryness, ignite at a heat not above low 

redness, cool, extract the residue with hot water, acidify the water extract with 

nitric acid and determine chlorin as directed under III, 15. 

25 TOTAL ACIDS.—TENTATIVE. 

Measure 20 ce. of the wine into a 250 cc. beaker, heat rapidly to incipient boiling 

and immediately titrate with N/10 sodium hydroxid. Determine the end point with 

neutral 0.05% azolitmin solution as an outside indicator. Place the indicator in 

the cavities of a spot plate and spot the wine into the azolitmin solution. The end 

point is reached when the color of the indicator remains unchanged by the addition 

of a few drops of N/10 alkali to the wine. 
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In the case of wines which are artificially colored and which cannot be satis- 

factorily titrated in the above manner, it will be found helpful to use phenolphthalein 
powder (1 part of phenolphthalein mixed with 100 parts of dry, powdered potassium 

sulphate) as an indicator. Place this indicator in the cavities of a spot plate and 
spot the wine into the powder. The end of the titration is indicated when the pow- 
der acquires a pink tint. 

Express the result in terms of tartaric acid. One cc. of N/10 sodium hydroxid 
is equivalent to 0.0075 gram of tartaric acid. 

VOLATILE ACIDS. 

26 Method I.—Tentative. 

Heat rapidly to incipient boiling 50 ce. of the wine in a 500 ce. distillation flask 

and pass steam through until 15 cc. of the distillate require only 2 drops of N/10 

sodium hydroxid for neutralization. The water used to generate the steam should 

be boiled several minutes before connecting the steam generator with the distilla- 
tion flask in order to expel carbon dioxid. Titrate rapidly with N/10 sodium hy- 

droxid, using phenolphthalein as an indicator. The color should remain about 10 

seconds. Express the result as acetic acid. One cc. of N/10 sodium hydroxid is 

equivalent to 0.0060 gram of acetic acid. 

27 Method IT. (Hortvet Method*)—Tentative. 

FIG. 8. APPARATUS FOR THE DETERMINATION OF VOLATILE ACIDS, 

Introduce 10 cc. of the wine, previously freed from carbon dioxid, into the inner 

tube of a modified Sellier distillation apparatus (Fig. 8), add a small piece of paraf- 
fin to prevent foaming, and adjust the tube and its contents in place within the larger 

flask containing 100 cc. of recently boiled water. Connect with a condenser as il- 
lustrated in Fig. 8 and distil by heating the outer flask. When 50 cc. of the distillate 
have been collected, empty the receiver into a beaker and titrate with N/10 sodium 

hydroxid, using phenolphthalein as an indicator. Continue the distillation and 

titrate each succeeding 10 ce. of distillate until not more than 1 drop of standard 

alkali is required to reach the neutral point. Usually 80 ce. of distillate will con- 

tain all the volatile acid. 
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28 FIXED ACIDS.—TENTATIVE. 

Multiply the amount of volatile acids by 1.25 and subtract this from the total 
acids, to obtain the amount of fixed acids, expressed as tartaric acid. 

29 TOTAL TARTARIC ACID‘.—TENTATIVE. 

Neutralize 100 cc. of the wine with N/1 sodium hydroxid, calculating from the 

acidity, 25, the number of cc. of N/1 alkali necessary for the neutralization. If the 

volume of the solution is increased more than 10% by the addition of the alkali, 

evaporate to approximately 100 cc. Add to the neutralized solution 0.075 gram 

of tartaric acid for each cc. of N/1 alkali added and, after the tartaric acid has dis- 

solved, add 2 ec. of glacial acetie acid and 15 grams of potassium chlorid. After 
the potassium chlorid has dissolved, add 15 cc. of 95% alcohol by volume, stir 

vigorously until the potassium bitartrate starts to precipitate, and then let stand 

in an ice box for at least 15 hours. Decant the liquid from the separated potassium 
bitartrate on a Gooch, prepared with a very thin film of asbestos, or on filter paper 

in a Biichner funnel. Wash the precipitate and filter 3 times with a few ec. of a 

mixture of 15 grams of potassium chlorid, 20 ce. of 95% alcohol by volume and 100 

ec. of water, using not more than 20 ec. of the wash solution in all. Transfer the 

asbestos or paper and precipitate to the beaker in which the precipitation was 

made, wash out the Gooch or Biichner funnel with hot water, using about 50 ee. in 

all, heat to boiling and titrate the hot solution with N/10 sodium hydroxid, using 

phenolphthalein as an indicator. Increase the number of ec. of N/10 alkali re- 

quired by 1.5 ce. to allow for the solubility of the precipitate. One cc. of N/10 alkali 

is equivalent, under these conditions, to 0.015 gram of tartaric acid. Subtract the 

amount of tartaric acid added from this result to obtain the grams of total tartaric 
acid per 100-ec. of the wine. 

30 FREE TARTARIC ACID AND CREAM OF TARTAR®.—TENTATIVE. 

Calculate the free tartaric acid and cream of tartar in the following manner: 

Let A = total tartaric acid in 100 ce. of wine divided by 0.015; 
B = total alkalinity of the ash (sum of C and D); 
C = alkalinity of water-soluble ash; 

D = alkalinity of water-insoluble ash. 

Then 

(1) If A is greater than B, 

Cream of tartar = 0.0188 & C; and 

Free tartaric acid = 0.015 & (A-B). 

(2) If A equals B or is smaller than B but greater than C, 

Cream of tartar = 0.0188 * C; and 
Free tartaric acid = 0. 

(3) If A is smaller than C, 

Cream of tartar = 0.0188 & A; and 

Free tartaric acid = 0. 

TANNIN AND COLORING MATTER.—OFFICIAL. 

31 REAGENTS. 

(a) N/10 oxalic acid—One ce. is equivalent to 0.004157 gram of tannin. , 

(b) Standard potassium permanganate solution.—Dissolve 1.333 grams of potas: 

sium permanganate in 1 liter of water and standardize the solution against (a). 
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(C) Indigo solution —Dissolve 6 grams of sodium sulphindigotate in 500 ce. of 
water by heating; cool, add 50 ee. of concentrated sulphuric acid, make up to 1 

liter and filter. 

(A) Purified boneblack®.—Boil 100 grams of finely powdered boneblack with suc- 

cessive portions of hydrochloric acid (1 to 3), filter and wash with boiling water until 

free from chlorin. Keep covered with water. 

32 DETERMINATION’. 

Dealeoholize 100 cc. of the wine by evaporation and dilute with water to the 

original volume. Transfer 10 cc. to a 2 liter porcelain dish; add about a liter of 

water and exactly 20 cc. of the indigo solution. Add the standard potassium 

permanganate solution, 1 ce. at a time, until the blue color changes to green; then add 

a few drops at a time until the color becomes golden yellow. Designate the number 

of ec. of permanganate solution used as “‘a’’. 

Treat 10 cc. of the dealeoholized wine, prepared as above, with boneblack for 

15 minutes; filter and wash the boneblack thoroughly with water. Add a liter of 
water and 20 cc. of the indigo solution and titrate with permanganate as above. 

Designate the number of ec. of permanganate used as ‘‘b’’. 

Then a—b=c, the number of cc. of the permanganate solution required for the 

oxidation of the tannin and coloring matter in 10 ec. of the wine. 

33 CRUDE PROTEIN.—TENTATIVE. 

Determine nitrogen in 50 cc. of the wine, as directed under I, 18, 21 or 23, and 
multiply the result by 6.25. 

34 PENTOSANS.—TENTATIVE. 

Proceed as directed in VIII, 64, except that 100 cc. of the wine and 48 cc. of hy- 

drochlorie acid (sp. gr. 1.19) are used in beginning the distillation. Owing to the 
interference of sugars this determination can be made in dry wines only. 

35 GUM AND DEXTRIN.—TENTATIVE. 

Evaporate 100 ce. of the wine to about 10 cc. and add 10 ce. of 96% alcohol by 
volume. If gum or dextrin be present (indicated by the formation of a voluminous 

precipitate), continue the addition of alcohol, slowly and with stirring, until 100 

ec. have been added. Let stand overnight, filter, and wash with 80% alcohol by 

volume. Dissolve the precipitate on the paper with hot water, hydrolyze the 

filtrate and washings with hydrochloric acid and proceed as directed under VIII, 60. 

36 NITRATES.—TENTATIVE. 

(a) White wine.—Treat a few drops of the wine in a porcelain dish with 2-3 ec. 
of concentrated sulphuric acid, which contains about 0.1 gram of diphenylamin® 

per 100 ce. The deep blue color formed in the presence of nitrates appears so quickly 

that it is not obscured, even in sweet wine, by the blackening produced by the ac- 

tion of sulphuric acid on the sugar. 

(b) Red wine.—Clarify with basic lead acetate, filter, remove the excess of lead 

from the filtrate with sodium sulphate, filter again and treat a few drops of this 

filtrate as directed under (@). 

37 COLORING MATTERS.—TENTATIVE. 

Proceed as directed under XI. 
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38 PRESERVATIVES.—TENTATIVE. 

Proceed as directed under X. 
The detection of added boric acid is somewhat difficult because a small amount 

of it is normally present in certain wines. Therefore, a quantitative determina- 

tion should be made. The determination of sulphurous acid must also be quanti- 
tative. A small amount of salicylic acid is also normal in wine, and for that reason 

not more than 50 cc. of the sample should be used in testing for that preservative. 

BIBLIOGRAPHY. 
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7 Ann. Oenologie, 1871-72, 2: 1. 
8 Arch. Hyg., 1884, 2: 273. 



XVII. DISTILLED LIQUORS. 

1 SPECIFIC GRAVITY.—TENTATIVE. 

Determine the specific gravity at ae by means of a pycnometer or a small, 

accurately graduated hydrometer. 

2 ALCOHOL BY WEIGHT.—OFFICIAL. 

Weigh 20-25 grams of the sample into a distillation flask, dilute with 100 cc. of 

water, distil nearly 100 cc. and weigh the distillate or make to volume at 20°C. and 
in either case, determine the specific gravity as directed under 1. Obtain the corre- 

sponding percentage of alcohol by weight from XVI, 5, multiply this figure by the 

weight of the distillate, and divide by the weight of the sample taken to obtain the 

per cent of alcohol by weight. 
The alcohol content of the distillate may be checked by determining the immer- 

sion refractometer reading and obtaining, from XVI, 6, the percentage of alcohol. 

ALCOHOL BY VOLUME. 

3 Method I.—Official. 

From the specific gravity of the distillate, obtained under 2, ascertain the cor- 
responding percentage of alcohol by volume from XVI, 5. Multiply this figure by 

the volume of distillate and divide by the volume of the sample (calculated from 

the specific gravity) to obtain the percentage of alcohol by volume in the original 

sample. 

4 Method II.—Tentative. 

Measure 25 cc. of the sample at 20°C. into a distillation flask, dilute with 100 

ec. of water, distil nearly 100 cc., make to volume at 20°C. and determine the spe- 

cific gravity as directed in 1. Obtain, from XVI, 5, the corresponding percentage 
of alcohol by volume in the distillate. Multiply by 4 to obtain the percentage of 

aleohol by volume in the original substance. 
The alcohol content of the distillate may be checked by determining the immer- 

sion refractometer reading and obtaining the percentage of alcohol from XVI, 6. 

5 EXTRACT.—OFFICIAL. 

Weigh, or measure at 20°C., 100 ce. of the sample, evaporate nearly to dryness 

on the water bath, then transfer to a water oven, and dry at the temperature of 

boiling water for 23 hours. 

6 ASH.—OFFICIAL. 

Proceed as directed under VIII, 4, employing the residue from the determination 
of the extract, 5. 

7 ACIDITY.—TENTATIVE. 

Titrate 100 cc. of the sample (or 50 cc. diluted to 100 ce. if the sample is dark) 

with N/10 alkali, using phenolphthalein as an indicator. Express the result as 
acetie acid; 1 ec. of N/10 alkali is equivalent to 0.0060 gram of acetic acid. 

243 
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8 ESTERS.—TENTATIVE. 

Measure 200 ce. of the sample into a distillation flask, add 25 ce. of water and 

distil slowly 200 ce., using a mercury valve to prevent loss of alcohol. Exactly 

neutralize the free acid in 50 ce. of the distillate with N/10 alkali, add a measured 

excess of 25-50 cc. of N/10 alkali, and either boil for an hour under a reflux con- 

denser, cool and titrate with N/10 acid, or allow the solution to stand overnight 

in a stoppered flask with the excess of alkali, heat with a tube condenser for 30 min- 

utes at a temperature below the boiling point, cool and titrate. Calculate the 

number of ce. of N/10 alkali used in the saponification of the esters as ethyl acetate; 

1 ce. of N/10 alkali is equivalent to 0.0088 gram of ethyl acetate. Runablank using 
water in place of the distillate and make any necessary correction. 

ALDEHYDES.—TENTATIVE. 

9 REAGENTS. 

(a) Aldehyde-free alcohol.—Redistil 95% alcohol over sodium or potassium hy- 

droxid, then add 2-3 grams per liter of meta-phenylendiamin hydrochlorid, digest 
at ordinary temperature for several days (or reflux on a steam bath for several 

hours) and then distil slowly, rejecting the first 100 cc. and the last 200 cc. of the 

distillate. 

(b) Sulphite-fuchsin solution.—Dissolve 0.50 gram of pure fuchsin in 500 ce. of 
water, then add 5 grams of sulphur dioxid dissolved in water, make up to 1 liter 

and allow to stand until colorless. This solution does not keep indefinitely; there- 

fore, prepare in small quantities and keep at a low temperature. 

(C) Standard acetaldehyde soiution.—Prepare according to the directions of Vasey! 

as follows: Grind aldehyde ammonia in a mortar with anhydrous ether and decant 
the ether. Repeat this operation several times, then dry the purified salt in a 

current of air and finally in vacuo over sulphuric acid. Dissolve 1.386 grams of this 

purified aldehyde ammonia in 50 ce. of 95% aleohol by volume, add 22.7 ec. of 
N/1 alcoholic sulphurie acid, then make up to 100 ce. and add 0.8 ec. of alcohol 

for the volume of the ammonium sulphate precipitate. Allow the mixture to stand 

overnight and filter. This solution contains 1 gram of acetaldehyde in 100 ec. and 

will retain its strength. 

The standard found most convenient for use is 2 ce. of this strong aldehyde 

solution diluted to 100 ce. with 50% alcohol by volume. One ce. of this solution 

is equivalent to 0.0002 gram of acetaldehyde. This solution should be made up 

fresh every day or so, as it loses strength. 

10 DETERMINATION. 

Determine the aldehyde in the distillate, prepared as directed under 8. Dilute 

5-10 ee. of the distillate to 50 ec. with aldehyde-free aleohol 50% by volume, add 

25 cc. of the sulphite-fuchsin solution and allow to stand for 15 minutes at 15°C. 

The solutions and reagents should be at 15°C. when they are mixed. Prepare 

standards of known strength and blanks in the same way. The comparison 
standards found most convenient for use contain 0.0001, 0.0002, 0.0004, 0.0005 and 

0.0006 gram of acetaldehyde. 

FURFURAL.—TENTATIVE. 

11 REAGENTS. 

(a) Standard furfural solution.—Dissolve 1 gram of redistilled furfural in 100 

ec. of 95% alcohol by volume. Standards are made by diluting 1 ce. of this solu- 
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tion to 100 ce. with 50% alcohol by volume. One ce. of this solution contains 

0.0001 gram of furfural. 

(b) Furfural-free alcohol.—Prepare as directed in 9 (a). 

12 DETERMINATION. 

Dilute 10-20 ee. of the distillate, as prepared under 8, to 50 ce. with furfural- 

free alcohol, 50% by volume. Add 2 ce. of colorless anilin and 0.5 ec. of hydro- 
chlorie acid (sp. gr. 1.125) and keep for 15 minutes in a water bath at about 15°C. 
Prepare standards of known strength and blanks in the same way. The compari- 

son standards found most convenient for use contain 0.00005, 0.0001, 0.00015, 0.0002, 

0.00025 and 0.0003 gram of furfural. 

FUSEL OIL.—TENTATIVE, 

13 REAGENTS. 

(a) Purified carbon tetrachlorid.—Mix crude carbon tetrachlorid with one tenth 

its volume of concentrated sulphuric acid, shake thoroughly at frequent intervals 

and allow to stand overnight. Wash free of acid and impurities with tap water. 

Remove the water, add an excess of sodium hydroxid solution and distil the carbon 

tetrachlorid from it. 

(b) Oxidizing solution.—Disssolve 100 grams of potassium dichromate in 900 ce. 

of water and add 100 ce. of concentrated sulphuric acid. 

14 DETERMINATION. 

(1) To 100 ce. of the sample add 20 ee. of N/2 sodium hydroxid and saponify the 
mixture by boiling for an hour under a reflux condenser; or, (2) Mix 100 cc. of the 

liquor with 20 ce. of N/2 sodium hydroxid, allow to stand overnight at room tem- 

perature and distil directly. Connect the flask with a distillation apparatus, distil 

90 ec., add 25 ec. of water and continue the distillation until an additional 25 ec. are 

collected. 
Whenever aldehydes are present in excess of 15 parts per 100,000, add to the dis- 

tillate 0.5 gram of meta-phenylendiamin hydrochlorid, reflux for an hour, distil 

100 ec., add 25 ce. of water and continue the distillation until an additional 25 ce. 

are collected. 

Approximately saturate the distillate with finely ground sodium chlorid and add 

saturated sodium chlorid solution until the specific gravity is 1.10. 

Extract this salt solution 4 times with the purified carbon tetrachlorid, using 40, 
30, 20 and 10 cc., respectively, and wash the carbon tetrachlorid 3 times with 50 

ce. portions of saturated sodium chlorid solution, and twice with saturated sodium 

sulphate solution. Then transfer the carbon tetrachlorid to a flask containing 50 

cc. of the oxidizing solution and boil for 8 hours under a reflux condenser. 

Add 30 ce. of water and distil until only about 20 ce. remain; add 80 cc. of water 
and again distil until 15-20 ce. are left. Neutralize the distillate to methyl orange, 

and titrate with N/10 sodium hydroxid, using phenolphthalein as an indicator. 

If the distillations have been properly conducted, the distillate will not show a 

marked acid reaction to methyl orange. Should considerably more than 1 ce. of 
N/10 alkali be consumed at this point, the result will be unreliable and the deter- 

mination should be repeated. One ce. of N/10 sodium hydroxid is equivalent to 

0.0088 gram of amyl alcohol. 
Rubber stoppers can be used in the saponification and first distillation, but 

corks covered with tinfoil must be used in the oxidation and second distillation. 

Corks and tinfoil must be renewed frequently. 
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Conduct a blank determination upon 100 ec. of carbon tetrachlorid beginning 
the blank at that point of the procedure immediately after the extraction and just 

before the washings with sodium chlorid and sodium sulphate solutions. 

15 SUGARS.—TENTATIVE. 

Proceed as directed under XVI, 15, 16 or 17. 

METHYL ALCOHOL. 

16 Trillat Method?.—Tentative. 

To 50 cc. of the sample add 50 ec. of water and 8 grams of lime and fractionate 

by the aid of Glinsky bulb tubes. Dilute the first 15 cc. of the distillate to 150 cc., 
mix with 15 grams of potassium dichromate and 70 ce. of sulphuric acid (1 to 5), 

and allow to stand for an hour with occasional shaking. 
Distil, reject the first 25 cc. and collect 100 cc. Mix 50 cc. of the distillate with 

1 cc. of redistilled dimethylanilin, transfer to a stout, tightly stoppered flask, and 
keep on a bath at 70°-80°C. for 3 hours with occasional shaking. Make distinctly 
alkaline with sodium hydroxid solution, and distil off the excess of dimethylanilin, 

stopping the distillation when 25 cc. have passed over. 
Acidify the residue in the flask with acetic acid, shake and test a few ec. by add- 

ing 4 or 5 drops of 1% suspension of lead dioxid. If methyl alcohol is present, a 
blue coloration occurs which is increased by boiling. 

Ethyl alcohol thus treated yields a blue coloration changing immediately to green, 

later to yellow, and becoming colorless when boiled. 

17 Riche and Bardy Method*.—Tentative. 

The following method for the detection of methyl alcohol in commercial spirit 

of wine depends on the formation of methylanilin violet: 
Place 10 cc. of the sample, previously redistilled over potassium carbonate if 

necessary, in a small flask with 15 grams of iodin and 2 grams of red phosphorus. 
Keep in ice water for 10-15 minutes until action has ceased. Distil off, on a water 

bath, the methyl and ethyl iodids formed into about 30 ce. of water. Wash with 
dilute alkali to eliminate free iodin. Separate the heavy, oily liquid which settles 

and transfer to a flask containing 5 cc. of anilin. If the action be too violent, place 

the flask in cold water; if too slow, stimulate by gently warming the flask. After an 

hour boil the product with water and add about 20 ce. of 15% sodium hydroxid 
solution; when the bases rise to the top as an oily layer, fill the flask up to the neck 

with water and draw them off with a pipette. Oxidize 1 cc. of the oily liquid by 
adding 10 grams of a mixture of 100 parts of clean sand, 2 of common salt, and 3 

of cupric nitrate; mix thoroughly, transfer to a glass tube, and heat to 90°C. 

for 8-10 hours. Exhaust the product with warm alcohol, filter and make up to 

100 cc. with aleohol. If the sample of spirits is pure, the liquid has a red tint, but, 
in the presence of 1% of methyl alcohol, it has a distinct violet shade; with 2.5% 

the shade is very distinct, and still more so with 5%. To detect more minute quan- 

tities of methyl alcohol, dilute 5 ce. of the colored liquid to 100 ce. with water, and 
dilute 5 ec. of this again to 400 ce. Heat the liquid thus obtained in a porcelain 

dish and immerse in it a fragment of white merino (free from sulphur) for 30 min- 

utes. If the alcohol is pure, the wool will remain white, but, if methyl alcohol is 

present, the fiber will become violet, the depth of tint giving a fairly approximate 
indication of the proportion of methyl] alcohol present. 
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18 Immersion Refractometer Method. (Leach and Lythgoe*)—Tentative. 

Determine by the immersion refractometer at 20°C. the refraction of the distil- 
late obtained in the determination of alcohol. If, on reference to the table under 

19, the refraction shows the percentage of alcohol agreeing with that obtained 

from the specific gravity, it may safely be assumed that no methyl alcohol is present. 

If, however, there is an appreciable amount of methyl alcohol, the low refractome- 

ter reading will at once indicate the fact. If the absence from the solution of re- 

fractive substances other than water and the alcohols is assured, this difference in 

refraction is conclusive of the presence of methyl alcohol. 

The addition of methyl alcohol to ethyl alcohol decreases the refraction in direct 

proportion to the amount present; hence the quantitative calculation is readily 

made by interpolation in the table under 19, using the figures for pure ethyl and 
methyl alcohol of the same alcoholic strength as the sample. 

Example.—The distillate has a specific gravity of 0.97080, corresponding to 
18.38% alcohol by weight, and has a refraction of 35.8 at 20°C. by the immersion 
refractometer; by interpolation in the refractometer table the readings of ethyl and 
methyl alcohol corresponding to 18.38% alcohol are 47.3 and 25.4, respectively, the 
difference being 21.9; 47.3 — 35.8 = 11.5; (11.5 + 21.9) 100 = 52.5, showing that 
52.5% of the total alcohol present is methyl alcohol. 

19 TABLE 18. 

Scale readings of the Zeiss immersion refractometer at 20°C., corresponding to each 
per cent by weight of methyl and ethyl alcohols. 

PER /scaLE READINGS|| PER [scaup READINGS|| PER /scatm READINGS|| PER |scaLH READINGS 
CENT CENT CENT CENT 
AECO—tl | eeeceneees o=esaas| | AL CO=! | |empremeen meta | PAC Om fl rere reegeeeee ||| AL COmn le 
Hot | Methyl} Ethyl HOoL |Methyl| Ethyl HOL | Methyl} Ethyl HOL | Methyl] Ethyl 
BY alco- | alco- BY alco- | alco- BY aleo- | alco- BY alco- alco- 

WEIGHT} hol hol WEIGHT] hol hol ||wereHt} hol hol |}werent| hol hol 

50 | 39.8 | 90.3 75 | 29.7 | 101.0 
ol 395% | O11 76 | 29.0 | 101.0 
52 | 39.6 | 91.8 77 | 28.3 | 100.9 
53 | 39.6 | 92.4 78 | 27.6 | 100.9 
54 | 39.5 | 93.0 79 | 26.8 | 100.8 

55 | 39.4 | 93.6 80 | 26.0 | 100.7 
56 | 39.2 | 94.1 81 | 25.1 | 100.6 
57 | 39.0 | 94.7 82 | 24.3 | 100.5 
58 | 38.6 | 95.2 83 | 23.6 | 100.4 
59 | 38.3 | 95.7 84 | 22.8 | 100.3 

1 
9 
is 
5 
2 

0 
4 
7 
1 
4 

10 | 20.2 | 31.4 35 | 35.8 | 75.8 60 | 37.9 | 96.2 85 | 21.8 | 100.1 
9 
0 
1 
2 

3 
3 
3 
2 
2 

61 | 37.5 | 96.7 86 | 20.8] 99.8 
12 | 21.4 | 35.0 37 | 36.8 | 78 62 | 37.0 | 97.1 87 | 19.7 | 99.5 
13 | 22.0 | 36.9 38 | 37.3 | 79 63 | 36.5 | 97.5 88 | 18.6 | 99.2 
14 | 22.6 | 38.7 39 | 37.7 | 80 64 | 36.0 | 98.0 89 | 17.3] 98.9 

15 | 23.2 | 40.5 40 | 38.1] 81 65 | 35.5 | 98.3 90 | 16.1} 98.6 
16 | 23.9 | 42.5 41 | 38.4 | 82. 66 | 35.0 | 98.7 91 | 14.9] 98.3 
17 | 24.5 | 44.5 42 | 38.8 | 838. 67 | 34.5 | 99.1 92 | 13.7] 97.8 
18 | 25.2 | 46.5 43 | 39.2 | 84. 68 | 34.0 | 99.4 93 | 12.4) 97.2 
19 | 25.8 | 48.5 44 | 39.3 | 85. 69 | 33.5 | 99.7 94] 11.0} 96.4 

20 | 26.5 | 50.5 45 | 39.4 | 86.2 70 | 33.0 |100.0 95 | 9.6] 95.7 
21 | 27.1 | 52.4 46 | 39.5 | 87.0 71 =| 32.3 |100.2 96| 8.2] 94.9 
22 | 27.8 | 54.3 47 | 39.6 | 87.8 72 =| 31.7 |100.4 97 |) 16.0" (9420 
23 | 28.4 | 56.3 48 | 39.7 | 88.7 73 | 31.1 |100.6 98 | 3.5] 93.0 
24 | 29.1 | 58.2 49 | 39.8 | 89.5 74 | 30.4 |100.8 99} 3.5] 92.0 

-o¢copullbocesells coocsl | lsokodsallbaodca laconoe| canna lsoasod nodeaa 100 | 2.0}; 91.0 
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20 COLORING MATTERS.—TENTATIVE. 

Proceed as directed under XI. 

21 WATER-INSOLUBLE COLOR IN WHISKIES.—TENTATIVE. 

Evaporate 50 cc. of the sample just to dryness on a steam bath. Take up with 

cold water, using approximately 15 ec., filter and wash until the filtrate amounts 

to nearly 25 ce: To this filtrate add 25 cc. of absolute alcohol, or 26.3 cc. of 95% 

alcohol by volume, and make up to 50 cc. by the addition of water. Mix thor- 

oughly and compare in a colorimeter with the original material. Calculate from 

these readings the per cent of color insoluble in water. 

COLORS INSOLUBLE IN AMYL ALCOHOL. 

22 Modified Marsh Method.—Tentative. 

Evaporate 50 cc. of whisky just to dryness on a steam bath. Dissolve the 
residue in water and 95% alcohol by volume and make to a volume of 50 ece., using 

a total volume of 26.3 ec. of 95% alcohol. Place 25 ec. of this solution in a separatory 

funnel and add 20 cc. of freshly shaken Marsh reagent (100 cc. of pure amyl alco- 

hol, 3 ec. of sirupy phosphoric acid and 3 ce. of water), shaking lightly so as not to 

form an emulsion. Allow the layers to separate and repeat this shaking and stand- 

ing twice again. After the layers have separated completely draw off the lower 

or aqueous layer, which contains the caramel, into a 25 cc. cylinder and make up 

to volume with 50% alcohol by volume. Compare this solution in a colorimeter 

with the untreated 25 ce. Calculate the result of this reading to the per cent of 

color insoluble in amyl alcohol. 

CARAMEL. 

23 Amthor Test Modified by Lasche’.—Tentative. 

Add 10 ce. of paraldehyde to 5 ce. of the sample in a test tube and shake. Add 

absolute alcohol, a few drops at a time, shaking after each addition until the mixture 

becomes clear. Allow to stand. Turbidity after 10 minutes is an indication of 

caramel. 

BIBLIOGRAPHY. 
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3? Allen. Commercial Organic Analysis. 4th ed., 1909-14, 1: 98. 
4J. Am. Chem. Soc., 1905, 27: 964. 
5 The Brewer Distiller, May, 1903. 



XVIII. BEERS. 

1 PREPARATION OF SAMPLE.—TENTATIVE. 

Remove carbon dioxid by transferring the contents of the bottle to a large flask 

and shaking vigorously or by pouring back and forth between beakers, care being 

taken that the temperature of the beer is not below 20°C. 

2. COLOR.—TENTATIVE. 

Determine the depth of color of the sample in a } inch cell with a Lovibond tin- 
tometer, using the beer scale. Express the result in terms of a } inch cell. 

3 SPECIFIC GRAVITY.—TENTATIVE. 

Determine the specific gravity at aes by means of a pycnometer. 

4 ALCOHOL.—TENTATIVE. 

Determine as directed under XVI, 4. 

EXTRACT. 

5 Method I.—Official. 

Measure 25 cc. of the carbon dioxid-free beer at 20°C. into a tared, flat-bottomed 

platinum dish, approximately 85 mm. in diameter, and evaporate just to dryness 

on a steam bath and heat to constant weight in a vacuum oven at 70°C. 

6 Method II.—Tentative. 

The immersion refractometer reading of the beer at 20°C. minus the immersion 

refractometer reading of the distillate at 20°C. times 0.2571 equals the grams of 
extract in 100 cc. of beer. 

7 Method III.—Tentative. 

Calculate the specific gravity of the dealcoholized beer by the following formula: 

S = G+ 1-A in which 

the specific gravity of the dealeoholized beer; 
the specific gravity of the beer; and 
the specific gravity of the distillate obtained in the determination 

of alcohol. 

Ss) 
G 
A ou ll 

From IX, 9, ascertain the per cent by weight of extract in the dealcoholized beer 
corresponding to the value of S. Multiply the figure thus obtained by 8S to ob- 

tain the grams of extract per 100 ce. of beer. 

8 EXTRACT OF ORIGINAL WORT (APPROXIMATE).—TENTATIVE. 

Calculate the grams of extract per 100 cc. in the original wort by the following 
formula: 

O = 2A+ E in which 

O = extract of the original wort; 
A = alcohol (grams per 100 cc.); and 
E = extract of the dealcoholized beer (grams per 100 cc.). 
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9 DEGREE OF FERMENTATION.—TENTATIVE. 

Calculate the degree of fermentation by the following formula: 
‘ 

De 1 X24 menich 

degree of fermentation; 
alcohol (grams per 100 cc.); and 

D 
A 
O = extract of original wort. 

10 TOTAL ACIDS.—TENTATIVE. 

Proceed as directed under XVI, 25. Express the result as lactic acid, grams per 
100 ce. One ee. of N/10 sodium hydroxid is equivalent to 0.0090 gram of lactic 
acid. 

11 VOLATILE ACIDS.—TENTATIVE. 

Proceed as directed under XVI, 27. Express the result as acetie acid, grams 

per 100 ce. 

12 REDUCING SUGARS.—TENTATIVE. 

Dilute 25 ec. of the carbon dioxid-free beer, measured at 20°C., with water to 

100 cc. of the same temperature. Determine the reducing sugars in 25 ec. of this 
solution, as directed under VIII, 42. Express the result as grams of anhydrous 
maltose per 100 cc. of beer. 

13 DEXTRIN.—TENTATIVE. 

To 50 cc. of the carbon dioxid-free beer measured at 20°C., add 15 cc. of hydro- 

chloric acid (sp. gr. 1.125), dilute to 200 cc., attach to a reflux condenser and keep 

in a boiling water bath for 2 hours. Cool, nearly neutralize with sodium hydroxid 

solution, complete to a volume of 250 cc., filter and determine dextrose as directed 

under VIII, 52 or 54. From the number of grams of dextrose per 100 ce. of beer, 
subtract 1.053 times the amount of maltose as found in 12 and multiply the re- 
mainder by 0.9 to obtain the number of grams of dextrin per 100 ce. of beer. 

14 DIRECT POLARIZATION.—TENTATIVE. 

Read the polarization of the original sample in degrees Ventzke in a 200 mm. 
tube at 20°C. If the beer is turbid, clarify by shaking with alumina cream, filter 

and correct the reading for dilution. 

1 5 GLYCEROL.—TENTATIVE. 

Proceed as directed under XVI, 8. 

16 ASH.— OFFICIAL. 

Evaporate to dryness 25 ec. of the carbon dioxid-free sample, measured at 20°C., 

and proceed as directed under VIII, 4. 

17 PHOSPHORIC ACID.—TENTATIVE. 

To 25 ec. of the carbon dioxid-free beer, measured at 20°C., add 20 ec. of 2% 

calcium acetate solution, evaporate to dryness and ignite at low redness to a white 

ash. Add 10-15 ce. of boiling nitric acid (1 to 9) and determine phosphoric acid 

(POs) as directed under I, 9. 
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18 PROTEIN.—OFFICIAL. 

Measure, at 20°C., 25 ec. of the carbon dioxid-free beer into a Kjeldahl digestion 

flask, add a sinall amount of tannin to prevent frothing, evaporate to dryness, de- 

termine nitrogen as directed under I, 18, 21 or 23, multiply the result by 6.25 and 
calculate the percentage of protein, 

19 PRESERVATIVES.—TENTATIVE. 

Proceed as directed under X. 

20 COLORING MATTERS.—TENTATIVE. 

Proceed as directed under XI. 

21 METALS.—TENTATIVE. 

Proceed as directed under XII. 





XIX. VINEGARS. 

(Unless otherwise noted, express results as grams per 100 ec.) 

1 PHYSICAL EXAMINATION.—TENTATIVE. 

Note the appearance, color, odor and taste. 

2 PREPARATION OF SAMPLE.—TENTATIVE. 

lf the sample is turbid, filter before proceeding with the analysis. 

3 SPECIFIC GRAVITY.—TENTATIVE. 

: . E 20°C. 
Determine the specific gravity at ——- by means of a pycnometer. 

4 ALCOHOL.—TENTATIVE. 

Measure 100 cc. of the sample into a round-bottomed, distillation flask. Make 
faintly alkaline with saturated sodium hydroxid solution, add a small piece .of 
paraffin, distil almost 50 cc., make up to 50 ce. at the temperature of the sample 

and determine the specific gravity at oe by means of a pycnometer. Obtain from 

XVI, 5, the per cent by volume, or grams per 100 ce., noting that the alcoholic 
strength of the distillate is twice that of the original vinegar. 

GLYCEROL.—TENTATIVE. 

5 REAGENTS. 

(a) Strong potassium dichromate solution.—Dissolve 74.56 grams of dry, recrystal- 
lized potassium dichromate in water, add 150 ce. of concentrated ‘sulphuric acid, 

cool and make up to 1 liter at 20°C. One ce. of this solution is equivalent to 0.01 
gram of glycerol. The high coefficient of expansion of this strong solution necessi- 

tates its preparation at exactly 20°C. and the measurement of any definite volume 

at the same temperature. If desired, the measurements may be made at room 
temperature by means of a weighing burette, the volume used in this case being 

ascertained by dividing the weight of the solution used by its specific gravity at 
20°C. 
P 

(b) Dilute potassium dichromate solution.—Measure 25 cc. of the strong potas- 

sium dichromate solution at exactly 20°C. into a 500 ce. volumetric flask, dilute with 

water and make up to the mark at room temperature. Twenty cc. of this solution 

are equivalent to 1 ce. of (a). 

(C) Ferrous ammonium sulphate solution.—Dissolve 30 grams of crystallized fer- 

rous ammonium sulphate in water, add 50 cc. of concentrated sulphuric acid, cool 

and dilute at room temperature. One ce. of this solution is approximately equiva- 

lent to 1 cc. of (b). Its value changes slightly from day to day and it must be 

standardized against (b) whenever used. 

(d) Potassium ferricyanid indicator.—Dissolve 1 gram of crystallized potassium 

ferricyanid in 50 ce. of water. This solution must be freshly prepared. 

(€) Milk of lime.—Introduce 150 grams of calcium oxid, selected from clean, hard 

lumps, prepared preferably from marble, into a large porcelain or iron dish, slake 

with water, cool and add sufficient water to make 1 liter. 
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(f) Silver carbonate.—Dissolve 0.1 gram of silver sulphate in about 50 ce. of water, 

add an excess of sodium carbonate solution, allow the precipitate to settle and 

wash with water several times by decantation until the washings are practically 

neutral. This reagent must be freshly prepared immediately before use. 

6 DETERMINATION. 

All evaporations should be made on a water bath, the temperature of which is main- 

tained at 85°-90°C. 

Evaporate 100 ec. of the vinegar to 5 ec., add 20 ec. of water and again evaporate 
to 5 cc. to expel acetic acid. Treat the residue with about 5 grams of fine sand and 
15 ec. of the milk of lime and evaporate almost to dryness, with frequent stirring, 
avoiding the formation of a dry crust or evaporation to complete dryness. Treat 

the moist residue with 5 cc. of water, rub into a homogeneous paste, then add 

slowly 45 cc. of absolute alcohol, washing down the sides of the dish to remove 
adhering paste, and stir thoroughly. Heat the mixture on a water bath, with 

constant stirring, to incipient boiling, transfer to a suitable vessel and centrifu- 

galize. Decant the clear liquid into a porcelain dish and wash the residue with 

several small portions of hot 90% alcohol by volume by aid of the centrifuge. 

(lf a centrifuge is not available, decant the liquid through a fluted filter into a 

porcelain dish. Wash the residue repeatedly with small portions of hot 90% alco- 

hol, twice by decantation, and then by transferring all the material to the filter. 

Continue the washing until the filtrate amounts to 150 ec.) Evaporate to a sirupy 

consistency, add 10 cc. of absolute alcohol to dissolve this residue and transfer to 
a 50 ce. glass-stoppered cylinder, washing the dish with successive small portions of 

absolute alcohol until the volume of the solution amounts to 20 ec. Then add 
3 portions of 10 cc. each of anhydrous ether, shaking thoroughly after each addi- 

tion. Let stand until clear, then pour off through a filter, and wash the cylinder 
and filter with a mixture of 2 volumes of absolute alcohol and 3 of anhydrous ether. 

If a heavy precipitate has formed in the cylinder, centrifugalize at low speed, de- 
eant the clear liquid and wash 3 times with 20 ce. portions of the aleohol-ether 
mixture, shaking the mixture thoroughly each time and separating the precipitate 

by means of the centrifuge. Wash the paper with the alcohol-ether mixture, and 

evaporate the filtrate and washings on the water bath to about 5 cc., add 20 ec. 
of water and again evaporate to 5 cc.; again add 20 ce. of water and evaporate to 5 

ec.; finally add 10 ce. of water and evaporate to 5 ce. 

These evaporations are necessary to remove all the ether and alcohol, and, when 
conducted at $5°-90°C., result in no loss of glycerol if the concentration of the latter 
is less than 50%. 

Transfer the residue with hot water to a 50 ec. graduated flask, cool, add the 

silver carbonate, prepared from 0.1 gram of silver sulphate, shake and allow to stand 

10 minutes; then add 0.5 ce. of basic lead acetate solution [ VIII, 13 (a) ], shake 
occasionally and allow to stand 10 minutes; make up to the mark, shake well, filter, 

rejecting the first portion of the filtrate, and pipette 25 cc. of the clear filtrate into 
a 250 ce. volumetric flask. 

Add 1 ce. of concentrated sulphuric acid to precipitate the excess of lead and 

then 30 ce. of the strong potassium dichromate solution. Add carefully 24 ee. of 

concentrated sulphuric acid, rotating the flask gently to mix the contents and avoid 

violent ebullition, and then place in a boiling water bath for exactly 20 minutes. 

Remove the flask from the bath, dilute, cool and make up to the mark at room tem- 

perature. The amount of strong dichromate solution used must be sufficient to 
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leave an excess of about 12.5 ce. at the end of the oxidation, the amount given above 

(30 ce.) being sufficient for ordinary vinegar containing about 0.35 gram or less of 

glycerol per 100 ce. 

Standardize the ferrous ammonium sulphate solution against the dilute potas- 

sium dichromate solution by introducing from the respective burettes approxi- 

mately 20 cc. of each of the 2 solutions into a beaker containing 100 ec. of water. 

Complete the titration using the potassium ferricyanid solution as an outside indi- 
eator. From this titration calculate the volume (/) of the ferrous ammonium sul- 

phate solution equivalent to 20 ce. of the dilute and also, therefore, to 1 cc. of the 

strong dichromate solution. 

In place of the dilute dichromate solution, substitute a burette containing the 

oxidized glycerol with an excess of the strong dichromate solution and ascertain how 

many cc. are equivalent to (F) ce. of the ferrous ammonium sulphate solution and 

also, therefore, to 1 ce. of the strong dichromate solution. Then 250 divided by this 

last equivalent equals the number of ec. of the strong dichromate solution pres- 

ent in excess in the 250 ce. flask after oxidation of the glycerol. 

The number of ce. of the strong dichromate solution added, minus the excess 

found after oxidation, multiplied by 0.02 gives the grams of glycerol per 100 ce. of 

vinegar. 

7 SOLIDS.—TENTATIVE. 

Measure 10 ec. of the sample into a tared, flat-bottomed platinum dish of 50 

mm. bottom diameter, evaporate on a boiling water bath for 30 minutes, and dry 

for exactly 2} hours in a water oven at the temperature of boiling water. Cool in 

a desiccator and weigh. It is essential that the size and shape of the dish and the 

time of drying be followed strictly. 

8 TOTAL REDUCING SUBSTANCES BEFORE INVERSION.—TENTATIVE. 

Proceed as directed under VIII, 25, using 10 cc. of the sample. In the case of 
malt vinegar, express the results as dextrose; in all other cases as invert sugar. 

9 REDUCING SUGARS BEFORE INVERSION AFTER EVAPORATION.—TENTATIVE. 

Evaporate 50 ce. of the sample on the water bath to a volume of 5 ce. Add 25 
ec. of water and again evaporate to 5 cc. Transfer toa 100 cc. volumetric flask, 

make up to the mark, and proceed as directed under 8, using a quantity equivalent 

to 10 or 20 ec. of the sample. 

10 REDUCING SUGARS AFTER INVERSION.—TENTATIVE. 

Proceed as directed under 9. After the last evaporation to 5 cc. transfer toa 
100 cc. volumetric flask with 70 cc. of water, and invert as directed under VIII, 
14. Nearly neutralize with sodium hydroxid solution, make up to the mark and 

proceed as directed under VIII, 25, using a quantity equivalent to 10 or 20 ce. of 

the sample. 

11 LEAD PRECIPITATE.—TENTATIVE. 

To 10 cc. of the sample in a test tube, add 2 cc. of 20% lead acetate solution, 

shake and let stand 30 minutes. Describe the precipitate as turbid, light, normal, 

heavy or very heavy. 

12 POLARIZATION.—TENTATIVE. 

If the lead precipitate is normal, add to 50 cc. of the sample 5 ce. of basic lead 
acetate solution [ VIM, 13 (a)], shake, let stand 30 minutes, filter and polarize, 



256 METHODS OF ANALYSIS [Chap. 

preferably in a 200 mm. tube, correcting for dilution. If basic lead acetate gives 

only a turbidity, add to the sample, already treated with basic lead acetate, 10 ce. 
of alumina cream [ VIII, 13 (b)], shake, let stand 30 minutes, filter and polarize, 
correcting for dilution. In the case of malt vinegar, treat 100 cc. of the sample with 

5 ec. of 10% phosphotungstie acid solution and filter. To 50 ce. of the filtrate add 
5 cc. of the basic lead acetate solution, filter and polarize, correcting the reading 

obtained for dilution. 

13 ASH.—TENTATIVE. 

(a) Measure 25 ce. of the vinegar into a tared platinum dish, evaporate to dry- 

ness on the steam bath and proceed as directed under VIII, 4. 
(b) Evaporate 25 ce. of the sample to dryness as directed under (a), heat in a 

muffle at low heat to expel inflammable gases, treat the charred portion with a few 

ec. of water, and evaporate to dryness on a water bath; replace in the muffle at low 

redness for 15 minutes, and continue the alternate evaporation and heating until 

a white or gray ash is obtained, at no time exceeding a dull red heat; cool in a 

desiccator and weigh. 

Useful information may often be obtained by noting the odor given off by the 
solids during charring. 

14 SOLUBLE AND INSOLUBLE ASH.—TENTATIVE. 

Treat the ash, obtained in 13, as directed under IX, 17. 

15 ALKALINITY OF THE SOLUBLE ASH.—TENTATIVE. 

Proceed as directed under IX, 18, expressing the result as the number of cc. 

of N/10 hydrochloric acid required to neutralize the soluble ash from 100 ce. of the 

vinegar. 

16 SOLUBLE AND INSOLUBLE PHOSPHORIC ACID.—TENTATIVE. 

Determine phosphoric acid in the water-soluble and water-insoluble portions of 

the ash as directed under I, 9, dissolving the water-insoluble portion in about 

50 cc. of boiling nitric acid (1 to 9). Express the result as mg. of phosphorus 

pentoxid (P,0;) in 100 ce. of the vinegar. 

17 TOTAL ACIDS.—TENTATIVE. 

Dilute 10 ce. of the sample with recently boiled and cooled water until it appears 

very slightly colored, and titrate with N/2 alkali, using phenolphthalein as an 

indicator. One ce. of N/2 alkali is equivalent to 0.030 gram of acetic acid. 

18 FIXED ACIDS.—TENTATIVE. 

Measure 10 ce. of the vinegar into a 200 ce. porcelain casserole, evaporate just to 

dryness, add 5-10 ce. of water, and again evaporate; repeat until at least 5 evapora- 

tions have taken place. Add about 200 cc. of recently boiled and cooled water and 
titrate with N/10 alkali, using phenolphthalein as an indicator. One ec. of N/10 

alkali is equivalent to 0.0067 gram of malic acid. 

19 VOLATILE ACIDS.—TENTATIVE. 

To obtain the volatile acids subtract the fixed acids, calculated as acetic acid, 

from the total acids. 
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20 COLOR.—TENTATIVE. 

Determine the depth of color in a Lovibond tintometer by good, reflected day- 

light, using a 4 inch cell and the brewer’s scale. Express the result in terms of 

a } inch cell. 

FORMIC ACID. 

21 Fincke Method'!.—Tentative. 

Employ the apparatus described under X, 39, Fig. 6. Introduce 100 cc. of the 
sample into flask (A), add 0.4-0.5 gram of tartaric acid, and place in position as 

shown in Fig. 6, the flask (B) having previously been charged with a suspension of 

15 grams of calcium carbonate in 100 cc. of water. Heat the contents of flasks (A) 

and (B) to boiling and distil with steam from the generator (S), the vapor passing 

first through the sample in flask (A), then through the boiling suspension of cal- 

cium carbonate in flask (B), after which it is condensed and measured in the re- 

ceiver (C). Maintain the volume of liquid in flask (B) as nearly constant as pos- 

sible and reduce the volume of the sample in flask (A) to 30-40 cc. by heating with 

small Bunsen flames, the distillation being continued until 1 liter of distillate is 

collected. Disconnect the apparatus, filter the calcium carbonate suspension, and 
wash the calcium carbonate that remains on the paper with a little hot water. 

Render the filtrate faintly acid with hydrochloric acid, add 10-15 cc. of mercuric 

chlorid reagent [ X, 38 (b) ], mix and heat on a boiling water bath for 2hours. Filter 
on a tared Gooch, wash the precipitate thoroughly with cold water and finally with 
a little alcohol. Dry in a boiling water oven for 30 minutes, cool in a desiccator, 
weigh, and calculate the weight of formic acid present by multiplying the weight 

of the precipitate by 0.0975. 

22 ALCOHOL PRECIPITATE.—TENTATIVE. 

Evaporate 100 cc. of the vinegar to about 15 cc. When there is considerable 

sugar in the vinegar, if the sample is evaporated to too low a volume, a gummy or 

stringy precipitate is formed on adding the,alcohol instead of a flocculent one. When 
the sugar content is high, therefore, the evaporation should not be carried beyond 

20 ce. To this residue add slowly and with constant stirring 200 cc. of 95% alcohol 

by volume and allow the mixture to stand overnight. From this point proceed 
as directed under XIII, 18, beginning with the sentence, ‘‘Filter and wash with 
80% alcohol by volume’’. 

23 PENTOSANS.—TENTATIVE. 

Proceed as directed in VIII, 64, except that 100 cc. of the vinegar and 43 ce. of 
hydrochloric acid (sp. gr. 1.19) are used in beginning the distillation. 

TARTARIC ACID AND TARTRATES. 

24 Qualitative Test.—Tentative. 

Evaporate 50 cc. of the vinegar in a porcelain dish to a volume of about 10 cc., 

filter into a test tube, add 1 cc. of 25% calcium chlorid solution and 2 ec. of 50% 

ammonium acetate solution and allow to stand overnight. In the presence of tar- 
taric acid a deposit of calcium tartrate is formed, the crystals of which may be 
identified under the microscope by their characteristic form. 

25 TOTAL TARTARIC ACID.—TENTATIVE. 

Evaporate 200 cc. of the sample to a sirupy consistency to remove excess of acetic 
acid, dilute to the original volume with water in a volumetric flask, determine the 
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acidity as directed in 17, and determine total tartaric acid in a 100 ce. aliquot as 
directed under XVI, 29, except that 20 cc. of alcohol are used in the precipitation 

instead of 15 ce. 

FREE MINERAL ACIDS. 

26 Logwood Method?.—Tentative. 

Prepare an extract of logwood as follows: Pour 100 cc. of boiling water upon 2 
grams of fresh logwood chips, allow the infusion to stand for a few hours and filter. 

Place drops of the liquid on a porcelain surface and dry on a water bath. Add to 
one of the spots a drop of the vinegar to be tested (after concentration if desirable) 

and evaporate to dryness. A yellow tint remains if free mineral acids are absent, 
a red tint if they are present. 

27 Methyl Violet Method.—Tentative. 

Add 5-10 ce. of water to 5 ce. of vinegar and, after mixing well, add 4 or 5 drops 

of methyl violet solution (1 part of methyl violet 2B in 10,000 parts of water). A 
blue or green coloration indicates the presence of a free mineral acid. 

28 Quantitative Method. (Hehner Method)—Tentative. 

To a measured amount of the sample add a measured excess of standard alkali, 
evaporate to dryness, incinerate and titrate the ash with standard acid, using 

methyl orange as an indicator. The difference between the number of cc. of alkali 
first added and the number of cc. of acid needed to titrate the ash represents the free 

mineral acid present. 

99 METALS.—TENTATIVE. 

Proceed as directed under XII. 

DEXTRIN. 

30 Qualitative Test—Tentative. 

Evaporate 100 ce. of the vinegar to a volume of about 15 ec. Add slowly and 

with constant stirring 200 cc. of 95% alcohol by volume and allow to stand over- 

night. The precipitate formed should be tested for dextrin by the optical rotation 
and color reaction with iodin. 

SPICES AND ADDED PUNGENT MATERIALS. 

31 Qualitative Test.—Tentative. 

Neutralize exactly a portion of the vinegar and test by taste and smell. Agitate 

the liquid with ether in a separatory funnel, remove and evaporate the ethereal 
layer, and note the odor and taste of the residue. 

32 COLORING MATTERS.—TENTATIVE. 

Proceed as directed under Xf. 

33 PRESERVATIVES.—TENTATIVE. 

Proceed as directed under X. 

BIBLIOGRAPHY. 
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XX. FLAVORING EXTRACTS. 

VANILLA EXTRACT AND ITS SUBSTITUTES. 

1 SPECIFIC GRAVITY.—TENTATIVE. 

20°C. 
-P Determine the specific gravity at by means of a pycnometer 

2 ALCOHOL.— OFFICIAL. 

Proceed as directed under XVII, 2 or 3. 

3 GLYCEROL.—TENTATIVE. 

Proceed as directed under XVI, 7, 8 or 9, the method selected depending upon 
the amount of sugar present, employing an amount of the sample containing 0.10- 

0.40 gram of glycerol. 

VANILLIN AND COUMARIN. 

Modified Hess and Prescott Method'!.—Tentative. _ 

(This method is not applicable to concentrated vanillin and coumarin 

preparations in which the amount of vanillin and coumarin present 

exceeds the quantity dissolved by 100 cc. of water at 20°C. 
In such cases employ a smaller amount of the sample 

and dilute to 50 cc.) 

4 PREPARATION OF SOLUTION. 

Measure 50 cc. of the extract at 20°C. into a 250 ce. beaker with marks showing 

volumes of 80 and 50 cc., dilute to 80 cc. and evaporate to 50 cc. on a water bath kept 
at 70°C. Dilute again with water to 80 cc. and evaporate to 50 cc. Transfer to a 
100 ce. flask, rinsing the beaker with hot water; add 25 cc. of 8% lead acetate solu- 

tion; make up to the mark with water, shake and allow to stand 18 hours (over- 

night) at 37°-40°C. Decant into a small, dry filter, reserving the filtrate for the 

determination of vanillin and coumarin, the normal lead number, 6, and the 

residual color, 14. 

5 DETERMINATION. 

Transfer a 50 cc. aliquot of the filtrate to a separatory funnel and extract with 4 
successive 15 cc. portions of ether (previously washed twice with an equal volume 
of water to remove alcohol). Wash the combined ether solutions 4 or 5 times with 

2% ammonium hydroxid solution (2% NH; by weight), using 10 cc. the first time 

and 5 cc. thereafter, and reserve the ether solution for the determination of cou- 

marin. Slightly acidify the combined ammoniacal solutions with hydrochloric 

acid; cool and extract in a separatory funnel with 4 portions of washed ether, using 

about 40 cc. altogether. Evaporate the ethereal solutions at room temperature, 

dry over sulphuric acid and weigh. lf the residue is considerably discolored or 

gummy, re-extract in the dry state with boiling petroleum ether (b. p. 40°C. or 

below) not less than 15 times: evaporate the solvent, dry and weigh. The residue 

should now be white, crystalline vanillin, with a melting point of approximately 

259 
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80°C. A small amount of this residue, dissolved in 2 drops of concentrated hydro- 

chloric acid, should develop a pink color upon the addition of a crystal of resorcin. 

Evaporate at room temperature the original ether extract of the sample, from 
which the vanillin has been removed by means of ammonium hydroxid, and dry 

over sulphuric acid. The residue, if pure coumarin, should melt at approximately 
67°C. and should respond to Leach’s test for coumarin as follows: A small por- 
tion of the residue, dissolved in not more than 0.5 ec. of hot water, should yield 

a brown precipitate upon the addition of a few drops of N/10 iodin. This pre- 

cipitate finally gathers in green flecks, leaving a clear, brown solution. The 

reaction is especially marked if the reagent is applied with a glass rod to a few 
drops of the solution on a white plate or tile. 

6 NORMAL LEAD NUMBER®.—TENTATIVE. 

To a 10 cc. aliquot of the filtrate from the lead acetate precipitate, as obtained 
in 4, add 25 ce. of water, 0.5-1.0 ce. of sulphuric acid, and 100 ce. of 95% alcohol by 

volume. Let stand overnight, filter on a Gooch crucible, wash with 95% alcohol, 

dry at a moderate heat, ignite at low redness for 3 minutes, taking care to avoid 

the reducing flame, and weigh. Conduct a blank determination employing water 

containing 4 or 5 drops of glacial acetic acid in place of the sample. The normal lead 

number is calculated by the following formula: 

100 * 0.6831 (S — W) 

5 

normal lead number (grams of metallic lead in the precipitate obtained 
from 100 ce. of the sample); 

= grams of lead sulphate corresponding to 2.5 ec. of the lead acetate solu- 
tion as determined in a blank analysis; and 

W = grams of lead sulphate obtained in 10 cc. of the filtrate from the lead 
acetate precipitate, as obtained in 4. 

1D = 13.662 (S — W) in which 

7 TOTAL SOLIDS.—TENTATIVE. 

Proceed as directed under IX, 4, employing 10 grams of the sample. 

8 ASH.— OFFICIAL. 

Evaporate 10 grams of the extract and determine the ash as directed under 

VII, 4 

9 ASH CONSTITUENTS.—TENTATIVE. 

Proceed as directed under III or XXVIII, 21-26, inclusive. 

10 SUCROSE.—TENTATIVE. 

Determine as directed under VIII, 14 or 18. 

VANILLA RESINS. 

W Qualitative Test.—Tentative. 

Place 50 cc. of the extract in a glass dish and evaporate the alcohol on a water 

bath. When the alcohol is removed, make up to about the original volume with 
hot water. If alkali has not been used in the manufacture of the extract, the resins 

will appear as a flocculent red to brown residue. Acidify with acetic acid to free 

the resins from the bases, separating the resins completely and leaving a partly 

decolorized, clear, supernatant liquid after standing a short time. Collect the 

resins on a filter, wash with water and reserve the filtrate for further tests. 
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Place a portion of the filter with the attached resins in a few cc. of dilute potas- 
sium hydroxid solution. The resins are dissolved, giving a deep red solution; 

acidify, and the resins are precipitated. 

Dissolve a portion of the resins in alcohol. To one portion add a few drops of 

ferric chlorid solution; to another portion hydrochloric acid; neither produces any 

marked change in color. Most resins, however, in alcoholic solution give color 

reactions with ferric chlorid or hydrochloric acid. 

To a portion of the filtrate obtained above add a few drops of basic lead acetate 

solution. The precipitate is so bulky as to almost solidify, due to the excessive 
amount of organic acids, gums and other extractive matter. The filtrate from 

this precipitate is almost colorless. 

Test another portion of the filtrate from the resin for tannin with a solution of 

gelatin. Tannin is present in varying but small quantities, but should not be 

present in great excess. 

12 METHYL ALCOHOL.—TENTATIVE. 

Proceed as directed under XVII, 16, 17 or 18, using the distillate from the de- 
termination of alcohol, 2. 

13 COLOR VALUE.—TENTATIVE. 

Pipette 2 cc. of the extract into 2 50 ec. graduated flask and make up to the mark 

with a mixture of equal parts of 95% alcohol by volume and water. Determine 

the color value of this diluted extract in terms of red and yellow by means ofa 

Lovibond tintometer, using a linch cell. To obtain the color value of the original 

extract, multiply the figures for each color by 25. 

14 RESIDUAL COLOR AFTER PRECIPITATION WITH LEAD ACETATE*,—TENTATIVE. 

Determine the color value, in terms of red and yellow, of the filtrate from the 

lead acetate precipitate as obtained in 4, using a 1 inch Lovibond cell. Multiply 

the reading by 2 to reduce the results to the basis of the original extract. If the 

actual reading of the solution is greater than 5 red and 15 yellow, as may happen 

if the extract is highly colored with caramel, a 4 or } inch cell should be employed, 

and the readings multiplied, respectively, by 4 or 8. Divide the figures for red and 

yellow, respectively, by the corresponding figures of the original extract and mul- 

tiply the quotients by 100, to obtain the percentages of the 2 colors remaining in 

the lead acetate filtrate. 
Calculate also the ratio of red to yellow in both extract and lead acetate filtrate. 

COLORS INSOLUBLE IN AMYL ALCOHOL. 

15 Modified Marsh Method.—Tentative. 

Proceed as directed under XVII, 22, using 25 cc. of the extract and shaking with 
25 ec. of the Marsh reagent instead of 20 ce. 

16 COLORING MATTERS OTHER THAN CARAMEL.—TENTATIVE. 

Proceed as directed under XI. 

LEMON AND ORANGE EXTRACTS. 

17 SPECIFIC GRAVITY.—TENTATIVE. 

: : : 20°C. , 
Determine the specific gravity at “gp by means of a pycnometer. 
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18 ALCOHOL.—TENTATIVE. 

Dilute 50 cc. of the extract, measured at 20°C., with water to about 200 ec., allow 

the mixture to stand until the oil separates in a clear layer at the top, or centrifugal- 

ize, then make up to the mark, using the lower meniscus of the oil. Pour the mixture 

into a dry Erlenmeyer flask containing 5 grams of light magnesium carbonate, 

stopper, shake well and filter quickly through a large, dry, folded filter. Intro- 

duce a 150 ce. aliquot of the filtrate, measured at 20°C., into a 300-500 ec. distilla- 
tion flask, attach the flask to a vertical condenser and distil almost 100 ee. Com- 

plete the volume of the distillate to 100 cc. at 20°C., mix well and determine the 

specifie gravity at aa - Ascertain the corresponding per cent of alcohol by volume 

from XVI, 5 and multiply the result thus obtained by 2? to obtain the percentage 

of alcohol by volume in the original sample. 

19 GLYCEROL.—TENTATIVE. 

Proceed as directed under 3. 

LEMON AND ORANGE OILS. 

20 By Polarization. (Mitchell Method)—Tentative. 

Without diluting polarize the extract at 20°C. in a 200 mm. tube. Divide the 

reading in degrees Ventzke by 3.2 in the case of lemon extract and by 5.2 in the 
case of orange extract; in the absence of other optically active substances, the re- 
sult will be the percentage of oil by volume. A small amount of cane sugar is occa- 

sionally present; if so, determine as directed under 28 and correct the reading 

accordingly. 

21 By Precipitation. (Mitchell Method)—Tentative. 

Pipette 20 ce. of the extract into a Babcock milk bottle, add 1 cc. of hydrochloric 

acid (1 to 1), then 25-28 cc. of water previously warmed to 60°C., mix, let stand 
in water at 60°C. for 5 minutes, centrifugalize for 5 minutes, fill with warm water 

to bring the oil into the graduated neck of the flask, again centrifugalize for 2 min- 

utes, place the flask in water at 60°C. for a few minutes and note the per cent of oil 

by volume. If oil of lemon is present in amounts over 2%, add 0.4% to the per- 

centage of oil noted to correct for the solubility of the oil. If less than 2% and 

more than 1% is present, add 0.3% for this correction. 

When the extract is made in accordance with the U. S. P., the results by the 

methods given under 20 and 21 should agree within 0.2%. 

To obtain the per cent by weight from the per cent by volume, as found by either 

of these methods, multiply the volume percentage by 0.86 in the case of lemon ex- 

tracts, and by 0.85 in the case of orange extracts, and divide the result by the specific 

gravity of the original extract. 

TOTAL ALDEHYDES. 

Chace Method*.—Tentative. 

22 REAGENTS. 

(a) Aldehyde-free alcohol.—Allow 95% alcohol by volume, containing 5 grams 
of meta-phenylendiamin hydrochlorid per liter, to stand for 24 hours with fre- 

quent shaking. (Nothing is gained by previous treatment with potassium hy- 

droxid.) Boil under a reflux condenser for at least 8 hours, longer if necessary, 

allow to stand overnight and distil, rejecting the first 10 and the last 5 per cent 
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which come over. Store in a dark, cool place in well filled bottles. Twenty-five cc. 
of this alcohol, on standing 20 minutes at 14°-16°C. with 20 cc. of the sulphite fuchsin 

solution, should develop only a faint pink coloration. If a stronger color is de- 
veloped, repeat the treatment with meta-phenylndiamin hydrochlorid as above. 

(b) Sulphite-fuchsin solution.—Dissolve 0.5 gram of fuchsin in 250 ec. of water, 

add an aqueous solution of sulphur dioxid containing 16 grams of the gas, allow to 

stand until colorless, or nearly so, and make up to 1 liter with water. Let stand 12 

hours before using and keep in a refrigerator. ‘This solution is liable to deteriorate 
and should be reasonably fresh when used. 

(C) Standard citral solution.—Use 0.5 or 1 mg. of C.P. citral per cc. in 50% alde- 
hyde-free alcohol. 

23 DETERMINATION. 

Weigh approximately 25 grams of the extract in a stoppered weighing flask, 

transfer to a 50 ce. flask and make up to the mark at room temperature with alde- 

hyde-free alcohol. Measure, at room temperature, 2 cc. of this solution into a 

comparison tube. Add 25 ec. of the aldehyde-free alcohol (previously cooled to 

14°-16°C.), then 20 ce. of the sulphite-fuchsin solution (also cooled) and finally make 

up to the 50cc. mark with more aldehyde-free alcohol. Mix thoroughly, stopper 

and keep at 14°-16°C. for 15 minutes. Prepare a standard for comparison at the 

same time and in the same manner, using 2 cc. of the standard citral solution, and 
compare the colors developed. Calculate the amount of citral present and re- 

peat the determination, using a quantity sufficient to give the sample approxi- 

mately the strength of the standard. From this result calculate the amount of 

citral in the sample. If the comparisons are made in Nessler tubes, standards 
containing 1, 1.5, 2, 2.5, 3, 3.5, and 4 mg. of citral, may be prepared and the trial 

comparison made against these, the final comparison being made with standards 
lying between 1.5 and 2.5 mg. with 0.25 mg. increments. 

It is absolutely essential to keep the reagents and comparison tubes at the re- 
quired temperature, 14°-16°C. Where the comparisons are made in a bath (this being 
possible only where the bath is of glass), the standards should be discarded within 
25 minutes after adding the sulphite-fuchsin solution. Give samples and standards 
identical treatment. 

CITRAL. 

Hiltner Method’.—Tentative. 

24 REAGENTS. 

(a) Meta-phenylendiamin hydrochlorid solution.—Prepare a1% solution of meta- 

phenylendiamin hydrochlorid in 95% alcohol by volume. Decolorize, if neces- 
sary, by shaking with fuller’s earth and filter through a double filter. The solution 

should be bright and clear, free from suspended matter, and practically colorless. 

Prepare this solution only for immediate use. 

(b) Alcohol.—For the analysis of lemon extracts, 90-95% alcohol by volume 

should be used, but for terpeneless extracts, 40-50% alcohol by volume is suflicient. 
Filter to remove any suspended matter. The alcohol need not be purified from 

aldehyde. If not practically colorless, render slightly alkaline with sodium hydroxid 

and distil. 

25 DETERMINATION. 

All of the operations may be carried on at room temperature. Weigh 25 grams 

of the extract into a 50 ce. graduated flask and make up to the mark with alcohol. 
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Stopper the flask and mix the contents thoroughly. Pipette 2 cc. of this solution 
into a colorimeter tube; add 10 cc. of the meta-phenylendiamin hydrochlorid solu- 

tion and complete the volume to 50 ce. (or other standard volume) with alcohol. 

Compare at once the color with that of the standard, prepared at the same time, 

using 2 ec. of standard citral solution and 10 ec. of the meta-phenylendiamin hy- 

drochlorid solution, and making up to standard volume with alcohol. From the 

result of this first determination, calculate the amount of standard citral solution 

that should be used in order to give approximately the same citral strength as the 
sample under examination; then repeat the determination. 

26 TOTAL SOLIDS.—OFFICIAL. 

Proceed as directed under XVII, 5, employing 10 ce. of the sample measured 
at 20°C. 

27 ASH.—OFFICIAL. 

Ignite the residue from 10 ce. of the extract as directed under VIII, 4. 

28 SUCROSE.—TENTATIVE. 

Neutralize the normal weight of the extract, evaporate to dryness, wash several 

times with ether, dissolve in water and determine as directed under VIII, 14 or 18. 

99 METHYL ALCOHOL.—TENTATIVE. 

Proceed as directed under XVII, 16, 17 or 18, using the distillate from the 
determination of alcohol, 18. 

COLORING MATTERS. 

30 GENERAL.—TENTATIVE. 

Proceed as directed under XI. 

31 LEMON AND ORANGE PEEL COLOR. 

Albrech Method.—'entative. 

Place a few cc. of the extract in each of 2 test tubes; to one, add slowly 3-4 vol- 

umes of concentrated hydrochloric acid; to the other, several drops of concentrated 

ammonium hydroxid. If the color is due to lemon or orange peel only it is materi- 

ally deepened by such treatment. 

LEMON AND ORANGE OILS. 

32 SPECIFIC GRAVITY.—TENTATIVE. 

Determine the specific gravity at a by means of a pyenometer. 

33 INDEX OF REFRACTION.—TENTATIVE. 

Determine the index of refraction with any standard instrument, making the 

reading at 20°C. 

34 OPTICAL ROTATION.—TENTATIVE. 

Determine the rotation at 20°C. with any standard instrument, using a 50 mm. 

tube and sodium light. The results should be stated in angular degrees on a 100 

mm. basis. If instruments having the sugar scale are used, the reading on orange 

oils is above the range of the scale, but readings may be obtained by the use of 
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standard laevo-rotatory quartz plates, or by the use of a 25 mm. tube. The true 

rotation cannot be obtained by diluting the oil with alcohol and correcting the 
rotation in proportion to the dilution. 

CITRAL. 

Kleber Method*.—Tentative. 

35 REAGENTS. 

(a) Phenylhydrazin solution.—Prepare a 10% solution in absolute alcohol. A 

sufficiently pure product can be obtained by distilling the commercial article, 

rejecting the first portions coming over which contain ammonia. 

(b) N/2 hydrochloric acid. 

36 DETERMINATION. 

Weigh 15 grams of the sample into a small, glass-stoppered flask; add 10 ce. of the 

phenylhydrazin solution. Allow to stand 30 minutes at room temperature, titrate 

with N/2 hydrochloric acid, using either methyl or ethyl orange as an indicator. 

Titrate similarly 10 cc. of the phenylhydrazin solution. The difference in the num- 

ber of ec. of N/2 acid used in these 2 titrations, multiplied by the factor 0.076, gives 

the weight of citral in the sample. If difficulty is experienced in detecting the end 

point of the reaction, titrate until the solution is distinctly acid, transfer to a sepa- 

ratory funnel, and draw off the alcoholic portion. Wash the oil with water, adding 

the washings to the alcoholic solution, titrate back with N/2 alkali and make the 

necessary corrections. 

37 Hiltner Method’.—Tentative. 

Weigh 2 grams of lemon oil or 8 grams of orange oil into a 100 ce. graduated flask, 

dilute to the mark with 95% alcohol by volume and proceed as under 25, using 

2 ce. of the dilute solution for the comparison. 

TOTAL ALDEHYDES. 

38 Chace Method.—Tentative. 

Weigh a small quantity of the sample into a small, stoppered flask and dilute 

with aldehyde-free alcohol in the proportion of 2 grams of lemon oil or 4 grams of 

orange oil to 100 cc. of solution. Determine the total aldehydes as directed under 

23, expressing the result as citral. 

39 PHYSICAL CONSTANTS OF THE 10 PER CENT DISTILLATE’.—TENTATIVE. 

Place 50 cc. of the sample in a 3-bulb Ladenburg flask having the main bulb 6 

em. in diameter and of 120 ce. capacity and the condensing bulbs of the following 

dimensions: 3.5 em., 3 em., 2.5 cm.; the distance from the bottom of the flask to 
the opening of the side arm should be 20 cm. Distil the oil at the rate of 2 cc. per 

minute until 5 ce. have been distilled. Determine the refractive index and rotation 

of this distillate as directed in 33 and 34. 

40 PINENE. 

Chace Method®.—Tentative. 

Mix the 10% distillate, obtained in 39, with 5 ce. of glacial acetic acid; cool the 
mixture thoroughly in a freezing bath and add 10 ce. of ethyl nitrite. Then add 



266 METHODS OF ANALYSIS [Chap. 

slowly, with constant stirring, 2 cc. of hydrochloric acid (2to1). Keep the mixture 

in the freezing bath 15 minutes. Filter off the crystals formed, using suction, and 

wash with 95% alcohol by volume. Return the combined filtrate and washings 

to the freezing bath for 15 minutes. Filter off the crystals formed, using the origi- 
nal filter paper. Wash the combined crops of crystals thoroughly with alcohol. 
Dry at room temperature and dissolve in a minimum amount of chloroform. Add 
methyl alcohol to the chloroform solution, a little at a time, until the nitroso- 

chlorids crystallize out, mount the separated and dried crystals in olive oil and 

examine under the microscope. Pinene nitroso-chlorid crystals have irregular 
pyramidal ends while limonene nitroso-chlorid crystallizes in needles. 

ALMOND EXTRACT. 

41 ALCOHOL.—TENTATIVE. 

Inasmuch as almond extract usually contains only about 1% of almond oil 

the aleohol can, in most cases, be calculated from the specific gravity of the 

extract. If the extract is high in solids, determine the alcohol as follows: Add 25 

ec. of the extract, measured at 20°C., to 75 ce. of saturated sodium chlorid solution 

in a separatory funnel and extract twice with 50 cc. portions of petroleum ether 

(b. p. 40°-60°C.). Collect the petroleum ether extract in a second separatory fun- 

nel and wash twice with 2 portions (25 ce.) of saturated brine. Combine the origi- 

nal salt solution with the washings; add a little powdered pumice and distil into a 
100 ce. flask. When almost 100 cc. have been distilled, make up to the mark with 

water at 20°C. and determine alcohol from the specifie gravity, as directed under 

XVII, 4. 

BENZALDEHYDE.—TENTATIVE. 

42 REAGENT. 

Phenylhydrazin solution.—Add 1.5 ee. of glacial acetic acid to 20 ce. of water and 

mix with 1 ce. of phenylhydrazin. 

43 DETERMINATION, 

feasure out 2 portions of 10 ec. each of the extract into 300 cc. Erlenmeyer 

flasks and add 10 ee. of the phenylhydrazin solution to 1 flask and 15 ce. to the 

other. Allow to stand overnight in a dark place, add 200 ce. of water and filter on 

a tared Gooch crucible, provided with a thin layer of asbestos. Wash first with cold 

water, finally with 10 ec. of 10% alcohol, and dry for 3 hours in a vacuum oyen at 
70°C., or to constant weight over sulphuric acid. The weight of the precipitate 

multiplied by the factor 5.408 gives the weight of benzaldehyde in 100 ce. of the 

sample. If duplicate determinations do not agree, repeat the operation using a 

larger quantity of the phenylhydrazin solution. 

HYDROCYANIC ACID. 

44 Qualitative Test.—Tentative. 

Add several drops of ferrous sulphate solution and a single drop of ferrie chlorid 

solution to several cc. of the extract. Mix thoroughly, add sodium hydroxid solu- 

tion, drop by drop, until no further precipitate forms and then dilute hydro- 
chloric acid to dissolve the precipitated hydroxids. In the presence even of small 

amounts of hydrocyanic acid, a Prussian blue coloration or suspension will develop. 
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45 Quantitative Method.—Tentative. 

(In the absence of chlorids.) 

Measure 25 cc. of the extract into a small flask and add 5 ce. of freshly precipi- 

tated magnesium hydroxid (chlorin-free). Titrate with N/10 silver nitrate solu- 

tion, using potassium chromate as an indicator; 1 cc. of N/10 silver nitrate is 

equivalent to 0.00268 gram of hydrocyanie acid. 

NITROBENZOL. 

46 Qualitative Test.—Tentative. 

Boil a few cc. of the extract with some zinc dust and acetic acid and filter. Add 

to the filtrate a drop of chloroform, make strongly alkaline with sodium hydroxid 

solution and heat. The presence of nitrobenzol in the original extract is indicated 
by the development of the characteristic odor of phenylisonitrile. 

CASSIA, CINNAMON AND CLOVE EXTRACTS. 

47 ALCOHOL.—TENTATIVE. 

Determine as directed under 41. 

OIL. 

48 Hortvet and West Method?.—Tentative. 

Transfer 10 ce. of the extract to a separatory funnel, add 30 ce. of water, acidify 
with 1 ec. of hydrochloric acid (1 to 1) and extract 3 times with ether, using not 

less than 100 ce. altogether. Wash the combined ether solutions twice with water 

and, in the case of cinnamon extract, dry by shaking with a small amount of granu- 

lated calcium chlorid. Transfer to a tared, wide-mouthed weighing bottle and evap- 

orate the ether as rapidly as possible on a boiling water bath, rotating the liquid 
upon the sides of the bottle in order to rid the residual oil of traces of ether. Weigh 
the residue and divide the weight by the specific gravity of the oil in order to ob- 

tain the per cent of oil by volume. In the case of clove oil, allow the weighing bottle 

to remain in the balance case until the usual film of moisture has evaporated. The 
time of weighing, however, should not be delayed over 3 minutes. 

Determine the refractive index of the residual oils at 20°C. 

Dissolve a drop of the oil in several drops of alcohol and add a drop of ferric 

chlorid solution. The following tabulation gives the specific gravity, refractive 

index at 20°C. and color reaction with ferric chlorid solution: 

COLOR REACTION 
N >. 

OIL SPECIFIC GRAVITY cee 

Ar 20°C. CHLORID SOLUTION 

(CASED hos bap Gees Bo ae E SE RE Fires 1.05 1.585-1.600 Brown 
(CINNAMOND. Aeksaiiercie cio seek : 1.03 1.590-1.599 Green 
WlOVES Pie ereee ae eee 1.055 1.560-1 .565 Deep blue 

GINGER EXTRACT. 

49 ALCOHOL.—TENTATIVE. 

Determine as directed under XVII, 4. 

50 SOLIDS.—TENTATIVE. 

Evaporate 10 ec. of the extract nearly to dryness on a water bath, dry for 2 hours 
in a water oven and weigh. 
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GINGER. 

51 Seeker Method.—Tentative. 

Dilute 10 ec. of the extract to 30 cc., evaporate to 20 cc., decant into a separa- 

tory funnel and extract with an equal volume of ether. Allow the ether to evaporate 

spontaneously in a porcelain dish, and to the residue add 5 ce. of 75% sulphuric acid 

and about 5 mg. of vanillin. Allow to stand 15 minutes and add an equal volume 
of water; in the presence of ginger extract an azure blue color develops. 

CAPSICUM. 

52 La Wall Method Modified by Doyle.—Tentative. 

To 10 ce. of the extract add cautiously dilute sodium hydroxid solution until the 

solution reacts very slightly alkaline with litmus paper. Evaporate at about 70°C. 
to approximately one fourth the original volume, render slightly acid with dilute 

sulphuric acid, testing with litmus paper. Transfer to a separatory funnel, rinsing 

the dish with water, and extract with an equal volume of ether, avoiding emulsi- 

fication by shaking the funnel gently 1-2 minutes. Draw off the lower layer and 

wash the ether extract once with about 10 cc. of water. Transfer the washed ether 
extract to a small evaporating dish, render decidedly alkaline with N/2 alcoholic 

potassium hydroxid and evaporate at about 70°C. until the residue is pasty; then 

add about 20 cc. more of N/2 alcoholic potash and allow to stand on a steam bath 

until the gingerol is completely saponified (about 30 minutes). Dissolve the residue 

in a little water and transfer with water to a small separatory funnel. The volume 

should not exceed 50 cc. Extract the alkaline solution with an equal volume of 
ether. Wash the ether extract repeatedly with small amounts of water until no 

longer alkaline to litmus. Transfer the washed extract to a small evaporating dish, 

and allow the ether to evaporate spontaneously. Finally test the residue for capsi- 

cum by moistening the tip of the finger, rubbing it on the bottom and sides of the 

dish, and then applying the finger to the end of the tongue. A hot, stinging or 

prickly sensation, which persists for several minutes, indicates capsicum or other 

foreign pungent substances. 

PEPPERMINT, SPEARMINT AND WINTERGREEN EXTRACTS. 

53 ALCOHOL.—TENTATIVE. 

Proceed as directed under 41. 

OIL. 

54 Howard Method'® Modified.—Tentative. 

Pipette 10 ce. of the extract into a Babcock milk bottle, add 1 ec. of carbon di- 
sulphid, mix thoroughly, then add 25 ec. of cold water and 1 ce. of concentrated 

hydrochloric acid. Close the mouth of the bottle and shake vigorously; centrif- 

ugalize for 6 minutes and remove all but 3-4 ec. of the supernatant liquid, which 
should be practically clear, by aspirating through a glass tube of small bore. 

Connect the stem of the bottle with a filter pump, immerse the bottle in water kept 

at approximately 70°C. for 3 minutes, remove from the bath every 15 seconds and 

shake vigorously. Continue in the same manner for 45 seconds, using a boiling water 

bath. Remove from the bath and shake while cooling. Disconnect from the suc- 

tion and fill the bottle to the neck with saturated salt solution at room temperature, 

cenirifugalize for 2 minutes and read the volume of the separated oil from the top 

of the meniscus. Multiply the reading by 2 to obtain the per cent of oil by volume. 
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In the case of wintergreen, use as a floating medium a mixture of 1 volume of con- 

centrated sulphuric acid and 3 of saturated sodium sulphate solution. 

METHYL SALICYLATE IN WINTERGREEN EXTRACT. 

55 Hortvet and West Method? Modified.—Tentative. 

Mix 10 ce. of the extract with 10 ec. of 10% potassium hydroxid solution. Heat 

on the steam bath until the volume is reduced about one half, add a distinct excess 

of hydrochloric acid (1 to 1), cool and extract with 3 portions of ether, 40, 30 and 

20 cc., respectively. Filter the extract through a dry filter into a weighed dish, wash 

the paper with 10 cc. of ether and allow the filtrate and washings to evaporate spon- 
taneously. Dry in a desiccator containing sulphuric acid and weigh. Multiply 

the weight of salicylic acid so found by 9.33 to obtain the per cent by volume of 

wintergreen oil in the sample. 

ANISE AND NUTMEG EXTRACTS. 

OIL. 

56 Hortvet and West Method’.—Tentative. 

To 10 ce. of the extract in a Babcock milk bottle add 1 cc. of hydrochloric acid 

(1 to 1), then sufficient half saturated salt solution, previously heated to 60°C., to 

fill the flask nearly to the neck. Cork and let stand in water at 60°C. for about 15 
minutes, rotate occasionally and centrifugalize for 10 minutes at about 800 revo- 

lutions per minute. Add brine till the oil rises into the neck of the bottle, and again 

centrifugalize for 10 minutes. If the separation is not satisfactory, or the liquid is 
not clear, cool to about 10°C. and centrifugalize for an additional 10 minutes. 

Multiply the reading by 2 to obtain the percentage of oil by volume. 
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XXI. MEAT AND MEAT PRODUCTS. 

MEAT. 

1 PREPARATION OF SAMPLE.—TENTATIVE. 

In the case of fresh meat, separate the sample as completely as possible from the 
bones and pass through a sausage mill rapidly and repeatedly until thoroughly 

mixed and macerated. Chill the sample to prevent decomposition and begin all 

determinations as soon as practicable after the sample is prepared. 
In the case of canned meats, pass the entire contents of a can through a sausage 

mill as directed above. Remove sausage from the casings and mix by repeated 
grinding in a sausage mill. Dry the portion of the sample, which is not needed 

for analysis, either in vacuo or by evaporating with alcohol, extract the fat with 

gasoline (b. p. below 60°C.), allow the gasoline to evaporate spontaneously and 
expel the last traces by heating for a short time on the steam bath. Do not 

heat the meat or separated fat longer than necessary, owing to the tendency of the 

latter to decompose. Reserve the fat for examination according to the methods 
given under XXIII. Keep the fat in a cool place and complete the examination 
before the fat becomes rancid. 

2 3 MOISTURE.—TENTATIVE. 

Proceed as directed under VIII, 2 or 3, using the latter method in cases in which 
it is desired to employ the dried sample for further determinations. 

3 ASH.—OFFICIAL. 

Proceed as directed under VIII, 4. 

4 CRUDE FAT OR ETHER EXTRACT.—OFFICIAL. 

Proceed as directed under VIII, 10. 

5 TOTAL PHOSPHORUS.—TENTATIVE. 

Destroy the organic matter as directed under I, 5 (a), (b), (C) or (d) and proceed 
as directed under I, 6 or 9. 

WATER-SOLUBLE PHOSPHORUS!.—TENTATIVE. 

6 PREPARATION OF SOLUTIONS. 

(a) Cold water extract of flesh—Weigh out 10-12 grams of fresh muscle and di- 
vide equally between 2 small beakers. Moisten the sample with a few cc. of water, 

and break up the lumps with a glass rod. Add 50 cc. of water to each beaker and 

stir the contents for 15 minutes. Allow the insoluble residue to settle for 3-5 min- 
utes, decant the liquid through filters into beakers and add 25 ce. of water to each 
residue. Stir 7-8 minutes and, after allowing to settle, decant onto the same filter. 
Continue this treatment, using 25 cc. of water each time, until the filtrates measure 
about 230 cc. each. Allow the filters to drain completely between extractions. 
Whenever the major portion of the residue has been mechanically transferred to the 

filter, return it to the beaker. After the last extraction, transfer the entire con- 

271 
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tents of each beaker onto the filter and, when drained, wash twice with small quan- 
tities of water. Combine the 2 extracts. 

(b) Hot water-ammonium sulphate extract of blood—Weigh out 30-35 grams of 

fresh whole blood as caught from the animal into a porcelain mortar. Grind and 
transfer to a 400 cc. beaker with hot water. Make up to about 150 ec. with boil- 

ing water. Place over a flame, gradually bring to boiling, with constant stirring, 

then add 20 ce. of 20% ammonium sulphate solution and continue boiling, with 

constant stirring, for about 10 minutes. Decant onto an 18 em. filter paper, re- 
ceiving the filtrate in an 800 cc. beaker. Transfer the coagulum from the filter, 
along with that remaining in the beaker, to a mortar. Grind to a smooth paste 
and transfer to a beaker with boiling 33% ammonium sulphate solution. Make up 

to about 50 ce. with the latter, stir for 8 minutes and again filter. Return the 
coagulum to the mortar and grind again, transferring to the beaker as before with 

boiling 33% ammonium sulphate solution. Repeat this process of 8 minute extrac- 

tions of the coagulum in 33% ammonium sulphate solution and filtration as directed 

above, without further grinding, until the filtrate measures about 450 cc. Wash out 
each beaker twice with 8-10 cc. of hot 33% ammonium sulphate solution, transferring 

the coagulum and extract to the filter. Wash the coagulum twice with boiling 33% 
ammonium sulphate solution from a wash bottle. Always allow the filter to drain 
well between additions of extract or wash solutions. 

(C) Hot water-ammonium sulphate extract of liver—Weigh by difference from a 

closed weighing bottle 15-20 grams of finely ground liver into a 400 cc. beaker. Add 

a few ec. of cold water and beat up with a stirring rod to separate the particles of 

tissue. Add enough boiling water to make the volume about 150 cc., place over a 
flame and bring to boiling. Add 10 ec. of 20% ammonium sulphate solution and 

continue to boil for 10 minutes. Allow to settle for a moment and decant the boil- 
ing hot liquid onto an 18 em. filter. Add 50 ce. of boiling water and stir for 8 min- 

utes, without further heating, and decant onto the filter again. Repeat this addi- 

tion of 50 ce. of hot water, stirring and decanting 8 times, returning the coagulum 
to the beaker as soon as any considerable amount collects upon the filter. With 

the eighth portion of water transfer the entire contents of the beaker onto the filter 

and wash twice with hot water. Always allow the filter to drain well between 
additions of extract or wash water. 

(d) Hot water-ammonium sulphate extract of brain.—Weigh out about 10 grams 

of brain into a 250 ec. beaker. Add a few ec. of water and work up the brain and 

water with a glass rod. Make up to about 100 cc. with boiling water, place over a 

flame, and gradually bring to boiling, with constant stirring. While boiling vigor- 

ously (not before) add 20 ec. of 20% ammonium sulphate solution, boil gently for 

about 10 minutes, allow to settle for a moment and decant slowly onto a linen filter 

containing acid-washed, glassmaker’s sand, receiving the extract in an 800 ec. 
beaker. Add to the beaker containing the coagulum 50 cc. of 33% ammonium 

sulphate solution, stir 1 minute, keep boiling and decant the liquid onto the filter. 

Repeat this process of 1 minute extractions of the coagulum in 3}% ammonium 

sulphate solution, and filtration as directed above, until the filtrate measures about 

450 ec. Wash out the beaker twice with 8-10 cc. of hot 3% ammonium sulphate 

solution, completing the transfer of the coagulum and extract to the sand, and wash 
the coagulum twice with the wash solution. Always allow the filter to drain well 

between additions of extract or wash solution. 

In making extracts of brain, give careful attention to the handling of the sample. 
The coagulum is very soft. It should be stirred only enough to keep it in motion. 
If handled roughly in returning from the sand filter to the beaker, it becomes too 
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finely divided and retains a great deal of liquid. To prevent the extract or the 
coagulum from coming into contact with the linen before passing through the sand, 
pour the extract slowly into a slight depression in the center of the sand or, better 
yet, into a thin film of absorbent cotton, 1} inchesin diameter, laid over a depres- 
sion in the sand. The coagulum remains on the cotton and its return to the beaker 
is facilitated thereby. If the cotton is not broken up by needless stirring, 1t can be 
taken out of the beaker with a glass rod and returned to the sand each time a partial 
extract is to be filtered. Care is necessary to prevent loss through bumping, on 
account of sand in the beakers during the final extractions. Each partial extract 
should be boiling hot at the time filtration begins. 

7 DETERMINATION. 

To the extracts, prepared as directed in 6, add 50 ce. of magnesia mixture [I, 4 (c)] 

and stir thoroughly. Allow to stand 15 minutes, add 25 ce. of ammonium hy- 

droxid (sp. gr. 0.90), cover and allow to stand 3 days. Tilter and wash the pre- 

cipitate with 24% ammonium hydroxid. Dissolve the precipitate on the filter paper 

and that remaining in the beaker in nitric acid (1 to 1) and hot water, receiving 
the solution in a 400 ce. beaker. Neutralize with ammonium hydroxid, make slightly 

acid with nitric acid, add 5 grams of ammonium nitrate and determine phosphorus 

as directed under I, 6. 

8 TOTAL NITROGEN.— OFFICIAL. 

Proceed as directed under I, 18, 21 or 23, using about 2 grams of the fresh 

sample. In the Kjeldahl and Gunning methods digest with sulphuric acid for at 
least 4 hours; in the Kjeldahl-Gunning-Arnold method for 2 hours after the mix- 

ture has become clear. 

9 SOLUBLE AND INSOLUBLE NITROGEN.—TENTATIVE. 

Exhaust 7-25 grams of the sample depending upon the water content in the fol- 

lowing manner: Weigh into a 150 cc. beaker, add 5-10 ce. of cold (15°C.) ammonia- 
free water and stir to a homogeneous paste. Then add 50 cc. of cold water, stir 
every 3 minutes for 15 minutes, let stand for 2-3 minutes and decant the liquid upon 

a quantitative filter, collecting the filtrate in a 500 cc. graduated flask. Drain the 

beaker, pressing out the liquid from the meat residue by the aid of a glass rod. 
Add to the residue in the beaker 50 ce. of cold water, stir for 5 minutes and, after 

standing 2-3 minutes, decant as before. If a considerable portion of the meat 

is carried over onto the filter, transfer it back to the beaker by means of a glass 
rod. Repeat the extractions, using the following additional amounts of cold water: 

50, 50, 25, 25, 25 and 25 cc. After the last extraction transfer the entire insoluble 

portion to the filter and wash with three 10 ce. portions of water, allowing the ma- 

terial to drain thoroughly after each addition of water. Dilute to the mark, mix 
thoroughly and determine the total soluble nitrogen in a 50 cc. aliquot as directed 
under I, 18, 21 or 23. Subtract the percentage of soluble nitrogen from the per- 

centage of total nitrogen, 8, to obtain the percentage of insoluble nitrogen. To 
obtain the percentage of insoluble protein multiply the percentage of insoluble 

nitrogen by 6.25. 

10 CONNECTIVE TISSUE NITROGEN.—TENTATIVE. 

Exhaust 10 grams of the sample with cold water as directed under 9, and boil the 

exhausted residue repeatedly with successive portions of about 100 cc. of water 

until the total hot water extract amounts to approximately lliter. Filter, concen- 
trate and determine nitrogen in the concentrated extract. Multiply the percentage 

of nitrogen so obtained by 5.55 to obtain the percentage of nitrogenous substances 

of the connective tissue. 
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11 COAGULABLE PROTEINS.—TENTATIVE. 

(For uncooked meat only.) 

Measure 150 cc. of the extract, from 9, into a 250 ec. beaker and evaporate to 40 

ce. on a steam bath, with occasional stirring. Neutralize to phenolphthalein, then 

add 1 ec. of N/1 acetic acid and boil gently for 5 minutes. The coagulum should 

separate out at once, leaving a clear liquid. Filter on quantitative paper, wash 

the beaker thoroughly 4 times with hot water, taking special care to clean the sides. 

Finally wash the coagulum on the filter 3 times, dilute the combined filtrate and 

washings to a definite volume and reserve for the determination of proteoses, pep- 

tones and gelatin, 12, and creatin, 16. Transfer the coagulum with the paper to a 

Kjeldahl flask and remove, with concentrated sulphuric acid, any of the material 

adhering to the beaker, taking the usual 25 cc. of acid in 5 ce. portions for this pur- 
pose, heating the acid in the beaker on a hot plate and rubbing with a glass rod. 

Proceed as directed under 8. Multiply the percentage of nitrogen obtained by 6.25 

to obtain the percentage of coagulable proteins. 

PROTEOSES, PEPTONES AND GELATIN. 

12 Modified Tannin-Salt Method?.—Tentative. 

Transfer a 50 cc. aliquot of the filtrate, obtained in 11, to a 100 ec. graduated 

flask, add 15 grams of sodium chlorid and 10 cc. of cold water, shake until the so- 

dium chlorid has dissolved and cool to 12°C. Add 30 cc. of 24% tannin solution, 

cooled to 12°C., fill to the mark with water previously cooled to 12°C., shake and 
allow the mixture to stand at a temperature of 12°C. for 12 hours or overnight. 

Filter at 12°C., transfer 50 cc. of the filtrate to a Kjeldahl flask and add a few drops 
of sulphuric acid. Place the flask in a steam bath, connect with a vacuum pump 

and evaporate to dryness. Determine nitrogen in the residue as directed in I, 18, 
using 30 cc. of sulphuric acid for the digestion. Conduct a blank determination, 

using the same amount of reagents, and correct the result accordingly. Mul- 
tiply the corrected result by 2 and deduct the amount of nitrogen as found from the 

nitrogen determined in another 50 cc. aliquot of the filtrate from the coagulable 
proteins without the tannin-salt treatment; the difference multiplied by 6.25 gives 

the percentage of proteoses, peptones and gelatin. 

13 MEAT BASES.—TENTATIVE. 

Deduct from the percentage of total nitrogen, 8, the sum of the percentages of 

nitrogen, obtained in the determination of insoluble proteins, 9, coagulable pro- 

teins, 11, and proteoses, peptones and gelatin, 12, to obtain the percentage of 

nitrogen of the meat bases. Multiply the result by 3.12 to obtain the percentage of 

meat bases. 

AMMONIA. 

Folin Aeration Method?.—Tentative. 

14 APPARATUS. 

Employ the apparatus illustrated in Fig. 9; A isa wash bottle one fourth full of 

10% sulphuric acid; B is a tube containing the sample; C is a rubber disc and D is a 
5 ec. bulb to prevent spray from being carried over into the tube (Z) which contains 

the standard acid; F is a safety bottle. 

15 DETERMINATION. 

Introduce 2-4 grams of the finely divided meat into the tube (B) and add 20 ce. 

of ammonia-free water. Place a measured amount of N/25 or N/50 sulphuric or 
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hydrochloric acid in tube (2). Then add 1 ce. of saturated potassium oxalate solu- 
tion to the sample in tube (B), introduce a few drops of kerosene and finally add 

just sufficient saturated potassium carbonate solution to render the mixture alkaline. 
Place the tubes in position at once, pass air through the apparatus and titrate the 

standard acid in tube (Z) at hourly intervals, until ammonia ceases to be given off, 

using methyl red, cochineal or congo red as an indicator. If preferred, the ammonia, 

collected in tube (#), may also be determined by nesslerizing as directed under 

IV, 11 

16 CREATIN.—OFFICIAL. 

Evaporate an aliquot or the remaining portion of the filtrate and washings from 

the coagulable proteins, 11, (a portion having been used in 12), to 5-10 cc., transfer 

with a minimum amount of hot water to a 50 cc. measuring flask, keeping the volume 

below 30 cc., add 10 cc. of 2N hydrochloric acid and mix. Hydrolyze in an auto- 

HN) TOME», 

\ 
70 SUCTION 

FIG. 9. APPARATUS FOR THE FOLIN AMMONIA DETERMINATION. 

clave at 117°-120°C. for 20 minutes, allow the flask to cool somewhat, remove and 

chill under running water. Partially neutralize the excess of acid by adding 7.5 ee. 

of 10% sodium hydroxid solution, free from carbonates, dilute to the mark and 

mix. Make a preliminary reading on 20 cc. to ascertain the volume to use to obtain 

a reading of approximately 8 mm. and transfer to a 500 cc. graduated flask. Add 

10 cc. of 10% sodium hydroxid solution and 30 cc. of saturated picric acid solution 

(1.2%). Mix and rotate for 30 seconds and let stand exactly 44 minutes. Dilute 

to the mark at once with water, shake thoroughly and read in a Duboseq colori- 
meter, comparing the color with N/2 potassium dichromate solution, set at 8 mm. 

If the reading is too high or too low (above 9.5 or below 7 mm.), calculate the 
quantity necessary to obtain a reading of about 8mm. The strength of the dichro- 

mate solution used must be checked against astandard creatin solution. To obtain 
the values, divide 81 by the reading and multiply by the volume factor to obtain mg. 
of creatinin; this value multiplied by 1.16 gives creatin, which, divided by the weight 

of the sample and multiplied by 100 gives the per cent of creatin. 
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‘The use of Kober’s shade and the painting of the plunger, as suggested for this 
nephelometer, assists in getting a sharper end point, relieves the eye strain and 
may be employed if desired. 

Example.—20 grams of meat are extracted with water as in 9, and the extract 
diluted to 500 ec.; 150 cc. of this latter solution (equivalent to 6 grams of meat) are 
treated as in 11. The filtrate thus obtained is then evaporated and hydrolyzed as 
above and then diluted to 50 cc.; 25 cc. of this last solution are treated with sodium 
hydroxid solution and picric acid solution as directed above and diluted to 500 ce. 
This latter solution gives a reading of 9 mm. 

81. 50 ite 
9 x 55718 mg. creatinin; 

0.018 X 1.16 & 100 
6 = 0.35% creatin. 

STARCH. 

(In chopped meat, sausage, deviled meat, etc.) 

17 Qualitative Test.—Tentative. 

Treat 5-6 grams of the sample with boiling water for 2-3 minutes, cool the mix- 

ture and test the supernatant liquid with iodin solution. In using this test, a small 
amount of starch may be present as the result of the use of spices. If a marked 

reaction is given, however, it may be concluded that starch or flour has been added, 

and a quantitative determination may be made. The qualitative method may be 
replaced by a microscopic examination, which discloses not only the presence of 

added starch, but also the variety employed. 

18 Mayrhofer Method, Price Modification’.—Tentative. 

Treat in a 200 cc. beaker 10 grams of the finely divided sample with 75 ec. of an 

8% solution of potassium hydroxid in 95% alcohol by volume and heat on a steam 

bath until all the meat is dissolved (30-45 minutes). Add an equal volume of 95% 

alcohol, cooland allow to stand for at least an hour. Filter by suction through a 
thin layer of asbestos in a Gooch crucible. Wash twice with warm 4% potassium 

hydroxid in 50% alcohol by volume and then twice with warm 50% alcohol. Dis- 

card the washings. Retain as much of the precipitate in the beaker as possible 
until the last washing. Place the crucible with contents in the original beaker, 

add 40 ce. of water and 25 ec. of concentrated sulphuric acid. Stir during the addi- 
tion of the acid and make sure that the acid comes in contact with all the precipi- 

tate. Allow to stand about 5 minutes, add 40 ec. of water and heat just to boiling, 

stirring constantly. Transfer the solution to a 250 ec. graduated flask, add 2 ce. 
of 20% phosphotungstic acid solution, allow to cool to room temperature and make 

up to the mark with water. Filter through a starch-free filter paper, pipette 100 
ec. of the filtrate into a 200 cc. graduated flask, neutralize with sodium hydroxid 

solution, make up to volume and determine the dextrose present in a 50 ce. portion 

of the filtrate, as directed under VIII, 25, titrating the cuprous oxid precipitate 
as directed under VIII, 29. The weight of the dextrose multiplied by 0.9 gives 
the weight of the starch. 

GLYCOGEN. 

19 Qualitative Test?.—Tentative. 

Boil 50 grams of the macerated sample with 50 ec. of water for 15-30 minutes. 

Filter the broth through moistened filter paper or fine linen. To a portion of the 

filtrate in a test tube add a few drops of a mixture of 2 parts of iodin, 4 of potassium 
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iodid and 100 of water. In the presence of a considerable amount of glycogen the 

latter produces a dark brown color, which is destroyed by heating and reappears 

on cooling. When starch is present, it may be precipitated by treating the water 

extract with 2 volumes of glacial acetic acid, filtering and applying the test for 

glycogen to the filtrate. 

Trowbridge and Francis Method’.—Tentative. 

20 PREPARATION OF SOLUTION. 

Weigh out by difference about 25 grams of the finely ground and thoroughly 
mixed sample. Place in a 400 cc. beaker and mix with 50 ec. of potassium hydroxid 

solution (14 to 1), free from carbonate. Cover the beaker with a watch glass and 

digest on the water bath for 2 hours, with occasional stirring. At the end of the 2 

hours, dilute to approximately 200 cc. with cold water. 

Add to the solution an equal volume of 95% alcohol by volume, cover with a 
watch glass and set aside for 10-12 hours. Decant the supernatant liquid through a 

folded 18.5 cm. filter, allowing the glycogen to remain in the beaker and wash by 

decantation with 66% alcohol (2 volumes of 95% alcohol to 1 of water) until the 

glycogen is white, or nearly so. Usually about 4 washings are required. Transfer 

the washed precipitate from the beaker to the filter and wash 2-3 times with 66% 
alcohol. The solution filters slowly and the funnel should be covered with a watch 
glass to prevent excessive evaporation. The albuminous substance present retards 

the filtration if permitted to dry on the paper. If the washing by decantation is not 

made nearly complete, it will be difficult to obtain the glycogen free from the coloring 
matter. 

After the washing is completed, close the bottom of the funnel by a piece of rub- 
ber tubing and a pinch-cock. Fill the funnel with warm water, cover with the watch 

glass and let stand 2-3 hours, or overnight. Open the pinch-cock and allow all 

of the solution to pass through the filter into a beaker. Close the funnel with the 

pinch-cock and fill with warm water as before. Allow this water to remain in the 

funnel for an hour and then filter as before. At first the glycogen solution appears 

quite turbid. This washing with warm water should be continued until the filtrate 

becomes perfectly clear. To the solution of glycogen in water, add double its 
volume of 95% alcohol by volume and let stand overnight to complete the repre- 

cipitation of the glycogen. Filter and wash as before with 66% alcohol. 

21 DETERMINATION. 

If desired, the last filtration may be made through a tared Gooeh crucible and the 
weight of glycogen determined after drying to constant weight. This gives results 

that are approximately correct. More satisfactory results are obtained by hydrolyz- 

ing the glycogen with dilute hydrochloric acid and determining the resultant dex- 

trose. Dissolve the glycogen on the filter in warm water as directed above, collect- 
ing the filtrate and washings in a 300 cc. graduated flask and keeping the volume 

within 225 cc. Add 12.5 ee. of hydrochloric acid (sp. gr. 1.19) to the combined fil- 
trate and washings, mix and place in a boiling water bath for 3 hours. Cool, neu- 

tralize with sodium hydroxid solution, cool again, make up to volume with water 

and determine dextrose in an aliquot of the solution as directed under VIII, 54, 
determining the reduced copper as directed under VIII, 29. Multiply the cor- 
responding weight of dextrose by 0.9 to obtain its equivalent of glycogen and correct 

this result for dilution to obtain the per cent of glycogen in the sample. 
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SUGAR’.—TENTATIVE. 

22 REAGENTS. 

(a) Mercuric nitrate solutionWarm 220 grams of yellow mercuric oxid with 

300 cc. of water and treat with small portions of nitric acid, stirring until dissolved. 
Make up to 1 liter and filter. 

(b) Phosphotungstic acid solution.—Prepare a 20% solution of phosphotungstic 
acid in 2.5% hydrochloric acid. 

23 DETERMINATION. 

Boil 100 grams of the sample with about 350 cc. of water for about 20 minutes, 

cool, add an excess (10-30 cc.) of the mercuric nitrate solution, nearly neutralize 

with sodium hydroxid solution and make up to 500 cc., exclusive of fat. Mix thor- 
oughly, allow the mixture to settle and decant the clear liquid through a large, dry, 

folded filter. To an aliquot of the filtrate add 1-2 ce. of concentrated hydrochloric 
acid for each 100 cc., heat to boiling and saturate thoroughly with a rapid current 
of hydrogen sulphid. Remove the excess of hydrogen sulphid by means of a cur- 
rent of air, cool, make up to a definite volume with water and filter. To an aliquot 

of the filtrate add an excess of the phosphotungstic acid solution, noting the in- 

crease in volume of the solution caused by this addition and place in an ice box 

for several hours or overnight. Filter, introduce 50 cc. of the filtrate into a 400 ce. 

beaker, neutralize with concentrated sodium hydroxid solution, add 50 cc. of Soxh- 

let’s solution [VIII, 19], heat so that boiling begins in 4 minutes, boil 2 minutes and 
filter through an alundum crucible of suitable porosity, using very gentle suction. 
If the filtrate is green or yellow, refilter through the same crucible until the fil- 

trate is clear blue. Wash the precipitate with a very small amount of 5% sodium 

hydroxid solution, refiltering the washings if they are turbid. Dissolve the precipi- 

tated cuprous oxid in nitric acid (1 to 1) and determine copper as directed under 

VIII, 29. Find the corresponding amount of dextrose or invert sugar from VIII, 
27, and calculate the per cent in the original sample by proper correction for the 

various aliquots taken in the determination. To convert invert sugar to sucrose 

multiply by the factor 0.95. 

NITRATES. 

Schlésing-Wagner Method’.—Tenlative. 

24 REAGENT. 

Ferrous chlorid solution.—Dissolve nails or other small pieces of iron in concen- 

trated hydrochloric acid, keeping an excess of iron present until the evolution of gas 
ceases. Keep the solution in 50 cc. glass-stoppered bottles entirely filled. Employ 

only freshly opened bottles of the reagent for the determination. 

25 APPARATUS. 

Provide a 250 cc. flask with a 2-holed rubber stopper. Through one of the holes 

pass the stem of a funnel having a glass stop-cock, and into the other fit a delivery 

tube leading downward at an angle from the flask to a trough containing water. 

Terminate the upper end of the delivery tube just below the rubber stopper in 
the flask and place the lower end under the surface of the water in the trough, the 
exit being immediately beneath the mouth of an inverted measuring tube, filled 
with 40% potassium hydroxid solution. Cover the trough end of the delivery tube 
with a piece of rubber tubing. Midway on the delivery tube between the flask and 

the measuring tube place a short length of rubber tubing and a pinch-cock. 
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26 DETERMINATION. 

Extract 100 grams of finely ground meat by boiling repeatedly with successive 

small portions of water, decanting the extracts through a muslin or paper filter 

into a casserole, and concentrate the combined extracts to a volume of about 50 cc. 

Introduce 50 cc. of the ferrous chlorid solution and 50 ce. of 10% hydrochloric acid 
into the flask, close the stop-cock of the funnel, open the pinch-cock on the delivery 

tube, move the end of the latter so that escaping air will not pass into the measuring 

tube, and boil the contents of the flask until the air is expelled, as indicated by a 

slight pressure against the fingers when the rubber tubing is compressed after mo- 
mentary removal of the flame. Now close the delivery tube with the pinch-cock 
and place the exit end beneath the measuring tube. Introduce the concentrated 

extract of the sample into the flask, a little at a time, through the funnel tube, 
opening the pinch-cock on the delivery tube and boiling the contents of the flask 

at intervals to force the nitric oxid gas into the measuring tube. Finally rinse the 

casserole and the funnel tube with a little boiled water, add the rinsings to the con- 
tents of the evolution flask in the manner just described and boil until nitric oxid 

no longer passes over into the measuring tube. Calculate the volume of nitric 
oxid at 0°C. and 760 mm. pressure. One ce. of nitric oxid at 0°C. and 760 mm. 

pressure is equivalent to 0.004512 gram of potassium nitrate. 

Phenoldisulphonic Acid Method*.—Tentative. 

27 REAGENTS. 

(a) Phenoldisulphonic acid solution—Heat 6 grams of phenol with 37 cc. of con- 
centrated sulphuric acid on a water bath, cool and add 3 cc. of water. 

(b) Standard comparison solution.—Dissolve 1 gram of pure, dry potassium ni- 

trate in water and dilute to 1 liter. Evaporate 10 cc. of this solution to dryness 

on a steam bath, add 2 cc. of the phenoldisulphonic acid solution, mix quickly and 

thorough:y by means of a glass rod, heat for about a minute in a steam bath and 
dilute to 100 cc. One cc. of this solution is equivalent to 0.1 mg. of potassium ni- 

trate. Prepare a series of standard comparison tubes by introducing amounts 
ranging from 1-20 ce. of this solution (0.1-2.0 mg. of potassium nitrate) into 50 ec. 

Nessler tubes, adding 5 cc. of strong ammonium hydroxid to each and diluting to 
50 cc. These standard tubes are permanent for several weeks if kept tightly 

stoppered. 

28 DETERMINATION. 

Weigh 1 gram of the sample into a 100 ce. flask, add 20-30 ec. of water and heat 
on a steam bath for 15 minutes, shaking occasionally. Add 3 ce. of saturated silver 
sulphate soluticn for each per cent of sodium chlorid present, then 10 cc. of basic 

lead acetate solution and 5 cc. of alumina cream, shaking after each addition. 
Make up to the mark with water, shake and filter through a folded filter, returning 

the filtrate to the filter until it runs through clear. Evaporate 25 cc. of the filtrate 
to dryness, add 1 cc. of the phenoldisulphonic acid solution, mix quickly and thor- 

oughly by means of a glass rod, add 1 cc. of water and 3 or 4 drops of concentrated 

sulphuric acid and heat on a steam bath for 2-3 minutes, being careful not to char 
the material. Then add about 25 cc. of water and an excess of ammonium hydroxid, 

transfer to a 100 cc. graduated flask, add 1-2 ec. of alumina cream if not perfectly 

clear, dilute to the mark with water and filter. Fill a 50 cc. Nessler tube tothe 

mark with the filtrate and determine the amount of potassium nitrate present in 
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the sample by comparison with the standard comparison tubes. If the solution is 

too dark for comparison with the standards, dilute with water and correct the 
result accordingly. 

29 PRESERVATIVES.—TENTATIVE. 

Proceed as directed under X. 

30 METALS.—TENTATIVE. 

Proceed as directed under XII. 

31 COLORING MATTERS.—TENTATIVE. 

Proceed as directed under XI. 

MEAT EXTRACTS AND SIMILAR PRODUCTS. 

32 PREPARATION OF SAMPLE.—TENTATIVE. 

Remove liquid and semi-liquid meat extracts and similar preparations from the 

container and mix thoroughly before sampling. A little heating expedites the 
mixing of pasty extracts. In many liquid preparations a sediment forms which 

should be carefully removed from the bottom of the container and included in the 

sample. If the sample is in the form of cubes, grind 10-12 of the cubes in a mortar. 

33 MOISTURE.—TENTATIVE. 

Proceed as directed under VIII, 2, employing about 2 grams of powdered prepa- 
rations, about 3 grams of pasty preparations, or 5-10 grams of liquid extracts, 

according to the solid content. Dry the powdered preparations directly without 
admixture. Dissolve the pasty preparations in water and dry with sufficient ignited 

sand, asbestos or pumice stone to absorb the solution. When glycerol is present, 
proceed as directed under VIII, 3. 

34 ASH.— OFFICIAL. 

Proceed as directed under VIII, 4. Add sufficient water to pasty preparations 
to effect solution and evaporate to dryness in order that the solids may be distrib- 

uted evenly over the bottom of the dish. 

35 TOTAL PHOSPHORUS.—TENTATIVE. 

Proceed as directed under 5. 

36 CHLORIN.—TENTATIVE. 

Dissolve about 1 gram of the sample, prepared as directed in 32, in 20 ce. of 5% 

sodium carbonate solution and proceed as directed under III, 18. 

37 FAT.—TENTATIVE. 

Transfer the residue from the determination of moisture to a continuous extrac- 

tion apparatus and proceed as directed under VIII, 10. 

38 TOTAL NITROGEN.—OFFICIAL. 

Proceed as directed under I, 18, 21 or 23. 
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39 INSOLUBLE PROTEIN!._TENTATIVE. 

Dissolve 5 grams of powdered preparations, 8-10 grams of pasty extracts, or 20- 

25 grams of fluid extracts, in cold water. Filter and wash with cold water. Trans- 

fer the filter paper and contents to a Kjeldahl flask and determine nitrogen as di- 

rected underI, 18, 21 or 23. However, if a large amount of insoluble matter is pres- 
ent, transfer the weighed sample to a graduated flask, make up to a definite volume, 

shake thoroughly, filter through a folded filter and determine nitrogen in an aliquot 

of the filtrate. Deduct the percentage of nitrogen in the total filtrate from the 
percentage of total nitrogen, 38, to obtain the percentage of nitrogen in the insol- 

uble protein. Multiply this percentage of nitrogen by 6.25 to obtain the percentage. 

of insoluble protein. 

40 COAGULABLE PROTEIN.—TENTATIVE. 

Prepare a solution of the sample as directed in 39. Employ as large an aliquot 
of the filtrate as practicable or an aliquot of the filtrate from the insoluble protein, 39, 
and neutralize to phenolphthalein by the addition of acetic acid or sodium hydroxid, 

whichever may be necessary, add 1 ec. of N/1 acetic acid, boil for 2-3 minutes, 

cool to room temperature, dilute to 500 cc. and pass through a folded filter. 
Determine nitrogen in 50 ce. of the filtrate as directed under I, 18, 21 or 23. 

Ten times the percentage of nitrogen so obtained subtracted from the percentage 

of soluble nitrogen (total nitrogen minus the percentage of nitrogen occurring as 
insoluble protein) gives the percentage of nitrogen present as coagulable protein. 
Multiply this figure by 6.25 to obtain tbe percentage of coagulable protein in the 

sample. 

41 AMMONIA.—TENTATIVE. 

Mix 1 gram of meat extract with 2 ec. of N/1 hydrochloric acid, wash into a Folin 

apparatus with about 5 ce. of water and proceed as directed under 15. 

42 PROTEOSES AND GELATIN!!._TENTATIVE. 

Evaporate the filtrate from 40 to a small volume and saturate with zine sulphate 
(about 85 grams to 50 cc., avoiding such an excess as would later cause bumping). 

Let stand several hours, filter and wash the precipitate with saturated zinc sul- 
phate solution, place the filter and precipitate in a Kjeldahi flask and determine ni- 

trogen as directed under I, 18, 21 or 23. Or, if the precipitate is voluminous, which 
rarely happens, make up to a definite volume with saturated zinc sulphate solution, 

filter and determine the nitrogen in an aliquot of the filtrate, as directed under I, 

18, 21 or 23, and subtract the nitrogen thus obtained from the nitrogen in the 
filtrate from the coagulable protein to obtain the nitrogen of the precipitated 
protein (proteoses and gelatin). 

43 GELATIN.—TENTATIVE. 

Prepare a 50% solution of the sample, using hot water. Allow to cool and place 
in an ice box for 2 hours. If gelatin is present, the solution will set. 

The ratio of total creatinin to total nitrogen in a normal meat extract (1 : 1.5) 
assists in determining the presence of gelatin or gelatin derivatives. The ratio is 
decreased when gelatin or gelatin derivatives are present in any considerable 

amount. 
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AMINO NITROGEN. 

Van Slyke Method'*.— Tentative. 

44 REAGENTS. 

(a) Alkaline permanganate solution.—Dissolve 50 grams of potassium permanga- 

nate and 25 grams of potassium hydroxid in sufficient water to make 1 liter. 

(b) Sodium nitrite solution.—Dissolve 30 grams of sodium nitrite in sufficient 
water to make 100 cc. 

(C) Glacial acetic acid. 

FIG. 102. VAN SLYKE APPARATUS FOR THE DETERMINATION OF AMINO NITROGEN. 
(By courtesy of the Journal of Biological Chemistry.) 

45 APPARATUS. 

Employ the apparatus shown in Figs. 10 and 11, the former illustrating the man- 
ner in which the entire apparatus is arranged and the latter showing the details 
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of the deaminizing bulb and connections. The Hempel gas pipette is filled with 

the alkaline permanganate solution. 

46 DETERMINATION. 

Fill with water the burette (F), the capillary tube leading to the Hempel pipette 
and also the other capillary as far as c. Introduce into A sufficient glacial acetic 

acid to fill one fifth of D, the tube (A) being etched with a mark to measure this 

FIG. 11. DETAILS OF THE DEAMINIZING BULB AND CONNECTION. 
(By courtesy of the Journal of Biological Chemistry.) 

amount. Allow the acid té run into D, the cock c being turned so as to allow the 

air to escape from D. Pour the sodium nitrite solution into A until D is full of solu- 

tion and enough excess is present to rise a little above the cock into A. A is also 
marked for measuring off this amount. Then close the gas exit from D at ¢, and, 

a being open, shake D for a few seconds until the liquid is foreed down to the 20 

ec. mark in D. Then close a, open c and shake the apparatus rapidly with the 

motor for 2 minutes, these operations being for the purpose of expelling all the air 

from D. Then turnc and f so that D and F are connected. 
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Measure off in B 10 ce. or less, as the case may be, of the solution of the sample 

containing not more than 20 mg. of amino nitrogen (about 1-2 grams of the sample) 
and allow it to run into D. Connect D with the motor as shown in Fig. 10 and 
shake for 5 minutes. 

If the solution of the sample is viscous and threatens to foam over, rinse out B, 
and then through it introduce a little caprylic alcohol into D, or, if it is known 
beforehand that the sample will cause excessive foaming, introduce a little caprylic 
alcohol into D through B, rinsing B with alcohol and ether or drying with a roll of 
filter paper before adding the solution of the sample. 

During the shaking there is an evolution of nitrogen mixed with nitric oxid,the 
gases being collected in F. Force all the gas in D into F by opening a and filling 

D with liquid from A. Connect F with the Hempel pipette and force the gas into 
the latter by means of the leveling bulb, allowing the cock a to remain open during 
this and the succeeding operation in order to permit displacement of the liquid in 

D by the nitric oxid. formed in the interval. Connect the driving rod with the 
pipette by lifting the hook from the shoulder of D and placing the other hook, on 

the opposite side of the driving rod, over the horizontal lower tube of the pipette. 

Shake the pipette rather slowly for a minute which, with any but almost completely 
exhausted permanganate solutions, completes the absorption of nitric oxid. Then 

return the gas to the burette, adjust the level with the leveling bulb and note the 

volume of nitrogen, the temperature and barometric pressure, and calculate the 

volume of nitrogen under standard conditions of temperature and pressure. Ob- 

tain the corresponding weight of nitrogen, divide the latter by 2, and from the 

quotient calculate the apparent per cent of amino nitrogen in the sample. Cor- 
rect the result for a blank test performed as above, using 10 cc. of water instead of 

the solution of the sample. The amount of gas obtained in the blank is usually 
0.3-0.4 ec., and nitrite solutions giving a much larger correction should be 

rejected. 

In the case of beef extracts and similar preparations 5 minutes is sufficient time 
to allow for the completion of the reaction in D. In general the same time serves 
for the decomposition of alpha-amino acids but with ammonia, methylamin and 
most amines other than alpha-amines 1-13 hours should be allowed. For determi- 
nations on such substances mix the solution of the sample with the reagents as de- 
scribed above, allow the mixture to stand in the apparatus till the end of the re- 
quired time, and conclude the reaction by shaking the apparatus with the motor for 
2-3 minutes. Continue the determination from this point as directed above. 

47 ACID ALCOHOL-SOLUBLE NITROGEN'’.—TENTATIVE. 

Transfer 10 cc. of an aqueous solution of the sample (10 grams of the sample 

dissolved in sufficient water to make 100 ec.) or, if the sample is insoluble in water, 

1 gram of the sample and 10 ce. of water, to a 200 cc. glass-stoppered measuring 

cylinder, add 1.2 ce. of 12% hydrochloric acid, mix and add absolute alcohol to the 
200 ec. mark. Mix thoroughly and set aside for several hours. If necessary make 
up to volume, filter, transfer 100 cc. of the filtrate to a Kjeldahl flask, evaporate the 

alcohol on a water bath and determine nitrogen in the residue as directed under I, 

18, 21 or 23. 

48 CREATIN.— OFFICIAL. 

Dissolve about 7 grams of the sample in cold (20°C.) ammonia-free water in a 

150 ce. beaker, transfer the solution to a 250 ce. measuring flask, dilute to the mark 
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and mix thoroughly. Transfer a 20 cc. aliquot of this solution to a 50 cc. meas- 

uring flask and proceed as directed under 16. Subtract from the combined creati- 

nin value the equivalent of the pre-formed creatinin, 49, and multiply the difference 
by 1.16 to convert into creatin. Express the result as per cent of creatin. 

49 CREATININ.— OFFICIAL. 

For creatinin in beef extract measure about 5 ce. of the solution employed in 48 

into a 500 cc. measuring flask, add 10 ce. of 10% sodium hydroxid solution and 30 

ec. of the saturated picrie acid solution (1.2%), mix and rotate for 30 seconds. Allow 

to stand exactly 44 minutes, then dilute to the mark at once with water. Shake 

thoroughly and read the depth of color after standing. If the reading is less than 
7 or over 9.5 mm., repeat, calculating the quantity of solution necessary to obtain a 

reading of about 8mm. Express the result as per cent of creatinin, making the 

calculations as indicated under 16. 

GLYCEROL. 

50 Cook Method'4.—Tentative. 

Weigh 2 grams of a solid or 5 grams of a liquid preparation in a small lead dish or 
Hofmeister Schalchen containing 20 grams of ignited sand. Transfer the dish and 

its contents to amortar containing more ignited sand and several grams of anhydrous 

sodium sulphate and mix thoroughly. Transfer the mixture, including the dish, 
to a Soxhlet apparatus which has a piece of cotton placed in the side arm to prevent 

solid particles from being siphoned over. Extract the entire mass with redistilled 
anhydrous acetone for 10 hours. Distil the acetone from the extract, carefully re- 
moving the last trace by means of avacuum pump. Take up the residue in water, 

add 5 cc. of 10% silver nitrate solution, make up to a volume of 100 cc., shake, allow 

to stand overnight, filter and determine glycerol in an aliquot of the filtrate as di- 

rected under XIX, 6, beginning at the point “Add * * * 30 ce. of the strong 
potassium dichromate solution’. With solid meat and yeast extracts a blank of 

0.5-1.0 % is obtained in most cases. 

51 SUGAR.—TENTATIVE. 

Heat 20 grams of the sample with about 200 cc. of water on a steam bath until all 

soluble substances have gone into solution, cool and proceed from this point as 
directed under 23. Reducing sugar up to 0.5% may be present as a natural con- 

stituent of meat extracts. 

52 PRESERVATIVES.—TENTATIVE. 

Proceed as directed under X. 

53 METALS.—TENTATIVE. 

Proceed as directed under XII. 

54 NITRATES.—TENTATIVE. 

Proceed as directed under 26 or 28. 



286 METHODS OF ANALYSIS 

BIBLIOGRAPHY. 

1 J, Assoc. Official Agri. Chemists, 1915, 1: 230. 
2 J. Am. Chem. Soc., 1906, 28: 1485. 
3 J. Assoc. Official Agri. Chemists, 1915, 1: 174. 
4U. 8S. Bur. Chem. Bull. 162, p. 97. 
5 Abs. Z. Nahr. Hyg. Waar., 1896, 10: 173. 
6 J. Ind. Eng. Chem., 1910, 2: 21, 215. 
7 J. Assoc. Official Agri. Chemists, 1915, 1: 177. 
8 Tiemann. Anleitung zur Untersuchung von Wasser. 1870, p. 56; Wiley. Prin- 

ciples and Practice of Agricultural Analysis. 2nd ed., 1906-14, 2: 397; U. S. Bur. 
Chem. Bull. 13 (X), p. 1403. 

9U.S. Bur. Chem. Bull. 13 (X), p. 1405. 
10 Allen. Commercial Organic Analysis. 4th ed., 1909-14, 8: 407. 
u Z. anal. Chem., 1895, 34: 562; U. S. Bur. Chem. Bull. 54. 
2 J. Biol. Chem., 1911, 9: 185; 1912, 12: 275; 1913, 16: 121; 1915, 23: 407. 
13 J. Am. Chem. Soc., 1914, 36: 1551. 
4 J. Assoc. Official Agri. Chemists, 1915, 1: 279. 



XXII. DAIRY PRODUCTS. 

MILK. 

1 SOLIDS.—OFFICIAL. 

Heat 3-5 grams of the milk at the temperature of boiling water until it ceases 

to lose weight, using a tared, flat-bottomed dish of not less than 5 cm. diameter. 

lf desired, previously place 15-20 grams of pure, dry sand in the dish. Cool ina 

desiccator and weigh rapidly to avoid absorption of hygroscopic moisture. 

2 ASH.—OFFICIAL. 

Weigh about 20 grams of the milk in a tared dish, add 6 ce. of nitric acid, evap- 

orate to dryness and ignite at a temperature just below redness until the ash is free 

from carbon. 

3 TOTAL NITROGEN.—OFFICIAL. 

Place about 5 grams of the milk in a Kjeldahl! digestion flask and proceed, without 

evaporation, as directed under I, 18, 21 or 23. Multiply the percentage of nitro- 
gen by 6.38 to obtain the equivalent percentage of nitrogen compounds. 

CASEIN. 

(This determination should be made while the milk is fresh, or nearly so. 

When it is not practicable to make this determination within 

24 hours, add 1 part of formaldehyde to 2500 
parts of milk and keep in a cool place.) 

4 Method I.—Official. 

Place 10 grams of the milk in a beaker with 90 ec. of water at 40°-42°C. and add 

at once 1.5 cc. of 10% acetic acid. Stir and let stand 3-5 minutes. Then decant 

on a filter, wash by decantation 2-3 times with cold water and transfer the precipi- 

tate to the filter. Wash once or twice on the filter. The filtrate should be clear, 

or very nearly so. If the first portions of the filtrate are not clear, repeat the fil- 
tration, after which complete the washing of the precipitate. Determine nitrogen 
in the washed precipitate and filter paper as directed under I, 18, 21 or 23, mul- 

tiply by 6.38 and calculate the percentage of casein. 

In samples of milk which have been preserved, the acetic acid should be added 

in small portions, a few drops at a time, with stirring, and the addition continued 

until the liquid above the precipitate becomes clear, or very nearly so. 

5 Method II.—Official. 

To 10 grams of the milk add 50 ce. of water at 40°C., then 2 ce. of alum solution 

saturated at 40°C., or higher. Allow the precipitate to settle, transfer to a filter 
and wash with cold water. Determine nitrogen in the precipitate and filter paper 
as directed under I, 18, 21 or 23, multiply by 6.38 and calculate the percent- 
age of casein. 

287 
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ALBUMIN. 

6 Method I.—Tentative. 

Exactly neutralize the filtrate, obtained in 4, with sodium hydroxid solution, 

add 0.3 ec. of 10% acetic acid and heat on a steam bath until the albumin is com- 

pletely precipitated. Collect the precipitate on a filter, wash with cold water and 
determine the nitrogen as directed under I, 18, 21 or 23, multiply by 6.38 and cal- 
culate the percentage of albumin. 

7 Method II.—Tentative. 

To the filtrate obtained from the casein determination, 5, add 0.3 ec. of 10% acetic 

acid, boil until the albumin is completely precipitated and proceed as directed in 6. 

LACTOSE. 

Optical Method.—Tentative. 

8 REAGENTS. 

(a) Acid mercuric nitrate solution.—Dissolve mercury in double its weight of 

nitric acid (sp. gr. 1.42) and dilute with an equal volume of water. 

(b) Mercurie iodid solution Dissolve 33.2 grams of potassium iodid and 13.5 

grams of mercuric chlorid in 20 cc. of glacial acetic acid and 640 ce. of water. 

9 DETERMINATION. 

Determine the specific gravity of the milk by means of a delicate hydrometer 

or, if preferred, a pycnometer. The quantity of sample to be taken for the deter- 

mination varies with the specific gravity and is to be measured at the same tempera- 

ture at which the specific gravity is taken. The volume to be measured will be 
found in 10 which is based upon twice the normal weight of lactose (32.9 grams per 

100 metric ec.) for the Ventzke sugar scale. 

Place the quantity of milk indicated in 10 in a flask graduated at 102.6 cc. Add 
1 cc. of the acid mercuric nitrate solution or 30 ce. of the mercuric iodid solution 

(an excess of these reagents does no harm), fill to the mark, shake, filter through a 

dry filter and polarize. It is not necessary to heat before polarizing. If a 200 mm. 

tube is used, divide the polariscope reading by 2 (or, if a 400 mm. tube is used, by 4) 

to obtain the per cent of lactose in the sample. 

TABLE 19. 

10 Volumes of milk corresponding to a lactose double normal weight}. 

VOLUME OF MILK FOR A VOLUME OF MILK FOR A 

SPECIFIC GRAVITY OF LACTOSE DOUBLE NOR- SPECIFIC GRAVITY OF LACTOSE DOUBLE NOR- 

MILK MAL WEIGHT MILK MAL WEIGHT 
(VENTZKE SCALE) (VENTZKE SCALE) 

ce. cc. 

1.024 64.25 1.030 63.90 
1.025 64.20 1.031 63.80 
1.026 64.15 1.032 63.75 
1.027 64.05 1.033 63.70 
1.028 64.00 1.034 63.65 
1.029 63.95 1.035 63.55 

1.036 63.50 
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11 Gravimetric Method.—Official. 

Dilute 25 grams of the milk with 400 cc. of water in a 500 cc. graduated flask, 
add 10 cc. of copper sulphate solution [ VIII, 19 (a)] and about 7.5 ce. of a potas- 
sium hydroxid solution of such strength that 1 volume is just sufficient to pre- 

cipitate completely the copper as hydroxid from 1 volume of the copper sulphate 

solution. Instead of potassium hydroxid solution of this strength, 8.8 cc. of N/2 
sodium hydroxid solution may be used. After the addition of the alkali solution 
the mixture must still have an acid reaction and contain copper in solution. Fill 

the flask to the 500 ce. mark, mix, filter through a dry filter and determine lactose 

in an aliquot of the filtrate as directed under VIII, 46 or 48. 

FAT. 

12 Roese-Gottlieb Method?.—O ficial. 

Weigh 10-11 grams of the milk into a Rohrig tube or some similar apparatus, 

add 1.25 cc. of concentrated ammonium hydroxid (2 ce. if the sample is sour) and 
mix thoroughly. Add 10 ce. of 95% alcohol by volume and mix well. Then add 

25 ce. of washed ether and shake vigorously for 30 seconds, then 25 ce. of petro- 

leum ether (redistilled slowly at a temperature below 60°C.) and shake again for 

30 seconds. Let stand 20 minutes, or until the upper liquid is practically clear. 
Draw off as much as possible of the ether-fat solution (usually 0.5-0.8 cc. will be left) 

into a weighed flask through a small, quick-acting filter. The flask should always 

be weighed with a similar one as a counterpoise. Re-extract the liquid remain- 

ing in the tube, this time with only 15 cc. of each ether, shake vigorously 30 seconds 

with each and allow to settle. Draw off the clear solution through the small filter 

into the same flask as before and wash the tip of spigot, the funnel and the filter 

with a few cc. of a mixture of the 2 ethers in equal parts. For absolutely exact 
results the re-extraction must be repeated. This third extraction yields usually 
not more than about 1 mg. of fat (about 0.02% on a 4 gram charge) if the previous 

ether-fat solutions have been drawn off closely. Evaporate the ethers slowly on a 
steam bath, then dry the fat in a boiling water oven to constant weight. 

Confirm the purity of the fat by dissolving in a little petroleum ether. Should 
a residue remain, remove the fat completely with petroleum ether, dry the residue, 

weigh and deduct the weight. Finally correct this weight by a blank determina- 

tion on the reagents used. 

Babcock Method.—O ficial. 

13 APPARATUS. 

(a) Standard Babcock test bottles —The standard Babcock test bottles for milk 

and cream shall be as follows: 
(1) 8%, 18 gram, 6 inch milk test bottle—The total per cent graduation shall be 8. 

The total height of the bottle shall be 150-165 mm. (53-63 inches). The capac- 

ity of the bulb up to the junction with the neck shall be not less than 45 cc. The 

graduated portion of the neck shall have a length of not less than 63.5 mm. (23 

inches) and the neck shall be cylindrical for at least 9 mm. below the lowest and 

above the highest graduation marks. The graduations shall represent whole per 

cents, halves and tenths of a per cent. 
(2) 50%, 9 gram, 6 inch cream test bottle—The total per cent graduation shall 

be 50. The total height of the bottle shall be 150-165 mm. (53-63 inches). The 

capacity of the bulb up to the junction with the neck shall be not less than 45ec. The 
graduated portion of the neck shall have a length of not less than 63.5 mm. (23 
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inches) and the neck shall be cylindrical for at least 9 mm. below the lowest and 

above the highest graduation marks. The graduations shall represent five per cents, 
whole and halves of a per cent. 

(3) 60%, 9 gram, 9 inch, cream test bottle.—Same as (2) except that the total height 
of the bottle shall be 210-225 mm. (8}-8} inches). 

(b) Centrifuge. 
(C) Pipettes —Graduated to deliver 17.6 cc. of water at 20°C. in 5-8 seconds. 

(d) Graduates.—Capacity 17.5 cc. or a Swedish acid bottle delivering that amount. 

14 CALIBRATION OF APPARATUS. 

(a) Graduation.—The unit of graduation for all Babeqck glassware shall be the 
true ec. (0.998877 gram of water at 4°C.). 

With bottles, the capacity of each per cent on the scale shall be 0.20 ec. 

With pipettes and graduates, the delivery shall be the intent of the graduation; 

and the graduation shall be read with the bottom of the meniscus in line with the 
mark. 

(b) Testing —The method for testing Babcock bottles shall be calibration with 

mercury (13.5471 grams of clean, dry mercury at 20°C., to be equal to 5% on the 
scale), the bottle being previously filled to zero with mercury. 

The mercury and cork, alcohol and burette, and alcohol and brass plunger 
methods may be employed for the rapid testing of Babcock bottles, but the accuracy 

of all questionable bottles shall be determined by calibration with mercury. 

The method for testing pipettes and graduates shall be calibration by measuring 

in a burette the quantity of water (at 20°C.) delivered. 

(C) Limit of error —For standard Babcock milk bottles the error at any point 

of the scale shall not exceed 0.1%. 

For standard Babcock cream bottles the error at any point of the scale shall not 
exceed 0.5 %. 

For standard milk pipettes the error shall not exceed 0.05 cc. 

For acid measures the error shall not exceed 0.2 ec. 

15 DETERMINATION. 

Pipette 17.6 cc. of the carefully mixed sample into a test bottle and add 17.5 

cc. of commercial sulphuric acid (sp. gr. 1.82-1.83). Mix and, when the curd is 

dissolved, centrifugalize for 4 minutes at the required speed for the machine used. 
Add boiling water, filling to the neck of the bottle, and whirl for 1 minute; again 

add boiling water so as to bring the fat within the scale on the neck of the bottle, 

and, after whirling for 1 minute more, read the length of the fat column, making the 

reading at 57°-60°C. at which temperature the fat is wholly liquid. The reading 

gives directly the per cent of fat in the milk. 

Details of the manipulation of the Babcock test and its application in the analy- 
sis of dairy products other than milk are described by Farrington and Woll’, and 
Van Slyke. 

ADDED WATER. 

(In conjunction with the copper, acetic or sour serum refraction method, 

the determination of the ash of the sour serum or of the acetic serum 

should be made in all cases where the indices of refraction 

fall below the minimum limit so as to eliminate 

all possibility of abnormal milk.) 
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16 ACETIC SERUM.—TENTATIVE. 

(a) Zeiss immersion refractometer reading.—To 100 cc. of milk at a temperature 
of about 20°C. add 2 ce. of 25% acetic acid (sp. gr. 1.035) in a beaker and heat the 
mixture, covered with a watch glass, in a water bath for 20 minutes at a tempera- 

ture of 70°C. Place the beaker on ice water for 10 minutes and separate the curd 
from the serum by filtering through a 12.5 cm. folded filter. Transfer about 35 cc. 

of the serum to 1 of the beakers that accompanies the control-temperature bath 

used in connection with the Zeiss immersion refractometer, and take the refrac- 

tometer reading at exactly 20°C., using a thermometer graduated to tenths of a 

degree. A reading below 39 indicates added water; between 39 and 40, the addition 

of water is suspected. 
(b) Ash.—Transfer 25 cc. of the serum to a flat-bottomed platinum dish and 

evaporate to dryness on a water bath. Then heat over a low flame (to avoid spat- 
tering) until the contents are thoroughly charred, place the dish in an electric 
muffle, preferably with pyrometer attached, and ignite to a white ash at a tem- 

perature not greater than 500°C. (900°F.). Cool and weigh. Express the result 

as grams per 100 cc. Results below 0.715 gram per 100 cc. indicate added water. 

Multiply by the factor 1.021 (dilution of the acetic serum being 2%) to obtain the 

result on the sour serum ash. 

17 SOUR SERUM.—TENTATIVE. 

(a) Zeiss immersion refractometer reading.—Allow the milk to sour spontane- 

ously, filter and determine the immersion refractometer reading of the clear serum 
at 20°C. A reading below 38.3 indicates added water. ; 

(b) Ash*’.—Determine the ash in 25 cc. of the serum, obtained in (a), as directed 

in 16 (b). Results below 0.730 gram per 100 ce. indicate added water. 

18 ZEISS REFRACTOMETER READING OF COPPER SERUM.—TENTATIVE. 

To 1 volume of copper sulphate solution (72.5 grams of copper sulphate per 

liter, adjusted if necessary to read 36 at 20°C. on the scale of the Zeiss immersion 

refractometer, or, to a specific gravity of 1.0443 at a) add 4 volumes of milk. 

Shake well and filter. Determine the Zeiss refractometer reading of the clear 

serum at 20°C. A reading below 36 indicates added water. 

GELATIN. 

19 Qualitative Test.—Tentative. 

To 10 ce. of the milk add an equal volume of acid mercuric nitrate solution (mer- 

cury dissolved in twice its weight of nitric acid (sp. gr. 1.42) and this solution 

diluted to 25 times its volume with water), shake the mixture, add 20 cc. of water, 

shake again, allow to stand 5 minutes and filter. If much gelatin is present, the - 

filtrate will be opalescent and cannot be obtained quite clear. To a portion of the 
filtrate contained in a test tube, add an equal volume of saturated aqueous picric 

acid solution. A yellow precipitate will be produced in the presence of any con- 
siderable amount of gelatin, while smaller amounts will be indicated by a cloudi- 

ness. In the absence of gelatin the filtrate will remain perfectly clear. 

20 PRESERVATIVES.—TENTATIVE. 

Proceed as directed under X. To test for salicylic or benzoic acid acidify 100 
ec. of the milk with 5 ce. of hydrochloric acid (1 to 3), shake until curdled, filter 

and treat the clear filtrate as directed under X, 2, 3 or 8. 
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To test for formaldehyde proceed as directed under X, 17, 18, 19, 20, 21, 22, 
or 23, applying the test directly to the milk. 

COLORING MATTERS. 

21 Leach Method.—Tentative. 

Warm about 150 cc. of milk in a casserole over a flame and add about 5 ce. of 

acetic acid, then slowly continue the heating nearly to the boiling point while stir- 

ring. Gather the curd, when possible, into one mass with a stirring rod and pour 

off the whey. lf the curd breaks up into small flecks, separate from the whey by 

straining through a sieve or colander. Press the curd free from adhering liquid, 

transfer to a small flask and macerate for several hours, preferably overnight, in 

about 50 cc. of ether, the flask being tightly corked and shaken at intervals. De- 

cant the ether extract intoan evaporating dish, remove theether by evaporation 

and test the fatty residue for annatto as directed in XI, 24. 
The curd of an uncolored milk is perfectly white after complete extraction with 

ether, as is also that of a milk colored with annatto. If the extracted fat-free curd 

is distinctly colored an orange or yellowish color, a coal tar dye is indicated. In 
many cases upon treating a lump of a fat-free curd in a test tube with a little strong 

hydrochloric acid the color changes to pink, indicating the presence of a dye simi- 
lar to aniline yellow or butter yellow or perhaps one of the acid azo yellows or 

oranges. In such cases, separate and identify the coloring matter present in the 
curd as directed under XI. If aniline yellow, butter yellow, or other oil-soluble 

dye is present, the greater part will be found in the ether extract containing the 

fat. In such cases proceed as directed under XI, 3. 
In some cases the presence of coal tar dyes can be detected by treating about 

10 cc. of the milk directly with an equal volume of hydrochloric acid (sp. gr. 1.20) 
in a porcelain casserole, giving the dish a slight rotary motion. In the presence of 

some dyes the separated curd acquires a pink coloration. 

CREAM. 

22 SOLIDS.—OFFICIAL. 

Proceed as directed in 1, employing 2-3 grams of the sample. 

23 ASH.—OFFICIAL. 

Proceed as directed under 2. 

24 TOTAL NITROGEN.—OFFICIAL. 

Proceed as directed under 3. 

LACTOSE. 

25 Gravimetric Method.—0 ficial. 

Proceed as directed under 11. 

FAT. 

26 Kxtraction Method.—Offcial. 

Weigh 4-5 grams of the homogeneous sample into a Rohrig tube or similar appa- 

ratus, dilute with water to about 10.5 ce. and proceed as directed under 12. 

27 Babcock Method.—Offcial. 

Weigh 9 or 18 grams, depending upon the fat content of the sample, into a stand- 

ard Babcock cream bottle and proceed as directed under 15. 
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28 GELATIN.—TENTATIVE. 

Proceed as directed under 19. 

29 COLORING MATTERS.—TENTATIVE. 

Proceed as directed under XI, particularly 3 and 24 for the detection of oil- 
soluble coal tar dyes and annatto. 

30 PRESERVATIVES.—TENTATIVE. 

Proceed as directed under X. 

31 CONDENSED MILK (UNSWEETENED). 

Dilute 40 grams of the homogeneous sample with 60 grams of water and pro- 
ceed as directed under 1 to 15, inclusive, 19, 20 and 21, correcting the results for 
the dilution. 

CONDENSED MILK (SWEETENED). 

32 PREPARATION OF SAMPLE.—OFFICIAL. 

If cold, place the can in water at 30°-35°C. until warm. Open, scrape out all 
milk adhering to the interior of the can and mix by transferring the contents to a 

dish sufficiently large to stir thoroughly and make the whole mass homogeneous. 

Weigh 100 grams into a 500 ce. flask and make up to the mark with water. If the 
milk will not dissolve completely, weigh out each portion for analysis separately. 

33 TOTAL SOLIDS.—OFFICIAL. 

Use 10 ce. of the solution, prepared as directed in 32, and proceed as directed in 

1, drying either on sand or asbestos fiber. 

34 ASH.— OFFICIAL. 

Evaporate 10 ec. of the solution, prepared as directed in 32, to dryness on a 

water bath and ignite the residue as directed under VIII, 4. 

35 PROTEIN.—OFFICIAL. 

Determine nitrogen as directed under I, 18, 21 or 23, using 10 cc. of the solu- 

tion, prepared as directed in 32, without evaporation and multiply by 6.38. 

36 LACTOSE.— OFFICIAL. 

Dilute 100 ce. of the solution, prepared as directed in 32, in a 250 ce. flask to 

about 200 ce., add 6 ce. of Fehling’s copper sulphate solution [VIII, 19 (a)| and make 
up to the mark. Filter through a dry filter and determine lactose as directed in 

VIII, 46 or 48. 

37 FAT OR ETHER EXTRACT. 

Roese-Gottilieb Method.—0 ficial. 

Weigh 4-5 grams of the homogeneous sample into a Rohrig tube or some similar 

apparatus, dilute with water to about 10.5 cc. and proceed as directed under 2: 

38 SUCROSE.—TENTATIVE. 

Determine sucrose by difference, deducting the milk solids (lactose, protein, fat 

and ash) from the total solids. 
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BUTTER AND ITS SUBSTITUTES. 

39 PREPARATION OF SAMPLE.—OFFICIAL. 

lf large quantities of butter are to be sampled, use a butter trier or sampler. 

Melt completely the portions thus drawn, 100-500 grams, in a closed vessel at as 

low a temperature as possible. When softened, coo] and, at the same time, shake 
the mass violently until it is homogeneous and solidified sufficiently to prevent the 
separation of the water and fat. Then pour a portion into the vessel from which 

it is to be weighed. The sample should completely or nearly fill the vessel and 
should be kept in a cool place until analyzed. 

40 MOISTURE.— OFFICIAL. 

Weigh 1.5-2.5 grams of the sample into a flat-bottomed dish, having a surface 

of at least 20 sq. cm., dry at the temperature of boiling water and weigh at hourly 
intervals until the weight becomes constant. The use of clean, dry sand or asbestos 

is admissible. 

ETHER EXTRACT. 

41 Indirect Method.—Offcial. 

Dissolve the dry butter, obtained in the moisture determination in which no 

absorbent was used, in absolute ether or petroleum ether, transfer to a weighed 

Gooch, with the aid of a wash bottle filled with the solvent and wash until free 

from fat. Dry the Gooch and contents at the temperature of boiling water until 

the weight is constant and determine the fat. 

42 Direct Method.—Offcial. 

From the dry butter, obtained in the determination of moisture, either with or 

without the use of an absorbent, extract the fat with anhydrous, alcohol-free ether, 
receiving the solution in a weighed flask. Evaporate the ether, dry the extract at 

the temperature of boiling water and weigh at hourly intervals until the weight 
is constant. 

43 CASEIN, ASH AND CHLORIN.—OFFICIAL. 

Cover the crucible, containing the residue from the fat determination by the 

indirect method, 41, and heat gently at first, then raise the temperature gradually 

to just below redness. The cover may then be removed and heating continued 

until the contents of the crucible are white. The loss in weight represents casein, 

and the residue in the crucible, mineral matter. Dissolve this mineral matter in 

water slightly acidified with nitric acid and determine chlorin, either gravimetri- 
cally as directed under I, 16 (a), or volumetrically as directed under III, 15. 

44 SALT.— OFFICIAL. 

Weigh in a counterpoised beaker 5-10 grams of butter, using portions of about 

1 gram from different parts of the sample. Add about 20 cc. of hot water and, after 

the butter is melted, transfer the whole to a separatory funnel. Insert the stopper 

and shake for a few moments. Let stand until all the fat has collected on the top 

of the water, then draw off the latter into a flask, being careful to let none of the 

fat globules pass. Again add hot water, rinsing the beaker, and repeat the extrac- 

tion 10-15 times, using 10-20 cc. of water each time. The washings will contain all 

but a mere trace of the sodium chlorid originally present in the butter. Determine 
the amount in the whole or an aliquot of the liquid by titration with standard silver 

nitrate, using potassium chromate as an indicator. 
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Fat. 

45 PREPARATION OF SAMPLE.—OFFICIAL. 

Melt the butter and keep in a dry place at about 60°C. for 2-3 hours or until the 

water and curd have entirely separated. Filter the clear, supernatant fat through 
a dry filter paper in a hot water funnel or in an oven at about 60°C. If the filtered 
liquid fat is not perfectly clear, refilter. 

46 EXAMINATION. 

Proceed as directed under XXIII. 

47 Microscopic Method.—Official. 

Place on a slide a small portion of the fresh, unmelted sample taken from the 
inside of the mass, add a drop of pure olive oil, apply a cover-glass with gentle 

pressure, and examine with a magnification of 120-150 diameters for crystals of 

lard, etc. Examine the same specimen with polarized light and a selenite plate 

without the use of oil. Pure fresh butter will show neither crystals nor a parti- 
colored field with selenite. Renovated butter or other fats melted and cooled and 
mixed with butter will usually present crystals and variegated colors with the 

selenite plate. 
For further microscopic study dissolve in a test tube 3-4 cc. of the fat in 15 ce. 

of ether. Close the tube with a loose plug of cotton wool and allow to stand 12-24 

hours at 20°-25°C. When crystals form at the bottom of the tube, remove with a 

pipette, glass rod or tube, place on a slide, cover and examine under a microscope. 
The crystals formed by later deposits may be examined in a similar way. Com- 

pare with crystals obtained in the same way from samples of known purity. 

48 PRESERVATIVES.—TENTATIVE. 

Proceed as directed under X. 

49 COLORING MATTERS.—TENTATIVE. 

Pour about 2 grams of the filtered fat, dissolved in ether, into each of 2 test tubes. 

Into one of the tubes pour 1-2 ec. of hydrochloric acid and into the other about the 

same volume of dilute potassium hydroxid solution. Shake the tubes well and 

allow tostand. In the presence of azo dyes the test tube to which the acid has been 
added will show a pink to wine-red coloration, while the potash solution in the 
other tube will show no color. If, on the other hand, annatto or other vegetable 

color has been used, the potash solution will be colored yellow, while no color will 

be apparent in the acid solution. 
General test.—Proceed as directed under XI, particularly 3 and 24, for the detec- 

tion of oil-soluble coloring matters and annatto. 

RENOVATED BUTTER AND OLEOMARGARINE. 

50 Foam Test.—Tentative. 

Heat 2-3 grams of the sample, either in a spoon or dish, over afree flame. True 

butter will foam abundantly, whereas process butter will bump and sputter, like 

hot grease, without foaming. Oleomargarine behaves like process butter, but 

chemical tests will determine whether the sample is oleomargarine or butter. 



296 METHODS OF ANALYSIS [Chap. 

51 Melted Fat Test.—Tentative. 

Melt 50-100 grams of butter or renovated butter at 50°C. The curd from butter 

will settle, leaving a clear supernatant fat; in the case of renovated butter, the 

supernatant fat remains more or less turbid. 

CHEESE. 

52 SELECTION AND PREPARATION OF THE SAMPLE.—OFFICIAL. 

When the cheese can be cut, take a narrow, wedge-shaped segment reaching 

from the outer edge to the center of the cheese. Cut this into strips and pass 3 
times through a sausage machine. When the cheese cannot be cut, take the sample 

with a cheese trier. If only 1 plug can be obtained, take it perpendicular to the 

surface of the cheese at a point one third the distance from the edge to the center 

and extending either entirely or half way through it. When possible, draw 3 plugs, 

1 from the center, 1 from a point near the outer edge, and 1 from a point half way 

between the other 2. For inspection purposes reject the rind but for investigations 

requiring the absolute amount of fat in the cheese include the rind in the sample. 
Either grind the plugs in a sausage machine or cut them very finely and mix carefully, 

preferably the former. 

53 MOISTURE.—TENTATIVE. 

Place 2-3 grams of very short fiber asbestos (the long fiber may be made suit- 

able by rubbing it through a fine sieve) in a flat-bottomed platinum dish, 6-7 em. 

in diameter, and press the asbestos down firmly. Place in the dish a glass rod, 
about 5 mm. in diameter and slightly longer than the diameter of the dish. Ignite, 

cool and weigh the dish and contents. Then weigh into the dish 4-5 grams of the 

sample, prepared as directed under 52, and mix the cheese and asbestos intimately 
with the glass rod until the mass is homogeneous. Leave the mass in as loose a con- 

dition as possible to facilitate the drying. Dry the mixture in an oven at 100°C. 
and weigh at 1-13 hour intervals until the weight becomes constant (3 weighings are 

usually sufficient). 

54 ASH AND SALT.—OFFICIAL. 

The dry residue from the moisture determination may be used for the determi- 

nation of ash. If the cheese be rich in fat, the asbestos will be saturated with it. 

Ignite cautiously to avoid spattering and remove the lamp while the fat is burn- 

ing off. When the flame has died out, complete the burning in a muffle at low red- 
ness. When desired, the salt may be determined in the ash, as directed in 43. 

55 NITROGEN.— OFFICIAL. 

Determine nitrogen as directed under I, 18, 21 or 23, using about 2 grams of 
cheese, and multiply the percentage of nitrogen by 6.38 to obtain the per cent 
of nitrogen compounds. 

56 ACIDITY.—TENTATIVE. 

To 10 grams of finely divided cheese add water at a temperature of 40°C. until 
the volume equals 105 ec., shake vigorously and filter. Titrate 25 cc. portions of 

the filtrate, representing 2.5 grams of the sample, with standard sodium hydroxid, 
preferably N/10, using phenolphthalein as an indicator. Express the result in 

terms of lactic acid. 
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57 COLORING MATTERS.—TENTATIVE. 

Proceed as directed under XI. 

FAT. 

58 PREPARATION OF SAMPLE.—TENTATIVE. 

(a) Alkaline extraction.—Treat about 300 grams of the cheese, cut into frag- 

ments the size of a pea, with 700 cc. of 5% potassium hydroxid solution at 20°C. in 

a large, wide-necked flask, shaking vigorously to dissolve the casein. In 5-10 

minutes the casein will be dissolved and the fat will rise to the surface in lumps. 

Collect the lumps of fat into as large a mass as possible by shaking gently. Pour 

cold water into the flask until the fat is driven up into the neck and remove it by 
suitable means. Wash the fat thus obtained with just sufficient water to remove 

the residue of the alkali which it may contain. The fat is not perceptibly attacked 
by the alkali in this treatment, is practically all separated in a short time and is then 

easily prepared for chemical analysis by filtering and drying as directed in 45. 

(b) Acid extraction.—Pass the cheese through a grinding machine, transfer to a 

large flask and cover with warm water, using 1 cc. for every gram of cheese. Shake 

thoroughly and add sulphuric acid (sp. gr. 1.82-1.825) slowly and in small quanti- 
ties, shaking after each addition of acid. The total amount of acid used should 

be the same as the amount of water employed. Remove the fat, which separates 
after standing a few minutes, by means of a separatory funnel, wash free from acid, 
filter and dry as directed in 45. 

59 EXAMINATION.—TENTATIVE. 

Proceed as directed under XXIII. 

ESTIMATION, 

60 Gravimetric Method.—O ficial. 

Cover the perforations in the bottom of an extraction tube with dry asbestos 
felt, and place on this « mixture containing equal parts of anhydrous copper sul- 

phate and pure, dry sand to a depth of about 5 em., packing loosely. Cover the 

upper surface of this material with a layer of asbestos. Place on this 2-5 grams of 
the sample and extract with anhydrous ether for 5 hours in a continuous extrac- 

tion apparatus. Remove the cheese and grind it with pure sand in a mortar to a 

fine powder, return the mixed cheese and sand to the extraction tube, wash the mor- 
tar with ether, add the washings to the tube and continue the extraction for at least 

10 hours. 

61 Schmidt-Bondzynski Method, Modified.—Tentative. 

Rub up, by means of a glass rod, 1 gram of the homogeneous sample with 9 ce. of 

water and 1 cc. of concentrated ammonium hydroxid in a narrow 100-125 ec. beaker. 
Digest the mixture at a low heat until the casein is well softened; neutralize with 

concentrated hydrochloric acid, using litmus as an indicator and add 10 ec. more 

of concentrated hydrochloric acid. Add a pinch of sand to prevent bumping and 

boil gently for 5 minutes, keeping the beaker covered with a watch glass. Cool 
the solution, transfer to a Rohrig tube or some similar apparatus, rinse the beaker 

with 25 cc. of washed ethyl ether and shake well. Add 25 cc. of redistilled petro- 

leum ether (b. p. below 65°C.), let the solutions separate and proceed from this 

point as directed in 12. 
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62 Babcock Method.—Tentative. 

Weigh about 6 grams of the cheese ina tareddish. Add 10 cc. of boiling water and 

stir with a rod until the cheese softens and an even emulsion is formed, preferably 
adding a few drops of strong ammonium hydroxid, and keep the beaker in hot water 

until the emulsion is nearly completed and the mass free from lumps. If the sample 

is a whole milk cheese, employ a Babcock cream bottle. After cooling, transfer the 

contents of the beaker to the test bottle by adding to the beaker about half of the 
17.6 ec. of sulphuric acid usually employed in this test, stirring with a rod, and 

pouring carefully into the bottle, using the remainder of the acid in 2 portions for 
washing out the beaker. Then proceed as directed in 15. Multiply the fat reading 
by 18 and divide by the weight of the sample taken to obtain the per cent of fat. 

BIBLIOGRAPHY. 

1 Browne. Handbook of Sugar Analysis. 1912, p. 252. 
°Z. Nahr. Genussm., 1905, 9: 531. 

. 3 Parrington and Woll. Testing Milk and Its Products. 23rd ed., 1916. 
4Van Slyke. Modern Methods of Testing Milk and Milk Products. Rev. ed., 
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5 Chem. Ztg., 1908, 32: 617. 
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1 PREPARATION OF SAMPLE.—OFFICIAL. 

Melt solid fats and filter by means of a hot water funnel or similar apparatus. 

Make the different determinations on samples of this melted, homogeneous mass. 

Filter oils that are not clear. Keep oils and fats in a cool place and protected from 

light and air, otherwise they will soon become rancid. Weigh out at one time as 

many portions as are needed for the various determinations, using a small beaker 
or weighing burette. 

SPECIFIC GRAVITY. 

9n° 
2 At a -—Tentative. 

Determine the specific gravity of the oil at exes by means of a pyenometer. 

lf the specific gravity of the oil is determined at other than standard tempera- 
ture, the approximate specific gravity at 20°C. may be calculated by means of the 

following formula: 

G = G’ + 0.0007 (T-20°C.) in which 

G = specific gravity at 20°C.; 

G’ = specific gravity at te; 

T = temperature at which the specific gravity was determined; 

0.0007 = mean correction! for 1°C. 

At the Temperature of Boiling Water.—Official. 

3 STANDARDIZATION OF FLASKS. 

(a) Fill a tared, 25-30 cc. specific gravity flask with freshly boiled, hot water. 
Place in a briskly boiling water bath for 30 minutes, replacing any evaporation 
from the flask by the addition of boiling water. Then insert the stopper, previous- 

ly heated to 100°C., remove the flask, cool and weigh. 

(b) The following formula may be used for calculating the weight of water (W*) 
which a given flask will hold at T° (weighed in air with brass weights at the tempera- 

ture of the room) from the weight of water (W*) (weighed in air with brass weights 

at the temperature of the room) contained therein at t°: 
ay 

Wr = we [1 + 0.000026 (T — t)] in which 

d™ = the density of water at T°; 
dt = the density of water at t°. 

4 DETERMINATION. 

Fill the flask, dried at the temperature of boiling water, with the dry, hot, freshly 

filtered fat, which should be entirely free from air bubbles; keep in the water bath 

30 minutes at the temperature of boiling water. Insert the stopper, previously 

heated to 100°C., cool and weigh. Divide the weight of contained fat by the weight 
of contained water previously found to obtain the specific gravity. 

The weight of water at boiling temperature must be determined under the baro- 

metric conditions prevailing at the time the determination is made. 

299 
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INDEX OF REFRACTION. 

5 General Directions.—Tentative. 

Place the instrument in such a position that diffuse daylight or any form of arti- 

ficial light can readily be obtained for illumination. Circulate through the prisms 
a stream of water of constant temperature. 

Determine the index of refraction with any standard instrument, reading oils at 
20°C. and fats at 40°C. 

The readings of the Zeiss butyro-refractometer can be reduced to standard tem- 
perature by the following formula’: 

R = R’ + 0.55 (T’ — T) in which 
R = the reading reduced to temperature T; 

R’ = the reading at T’C. 

T’ = the temperature at which reading R’ is made; 

T = the standard temperature; 

0.55 = correction in scale divisions for 1°C. 
With oils the factor 0.58 is substituted in the formula for 0.55, since they have a 
higher index of refraction. 

The readings of instruments, which give the index of refraction directly, can be 
reduced to standard temperature by substituting the factor 0.000365 for 0.55 in the 

formula. As the temperature rises the refractive index falls. 

The instrument used may be standardized with water at 20°C., the theoretical 
refractive index of water at that temperature being 1.3330. Any correction found 
should be made on all readings. 

The index of refraction varies directly with the specific gravity. If the results 

appear abnormal, compare the specific refractive :~power® with the normal. Calcu- 
1 

, in which N equals 
Ni 

late the specific refractive power from the formula — D 

the refractive index and D the specific gravity. According to Procter‘ the Lorenz 
N?—1 

(N? + 2)D 

6 By Means of the Abbé Refractometer.—Official. 

formula gives much more satisfactory results than 

To charge the instrument, open the double prism by means of the screw head 

and place a few drops of the sample on the prism or, if preferred, open the prisms 

slightly by turning the screw head and pour a few drops of the sample into the 
funnel-shaped aperture between the prisms. Then close the prisms firmly by 

tightening the screw head. Allow the instrument to stand for a few minutes 
before the reading is made, so that the temperature of the sample and the instru- 

ment will be the same. 

The method of measurement is based upon the observation of the position of the 
border line of total reflection in relation to the faces of a prism of flint glass. Bring 

this border line into the field of vision of the telescope by rotating the double prism 

by means of the alidade in the following manner: Hold the sector firmly, move the 
alidade backward or forward until the field of vision is divided into a light anda 

dark portion. The line dividing these portions is the “border line’’. This, as a 
rule, will not bé a sharp line but a band of color which is eliminated by 
rotating the serew head of the compensator until a sharp, colorless line is obtained. 
The border line should now be adjusted so that it falls on the point of intersection 

of the 2 cross hairs. Read the refractive index of the substance directly on the 
scale of the sector. Check the correctness of the instrument, as directed under 5, 

or by means of the quartz plate which accompanies it, using monobromnaphtha- 

lene, and make the necessary correction in the reading. 
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Th By Means of the Zeiss Butyro-Refractometer.—O fficial. 

Place 2 or 3 drops of the filtered fat on the surface of the lower prism. Close the 

prisms and adjust the mirror until it gives the sharpest reading. If the reading 

be indistinct after running water of a constant temperature through the instru- 

ment for some time, the fat is unevenly distributed on the surfaces of the prism. 
As the index of refraction is greatly affected by temperature, care must be used to 

keep the latter constant. The instrument should be carefully adjusted by means of 

the standard fluid which is supplied with it. Convert the degrees of the instru- 

ment into refractive indices from 8. 

8 TABLE 20. 

Butyro-refractometer readings and indices of refraction. 

neaive | IPE OT || meanrvo | JNPESOF |! meanive | APELOF || neannve | INDEX OF 
40.0 1.4524 50.0 1.4593 60.0 1.4659 70.0 1.4723 
40.5 1.4527 50.5 1.4596 60.5 1.4662 70.5 1.4726 
41.0 1.4531 51.0 1.4600 61.0 1.4665 71.0 1.4729 
41.5 1.4534 51.5 1.4603 61.5 1.4668 males 1.4732 
42.0 1.4538 52.0 1.4607 62.0 1.4672 72.0 1.4735 

42.5 1.4541 52.5 1.4610 62.5 1.4675 72.5 1.4738 
43.0 1.4545 53.0 1.4613 63.0 1.4678 73.0 1.4741 
43.5 1.4548 53.5 1.4616 63.5 1.4681 73.5 1.4744 
44.0 1.4552 54.0 1.4619 64.0 1.4685 74.0 1.4747 
44.5 1.4555 54.5 1.4623 64.5 1.4688 74.5 1.4750 

45.0 1.4558 55.0 1.4626 65.0 1.4691 75.0 1.4753 
45.5 1.4562 55.5 1.4629 65.5 1.4694 75.5 1.4756 
46.0 1.4565 56.0 1.4633 66.0 1.4697 76.0 1.4759 
46.5 1.4569 56.5 1.4636 66.5 1.4700 76.5 1.4762 
47.0 1.4572 57.0 1.4639 67.0 1.4704 5020 1.4765 

47.5 1.4576 57.5 1.4642 67.5 1.4707 TRO 1.4768 
48.0 1.4579 58.0 1.4646 68.0 1.4710 78.0 1.4771 
48.5 1.4583 58.5 1.4649 68.5 1.4713 78.5 1.4774 
49.0 1.4586 59.0 1.4652 69.0 1.4717 79.0 1.4777 
49.5 1.4590 59.5 1.4656 69.5 1.4720 79.5 1.4780 

MELTING POINT OF FATS AND FATTY ACIDS. 

Wiley Method.—Offcial. 

9 REAGENT. 

Alcohol-water mixture.—Specifie gravity same as that of the fat to be examined. 
Prepare by boiling, separately, water and 95% alcohol by volume for 10 minutes 

to remove the gases which may be held in solution. While still hot pour the water 

into the test tube until it is almost half full. Nearly fill the test tube with the hot 
alcohol, poured down the side of the inclined tube to avoid too much mixing. If 

the alcohol be added after the water has cooled, the mixture will contain so many 

air bubbles as to be unfit for use. 

10 DETERMINATION. 

Prepare disks of fat as follows: Allow the melted and filtered fat to fall a distance 

of 15-20 cm. from a dropping tube upon a piece of ice or upon the surface of cold 
mercury. The disks thus formed should be 1-1.5 cm. in diameter and weigh about 
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200 mg. When solid remove the disk and allow to stand 2-3 hours in order to obtain 

the normal melting point. 

Place a test tube, 30 by 3.5 em., containing the alcohol-water mixture, in a tall 

beaker, 35 by 10 cm., containing ice and water, until cold. Then drop the disk of 
fat into the tube and it will at once sink to a point where the density of the alcohol- 
water mixture is exactly equivalent to its own. Lower an accurate thermometer, 
which can be read to 0.1°C., into the test tube until the bulb is just above the disk. 

In order to secure an even temperature in all parts of the alcohol-water mixture 
around the disk, stir gently with the thermometer. Slowly heat the water in the 

beaker, constantly stirring it by means of an air blast or other suitable device. 

When the temperature of the alcohol-water mixture rises to about 6°C. below 
the melting point of the fat, the disk of fat begins to shrivel and gradually rolls up 

into an irregular mass. Lower the thermometer until the fat particle is even with 
the center of the bulb. Rotate the thermometer bulb gently and regulate the 

temperature so that about 10 minutes for the increment of the last 2°C. are 
required. As soon as the fat mass becomes spherical, read the thermometer. 

Remove the tube from the bath and again cool. Place in the bath a second tube 

containing the alcohol-water mixture. The test tube is of sufficiently low tempera- 
ture to cool the bath to the desired point, ice water having been used for cooling. 

After the first or preliminary determination, regulate the temperature of the bath 

so as to reach a maximum of about 1.5°C. above the melting point of the fat under 

examination. 

Do not allow the edge of the disk to touch the sides of the tube. If so, make a 

new determination. Run triplicate determinations of which the second and third 

results should agree closely. 

11 Capillary Tube Method’.—Tentative. 

Draw the melted fat or fatty acids into a thin-walled capillary tube. Use a 

column of fat 1-2 cm. long, according to the length of the thermometer bulb. Seal 
lend of the tube and cool on ice 12-15 hours. Attach the capillary tube to the bulb 

of an accurate thermometer, graduated to 0.2°C., immerse in a large test tube of 

water surrounded by a beaker of water and heat very slowly. An apparatus 
similar to that indicated in Fig. 12 may be used. The temperature at which the 

substance becomes transparent is taken as the melting point. 

TITER TEST. 

Alcoholic or Aqueous Sodium Hydroxid Method.—Tentative. 

12 APPARATUS. 

Standard thermometer.—The thermometer must have a zero mark, 0.1° gradua- 

tions between 10°-60°C., and auxiliary reservoirs at the upper end and between the 

0° and the 10° marks. The cavity in the capillary tube between the 0° and the 
10° marks must be at least 1 cm. below the 10° mark, which must be about 3-4 em. 

above the bulb, the total length of the thermometer being about 38 cm. The bulb 
should be about 3 em. long and 6mm. in diameter. The stem of the thermometer 
should be 6 mm. in diameter and made of the best thermometer tubing, with scale 

etched on the stem, the graduation to be clear cut and distinct. The thermometer 

should have been annealed for 75 hours at 450°C., and the bulb should be of Jena 

normal 16" glass, moderately thin, so that the thermometer will be quick-acting. 



XXIII] FATS AND OILS 303 

13 DETERMINATION. 

Saponify 75 grams of the sample in a metal dish with 60 ce. of 30% sodium hy- 

droxid solution (36° Baumé) and 75 ce. of 95% alcohol by volume or 120 cc. of 

water. Evaporate to dryness over a very low flame or on an iron or asbestos plate, 

stirring constantly. Dissolve the dry soap in a liter of boiling water and, if alcohol 

has been used, boil for 40 minutes to remove it, adding sufficient water to replace 

that lost in boiling. Liberate the fatty acids by adding 100 cc. of 30% sulphuric 

FIG. 12. APPARATUS FOR THE MELTING POINT DETERMINATION. 

acid (25° Baumé) and boil until they form a clear, transparent layer. Wash with 
boiling water until free from sulphuric acid, collect in a small beaker and 

place on a steam bath until the water has settled and the fatty acids are clear; then 
decant into a dry beaker, filter while hot and dry 20 minutes at 100°C. When 
dried, cool the fatty acids to 15°-20°C. above the expected titer and transfer to the 

titer tube, 25 by 100 mm. (1 by 4 inches) and made of glass about 1 mm. in thickness. 

Place in a 16 ounce wide-mouthed bottle of clear glass, 70 by 150 mm. (2.8 by 6 
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inches), fitted with a perforated cork, so as to hold the tube rigidly when in position. 

Suspend the standard thermometer so that it can be used as a stirrer, and stir the 
mass slowly until the mercury remains stationary for 30 seconds. Then allow the 
thermometer to hang quietly, with the bulb in the center of the mass, and observe 
the rise of the mercury column. The highest point to which it rises is regarded 
as the titer of the fatty acids. 

Test the fatty acids for complete saponification as follows: 

Place 3 cc. in a test tube and add 15 ec. of 95% alcohol by volume. Bring the 
mixture to a boil and add an equal volume of ammonium hydroxid (sp. gr. 0.96). 

A clear solution should result. The titer must be made at about 20°C. for all fats 

having a titer above 30°C., and at 10°C. below the titer for all other fats. 

14 Glycerol-Potassium Hydrozid Method.—Tentative. 

Heat 75 cc. of glycerol-potassium hydroxid solution (25 grams of potassium hy- 

droxid in 100 ce. of high-test glycerol) to 150°C. in an 800 cc. beaker; then add 50 ce. 
of the oil or melted fat, previously filtered if necessary to remove foreign substances. 
Saponification often takes place almost immediately, but heating, with frequent 

stirring, should be continued for 15 minutes, avoiding a temperature much above 
150°C. When the saponification is complete, as indicated by the perfectly homo- 

geneous solution, pour the soap into an 800 cc. casserole containing about 500 ce. 

of nearly boiling water, add carefully 50 cc. of 30% sulphuric acid and heat the 
solution, with frequent stirring, until the layer of fatty acids separates out perfectly 

clear. Transfer the fatty acids to a tall separatory funnel, wash 3-4 times with 
boiling water to remove all mineral acids, draw the fatty acids off into a small 

beaker, and allow to stand on a steam bath until the water has settled out and the 

acids are clear. Filter into a dry beaker and heat to 150°C. on a thin asbestos plate, 

stirring continually with the thermometer, transfer to a titer tube, fill it to within 
2.5 em. of the top and take the titer as directed in 13. 

IODIN ABSORPTION NUMBER. 

Hiibl Method.—Official. 

15 REAGENTS. 

(a) Hiibl’s iodin solution.—Dissolve 26 grams of pure iodin in 500 cc. of 95% alco- 

hol by volume. Dissolve 30 grams of mercuric chlorid in 500 ec. of 95% alcohol 

by volume. Filter the latter solution, if necessary, and mix the 2 solutions. Let 

the mixed solution stand 12 hours before using. The solution loses strength with 

age, but can be used so long as 35 ec. of N/10 thiosulphate are equivalent to 25 ce. 

of the iodin solution. 

(b) N/10 sodium thiosulphate-—Standardize this solution as follows: Place in a 

glass-stoppered flask 20 ec. of the N/10 potassium dichromate and 10 ce. of the 15% 

potassium iodid solution. Add 5 cc. of strong hydrochloric acid. Dilute with 100 

ec. of water and allow the N/10 sodium thiosulphate to flow slowly into the flask 
until the yellow color of the liquid has almost disappeared, add a few drops of the 

starch indicator and, with constant shaking, continue to add the N/10 sodium thio- 

sulphate until the blue color just disappears. 

(C) Starch indicator.—Prepare as directed under VII, 3 (a). 

(d) 15% potassium iodid solution. 

(@) N/10 potassium dichromate-—The dichromate solution should be checked 

against pure iron. 
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16 DETERMINATION. 

Weigh about 0.500 gram of fat, or 0.250 gram of oil (0.100-0.200 gram in the case 

of drying oils which have a very high absorbent power), into a 500 cc. glass-stoppered 
flask or bottle. Dissolve the fat or oil in 10 ce. of chloroform. Add 30 cc. of the 

Hiibl iodin solution in the case of fats, or 40-50 cc. in the case of oils. Place the 

bottle in a dark place and allow to stand for 3 hours, shaking occasionally. 

This time must be adhered to closely in order to obtain good results. The time 
allowed does not give the complete iodin absorption power of an oil or fat and can 
not be compared with determinations in which 6-12 hours have been used. It gives 
very satisfactory comparative results, but the time factor must be closely observed. 

The excess of iodin should be at least as much as is absorbed. Add 20 cc. of the 

15% potassium iodid solution, shake thoroughly and then add 100 ce. of water, wash- 

ing down any free iodin that may be found on the stopper. Titrate the iodin with 
the N/10 sodium thiosulphate, adding the latter gradually, with constant shaking, 

until the yellow color of the solution has almost disappeared. Add a few drops of 
the starch indicator and continue the titration until the blue color has entirely 

disappeared. Toward the end of the titration, stopper the bottle and shake vio- 
lently, so that any iodin remaining in solution in the chloroform may be taken up 
by the potassium iodid solution. Conduct 2 blank determinations along with that 
on the sample. The number of ce. of the N/10 sodium thiosulphate required by the 

blank less the amount used in the determination gives the thiosulphate equivalent 
of the iodin absorbed by the fat or oil. Ascertain the iodin number by calculating 

the per cent by weight of iodin absorbed. 

Hanus Method.—Offcial. 

17 REAGENTS. 

Hanus’ iodin solution.—Dissolve 13.2 grams of iodin in 1 liter of glacial acetic 
acid (99.5%) which shows no reduction with dichromate and sulphuric acid. Add 
enough bromin to double the halogen content as determined by titration (3 ec. of 

bromin are about the proper amount). The iodin may be dissolved by heating 

but the solution should be cold when the bromin is added. 

A convenient way to prepare the Hanus solution is as follows: Measure 825 ce. 

of acetic acid which has shown no reduction by the dichromate test and dissolve in 

it 13.615 grams of iodin with the aid of heat. Cool and titrate 25 cc. of this solu- 

tion against the N/10 sodium thiosulphate. Add 3 ce. of bromin to 200 ec. of acetic 

acid and titrate 5 cc. of the solution against the N/10 sodium thiosulphate. Cal- 

culate the quantity of bromin solution required exactly to double the halogen con- 

tent of the remaining 800 ce. of iodin solution as follows: 

A= Bin which 

A = ce. of bromin solution required; 
B = 800 X the thiosulphate equivalent of 1 ce. of iodin solution; 
C = the thiosulphate equivalent of 1 cc. of bromin solution. 

Example: 136.15 grams of iodin are dissolved in 8250 ce. of acetic acid. 30 ce. 
of bromin are dissolved in 2000 cc. of acetic acid. Titrating 50 ec. of the iodin 
solution against the standard thiosulphate shows that 1 ec. of the iodin solution 
equals 1.1 cc. of the thiosulphate (0.0165 gram of iodin). Titrating 5 cc. of the bro- 
min solution shows that 1 ec. of the bromin solution equals 4.6 cc. of the thiosulphate 
Then the quantity of bromin solution required to double the halogen content of 

9) 
the remaining 8200 cc. of iodin solution is equivalent to see or 1961 ee. Upon 
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mixing the 2 solutions in this proportion, a total volume of 10161 ce. is obtained, 
containing 135.3 grams of iodin. In order to reduce this solution to the proper 
strength (13.2 grams iodin per liter), 10.161 X 13.2 = 134.1; 135.3 — 134.1 = 1.2 grams 

1.2 1000 

13.2 

The other reagents used are described under 15. 

of iodin present in excess, or = 91 ce. of acetic acid which must be added. 

18 DETERMINATION. 

Weigh about 0.500 gram of fat, or 0.250 gram of oil (0.100-0.200 gram in the case 

of drying oils which have a very high absorbent power), into a 500 cc. glass-stoppered 
flask or bottle. Dissolve the fat, or oil, in 10 cc. of chloroform, add 25 ec. of the 

Hanus iodin solution and allow to stand for 30 minutes, shaking occasionally. 

The excess of iodin should be at least 60% of the amount added. Add 10 ce. of the 
15% potassium iodid solution and continue as directed under 16. 

SAPONIFICATION NUMBER (KOETTSTORFER NUMBER).—OFFICIAL. 

1 REAGENTS. 

(a) N/2 hydrochloric acid.—Prepare as directed under I, 16 (a). 

(b) Alcoholic potassium hydroxid solution.—Dissolve 40 grams of the purest 

potassium hydroxid in 1 liter of 95% redistilled aleohol by volume. The alcohol 

should be redistilled from potassium hydroxid over which it has been standing for 
some time, or with which it has been boiled for some time using a reflux condenser. 

The solution must be clear and the potassium hydroxid free from carbonates. 

20 DETERMINATION. 

Weigh accurately about 5 grams of the filtered sample into a 250-300 ec. Erlen- 

meyer flask. Pipette 50 cc. of the alcoholic potassium hydroxid solution into the 
flask, allowing the pipette to drain for a definite time. Connect the flask with an 

air condenser and boil until the fat is completely saponified (about 30 minutes). 
Cool and titrate with the N/2 hydrochloric acid, using phenolphthalein as an indi- 

cator. Calculate the Koettstorfer number (mg. of potassium hydroxid required to 
saponify 1 gram of fat). Conduct 2 or 3 blank determinations, using the same 

pipette and draining for the same length of time as above. 

21 SOLUBLE ACIDS.—OFFICIAL. 

Place the flask, used in 20, on a water bath and evaporate the alcohol. Add such 

an amount of N/2 hydrochloric acid that its volume plus the amount used in titrat- 
ing for the saponification number will be 1 cc. in excess of the amount required to 

neutralize the 50 ec. of the alcoholic potassium hydroxid solution added, and place 

on the steam bath until the separated fatty acids form a clear layer on the upper 
surface of the liquid. Fill to the neck with hot water and cool in ice water until 

the cake of fatty acids is thoroughly hardened. Pour the liquid contents of the 

flask through a filter into a liter flask. Fill the flask again with hot water, set on 

the steam bath until the fatty acids collect at the surface, cool by immersing in ice 
water, and again filter the liquid into the liter flask. Repeat this treatment with 
hot water 3 times, cooling and collecting the washings in the liter flask after each 

treatment. Titrate the combined washings with N/10 alkali, using phenolphthalein 

as an indicator. Subtract 5 (corresponding to the excess of 1 ec. of N/2 acid) from 

the number of ce. of N/10 alkali used and multiply by 0.0088 to obtain the weight 

of soluble acids as butyric acid. Calculate the percentage of soluble acids. 
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22 INSOLUBLE ACIDS (HEHNER NUMBER).—OFFICIAL. 

Allow the flask, containing the cake of insoluble fatty acids from 21 and the 
paper through which the soluble fatty acids have been filtered, to drain and dry, 

for 12 hours. Transfer the cake, together with as much of the fatty acids as can 

be removed from the filter paper, to a weighed, wide-mouthed beaker flask. Then 
place the funnel, containing the filter, in the neck of the flask and wash the paper 

thoroughly with hot absolute alcohol. Remove the funnel, evaporate off the alco- 

hol, dry for 2 hours at 100°C., cool in a desiccator and weigh. Again dry for 2 hours, 

cool and weigh. If there is any considerable decrease in weight, re-heat for 2 hours 

and weigh again. Calculate the percentage of insoluble fatty acids. 

SOLUBLE VOLATILE ACIDS (REICHERT-MEISSL NUMBER). 

(As these determinations are entirely empirical, the directions given must be 

followed exactly. In reporting results the method used should always be stated.) 

Reichert-Meissl Method.—O ficial. 

23 REAGENTS. 

(a) Sodium hydroxid solution (1 to 1).—The sodium hydroxid should be as free as 

possible from carbonates. Protect the solution from contact with carbon dioxid. 

Allow to settle and use only the clear liquid. 
(b) Potassium hydroxid solution.—Dissolve 100 grams of the purest potassium 

hydroxid in 58 ce. of hot water. Cool in a stoppered vessel, decant the clear solu- 

tion and protect from contact with carbon dioxid. 

(C) 95% alcohol by volume.—Distilled over sodium hydroxid. 

(d) Dilute sulphuric acid.—Dilute 200 ce. of the strongest acid to 1 liter with 

water. 

(@) Barium (or sodium) hydroxid solution.—Standardize an approximately N/10 

solution. 
(f) Indicator.—Dissolve 1 gram of phenolphthalein in 100 ce. of 95% alcohol. 

(8) Pumice stone.—Heat small pieces to a white heat, plunge in water, and keep 

under water until used. 

24 SAPONIFICATION. 

Weigh 5.75 cc., about 5 grams, of the filtered sample, into a saponification flask 

and proceed by 1 of the following 3 methods. 

(1) Under pressure with alcohol.—Place 10 cc. of the 95% alcohol in the flask 

containing the fat (the flask must be made of strong, well-annealed glass, capable 

of resisting the tension of alcoholic vapor at 100°C.) and add 2 ce. of the sodium 

hydroxid solution. Insert a soft, cork stopper into the neck of the flask, tie down 

and place the stoppered flask on a water or steam bath for at least an hour, 

rotating the flask gently from time to time. Cool before opening. 

(2) Under pressure without the use of alcohol.—Place 2 cc. of the potassium hy- 

droxid solution in the flask containing the fat (the flask being round-bottomed and 
made of well-annealed glass to resist pressure), cork and heat as directed under 

(1). This method avoids the formation of esters and the removal of the alcohol 

after saponification. 
(3) With a reflux condenser and the use of alcohol.—Place 10 cc. of the 95% alcohol 

in the flask containing the fat, add 2 cc. of the sodium hydroxid solution and heat on 

a steam bath until the saponification is complete, using a reflux condenser. 

After the saponification, if alcohol was used, remove it by evaporation on a 

steam bath. 
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25 DISTILLATION AND TITRATION. 

Dissolve the soap, obtained as directed under 24, by adding 135 ec. of recently 

boiled water (132 ce. if potassium hydroxid was used in the saponification) and warm 

on the water bath, with occasional shaking, until the solution is clear. Cool to 

60°-70°C., add 5 ec. of the dilute sulphuric acid (8 ec. if potassium hydroxid was 

used in the saponification), stopper loosely and heat on the water bath until the 
fatty acids form a clear, transparent layer. Cool to room temperature, add a few 

pieces of the pumice stone and connect with a glass condenser by means of a bulb 
tube. Heat slowly with a free flame until ebullition begins and distil, regulating 

the flame so as to collect 110 cc. of distillate in as nearly 30 minutes as possible. 
Mix this distillate, filter through a dry filter, and titrate 100 cc. with the standard 

barium or sodium hydroxid solution, using phenolphthalein as an indicator. The 

red color should remain unchanged for 2-3 minutes. 
Multiply the number of cc. of N/10 alkali used by 1.1, divide by the weight 

of fat taken and multiply by 5 to obtain the Reichert-Meissl number. Correct the 
result by the figure obtained in a blank determination. 

Leffman and Beam Methed.—O ficial. 

26 REAGENTS. 

Glycerol-soda solution.—Add 20 ce. of the sodium hydroxid solution, prepared as 

directed under 23 (a), to 180 cc. of pure, concentrated glycerol. 

The other reagents used are described under 23. 

27 DETERMINATION. 

Add 20 ce. of the glycerol-soda solution to about 5 grams of the fat in a flask, 

weighed as directed under 24, and heat over a free flame, or on an asbestos plate, 

until complete saponification takes place, as shown by the mixture becoming 
perfectly clear. if foaming occurs, shake the flask gently. 

Add 135 ec. of recently boiled water, drop by drop at first, to prevent foaming, 

and 5 cc. of the dilute sulphuric acid, distil without previous melting of the fatty 

acids, using an apparatus similar to that illustrated in 28, Fig. 13, regulating the 

flame so as to collect 110 cc. of distillate in as nearly 30 minutes as possible. Filter, 

titrate the volatile acids and calculate the Reichert-Meissl number, as directed 

under 25. Conduct a blank determination and correct the result accordingly. 

INSOLUBLE VOLATILE ACIDS (POLENSKE NUMBER). 

28 Polenske Method*.—Tentative. 

Proceed as directed under 27 up to the point at which 110 cc. of distillate have 

been collected, except that only 20 minutes are allowed for the distillation, em- 
ploying an apparatus of the exact dimensions illustrated in Fig. 13. Substitute a 
25 ec. cylinder for the receiving flask to collect any drops that may fall after the 

flame has been removed. Immerse the flask containing the distillate almost com- 

pletely in water at 15°C. for 15 minutes, filter the 110 cc. of distillate and determine 
the approximate Reichert-Meissl number, if desired, as in 27, avoiding too violent 

shaking of the distillate and consequent emulsification of the insoluble acids pre- 

vious to filtration. Remove the remainder of the soluble acids from the insoluble 

acids upon the filter paper by washing with 3 successive portions of 15 ce. of water, 
previously passed through the condenser, the 25 cc. cylinder and the 110 cc. receiv- 

ing flask. Then dissolve the insoluble acids by passing 3 successive 15 ce. por- 
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tions of neutral 90% alcohol by volume through the filter, each portion previously 

passed through the condenser, the 25 ec. cylinder and the 110 ce. receiving flask. 

Titrate the combined alcoholic washings with N/10 sodium hydroxid, using phenol- 

phthalein as an indicator. 

Run a blank in the same manner and subtract the quantity of the standard alkali 

required to neutralize the 45 cc. of alcohol, used in washing the apparatus and filter 

paper of the blank, from that required in each Polenske determination. Report 

the Polenske number as the number of ce. of N/10 alkali required to neutralize the 

insoluble volatile acids from the 110 ce. of distillate as obtained above. Since the 

entire distillate is filtered it is not necessary to multiply the burette reading by 1.1, 

as in 25, but a calculation must be made, as directed in 25, to reduce the actual 

number of ce. found in the titration to the number which would have been required 

had exactly 5 grams of fat been used. 

FIG. 13. APPARATUS’ FOR THE DETERMINATION OF THE POLENSKE NUMBER. 

LIQUID AND SOLID FATTY ACIDS. 

29 Muter Method, Modified by Lane®.—Tentative. 

Weigh 5 grams of the oil or fat into an Erlenmeyer flask, saponify, precipitate with 

lead acetate solution and treat the precipitated lead soap with ether, as directed 

under 37. Filter the ether solution of the soluble lead soap into a Muter tube or 
separatory funnel and decompose the soap by shaking with 40 ec. of hydrochloric 
acid (1 to 5). The soap is completely decomposed when the ether becomes clear 

and colorless. 
Draw off the lead chlorid from the ether solution and wash the ether free from 

acid. Evaporate, until free from ether, an aliquot of this solution in an atmosphere 

of carbon dioxid, in order to prevent the oxidation of the oleic acid, and weigh to 
determine the per cent of liquid acids; determine the iodin number as directed in 
16 or 18, using 0.2-0.3 gram of this residue. 
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As it is very difficult to dry the unsaturated acids without very serious oxidation, 
it is just as satisfactory to determine the weight of insoluble acids by the following 
method: 

Wash the insoluble soap left on the filter into a flask, decompose with hydro- 
chloric acid and heat until the fatty acids are melted. Fill the flask with hot water, 
cool, pour off the water and again wash the solidified fatty acids. Dissolve in hot 
95% alcohol by volume, transfer to a weighed dish, remove the alcohol by evapo- 

ration, dry, weigh and calculate the per cent of solid fatty acids. 

30 FREE FATTY ACIDS.—OFFICIAL. 

Weigh 20 grams of fat, or oil, into a flask, add 50 ce. of 95% alcohol by volume 

which has been neutralized with dilute sodium hydroxid solution, using phenol- 

phthalein as an indicator, and heat to boiling. Shake the flask thoroughly in order 

to dissolve the free fatty acids as completely as possible. Titrate with N/10 alkali, 
shaking thoroughly until the pink color persists after vigorous shaking. 

Express the results either as percentage of oleic acid, as acid degree (ec. of N/1 

alkali required to neutralize the free acids in 100 grams of oil or fat), or as acid 

value (mg. of potassium hydroxid required to saturate the free acids in 1 gram of fat 
or oil). 

One ce. of N/10 alkali is equivalent to 0.0282 gram of oleic acid. 

ACETYL VALUE. 

31 Benedikt-Lewkowittsch Method?.—T entative. 

Boil the oil or fat with an equal volume of acetic anhydrid for 2 hours, pour the 

mixture into a large beaker containing 500 cc. of water and boil for 30 minutes. 

To prevent bumping, pass a slow current of carbon dioxid into the liquid through a 

finely drawn out tube reaching nearly to the bottom. Allow the mixture to sepa- 

rate into 2 layers, siphon off the water, and boil the oily layer with fresh water 

until it is no longer acid to litmus paper. Separate the acetylated fat from the water 
and dry and filter in a drying oven. 

Weigh 2-4 grams of the acetylated fats into a flask and saponify with alcoholic 

potash as in 20. If the distillation process is to be adopted, it is not necessary to 
work with a standardized alcoholic potassium hydroxid solution, but in the fil- 

tration method, which is much shorter, the alcoholic potassium hydroxid solution 
must be measured exactly. In either case evaporate the alcohol after saponification 

and dissolve the soap in water. Then either distil or filter as follows: 
(1) Distillation.—Acidify with sulphuric acid (1 to 10) and distil as in 25. As 

several hundred cc. must be distilled, either run a current of steam through or add 

portions of water from time to time (500-700 ce. of distillate will be sufficient). 

Filter the distillates to remove any insoluble acids carried over by the steam and 
titrate with N/10 potassium hydroxid, using phenolphthalein as an indicator. Mul- 

tiply the number of ce. of alkali employed by 5.61 and divide by the weight of sub- 
stance used to obtain the acetyl value. 

(2) Filtration—Add to the soap solution a quantity of standard sulphuric acid 

exactly corresponding to the amount of alcoholic potassium hydroxid solution 
added, warm gently, filter off the free fatty acids which collect on top, wash with 

boiling water until the washings are no longer acid and titrate the filtrate with N/10 

potassium hydroxid, using phenolphthalein as an indicator. Calculate the acetyl 

value as directed under (1). 
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CHOLESTEROL AND PHYTOSTEROL IN MIXTURES OF ANIMAL AND VEGETABLE FATS. 

32 , Alcohol Extraction Method'*.—Tentative. 

Introduce 200-300 grams of the melted fat into a flat-bottomed liter flask. Close 

the neck of the flask with a 3-holed stopper and insert through these holes: (1) a 
reflux condenser; (2) a right-angled glass tube, one arm of which reaches to a point 

6 mm. above the surface of the melted fat, the other being closed a short distance 

from the flask by means of a short piece of rubber tubing and a pinch-cock; (3) a 

glass tube bent so that one arm reaches down to the bottom of the flask and the 

other serves as a delivery tube for a 700 cc. round-bottomed flask containing 500 cc. 
of 95% alcohol by volume. 

Place the flasks, containing the melted fat and the alcohol, on a steam bath and 

heat so that the alcohol vapor passes through the melted fat in the liter flask and 

is condensed in the reflux condenser, finally collecting in a layer over the melted 
fat. After all the alcohol has passed in this manner into the flask containing the 

fat, disconnect the flask from which the alcohol has been distilled and attach a 

tube to the short piece of rubber tubing attached to the right-angled glass tube 

[see (2) above] and siphon the alcohol layer back into the alcohol distillation flask. 

Reconnect as at first and again distil the alcohol as in the first operation. When 
all the alcohol has been distilled, siphon it again into the distillation flask and 
extract in the same manner for a third time. 

Discard the fat and retain the alcohol which now contains practically all of the 
cholesterol and phytosterol originally present in the fat. Concentrate the alcoholic 
solution to about 250 cc. and add 20 ec. of potassium hydroxid solution (1 to 1) 
to the boiling liquid. Boil for 10 minutes to insure complete saponification of the 

fat, cool to room temperature and pour into a large separatory funnel containing 

500 cc. of warm ether. Shake to insure thorough mixing and add 500 ce. of water. 

Rotate the funnel gently to avoid the formation of extremely stubborn emulsions, 
but mix the water thoroughly with the alcohol-ether-soap solution. A clear, sharp 

separation takes place at once. Draw off the soap solution and wash the ether layer 

with 300 ce. of water, avoiding shaking. Repeat the washing of the ether solution 

with small quantities of water until all the soap is removed. Transfer the ether 
layer to a flask and distil the ether until the volume of liquid remaining in the 
flask measures about 25 ec. Transfer this residue to a tall 50 cc. beaker and 

continue the evaporation until all the ether is driven off and the residue is per- 

fectly dry. If desired, a tared beaker may be used and the weight of the unsaponi- 

fiable matter determined at this point. 

Add 3-5 ce. of acetic anhydrid to the residue in the beaker, cover the beaker 
with a watch glass and heat to boiling over a free flame. After boiling for a few 

seconds, remove the beaker from the flame, cool and add 35 cc. of 60% alcohol by 

volume. Mix the contents of the beaker thoroughly, filter off the alcoholic solution 

and wash the precipitate with 60% alcohol. Dissolve the precipitate on the filter 
with a stream of hot 80% alcohol by volume and wash the insoluble portion well 
with 80% alcohol. Acetates of cholesterol and phytosterol are dissolved while the 

greater portion of the impurities present (including paraffin and paraffin oil if pres- 

ent) remain behind on the filter. Cool the combined filtrate and washings to a 

temperature of 10°-12°C. and allow to stand at that temperature for 2-3 hours. 

During this time the acetates of cholesterol and phytosterol crystallize from the 

solution. Collect the crystals upon a filter, wash with cold 80% alcohol and then 

dissolve them in a minimum amount of hot absolute alcohol. Collect the alcoholic 
solution of the acetates in a small, glass evaporating dish, add 2 or 3 drops of water 

to the solution and heat if not perfectly clear. Allow the alcohol to evaporate 
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spontaneously, the contents of the dish being stirred occasionally to mix the deposit 
of crystals, which form upon the edges, with the main body of the liquid. As soon 

as a good deposit of crystals has formed, collect them upon a hardened filter, wash 
twice with cold 90% alcohol and dry by suction, drying finally at 100°C. for 30 min- 

utes, and determine the melting point in the apparatus shown in 11, Fig. 12, using 
sulphuric acid in the outer beaker and glycerin in the inner tube. 

The melting point of the first crop of crystals usually gives definite information 

as to the presence or absence of phytosterol but the conclusion indicated should be 

confirmed by recrystallizing the crystals from absolute alcohol and again determin- 

ing the melting point. Ifthe crystals are pure cholesteryl acetate, the melting point 
of the second crop should agree closely with that of the first. If phytostery] acetate 

is present, however, a higher melting point will be noted, as phytosteryl acetate is 
less soluble in alcohol than cholesteryl acetate. The melting point of cholesteryl 

acetate is 114°C., that of phytosteryl acetate 125°-137°C. 

33 Digitonin Method. (Marcusson and Schilling")—Tentative. 

Shake vigorously 50 grams of the oil or fat for 15 minutes in a separatory funnel 
with 20 ce. of a 1% solution of digitonin in 95% alcohol by volume. Allow the 
mixture to stand for a time until the emulsion separates. The lower or fat layer 
should be quite clear while the alcohol layer contains a bulky, flocculent precipitate. 

Draw off as much as possible of the fat, avoiding any loss of the precipitate. Add 
100 ce. of ether to the alcohol layer and filter the mixture. Wash the precipitate 
with ether until free from fat; after drying in the air, transfer it to a tall 50 ce. 

beaker, add 2-3 ec. of acetic anhydrid and cover the beaker with a watch glass. 

Then boil slowly over a low flame for 30 minutes. After cooling, add 30-35 cc. of 

60% alcohol by volume and mix the contents of the beaker thoroughly. Filter 
off the alcohol solution and wash the precipitate with 60% alcohol, then dissolve it 

on the filter with a stream of hot 80% alcohol by volume from a wash bottle and 
set aside the filtrate in a cool place (10°C. or below). After the acetates have 

crystallized out of this solution filter them off, recrystallize from absolute alcohol, 
dry and determine the melting point of each crop of erystals, as directed under 32. 

34 UNSAPONIFIABLE RESIDUE!.—TENTATIVE. 

Saponify 5 grams of the oil or fat with alcoholic potassium hydroxid solution and 

remove the alcohol by evaporation. Wash into a separatory funnel with 70-100 ce. 

of water and extract with 50-60 ce. of ether. If the 2 liquids do not separate, adda 
few cc. of alcohol. Separate the water solution and wash the ether with water con- 

taining a few drops of sodium hydroxid solution. Again extract the soap solution 
and washings with ether and evaporate the combined extracts to dryness. In most 
cases it is advisable to add a little alcoholic potassium hydroxid solution to the 

residue and heat in order to saponify any traces of fats left unsaponified and extract 
again with ether. Transfer to a weighed dish and dry as quickly as possible in a 

water oven. 

Many of the hydrocarbon oils are volatile at 100°C., so that the drying should 
not be carried any further than necessary. With resin oil, paraffin wax and the 

denser mineral oils there is little danger of loss at 100°C. 

On account of the solubility of soap in ether and petroleum ether it is well to 

wash the residue with warm water containing a little phenolphthalein. If the 
reaction is alkaline, soap is present and the residue must be further purified. 
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RESIN OIL. 

35 Qualitative Test.—Tentative. 

Polarize the pure oil, or a definite dilution with petroleum ether, in a 200 mm. 

tube. Resin oil has a polarization in a 200 mm. tube of from + 30° to + 40° on the 

sugar scale (Schmidt and Haensch) while most oils'* read between + 1° and —1°. 

COTTONSEED OIL. 

36 Halphen Test!4.—O ficial. 

Mix carbon disulphid, containing about 1% of sulphur in solution, with an equal 

volume of amyl alcohol. Mix equal volumes of this reagent and the oil under exs 

amination, and heat in a bath of boiling, saturated brine for 1-2 hours. In the 

presence of as little as 1% of cottonseed oil, a characteristic red or orange-red color 

is produced. 

Lard and lard oil from animals fed on cottonseed meal will give a faint reaction; 
their fatty acids also give this reaction. 

The depth of color is proportional, to a certain extent, to the amount of oil pres- 
ent, and by making comparative tests with cottonseed oil some idea as to the 
amount present can be obtained. Different oi's react with different intensities, and 
oils which have been heated from 200°-210°C." react with greatly diminished in- 

tensity. Heating 10 minutes at 250°C. renders cottonseed oil incapable of giving 
the reaction". 

PEANUT OIL. 

37 Modified Renard Test!?.—Tentative. 

Weigh 20 grams of the oil into an Erlenmeyer flask. Saponify with alcoholic 

potash solution, neutralize exactly with dilute acetic acid, using phenolphthalein 
as an indicator, and wash into an 800-1000 cc. flask containing a boiling mixture of 

100 cc. of water and 120 cc. of 20% lead acetate solution. Boil for a minute and 

then cool the precipitated soap by immersing the flask in water, occasionally 

giving it a whirling motion to cause the soap to stick to the sides of the flask. After 

the flask has cooled, decant the water and excess of lead acetate solution and wash 

the lead soap with cold water and 90% alcohol by volume. Add 200 cc. of ether, 
cork and allow to stand for some time until the soap is disintegrated; heat on a 

water bath, using a reflux condenser, and boil for about 5 minutes'8. In the case of 
oils, most of the soap will be dissolved, while in lards, which contain much stearin, 

part of the soap will be left undissolved. Cool the ether solution of soap to 15° 

17°C. and allow to stand until all the insoluble soaps have separated out (about 12 
hours). 

Filter upon a Biichner funnel and thoroughly wash the insoluble lead soaps 
with ether. Wash the ether-insoluble lead soaps into a separatory funnel by means 

of a jet of ether, alternating at the end of the operation, if a little of the soap sticks 

to the paper, with hydrochloric acid (1 to 3). Add sufficient hydrochloric acid (1 to 3) 
so that the total volume of the latter amounts to about 200 cc. and enough ether to make 
the total volume of it 150-200 cc. and shake vigorously for several minutes. Allow the 

layers to separate, run off the acid layer, and wash the ether once with 100 ce. of dilute 

hydrochloric acid and then with several portions of water until the water washings 
are no longer acid to methyl orange. Ifa few undecomposed lumps of lead soap re- 

main (indicated by solid particles remaining after the third washing with water), 

break these up by running off almost all the water layer and then a add little concen- 

trated hydrochloric acid, shake and then continue the washing with water as before. 
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Distil the ether from the solution of insoluble fatty acids and dry the latter in the 
flask by adding a little absolute alcohol and evaporating on a steam bath. Dissolve 

the dry fatty acids by warming with 100 cc. of 90% alcohol by volume and cool 

slowly to 15°C., shaking to aid crystallization. Allow to stand at 15°C. for 30 

minutes. In the presence of peanut oil, crystals of arachidie acid will separate from 
the solution. Filter, wash the precipitate twice with 10 ec. of 90% alcohol by 

volume, and then with 70% alcohol by volume, care being taken to maintain the 

arachidic acid and the wash solutions at a definite temperature in order to apply 
the solubility corrections given below. Dissolve the arachidic acid upon the filter 

with boiling absolute alcohol, evaporate to dryness in a weighed dish, dry and 

weigh. Add to the weight 0.0025 gram for each 10 cc. of 90% alcohol used in the 

crystallization and washing, if conducted at 15°C.; if conducted at 20°C., add 0.0045 

gram for each 10 cc. The melting point of arachidic acid thus obtained is 71° 

72°C. Twenty times the weight of arachidie acid will give the approximate amount 

of peanut oil present. Arachidie acid has a characteristic appearance and may 
be identified by the microscope. As little as 5-10% of peanut oil can be detected 

by this method. 

SESAME OIL. 

38 Baudoin Test.—O ficial. 

Dissolve 0.1 gram of finely powdered sugar in 10 ce. of hydrochloric acid (sp. 

gr. 1.20), add 20 cc. of the oil to be tested, shake thoroughly for a minute and allow 

to stand. The aqueous solution separates almost at once and, in the presence of 

even a very small admixture of sesame oil, is colored crimson. Some olive oils 
give a slight pink coloration with this reagent. Comparative tests with known 

samples containing sesame oil will differentiate them. 

39 Villavecchia Test!*.—Official. 

' Add 2 grams of furfural to 100 cc. of 95% alcoho] by volume and mix thoroughly 

0.1 cc. of this solution, 10 cc. of hydrochloric acid (sp. gr. 1.20), and 10 ec. of the oil 

by shaking them together in a test tube. A crimson color is developed as in the 
Baudoin test, 38, where sugar is used. 

Villavecchia explained this reaction on the basis that furfural is formed by the 
action of levulose and hydrochloric acid and therefore substituted furfural for 
sucrose. As furfural gives a violet tint with hydrochloric acid it is necessary to use 
the very dilute solution specified in the method. 

BEEF FAT IN LARD. 

40 Emery Method*®.—Tentative. 

Weigh 5 grams of the melted fat into a glass-stoppered 25 ec. cylinder about 
150-175 mm. in height. Add warm ether up to the 25 ce. mark, stopper securely 

and shake until the fat is completely dissolved. Allow the cylinder to stand for 

about 18 hours at a temperature of 16°-20°C. during which time some of the solid 

glycerides will crystallize out. Decant the clear solution carefully from the erys- 

tals, wash with three 5 cc. portions of cold ether, avoiding breaking up the deposit 

during the first 2 washings. Agitate the crystals with the third portion of ether 

and transfer to a small filter. Wash on the paper with successive small amounts 

of cold ether until 15-20 ce. have been used, then remove the last traces of ether by 

means of slight suction on the stem of the funnel. Break up any large lumps and 

allow the deposit to dry. 
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When thoroughly dry pulverize the glycerides and take their melting point in a 

closed 1 mm. tube, using an apparatus similar to that indicated in 11, Fig. 12. Heat 
the water in the beaker rapidly to about 55°C. and maintain that temperature 
until the thermometer carrying the melting-point tube registers 50°-55°C., then 
heat again and carry the temperature of the outer bath somewhat rapidly to 67°C. 

when the lamp is removed. The melting point of the crystals is regarded as that 

point when the fused substance becomes perfectly clear and transparent. A dark 
background placed about 4 inches from the apparatus will prove of advantage. 

When the melting point of the glycerides obtained by this method is below 63.4°C. 

the presence of beef fat should be suspected, while a melting point of 63°C., or below, 

can be regarded as positive evidence that the sample is not pure lard. It is advis- 

able to carry out this method with a control sample of pure lard in connection with 

each batch of samples analyzed. 

FISH OIL AND MARINE ANIMAL OILS IN THE PRESENCE OF VEGETABLE OILS AND IN THE 
ABSENCE OF METALLIC SALTS. 

41 Qualitative Test.—Tentative. 

Dissolve in a test tube about 6 grams of the oil in 12 cc. of a mixture of equal 
parts of chloroform and glacial acetic acid. Add bromin, drop by drop, until a 

slight excess is indicated by the color, keeping the solution at about 20°C. Allow 

to stand 15 minutes or more and then place the test tube in boiling water. If vege- 

table oils only are present, the solution will become perfectly clear, while fish oils 
will remain cloudy or contain a precipitate due to the presence of insoluble bromids. 

42 COLORING MATTERS.—TENTATIVE. 

Proceed as directed under XI, 3. 
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XXIV. SPICES AND OTHER CONDIMENTS. 

SPICES. 

1 PREPARATION OF SAMPLE.—TENTATIVE. 

Grind the sample so as to pass through a sieve having circular openings 1 mm. in 

diameter and mix thoroughly. Owing to the lack of uniformity of most spices 

and the peculiar tendency to stratify, extreme care is necessary in weighing out a 
portion for analysis. Stir the material with a spoon, having a capacity of approxi- 
mately 2 grams, and dip a spoonful from the interior in order that only a very small 
amount needs to be added to or taken from the portion on the scale pan. In the 

determination of starch in spices by the diastase method, reduce a portion of the 
sample to an impalpable powder by grinding in a mortar. 

2 MOISTURE.—TENTATIVE, 

Dry 2 grams to constant weight at 110°C. From the resulting loss in weight 
subtract the amount of volatile ether extract as determined in 9. 

3 ASH.— OFFICIAL, 

Determine as directed under VIII, 4. 

4 SOLUBLE AND INSOLUBLE ASH.—TENTATIVE. 

Proceed as directed under IX, 17, employing the ash obtained in 3. 

5 ASH INSOLUBLE IN ACID.—TENTATIVE. 

Boil the water-insoluble residue, obtained in 4, or the total ash obtained in 3, 
with 25 cc. of 10% hydrochloric acid (sp. gr. 1.050) for 5 minutes, collect the insol- 

uble matter on a Gooch or an ashless filter, wash with hot water, ignite and weigh. 

6 CALCIUM OXID IN ASH.—OFFICIAL. 

Ignite 24 grams of the sample as directed under 3, digest with hot 10% hydro- 
chloric acid, evaporate to dryness, moisten the dry residue with dilute hydro- 

chloric acid and again evaporate to dryness to render the silica insoluble. Moisten 

the residue with 5-10 ec. of hydrochloric acid, add about 50 cc. of water, allow to 
stand on a water bath for a few minutes, filter and wash the insoluble residue with 

hot water. Determine calcium oxid in the combined filtrate and washings as directed 
under XXVIII, 23. 

7 NITROGEN.—OFFICIAL. 

Determine as directed under I, 18, 21 or 23, except in the case of black and 
white peppers in which use only the Kjeldahl-Gunning-Arnold method! [I, 23], 
employing 1 gram of the sample. 

NITROGEN IN NON-VOLATILE ETHER EXTRACT. 

8 Winton, Ogden and Mitchell Method.—Tentative. 

(For black and white peppers.) 

Extract 10 grams of the pepper for 20 hours in a continuous extraction apparatus 
with absolute ether, collecting the extract in a weighed 250 ce. flask. Evaporate 

317 
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the ether, dry first at 100°C. and finally to constant weight at 110°C. Determine 
the nitrogen in the weighed extract, as directed in I, 23, digesting in the same flask 

used for the extraction. Calculate the parts of nitrogen per 100 parts of non-vola- 

tile ether extract. If desired, crude piperin may be calculated from the nitrogen 
by multiplying by 20.36. 

9 VOLATILE AND NON-VOLATILE ETHER EXTRACT’.—TENTATIVE. 

Extract 2 grams of the ground material for 20 hours in a continuous extrac- 

tion apparatus with anhydrous ether [VIII, 9]. Transfer the ethereal solution to 
a tared capsule and allow to evaporate at room temperature. Let stand for 18 
hours over sulphuric acid and weigh the total ether extract. Heat the extract 

gradually and then to constant weight at 110°C. The loss is volatile ether extract; 
the residue, non-volatile ether extract. 

10 ALCOHOL EXTRACT*.—TENTATIVE. 

Place 2 grams of the sample in a 100 ce. flask and fill to the mark with 95% alcohol 
by volume. Stopper, shake for 8 hours at 30 minute intervals and allow to 

stand for 16 hours longer without shaking. Filter the extract through a dry 

filter, evaporate a 50 ce. aliquot of the filtrate to dryness in a flat-bottomed dish 

on a water bath and heat to constant weight at 110°C. 

11 COLD-WATER EXTRACT.—TENTATIVE. 

(For ginger.) 

Place 4 grams of the sample in a 200 cc. graduated flask, add water to the mark, 

shake at 30 minute intervals during 8 hours and let stand 16 hours longer with- 

out shaking. Filter and evaporate a 50 cc. aliquot of the filtrate to dryness in a 

flat-bottomed, metal dish. Dry to constant weight at 100°C. 

12 COPPER-REDUCING SUBSTANCES BY DIRECT INVERSION.—TENTATIVE. 

Extract 4 grams of the sample with 5 successive portions of 10 ec. of ether on a 

filter that will retain completely the smallest starch granules. After the ether 

has evaporated, wash with 150 ec. of 10% alcohol by volume. 
Owing to the formation of a glutinous mass which clogs the filter, it is not possible 

to wash samples of Batavia cassia with water or dilute alcohol. Therefore all pre- 
liminary washing is best omitted in determinations made on all varieties of cassia, 
as well as on cassia buds and cinnamon. 

Carefully wash the residue from the paper into a 500 cc. flask with 200 ce. of 
water, using a small wash bottle, and gently rubbing the paper with the tip of the 
finger. Hydrolyze and determine the copper reducing material as directed under 
VIII, 60. Express the result in terms of starch. 

13 STARCH.—TENTATIVE. 

Extract 4 grams of the finely pulverized sample with ether and 10% alcohol by 

volume, as directed under 12, and determine starch by the diastase method, as 
directed under VIII, 62. 

14 CRUDE FIBER.—TENTATIVE. 

Proceed as directed under VIII, 68, and remove all ether extractives by suc- 
cessive washings of the dry fiber with ether previous to weighing. 
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15 TANNIN.—TENTATIVE. 

(For cloves and allspice.) 

Extract 2 grams of the sample for 20 hours with anhydrous ether. Boil the 

residue for 2 hours with 300 ce. of water, cool, make up to 500 ee. and filter. Measure 

25 ce. of this infusion into a 1200 ce. flask, add 20 ce. of indigo solution, 750 cc. of 

water and proceed as directed under XVI, 32. One cc. of N/10 oxalic acid is 
equivalent to 0.006232 gram of quercitannic acid, or 0.0008 gram of oxygen absorbed. 

16 TOTAL SULPHUR.—OFFICIAL. 

(For mustard.) 

Proceed as directed under III, 17. 

OLIVE OIL. 

(For paprika.) 

17 Qualitative Test.—Tentative. 

Spread 5 grams of the paprika on a watch glass and dry over sulphuric acid for 

at least 12 hours. Measure 250 cc. of anhydrous, alcohol-free ether [VIII, 9] into a 
graduated flask on which the mark is situated near the lower end of the neck, and 

brush the paprika into it. Place a mark on the neck of the flask at the point where 
the meniscus is, and allow to stand for an hour, shaking at 20 minute intervals 
during that time. Bring the meniscus back to the mark placed upon the neck, either 
by cooling the flask and contents if the level has risen, or by adding absolute ether 

if it has fallen; let the solid particles settle and pipette off 100 ce. of the supernatant 
liquid, filter through an 11 cm. closely woven paper into a tared, air-dry, 250 cc., 

glass-stoppered Erlenmeyer flask that has been counterpoised against a similar 

flask; wash the paper with a little absolute ether. Then distil off the solvent and 

remove the flask from the bath as soon as the ether ceases to come over. Lay the 

flask on its side in a water oven and heat for 30 minutes; cool the open flask for at 
least 30 minutes in the air and weigh. Repeat this heating and weighing until the 
weight is constant to within 1 mg., 2 heatings usually being sufficient. Note the 

per cent of ether extract obtained. If more than 14 hours of heating are required 

to obtain constant weight, or if the ether extract becomes colorless, reject it and 

start a new determination with freshly purified ether. 
Dissolve the ether extract in the flask with 10 cc. of chloroform, add 30 ce. of 

Hanus’ solution [XXIII, 17 (a)] and proceed as directed under XXIII, 18, allow- 
ing 30 minutes for the halogen absorption. Note the iodin number of the ether 

extract. The iodin number of pure paprika thus obtained should not be less than 

125. 
MICROSCOPIC EXAMINATION.—TENTATIVE. 

18 GENERAL, 

Adulterants of vegetable origin in spices are detected best by means of the mi- 

croscope. A general knowledge of vegetable histology and the microscopic appear- 

ance of the spices and spice adulterants is essential. Some of the standard works* 

on these subjects are listed in the bibliography. 

19 REAGENTS. 

Of the numerous reagents employed in histological work the following are the 

most useful in spice examinations :— 

(a) Glycerol solution (1 to 1). 
(b) Absolute alcohol. 
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(C) Ether. ad 

(d) Ammonium hydroxid.—The concentrated solution, containing about 30% of 
ammonia gas, is used in making Schweitzer’s reagent and for some other purposes. 
For the turmeric test the concentrated solution should be diluted with 10 parts of 

water. 

(€) 5% potassium hydroxid solution. 
(f£) Chloral hydrate solution (8 to 5). 

(&) Schultze’s mixture.—Crystallized potassium chlorate mixed with nitric acid 
as needed. 

(h) Jodin-potassium iodid solution.—A solution of 0.05 gram of iodin, 0.2 gram 

of potassium iodid in 15 ce. of water. 

(i) Chler-zine iodin solution.—Dissolve 100 grams of zine chlorid in 60 cc. of water 

and to this add 20 grams of potassium iodid and 0.5 gram of iodin crystals. A few 

crystals of iodin should be left in the bottle to insure saturation and allowed to 

stand a few hours before using. ‘The chlor-zine iodin solution, prepared in this 

manner, will keep for months. If the color developed in the tissue is too deep a blue, 

avery slight dilution of the reagent is advisable. 

(j) Millon’s reagent.—Prepare as in XV, 9. 

(kK) 1% ferric acetate or chlorid solution.—Freshly prepared. 

(1) Alkanna tincture.—Macerate 20 grams of alkanet root for several days with 

100 ce. of alcohol. 

(m) Aqueous safranin solution. 

(nm) 10% hydrochloric acid. 

(0) Acetic acid.—Glacial or 99% acetic acid diluted with 2 parts of water. 

20 APPARATUS. 

(a) Dissecting microscope or hand lens. 

(b) Compound microscope.—Provided with 3 and } inch objectives, 1 and 2 inch 
oculars, double nosepiece. eyepiece micrometer and polarizing apparatus. 

(C) Steves.—A series of sieves with meshes ranging from 0.2—-2 mm. 

(d) Slides, cover-glasses, needles, scalpels, forceps, etc. 

21 PREPARATION OF SAMPLE. 

Reduce one portion to a fine powder in a mortar. Separate another portion into 

several grades of fineness by sieves of different mesh or by jarring on a sheet of 

paper. In the coarser grades, fragments of a suspicious nature may often be seen 
with the naked eye or under a simple microscope; these should be picked out for 

subsequent examination under the compound microscope. 

22 EXAMINATION. 

Mount a small quantity of the ground sample in water and examine under the 

compound microscope with both ordinary and polarized light. This gives general 
information as to the nature of the material and serves for the detection and iden- 

tification of starch granules and various tissues. Draw a small drop of the iodin- 
potassium iodid solution into the same preparation by means of a piece of filter 

paper placed on the opposite edge of the cover-glass and examine. Starch gran- 
ules will be colored blue or blue-black, cellulose yellow, and proteins either brown 

or yellow. 

In the manner just described draw a little of the 5% potassium hydroxid solution 
under the cover-glass and again examine. This treatment gelatinizes the starch 
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granules, dissolves the proteins, saponifies the fats, and in other ways clears the 
preparation. It also imparts to tannins a reddish color. If this treatment does 
not clear the tissues satisfactorily, treat a fresh portion for some hours with the 
chloral hydrate solution. 

Examine also the crude fiber obtained in the chemical analysis, asin this mate- 
rial the stone cells and other tissues are shown distinctly. 

To isolate stone cells, bast fibers and other thick-walled cells macerate a por- 

tion of the sample in Schultze’s mixture, using such proportion of potassium chlor- 
ate and nitric acid and heating for such a time as secures the desired results. Pow- 
dered charcoal and charred shells resist the bleaching action of potash, chloral 

hydrate and Schultze’s mixture. 

If it is desired to distinguish cellulose from infiltrated substances (lignin, suberin, 

etc.), add the freshly prepared chlor-zinc iodin solution to a water mount, whereby 
the former is colored blue and the latter yellow. 

Test for proteins by cautiously warming on a slide with a drop of freshly pre- 
pared Millon’s reagent. The proteins are partially decomposed, acquiring grad- 
ually a brick-red color. If it is desired to study the form of the aleurone (pro- 

tein) granules, which in some plants are quite as characteristic as starch granules, 

prepare a mount in pure glycerol or oil. 

To distinguish fats, oils, essential oils and resins from other cell contents, treat 

for an hour with the alkanna tincture, diluted with an equal bulk of water, which 

imparts to these substances a deep red color, or treat with ether, which dissolves 

them. Treat also with alcohol, which dissolves the essential oils and resins, but 

does not perceptibly affect the fats and oils. 

In testing for tannins and tissues impregnated with these substances, add the 
1% ferric acetate or chlorid solution. Both of these reagents give a green or blue 

color with tannins, but the former acts more slowly and is to be preferred. 

Crystals of calcium oxalate are recognized by their characteristic forms and 
their behavior to polarized light. To distinguish calcium oxalate from calcium 

carbonate, treat with acetic acid, which does not affect the former, but dissolves 
the latter with effervescence. Both are soluble in hydrochloric acid. 

PREPARED MUSTARD. 

23 PREPARATION OF SAMPLE.—TENTATIVE. 

Transfer the entire contents of the container to a dish sufficiently large to stir 

thoroughly and make the whole mass homogeneous. Preserve in a bottle having 

a tightly fitting glass stopper. Stir well each time before removing a portion for 

analysis. 

24 SOLIDS.—TENTATIVE. 

Weigh 5 grams of the sample into a flat-bottomed, platinum dish, distribute 

evenly over the bottom of the dish with a little water, place on a water bath until 

the mixture appears dry, and heat finally to constant weight at 100°C. in a water 
oven. 

25 ASH.—OFFICIAL. 

Ignite the dry residue, obtained in the determination of solids, 24, as directed 
under VIII, 4. 

26 SALT.—TENTATIVE. 

Determine chlorin in the ash as directed under II, 15. 
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27 ETHER EXTRACT.—TENTATIVE. 

Weigh 10 grams of the sample into a capsule and mix with about 30 grams of 

sand. Heat on a water bath until the mixture appears dry and complete the dry- 
ing in a water oven. Grind until all the lumps are broken up, and determine the 
ether extract as directed under VIII, 10. 

28 PROTEIN.—OFFICIAL. 

Determine the nitrogen as directed under I, 18, 21 or 23, using 5 grams of the 
sample. Multiply the result by 6.25 to obtain the amount of protein. 

29 ACIDITY.—TENTATIVE. 

Weigh 10 grams of the sample into a 200 cc. graduated flask, make up to the 

mark with water, shake, filter through a dry paper and determine the acidity in 

100 ce. by titration with N/10 alkali, using pbenolphthalein as an indicator. Ex- 

press the result as acetic acid. One ce. of N/10 alkali is equivalent to 0.0060 gram 

of acetic acid. 

30 COPPER-REDUCING SUBSTANCES.—TENTATIVE. 

By Direct Inversion. 

Proceed as directed under VIII, 60, except that 10 grams of the sample, without 
previous washing or extraction, are treated directly with 200 cc. of water and 20 cc. 

of 25% hydrochloric acid and the solution is made up to 250 ce. after neutralizing 
and before filtering and drawing off the aliquot. In analyses of samples contain- 

ing starch, particular attention should be given that the amount of dextrose 

present in the aliquot taken for the reducing sugar determination does not exceed 

the maximum permitted for that determination. Calculate the result in terms of 

starch. 

31 CRUDE FIBER.—TENTATIVE. 

Transfer 8 grams of the sample (equivalent to about 2 grams of dry matter) to a 
porcelain or glass mortar. Treat with a little hot 1.25% sulphuric acid and rub into 

a uniform thin paste. It is absolutely essential that this paste be uniform in con- 

sistency and entirely free from lumps. Rinse the thin mixture into a 500 ce. Erlen- 
meyer flask, using a total volume of 200 cc. of the hot 1.25% sulphuric acid for the 

entire operation. Proceed as directed under VIII, 68, and remove all the fat, pre- 
vious to weighing of the crude fiber, by repeated washings of the dry fiber with 

ether. 

32 COLORING MATTERS.—TENTATIVE. 

Proceed as directed under XI. 

33 PRESERVATIVES.—TENTATIVE. 

Proceed as directed under X. 

TOMATO PRODUCTS. 

34 PREPARATION OF SAMPLE.—TENTATIVE. 

Shake the package and contents thoroughly to incorporate any sediment, then 

transfer the entire contents of the container to a large glass or porcelain dish and 

mix thoroughly, continuing the stirring for at least 1 minute. Transfer the well 
mixed sample to a glass-stoppered container and shake or stir thoroughly each time 

before removing portions for analysis. 
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5 TOTAL SOLIDS.—TENTATIVE. 

Weigh 10 grams of the sample into a flat-bottomed, platinum dish having a diam- 
eter of about 6 cm., spread the sample in a thin layer, evaporate to dryness on a 

steam bath and dry in a water oven for 4 hours. 

36 INSOLUBLE SOLIDS.—TENTATIVE. 

Wash 20 grams of the sample repeatedly with hot water, centrifugalizing after 

each addition of water and pouring the clear, supernatant liquid through a tared’ 

triple filter paper on a Biichner funnel. After 4-5 washings transfer the remaining 
insoluble matter to the filter, dry for 2 hours at 100°C., cool in a desiccator and 

weigh rapidly. The paper used should be dried for 2 hours at 100°C., cooled ina 

desiceator and weighed. A cylinder, 1-1} inches in diameter and 5-6 inches long, 

is convenient for washing and centrifugalizing. 

37 SOLUBLE SOLIDS.—TENTATIVE. 

Subtract the percentage of insoluble solids from the percentage of total solids 
to obtain the percentage of soluble solids. 

38 SAND.—TENTATIVE. 

Weigh 100 grams of the well mixed sample into a 2-3 liter beaker, nearly fill the 

beaker with water, and mix the contents thoroughly. Allow to stand 5 minutes 

and decant the supernatant liquid into a second beaker. Refill the first with water 

and again mix the contents. After 5 minutes more decant the second beaker into 

a third, the first into the second, refill and again mix the first. Continue this opera- 

tion, decanting from the third beaker into the sink until the lighter material is 

washed out from the ketchup. Then collect the sand from the 3 beakers on a tared 

Gooch crucible, dry, ignite and weigh. Attention is especially called to the fact 

that under “‘Sand”’ only the figure obtained by this method should be reported. 

The results obtained by the determination of ash insoluble in hydrochloric acid 
are not applicable to the determination of sand, since the sand is so unevenly dis- 

tributed that reliable results can only be obtained by taking a larger sample than 

is possible in the determination of ash. 

39 ASH.—OFFICIAL. 

Evaporate 10 grams of the sample to dryness ona water bath and ignite as directed 

under VIII, 4. 

40 ALKALINITY OF THE ASH.—TENTATIVE. 

Proceed as directed under XIII, 7. Express the result as the number of ce. of 
N/10 acid required to neutralize the ash from 100 grams of the sample. 

41 SODIUM CHLORID.—OFFICIAL. 

Proceed as directed under III, 15, using either an aliquot of the solution obtained 
in 40 or a nitric acid solution of the whole ash. 

42 REDUCING SUGARS BEFORE INVERSION.—TENTATIVE. 

Weigh 20 grams of the sample into a 200 ce. flask, dilute with about 100 ce. of 

water, clarify with a slight excess of neutral lead acetate solution, dilute to the 

mark and filter. Remove the excess of lead with anhydrous sodium or potassium 
oxalate. Filter and determine reducing sugars as directed under VIII, 25. Ex- 
press the result as per cent of invert sugar. 



324 METHODS OF ANALYSIS [Chap. 

43 REDUCING SUGARS AFTER INVERSION.—TENTATIVE. 

Transfer 50 cc. of the filtrate, obtained in 42, to a 100 ce. flask, add 5 cc. of con- 

centrated hydrochloric acid and let stand overnight. Nearly neutralize with 

sodium hydroxid solution, cool, dilute to the mark and determine reducing sugars 
in an aliquot as directed under VIII, 25. Express the result as per cent of invert 
sugar. 

44 SUCROSE.—TENTATIVE. 

Proceed as directed under VIII, 18. 

45 TOTAL ACIDS.—TENTATIVE. 

Proceed as directed under XIX, 17, employing 5 grams of the sample. Express 
the result as anhydrous citric acid. One ec. of N/10 alkali is equivalent to 0.0064 

gram of anhydrous citric acid. 

46 VOLATILE ACIDS.—TENTATIVE. 

Proceed as directed under XVI, 27, employing 25 grams of the sample, increas- 
ing the amount of water used for the distillation and collecting a correspondingly 

larger amount of distillate. Express the result as acetic acid. One ec. of N/10 
alkali is equivalent to 0.0060 gram of acetic acid. Reserve the neutralized distillate 

for the detection of butyric acid. 

BUTYRIC ACID. 

47 Qualitative Test.—Tentative. 

Evaporate the neutralized distillate, obtained in 46, to dryness on a steam bath. 

Decompose the residue with about 5 cc. of 10% sulphuric acid and note the odor. 

48 FIXED ACIDS.—TENTATIVE. 

Multiply the percentage of volatile acids, 45, by 1.067 and subtract the product 
from the percentage of total acids, 45, to obtain the per cent of fixed acids as citric 

acid. 

MICRO-ANALYSIS OF TOMATO PULP, KETCHUP, PUREE AND SAUCE (PASTE). 

49 APPARATUS. 

(a) Compound microscope.—Giving magnifications of approximately 90, 180 and 

500 diameters. These diameters can be obtained by a microscope equipped with 

16 and 8 mm. apochromatic objectives and a X6 and a X18 compensating ocular 

(a X12 ocular may also be used if desired). 

(b) Thoma-Zeiss blood counting cell. 

(C) Special Thoma-Zeiss cell.—With the central disk of 19 mm. diameter for 

making the mold counté. 

50 MOLDS.—TENTATIVE. 

Clean the special Thoma-Zeiss cell so that Newton’s rings are produced be- 

tween the slide and the cover-glass. Remove the cover and place, by means of a 

knife blade or scalpel, a small drop of the sample upon the central disk; spread the 
drop evenly over the disk and cover with the cover-glass so as to give an even spread 

to the material. 
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It is of the utmost importance that the drop be mixed thoroughly and spread 
evenly, otherwise the insoluble matter, and consequently the molds, are most abun- 
dant at the center of the drop. Squeezing out of the more liquid portions around 
the margin must be avoided. In a satisfactory mount Newton’s rings should be 
apparent when finally mounted and none of the liquid should be drawn across the 
moat and under the cover-glass. 

Place the slide under the microscope and examine with about 90 diameters and 

with such adjustment that each field of view represents approximately 1.5 sq. mm. 

of area on the mount. 

Observe each field as to the presence or absence of mold filaments and note the 

result as positive or negative. Examine at least 50 fields, prepared from 2 or more 
mounts. No field should be considered positive unless the aggregate length of the 

filaments present exceeds approximately one sixth the diameter of the field. Cal- 

culate the proportion of positive fields from the results of the examination of all 
the observed fields and report as percentage of fields containing mold filaments. 

51 YEASTS AND SPORES.—TENTATIVE. 

Fill a graduated cylinder with water to the 20 cc. mark, and then add the sample 

till the level of the mixture reaches the 30 cc. mark. Close the graduate, or pour 
the contents into an Erlenmeyer flask, and shake the mixture vigorously 15-20 sec- 

onds. To facilitate thorough mixing the mixture should not fill more than three 
fourths of the container in which the shaking is performed. For tomato sauce or 

pastes, or products running very high in the number of organisms, or of heavy con- 

sistency, 80 cc. of water should be used with 10 ce. or 10 grams of the sample. 

In the case of exceptionally thick or dry pastes, it may be necessary to make an 
even greater dilution. 

Pour the mixture into a beaker. Thoroughly clean the Thoma-Zeiss counting 
cell so as to give good Newton’s rings. Stir thoroughly the contents of the beaker 

with a scalpel or knife blade, and then, after allowing to stand 3-5 seconds, remove 

a small drop and place upon the central disk of the Thoma-Zeiss counting cell and 
cover immediately with the cover-glass, observing the same precautions in mount- 

ing the sample as given under 50. Allow the slide to stand not less than 10 min- 

utes before beginning to make the count. Make the count with a magnification 

of about 180 (8 mm. apochromatie objective with the X6 compensating ocular). 

Count the number of yeasts and spores on one half of the ruled squares on the 
disk (this amounts to counting the number in 8 of the blocks, each of which con- 

tains 25 of the small ruled squares). The total number thus obtained equals the num- 
ber of organisms in 1/60 cmm. if adilution of 1 part of the sample with 2 parts of water 

is used. If a dilution of 1 part of the sample with 8 parts of water is used, 

the number must be multiplied by 3. In making the counts, the analyst should 

avoid counting an organism twice when it rests on a boundary line between 2 adja- 

cent squares. 

52 BACTERIA.—TENTATIVE. 

Estimate the bacteria from the mounted sample, used in 51, but allow the sample 

to stand not less than 15 minutes after mounting before counting. Use a magnifi- 

cation of about 500 (8 mm. apochromatic objective and X18 compensating ocular). 

Because of the somewhat clearer definition obtained with the X12 compensating 

ocular, some prefer it to the X18, though the magnification is correspondingly less, 

being about 375. Count and record the number of bacteria in a small area consist- 

ing of 5 of the small sized squares. Move the slide to another portion of the field 



326 METHODS OF ANALYSIS 

and count the number on another similar area. Count 5 such areas, preferably 1 
from near each corner of the ruled portion of the slide and 1 from near the center. 

Determine the average number of bacteria per area and multiply by 2,400,000 which 
gives the number of bacteria per ee. If a dilution of 1 part of the sample with 
8 parts of water instead of 1 part of the sample with 2 parts of water is used in 

making up the sample, then the total count obtained as above must be multiplied 
by 7,200,000. Omit the micrococci type of bacteria in making the count. 

BIBLIOGRAPHY. 
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XXV. CACAO PRODUCTS. 

1 PREPARATION OF SAMPLE.—TENTATIVE. 

Mix powdered products thoroughly and preserve in tightly stoppered bottles. 
Chill'sweet or bitter chocolate until it becomes hard and reduce to a finely granu- 

lar condition by grating or shaving. Mix thoroughly and preserve in a tightly 
stoppered bottle in a cool place. 

2 MOISTURE.— OFFICIAL. 

Proceed as directed under IX, 2. 

3 ASH.—OFFICIAL. 

Proceed as directed under VIII, 4, employing sufficient sample to contain approxi- 
mately 1 gram of water-, sugar- and fat-free material. 

4 ASH INSOLUBLE IN ACID.—TENTATIVE. 

Proceed as directed under XXIV, 5. 

5 SOLUBLE AND INSOLUBLE ASH.—TENTATIVE, 

Proceed as directed under IX, 17, employing sufficient sample to contain ap- 

proximately 1 gram of water-, sugar- and fat-free material. 

6 ALKALINITY OF THE SOLUBLE ASH.—TENTATIVE. 

Proceed as directed under IX, 18. 

7 ALKALINITY OF THE INSOLUBLE ASH.—TENTATIVE. 

Proceed as directed under IX, 19. 

8 TOTAL NITROGEN,.—OFFICIAL. 

Determine total nitrogen as directed under I, 18, 21 or 23. 

9 CRUDE FIBER.—TENTATIVE. 

Proceed as directed under VIII, 68, employing sufficient sample to contain ap- 
proximately 1 gram of water-, sugar- and fat-free material, except that both filtra- 

tions should be made upon paper, the washed fiber either being weighed upon a 

tared filter in the usual way or rinsed from the paper into a tared Gooch, dried and 

weighed. 

The residue after fat extraction may be used directly for the crude fiber deter- 
mination in the analysis of commercial cocoa and other finely ground or pulver- 

ized cacao products. If, however, the material is at all granular, it should be re- 

duced to an impalpable powder; otherwise the results will be much too high. The 

pulverization may be satisfactorily performed by grinding with ether, as described 
under 10, treating the extracted residue with the hot 1.25% sulphuric acid and 

proceeding from this point as directed above. 
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STARCH. 

10 Direct Acid Hydrolysis.—Tentative. 

Weigh 4 grams of the sample, if unsweetened, or 10 grams if sweetened, into a 

small porcelain mortar, add 25 ce. of ether and grind. After the coarser material 
has settled, decant the ether, together with the fine suspended matter, onto an 11 

cm. paper of sufficiently fine texture to retain the crude starch. Repeat this treat- 

ment until no more coarse material remains. After the ether has evaporated from 
the filter, transfer the fat-free residue to the mortar by means of a jet of cold water 

and rub to an even paste, filtering on the paper previously employed. Repeat this 

process until all the sugar is removed. In the case of sweetened products the fil- 

trate should measure at least 500 cc. Determine crude starch in the extracted 
residue as directed under VIII, 60. 

11 Diastase Method.—Tentative. 

Remove fat and sugar from 4 grams of the sample, if unsweetened, or 10 grams if 

sweetened, as directed under 10. Wash carefully the wet residue into a beaker with 

100 ce. of water, heat to boiling over asbestos with constant stirring and continue 

the boiling and stirring for 30 minutes. Replace the water lost by evaporation and 

immerse the beaker in a water bath kept at 55°-60°C. When the liquid has cooled 

to the temperature of the bath, add 20 cc. of freshly prepared malt extract [VIII, 
61] and digest the mixture for 2 hours with occasional stirring. Boil a second 

time for 30 minutes, dilute, cool and digest as before with another 20 ce. portion 

of the malt extract. Heat again to boiling, cool and transfer to a 250 ee. flask. Add 

3 ce. of alumina cream, make up to the mark and filter through a dry paper. The 

residue on the paper should show no signs of starch when examined microscopically. 

Continue from this point as directed under VIII, 62, beginning with the words 
“Place 200 cc. of the filtrate in a flask with 20 ec. of hydrochloric acid’. 

12 FAT.—TENTATIVE. 

Dry 2 grams of the material over sulphuric acid until all the moisture is practi- 

cally removed. (Products rich in fat show a tendency to cake at the temperature 
of boiling water. Hence, drying by means of heat must be avoided.) Extract with 

anhydrous ether in a continuous extractor until no more fat is removed. Grind 

and repeat the extraction. Introduce the ether extract into a tared dish, allow the 

ether to evaporate and dry the residue to constant weight at 100°C. 

The rapid centrifugal method', though useful and accurate under ordinary con- 
ditions, is unreliable during the summer months or in warm latitudes and has not 
been approved. 

13 FAT CONSTANTS.—TENTATIVE. 

Separate the fat in a manner similar to that described under 15 and determine 
the melting point, index of refraction, iodin absorption, saponification, Reichert- 
Meissl and Polenske numbers as directed under XXIII. Melting point determi- 
nations upon this material do not become normal until the fat has been kept for at 

least 24 hours in a cool place. 

14 MILK FAT IN MILK CHOCOLATE.—TENTATIVE. 

Estimate the amount of milk fat in milk chocolate from the following formula 

based on a Reichert-Meissl number of 0.5 for cocoa butter: 
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. _ 
25 cele) = UB) eo rai 

A = grams of butter fat in 5 grams of mixed fat; 

B = 5 — A = grams of cocoa fat in 5 grams of mixed fat; 

C = Reichert-Meissl number of extracted fat. 

From which the 

Cc 

Weight of butter fat in 5 grams of mixed fat = 2 asi0:5 and the 

C-0.5 
Per cent of butter fat = per cent of total fat x 35 

15 SUCROSE AND LACTOSE.—TENTATIVE. 

Prepare the sample by chilling well and shaving as finely as possible with a knife. 
Transfer 26 grams of this material to an 8 ounce nursing bottle, add about 100 ee. 

of petroleum ether and shake for 5 minutes. Centrifugalize until the solvent is 
clear. Draw off the same by suction and repeat the treatment with petroleum 
ether. Place the bottle containing the de-fatted residue in a warm place until the 
residual traces of petroleum ether are practically expelled. Add 100 ce. of water, 

shake until all the chocolate is loosened from the sides and bottom of the bottle 

and then shake for 3 minutes longer. Add basic lead acetate solution from a burette 

to complete precipitation, then sufficient water to make the total volume of liquid 
110 cc. Mix thoroughly and filter through a folded filter. Make the direct polari- 

scopic reading ‘‘a’’ in a 200 mm. tube. Precipitate the excess of lead by anhydrous 
potassium oxalate and invert the solution as directed under VIU, 14. Obtain 
the reading of the inverted solution. Multiply the invert reading by 2 to correct 

for dilution ‘‘b’’. From the figures obtained calculate the percentages of sucrose 

(S) and lactose (L) by the formulas 

— (a—b) (110 + x) 
SS) 

t 
142.66- 3 

a(1.1+ 495) -8 , 
L= 07S in which the value of x is obtained from 

7 

0.2244 (a — 21d) 
x T— 0.00204 (a — 21d) in which the value of d is obtained from 

a—b 

t 
142.66 — 5 

d= 

16 CASEIN IN MILK CHOCOLATE.—TENTATIVE. 

It is unnecessary to de-fat the chocolate. Weigh 10 grams of the chocolate 
into a 500 ec. Erlenmeyer flask and add 250 cc. of 1% sodium oxalate solution. Heat 
to boiling and boil gently for a few minutes, then cool, add 5 grams of magnesium 

carbonate and filter. Determine nitrogen in 50 ce. of this filtrate. Pipette 100 ce. 

of the filtrate into a 200 cc. volumetric flask and dilute almost to the mark with 

water. Then precipitate the casein by the addition of 2 cc. of glacial acetic acid 
or 1 ce. of concentrated sulphuric acid. Make to volume, shake, filter and deter- 

mine nitrogen in 100 ce. of the filtrate. The difference between the 2 nitrogen de- 

terminations gives the nitrogen derived from the casein which, multiplied by 6.38, 
gives the amount of casein present in 2 grams of the sample. 
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17 COLORING MATTERS.—TENTATIVE, 

Proceed as directed under XI. 

BIBLIOGRAPHY. 

1U.S. Bur. Chem. Bull. 137, p. 103. 



XXVI. COFFEES. 

GREEN COFFEE. 

1 MACROSCOPIC EXAMINATION.—TENTATIVE. 

A macroscopic examination is usually sufficient to show the presence of excessiv= 

amounts of black and blighted coffee beans, coffee hulls, stones and other foreign 

matter. These can be separated by hand picking and determined gravimetrically. 

2 COLORING MATTERS.—TENTATIVE. 

Shake vigorously 100 grams or more of the sample with cold water or 70% alco- 
hol by volume. Strain through a coarse sieve and allow to settle. Identify 
soluble colors in the solution and insoluble pigments in the sediment as directed 

under XI. 

ROASTED COFFEE. 

3 MACROSCOPIC EXAMINATION.—TENTATIVE. 

Artificial coffee beans are apparent from their exact regularity of form. Roasted 

legumes and lumps of chicory, when present in whole roasted coffee, can be picked 

out and identified microscopically. In the case 0° ground coffee sprinkle some of 

the sample on cold water and stir lightly. Fragments of pure coffee, if not over- 

roasted, will float, while fragments of chicory, legumes, cereals, ete., will sink imme- 

diately, chicory coloring the water a decided brown. In all cases identify the par- 

ticles that sink, by microscopical examination. 

4 PREPARATION OF SAMPLE.—TENTATIVE. 

Grind the sample and pass through a sieve having holes 0.5 mm. in diameter 

and preserve in a tightly stoppered bottle. 

5 MOISTURE.—TENTATIVE. 

Dry 5 grams of the sample at 105°-110°C. for 5 hours and subsequent periods of 

an hour each until constant weight is obtained. The same procedure may be used, 
drying in vacuo at the temperature of boiling water. In the case of whole coffee, 

grind rapidly to a coarse powder and weigh at once portions for the determina- 

tion without sifting and without unnecessary exposure to the air. 

SOLUBLE SOLIDS. 

6 Winton Method.—Tentative. 

Place 4 grams of the sample in a 200 ce. flask, add water to the mark and allow 

the mass to infuse 8 hours, with occasional shaking; let stand 16 hours long r with- 

out shaking, filter, evaporate 50 cc. of the filtrate to dryness in a flat-bottomed 

dish, dry at 100°C. and weigh. 

7 ASH.—OFFICIAL. 

Proceed as directed under VIII, 4. 
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8 ASH INSOLUBLE IN ACID.—TENTATIVE. 

Proceed as directed under XXIV, 5. 

9 SOLUBLE AND INSOLUBLE ASH.—TENTATIVE. 

Proceed as directed under IX, 17. 

10 ALKALINITY OF THE SOLUBLE ASH.—TENTATIVE. 

Proceed as directed under IX, 18. 

11 SOLUBLE PHOSPHORIC ACID IN THE ASH.—TENTATIVE. 

Acidify the solution of soluble ash, obtained in 9, with dilute nitric acid and 

determine phosphoric acid (P,Os)as directed under I, 6 or 9. 

12 INSOLUBLE PHOSPHORIC ACID IN THE ASH.—TENTATIVE. 

Determine phosphoric acid (P20;) in the insoluble ash as directed under I, 6 

or 9. 

13 CHLORIN.— OFFICIAL. 

Proceed as directed under III, 18. 

CAFFEIN. 

14 Gorter Method!.—Tentative. 

Moisten 11 grams of finely powdered coffee with 3 cc. of water, allow to stand 

30 minutes and extract with chloroform for 3 hours in a Soxhlet extractor. Evap- 

orate the extract, treat the residue of fat and caffein with hot water, filter through 
a cotton plug and moistened filter paper and wash with hot water. Make up the 

filtrate and washings to 55 ec., pipette off 50 ce. and extract 4 times with chloro- 

form. Evaporate the chloroform extract in a tared flask, dry the caffein at 100°C. 

and weigh. Transfer the residue to a Kjeldahl flask with a small amount of hot 

water and determine nitrogen as directed in I, 18, 21 or 23. To obtain the weight 

of caffein multiply the result by 3.464. 

15 Modified Stahlschmidt Method?.—Tentative. 

Weigh 3.125 grams of the finely powdered sample into a 500 ee. flask, add 225 cc. 

of water (this volume will shrink to about 200 ce. by boiling), attach a reflux con- 
denser and boil for 2 hours. Add 2 grams of dry basic lead acetate [VIII, 13 (c)] 

and boil 10 minutes more. Cool, transfer to a 250 cc. graduated flask, fill to the 

mark, filter through a dry filter, measure 200 cc. of the filtrate into a 250 cc. 

graduated flask and pass hydrogen sulphid through it to remove the excess of lead. 
Make the solution up to the mark and filter through a dry filter. Measure 200 cc. 
of this filtrate into an evaporating dish and concentrate to about 40 ce. Wash the 

concentrated solution with as little water as possible into a small separatory funnel 

and shake out 4 times with chloroform, using 25, 20, 15 and 10 cc., respectively. If 

any emulsion forms, break it up with a stirring rod and run the separated portions of 

chloroform through a 5 em. filter paper into a small, tared Erlenmeyer flask. Evap- 

orate off the chloroform on the steam bath, or recover the chloroform by attaching 
the flask to a condenser and distilling to a small volume. Dry the fine, white crystals 

of caffein to constant weight at 75°C. Test the purity of this residue by deter- 

mining nitrogen as directed in I, 18, 21 or 23 and multiplying by the factor 3.464. 
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16 CRUDE FIBER.—TENTATIVE. 

Proceed as directed under VIII, 68. 

17 STARCH.—TENTATIVE. 

Extract 5 grams of the finely pulverized sample on a hardened filter with 5 suc- 
cessive portions (10 ec. each) of ether; wash with small portions of 95% alcohol 

by volume until a total of 200 cc. have passed through, place the residue in a 
beaker and proceed as directed under VIII, 62. 

18 SUGARS.—TENTATIVE. 

Proceed as directed under VIII, 58 and 59. 

19 PETROLEUM ETHER EXTRACT.—TENTATIVE. 

Dry 2 grams of the coffee at 100°C., extract with petroleum ether (b. p. 35°-50°C.) 

for 16 hours, evaporate the solvent, dry the residue at 100°C. and weigh. 

20 TOTAL ACIDITY.—TENTATIVE. 

Treat 10 grams of the sample, prepared as directed under 4, with 75 cc. of 80% 

aleohol by volume in an Erlenmeyer flask, stopper and allow to stand 16 hours, 

shaking occasionally. Filter and transfer an aliquot of the filtrate (25 cc. in the 

case of green coffee, 10 cc. in the case of roasted coffee) to a beaker, dilute to about 

100 cc. with water and titrate with N/10 alkali, using phenolphthalein as an indi- 

cator. Express the result as the number of cc. of N/10 alkali required to neutralize 
the acidity of 100 grams of the sample. 

21 VOLATILE ACIDITY.—TENTATIVE. 

Into a volatile acid apparatus [XVI, 27; Fig. 8] introduce a few glass beads and 
over these place 20 grams of the unground sample. Add 100 ce. of recently boiled 

water to the sample, place a sufficient quantity of recently boiled water in the outer 

flask and distil until the distillate is no longer acid to litmus paper (usually 100 cc. 

of distillate will be collected). Titrate the distillate with N/10 alkali, using phenol- 

phthalein as an indicator. Express the result as the number of cc. of N/10 alkali 

required to neutralize the acidity of 100 grams of the sample. 

COATING AND GLAZING SUBSTANCES. 

22 SUGAR AND DEXTRIN.—TENTATIVE. 

Introduce 100 grams of the whole coffee into a beaker, add exactly 300 cc. of 
water, stir and allow to stand 5 minutes, with frequent stirring. Filter through a 

dry paper, add carefully to the filtrate sufficient dry lead acetate to precipitate 

all the caffetannic acid, avoiding an excess. Filter through dry paper and re- 

move the lead from the filtrate by the addition of a slight excess of anhydrous 
potassium oxalate. Filter through a dry paper and determine reducing sugars as 

invert sugar in 50 ce. of the filtrate, as directed in VIII, 25. Invert a 75 cc. aliquot 
of the filtrate as directed under VIII, 14. Cool, nearly neutralize with sodium 

hydroxid solution, make up to 100 cc. and determine reducing sugars as invert sugar 

in the resulting solution, as directed under VIII, 25. Measure a 100 ce. aliquot 

of the filtrate into a 200 cc. flask, add 10 ce. of 25% hydrochloric acid and hy- 

droiyze as directed under VIII, 60. Cool, neutralize with sodium hydroxid solu- 
tion, make up to volume, filter through a dry paper and determine reducing sugars 

as invert sugar in 50 cc. of the filtrate as directed under VIII, 25. Calculate the 
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reducing sugars in each instance to per cent by weight of the original coffee. Cal- 
culate sucrose from the reducing sugars before and after inversion as directed in 

VII, 18, and calculate dextrin as follows: Subtract the reducing sugars after in- 
version from the reducing sugars after hydrolysis, multiply the difference by the 
factor 0.9561 to convert the result to dextrose and then by 0.9 to convert to dextrin. 

In some instances the presence of sucrose in the water extract may be verified 
by polarization. The presence of dextrin in the water extract may be verified by 
polarization as directed under IX, 25, and by the erythro-dextrin test [IX, 47] 
performed on the water extract previous to clarification with lead acetate. 

23 EGG ALBUMEN AND GELATIN.—TENTATIVE. 

Treat 100 grams of the whole cofiee with 500 cc. of water and allow to stand with 
frequent stirring for 5 minutes. Filter and treat separate portions of the filtrate 
with (1) a strong solution of tannic acid; (2) Millon’s reagent [KV, 9]; (3) by 

boiling. In the presence of egg albumen a more or less heavy precipitate will 
be formed in each case. As a confirmatory test, treat an aliquot of the filtrate with 
an excess of tannic acid solution, add a little salt if necessary to secure flocculation 
of the precipitate, filter and, without washing, introduce the paper and its con- 
tents into a Kjeldahl flask and determine nitrogen. By this method coffee not 

coated with albumen or gelatin will yield less than 10 mg. of nitrogen per 100 grams 

of sample. 

24 CHICORY INFUSION.—TENTATIVE. 

Cover 100-150 grams of the whole cofiee with water, allow to soak 2-3 minutes, 

stirring frequently, and drain the aqueous washings through a coarse sieve. Wash 

the cofiee upon the sieve with about 100 cc. of water and centrifugalize the com- 

bined washings. Decant the clear liquid from the sediment, drain almost dry upon 
filter paper, then mount the sediment in chloral hydrate [KXIV, 20 (f)] and exam- 
ine under the microscope for elements of chicory. 

FATS AND WAXES. 

25 Spath Method*.—T entative. 

Treat 100-200 grams of the beans with low boiling petroleum ether for 10 min- 
utes, pour off the petroleum ether and repeat the process. Filter the combined 
petroleum ether extracts, evaporate and determine the index of refraction and the 
saponification number of the residue, as directed under XXIII, 6 and 20. 

BIBLIOGRAPHY. 
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XXVIII. TEA. 

1 DUST, STEMS AND FOREIGN LEAVES.—TENTATIVE. 

Place 1 gram of the tea in a 300 ce. casserole, add 200 ce. of boiling water and 
sallow to stand 15 minutes. This treatment will cause the leaves to unroll, and a 

~ macroscopic examination will reveal the presence or absence of dust or stems, while 

the leaves will be in condition for examination as to their form and structure’. 

2 PREPARATION OF SAMPLE.—TENTATIVE. 

Grind the sample and pass it through a sieve having circular openings 0.5 mm. 
in diameter. 

3 MOISTURE.—TENTATIVE. 

Proceed as directed under IX, 2. 

4 WATER EXTRACT’.—TENTATIVE. 

To 2 grams of the original sample in a 500 ce. Erlenmeyer flask add 200 ec. of hot 
water and boil over a low flame for an hour. The flask should be closed with a rub- 

ber stopper through which passes a glass tube 18 inches long for a condenser. The 

loss from evaporation should be replaced from time to time by the addition of 
hot water. Filter through a tared filter and wash the residue until the filtrate meas- 

ures 500 ce., stirring the contents of the filter throughout the process to facilitate 

the filtering. Dry the filter paper and residue in the funnel in the steam oven until 
the excess of water is removed, transfer paper and contents to a tared weighing 
bottle and dry to constant weight at 100°C. 

5 ASH.— OFFICIAL, 

Proceed as directed under VIII, 4. 

6 SOLUBLE AND INSOLUBLE ASH.—TENTATIVE. 

Proceed ss directed under IX, 17. 

7 ASH INSOLUBLE IN ACID.—TENTATIVE. 

Proceed as directed under XXIV, 5. 

8 ALKALINITY OF THE ASH.—TENTATIVE. 

Determine the alkalinity of the soluble and insoluble ash as directed under IX, 

18 and 19. 

9 PHOSPHORIC ACID IN THE ASH.—TENTATIVE. 

Determine phosphoric acid (P:0;) in the soluble and insoluble ash as directed 
under XXVI, 117 and 12. 

10 PETROLEUM ETHER EXTRACT.—TENTATIVE. 

Proceed as directed under XXVI, 19. 
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11 PROTEIN.—TENTATIVE. 

Determine nitrogen as directed under I, 18, 21 or 23. Subtract the percentage 

of nitrogen present as caffein from the percentage of total nitrogen to obtain the 

percentage of nitrogen present as protein. Multiply this result by 6.25 to obtain 
the percentage of protein. 

12 CRUDE FIBER.—TENTATIVE. 

Proceed as directed under VIII, 68. 

13 VOLATILE OIL.—TENTATIVE. 

Add 100 grams of tea to 800 cc. of water, distil, extract the distillate several times 

with petroleum ether, transfer the combined petroleum ether extracts to a tared 

dish, evaporate at room temperature, dry in a desiccator and weigh. 

CAFFEIN. 

14 Modified Stahlschmidt Method.—Tentative. 

Proceed as directed under XXVI, 15. 

TANNIN. 

Proctor Modification of the Lowenthal Method?.—Tentative. 

15 REAGENTS. 

(a) Potassium permanganate solution.—Make up a solution containing 1.33 grams 

per liter and obtain its equivalent in terms of N/10 oxalic acid. 

(b) N/10 oxalic acid. 

(C) Indigo carmine solution.—Make up a solution containing 6 grams of indigo 
carmine (free from indigo blue) and 50 cc. of concentrated sulphuric acid per liter. 

(d) Gelatin solution.—Soak 25 grams of gelatin for an hour in saturated sodium 

chlorid solution, heat until the gelatin is dissolved and make up to 1 liter after 

cooling. 

(€) Acid sodium chlorid solution.—Acidify 975 cc. of saturated sodium chlorid solu- 

tion with 25 cc. of concentrated sulphuric acid. 
(f) Powdered kaolin. 

16 DETERMINATION. 

Boil 5 grams of the tea for 30 minutes with 400 cc. of water; cool, transfer to a 

500 ec. graduated flask and make up to the mark. To 10 cc. of the infusion, filtered 

if not clear, add 25 ce. of the indigo carmine solution and about 750 ec. of water. 

Add from a burette the potassium permanganate solution, a little at a time while 
stirring, until the color becomes light green, then drop by drop, until the color 

changes to bright yellow or to a faint pink at the rim. Designate the number of 

ce. of permanganate used as ‘‘a’’. 

Mix 100 ce. of the clear infusion of tea with 50 cc. of the gelatin solution, 100 ee. 

of the acid sodium chlorid solution and 10 grams of the powdered kaolin, and shake 

several minutes in a stoppered flask. After settling decant through a filter. Mix 

25 ce. of the filtrate with 25 ce. of the indigo carmine solution and about 750 ec. of 

water and titrate with permanganate as before. The number of cc. of permanganate 

used subtracted from that obtained above, ‘‘a’’, gives the amount of permanganate 

required to oxidize the tannin. One cc. of N/10 oxalic acid is equivalent approxi- 

mately to 0.004157 gram of tannin (gallotannic acid). 
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FACING. 

17 GENERAL.—TENTATIVE. 

Mineral pigments may be detected in the ash, or the tea may be shaken up with 

a large volume of water, and the water separated from the leaves by a sieve, when 
the insoluble mineral substances used in facing will settle and can be removed by 
filtration for further examination, as directed under XI, 1, the catechu and other 

soluble substances being in the filtrate. 

18 PARAFFIN AND WAXY SUBSTANCES.—TENTATIVE. 

Spread a quantity of the tea between 2 sheets of unglazed, white paper and place 
thereon a hot iron. Any greasy substance will stain the paper‘. 

PIGMENTS USED FOR COLORING OR FACING. 

19 Read Method®.—Tentative. 

Place 60 grams of the tea in a 60 mesh, 5-6 inch sieve, provided with a top. Sift 

a small quantity (approximately 0.1 gram) of the dust upon a piece of semi-glazed, 
white paper about 8 by 10 inches. To obtain the requisite amount of dust, it is 

sometimes necessary to rub the leaf gently against the bottom of the sieve, but this 
must not be done until the sieve has been well shaken over the paper. Place the 
paper on a plain, firm surface, preferably glass or marble, and crush the dust by 

pressing firmly upon it a flat steel spatula about 5 inches long. Repeat the crush- 
ing process until the tea dust is ground almost to a powder when particles of color- 

ing matter, if present, become visible as streaks on the paper. Brush off the 
loose dust and examine the paper by means of a simple lens magnifying 73 diame- 

ters. In distinguishing these particles and streaks bright light is essential. In 

many cases the character of the pigment is indicated by the behavior of these 
streaks when treated with reagents and examined under a microscope. The 

crushed particles of natural leaf in either black or green tea appear in such 
quantity that there is no chance of mistaking them for coloring or facing material. 

This test should be repeated using black, semi-glazed paper for facings such as tale, 

gypsum, barium sulphate or clay. 

BIBLIOGRAPHY. 
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XXVIII. BAKING POWDERS AND THEIR INGREDIENTS. 

1 PREPARATION OF SAMPLE.—TENTATIVE. 

Remove the entire sample from the package, mix carefully and pass through a 

2040 mesh sieve. 

TOTAL CARBON DIOXID. 

2 General Method.—Tentative. 

Make the determination by the absorption method, employing any apparatus 

which gives accurate results when checked with pure calcite. Whatever appara- 

tus is chosen, the tubes and materials used for absorbing and drying the carbon 
dioxid may be varied according to the preference of the analyst. Use 0.25-1 gram 

of sodium or calcium carbonate, according to the amount of absorbent employed, 

and in the case of baking powder 0.50-2 grams. 

Method Using Knorr’s Apparaltus.—Tentative. 

3 REAGENTS. 

(A) 50% potassium hydroxid solution. 

(b) Soda lime.—Finely granulated and freed from dust by sifting. 

4 APPARATUS. 

FIG. 14 KNORR’S APPARATUS FOR THE DETERMINATION OF CARBON DIOXID. 

This consists of a flask (A), fitted by means of a ground-glass joint with a glass 

connection through the upper part of which passes a dropping funnel (2), and 

joined at the side with a Liebig condenser (D). The mouth of the dropping funnel 
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(B) is connected by means of a perforated stopper with a soda lime tube (C). The 

upper end of the Liebig condenser is connected by a rubber joint with a Geissler 

bulb (2), containing sulphuric acid for drying the gas passing into the next Geissler 

bulb (/), connected with (2), and containing strong potassium hydroxid solution 

(1 to 2). The bulb (/’) is connected with a third Geissler bulb (@), containing sul- 

phurie acid for the absorption of moisture escaping from F. A fourth Geissler 

bulb (H) is attached to G as a precaution to prevent moisture from the air being 

absorbed by G. H is connected with an aspirator. Many analysts prefer to re- 
place the bulb (/) by 2 U-tubes filled with sifted soda lime. 

5 DETERMINATION. 

Place 0.5-2 grams of the baking powder, the amount depending upon the per- 
centage of carbon dioxid present, in the flask (A), which must be perfectly dry. 

Close the flask with the stopper which carries the funnel tube and the tube con- 

necting with the absorption apparatus. Weigh separately the Geissler bulbs (F) 

and (@) and attach them to the apparatus. If 2 soda lime tubes are employed, 

weigh them separately and fill the first anew when the second increases materially 

in weight. Nearly fill the funnel tube (B) with hydrochloric acid (sp. gr. 1.1) and 

place the soda lime tube (C) in position. Then aspirate air through the Geissler 

bulbs at a rate of about 2 bubbles per second. Open the stopper of the funnel and 

allow the acid to run slowly into the flask, care being taken that the evolution of 

gas be so gradual as not to materially increase the current through the Geissler 

bulbs. After all the acid has been introduced, close the stop-cock in B, continue 

the aspiration and heat gradually the contents of the flask to boiling. While the 
flask is being heated the aspirator tube may be removed, although many analysts 
prefer, when using ground-glass joints, to aspirate during the entire operation. 

Continue the boiling for a few minutes after the water has begun to condense in 

D, then remove the flame, open the stop-cock in tube (8) and allow the apparatus 

to cool with continued aspiration. Remove the absorption bulbs (Ff) and (@) and 

weigh. The increase in weight is due to carbon dioxid. 

Method Using Heidenhain’s A pparatus.—Tentative. 

6 REAGENTS. : 

(a) Calcium chlorid.—Use calcium chlorid dehydrated at 200°C., but not fused. 

Grind it coarsely in a coffee mill and sift through No. 18 wire gauze to remove the 

extremely coarse, and through No. 30 wire gauze to remove the very fine, particles. 

(b) Soda lime.—Grind and sift the soda lime! for the weighed tubes as described 

above. It should not be too dry, as it must not absorb moisture to a greater degree 

than the calcium chlorid. 

7 APPARATUS?. 

This consists of a cylinder (A), filled with soda lime to remove carbon dioxid 

from the air passing through the apparatus. A thick layer of cotton at the upper 

end prevents soda lime dust from being carried over. Connect the cylinder (A) 
by means of a perforated rubber stopper and a bent glass tube having a stop-cock 

(B) and a capillary constriction (C) with a short piece of rubber tubing to which 

is attached a short piece of glass tubing (Z), fitted with a perforated rubber stopper. 

The latter fits tightly into the constriction of the funnel tube (D). The funnel of 

the latter is cylindrical in shape, $ inch in diameter at the upper end, 3 inch at the 
lower end and 4 inches long, the rubber stopper of E fitting into the constriction. 
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The stem of the funnel tube (D) passes through a doubly perforated rubber stopper 
almost to the bottom of the evolution flask (F), which is ordinarily of 150 ce. 

capacity but, in the case of foaming liquids, may hold 300cc. Through the second 

perforation in the stopper connect the evolution flask (F) with a reflux condenser 

(@), consisting of a} inch glass tube around which is wound a small lead pipe carry- 

ing a current of cold water. To the upper end of the condenser attach a U-tube 
containing a little calcium chlorid (to be renewed when it has liquefied) to retain the 

bulk of the moisture. Connect this U-tube with a second U-tube (H), filled with 

coarse calcium chlorid, and this in turn with a third U-tube (K), filled at J with a 3 
inch column of pumice stone impregnated with copper sulphate and completely de- 

hydrated at 150°C., the remainder of the tube being filled with fine calcium chlorid. 

Connect the U-tube (K) with a bent glass tube having a stop-cock (LZ) which is 

closed when the apparatus is not in use. Next attach the absorption U-tubes (J) 

and (N) which are 3 inch in diameter and 5 inches long, the first filled mainly with 

soda lime but containing a little calcium chlorid at the end where the air current 
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FIG. 15. HEIDENHAIN’S APPARATUS FOR THE DETERMINATION OF 
CARBON DIOXID. 

enters, the second filled one half with soda lime and one half with calcium chlorid, 

the latter being placed at the side where the air current leaves. Connect N with 

a guard tube (OQ), filled with calcium chlorid on the side toward N and with soda 

lime on the side toward P, the latter being a small U-tube trapped with glycerol to 

indicate the passage of the air current. Connect P with a safety bottle (R), to 
receive any water which may be sucked back from the aspirator, and connect R 

with the aspirator (S), a 4 liter Mariette bottle. 

The tubes (M) and (N) should hold about 20 grams, making the capacity of M 
for carbon dioxid almost 1 gram and that of N for moisture 0.2 gram. M should 
be refilled when its weight has increased 0.75 gram and WN after an increase of 0.1 
gram in weight. 

ty, Use the best grade of rubber for all connections, applying a trace of castor oil 

as a lubricant. For connections of the weighed tubes use rubber tubing boiled in 

weak lye, washed and dried. Apply also a little castor oil, which is thoroughly 
wiped off again before connecting the tubing. 

Before using the apparatus fill H and K with carbon dioxid in order to saturate 
the alkalinity of the calcium chlorid and exhaust after several hours. 
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8 DETERMINATION. 

In order to find the allowable rapidity of the air current employed during the 

determination, proceed as follows: Charge the apparatus exactly as for an analysis 
leaving out the carbonate. Begin to aspirate at the rate of about 50 cc. per minute. 
After 2 liters have been aspirated weigh the tubes, M and N. If they have lost in 

weight, repeat the experiment with 40 cc. per minute, and so on until the weight of 

the tubes remains constant. If the work has been done with due precaution, the 
first tube should have lost just as much as the second has gained. Do not exceed the 

safe speed thus found. 

Weigh the tubes M and N at the air temperature of the balance room. Shortly 

before weighing open the tubes for a moment to allow equalization of air. Note 

the thermometer and barometer readings. Connect the tubes with the apparatus 

and test the tightness of the joints by closing A at the bottom, opening all the cocks, 

starting the aspirator, and observing P, in which the liquid should soon come to a 

standstill. Then disconnect the aspirator, close B, remove F’, put in the substance, 

using about 1 gram of sodium carbonate or calcium carbonate or about 2 grams of 

baking powder, connect F’, and start the condenser (G). Introduce 50 ec. of 10% 

hydrochloric acid through D, lifting # slightly and allowing only small quantities 
of the dilute acid to enter at a time. Light the burner under F, heat to boiling 

and reduce the flame to keep the liquid just at the boiling point. If no more air 

passes P, start the aspiration. When the water stops running from S, open B eare- 

fully and adjust the outflow of the aspirator by raising or lowering the syphon to 

one half the safe speed. 
After M has become cool increase the current to the full safe speed and aspirate 

altogether 3 liters, continuing boiling to the end of the aspiration. After the tubes 

have assumed the temperature of the balance room, open for a moment and weigh. 

When extreme accuracy is desired, note again the thermometer and barometer 

readings and apply correction according to the following formula: 

— (A? — A!) X T and + (B? — B!) X B in which 

A! = the temperature at first weighing in degrees C.; 

A? = the temperature at second weighing in degrees C.; 

B! = the air pressure at first weighing in mm.; 

B? = the air pressure at second weighing in mm.; ll 

T and B are constants found from the following formulas: 

T = V X 0.0000039 gram; 
B = V X 0.0000015 gram in which 

0.0000039 

0.0000015 

change in weight of 1 cc. of air for 1°C.; 

change in weight of 1 cc. of air for 1 mm. pressure; 

and the value of V is obtained from 

representing the differential volume affected by temperature and pressure and being 

a constant for the tubes and in which 
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G = the weight of the empty tubes; 

F = the weight of the fillings; 
2.7 = the specific gravity of glass; 

2.0 = the specific gravity of filling; 

8.5 = the specific gravity of brass; 

a7 ate Catal volume of tubes and fillings; 

G+F : 
= = volume of brass weights. 

9 RESIDUAL CARBON DIOXID*.—TENTATIVE. 

Weigh 2 grams of the baking powder into a flask suitable for the subsequent 

determination of carbon dioxid, add 20 ce. of cold water and allow to stand 20 min- 

utes. Place the flask in a metal drying cell surrounded by boiling water and heat, 

with occasional shaking, for 20 minutes. 

To complete the reaction and drive off the last traces of gas from the semi-solid 

mass, heat quickly to boiling and boil for a minute. Aspirate until the air in the 

flask is thoroughly changed, and determine the residual carbon dioxid by absorption, 

as directed under 5 or 8. 
The process described’, based on the methods of McGill‘ and Catlin®, imitates 

as far as practicable the conditions encountered in baking but in such a manner that 

concordant results may be readily obtained on the same sample and comparable 
results on different samples. 

10 AVAILABLE CARBON DIOXID.—TENTATIVE. 

Subtract the residual carbon dioxid from the total. 

11 ACIDITY.—TENTATIVE. 

(For cream of tartar and its substitutes.) 

Dissolve 1 gram of the sample in hot water and titrate with N/5 potassium hy- 
droxid, using phenolphthalein as an indicator. 

TARTARIC ACID, FREE OR COMBINED. 

12 Wolff Method’.—Tentative. 

(Applicable in the presence of phosphates.) 

Shake repeatedly about 5 grams of the sample with about 250 cc. of cold water 

in a flask and allow the insoluble portion to subside. Decant the solution through 

a filter and evaporate the filtrate to dryness. Powder the residue, add a few drops 

of 1% resorcin solution and about 3 ce. of strong sulphuric acid and heat slowly. 
Tartaric acid is indicated by a rose-red color which is discharged on dilution with 

water. 

TOTAL TARTARIC ACID. 

13 Goldenberg-Geromont-Heidenhain Method.—Tentative. 

(Applicable only in the absence of aluminium salts, calcium salts and phosphates.) 

Into a shallow 6 inch porcelain dish weigh out 2 grams of the sample and suffi- 

cient potassium carbonate to combine with all the tartaric acid not in the form of 

potassium bitartrate. Mix thoroughly with 15 cc. of cold water and add 5 ce. of 
99% acetic acid. Stir for 30 seconds with a glass rod bent near the end. Add 100 

ec. of 95% alcohol, stir violently for 5 minutes, and allow to settle at least 30 min- 
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utes. Filter on a Gooch crucible with a thin layer of paper pulp and wash with 95% 
alcohol until 2 ce. of the filtrate do not change the color of litmus tincture diluted 

with water. Place the precipitate in a small casserole, dissolve in 50 cc. of hot water 

and add N/5 potassium hydroxid, leaving it still strongly acid. Boil for a minute. 
Finish the titration, using phenolphthalein as an indicator and correct the reading 

by adding 0.2 ec. One cc. of N/5 potassium hydroxid, under the above conditions, 
is equivalent to 0.02641 gram of tartaric anhydrid, 0.03001 gram of tartaric acid, 
or 0.03763 gram of potassium bitartrate. Standardize the N/5 potassium hydroxid 

by means of pure potassium bitartrate. 
The accuracy of this method is indicated by the agreement of the percentages of 

potassium bitartrate in cream of tartar powders containing no free tartaric acid, 

obtained by calculation from the tartaric acid, with those obtained by calculation 
from the potassium oxid’. 

FREE TARTARIC ACID. 

14 Qualitative Test.—Tentative. 

Extract 5 grams of the sample with absolute alcohol and evaporate the alcohol 

from the extract. Dissolve the residue in dilute ammonium hydroxid, transfer to 

a test tube, add a good sized crystal of silver nitrate and heat gently. Tartaric 
acid is indicated by the formation of a silver mirror. If desired, the absolute alco- 
hol extract may be tested as directed under 12. 

15 Quantitative Method.—Tentative. 

Calculate the percentage of tartaric anhydrid combined with the potash as bi- 
tartrate, if any, and subtract this from the percentage of total tartaric anhydrid. 

The difference is the tartaric anhydrid originally added as the free acid, although, 

if the sample has been kept for a long time or has been improperly stored, a portion 
or all of this acid may exist at the time of analysis as the sodium salt resulting from 
the reaction in the can with the sodium bicarbonate. Multiply by 1.137 to obtain 

the percentage of tartaric acid. 

16 POTASSIUM BITARTRATE.—TENTATIVE. 

If, as is usually the case, potassium bitartrate is the only potassium salt present, 

multiply the percentage of total potash, determined as directed under 24, by 3.994. 

STARCH. 

17 Direct Inversion Method.—Tentative. 

(For all baking powder ingredients free from lime.) 

Weigh 5 grams of the powder into a 500 ce. graduated flask and proceed as directed 

under VIII, 60. 

18 Indirect Method’.—Tentative. 

(For phosphate, alum phosphate and all other baking powders containing lime.) 

Mix 5 grams of the powder with 200 ec. of 3% hydrochloric acid in a 500 ce. grad- 

uated flask and allow the mixture to stand for an hour, with frequent shaking. 
Filter on an 11 cm. hardened filter, taking care that a clear filtrate is obtained. 

Rinse the flask once without attempting to remove all the starch, and wash the 

paper twice with cold water. Carefully wash the starch from the paper back into 
the flask with 200 ce. of water. Add 20 cc. of 25% hydrochloric acid and proceed as 

directed under VIII, 60. 
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The treatment with 3% hydrochloric acid, without dissolving the starch, removes 

effectively the lime, which otherwise would be precipitated as tartrate by the 

alkaline copper solution. 

19 Modified McGill Method.—Tentative. 

Digest 1 gram of the powder with 150 cc. of 3% hydrochloric acid for 24 hours 

at room temperature, with occasional shaking. Filter on a Gooch crucible, wash 

thoroughly with cold water and then once each, with alcohol and ether. Dry at 

110°C. (4 hours is usually sufficient), cool and weigh. Burn off the starch, weigh 

again and determine the starch by difference. 

The results by this method on cream of tartar powders and tartaric acid pow- 
ders agree closely with those obtained by copper reduction. On phosphate, alum 
and alum-phosphate powders the results are usually satisfactory, but in some 
instances they may be over 2% too high. 

ALUM IN THE PRESENCE OF PHOSPHATES’. 

20 Qualitative Test.—Tentative. 

(a) In baking powder.—Burn about 2 grams of the sample to an ash in a porce- 

lain dish. Extract with boiling water and filter. Add to the filtrate a few drops 

of ammonium chlorid solution. A flocculent precipitate indicates alum. 

(b) In cream of tartar.—Mix about 1 gram of the sample with an equal quantity 

of sodium carbonate, burn to an ash and proceed as in (2). 

ASH?°, 

21 INSOLUBLE ASH AND PREPARATION OF SOLUTION.—TENTATIVE. 

Char 5 grams of the sample in a platinum dish at a heat below redness. Boil the 

carbonaceous mass with dilute hydrochloric acid, filter into a 500 ce. graduated 

flask and wash with hot water. Return the residue, together with the paper, to 

the platinum dish and burn to a white ash. Boil again with hydrochloric acid, 

filter, wash, unite the 2 filtrates and dilute to 500 ee. 

Incinerate the residue after the last filtration and determine the ash insoluble 

in acid. 

22 IRON AND ALUMINIUM.—TENTATIVE. 

Draw a 100 ce. aliquot of the solution, prepared as directed in 21, and separate 

silica, if necessary. Mix the solution with sodium phosphate solution in excess. 

Add ammonium hydroxid until a permanent precipitate is obtained, then hydro- 

chloric acid, drop by drop, until the precipitate is dissolved. Heat the solution 

to about 50°C., mix with a considerable excess of 50% ammonium acetate solution 

and 4 cc. of 80% acetic acid. 
As soon as the precipitate of aluminium phosphate, mixed with iron phosphate, 

has settled, collect on a filter, wash with hot water, ignite and weigh. 
Fuse the mixed phosphates with 10 parts of sodium carbonate, dissolve in dilute 

sulphuric acid, reduce with zine, and determine the iron by titration with a standard 

permanganate solution. In the same solution determine the phosphoric acid, as 

directed under I, 6 or 9. To obtain the weight of alumina (Al,03) subtract the 

sum of the weights of ferric oxid (Fe.O;) and phosphorus pentoxid (P.Os) from the 

weight of the mixed phosphates. 
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23 CALCIUM.—TENTATIVE. 

Heat the combined filtrate and washings, obtained in 22, to 50°C. and add an 

excess of ammonium oxalate solution. Allow to stand in a warm place until the 
precipitate has settled, filter, wash the precipitate with hot water, dry, ignite over 
a Bunsen burner and finally over a blast lamp. Cool in a desiccator and weigh as 

caleium oxid. 

24 POTASSIUM AND SODIUM.—TENTATIVE. 

Evaporate an aliquot of the solution, prepared as directed under 21, nearly 

to dryness to remove the excess of hydrochloric acid, dilute and heat to boiling. 
While still boiling add barium chlorid solution so long as a precipitate forms and 

then enough barium hydroxid solution to make the liquid strongly alkaline. As 

soon as the precipitate has settled, filter and wash with hot water, heat the filtrate 

to boiling, add sufficient ammonium carbonate solution (1 part of ammonium car- 

bonate in 5 of 2% ammonium hydroxid solution) to precipitate all the barium, 

filter and wash with hot water. Evaporate the filtrate to dryness and ignite the 

residue below redness to remove ammonium salts. Add to the residue a little 

water and a few drops of ammonium carbonate solution. Filter into a tared plat- 

inum dish, evaporate, ignite below redness and weigh the mixed potassium and 

sodium chlorids. 
Determine potassium in the mixed chlorids as directed in I, 45, beginning with 

“Digest the residue with hot water, filter through a small filter’’. Calculate the 

potassium so found to its equivalent of potassium chlorid and subtract this from 
the weight of the mixed chlorids to obtain the weight of sodium chlorid. 

25 PHOSPHORIC ACID.—OFFICIAL. 

Mix 5 grams of the sample with a little magnesium nitrate solution, dry, ignite, 

dissolve in dilute hydrochloric acid and dilute the solution to a definite volume. 

In an aliquot of the solution determine phosphoric acid as directed under I, 6 or 9. 

26 SULPHURIC ACID!!.—TENTATIVE. 

Boil 5 grams of the sample gently for 13 hours with a mixture of 300 ec. of water 

and 15 ce. of concentrated hydrochloric acid. Dilute to 500 ce., draw off a 100 ec. 
aliquot, dilute considerably, precipitate with 10% barium chlorid solution, filter 

the precipitated barium sulphate on a Gooch, wash with hot water, dry, ignite and 

weigh. 

OH f AMMONIA.—TENTATIVE. 

Introduce 2 grams of the sample into a distillation flask, add 300-400 ee. of water 

and an excess of sodium hydroxid solution, connect with a condenser and distil into 

a measured amount of standard acid. Titrate the excess of acid in the distillate 
with standard alkali, using methyl red or cochineal as an indicator. 

Ammonia alum is often an ingredient of cream of tartar substitutes and baking 

powders, and ammonium carbonate is occasionally present in baking powders. 

LEAD. 

Method I. Colorimetric Method'?.—Tentative. 

(Applicable in the absence of alum and phosphates. Approximate method for 

preliminary work.) 

28 REAGENTS. 

(a) Sodium bisulphite solution.—Dissolve 10 grams of anhydrous sodium car- 

bonate in sufficient water to make 100 cc. and pass sulphur dioxid into the solution 
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until carbon dioxid is no longer evolved. Dilute a little of this solution with 10 

volumes of water as needed in the determination. 
(b) 10% potassium cyanid solution. 

(C) Standard lead solution.—Dissolve 1.6 grams of crystallized lead nitrate, pre- 

viously dried over sulphuric acid, in a liter of water containing a few drops of dilute 
nitric acid. One ee. of this solution is equivalent to 1 mg. of metallic lead. Dilute 

1 ec. of this solution to 100 ce. immediately before use in making up the color 
standards. 

(d) Lead-free tartrate solution.—Dissolve 200 grams of tartaric acid in about 500 

ec. of hot water, cool, add 40 cc. of the sodium bisulphite solution, heat to incipient 

boiling and test a few drops of the solution with potassium sulphocyanate solution 

to ascertain if all the iron is reduced to the ferrous state, repeating the treatment 

with about 10 ce. of the sodium bisulphite solution in ease ferric iron is still present. 
Cool, add 20 cc. of the 10% potassium eyanid solution, and then strong ammonium 

hydroxid solution until the solution is distinctly alkaline to litmus paper. Boil 
until the solution is clear, cool, add 2 cc. of freshly prepared, colorless ammonium 

sulphid solution, dilute to 1 liter and allow to stand overnight. Filter to remove 

the precipitated sulphids, boil the filtrate until hydrogen sulphid is removed, cool 
and dilute to 1 liter with water. 

29 PREPARATION OF SOLUTION. 

(a) Baking powder.—Weigh 20 grams of the sample into a 250 ce. casserole, add 

water a little at a time with stirring until foaming ceases, then hydrochloric acid 

(1 to 1) a little at a time until all the carbonate is decomposed and finally 5 ec. 

excess of the hydrochloric acid. Cover with a watch glass and digest on a steam 

bath until all the starch is hydrolyzed as shown by testing 1 or 2 drops of the mix- 
ture with iodin. Filter through a folded filter and wash the filter several times with 

small portions of hot water. Treat the residue on the filter with several small por- 
tions of hot nitric acid (sp. gr. 1.2), collect the acid solution in a separate, small 

porcelain dish, evaporate this solution to dryness on a water bath and expel nitric 

acid by several treatments and evaporations with a few drops of concentrated 
hydrochloric acid. Rinse the contents of the dish through a small filter into the 
main solution and make up to 100 ce. 

(b) Tartaric acid and cream of tartar.—Dissolve 100 grams of the sample in hot 

water, add 50 cc. of hydrochloric acid (1 to 1), filter into a liter graduated flask, 

wash the filter several times with water, and then treat the residue on the filter 

with several small portions of hot nitric acid (sp. gr. 1.2), collect the acid solution 
in a separate, small porcelain dish, evaporate this solution to dryness on a water 
bath and expel nitric acid by several treatments and evaporations with a few drops 
of concentrated hydrochloric acid. Rinse the contents of the dish through a 
small filter into the main solution, finally diluting the combined filtrates and wash- 

ings to a liter. 

30 DETERMINATION. 

Introduce 50 cc. of the solution, prepared as directed in 29, into a beaker, add 

2 cc. of the sodium bisulphite solution, heat to incipient boiling, and test a few 
drops of the solution with potassium sulphocyanate to determine if all the iron is 

reduced to the ferrous state, repeating the treatment with the sodium bisulphite 
solution if ferric iron is still present. Cool, add 1 cc. of the 10% potassium ecyanid 

solution and neutralize to litmus with strong ammonium hydroxid solution; finally 

add an excess of 1 cc. of the last reagent. Boil gently until clear and colorless, cool 
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and make up to 100 cc. Treat with 2 drops of freshly prepared, colorless ammo- 

nium sulphid solution, mix and compare in a colorimeter with standard solutions, 

prepared by adding measured amounts of the standard lead solution to 50 cc. of 
the lead-free tartrate solution, diluting to 100 cc. and treating with 2 drops of 
freshly prepared colorless ammonium sulphid solution. 

The final comparison should be made with a standard containing approximately 
the same amount of lead, and the addition of ammonium sulphid solution should be 
made to the standards and the solution of the sample at the same time, as the colors 
change on standing. 

31 Method II.—Tentative. 

(Applicable to alum or phosphate baking powders or their ingredients.) 

Weigh 100 grams of the sample into a 1.3 liter beaker and add an excess of hy- 

drochloric acid (1 to 3) in small portions, keeping down excessive frothing with a 

little ether. Heat the mixture on a steam bath until the starch is hydrolyzed and 

the solution is quite limpid. Cool and add 200 ec. of 50% lead-free ammonium 

citrate solution. Place the beaker in a bath of cold water and add carefully ammo- 

nium hydroxid solution, in small portions with constant stirring, until the mixture 

is alkaline. If a precipitate forms, add sufficient ammonium citrate solution to 
dissolve it. Then add 15 cc. of saturated mercuric chlorid solution, dilute the 

mixture to about 1200 ec., saturate with hydrogen sulphid and allow to stand 
until the precipitate has settled (15-20 minutes). Filter and wash the precipitate 

with hydrogen sulphid water. Place the paper and precipitate in a small casserole, 
add 10 ec. of concentrated nitric acid and 2 ec. of concentrated sulphuric acid and 

heat on a hot plate until the mixed acids have been slowly driven off. Heat the 
residue in a muffle at low redness until the mercury salts have volatilized. Cool 

the casserole and leach the residue several times with 25% ammonium acetate solu- 

tion, made slightly alkaline with ammonium hydroxid, pass the leachings through 
a small filter into a beaker and finally wash the residue and filter paper with a 

little hot water. Acidify the combined filtrate and washings with acetic acid, add 

an excess of potassium dichromate solution and allow to stand overnight. Filter 

on a tared Gooch, wash with water, dry for 30 minutes at 125°-150°C., cool and 

weigh as lead chromate. Calculate the weight of metallic lead. Conduct a blank 

determination upon all the reagents and correct the result accordingly. 

32 Method III.—Tentative. 

(Applicable to alum or phosphate baking powders or their ingredients.) 

Transfer 200 grams of the sample to a 3 liter Jena flask, add 300 ec. of concen- 

trated nitric acid in small portions, shake thoroughly after each addition and 

heat the mixture slowly, shaking repeatedly. When brown fumes begin to appear 

at the mouth of the flask, discontinue heating and insert a stemless funnel in the 

neck of the flask. As soon as the action has moderated, place the flask on an 

asbestos gauze over a small Bunsen flame. When the action becomes weak, add 
slowly 90 ce. of concentrated sulphuric acid and continue heating until the fumes 
disappear. Then add 25 cc. of concentrated nitric acid from time to time with con- 
tinued heating until all the starch is completely oxidized. Usually 3-4 additions 

of 25 ce. portions of nitric acid suffice. Finally expel the nitric acid as completely 

as possible. Cool, add 400 ec. of water, shake and allow to settle. The soluble sul- 
phates of sodium, potassium, aluminium, iron, etc., go into solution, while calcium 

sulphate and most of the lead sulphate will be precipitated. Filter through an 18 
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em. folded filter into a liter Erlenmeyer flask, rinse the 3 liter flask 2-3 times with 

small portions of water and pour the rinsings through the filter. Reserve the fil- 

trate for the recovery of dissolved lead salts. Open the filter, containing the pre- 

cipitate, over a 600 ce. beaker and wash the precipitate into it. Then transfer the 

contents of the beaker to a 2 liter Erlenmeyer flask together with whatever pre- 

cipitate remains in the 3 liter flask. Dilute the contents of the flask so as to nearly 

fill the latter, stir thoroughly to dissolve the calcium sulphate, add 20 cc. of strong 

acetic acid and saturate the liquid thoroughly with hydrogen sulphid. Stopper 

the flask and set aside until the precipitate settles. Siphon off the supernatant 

liquid. When much calcium sulphate is present, one such treatment is not suffi- 

cient to dissolve all of it. In this case refill the flask with water, again acidify, 

saturate with hydrogen sulphid and allow to stand till the calcium sulphate is 
practically all dissolved and the residue of sulphids is dark colored. Solution may 

be hastened by the addition of lead-free sodium acetate to the water (50-75 grams 
to each 2 liters). 

Treat the liquid containing the soluble sulphates separately to recover the trace 

of lead which it may contain. Partially neutralize with ammonium hydroxid solu- 
tion just short of the point of producing a permanent precipitate of aluminium 

phosphate, saturate with hydrogen sulphid and allow the precipitate to settle. 

Some iron sulphid also will usually be precipitated. The sulphid precipitations 

should be made in very slightly acid solutions, otherwise lead sulphid will not be 

precipitated completely. Siphon off the supernatant liquid, transfer the precipi- 
tate to an 11 em. filter and wash with hydrogen sulphid water. Transfer the first 

precipitate remaining in the 2 liter flask to a second 11 em. filter and treat in the 

same way. Place the 2 filters with their contents in a 200 cc. Erlenmeyer flask, 

add 10 ce. of concentrated nitric acid and 5 cc. of concentrated sulphuric acid, 

insert a stemless funnel in the neck and heat to completely oxidize the material. 
When the nitric acid has all been expelled and the residue darkens, add more nitric 
acid until no such darkening occurs. Finally heat the residue till fumes of sulphur 

trioxid are given off, cool and add 15 ce. of water. Filter through a 7 em. filter, 

rinse, then wash the filter twice with small portions of dilute sulphuric acid and 
finally with a little water. Place a clean 150 ec. beaker under the filter, dissolve 

the precipitate in 15-25 cc. of ammonium acetate solution [1 part of 99% acetic 
acid, 1 of water and 1 of ammonium hydroxid (sp. gr. 0.90); made neutral to lit- 

mus paper] and wash thoroughly with water. 

Acidify the filtrate and washings with acetic acid, add an excess of potassium 

dichromate solution, heat on a steam bath and allow to cool and settle. Filter on 

a tared Gooch prepared with a thick layer of asbestos which has been previously 
dried at 125°C., wash with water, dry at about 125°C. and weigh as lead chromate. 

33 Method IV.—Tentative. 

(Applicable in the absence of alum and phosphates.) 

Weigh 100 grams of the sample into a liter beaker and add an excess of hydro- 

chloric acid (1 to 3) in small portions, keeping down excessive frothing with a little 

ether. Heat the mixture on a steam bath until the starch is hydrolyzed and the 

solution is quite limpid. Cool, add ammonium hydroxid solution until distinctly 

alkaline, dilute to about 800-900 cc. and saturate with hydrogen sulphid. Allow 

the mixture to stand for 3-4 hours or until the precipitate has settled, filter on a 

12.5 em. close-textured paper and wash the precipitate several times with hydrogen 

sulphid water. Place the filter paper and precipitate in a 100 cc. Erlenmeyer flask, 

add 5 cc. of concentrated sulphuric acid and 5 cc. of concentrated nitric acid and 
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heat on a hot plate, with occasional additions of small portions of concentrated 
nitric acid, until the mixture no longer blackens when evaporated to the point at 

which white fumes of sulphur trioxid appear. Cool, dilute with 20 ce. of water, 

warm until the ferric sulphate goes into solution, cool and then add 40 ec. of 95% 

aleohol by volume. Allow to stand overnight, filter on a Gooch and wash with 
95% alcohol. Dissolve the lead sulphate remaining on the filter by washing with 
20 ce. of 25% ammonium acetate solution, rendered slightly alkaline with ammo- 

nium hydroxid, collect the filtrate in a small beaker, passing it through the filter 

344 times. Finally wash the filter with hot water, acidify the combined filtrate 
and washings with acetic acid, add an excess of potassium dichromate solution and 

allow to stand overnight. Filter on a small, tared Gooch, wash, dry for 30 minutes 

at 125°-150°C. and weigh as lead chromate. Calculate the metallic lead. 

34 ARSENIC.—TENTATIVE. 

Introduce 5 grams of the sample directly into the generator described under 

XII, 2 (Fig. 7), add 10 cc. of water, a little at a time to prevent foaming over, 
and then 15 ce. of concentrated, arsenic-free hydrochloric acid, introducing it drop 

by drop until foaming ceases. Heat on a steam bath until a drop of the mixture, 
when diluted and treated with iodin solution, shows no blue color. Then dilute to 

about 30 ec. with water, add 4 cc. of potassium iodid solution and continue from 
this point as directed under XII, 4, beginning with ‘‘Heat to about 90°C.’’, except 

that the blank and the standards for comparison are made by the use of the arsenic- 
free hydrochloric acid of the same concentration as that used in the determination. 
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CAFFEIN AND ACETANILID IN MIXTURES. 

1 PREPARATION OF SAMPLE AND SOLUTION.—TENTATIVE. 

(a) If the sample is already in powder form, rub thoroughly in a mortar and 

keep in a tightly corked tube or flask. Powders in paper, cachet or capsule con- 

tainers are frequently of such fineness as to require little further trituration except 
to produce a uniform product. On a tared 5.5 em. filter weigh 0.3-0.5 gram of the 

sample or, if preferred, an amount equal to, or a multiple of, the average unit dose 

(previously ascertained by weighing collectively 20 or more such doses), wash with 

successive 5-10 cc. portions of the chloroform (30-50 ce. are usually sufficient) until 

the extraction is complete as indicated by the absence of any residue after evapora- 

tion of a small portion of the last washing. Collect the solution in a 200 ec. Erlen- 
meyer flask, connect the flask with a condenser by means of a cylindrical Kjeldahl 

connecting bulb! and distil until the volume is reduced to about 10 ee. 

(b) If the caffein is present in the citrated form, or the composition of the mix- 

ture precludes complete extraction as directed in (@), weigh out the desired amount, 

transfer to a Squibb separatory funnel, add 50 ec. of the chloroform and 20 ce. of 

water, shake vigorously and, after clearing, draw off the lower layer through a 

smadl, dry filter into a 200 cc. Erlenmeyer flask. In the case of coated tablets and 

pills, ascertain their average weight, powder in a mortar and weigh out for each 

determination an amount equivalent to one or more tablets or pills. Repeat the 

extraction twice, using 50 cc. portions of the chloroform for each extraction. Dis- 

til the combined chloroform extracts to about 10 ec. 

(C) In the case of dilute alcoholic solutions, evaporate a measured quantity on 

a steam bath until most of the alcohol has been expelled, or take an aliquot of 

the residue from an alcohol determination; transfer to a separatory funnel by pour- 

ing and rinsing with a minimum of water so that the final volume does not greatly 

exceed 20 cc., and then, in order to avoid any loss of acetanilid by hydrolysis during 

evaporation, add a little solid sodium bicarbonate and a drop of acetic anhydrid. 

(Should the preparation contain alkaloids, acidify with a few drops of dilute sul- 

phuric acid immediately after acetylization to retain such basic material in solu- 
tion.) Add 50 ce. of the chloroform, shake vigorously and, after clearing, draw off 

the chloroform layer through a filter into a 200 ec. Erlenmeyer flask. Repeat the 
extraction twice, using 50 ec. portions of the chloroform for each extraction, and 

distil the combined chloroform washings to a volume of about 10 cc. 

CAFFEIN AND ACETANILID.—TENTATIVE, 

2 REAGENTS. 

(a) Standard bromid-bromate solution.—Dissolve 50 grams of potassium hydroxid 

in a small quantity of water, add a slight excess of bromin, dilute with water to dis- 

solve any separated salts, boil to expel excess of bromin and dilute to 1 liter. Stand- 
ardize the solution against recrystallized acetanilid and adjust the solution so that 

1 ce. is equivalent to 5 or 10 mg. of acetanilid as desired. 

(b) Chloroform.—Redistilled and residue-free. All corks used in the distillation 

should be treated previously with chloroform. 

351 
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(C) Wagner’s reagent.—Dissolve 2 grams of iodin and 6 of potassium iodid in a 
minimum amount of water and dilute to 100 cc. 

3 CAFFEIN.—TENTATIVE. 

Treat the chloroform extract, obtained in 1, with 10 cc. of sulphuric acid (1 to 

10) and digest on a steam bath until the contents of the flask are reduced to 5 ee. 

Add 10 cc. of water and continue the digestion until the liquid is again reduced to 

5 ce., then cool and transfer to a separatory funnel with a minimum of water, so 
that the final volume does not greatly exceed 20 ec. Add 50 ce. of the chloroform, 

extract in the usual way and, after clearing, withdraw the lower layer through a 

small, dry filter into a 200 ec. Erlenmeyer flask. Repeat the extraction with two 

50 cc. portions of the chloroform. On the completion of the third extraction, 

distil the combined extracts down to about 10 ee., finally transferring the residual 

liquid, by washing with chloroform, to a tared beaker or crystallizing dish. Allow 

the solution to evaporate spontaneously, or by gentle heat and an air blast, to 

apparent dryness. Cool and allow to stand until the weight becomes constant. 

Chloroform extracts in addition to caffein and acetanilid certain oils, fats, waxes, 

resins, pigments and other substances from those preparations which contain pow- 

dered cinnamon, celery seed, ginger or other vegetable products. These appear either 
in suspension or solution after the caffein-acetanilid mixture has been digested and 

contaminate the caffein. Remove any suspended impurities by filtering through 
a small, moistened filter immediately after hydrolysis and prior to extraction with 

chloroform. Should the recovered caffein be deeply colored or contaminated with 
foreign matter, purify it as follows: Dissolve in very dilute sulphuric acid (about 

5 ec. of N/5 acid for every 100 mg. of caffein), filter, if necessary, through a mois- 

tened filter, add 15-20 ce. of Wagner’s reagent, sufficient at least to distinctly color 

the supernatant liquid, stir and allow to stand an hour, preferably in a refrigerator. 

Filter and wash the periodid with a few ec. of iodin solution, transfer both filter and 
precipitate to a separatory funnel, using not more than 20 ce. of water, decolorize 

with a crystal of sodium thiosulphate, then extract with three 50 cc. portions of 

chloroform and proceed as directed above. 

4 ACETANILID.—TENTATIVE. 

Transfer the solution of anilin sulphate, remaining in the separatory funnel 

in 3, to the Erlenmeyer flask used in effecting hydrolysis, then heat 10 minutes on 

a steam bath to expel all traces of chloroform. Wash the filter, used in the pre- 
ceding operation to dry the chloroform solution of caffein, with 5 ce. of water, 

adding the latter to the main solution of anilin sulphate. Add 10 ce. of concen- 

trated hydrochloric acid, then run in the standard bromid-bromate solution until 
a faint yellow coloration remains, rotating the flask sufficiently to agglomerate the 

precipitated tribromanilin. Calculate the quantity of acetanilid from the number 
of ec. required to complete the precipitation. 

Caffein and acetanilid are the 2 principal ingredients of the preparation known 
as “acetanilid compound’’, a further constituent being sodium bicarbonate. The 
latter appears as the chloroform-insoluble residue and may be determined by ti- 
trating such residue, or one obtained by titrating a portion of the original mixture, 
with standard acid, using congo red as an indicator. The bicarbonate may also 
be determined by igniting the original sample, or the chloroform-insoluble residue, 
with sulphuric acid and weighing the resulting sodium sulphate. 

Should the “acetanilid compound’? be combined with sodium bromid, the latter, 
in the absence of other halides, may be determined volumetrically by the Volhard 
method [III, 15]. 
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CAFFEIN AND ACETPHENETIDIN (PHENACETIN) IN MIXTURES. 

5 PREPARATION OF SAMPLE AND SOLUTION.—TENTATIVE, 

In the case of preparations containing acetphenetidin instead of acetanilid, but 

otherwise identical, make the gross separation of the caffein-acetphenetidin mix- 

ture as directed under 1. 

6 CAFFEIN.—TENTATIVE. 

Treat the chloroform extract, obtained as directed under 1, with 10 cc. of sul- 

phuric acid (1 to 10) and digest on a steam bath until the liquid is reduced to about 

5 ce. Dilute with 10 ec. of water and continue the digestion until the volume is 

again reduced to 5 ec., then add 10 cc. of water and continue heating until the 

residual liquid amounts to 8-10 ce. If, during the digestion, particles of acet- 

phenetidin remain on the sides of the flask rinse them into the solution with a few 

drops of chloroform. ; 

Great care must also be given to the degree of evaporation. Should the aqueous- 
acid solution and suspension of caffein-acetphenetidin be concentrated far beyond 
the limits indicated, more or less phenetidin sulphonate is likely to be formed, 
which later resists acetylization and conversion to acetphenetidin. 

Cool and transfer with water to a separatory funnel, so that the final volume does 
not greatly exceed 20 ce. Then proceed as directed under 3. 

7p ACETPHENETIDIN.—TENTATIVE. 

Wash the filter, used to dry the chloroform in 6, with 5 ce. of water, receiving the 
ter in the separatory funnel containing the solution of phenetidin sulphate. 

Treat with successive small portions of solid sodium bicarbonate until, after com- 

plete neutralization of free acid, an excess of the former remains at the bottom of the 

mixture. Add 50 ce. of chloroform and for every 0.10 gram of acetphenetidin, known 

or believed to have been present, 5 drops of acetic anhydrid; shake vigorously, allow 

to clear, then withdraw the chloroform into a second separatory funnel containing 

5 ec. of water. Shake this mixture and, after clearing, pass the solvent through a 

small, dry filter into a 200 cc. Erlenmeyer flask. Distil over about 40 cc. of the 

chloroform, make up the distillate to 50 ce. with chloroform, add this to the mate- 

rial in the first separatory funnel and extract again. Withdraw the chloroform 
layer to the second separatory funnel, wash and distil about 50 cc.(for use in the 

finalextraction). Distil the chloroform down to about 10 cc., transfer with sufficient 

fresh solvent to a tared 50 ce. beaker or crystallizing dish, evaporate on the steam 

bath to apparent dryness, finally removing any considerable excess of acetic anhy- 
drid by repeated additions of 1 ce. of chloroform and a drop of alcohol. The re- 
formed acetphenetidin should finally appear as a whitish, crystalline mass with 
a faint, acetous odor which disappears completely on standing some hours in the 

open, or in a vacuum desiccator over lime. Weigh from time to time until the 

final weight differs from the preceding by not more than 0.5 mg. 

CAFFEIN AND ANTIPYRIN IN MIXTURES?. 

8 PREPARATION OF SAMPLE AND SOLUTION.—TENTATIVE. 

(a) Extract a weighed portion of the finely powdered sample on a filter with 

chloroform to separate the caffein and antipyrin from the usual excipients of tab- 
let and pill combinations. Distil off the greater part of the chloroform and evap- 

orate the remainder on the steam bath. 
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(b) In the case of alcoholic preparations, remove the alcohol from a measured 

amount of the sample by heating on a steam bath. Extract the residue with three 

50 ce. portions of chloroform in a separatory funnel. Distil off the greater por- 
tion of the chloroform and evaporate the remainder on a steam bath. 

9 ANTIPYRIN.—TENTATIVE. 

Transfer the residue, obtained in 8, which should weigh about 0.25 gram, to a 

150 cc. separatory funnel by means of two 5 ce. portions of alcohol-free chloroform, 

followed by 10 cc. of water. Add 1 gram of sodium bicarbonate and 10-15 ce. of 

N/5 iodin (or double the quantity of N/10 iodin), adding the latter in small por- 

tions and shaking the mixture vigorously after each addition. The iodin should 

then be in excess of that required to convert all the antipyrin into the mono-iod 
derivative. If not, add a little more and shake the mixture again. Remove the 

free iodin with a small crystal of sodium thiosulphate, add 15 cc. of chloroform, 

shaking vigorously for 1 minute. After clearing, draw off the chloroform solution 

into a second separatory funnel, wash with 5 cc. of water, filter through a small, 
dry filter into a tared 50 cc. beaker and evaporate to apparent dryness on the steam 

bath, using an air blast. Repeat the extraction with two (three, if N/10 iodin is 

used) 25 cc. portions of chloroform, wash, filter and evaporate each portion as 

above. Dry the nearly colorless, crystalline residue of caffein and iodantipyrin 30 

minutes at 105°C., cool and weigh. Designate this weight as ‘‘a’’. 

Dissolve the composite residue in 5 ce. of glacial acetic acid, add 10 ec. of 

saturated sulphur dioxid solution, then transfer with hot water to a 400-500 
ec. beaker until the final volume amounts to about 200 ec. Add sufficient silver 

nitrate solution to precipitate all the iodin (about 0.3 gram of silver nitrate); then 

a few drops of nitric acid, heat nearly to boiling and stir to agglomerate the silver 

iodid. Add 15 ce. of concentrated nitric acid, cover the beaker with a watch glass 

and boil gently for 5 minutes. Filter by decantation through a tared Gooch, wash 

the precipitate once with a little alcohol, then with two 100 cc. portions of boiling 
water and finally transfer the iodid to the crucible. Wash several times with hot 

water and again with alcohol to remove traces of organie matter, dry 30 minutes 

in an air bath at 110°C., cool and weigh. The weight of silver iodid multiplied by 

0.8012 gives the weight of antipyrin. 

10 CAFFEIN.—TENTATIVE. 

Caleulate the quantity of caffein by multiplying the weight of silver iodid by 

1.3374 and subtracting the product from the weight ‘‘a’’ above. 

In the analysis of a mixture containing caffein, antipyrin, acetanilid and sodium 
salicylate, the following steps are essential in effecting a separation: (1) Extraction 
of caffein, acetanilid and antipyrin with chloroform from the aqueous soda solution; 
(2) Hydrolysis with sulphuric acid of the 3 substances thus separated preliminary 
to the determination of caffein and antipyrin as directed in 9 and 70. 

ACETANILID AND ACETPHENETIDIN (PHENACETIN) IN MIXTURES’, 

ACETPHENETIDIN.—TENTATIVE. 

11 REAGENTS. 

(a) Purified iodin.—Dissolve 2 parts of resublimed iodin and 1 of potassium iodid 
in 1 of water, pour the clear solution into a large volume of water, filter and wash 

the finely precipitated iodin several times on a porous plate with water. Dry in 

the air and finally in a desiccator over sulphuric acid where it is kept in a glass- 

stoppered weighing bottle. 



XXIX] DRUGS 355 

(b) Standard sodium thiosulphate solution.—Dissolve 30 grams of crystallized 

sodium thiosulphate in water and dilute to 1 liter. Standardize this solution against 

the purified iodin as follows: Weigh out about 0.3 gram of the purified iodin in a 

small, glass capsule (about } inch high and 3 inch diameter), provided with a closely 

fitting glass cap or stopper, and place the capsule in a 200 ce. Erlenmeyer flask con- 

taining 0.5 gram of potassium iodid dissolved in 10 ec. of water. After complete 

solution, titrate with the sodium thiosulphate solution, using 1 or 2 drops of starch 

solution as an indicator. 

(C) Standard iodin solution.—Dissolve 40 grams of potassium iodid in the least 

possible quantity of water, add 30 grams of the purified iodin and, after solution, 

dilute to 1 liter. Standardize 25 cc. of this solution against the standard sodium 

thiosulphate solution. 

12 DETERMINATION. 

(1) Place 0.2 gram of the acetphenetidin-acetanilid mixture in a 50 ce. lipped 
Erlenmeyer flask, add 2 cc. of glacial acetic acid, heat gently over a wire gauze to 

complete solution and dilute with 40 cc. of water, previously warmed to 70°C. 

Transfer the clear liquid with two 10 cc. portions of warm (40°C.) water to a glass- 

stoppered, 100 cc. graduated flask containing 25 cc. of the standard iodin solution 
warmed to 40°C. Stopper, mix thoroughly, then add 3 cc. of concentrated hydro- 

chloric acid, continue shaking until crystallization begins and then set aside to 

cool. If the ratio of acetphenetidin to acetanilid is equal to or greater than unity, 

erystalline scales will form almost immediately on the addition of acid. As the 
proportion of acetanilid increases, however, the periodid tends to remain in the liquid 

state. In such cases, gentle agitation or rotation of the flask in water, warmed 

not to exceed 40°C., hastens the formation of crystals. When the contents of the 

flask are at room temperature, fill with water to within 2-3 cc. of the mark, mix 

thoroughly and allow to stand overnight. Fill to the mark with water, mix thor- 

oughly, allow to stand 30 minutes, filter through a 5.5 em. dry, closely fitted filter 
into a 50 ce. graduated flask, rejecting, however, about 15 cc. of the first runnings 

but reserving them for the recovery of acetanilid. Transfer the 50 cc. aliquot to a 

200 ce. Erlenmeyer flask and titrate with the standard sodium thiosulphate solution. 

Calculate the amount of acetphenetidin from the following formula: 

Acetphenetidin = I (0.0896 & N) in which 

0.0896 = the quantity of acetphenetidin contained in 1 ce. of a normal 
solution of this substance; 

N = the normality of the standard sodium thiosulphate solution 

employed; and 

I = the number of cc. of the standard sodium thiosulphate solu- 
tion corresponding to the iodin combined with the acet- 

phenetidin. 

The formula of the precipitated periodid, which constitutes the basis for the above 

determination, is (CoH;0.C;H,NH.COCHs).HI. Iy. 

(2) The gravimetric determination of acetphenetidin may, if desired, be effected 

as follows: Filter off the periodid, preferably by suction, wash with 10-15 cc. of the 

standard iodin solution, then transfer together with the filter to a separatory funnel, 
using not over 50 cc. of water. Remove both free and added iodin with a few small 

crystals of sodium sulphite and extract the liquid with three 50 cc. portions of 

chloroform, washing each portion subsequently into a second separatory funnel with 
5 cc. of water. After washing and clearing, filter the chloroform solution through 
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a dry 5.5 em. filter into a 200 ce. Erlenmeyer flask, distil off most of the chloro- 

form, transfer the residual solution (5-10 ec.), by means of a little chloroform, to 

a small, tared beaker or crystallizing dish, evaporate to dryness on a steam bath, 

cool and weigh. 

For the identification of acetphenetidin, either alone or in admixture with acet- 

anilid, the following test will be found of value*: To 1-2 mg. of the sample in a test 
tube add a drop of acetic acid, 0.5 ec. of water and 1 cc. of N/10 iodin, warm the 

mixture to about 40°C., then add a drop of concentrated hydrochloric acid. If 
acetphenetidin alone is present, its periodid separates almost immediately in the 

form of reddish brown leaflets or needle-like crystals. 1f the sample consists largely 

of acetanilid, the separation takes place on cooling and shaking the liquid. In the 
presence of considerable acetanilid, the periodid first separates as minute, oily 

globules, which, on vigorous shaking, gradually become crystalline. This test is so 

delicate that as little as 0.5 mg. of acetphenetidin may, if alone, be detected in 

the form of its characteristic periodid. 

13 ACETANILID.—TENTATIVE. 

(1) If the combined weight of the acetphenetidin-acetanilid mixture is known, 

determine that of the latter ingredient by difference; or, (2) Determine it directly 

from a second aliquot of the filtrate from the acetphenetidin periodid in 12 as follows: 
Pipette 25-30 ce. of the clear liquid into a separatory funnel, decolorize with 

solid sodium sulphite and solid sodium bicarbonate in slight excess, add 1 or 2 drops 
of acetic anhydrid, then extract with three 60 ec. portions of chloroform, passing 

the chloroform solution, when cleared, through a small, dry filter into a 200 ec. 

Erlenmeyer flask, and distil the chloroform, by the aid of gentle heat, to about 20 

ec. Add 10 ce. of sulphuric acid (1 to 10) and digest on a steam bath until the resi- 

due has been reduced one half, add 20 ce. of water and continue the digestion for 

an hour; then add a second 20 ce. portion of water and 10 cc. of concentrated hydro- 

chloric acid, titrate very slowly, drop by drop, with the standard bromid-bromate solu- 

tion, 2 (a), until a faint yellow color remains. While adding this reagent, rotate 

the flask sufficiently to agglomerate the precipitated tribromanilin. Calculate the 

amount of acetanilid present. 

If the preparation contains caffein or antipyrin or both in addition to acet- 
anilid and acetphenetidin, proceed as follows: (1) Digest the mixture by heating 
with dilute sulphuric acid to convert acetphenetidin and acetanilid to phenetidin 
and anilin sulphates, respectively; (2) Separate the caffein and antipyrin by ex- 
traction with chloroform; (3) Re-form acetphenetidin and acetanilid by treat- 
ing the solution of the corresponding sulphates with solid sodium bicarbonate in 
slight excess, then add a few drops of acetic anhydrid and extract with chloroform‘. 

ACETPHENETIDIN (PHENACETIN) AND SALOL IN MIXTURES’. 

ACETPHENETIDIN. 

14 Acid Hydrolysis Method.—Tentative. 

Weigh out on a tared 5.5 em. filter an amount of the sample equal to, or a mul- 

tiple of, the average weight of a unit dose and wash with sufficient successive, small 

portions of chloroform to extract completely all acetphenetidin and salol present 

in the mixture (about 40 ec.). Collect the solution in a tared, 100 ec. beaker and 

evaporate on a warm plate (50°-60°C.) to apparent dryness, using an air blast. 

Let stand 24 hours at room temperature to practically constant weight, then trans- 

fer the crystalline residue, by means of chloroform, to a 50 cc. lipped Erlenmeyer 

flask, evaporate the solvent by means of an air blast and gentle heat, add 10 ce. 
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of sulphuric acid (1 to 10) and evaporate on the steam bath until the volume is re- 
duced one half. Add 10 ec. of water and continue the digestion as before, then add 

a second 10 cc. of water and evaporate to 5 cc. Transfer the residue with about 

20 ce. of water to a small separatory funnel and extract with 15, 10 and 5 ec. of 
chloroform, washing each extract with 5 ec. of water in a second separatory funnel 

to recover traces of phenetidin sulphate possibly dissolved by the chloroform, 

finally rejecting the latter since it contains all the salol not previously eliminated 
during the digestion. 

Add the wash water in the second separatory funnel to the solution of phenetidin 

sulphate in the first separatory funnel and proceed as directed under 7, beginning 

with ‘‘Treat with successive small portions of solid sodium bicarbonate’’. 

15 Alkaline Hydrolysis Method.—Tentative. 

On a small, tared filter weigh out an amount of the sample to contain not more 

than 0.10 gram of salol, exhaust with chloroform as directed in 14, collect the sol- 

vent in a small, lipped Erlenmeyer flask and evaporate the chloroform by means of 

an air blast without heat. Add 10 ce. of 2.5% sodium hydroxid solution and heat 5 
minutes on a steam bath. Cool quickly to room temperature in running water to 

prevent partial hydrolysis of the acetphenetidin. Transfer the liquid to a separa- 

tory funnel with a minimum of water, then rinse out the flask with the first 20 ec. 
portion of chloroform used in the extraction. Extract the alkaline solution with 

three 20 cc. portions of chloroform, wash each portion in a second separatory funnel 

with 5 ce. of water and pass the solution through a small, dry filter into a 200 cc. 

Erlenmeyer flask. Designate the combined alkaline solution and washings as A. 

Distil the combined chloroform extracts to about 5 cc. Transfer by means of a 
little chloroform to a small, tared beaker or crystallizing dish, evaporate on a steam 

bath with the aid of an air blast, cool and weigh the residual acetphenetidin at 

intervals until the weight becomes constant. 

SALOL. 

16 Acid Hydrolysis Method.—Tentative. 

Subtract the weight of acetphenetidin, as determined in 14, from the combined 

weight of the 2 ingredients determined in 14, to obtain the weight of salol. 

17 Alkaline Hydrolysis Method.—Tentative. 

Place the combined alkaline solutions, A, under 15, in a 500 cc. glass-stoppered 
bottle, dilute with water to about 200 ec., run in from a burette an excess (about 

45 ee.) of N/7 potassium bromid-bromate, add 10 ec. of concentrated hydrochloric 

acid and shake 1 minute, then at intervals for 30 minutes. Add 10 ce. of 15% potas- 

sium iodid solution and shake at intervals for 15 minutes. Titrate the free iodin 

with standard sodium thiosulphate solution (preferably N/7), previously standard- 

ized against the N/7 bromid-bromate solution. One cc. of N/7 potassium bromid- 

bromate is equivalent to 2.55 mg. of salol. From the number of ec. of the N/7 

bromid-bromate solution used, calculate the amount of salol on the basis of 12 atoms 

of bromin to 1 molecule of salol. 

ACETANILID AND SODIUM SALICYLATE IN MIXTURES. 

18 PREPARATION OF SAMPLE AND SOLUTION.—TENTATIVE. 

Weigh an amount of the powdered sample equal to, or a multiple of, an average 
unit dose, transfer to a separatory funnel containing 10 cc. of water and, for every 

unit dose, add 0.10 gram of solid sodium bicarbonate. In the case of coated tablets 
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and pills, ascertain their average weight, powder in a mortar and weigh out an 

amount of the powder equivalent to one or more tablets or pills for each determina- 

tion prior to treatment in the separatory funnel. In the examination of alcoholic 
preparations, distil off the alcohol from a measured volume on a steam bath, 
transfer to a separatory funnel with a minimum of water and add sufficient solid 
sodium bicarbonate (0.5 to 1.0 gram). 

19 ACETANILID.—TENTATIVE. 

Extract the alkaline solution, obtained under 18, with three 50 cc. portions of 
chloroform, wash each portion with 5 cc. of water in a second separatory funnel 

and collect the solvent, without previous drying, in a 200 cc. Erlenmeyer flask. 

Designate the aqueous solution as A. Distil off the chloroform very gently to 
about 5 ec., add 10 ce. of dilute sulphuric acid and completely hydrolyze on the 
steam bath. Proceed from this point as directed in 4. 

20 SODIUM SALICYLATE.—TENTATIVE. 

Acidify the aqueous solution of sodium salicylate, A, under 19, with a few drops 

of concentrated hydrochloric acid and extract with sufficient (3-5) 25 cc. portions 

of chloroform to exhaust the salicylic acid present in the mixture. Treat each por- 

tion in a second separatory funnel with 20 cc. of water, containing 1 gram of 

anhydrous sodium carbonate for every 100 mg. of salicylic acid. Shake vigorously 

and, after clearing, wash each portion again in a second separatory funnel with 5 ce. 

of water, then add the washings to the main aqueous soda solution of sodium 
salicylate. Dilute to a known volume, transfer an aliquot, representing about 100 

mg. of salicylic acid, to a 200 cc. Erlenmeyer flask, make up to 100 cc., heat nearly 

to boiling, then run in from a burette 25-40 cc. of strong (about N/5) iodin solu- 

tion, sufficient to insure an excess during digestion and digest for an hour on a steam 

bath. Remove the free iodin with a few drops of sodium thiosulphate solution, 

decant the clear liquid through a tared Gooch, retaining most of the precipitate, 

tetraiodophenylenquinon (C.H2I.0)2, in the flask. To the latter add 50 ce. of 

boiling water, digest 10 minutes on the steam bath, then filter, wash gradually 

all the precipitate into a Gooch, using for this purpose and the final washing 

about 200 cc. of hot water. Dry to constant weight in an air bath at 100°C. Mul- 
tiply the weight of the precipitate by 0.4654 to obtain the quantity of sodium 

salicylate present in the aliquot taken. 

Should the mixture contain caffein or antipyrin, or both, these substances will 
appear with the acetanilid in the first chloroform extract and may be determined 
as directed in the closely set type following 10. Should the acetanilid be replaced by 
acetphenetidin in the mixture, the general procedure would not be materially altered, 
the acetphenetidin being weighed directly after recovery from its washed chloro- 
form solution as separated from the sodium salicylate. If, instead of sodium sal- 
icylate, the mixture contains the free acid or its ammonium salt, add a larger quan- 
tity of sodium bicarbonate prior to extraction with chloroform to insure the fixation 
of salicylic acid. 

In the analysis of a mixture of caffein, acetanilid, sodium salicylate and codein 
sulphate, the following procedure is recommended: (1) Extraction of caffein, acet- 
anilid and salicylic acid from the acidified solution; (2) Washing the chloroform 
solution with aqueous soda solution for the recovery of salicylic acid, preliminary 
to its treatment with iodin solution; (3) Separation of caffein and acetanilid as 
directed under 3 and 4; (4) Recovery of codein from the solution of its sulphate 
after treatment with sodium bicarbonate and chloroform. 
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CAFFEIN, ACETANILID AND QUININ SULPHATE IN MIXTURES. 

21 PREPARATION OF SAMPLE AND SOLUTION.—TENTATIVE. 

Transfer to a separatory funnel one or more average unit doses of the powdered 

sample, add 20 ce. of water and 50 ce. of chloroform, then 10 drops of dilute sulphuric 

acid and extract in the usual way. After clearing, wash the solvent in a second 

separatory funnel with 5 cc. of water prior to transferring to a 200 cc. Erlenmeyer 
flask. Repeat the foregoing operations with two 50 ce. portions of chloroform, 

finally distilling the combined chloroform solution to about 10 cc. by gentle heat. 

22 CAFFEIN AND ACETANILID.—TENTATIVE. 

Treat the chloroform residue obtained in 21 as directed under 3 and 4. 

23 QUININ SULPHATE.—TENTATIVE. 

Combine the wash water, used in the second separatory funnel in 21, with the 

solution of quinin bisulphate, add a slight excess of solid sodium bicarbonate, ex- 

tract with three 50 ce. portions of chloroform, wash each portion with 5 ce. of water: 

in a second separatory funnel and then pass through a dry filter into a 200 ce. Erlen- 

meyer flask. Distil by gentle heat to about 5 cc., evaporate on a steam bath 

to apparent dryness, dissolve the amorphous alkaloid in 5 ce. of neutral alcohol 

and titrate with N/50 hydrochloric acid to a faint red, using 2 drops of methyl red 

as an indicator. Heat on a steam bath until most of the alcohol has been expelled, 
adding, if necessary, sufficient acid to maintain the acid reaction. From the total 

number of cc. of acid employed in the titration calculate the quinin sulphate. One 

ec. of N/50 hydrochloric acid is equivalent to 8.73 mg. of quinin sulphate. 

If the mixture contains acetphenetidin in place of acetanilid, proceed as out- 
lined above, except that the separation of caffein and acetphenetidin is conducted 
as directed under 6 and 7. 

CAFFEIN, ACETANILID AND CODEIN SULPHATE IN MIXTURES. 

24 PREPARATION OF SAMPLE AND SOLUTION.—TENTATIVE. 

Proceed as directed under 21. 

25 CAFFEIN AND ACETANILID.—TENTATIVE. 

Proceed as directed under 22. 

26 CODEIN SULPHATE.—TENTATIVE. 

Proceed as directed under 23 to the point indicated by the sentence ‘‘Distil by 

gentle heat to about 5 cc.’’. Transfer the chloroform solution of codein with suffi- 

cient solvent to a small, tared beaker, evaporate to apparent dryness on a steam 

bath, add a few drops of alcohol to the amorphous residue, then a like amount of 

water and evaporate again. Finally cool and allow the usually crystalline product 

to stand until the weight becomes constant. The weight of this residue multiplied 

by 1.3144 gives the quantity of codein sulphate present. 

This result should be checked volumetrically. Dissolve the residue in 3-5 ec. of 

neutral alcohol and titrate with N/50 sulphuric acid to a faint red, using methyl 

red as an indicator. From the number of cc. of standard acid employed calculate 

the amount of codein sulphate. One ce. of N/50 sulphuric acid is equivalent to 
7.87 mg. of codein sulphate. The quantity of codein sulphate as found by weight 

will usually be slightly greater than that determined by titration. 
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CAFFEIN, ACETANILID, QUININ SULPHATE AND MORPHIN SULPHATE IN MIXTURES. 

27 PREPARATION OF SAMPLE AND SOLUTION.—TENTATIVE. 

Transfer to a separatory funnel an amount (containing not less than one fourth 

grain of morphin) of the powdered sample equal to, or a multiple of, a unit dose, 

add 20 ce. of water and 10 drops of dilute sulphuric acid, then extract with three 

50 ee. portions of alcohol-free chloroform, wash each portion in a second separatory 
funnel with 5 ec. of water and add the combined washings to the alkaloidal solu- 

tion in the first separatory funnel. Filter the chloroform extracts through a small, 
dry filter into a 200 cc. Erlenmeyer flask and distil by gentle heat to about 10 ee. 

28 CAFFEIN AND ACETANILID.—TENTATIVE. 

Treat the chloroform residue as directed under 3 and 4. 

29 QUININ SULPHATE.—TENTATIVE. 

Add to the solution of quinin and morphin sulphates, obtained in 27, 4-5 cc. of 

~ sodium hydroxid solution (1 to 10) and extract with four 40 cc. portions of chloro- 

form, wash each portion with 5 ce. of water and pass the clear solvent through a 

small, dry filter into a 200 ce. Erlenmeyer flask. Remove the solvent by gentle 
Lebar we and titrate the residual quinin with N/50 hydrochloric acid as directed 

under 20. 

30 MORPHIN SULPHATE.—TENTATIVE. 

Wash the filter, employed in 29, with 5 cc. of water and add to the aqueous 

alkaline solution of the alkaloid. Now add 0.5 gram of ammonium chlorid (or an 

amount slightly in excess of that required to free the morphin as well as convert 
all sodium hydroxid to sodium chlorid) and, to the resulting ammoniacal solution, 

add 45 ce. of chloroform and 5 cc. of alcohol, then extract in the usual way, washing 

the solvent in a second separatory funnel with 5 ce. of water. After clearing, pass 

the chloroform through a small, dry filter into a 200 cc. Erlenmeyer flask. Repeat 

the extraction with three 40 cc. portions of chloroform, washing and filtering as be- 

fore, finally collecting all the solvent in an Erlenmeyer flask and distilling to about 

10 cc. Transfer with chloroform to a small, tared beaker, evaporate to apparent 

dryness, add 0.5 ce. each of water and neutral alcohol, start crystallization by 

stirring with a glass rod and finally evaporate to dryness. Cool and allow to stand 

until the weight becomes constant. 

Check the weight of morphin, thus determined, by titration with N/50 sulphuric 

acid, using a drop of methyl red as an indicator. Dissolve the alkaloid in 1-2 ce. 

of warm, neutral alcohol, then add the standard acid to a faint red. Evaporate 
most of the alcohol on a steam bath, adding, if necessary, sufficient acid to main- 

tain the acid reaction. From the volume of acid used calculate the morphin sul- 
phate. One ce. of N/50 sulphuric acid is equivalent to 7.58 mg. of morphin sulphate. 

TRAGACANTH. 

31 VOLATILE ACIDITY®.—TENTATIVE. 

The quantity of volatile (acetic) acidity developed in the acid hydrolysis of gum 
tragacanth (Astragalus gummifer) affords a valuable index of the purity of this com- 
modity when compared with results obtained by similar treatment of so-called 
“Tndian gum’ (Cochlospernum gossypium and Sterculia urens). The term ‘‘vola- 

tile acidity” expresses the number of cc. of N/10 potassium or sodium hydroxid 

required to neutralize the volatile (acetic) acid obtained by distilling with steam 

the products of the action of boiling aqueous phosphoric acid on 1 gram of the gum. 
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Treat 1 gram of the whole or powdered sample in a 700 ce. round-bottomed, long- 
necked flask for several hours in the cold with 100 cc. of water and 5 ce. of sirupy 

phosphoric acid until the gum is completely swollen. Boil gently for 2 hours under 

a reflux condenser. A very small amount of cellulose substance will remain undis- 

solved. Now distil the hydrolyzed product with steam, using a spray trap’ to con- 
nect the distillation flask with the condenser and continue until the distillate 
amounts to 600 cc. and the acid residue to about 20 ce. Do not concentrate too far, 

as this would scorch the non-volatile, organic decomposition products and possibly 

contaminate the distillate. Titrate the distillate with N/10 potassium hydroxid, 

using 10 drops of phenolphthalein as an indicator, finally boiling the liquid under 
examination until a faint pink color remains. Correct the result by a blank de- 

termination and express the final result in terms of the number of cc. of N/10 

alkali required, as in the above definition. 
While tragacanth yields a practically colorless solution when boiled with aqueous 

phosphoric acid, Indian gum, on the other hand, gives a pink or rose solution. This 

reaction may be used as a preliminary test for the detection of Indian gum. 

LEVANT WORMSEED. 

32 SANTONIN.—TENTATIVE. 

Extract 10 grams of the sample, ground to pass a 30 mesh sieve, in a Soxhlet ex- 

traction apparatus for 3 hours with chloroform. Distil off the chloroform until 

7-8 ec. remain; add 100 ce. of 5% barium hydroxid solution and heat on a steam 
bath until the odor of chloroform has disappeared. Boil 5 minutes, cool and pass 

earbon dioxid (washed through sodium bicarbonate solution to remove traces 

of acid) until saturated. Filter on a small Biichner funnel, using suction, and wash 

twice with 10 cc. of water. Heat the filtrate on a steam bath, add 5 cc. of 25% 

hydrochloric acid and warm 5 minutes. Cool until lukewarm and extract with 20, 

15 and 15 ce. of chloroform, passing the solvent through a small filter into a flask. 

Evaporate to dryness, removing the last traces of chloroform. Dissolve in 7.5 

grams (9.5 cc.) of absolute alcohol, warming gently if necessary. Then add 42.5 

ec. of water heated to 60°-70°C., stopper the flask and allow to cool. Start crystal- 

lization at this point by scratching the side of the flask with a rod or by seeding with 

a minute crystal of santonin. (Solutions containing a liberal amount of santonin, 

kept in a cool place for 24 hours, have been found in a supersaturated condition 

where this precaution was not observed.) Maintain the flask and contents at a 

temperature of 15°-17°C. for 24 hours. Filter and wash at 15°-17°C. with two 10 

ec. portions of 15% alcohol by weight. Dry the flask and filter at 100°C., dis- 

solve the santonin left in the flask and on the filter in chloroform and filter into a 

tared beaker. Wash the flask and paper thoroughly with chloroform, evaporate 
the combined filtrate and washings, dry at 100°C. to remove all traces of chloroform 

and weigh. To the weight found add 0.04 gram for the santonin dissolved in the 
dilute alcohol and multiply the total by 10 to obtain the per cent of santonin. 

NITROGLYCERIN IN TABLETS. 

33 PREPARATION OF SAMPLE.—TENTATIVE, 

(a) Crush 25 tablets under 10 cc. of anhydrous ether in a 25 cc. cylinder by 

means of a stout glass rod. Rinse the rod with a little anhydrous ether, allow 
the insoluble material to settle and decant the solution into a 50 cc. graduated 
flask. Wash the residue repeatedly with 5 ce. portions of anhydrous ether, decant 

the washings into the flask until it is filled to the mark, stopper and mix well. 
Designate this solution as A. 
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Add 10 cc. of water to the residue, mix well and transfer the mixture to a 

small separatory funnel by means of a little water. Extract with 3 successive 
portions of 10, 5 and 5 ce. of ether. Collect the ether extracts in a 50 cc. beaker 

and designate this solution as B. . 
(b) Disintegrate 25 tablets in a small beaker with 10 cc. of water, breaking 

up any lumps with a glass rod, and transfer by means of a little water to a sepa- 
ratory funnel. Rinse the beaker with 10 cc. of ether and transfer this also to the 
funnel. Shake thoroughly, draw off the aqueous layer and transfer the ether 

through a funnel, containing a little cotton, to a 50 cc. graduated flask. Repeat 
the extraction with successive portions of ether until the flask is filled to the mark, 

stopper and mix well. Designate this solution as C. 

In hand-made and soft compressed tablets, the method described under (a) is 
preferred, since the direct extraction of the dry crushed material with ether re- 
moves most of the nitroglycerin. In hard compressed tablets, the direct extraction 
is often not nearly so complete and, in such cases, the method described under (b) 
is to be preferred. 

Nitrate Method’.—Tentative. 

34 REAGENTS. 

(a) Phenoldisulphonic acid solution.—Prepare as directed under IV, 14 (a). 

(b) Standard. nitrate solution.—Dissolve 0.7217 gram of potassium nitrate in 1 

liter of water. Evaporate 10 cc. of this solution just to dryness in a porcelain dish 
on a steam bath. Cool and treat the residue with 2 ce. of the phenoldisulphonic 

acid solution, rubbing with a glass rod to insure intimate contact. After 5-10 min- 

utes dilute to 250 ec. Each ce. of this solution contains 0.004 mg. of nitrogen. Add 

an excess of potassium hydroxid solution to an aliquot of this solution and dilute 
to 100 ec. (Do not use sodium or ammonium hydroxid.) It is advisable to pre- 

pare a standard of approximately the same color as the unknown. 

35 DETERMINATION. 

Place 20 ec. of the ether solution, A or C under 33, in a dried, tared 50 cc. beaker. 

Evaporate the solvent in a vacuum desiccator containing sulphuric acid. Apply 

the vacuum gradually, to prevent boiling. Allow the beaker to remain in the 

vacuum 30 minutes after the ether has evaporated. Weigh and calculate the ether 

extract per tablet. Treat the residue with 2 ec. of the phenoldisulphonic acid solu- 
tion, rotating the beaker so that the reagent comes in contact with the entire inner 

surface. After 10 minutes add water and wash into a 100 ce. flask. Dilute to the 
mark and place 10 cc., representing 1 tablet, in a 100 cc. flask, add about 50 ec. of 

water and a few drops more of 20% potassium hydroxid solution than is required to 

neutralize the acid. Dilute to the mark and compare the color with that pro- 
duced when a standard nitrate solution is similarly treated. Any convenient col- 

orimeter or Nessler tubes may be used. Multiply the nitrate nitrogen found by 
5.4 to obtain the equivalent of nitroglycerin. 

When 33 (a) is used for the preparation of the sample, a correction, deter- 

mined as directed in 37, should be made for the amount of nitroglycerin in B 

under 33, using all of B instead of an aliquot. 

Nitrite or Modified Hay Method?.—Tentative. 

36 REAGENTS. 

(a) Sulphanilic acid solution.—Prepare as directed under IV, 12 (b). 

(Db) Alpha-naphthylamin hydrochlorid solution.—Prepare as directed under IV, 

12sec). 
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(C) Standard nitrite solution.—Weigh out 0.220 gram of dry silver nitrite [KV, 

18 (c)], dissolve in a small quantity of hot water and decompose with a slight ex- 
cess of sodium chlorid solution. When the solution becomes clear, dilute to 1 liter 

with nitrite-free water. Dilute 5 cc. of this solution to 1 liter with nitrite-free water. 

The second dilution, containing 0.0001 mg. of nitrous nitrogen per cc., is the stand- 

ard to be used. [Cf. IV, 12 (d)] 

37 DETERMINATION. 

Place 5 cc. of the ether solution, A or C under 33, in a 50 ec. beaker 

dilute with 5-10 ec. of aleohol and add about 5 ce. of 0.5% alcoholic potassium hy- 

droxid. Cover with a watch glass and allow to stand 10 minutes. Place on a steam 

bath, boil, remove the watch glass and, when most of the liquid has evaporated, add 
about 25 cc. of water and return to the steam bath until about half the liquid has 

evaporated or until the odor of alcohol can no longer be detected. Cool and dilute 

with nitrite-free water to 250 cc. Each ce. of this solution represents 0.01 of a 

tablet. Introduce an aliquot, representing 0.02-0.04 mg. of nitroglycerin, into a 

100 ec. graduated flask, dilute with sufficient nitrite-free water to make the volume 
90-95 ce., add a drop of concentrated hydrochloric acid, then 2 cc. of the sulphanilic 

acid solution and 2 cc. of the alpha-naphthylamin hydrochlorid solution. Com- 

plete the volume with nitrite-free water. Prepare at the same time and in the same 
manner standards containing known amounts of sodium nitrite. Stopper the flasks, 

mix well and compare the colors after 30 minutes, using any convenient colorimeter 

or Nessler tubes. Multiply the nitrite nitrogen found by the factor 8, which has 
been determined experimentally, to obtain the equivalent of nitroglycerin. 

When 33 (a) is used for the preparation of the sample, a correction, deter- 
mined as directed above, should be made for the amount of nitroglycerin in B 

under 33, using all of B instead of an aliquot. 

PEPSIN IN LIQUIDS._TENTATIVE. 

38 REAGENTS. 

(a) Standard pepsin.—Powder a good grade of U.S. P. pepsin and pass it through 

a No. 60 sieve; dry in vacuo over calcium chlorid, again pass through a sieve and 

preserve in a stoppered bottle. Ascertain the exact pepsin equivalent of the dry 

powder by the U. S. P. method!® and express in percentage based on the assumption 

that the U.S. P. product is 100% pure. 

(b) Standard pepsin solutions.—Weigh off definite amounts of the standard pep- 
sin into the requisite quantity of N/10 hydrochloric acid to make solutions con- 
taining 5 and 0.5 mg. of pepsin per cc. These should be freshly prepared. 

(C) Ricin solution.—Grind commercial ricin, similar to the “ Ricin Prepirat nach 

Jacoby’’, to a No. 60 powder, mix thoroughly, dry and keep in a desiccator. Digest 
1 gram of this powder for an hour at 37.5°C. in 100 ce. of 5% sodium chlorid solution, 

cool, filter and use at once for the assay. 

39 PREPARATION OF SOLUTIONS. 

(a) Dilute solution of the sample.—Dilute the sample with a measured amount of 

N/10 hydrochloric acid until, upon digestion at 37.5°C., 1 ec. requires approximately 

15 minutes to digest the precipitate obtained by mixing 2 ec. of the ricin solution 

and 0.5 cc. of N/10 hydrochloric acid. To 50 ce. of this diluted preparation add the 

requisite quantity of water or of N/5 hydrochloric acid to make the preparation of 
N/10 acid strength when diluted with N/10 acid to 90 cc. Preserve the sample in 
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a refrigerator. (Solid pepsin preparations may often be extracted with hydro- 

chloric acid of appropriate strength and prepared for assay in the same manner.) 
(b) Dilute comparison solution of the sample.—Add 1 ce. of N/10 hydrochloric 

acid to 9 ce. of the dilute solution of the sample. 
(C) Dilute inactive solution of the sample.—Immerse a stoppered glass vessel, con- 

taining 45 cc. of the dilute solution of the sample and 5 ec. of N/10 hydrochloric 

acid, in boiling water for 15 minutes and filter. 
(G) Standard solution containing 0.5 mg. of active U. S. P. pepsin per cc.—Im- 

merse a stoppered test tube containing 18 ec. of the dilute solution of the sample 
in boiling water for 10 minutes and, after cooling, add 2 cc. of the standard pepsin 

solution, containing 5 mg. of pepsin per cc., and filter if necessary. 
If the solutions to be tested are not clear, filter through hardened filters. If, 

however, they cannot thus be clarified, make check comparison tubes containing 

the same amounts of the preparation made up in the same way with 2 cc. of water 

in place of the ricin solution used in the determination. 

40 DETERMINATION. 

To each of 15 tubes, add from a burette 2 cc. of the ricin solution and 0.5 ce. of 

N/10 hydrochloric acid, heat to 37.5°C. and add the following quantities of the 

solutions: 
To the first 5 tubes, add 0.00-1.00 ec. of the dilute comparison solution of the 

sample in 0.25 cc. increments, and 1.00-0.00 cc. of the dilute inactive solution of 

the sample in 0.25 ce. decrements. To the next 5 tubes, add 1.00-0.00 cc. of the 

dilute inactive solution of the sample in 0.25 cc. decrements and 0.00-1.00 ce. of the 

standard solution containing 0.5 mg. of active U. S. P. pepsin per ce. in 0.25 ce. 

increments. To the last 5 tubes, add 1.00-0.00 ce. of N/10 hydrochloric acid in 

0.25 ce. decrements and 0.00-1.00 ce. of the standard pepsin solution containing 0.5 

mg. of pepsin per cc. in 0.25 ec. increments. 

By comparing any tube of the first group of 5 with the tubes in the remaining 

groups the degree of proteolytic activity of the dilute comparison solution of the 
sample may be matched against known amounts of standard pepsin both in ordi- 

nary acid medium, last group of 5, and in the same medium as the sample itself, 

second group. 
Introduce the acid and the dilute inactive solution of the sample into the tubes 

first and then pour in the solutions to be tested as rapidly as possible from gradu- 

ated pipettes, noting the total time consumed in the process after adding the pepsin. 
After the addition of the solution to be tested, again immerse the test tubes in 

the 37.5°C. bath, preferably arranged in corresponding order in a partitioned square 

or oblong wire rack, such as is used in bacteriological work. Shake and examine the 

tubes from time to time for 1-2 hours, noting the time when the digestion begins 

and ends. In case of very weak solutions they may be allowed to digest over- 

night. 

If the rate of digestion is the same in each group, the dilute comparison solution 

of the sample contains exactly 0.5 mg. of pepsin per ce. If the rate ismore rapid 
in the first group than in the others, it is stronger, the comparative strength being 

closely indicated by the time of action in the tube containing less of the solution. 

If the rate of clearing is more rapid in the last group than in the second, some in- 
terfering substance is present and must be removed by dialysis, or by evaporation 
in vacuo at a low temperature until, upon re-examination and further dilution or 

concentration, the rate of digestion is identical or nearly so in each series. 
Smaller quantities of pepsin may be determined in the same way by comparing 



XXIX] DRUGS 365 

them with more dilute solutions of standard pepsin. Thus 0.05 mg. of U. 8S. P. 

pepsin can be readily detected by the nearly complete solvent action on the ricin 
precipitate in less than 2 hours. A marked action on the ricin within the same time 

is shown by 0.005 mg. For all practical purposes the absence of an appreciable sol- 
vent action after 4 hours digestion indicates the absence of pepsin. Express the re- 
sult in per cent, assuming U. 8. P. pepsin to be 100% pure and calculating the 
result according to the dilution found necessary in preparing the dilute solution 

of the sample. 

TURPENTINE. 

41 COLOR.—TENTATIVE. 

Fill a 200 ce. flat-bottomed colorimeter tube, graduated in mm., to a depth of 

40-50 mm. with the turpentine. Place the tube in a colorimeter and place on or 

under it a No. 2 yellow Lovibond glass. Over or under a second graduated tube 

in the colorimeter, place a No. 1 yellow Lovibond glass and run in the same turpen- 
tine until the color matches as nearly as possible the color in the first tube. Read 

the difference in depth of the turpentine in the 2 tubes. If this difference is 50 mm. 

or more, the turpentine is ‘‘standard’’. 

42 SPECIFIC GRAVITY.-—-TENTATIVE. 

Determine the specific gravity at aw: by means of a pyecnometer. The specific 

gravity may also be determined somewhat less accurately at any convenient tem- 

perature with a plummet, correcting the result by using the factor 0.00082 for each 

degree that the temperature of the determination differs from the standard tem- 

perature. 

43 REFRACTIVE INDEX.—TENTATIVE. 

Determine the refractive index at any convenient temperature with an accurate 
instrument and calculate the result to 20°C., using the correction factor 0.00045 

for each degree that the temperature of the determination differs from 20°C. 

44 DISTILLATION.—TENTATIVE. 

Use an ordinary Engler flask (the internal diameter of the side tube must be 6-7 
mm.) and condenser! and heat the flask in a glycerin or oil bath’. Fit the flask 

with a thermometer reading 145°-200°C. Place 100 cc. of the turpentine in the 
flask, connect with the condenser and distil. Conduct the distillation so that the 

distillate passes over at the rate of 2 drops per second. Note the initial distilling 

temperature and the percentage distilling below 170°C. 

POLYMERIZATION. TENTATIVE. 

45 REAGENT. 

88N sulphuric acid.—Mix 140 grams of concentrated sulphuric acid with sufficient 
liquid, fuming sulphuric acid (about 10 grams) to obtain an acid slightly stronger 

than 38N. Determine the exact strength of this mixture and also of the concen- 
trated acid as follows: Weigh out 6-8 grams in a bulb, having a capillary tube in the 

lower end and a tube with a stop-cock in the upper end, fitted with a platinum 

wire for suspending on a balance. (The bulb is filled by the aid of a slight vacuum, 
and the lower end of the capillary is emptied by closing the stop-cock simultaneously 
with the withdrawal of the capillary from the acid; after which it is wiped off first 
with a wet and then with a dry piece of cloth.) Run the acid into cold water, make 
up to volume and titrate an aliquot of the solution against standard alkali or add an 
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excess of ammonium hydroxid to an aliquot, evaporate to dryness, dry to constant 
weight at 120°-130°C. and weigh as ammonium sulphate. Calculate the sulphur 

trioxid content of the acid and add sufficient concentrated sulphuric acid to make 
it exactly 82.38% of SO;. The acid must be carefully protected against absorption 
of water from the air. 

46 DETERMINATION. 

Place 20 ce. of the 38N sulphuric acid (100.92%) in a graduated, narrow-necked 
Babcock flask, stopper, place in ice water and cool. Add slowly 5 cc. of the turpen- 

tine. Mix the contents gradually, cool from time to time and do not allow the tem- 

perature to rise above 60°C. When the mixture no longer warms up on shaking, agi- 

tate thoroughly, place in a water bath and heat to 60°-65°C. for about 10 minutes, 
keeping the contents of the flask thoroughly mixed by vigorous shaking 5-6 times. 

Cool to room temperature and fill the flask with concentrated sulphuric acid until 

the unpolymerized oil rises into the graduated neck. Centrifugalize 4-5 minutes at 

about 1200 revolutions per minute, or allow to stand for 12 hours. Read the un- 
polymerized residue, notice its consistency and color and determine its refractive 
index. 
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APPARATUS and SUPPLIES 

SEED TESTING LABORATORIES 
according to standards of the U. S. Dept. of 

0} Agriculture, Washington, D. C. 

Germinating Chambers 

Seed Separators 

Brown & Duvel Moisture Testers 

pi ae 

GENERAL LABORATORY SUPPLIES 
CATALOGUES AND ESTIMATES FURNISHED ON APPLICATION 

Autoclaves 
; Horizontal and Vertical and in a 

Hog Cholera Serum Syringes variety of sizes 

Surgical and Veterinary Instruments 

THE KNY-SCHEERER CORPORATION 
MANUFACTURERS 

404 West 27th Street NEW YORK CITY 



STURTEVANT 
LABORATORY MACHINERY 

CRUSHERS 

CRUSHING ROLLS 

PULVERIZERS 

SCREENS 

Built especially for 

sample work. 

ee 
Easily cleaned. 

PATENTED 3 5 
Simply adjusted. 

Accurately built for 

perfect work. 

Strongly constructed 

for hard service. 

Hundreds used by 

Chemists, Assayers, 

Technical Schools, 

Government and 

Private Laboratories, 

in fact Sturtevant 

machinery is recog- 

nized as standard 

laboratory equipment 

everywhere. 

PATENTED 

Sold on approval 

Send for Catalogue 

No. 67 A 

PATENTED 

STURTEVANT MILL CO. 
HARRISON SQUARE BOSTON, MASS. 
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THE NEW VITREOSIL CATALOG 

IS NOT MERELY A 

PRICE LIST 

— IT CONTAINS A SUMMARY 

OF THE REMARKABLE 

CHEMICAL, PHYSICAL AND 

VITREOSIL ELECTRICAL CHARACTER- 

i . Bs ISTICS OF THE MATERIAL, 

AND A THREE-PAGE 

BIBLIOGRAPHY OF REFER- 

ENCES IN RECENT SCIEN- 

TIFIC LITERATURE DEAL- 

ING WITH ITS PROPERTIES 

AND APPLICATIONS 

The Thermal Syndicate, Ltd. 

New YorhA_ 

WE SHALL BE GLAD 

TO SEND YOU A COPY 

THE THERMAL SYNDICATE, Ltd. 

50 EAST 41st STREET 

NEW YORK CITY 



ABBE 
PULVERIZING MACHINERY 
w= i’ WATS) BETTER CRUSHING AND GRINDING 

j AT LOWER COST 

OUR VARIOUS MACHINES ARE 

UNIVERSALLY RECOGNIZED AS 

THE STANDARD FOR LABORA- 

TORY AND COMMERCIAL USE 

When you purchase Abbé Equipment it is not simply a 
case of buying a Ball or Pebble Mill, a Cutter, Crusher, 
Pressure Blower or Vacuum Pump. It is a case of 
getting the result of conscientious Engineering Service 
based on 39 years of experience in this field. If you 
are looking for large capacity, low power consumption, 
continuous operation—in short, for SATISFACTION— 
investigate ABBE Equipment. 

USE OUR TESTING LABORATORY 

We make no charge for grinding, crushing, cutting or 
mixing samples and submitting full reports on suitable 
machines. We operate a considerable number of differ- Combination Laboratory Mill 

We Build this with any Combination of ent mills for this purpose. Get in touch with us. 

ABBE PRODUCTS 

LABORATORY MILLS 

JAR MILLS 

PEBBLE MILLS 

BALL MILLS 

TUBE MILLS 

DISINTEGRATORS 

ROTARY CUTTERS 

VACUUM PUMPS 

PRESSURE BLOWERS 

BOLTING CLOTH 
‘ tie 

Abbé Pebble Mill 

OVER 100 MACHINES IN Hoy 4 Batented) ~ 
= x For Wet or Dry Grinding, For Charging Capacities up to 4000 Pounds, 
STOCK Lined with either Siiex, Porcelain, Cast Iron or Steel 

Send for Catalogs 

ABBE ENGINEERING CO. 
ST. PAUL BLDG. Broadway and Ann Sts. NEW YORK 
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INTERNATIONAL 

CENTRIFUGES 

INTERNATIONAL 
EQUIPMENT COMPANY 

352 Western Ave., (Brighton) 

BOSTON, MASS. 

Catalog Cy. on request 

View showing two workmen putting on the finishing 
touches on a Sperry filter plate. 

Finishing Touches 
®¥ After the Sperry Filter plate has been carefully 
turned on an accurate machine tool, it is not yet 
complete. 

Each plate is separately gone over by two work- 
men, who scrape off all projections and file all 
rough edges. 

All these steps take time, but the Sperry policy 
leaves nothing undone that should be done. 

Let us figure on your filtration problems. 

D. R. SPERRY & CO. 
Engineers and Manufacturers 

Batavia, Ill., Near Chicago 

Let us tell you more about the Sperry Filter Press and the 
Sperry Evaporator for Fruit Juices, etc. 

15 

A Modern 
Necessity GAS- 

For ALL Heating Purposes 
Unequalled for the Laboratory 

and all Branches of Chemistry 

A standard, uniform, non-poisonous gas, ab- 
solutely safe, simple and efficient, supplied 

automatically as wanted by the 

TIRRILL 
Equalizing 

Gas Machine 
Fully guaranteed; easily installed. Nothing 
to get out of order. Does not affect insur- 
ance rates. 

TIRRILL esictney BURNERS 
Used fcr over 50 years and found superior in every respect. 

Scientifically constructed. Guaranteed to 
work onall kinds of gas, under any pressure. 
So constructed that the air and gas regu- 
lator cannot become hot while the burners 
are in use. TIRRILL Burners insure a 
gas saving of 25 to 50%. 

TIRRILL Laboratory Burners 
Burner illustrated is made with separate air 
and gas adjustment. Other laboratory burn- 
ers regulate air and gas at the same time. 

TIRRILL Blast Flame Heating Burner No. 
2000 will deliver 2000 heat units. 

A Burner For Every Need 
The famous TIRRILL Combination Mixing 
Valve for properly regulating air and 
gas, is unexcelled for hotplates, stills, 
sterilizers, autoclaves, warming. closets, 

es, gas fuel heating appli- 
ances, ovens, water heaters and ranges. eee = 

Laboratory Burner 

Also TIRRILL Gas Fire Pots, Fuel Gas Plants, Gas- 
oline, Underground Storage Tanks, Water Supply 
Systems, Lighting Fixtures (Gas and Electric). 

Booklet Upon Request 

TIRRILL GAS MACHINE LIGHTING CO. 
Established 1864 

614 Terminal Bldg., 103 Park Ave., New York City 



TORSION BALANCES 
PURCHASED FOR 

U. S. GRAIN STANDARDIZATION LABORATORIES 

Capacity 4} kilos 

Sensitiveness ij; gram 

Pans, brass, nickel plated 8”’ 

Listed Page 18 

Catalog No. 33 

7 
iy 

Style No. 255 

4550 4555 

225 500 grams 

16 16 milligrams — - 

33 5 inches ee pes) d 

Slide beam— 

Upper 150 grains by 1 grain 

Lower 10 grams by ;, gram 

Style No. 4550-1555 

Designed for seed analysts and 

for acidity test of corn. See 

page 3 of Bulletin No. 102 U. S. 

Dept. of Agriculture ‘‘Acidity 

as a Factor in Determining the 

Degree of Soundness of Corn.’’ 

This balance and Torsion Bal- 

ance No. 4000 for moisture in 

grain were recently supplied to 

the Grain Standards Labora- 

tories of the U. S. Government. 

Seed and Corn Pamphlet issued. 

Style No. 5055 

The Torsion Balance Co. 
OFFICE PACIFIC GOAST BRANCH FACTORY 

No. 92 Reade Street No. 49 California Street No. 147-9 Eighth Street 
New York, City San Francisco, Calif. Jersey City, N. J. 
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HENRY HEIL CHEMICAL CO. 
210-214 South 4th Street 

ST. LOUIS, MO. 

Importers and Manufacturers of 

Chemical Apparatus, Chemicals 
and Laboratory Supplies Generally 

We have the stock and can make prompt delivery 

SPECIALTIES: 

Kavalier Bohemian Normal Glassware 

Best Grade of American Glassware, ‘‘Non-Sol,”’ 
‘‘Perfection’’ and ‘‘Pyrex’’ 

Max Dreverhoff, Schleicher & Schull, Swedish and 

English and Blue Label Filtering Papers 

Royal Berlin & Haldenwanger Berlin Porcelain Ware 

Best American Porcelain Ware 

Troemner & Becker Balances and Weights 

Platinum Wire, Foil and Ware 

Fused Silica Laboratory Utensils ‘‘Vitreosil’’ 

Hanovia Pure Transparent Quartz Glass 

Alundum Ware 

Hoskins’ Electric Furnaces 

Chatelier’s Pyrometers 

Bausch and Lomb Microscopes and Accessories 

Hydrometers and Thermometers of every description 

Chemically Pure Acids and Ammonia, Molybdic Acid 
and Molybdate of Ammonia 

Merck’s, Baker and Adamson’s and J. T. Baker Chemical Co.’s 
Chemicals and Reagents 

Caustic Potash and Soda, purified in sticks 
and pure by alcohol 

Acetate of Lead, Cyanide Mixture, Soda Ash and 
Commercial Caustic Soda 

We carry a very large and complete stock of everything used in the laboratory 

and solicit your orders or inquiries. There is nothing in the chemical line which 

we cannot furnish. You will find us prompt, courteous and reliable. 

In our Glassblowing Establishment we can pro- 

duce any apparatus, no matter how complicated 

17 



BAKER 
Platinum Apparatus 

The meeting of unusual conditions or the experi- 
menting with new processes, frequently necessitates 
an equipment of SPECIAL Platinum Apparatus. 

Platinum Shell for Water Analysis 

In addition to the large stock of Platinum products from which 

we can make immediate shipments, we give strict attention to 

the filling of orders which demand Special shapes or designs in 

Platinum construction. 

Our facilities for this work are unequalled, a fact that has been 

recognized by many chemists who have sought the services of 
our organization. 

Worn out Platinum Ware Purchased or Exchanged. 

Our brochure, ‘‘Data Concerning Platinum,’’ gives valuable suggestions 

to users of Platinum ware. We will send you a copy upon request 

BAKER & CO., Inc. 
NEWARK, N. J. 

NEW YORK OFFICE: 30 CHURCH ST. 



The First Annual Chemical Directory 
of the United States 

For 

AGENTS COLLEGES EXPORTERS MANUFACTURERS 

BROKERS ENGINEERS IMPORTERS PURCHASING AGENTS 

BUYERS DEALERS LABORATORIES SHIPPERS 

CHEMISTS EXECUTIVES LIBRARIES SELLERS 

Edited by 

B. F. LOVELACE, Pu.D. 

JOHNS HOPKINS UNIVERSITY 

Pages: 350 to 400. Size of book: 6” x9”. Size of type page: 43” x 73”. 

Binding: Blue cloth, gold lettering. Paper: Good quality book. 

Arrangement: Alphabetic. 

Just Issued. Price: $5.00, Postpaid 

ORDER FROM 

WILLIAMS & WILKINS COMPANY 

Baltimore, U. S. A. 

Bishop Platinum 

Ware 
For Laboratory Purposes 

Crucibles 
Dishes 

Electrodes 
Wire 
Foil 

J. BISHOP & COMPANY Platinum Works 
Refiners of Platinum, Gold and Silver 

MALVERN, PA. 



Sarco 

Temperature Regulators 

\ JITH positive and reliable action, this Tempera- 

ture Regulator gives a perfect medium of control. 

Such an efficient instrument as this is required in 

drying rooms, bacteriological incubators, paint and 

varnish rooms, paste rooms, and in other places 

where similar conditions are encountered, or for the 

control of the temperature of any liquid. 

It prevents overheating or underheating, controlling, 

as it does, whatever temperature the 

proposition at hand demands. It is 

entirely self-contained. 

Simple and strong metal construction. It 

does not require electricity or compressed 
Room Temperature air, and has no clock-work mechanism or 

& ah diaphragms, but operates by the expan- 

< sion of oil through the medium of a 
SS spirally corrugated tube. 

Cone 
“os, The Sarco Temperature Regulator is 

% Fae widely adapted. It helps immeasurably 

i Ra toward efficiency and economical pro- 
2, Ye >‘, duction. Te euintae ane 

We will be pleased to send you printed matter 

4 < descriptive of this Temperature Regulator and 

its operation. 

Sarco Company, Inc. 
&, . Woolworth Building 

s New York City 

Monadnock Block, Chicago 

% s New Telegraph Bldg., Detroit 

Drexel Building, Philadelphia 



“BUFLOVAK” 
Evaporators 

Mechanical strength; simple construction; readily increased capacity; uniform and 

rapid circulation; proper steam distribution; high efficiency—these are some of the features 

which distinguish ‘‘Buflovak’’ Evaporators. 

The experience of our experts and engineering staff, combined with unsurpassed manu- 

facturing facilities enables us to furnish equipment which is dependable and economical under 

all conditions. 

“BUFLOVAK” 
Vacuum Dryers 

The ‘‘Buflovak”’ line includes vacuum dryers for drying all materials—apparatus of 

design and construction that has proved dependable and efficient in service—the kind that 

insures both quality and quantity of output. 

‘“‘Buflovak’’ Shelf, Rotary and Drum Dryers, Vacuum 

Pumps, Impregnating Apparatus, Solvent Reclaim- 

ing and other special apparatus. 

“BUFLOKAST” 

Chemical Plants 
Chemical Apparatus and COMPLETE CHEMICAL PLANTS for manufacturing 

various chemical products, including Organic and Heavy Chemicals, Acids, Alkalies, High 

Explosives, Coal-Tar Colors, and kindred materials; also separate parts such as Nitrators, 

Reducers, Sulfonators, Autoclaves, Nitric Retorts, Crystallizers, Caustic Pots, etc. 

BUILT FOR TOMORROW’S SATISFAC- 

TION INSTEAD OF TODAY’S PRICE 

BUFFALO FOUNDRY & MACHINE COMPANY 
7 Winchester Avenue Buffalo, N. Y. 

New York Office; 17 Battery Place 



CHEMISTRY OF 
PLANT AND ANIMAL LIFE 

By 

Harry SnypDER, B.S. 
Fourth Reyised Edition 

In this fourth edition the author kas made 

a sharper division between the first part which 

presents the elementary principles of chemistry 

from an agricultural viewpoint, and the second 

part dealing more distinctively with the chem- 

istry of plant and animallife. He has rewritten 

the chapter on nitrogenous organic compounds, 

so that it now includes a discussion of the com- 

position of the proteins from different sources, 

and a number of new topics, among which are: 

unknown constituents of foods, ‘“vitamines”, 

amino acid deficiency of some proteins, and 

monotonous diets. He has also added new 

material to the chapters on wheat, fermentation 

and chemistry of digestion and nutrition. 

388 pages, illustrated, 12 mo. $1.50 

PUBLISHED By 

THE MACMILLAN COMPANY 

64-66 Fifth Avenue 

New York Ciry 

F you contemplate establish- 

| ing a journal along technical, 

scientific or general lines, we 

believe you will find our organi- 

zation worthy of special con- 

sideration. We undertake the 

development and manufacture 

of numerous journals. 

We shall be glad to offer the 

services of our experts to formu- 

late plans for establishing your 

journal successfully. 

WILLIAMS & WILKINS COMPANY 

2419-21 GREENMOUNT AVENUE 

BALTIMORE, U.S. A. 

FOLDED FILTERS 

GRUEBLER STAINS 

MERCK’S—J. T. BAKER’S 

B. & A. Standard Chemicals, 

and American Glassware 

Porcelain Ware. 

ANY 

RORY 

CARRIED 

DANCE. 

orders immediate and intelli- 

and ALL LABORA- 

REQUIREMENTS 

IN ABUN- 

WE can give your 

gent attention. 

LABORATORY SUPPLIES 

AND CHEMICALS 

DAIGGER 
54 West Kinzie Street 

CHICAGO ILLINOIS 



COPE EXTENSION SCOOP 
DESIGNED BY 

W. C. COPE, Chemist 
U. S. Bureau of Mines 

MANUFACTURED BY 
SCIENTIFIC MATERIALS CO. 

PITTSBURGH, PA. 

Used for introducing solids into Kjeldahl or other long- 
necked flasks. The apparatus consists of an aluminum 
weighing scoop attached to an extension by means of a 
bayonet joint. The weighing scoop is detachable and of 
such a size that it can be placed on a balance pan. 

This permits the sample to be weighed and introduced into the flask 
without transferring and without getting any of the material on flask 
neck walls. 

Permits most accurate results in Kjeldahl determinations 
on food products, fertilizers and feed stuffs, also in the 
determination of nitrogen in explosives. 

Price, $1.50 each 

) FRY RESISTANCE GLASS 
MADE BY 

H. C. FRY GLASS CO. 
IN THE PITTSBURGH DISTRICT 

DISTRIBUTED BY 
SCIENTIFIC MATERIALS CO. 

PITTSBURGH, PA. 

This is a real resistance glass as it resists the action of 
both alkalies and acids and also temperature changes and 
the effects of shocks incident to handling. 

Fry Resistance Glass is one that is extremely heat 
resisting but not brittle, a very important feature as it is 
essential that such glassware should withstand ordinary 
handling under conditions as they exist in the laboratory. 

Complete line of Flasks, Beakers, and Petri Dishes 

Style K. Flasks, Kjeldahl, with round bottom and long 
neck. 

Size No. 1 2 3 
Capacity, oz. 10 16 27 
Capacity, cc. 300 500 300 
Stopper No. 6 6 7 

Net, Per Doz. $5.00 6.75 7.50 

SCIENTIFIC MATERIALS CO., Pittsburgh, Pa. 



WANTED 

Copies of the first issue of the Journal of 

the Association of Official Agricultural 

Chemists 

We have had such a splendid demand for the JOURNAL that prac- 

tically all the copies of the first issue are exhausted. 

We will be glad to pay the proportionate price—$1.25—-for each copy 

of Number 1 of Volume I that is returned to us in good condition. 

The board of editors and publishers will appreciate your codperation 

in this matter, as we have numerous requests we would be glad to fill. 

WILLIAMS & WILKINS COMPANY 

2419-21 GREENMOUNT AVENUE 

BALTIMORE, U.S.A. 
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“SPRACO” 

Spray Nozzles 
Spray is evenly distributed, and 

large in volume 

The efficiency of a spray 

nozzle depends upon two 

things—the distribution 

of the cone of spray and 

the power required. 

In the ‘‘Spraco’’ Nozzle, 

two forces of liquid so im- 

pinge at the orifice that it 

is broken up into minute 

particles and distributed 

over the entire area of 
the cone that leaves the 

We also manufacture the 

nozzle. The fact that 

each nozzle will distribute 

a large volume of liquid 

proves the power econo- 

my of the ‘‘Spraco.’’ 

Used in thousands of 

chemical and industrial 

applications, for cooling 

liquids, air or gases, 

washing or humidifying 

air, ete. 

Vaughan Flow Meter 
Tells at a glance how many gallons per 
minute / 
regulated easily and quickly 

Flow is 
An electric 

signal warns operator of slightest varia- 
tion in flow. 
in price. 

Simple, small and reasonable 

Little pressure required 

Spray 
Engineering -... 
Company 

Boston 

Mass. 



A POTENTIOMETER FOR THE DE- 

TERMINATION OF HYDROGEN ION 

CONCENTRATION IN SOLUTIONS 

"THE POTENTIOMETER illustrated above is now being used by a number of 
investigators for measuring the E. M. F. between the Hydrogen and Calomel 

electrodes in Hydrogen Ion Concentration determinations. It is rapidly replacing 
the electrometer for such work for the following reasons: first, it is much more sensi- 
tive than the electrometer; second, its use does not entail the annoying delays 
met with in the use of the electrometer when overcharged and thus polarized. 

The Leeds and Northrup Potentiometer has two ranges. Normally measure- 
ments may be made up to 1.6 volts by steps of .00001 volt. A range changing 
plug enables measurements to be made up to .16 volt by steps of .000001 volt. 

The precision of adjustment is such that on the high range measurements from 
.| volt up may be made to a precision of better than 1/50°%. On the low range 
measurements from .01 volt up may be made to the same degree of precision. 

The instrument and its accessories require little or no attention. Its manipu- 
lation is simple. 

A full description of this potentiometer will be sent upon request, as well as a 
list of some of those who are now using it for Hydrogen Ion Concentration 
determinations. 

THE LEEDS & NORTHRUP CO. 
ELECTRICAL MEASURING INSTRUMENTS 

4928 STENTON AVENUE PHILADELPHIA 



MERCK’S 

BLUE LABEL REAGENTS 

are tested according to the book of stand- 

ards, Chemical ‘Reagents: Their) Purity 

and Tests.” The analysis is on every 

label. Instruct your dealer to send you 

Merck’s “blue label” goods only. 

Pyrex Laboratory Glassware 

ode) 

——— = | 

al! \Z 
4901P. No. 4903P. No. 4906P. zi il No. 4211P. 

We carry a full line of this glassware which is proving itself superior to Jena 

glassware for most laboratory use. 

KJELDAHL FLASKS 
of this ware will more than pay for the increased initial cost in the decreased 
breakage. They conform to the Jena specifications. Send for Circular A 304. 

CENTRAL SCIENTIFIC COMPANY 
460 East Ohio Street (Lake Shore Drive, Ohio and Ontario Sts.) CHICAGO, U.S. A. 



MEANS nd 

REMEMBER ITS WATERPROOF 

REG. UtS: PATe OFF: 

PROTECTION 
PRESERVATION 
PERMANENCE | 

Made For Chemists By Chemists 

Among the great family of Products, 
there are a number which appeal particularly to 

the chemical industry— 

EAZ ACID-PROOF 
. PAINTS 

Preserve steel and other surfaces against acid 
and alkali fumes, electrolytic and chemical 
corrosion, water and steam. 

For use on pipes, benches, machines, in 
laboratories, storage battery rooms, plating 
works, storage battery rooms, etc., etc. 

REMEMBER ITS 

e e 
REG, US. PAT. OFF. 

E CEMENT FILLER 
© CEMENT FLOOR PAINT 

Preserve and decorate concrete floors and 
render them wear-proof, oil-proof and water- 

proof. Cement Filler binds the surface into a 
hard, homogeneous mass and stops “‘cement 
dusting.”’ Cement Floor Paint as a finisher 
imparts any standard color and makes a better 
wearing surface. 

a. HOSPITAL & 
VEMEMBER /TS  WATERPROO, LABORATORY 

ENAMEL 

A white enamel that resists the action of sul- 

phuretted hydrogen, gases and fumes olf acids 

and chemicals. A three coat enamel that 

positively does not turn color. High gloss, 

matt or egg-shell finish as desired. 

TOXEMENT 
A powder to add to Portland 

AEG. US. PAT. OFF. 

Cement at 

cement construction 

Doesn’t hasten or 

retard setting action, but lubricates the mass, 

binding it into a denser and more impenetra- 
ble body. 

the mixing to make 

thoroughly waterproof. 

Full details of these and other preservatives for the 

chemical industries in ‘‘The Red Book’’ from Dept. 30 

TOCH BROTHERS 
TECHNICAL AND SCIENTIFIC PAINT MAKERS SINCE 1848 

320 FIFTH AVE., NEW YORK 
WORKS: NEW YORK; LONDON, ENG., AND TORONTO, CAN. 



1875 -- 1917 

AMERICAN PLATINUM WORKS 
225-231 NEW JERSEY RAILROAD AVENUE, NEWARK, N. J. 

HAMMERED PLATINUM WARE 

of Every Description of Exceptional Quality and Professional Workmanship, Tested and 

Guaranteed. Special Apparatus for the Laboratory in Platinum, Gold, Silver, Copper, 

Aluminum and other Metals made to order after Customers’ Drawings 

Platinum Combustion 

Apparatus Tubes 

eeates = 
Crucible 

Dishes 
Tongs 

Electrodes 
Boats Tweezers 

Filter Cones Sheet 
Triangles Wire 

Spatulas and 

Spoons palze 

Serap and 

When in the 

market for any- 

Worn-out Ware, etc., 

Purchased or 

thing in our line Taken in Exchange 

write for our for 

quotations. New Ware, ete. 

NEW YORK OFFICE 

CHARLES ENGLEHARD, 30 Church St. 



WHATMAN 

ENGLISH FILTER PAPER 
In Our Stock For Immediate Shipment 

Large shipments of WHATMAN FILTER PAPER just received against orders placed one 
year ago enable us for the first time since the line was announced to make prompt shipment of 

all staple sizes in the following numbers. Our prices are identical with those published by the 
factory agent and we recommend the entire line, both for quality and variety of purpose. The 

quantitative papers have been distinctly improved in evenness of texture and filtering 

properties as compared with early shipments. 

The makers of Whatman English Filter Paper are engaged in the development and manu- 

facture of a complete line of Filter Papers which they expect to equal in assortment and quality 

those of any other make. Of this series the numbers listed below are now in our stock for imme- 
diate delivery and new numbers are added to our stock as fast as completed by the British fac- 

tory. 

No. 1 A high-grade chemical filter paper for general quantitative and qualitative work. 
This paper is made from high-class materials, is tasteless and free from chlorin. 
It has been so specially prepared as to render it free from starch. It, moreover 
retains Barium Sulphate when properly precipitated. 

No. 2 A paper similar in general characteristics to No. 1 but thicker, being about 50% 
heavier. It filters fine precipitates rapidly, the filtrate being clear and bright. 

Zz S Of the same quality as No. 2, but made slightly heavier still. It is, therefore, 
specially suitable for use in pressure and vacuum filters. It filters fairly fast, and 
at the same time retains fine precipitates. 

No. 4 A paper made of very soft material and, therefore, open in texture. It is suitable 
for filtering fruit juices, syrups, oils, varnishes, etc., where rapidity in obtaining 
clear filtrates is desirable. 

No. This paper has been made of the purest material, and subjected to a special 
hardening process. It is very strong and close in texture, and will retain such fine 
precipitates as Barium Sulphate and Lead Sulphate, the latter even when freshly 
precipitated. 

on 

No. 30 This filter paper is of the same high quality as the foregoing grades, but has been 
so treated as to remove as far as possible by Hydrochloric Acid such chemical salts 
as are normally contained in the fibre. This paper, having low ash and close 
texture, is more suitable for quantitative work than No. 1. 

No. 31 Similar to No. 30 but considerably more rapid in filtration, therefore, especially 
desirable for gelatinous and large particle precipitates. It is not recommended for 
use with very fine precipitates. 

No. 40 Having been subjected to a combined treatment of Hydrochloric and Hydrofluoric 
acids, is lower in ash content than No. 30, the Hydrofluoric Acid having the effect 
of removing traces of silicious matter. This paper is recommended for quantitative 
work in which a high degree of accuracy is desirable. The paper being pure gives 
a yery low ash, and being close in texture, will retain the finest precipitates. 

No. 41 Is somewhat similar to No. 40, having been subjected to the same dual treatment of 
acids, but being softer in texture and more open, it is rather quicker in filtration. 
(his paper is not recommended for use where very fine precipitates are to be 
retained unless they have been properly precipitated. 

No. 42 Similar to Nos. 40 and 41 in chemical properties, but differs in its physical proper- 
ties, being much harder and extremely close in texture. These features render it 
particularly suitable for use in filter pumps. 

No. 44 A thinner paper than Nos. 40 and 41, but treated in the same manner with HCI 
and HF1 acids. This paper is rather slower in filtration than Nos. 40 and 41, but 
it contains less ash and will retain very fine precipitates. It is recommended for use 
where the greatest possible degree of accuracy in quantitative work is required. 

ARTHUR H. THOMAS COMPANY 
IMPORTERS—DEALERS—EXPORTERS 

LABORATORY APPARATUS AND REAGENTS 

West Washington Square PHILADELPHIA, U. S. A. 



IT 1S) DHE BODY. tiSELE 

Acid-Proof Chemical Stoneware 
Our ware is not the cheapest, nor is it fancy—but it is made of a body and built so as to give long 

and de pendable se rvice under severe and various working conditions 

We are now in position to give All Guaranteed Acid-Proof and Vit- 
= rified Throughout—Yet Not Brittle 

PROMPT DELIVERIES and Fragile like Glass, but Strong 

—as we have quadrupled our and Tough like Granite 
capacity. 

SERVICE AND HONESTY 
IN DELIVERY 

Acid-Proof Suction Filter ‘‘A”’ 

Made in most any capacity up to 100 
gallons. Furnished with faucet and 

cover if desired. 

OUR WARE WILL WITHSTAND 

THE ACTION OF ALL ACIDS, 

Acid=Proof Coil or Worm ALKALIS AND CHEMICALS 

Made in 14” to 3” bore, and with HOT OR COLD 

front 10 to 100 feet of pipe STRONG OR WEAK 

We make every description of Acid-Proof 

Chemical Stoneware, from special 

pieces to complete plants 

MAURICE A. KNIGHT -.0.80x2s) East Akron, Ohio 



WE SPECIALIZE IN HIGH GRADE 

GLASS BLOWING 
GRINDING—ENGRAVING 
EXPERIMENTAL WORK 

GLASS TUBING AND CONNECTING TUBES FOR 
NITRIC ACID PLANTS 

WE CARRY A WELL ASSORTED STOCK OF 

LABORATORY GLASSWARE AND SUPPLIES 

HYDROMETERS —THERMOMETERS 

CORRESPONDENCE SOLICITED 

International Glass Company 
(CALORIS DEPARTMENT) 

MILLVILLE, N. J. 
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583 Analytical Chemists 
LT Journal 

View 
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Serials \\ 

PLEASE DO NOT REMOVE 

CARDS OR SLIPS FROM THIS POCKET 

UNIVERSITY OF TORONTO LIBRARY 

STORAGE 
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