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PHOTOMETRIC METHOD FOR THE QUANTITATIVE DETER-
MINATION OF LINE AND SULPHURIC ACID.'

By J. I. D. HINDS.
Received May 14, 1896.

HE want of a rapid method of determining with a close
approximation the amount of lime and sulphuric acid in
drinking water led me to the study of the opacity of fine white
precipitates suspended in water. I precipitated in weak solu-
tions lime with ammonium oxalate, and sulphuric acid with
barium chloride, then measured the height of a column of the
liquid containing the precipitate through which the flame of a
common candle was just invisible. I expected only a rude
approximation, but to my surprise, I found that between cer-
tain limits, an accuracy is attainable equal to that of the ordi-
nary volumetric methods.

APPARATUS.

The only apparatus needed is a cylinder graduated from the
bottom in centimeters and tenths. The cylinder should have a
plain polished bottom, like Nessler cylinders, and should havea
lip at the top. The one I use was made for me by Eimer and
Amend. Itisfour cm. wide and twenty cm. high. The gradu-
ations runs to eighteen cm. This cylinder, however, is not
absolutely necessary. A common beaker may be used and the
depth of the liquid measured with a small ruler.

1 The manuscript of this article was sent similtaneously to the Chemical News and
to this Journal. Owing to the absence from home of Professor Hinds, his proof was de-
layed too long to allow of publication of the article in the July issue.
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666 J. 1. D. HINDS,

cipitate the whole of the calcium. The solution was then poured
into the photometric cylinder and the depth measured as in the
case of sulphuric acid. Portions of ten or twenty cc. of water
were successively added and the depth observed after each addi-
tion. The results are given in the following table. In column
1 is the number of the solution ; column 2 shows the per cent.
of calcium carbonate ; columns 3, 4, 5, 6, and 7 contain the
measured depths of the liquid at which the flame became invisi-
ble ; column 8 contains the means of these depths, and column
9 the product of these means by the per cents. in column 2, rep-
resented as before by xy. The three determinations in the
fifth series were made simply as a check. Many other indepen-
dent determinations were made in order to ascertain whether
there was a change of opacity, and whether the precipitation
would be different in the weaker solutions. No material differ-
ence was found.

Per cent.
calcium
No. carbonate. cm. cm, cm, cm, cm, x. xy.
I..... 0.0333 2.1 2.3 2.3 2.4 2.250  0.0750
2..... 0,0250 2.8 2.9 2.9 2.9 2.875 0.0718
Feeees 0.0100 3.5 3.6 3.5 3.5 3.525 0.070%§
foeons 0.0167 4.1 4.2 4.1 4.1 4.2 4.14 0.0691
§evees 0.0143 4.7 4.8 4.7 4.7 4.725  0.0676
6.c... 0.0125 5.3 5.5 5.3 5.3 5.35 0.0669
Feeeos 0.0111 6.0 6.1 5.9 6.0 6.0 0.0666
8.ieen 0.0100 6.6 6.8 6.6 6.7 6.675 0.0668
Qereen 0.0091 7-3 7.4 7.3 7-4 7.4 7.36 0.0670
I0.:... 0.0083 8.0 8.0 8.0 8.1 8.03 0.0666
II..... 0.0077 8.8 8.6 8.6 8.8 8.7 0.0670
12+ . 0.0071 9.5 9.3 9.3 9.5 9.4 0.0667
13eeees 0.0067 10.2 0.9 9.9 10.1 9.9 10.0 0.0670

Examining the values of xy, we find that they are not con-
stant. They diminish rapidly at first, then more slowly. The
equation is, therefore, not so simple as in the case of sulphuric
acid. It appears, however, to be an hyperbola, and we may
assume that its equation has the form

zy+ by =a,
in which 4 and a are constants whose values are to be deter-
mined. Substituting the values of x and y from the above table,
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we obtain thirteen observation equations. The values of 2 and
b are then found according to the method of least squares by
forming and solving the two sets of normal equations. The first
set will be the same as the observation equations; the second
_ set is obtained by multiplying each equation by its cofficient of
5. ‘These equations are as follows :

0.0750 4+ 0.0333 6 =a 0.002500 < 0.001111 & = 0.0333 @
0.0718 4 0.0250 6 =g 0.001795 + 0.000625 § = 0.0250 a
0.0705 4+ 0.0200 6 =a 0.00I410 + 0.000400 # = 0.0200 @
0.0691 + 0.0167 6 = a 0.001151 4 0.000271 & = 0.0167 @
0.0676 4 0.0143 6 = a 0.000967 +- 0.000204 & = 0.0143 @
0.0669 + 0.0125 6 = a 0.000836 + 0.000156 & == 0.0125 a
0.0666 4- 0.0111 b =a 0.000740 + 0.000124 b == 0.0111 &
0.0668 4 0.0100 6 = a 0.000668 4 0.000100 & = 0.0100 @
0.0670 + 0.0091 b =@ 0.000610 - 0.000083 & = 0.0091 @
0.0666 4 0.0083 b = a 0.000553 + 0.000069 & = 0.0083 @
0.0670 4 0.0077 b =a 0.000516 -+ 0.000059 & == 0.0077 &
0.0667 4 0.0071 b = a 0.000474 <+ 0.000050 & == 0.007I &
0.0670 + 0.0067 b = a 0.000449 - 0.000045 & == 0.0067 a

Adding the equations together, we have
0.8886 + 0.18180 = 132. 0.012668-40.00330456 = 0.1818a.
Dividing by the coefficient of 4 and eliminating, we have
a = 0.0642 b= —o0.3
The required equation is therefore
xy—o0.3 §=0.0642,
or, solving for y -
0.0642
z—o3
For the per cent of CaO the equation is
__ 0.0360
.—';_:o_—'sc
This is the equation of an hyperbola referred to one of its
asymptotes as the axis of x and to an axis of y three-tenths cm.
to the left of the other asymptote. The abscissas are centime-
ters and the ordinates are 0.01 per cent. to the cm. The curves
are shown in the accompanying diagram.
As an example, let us suppose that the observed depth is four
and seven-tenths cm. Subtract 0.3 and divide 0.0642 by the
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remainder. The quotient 0.0146 is the per cent. of calcium car-
bonate. Dividing this by 1000 we have 14.6 parts to the 100,000.

PROBABLE ERROR.
To determine the probable error of an observation we may
compare as before the numbers fdund by observation with those

computed from the equation, as follows :
Strength Strength

x. used. computed. v. .
29 0.0250 0.0247 0.0003 0.00000009
3.5 0.0200 0.0201 0.0001 0.00000001

4.1 0.0167 0.0170 0.0003 0.00000009
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Strength. Strength.
ules.' £

x. computed. v. 3,
4.7 0.0143 0.0146 0.0003 0.00000009
5.35 0.012§ 0.0127 0.0002 0.00000004
6.0 0.0I11 0.0112 0.0001 0.0000000T
6.7 0.0100 0.0100 0.0000 0.00000000
7.4 0.0091 0.0091 0.0000 0.00000000
8.0 ©.0083 0.0085 0.0002 0.000000Q4
8.7 0.0077 0.0077 0.00N0 0.00000000
9.4 0.0071 0.0071 0.0000 0.0000000K*
10.0 0.0067 0.0066 0.0001 0.00000901

Sum Z7* 0.00000038

Using the same value for error as before, in which in this case
n, the number of observations, is 12, and ¢, the number of con-
stants in the equation is 2, we have

r=o. 6745\/ o °°°p°:3 = 0.00p13 per cent.

That is, the probable difference between an observed and com-
puted strength of a solution is 0.00013 per cent., or thirteen parts
in ten million.

SOURCES OF ERROR. .

The principal sources of error in this method are two. In the
first place a light of constant intensity should be used. Itmakes
but little difference what the light is, so it is the same as that
with which the constant in the equation is determined. I
employed the flame of an ordinary candle as the most con-
venient. A brighter and steadier light would give better results.
Any change of light will of course change the constants.

The second source of error is the personal equation. Each
individual can determine this for himself. The error dependent
upon the eye can be almost eliminated by using it in the usual
way, that is with or without glasses.

Any one can obtain the constants for himself by making a
few determination with solutions of known strength. The best
strength to use is that between o.01 and 0.03 per cent. Great
care must be used in measuring. If ten cc. of a decinormal
solution are taken, a difference of one drop in the measurement
may make an error ten times as great as that involved in the
method.
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PRACTICAL APPLICATION.

I have so far used the method and tested it only in sanitary
water analysis and in the analysis of urine. To the water analyst
it will be of great value. It gives the lime and sulphuric acid
with almost the accuracy of the gravimetric method. Itismore
accurate than the soap test and is but slightly affected by the
presence of magnesium salts.

For determining the sulphuric acid in urine I have found it
quite satisfactory. The urine has to be diluted with nine vol-
umes of water and then the color does not sensibly affect the
determination.

I see no reason why this method may not be successfully used
with all fine white precipitates. It is not suitable for precipi-
tates that settle rapidly or gather quickly into flakes. Whether
colored precipitates may be determined in this way is still to be
investigated.

I desire toacknowledge obligation to Professor A. H. Buchanan

for assistance in determining the equations and probable errors.
CREMICAL LABORATORY, CUMBERLAND UNIVERSITY,
LEBANON, TENN.

[CONTRIBUTIONS FROM JOHN HARRISON LABORATORY OF CHEMISTRY.
No. 12.]

THE SEPARATION OF TRIMETHYLAMINE FROM
ATIMONIA.

By HERMANN FLECK.
Received May 8, 1896,

HE quantitative estimation of trimethylamine in presence of
ammonia is, I believe not mentioned in the literature,
although a number of publications have appeared in which the
detection of trimethylamine, in presence of ammonia, by means
of the different solubilities of their hydrochlorides in absolute
alcohol, has been successfully carried out.

Dessaignes' prepared and analyzed with good results the plati-
num double salt of trimethylamine, by 'cqnducting the mixture
of ammonia and trimethylamine vapors into hydrochloric acid,
evaporating to dryness, extracting with absolute alcohol, pre-
cipitating with platinic chloride and recrystallizing the precipi-
tate formed several times from hot water.

1 Ann. Chem. (Liebig), 81, 106,
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Wicke' adopts the same method, using, however, alcohol-
ether extract.

Winkeles,* in using this method, further states that while °
ammonium chloride is soluble to some extent in absolute alco-
hol, it is rendered totally insoluble by the presence of salts of

-such bases as trimethylamine.

Eisenberg,’ by a similar procedure, obtained the platinum
double salt in crystals of great purity and perfection.

The success in each case is undoubtedly due to the fact that
large quantities of hydrochlorides were used. Winkeles,* for
example, employed the hydrochlorides obtained from twenty-six
gallons of herring brine. Further the mixtures were very rich
in trimethylamine.

This method applied to a substance containing a low percent-
age of the latter yielded results, which clearly show that tri-
methylamine hydrochloride does not render ammonium chloride
insoluble in absolute alcohol, and further does not serve as a
good means of qualitative, much less of quantitative, separation.
A portion of the mixture containing trimethylamine and ammo-
nia was saturated with hydrochloric acid, evaporated to dryness
and extracted several times with portions of several times the
volume of boiling absolute alcohvl. The alcoholic extract
evaporated to dryness gave eighteen per cent. of supposed tri-
methylamine hydrochloride. To identify the latter, the residue
was taken up with alcohol and platinic chloride added. The
precipitate formed was redissolved in boiling water and the dif-
ferent fractional crystallizations, consisting of octahedra, anal-
yzed.

Pt found. Required for
First crystallization...... 43.6 (NH,CI),PtCl,, 43.84
Last O eeeeee 39.5 Corresponding toa
mixture of
2 ( (NH,C1 ),PtCl‘) +

3(N(CH,),.HC1),PtCl.,

which require 39. r cent. Pt.
1 Ann. Chem. (Liedbig), o1, 121. 1 39-4 pe
2 Ann. Chem. (Liebig), 93, 321.
8 Ber. d. chem. Ges., 1880, 1669.
4 Loc. cit.
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Intermediate crystallizations gave intermediate, gradually
decreasing results, showing that the isomorphous forms of the two
salts crystallized together.

Duvillier, Buisine' extract the mixed su/pkates to prepare pure
trimethylamine from the technical product. The suggestion led
to the use of the following method which yielded satisfactory
results. :

The mixed hydrochlorides are repeatedly extracted with por-
tions of a total of five or six times the volume of boiling absolute
alcohol and the solvent distilled off in a three-quarter liter dis-
tilling bulb. An excess of caustic soda is added to the residue
and the gases formed on boiling driven over into a large quan-
tity of water. Litmus is added, followed by the exact quantity
of dilute sulphuric acid required to neutralize. The liquid is
evaporated to dryness and extracted with one liter cold absolute
alcohol, in which trimethylamine sulphate dissolves, leav-
ing ammonium sulphate undissolved. The alcohol is dis-
tilled off, the residue transferred to a weighed dish, dried and
weighed. In this manner 32,910 grams of the carefully dried
mixed chlorides gave two and five-tenths grams trimethylamine
sulphate, corresponding to 2.21 grams hydrochloride, or 6.71
per cent.

That the extraction was complete is evident from the total
absence of the fishy odor when the extracted residues are treated
with alkali. That the extracted material is pure is shown by
the following analyses of the octahedral crystals of the platinum
double salt prepared from the trimethylamine sulphate :

[N(Céﬁ%’éﬁ fgcl..
Per cent. Pt. Per cent., h

I. 0.0983 gram gave....... tesnue eees 36.92 cens
I1. o.3017 ‘e ¢ teeccececscsssses 37.12 36,93

1 Arx. Chem., (Liebig) (5) 23, 299.




ZIRCONIUM TETRAIODIDE.

By I,. M. DENNIS AND A. E. SPENCER.
Received June 9, 1896,

ITH the exception of the tetraiodide all of the normal

halides of zirconium have been prepared and described,

the fluoride, chloride, and bromide being white, crystalline, sub-
limable solids.

A few attempts to make the iodide are recorded in the jour-
nals, but in no case was the normal compound, zirconium tetra-
iodide, ZrI,, obtained. Melliss' passed the vapor of iodine over
a glowing mixture of zirconia and carbon; he also treated zir-
conium tetrabromide with potassium iodide, but in neither case
did zirconium tetrachloride result. Hinsberg® added an aqueous
solution of barium iodide to a solution of zirconium sulphate,
filtered off the barium sulphate, and evaporated the filtrate over
concentrated sulphuric acid. He obtained a compound of the
formula Zr,I1,0,, or ZrI (OH),. He also passed the vapor of
iodine over a heated mixture of zirconium dioxide and carbon
and states that no reaction whatever took place. Bailey® states
that ‘‘zirconium* is acted upon by chlorine and bromine,
in which, on gentle heating, it undergoes vivid combustion,
forming the tetrahaloid derivatives, and this is, indeed, a con-
venient method for obtaining these bodies. The iodide could
not be obtained.”’

In the work here to be described, the authors first attempted
to prepare zirconium tetraiodide by passing the vapor of iodine
over heated zirconium. The zirconium first used was made by
reducing zirconium dioxide with magnesium powder, the two
substances being mixed in the proportion employed by Winkler®
and demanded by the equation

ZrO, 4+ 2Mg = Zr 4 2MgO.

This mixture was heated in hydrogen in the usual maunner

and the resulting black 'powder was removed from the boat,

thoroughly ground, and again heated in hydrogen to insure

1 Ztschr. Chem., 1870. 296 : Jsb., 1870, 328.

2 Ann. Chem. (Liebig), 239, 253.

3 Chem News., 6o, 8.

4 Prepared by the reduction of zirconia with magnesium powder.
§ Ber. d. chem. Ges., 33, 2664 ; 24, 888,
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conplete reduction. To free it from magnesia, the product was
treated with-a saturated solution of ammonium chloride. Dur-
ing this treatment a gas of very disagreeable odor was evolved.
It is doubtless similar to that observed by Winkler at this point.
The powder was then warmed with dilute twelve per cent. hydro-
chloric acid and, after collecting it on a filter, it was washed
with water containing hydrochloric acid, then with alcohol and
ether, and finally was dried in a current of hydrogen. The
analysis gave

Per cent
Zirconitm « eoooesvescrssacccesssssasosssssscasssnas 80.670
Silicon ceeececcnnnn a0 ranosesssessesecesas tasreetesns 0.807
Magnesiume. ceeeeeceteereseserecsccsccesssocscacsane 0.117
Hydrogen ccecececetcnceaniienecesansescasecacncnns 0.362
Oxygen (diff.)ccccececeetcnceniiicsnececeecncecenes 18.044

100.000

These results agree quite closely with those obtained by
Winkler,' and indicate that the product of the reduction is chiefly
zirconium monoxide rather than zirconium.

Although the powder probably contained but very little free
zirconium, it was nevertheless heated in hydrogen and vapor of
iodine was passed over it. An examination of the product gave
no satisfactory indications, however, that an iodide of zirconium,
had been formed.

Inasmuch as the failure to obtain union between the zirconium
and iodine might reasonably be ascribed to absence of free zir-
conium in the above product, it seemed advisable, before
attempting any modification of the iodine treatment, to prepare
zirconium by some other method and especially by some pro-
cedure in which the presence of any appreciable amount of oxy-
gen is avoided. Under the circumstances the method of Berze-
lius,® the reduction of potassium fluozirconate with metallic
potassium, seemed the most promising and was therefore em-
ployed.

The potassium fluozirconate was prepared from zircon. The
zircon was finely ground, sifted through bolting cloth, and
digested with concentrated hydrochloric acid until the acid gave

1 Ber. d. chem. Ges., 23, 2667.
2 Ann. der Phys. (Pogg), 4, 117.
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no reaction for iron. The powdered zircon, which was now
almost perfectly white, was dried and mixed with four times its
weight of sodium carbonate. The mixture was fused in an
assay crucible furnace, allowed to cool, pulverized, and repeat-
edly extracted with water. The residue, consisting of zirconia
and unattacked zircon together with some silica and ferric oxide,
was heated with concentrated hydrochloric acid, evaporated to
dryness, and heated in an air-bath to 120° to render the silica
insoluble. The dried mass wastreated with a little hydrochloric
acid, water was added, and the silica and other insoluble matter
was filtered off. The filtrate, now containing zirconium chloride
and some ferric chloride, was largely diluted with water, and
ammonium hydroxide was added until there was formed a slight
but permanent precipitate which was then dissolved by adding
as little hydrochloric acid as possible. Sulphur dioxide was
then passed into the solution until the liquid smelled strongly of
the gas. In many cases a precipitate of basic zirconium sul-
phite formed at once, but, as the compound seemed to be some-
what soluble in an excess of sulphurous acid, the solution was
always boiled for from ten to fifteen minutes to insure complete
precipitation. In the reaction free hydrochloric acid is formed
both by the conversion of the zirconium chloride into the basic
sulphite and by the reductfon of the ferric chloride to the ferrous
salt. As this acid would dissolve the zirconium sulphite, it was
partially neutralized by the addition, from time to time, of a few
drops of dilute ammonium hydroxide. The zirconium precipi-
tate not being wholly free from iron, it was dissolved in hydro-
chloric acid and again precipitated with sulphur dioxide. The
pure zirconium basic sulphite thus pbtained was dissolved in
hydrochloric acid and zirconium hydroxide was precipitated by
adding ammonium hydroxide. The well-washed hydroxide was
dissolved in hydrofluoric acid, potassium fluoride was added,
and the resulting potassium fluozirconate was dissolved in hot
water and recrystallized.

The potassium fluozirconate thus prepared was reduced with
metallic sodium, the operation being carried out in a cast-iron
crucible. The crucible is cylindrical in form with an internal
diameter of two inches and depth of five inches. The wall and
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bottom are over one inch in thickness. At the top it hasa
flange seven inches in diameter and is provided with a cast-iron
cover one inch in thickness, which can be firmly fastened to the
flange by means of six one-half inch bolts.

In charging the crucible, sodium chloride, finely ground and
thoroughly dried, was first put in to the depth of about an inch
and a half, and this was then well pounded down with a wooden
plunger to compact the salt and expel the enclosed air. On top
of the salt were placed alternate layers of potassium fluozircon-
ate, also thoroughly dried, and metallic sodium, these being
pounded down as before. The remaining space in the crucible
was then filled with sodium chloride and, after pounding this
down, the top was bolted on and the crucible was heated for
about three hours with three triple burners. This heat, how-
ever, was not sufficient to raise the crucible to redness.

The crucible was then allowed to cool and, upon opening it,
the charge was found to be so compact that it had to be loosened
with a chisel. On treating the mass with water the metallic
zirconium, together with a small amount of the oxide which had
formed, settled to the bottom while the sodium chloride and
potassium and sodium fluorides dissolved.

The zirconium and zirconium oxide were separated by first
floating off the lighter zirconium with water and then digesting
it with dilute hydrochloric acid at 40° until all of the oxide had
been dissolved. The resulting product was a black, amorphous
powder which, after washing with water, alcohol, and then with
ether, showed no trace of impurity before the spectroscope
except a slight amount of sodium.

Vapor of iodine was passad over some of this zirconium heated
to dull redness in a current of hydrogen, but with no better suc-
cess than with the other sample. We then concluded to substi-
tute hydriodic acid gas for the iodine. Considerable difficulty
was encountered in finding a suitable method of preparing the
gaseous hydriodic acid. That described byMerz and Holzmann'
was finally found to answer admirably. It consists in passing
dry hydrogen and vapor of iodine through a red hot tube filled

1 Ber.d. chem. Ges., 23, 867.
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with pumice stone and freeing the hydriodic acid gas from
iodine by passing the gases through cotton.

In treating the zirconium with hydriodic acid gas the follow-
ing apparatus was used.

Iodine was placed in a small tubulated flask connected on one
side with an apparatus furnishing pure, dry hydrogen and on
the other side with a long piece of combustion tubing. The
half of this tube nearest the iodine flask was filled with pieces of
pumice stone and rested in a combustion furnace. The other
half, extending beyond the combustion furnace, was filled with
cotton. The end of this tube was connected with another com-
bustion tube resting in a second combustion furnace. The por-
celain boat containing the zirconium was placed in this second
tube.

The hydrogen was first passed through the whole apparatus
for several hours and then the first furnace was lighted. When
the pumice had become red hot the flask containing the iodine
was gently heated. The tube containing the zirconium soon
became filled with the hydriodic acid gas, whereupon the second
furnace was lighted. As the temperature rose, a brownish-yel-
low substance collected in the cold end of the combustion tube,
but as the heat became greater the color entirely disappeared
and there remained an amorphous white sublimate. No further
sublimate was formed until the tube had almost reached a bright
red heat when there appeared just beyond the point where the
tube was red hot a white crystalline sublimate, different in ap-
pearance from that which first formed. The gas escaping from
the end of the tube contained hydriodic acid, hydrogen, some
iodine, and a trace of iron, the last probably being present in
traces in the zircodium and volatilizing as ferrous iodide. The
tube was kept at a bright red heat for from three to four hours.
The gas was then turned off and when the boat had cooled con-
siderably the heating of the iodine flask was discontinued. The
first furnace was then shut off and the whole apparatus was
allowed to cool in the current of hydrogen.

The material in the boat had changed from a black to a gray-
ish-white color, but a chemical examination showed that it con-
tained very little iodine. The amorphous sublimate which first
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formed was found not to be zirconium iodide but to contain
chiefly iron and iodine. '

The crystalline sublimate which was formed only at a red heat
was next analyzed. These crystals were found to be insoluble
in water, nitric acid, hydrochloric acid, aqua regia, and carbon
disulphide. They were decomposed and dissolved by concen-
trated sulphuric acid ; they were also decomposed, but not com-
pletely, by concentrated nitric acid, iodine being liberated and a
white powder, insoluble in the nitric acid, remaining. This
residue was soluble in concentrated sulphuric acid and from this
solution ammonium hydroxide threw down a white gelatinous
precipitate. Upon dissolving this precipitate in hydrochloric
acid and dipping turmeric paper into the solution, the orange
color characteristic of zirconium was obtained. The solution
gave no reaction for iron.

The zirconium in the compound was quantitatively deter-
mined by expelling the iodine by heating a portion of the salt
with a mixture of sulphuric, nitric, and nitrous acids, dissolving
the residue in concentrated sulphuric acid, diluting with water,
and precipitating the zirconium with ammonium hydroxide.
The precipitate was washed, dried, and ignited, and the zirco-
nium weighed as the dioxide.

The iodine was determined by fusing some of the compound
with about five times its weight of a mixture of potassium and
sodium carbonate. The mass was then treated with water, fil-
tered, and after acidifying the filtrate with nitric acid the
hydriodic acid was precipitated with silver nitrate and weighed
as silver iodide.

The results were

Calculated for Zrl,. Found.
Per cent. Per cent. Per cent. Per cent.
Zirconium cceeeoee 1§5.15 15.17 15.00 15.37
Todine «oveveeenenn 84.85 8s5.34 8s5.27

The crystals when examined under the microscope proved to
be clear, colorless cubes which showed no double refraction.

When heated for some hours in hydrogen the zirconium tetra-
iodide becomes black and iodine and hydriodic acid are formed.
Heated in the air the iodide melts and sublimes. A weighed
amount was placed in a porcelain crucible, covered with water,

-
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and evaporated to dryness. No change in weight and scarcely
any in color resulted after two such treatments. This behavior
toward water is surprising, for from the published descriptions
of zirconium tetrachloride and tetrabromide, it was to be
expected that the iodide would prove to be a hygroscopic com-
pound easily decomposed by water. It seems, however, to
more nearly resemble the fluoride which Deville states to be a
colorless crystalline substance volatile at a white heat and in-

soluble in water or acids.
CORNELL UNIVERSITY, ITHACA. N. Y.

PHTHALIMID.!

BY J. A. MATREWS.
Received June g, 1896.

NUMBER of years ago Prof. C. E. Colby and Mr. Dodge,
of Columbia University were led to try the effect produced
by heating together, under pressure, mixtures of (1) fatty acids
and fatty nitrils; (2) fatty acids and aromatic nitrils; (3) fatty
nitrils and aromatic acids; and (4) aromatic acids and aromatic
nitrils. The reactions were carried on in sealed tubes. The
score or more reactions that they tried were done at tempera-
tures ranging from 235° to 280° C. As the result of their work
they reached these conclusions regarding what is likely to take
place, at least when monobasic acids and mononitrils are em-
ployed.* .

1. Fatty nitrils and fatty acids give secondary amids.

2. Fatty nitrils and aromatic acids give fatty acids and aro-
matic nitrils.

3. Aromatic nitrils and fatty acids give mixed secondary
amids.

4. Aromatic nitrils and aroniatic acids gave secondary amids,
except in one case when exceptionally high heat was used (280°)
in which case the cyanide of the higher radicle was formed.

In regard to dibasic acids and dicyanides not so much has
been done. Miller first tried reactions with succinic acid and
ethylene cyanide.’ He found that succinimid resulted from
each of the following experiments :

1 Read before the American Chemical Society. New York Section, June, 1896.

S Am. Chem. /., 138, 1801.
8 This Journal, 16, 443, 789¢.
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1. Ethylene cyailide and acetic acid heated in a sealed tube.
2. Acetonitril and succinic acid, and
3. Ethylene cyanide and succinic acid.

Some other acids in this series have been tried. Malonic acid
was rather imperfectly tested. In every case the tubes ex-
ploded and malonimide was not obtained at all.

Seldner' reports parallel results to those obtained by Miller
when he used glutaric acid and trimethylene cyanide. In the
following trials which he made glutarimid resulted every
time :

1. Glutaric acid (1 mol.) and acetonitril (2 mols.).

2. Glutaric nitril (1 mol.) and acetic acid (2 mols.).

3. Glutaric acid and glutaric nitril, equal molecules.

Until the writer, at Prof. Colby’s suggestion, made the experi-
ments hereinafter recorded no one, to my knowledge, had applied
these methods to aromatic, dibasic acids. The results of the
first experiments are very gratifying and I hope in the near
future to try the reaction with other dibasic, aromatic acids.

Since no information regarding phthalic nitril could be
obtained I was obliged to do without it. The experiments
were therefore made with phthalic acid and propionitril.

Four sealed glass tubes each containing phthalic acid (1 mol.)
and propionitril (2 mols.), plus about three drops of acetic
anhydride were heated in an oven for varipus lengths of time
and at different temperatures.

Tube I. The first tube was opened after ten hours heating at
180° C. The contents of the tube had'a pungent acid odor and
were treated with cold dilute potassium carbonate solution. A
residue consisting of needle-like crystals remained. These
were filtered off, washed with water, and dried. The crystals
then had a melting point of 228° C. I immediately suspected
from this melting point that phthalimid had been formed by the
reaction :

C,H,(COOH), + C,H,CN = C,H,(CO),NH + C,H,COOH.

The yield of phthalimid in this experiment was about sixty
per cent. of the theoretical.

1 Am. Chem. J.. 17, 18g5.
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Tube II. On heating the remaining three tubes higher No.
2 broke at about 215°.

Tube III. After further heating of eight hours at 200° to 215°
C. the third tube was opened and the contents treated with
potassium carbonate solution. The crystals remaining were not
so light colored as those from Tube I, and were so different in
appearance that it was thought some other reaction had taken
place. The melting-point, howéver, was about the same as in
the first case, viz., 227°. Yield eighty-four per cent.

Tube IV. Exploded at 258° C.

Since the theoretical equation requires only one molecule of
nitril to one of phthalic acid two more tubeswere prepared, each
containing equal molecules of phthalic acid and propionitril.

Tube V. After three and a half hours at 180°~200° C. the fifth
tube was opened and treated with potassium carbonate solution
as before. Residue crystalline; melting-point 228.5°, yield
eighty-eight per cent.

Tube VI. Heated five and a half hours at 180°~200°, melting
point of residue, insoluble in cold, dilute potassium carbonate
solution, 228.3° C., yield 92.5 per cent.

The crystals of phthalimid were all more or less colored, the
color being darkest in the case of the third tube which had been
subjected to long, high heat. In no instance was any outward
pressure noticed on opening the tubes.

Portions of the products were recrystallized from acetic acid,
from alcohol, and from alcohol with the addition of ani-
mal charcoal to decolorize. ‘The melting points of the recrys-
tallized products were a little higher than before purification,
viz., 230°, 229.5° and 229.5°, respectively. These agree very
closely with the point given in Beilstein.

Biedermann' gives the melting-point as 228° or 229° C.

Michael® gives the corrected melting-point as 233.5° C. The
decolorized crystals from alcohol form beautiful long needles.

Notwithstanding the close agreement of the melting-points
obtained with those given by the authorities, some other tests
were made to show that the product was nothing else than

1 Ber. d. chem. Ges., 10, 1166.
2 Ber. d. chem. Ges., 10, 579.
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phthalimid. A portion of the crystals heated with potassium
hydroxide went into solution with evolution ofammonia. Another
portion of the crystals were covered with concentrated ammo-
nia and allowed to stand for some time. They were soon con-
verted into microscopic crystals of phthalamid
(=CH,(CONH,),).
These crystals were filtered off, washed, and dried. They
melted at 217.5° (uncorrected) with an evolution of ammonia,
which began at about 200°. The phthalamid was further
proved by its insolubility in cold water, alcohol, and ether, and
by boiling it with water it was decomposed, giving off ammonia
and on cooling phthalimid, melting at 230° C., crystallized out.
The results of these tests show conclusively that the product
is phthalimid and that when it is made by the action of equal
molecules of acid and nitril the yield is large. The reaction
works comparatively readily, and at a much lower temperature
than was needed to affect the reactions recorded by Colby and
Dodge. It is highly probable that with slight changes of con-
ditions any one of a variety of nitrils would give the same
result. I hope to report further experiments with phthalic acid

and other dibasic aromatic acids at a later day.

ORGANIC LABORATORY, COLUMBIA
UNIVERSITY, NEW YORK.

DETERMINATION OF SULPHURIC ACID.

By N. J. LaNg,
Recreived May 19, 1896.

OME months ago, before hearing of the controversy between
Dr. Lunge and Mr. Gladding, some experiments were
made on this subject, the results of which sustain Mr. Gladding’s
case. The determinations were made on nearly normal sul-
phuric acid to establish its strength with the following results :

Bari hlorid i
sddedsuddenly.  ‘added by drope
1. Sulphuric acid.ecececeeeceanaen. 50.03 49.23
2. . i eeeetsenncnsonann 49.90 49.32
3. i 4 o teeercancascnnans 50.14 ceen

And the average of several practically identical titrations omn
C. P. sodium carbonate gave sulphuric acid 49.33.

The above results were obtained with the greatest care, and
every precaution used to insureaccuracy. This, in my opinion,
conclusively proves the accuracy of Mr. Gladding’s statements.




NOTE ON THE SOLUBILITY OF BISMUTH SULPHIDE IN
SODIUM SULPHIDE, WITH SPECIAL REFERENCE TO
THE ESTINATION OF SMALL ATMOUNTS OF
BISMIUTH IN ANTI-FRICTION ALLOYS.

By THOMAS B. STILLMAN,
Received june 16, 1896.

HE method of separation of lead, copper and bismuth from
antimony, arsenic and tin by the use of sodium. sulphide
is quite general. This is dependent upon the usually accepted
statement that the sulphides of bismuth, lead and copper are
insoluble, and the sulphides of arsenic, antimony and tin are
soluble in sodium sulphide. This process of separation is
employed in the analysis of various alloys, especially of anti-
friction alloys, containing lead, tin, antimony, etc.

An alloy, used for similar purposes, but containing, in addi-
tion to lead, copper, antimony and tin, a very small amount of
bismuth, was recently submitted to me for analysis.

After complete solution of the alloy in hydrochloric acid with
a few drops of nitric acid, the acid was neutralized with sodium
hydroxide, sodium sulphide solution (1.06 sp. gr.) added and
the heat applied for twenty minutes. The solution was filtered
and the filtrate examined for the antimony and tin with satisfac-
tory results.

The precipitate of insoluble sulphides remaining upon the
filter was found to contain lead and copper, but no bismuth.
This indicated that the small amount of bismuth which was
present in the alloy had gone into solution in the sodium sul-
phide.

To prove this theory, I weighed 0.128 gram of pure bismuth
nitrate, dissolved it in twenty-five cc. of water with a few drops of
nitric acid, the clear solution neutralized with sodium hydroxide,
seventy-five cc. solution of sodium sulphide added, and warmed
to a temperature near boiling for twenty minutes. The solution
was filtered from the bismuth sulphide, remaining insoluble in
the sodium sulphide. The clear filtrate was rendered faintly
acid with hydrochloric acid, when a brownish-black precipitate
immediately formed. This precipitate was filtered, dissolved in
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hot nitric acid and evaporated to drynmess and ignited in a
weighed porcelain crucible. ‘The residue obtained was 0.031
gram of bismuth trioxide, and strongly yellow in color. It was
dissolved in a few drops of hydrochloric acid, and the three fol-
lowing confirmatory tests for bismuth were made :

1. A portion of the solution was poured into a large amount of
water, forming immediately a white precipitate of bismuth oxy-
chloride.

2. A portion was tested by Schneider’s test, the most delicate
test for bismuth, the reaction obtained being strong and charac-
teristic. -

3. A portion was diluted with water, not enough to cause pre-
oipitation, and the solution saturated with hydrogen sulphide.
The precipitate formed was brownish-black in color.

These three tests are absolutely confirmative of the presence
of bismuth, and also show the absence of the other metals. By
thus using pure bismuth nitrate for this test, lead, copper, anti-
mony and tin are not present.

If now an analyst should weigh twelve grams of an alloy,
composed approximately of lead eighty per cent., antimony fif-
teen per cent., tin 4.75 per cent., and bismuth o.25 per cent.
(‘‘ magnolia metal,)’’ and sodium sulphide solution be used for
the separation of the tin and antimony from the lead and bismuth,
all of the bismuth present would pass into solution and escape
determination by the analyst.

No analyst, however, would use as much as twelve grams of
such an alloy for analysis, but rather one or two grams.

If one gram be taken and sodium sulphide used as above
indicated, three per cent. of bismuth might be present and a// of
it pass into solution in the sodium sulphide instead of remain-
ing as an insoluble sulphide with the lead sulphide.

DEPARTMENT OF ANALYTICAL CHEMISTRY,
STEVENS INSTITUTE OF TRCHNOLOGY.




ON THE ESTIMATION OF SULPHUR IN PYRITES.

BY G. LUNGE.
Received June 19, 1896.

T has taken Mr. T. S. Gladding six months to reply to my
last paper on the above subject. I will not take much more
than six days from the date of receiving the May number of the
Journal of before dispatching my final reply to that gentleman.
Mr. Gladding avoids any mention, and of course offers no
refutation, of the charges I had brought against him, but he
again puts me into a totally false light, by saying that I
‘¢ attempt no further support of my position by chemical experi-
ment.’’ ‘This suppresses the fact that I had referred to my more
than sufficient experimental proof for Mf. Gladding’s and his
assistants’ inability to handle my process, which has been in
daily successful use by scores, if not hundreds, of chemists for a
number of years past, and is that employed in Fresenius’ own
laboratory, as I hear from his son-in-law and laboratory chief,
Dr. Hintz. Mr. Gladding now exacts a further reply from me,
more especially on the strength of some new comparative tests
of what he states to be the main point at issue, namely the
necessity of a very slow addition of the barium chloride.

I am convinced that our readers are as tired of this dispute as
I am, but as some of them might construe my silence into the
admission that Mr. Gladding is right on this point, and might
saddle themselves with a total unnecessary complication in their
daily work, I will not shirk a further reply, although I think it
unnecessary after having quoted already in March, 1895, eleven
experiments by entirely independent chemists, refuting all Mr.
Gladding’s assertions.

In his former paper Mr. Gladding states that the error caused
by the rapid addition of the barium chloride solution is from
two-tenths to three-tenths per cent. of sulphur, and according to
his last paper it is even one-half per cent. He appeals to inde-
pendent chemists to settle this discrepancy between his state-
ments and my own. I have taken this up in the following man-
ner : I instructed one of my assistants, Mr. U. Wegeli, a skilled
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worker, but entirely ignorant of the above dispute, to make a
series of very careful tests of a sample of pyrites, just arrived for
analysis and belonging to an important commercial case. I
enjoined him to give me absolutely unvarnished results (which
in our laboratory it would not have been at all necessary to say),
and I told him, as we must be quite sure of the matter, he must
not merely employ all the ordinary precautions, but also try both
the usual quick addition of the barium chloride and a process
recently very much recommended, namely, the very slow addi-
tion of the precipitant ; I did not express any opinion of my own
upon that point, and left it entirely for him to find out what
there was in the matter. I had just then to undertake a short
journey, and on my return he handed to me the following
results.

A. Quick addition (#. e., pouring in the hot barium chloride
solution in about ten portions, occupying about half a minute
in all, and stirring the mixture all the time, as every chemist
would do).

1. 39.83 2. 39.65 3. 39.65 per cent. sulphur.

B. Slow addition from a burette, one drop per second (exactly
as described by Mr. Gladding).

4. 39.63 5. 39.69 6. 39.44 per cent.

This means: In No. 2 and 3 the quick addition has given
identical results with the slow addition in No. 4and 5. No. 1
shows a little more, No. 6 a little less. I have suppressed noth-
ing, and I give these results as well, although they are evi-
dently not as reliabl¢ as the other four, entirely concordant,
results ; but even if we admit the less reliable results in striking
an average, we find a difference of only one-tenth per cent.
between the quick (39.71) and the slow (39.59) process. Such
a difference is evidently within the limits of ordinary experi-
mental error.

ZURICH.

[This discussion closes with the present paper.—ED.]




BACTERIA IN MNILK SUGAR.

BY ALBERT R. LEEDS.
Received June 6, 1896.

ERTAIN phases of bacteriological investigations command
universal and profound popular interest, and any publica-
tion relating to the connection of a specific organism with a
zymotic disease, elicits general attention and discussion. This
intimate connection of bacteriology with questions of life and
death, has led many to regard the study as the proper province
of medical specialists, despite the first uses made of bacteriologi-
cal methods by Pasteur and his followers and to neglect them as
“instruments of chemical research. But the ‘morphology, the
classification, the physiology, and the botany of the bacteria are
in such a rudimentary and unsatisfactory condition that the
most valuable methods of bacteriological investigation are still
of a chemical nature. The preparation of the culture fluids, the
application of the tests, and the isolation of the products are
chemical operations, and the advances to be made in the near
future are to be looked for mainly on the chemical side of the
subject. For this reason the absence from the columns of this
Journal of papers resting upon the bacteriological questions, has
been a matter of surprise to the writer, and the important con-
tributions which have been herein recently made by Dr. Schwei-
nitz, Dorsett, Bennett, Pammel, and Mason, a source of con-
gratulation. Their results foretell the rich harvest of the future
when the complete quantitative value of the chemical actions
involved are known, and the different views which they may be
expected to inaugurate as to the nature of many bodies now
grouped closely together, but which deport themselves very dif-
ferently when bacteria are the reagents made use of.

It is for these reasons that the writer desires to put on record
the slight observations which he has made during the course of
ordinary chemical work. They spring out of some anomalous
behavior of specimensof milk sugar, which were being examined
for purity. All the samples of pulverized milk sugar coming
from the drug stores, which he examined, proved to contain a
ferment when their solutions were kept at the optimum tempera-
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ture for a sufficient length of time. The lactic acid produced
was isolated in the form of calcium lactate. This was not the
case with some lactose crystallized in nodular masses of pris-
matic crystals which had been obtained originally from Kahl-
baum, and had been standing for twenty-five years in a stoppered
jar. It was sterile. With the exception of this specimen, all the
others gave an abundant crop of bacteria when definite weights
dissolved in sterilized water were submitted to ordinary gelatin-
peptone culture. The maximum number obtained in this
medium was 1400 colonies per gram of milk sugar. Instudying
these colonies I looked more particularly for the bacillus acids
lactici and the other ten or twelve species, which are at the pres-
ent time classified as the specific milk bacteria, but without suc-
cess. With a lactose-litmus gelatin solution a still larger num-
ber of colonies was obtained and possibly larger search in this
medium, might have revealed the specific milk bacteria of lactic
acid fermentation. But my immediate object had been attained,
and the presence of bacteria as a common impurity in lactose,
to be looked for and avoided by the chemist and the druggist,
sufficiently demonstrated.

THE QUANTITATIVE DETERMINATION OF THE THREE
HALOGENS, CHLORINE, BROMINE AND IODINE,
IN MIXTURES OF THEIR BINARY COI1-
POUNDS.

By A. A. BENNETT AND L. A. PLACEWAY.
Received June s, 1896.

HEMICAL literature contains many records of methods for

the quantitative estimation of the halogen elements, and

for any one of these elements in the absence of the others they
are as satisfactory as may be required. There are also, it is
true, many suggestions and several proposed methods for the
separationand estimation of these elements when present together
or when some two are found in the same mixture, although they
are generally unsatisfactory for one reason or another. The
methods for qualitative determinations as given by Hart and
by Kebler, in the Journal of Analytical Chemistry, are thoroughly
satisfactory. A very convenient qualitative method that is in use
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in this laboratory consists in firet using chlorine water, or
euchlor, (made from potassium chlorate and hydrochloric acid),
which immediately determines the presence or absence of iodine
and in its absence that of bromine. Carbon bisulphide is used
as the final indicator. If iodine is present more chlorine water
is added and the whole is heated until the iodine color is re-
placed by the light yellow color due to bromine. This point is
easily discerned. If now one or more of these halogens are
present a portion of the original solution is treated with concen-
trated nitric acid and boiled until both of these elemeuts are
removed. This solution is now tested for chlorine by the usual
methods.

There are several methods for the quantitative estimation of the
halogens by the formation of their silver salts, the further treat-
ment depending on whether two or three of these elements are
. present. In all cases, however, much time is required for the
analysis and great care in the manipulation of the precipitates.
Sexton says, in his work on Quantitative Analysis, Third® Edi-
tion, that there is no known method by which the two acids,
hydrogen bromide and /hydrogen chlorine can be completely
separated. He recommends their precipitation as silver salts,
the weighing of this product and the conversion of the bromide
present into the chloride by passing chlorine gas over the fused
mixtures. From the results the amount of each halogen is
determined. Of course the general procedure could be used if
an iodide were associated with the chloride but would not be
applicable in case all three halogens were present.

Dr. Prescott, in the Journal! of Analytical Chemistry, 8,
gives an acceptable method for the estimation of bromine in the
presence of chlorine and calls attention to several others that
have been employed. Fresenius gives, on pages 592 to 600 in
the Second American edition of his work on Qualitative Analysis,
elaborate methods for determining these elements in all possible
mixtures of the binary compounds of these elements. They are
generally difficult of application and employ rare reagents. It
may be said, in general, that all methods of indirect estimation
of the halogens in mixtures of their binary compounds are troub-
lesome, although some of the recent modifications of these
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utes time was used for each distillation, but less time was usually
sufficient. In fact most of the halogens were driven over during
the first few minutes of heating after boiling temperature was
reached. In case very great accuracy is not required an esti-
mation can be completed in a few minutes.

It is evident that in all cases there must be relatively large
excess of reagents. When the distillations were complete the
iodine set free in the receiver was titrated against decinormal
sodium thiosulphate. The titration can be made inthe receiver
but it was found most convenient to pour the liquid into a six-
inch evaporating dish before estimation. -

The contents of the flask are now removed to a beaker and
the excess of the permanganate reduced by ferrous sulphate,
adding sulphuric acid enough to render the solution clear. The
solution was slightly warmed to hasten the action. It was then
cooled and made up to a definite volume and an aliquot part
estimated by precipitation with silver nitrate. There was noth-
ing to prevent the estimation of the chlorine by titration, but no
determinations were made by that method.

The following tables give the results of the work :

Potas- lodine Potas- Bromine Potas- Chlorine
sium in 8- sium in 8- sium_in

8-
jodide um Jodine bromide sium_ Bromine chloride sium Chlorine
taken. iodide. found. taken. bromide. foumd. taken. chloride. found.

I 0.986 0.0754 0.0745 0.198 0.1330 0.I1329 0.994 0.4869 0.4829
2 0.493 0.0377 0.0374 ©0.198 0.1330 0.1209 0.994 0.4869 0.4859
3 0.493 0.0377 0.0377 0.099 0.0665 0.0658 1.988 0.9738 0.9699
4 0.493 0.0377 0.0376 0.099 0.0665 0.0662 0.994 0.4869 0.4870
§ 0.493 0.0377 0.0378 0.099 0.0665 0.0659 0.994 0.4869 0.4858
6 0.493 0.0377 0.0375 0.0495 0©0.0332 0.0328 0.994 0.4869 0.4867
7 0.493 0.0377 ©0.0375 0.0495 0.0332 0.033I 0.994 0.4869 0.4857
8 1.972 0.1508 0.1499 0.099 0.0665 0.0664 1.988 0.9738 0.9679
9' 1.972 0.1508 0.1484 0.099 0.0665 0.0659 0.497 ©0.243 0.241
10 0.493 0.0377 ©0.0375 0.0495 0.0332 0.0329 0.497 0.243 0.242
The tabular statement needs no particular explanation. The’

quantities represented are the amounts in grams in each case.

It may be well to note that this general method is applicable
for rapid technical estimations of bromine or of iodine either by
themselves or in case of mixtures of the same. Single analyses
can be readily made in ten to fifteen minutes.

IOWA AGRICULTURAL COLLEGE, AMES, IoWA.




ON THE INVERSION OF SUGAR BY SALTS. NO. a.

By J. H. LoxG.
Received June 29, 1806.

N a recent paper' I have shown that in their behavior with
cane sugar solutions many so-called neutral salts closely
resemble weak mineral acids. Salts of the heavy metals in
general have the power of inverting sugar solutions, and in some
cases very rapidly, especially at an elevated temperature. The
same fact has been pointed out for certain salts by others, nota-
bly by Walker and Aston,* who determined the speed of inver-
sion of four nitrates, comparing them with dilute nitric acid.
This inversion is due to the hydrolysis of the salts in question,
the hydrogen of the acids formed being in all cases, probably,
the active catalytic agent.

In my former paper I gave some results obtained in a prelimi-
nary investigation on ferrous iodide with very strong sugar solu-
tions, and in the present paper I shall give the results obtained
with other salts, as well as more extended tests with the iodide.

METHOD.

In the experiments before reported I made very strong syrups
containing usually fifty grams of sugar in 100 cc., and to these
syrups before final dilution weighed amounts of the salts were
added, the volume being brought up to 100 cc. with distilled
water. In the following series of tests the amount of sugar
present is much smaller, being in all cases fifty grams in 250 cc.

- of the finished solution. This solution is much stronger than is

usually employed in inversion experiments, but with many of
the salts dissolved weaker sugar solutions could not be well
used. The ferrous salts, especially, require relatively large
amounts of sugar to hold them in clear solution, and as many of
the experiments given below were made on such salts, it was
decided to employ the same weight of sugar in all cases. For
each experiment, therefore, fifty grams of pure sugar was dis-
solved in water in a 250 cc. flask by aid of heat. The strong
syrup was cooled and to it was added the salt in the powdered
form or dissolved in a little water. After securing a complete

1 This Journal, 18, 120.
2 /. Chem. Soc., July, 18595.
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solution in either way, it was diluted to the mark and shaken to
mix thoroughly.

The syrup so made was poured into small tubes of thin glass
for inversion. These tubes held about twenty cc. and were
three-fourths filled. They were cleaned for use by boiling in
hydrochloric acid and then in distilled water repeatedly. After
having been employed for several series of tests it was found
sufficient to soak them twenty-four hours in weak acid, and
then in distilled water, rinsing thoroughly finally. After receiv-
ing the sugar solutions they were closed with perforated rubber
stoppers holding each a short glass tube with capillary opening.
The tubes were placed in a receptacle, which was finally
immersed in the water of a thermostat holding over twenty
liters. The receptacle for the tubes consists essentially of two
copper disks, twenty-five cm. in diameter, soldered six cm. apart
on a copper rod as an axis. The lower disk is furnished with
fine perforations, and the upper one with larger openings to
receive the tubes. The copper axis below the lower disk ends
in a hardened point, resting in a socket, and is extended above
to a length of fifteen cm., ending in a grooved pulley around
which a belt passes. Power applied to this belt rotates the tube
receptacle, which at the same time keeps the water of the ther-
mostat in motion. The thermostat itself consists of a large
copper oven covered with asbestos boards on five sides. The
top has perforations for the temperature regulator, thermometer
and rotating axis of the tube receptacle. A section of the top
can be quickly removed to take out tubes, but at other times
should be left closed to exclude light. The capillary tubes in
the stoppers closing the inversion tubes project about two cm.
above the water.

With the apparatus employed it was possible to maintain a
constant high temperature with a little watching through ten
hours. A temperature of 85° was held with variation of less
than o.1° in either direction. With many salts the rate of inver-
sion is exceedingly slow at ordinary temperatures, in fact almost
imperceptible. For convenience in working, therefore, it was
found necessary to invert at a high temperature, and 85° was
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chosen. In a few instances a slightly higher temperature was
employed, but the results obtained are not included below.

The reaction between the sugar and salt is probably in most
instances analogous to that between sugar and weak acids, and
the rate of inversion may therefore be expressed by the same
differential equation:

dx

E:K(A—x).

The integration of this for # and x = o, together, leads to the
well known formula :

A
A—x'
where A represents the amount of sugar present at the beginning
of the inversion, x that inverted at any time, £, of an observation,
and K the ‘‘constant’’ or ‘‘ coefficient’’ of inversion.

As the reaction is most easily followed by means of the polar-
istrobometer, A4 is conveniently measured by the total change in
rotation which is observed between the beginning of the reac-
tion and after complete inversion. x is measured by the change
of rotation from the beginning up to the time, Z, of any observa-
tion. For convenience common logarithms are employed in all
the calculations below. As the sugar solutions were mixed with
the inverting substances at a low temperature, the intervals, /,
could be reckoned only from the time when the mixtures in the
tubes had reached the constant temperature of the experiment.
Preliminary tests were therefore made to determine several
points of practical manipulation. The thermostat was first
brought to a temperature of about 87°-88°, and the filled experi-
mental tubes and their receptacle immersed in it. From this a
fall of temperature resulted, because of the low temperature of
the solution. In five or six minutes the constant temperature of
85° was reached, and by regulation of the gas flame this was
maintained. In another set of experiments it was found that
the solutions in the experimental tubes could be brought to a
temperature of 85° from the room temperature in four to six
minutes. It appeared, therefore, that ten minutes was amply
sufficient time to allow, after introducing the tubes into the

K= L’ nat. log.
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thermostat, before beginning the actual observations, and this
was done in all cases in the experiments given below. In the
case of bodies which invert but slowly there is little objection to
the loss of this first ten minutes of the reaction, but in a few
instances it was found to be a decided drawback, as will be seen
below.

Usually 250 cc. of the solution was prepared for experiment,
and this was filled into fifteen or sixteen tubes, and put into the
thermostat. At the end of ten minutes a tube was withdrawn
and cooled very quickly by immersion in cold water, or by hold-
ing it under a flowing hydrant. The contents were then poured
into a polarization tube and polarized at the constant tempera-
ture of 20° in most cases. In a few tests made in warm weather a
temperature of 25° was maintained in the dark room and in the
water flowing around the observation tube. This first observa-
tion gives the initial rotation, and the time of removing the tube
may be put as #£=o. Tubes were removed at different inter-
vals following and treated in the same manner. The results of
the polarizations were always very constant during the first few
hours heating in the thermostat, as was found by removing and
polarizing the contents of three tubes, but after five or six hours
less regular results were found, and I adopted the plan of taking
the mean result obtained by examining two or three tubes.
With fifteen or sixteen tubes I made observations at eight or
nine intervals.

After polarizing the liquids in the last tubes removed, the
contents were mixed, returned to a tube and heated longer to
obtain the end point of the reaction, that is,the point of com-
plete inversion. The point found in this manner does mnot
always agree with that calculated from the known weight of
pure cane sugar in the original solution. Even with dilute
acids the phenomenon of inversion is not as simple a thing as
usually represented. As shown by Gubbe' and others, the
specific rotation of invert sugar depends not only on the concen-
tration, but on the time, temperature and acid used. Prolonged
heating with salts produces in many cases, apparently, a slight

1 Ber.d. chem. Ges., 18, 2207.
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decomposition of the levulose, from which the negative rotation
of the invert sugar is found smaller than it should be theoretic-
ally. In a few instances, however, the negative rotation of the
invert sugar was increased. From the experiments of Gubbe it
may be calculated that fifty grams of cane sugar in 250 cc.
would yield a solution after inversion, which in a 200 mm. tube
should show a negative rotation of —8.6°. The rotation observed
in my experiments was usually about —8.3°, but an accurate
determination was not always possible, as some of the solutions
became slightly colored before inversion was quite complete, and
in other cases a negative rotation once observed seemed to grow
slightly less on longer heating, making the exact end point
somewhat uncertain. The discrepancies were not large in any
case, however, and I decided to take —8.3%as the true end point
for the 200 mm. tube, and —4.15° for the 100 mm. tube.

With some of the salts examined the velocity coefficient, K, is
practically constant, with others it increases with the time,
while in still other cases it decreases.

The sugar used in all the experiments was crystallized cut
loaf of high degree of purity, and selected for the purpose.
With fifty grams in 100 cc. it yields a solution of almost perfect
clearness, which can be easily polarized in a 400 mm. tube.
Weaker solutions yield, on inversion, results which agree per-
fectly with the theoretical requirement.

POTASSIUM ALUM.

Solutions of this salt invert very rapidly. A sample of pure
alum was crystallized several times from distilled water tosecure
a product free from traces of uncombined sulphuric acid, some-
times present in the commercial article. This carefully purified
salt was used in all the inversion tests. In the tables below, ¢
refers to the time in minutes, and under a is given the observed
angle of rotation in degrees and hundredths.
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EXPERIMENT

K,AL(SO,),.24H,0. £~
In 250 cc., fifty grams of sugar + 0.617 gram of alum.

K,AL(SO.,.-:‘H,O- R

A4 = 33.03"
a, xX.
24.73°
20.15 4.585°
16.16 8.57
9.75 1498
485 19.88
1.2§ 2348
—1.30 26.03
—4.88 29.61
—640 3r.13
EXPERIMENRT
N

| %

A
=

0.06483
0.13045
0.26243
©.39998
0.53891
0.67581
0.98488
1.24016

2.

X 4
T eI

eee e

In 250 cc., fifty grams of sugar - 1.234 grams of alum.

210
270

A = 32.37.

a. X.
24.07° eee

17.83 6.24°
12.92 11.1§
5.50 18.57
0.75 23.32
—2.48 26.55
—4.76 28.83
—7.00 31.07
—7.80 31.87

1.39620
1.81117
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EXPERIMENT 3.
K,AL(SO,),.24H,0. X
In 250 cc., fifty grams of sugar 4 2.468 grams of alum.

A = 31.25.
£ a. x. lo‘.ﬁ. __:- log. 71_:
o 22.95° veee veee vees

15 14.80 8.15° 0.13124 0.0087%
30 8.79 14.16 0.26211 0.00873
60 1.07 21.88 0.52311 0.00872
90 —3.03 25.98 0.77304 0.00859
120 —5.64 28.59 1.06997 0.00891
180 —7.53 30.48 1.55533 0.00864
240 —8.15 31.10 2.31866 0.00966
0.00886

EXPERIMENT 4.

K'Ali(soc).'24H’0. 'al-
In 250 cc., fifty grams of sugar + 4.936 grams of alum.

699

A = 30.03.
2. a. x. Iog.A:x. _: 1og. 7%.‘
o 21.73¢ “ees ceee © eeee
{1 " o1rn23 10.50° 0.18686 0.0124§
30 4-45 17.28 0.37208§ 0.01240
60 —2.87 24.60 0.74276 0.01238
90 —5.95 27.68 1.10649 0.01230
120 —7.34 29.07 1.49529 0.01244
180 —8.18 29.91 2.39838 0.01332
0.01255

EXPERIMENT §.
K,AL(SO,),.24H,0. -
In 250 cc., fifty grams of sugar + 9.872 grams of alum.

A = 29.19.

8 a. x. L
[ 20.89°

10 10.89 10.00° 0.18216 0.01822
25 2.10 18.79 0.44820 0.01793
50 —4.70 25.59 0.90893 0.01818
90 —7.73 28.62 1.70936 0.01899
150 —8.25 29.14 2.76626 0.01844

0-01835

.
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An attempt was made to invert with a half normal solution
but at the temperature employed the rate was found to be too
rapid for accurate observation.

With the first four solutions no difficulty was found in mak-
ing accurate polarimetric observations in the 200 mm. tube.
The last solution, howcver, became finally somewhat colored,
and slightly turbid from precipitation of what appeared to be
aluminum hydroxide. A portion, heated 180 minutes, became
too turbid for direct reading and had to be examined in the 100
mm. tube after filtration. The rotation was found now to be
—3.60°, corresponding to —7.20° for the 200 mm. tube, instead
of —8.25° or —8.30°. From the slight concentration due to the
filtration a still greater negative value instead of a lower one
should be expected. We have here an illustration of the fact
referred to above, 17z., that prolonged heating makes the end
point determination somewhat uncertain at times.

It is interesting to note the relation existing between the con-
centrations of the solutions and their rates of inversion in the
above examples. For comparison we can call the lowest con-
centration unity and arrange them as follows :

Conc 'y

=\ 1 0.00446
oy

\ 2 0.00632

oY 0.00886

.-:" 0.01255
AY

= 16 0.01833
4

Inspection of the table shows that the coefficient. A", increases
rapidly with the concentration, but is not directly proportional
to it. It is apparent that the numbers in the third column vary
approximately as the square roots of those in the second, which
is ciear!y shown in the next table.

Conx X K % . Cooc.
1 C.C044> 0.00426
2 Q0032 0.00031
4 o ol ool
S Q.01255 o o161

16 a.01838 aci~Sy
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The regular results obtained from the aluminum salt are
probably due in a measure to the inertness of the hydroxide
toward sugar, as well as to the behavior of sulphuric acid in
inversion. The bases of the other salts examined below form
combinations with sugar more or less r<adily, not only with sac-
charose, but also with the products of inversion, so that the nor-
mal results of the reaction may be modified in a manner difficult
to compute. The rather rapid rate of inversion in the above
points to a relatively great degree of hydrolysis in the alum.
Walker and Aston' found something similar in a half normal
solution of the nitrate, studied at a temperature of 80°. From their
polarizatious a value of 0.0077 for X~ was found, and this was
much in excess of the values found for other salts at the same
time.

FERROUS SULPHATE.

A sample of the purest obtainable sulphate was reccystallized
from water containing a trace of sulphuric acid, then dissolved
in distilled water and precipitated by alcohol. The crystal
meal secured was washed several times with alcohol and dried
by fanning. The finished product was bright green and gave a
nearly clear solution with pure water. It still held a trace of
alcohol as disclosed by the odor. The experimental solutions
were made by dissolving the sugar first and adding to this syrup
the weighed sulphate meal. The mixtures were shaken tocom-
plete solution without application of heat, and then poured into
the tubes for inversion. The solutions soon became turbid on
warming and a minute amount of flocculent precipitate sepa-
rated, making direct polarization impossible. The readings
could be made therefore only after filtration, which was not
without slight effect on the result. The total amount of sepa-
rated hydroxide or basic salt was and remained through the
test, minute.

1 Loc. cit.
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EXPERIMENT 6.
FeSO,.7H,0. X

In 250 cc., fifty grams of sugar 4+ 17.38 grams of sulphate.

A=17.12.
A 1 A

{. a. x. log..A—_,. o log. —
o 12.97 cees coeene cesess
15 12.48 0.49 0.01261 0.00084
45 11.50 1.47 0.03899 0.00086
75 10.40 2.57 0.07064 0.00094
135 8.43 4.54 0.13382 0.00099
195 6.72 6.25 0.19727 0.00101
255 5.21 7.76 0.26222 0.00102
375 2.87 10.10 0.38716 0.00103
495 1.03 11.94 0.51917 0.0010§
0.00099

EXPERIMENT 7.

FeSO,.7H, 0. N.
In 250 cc., fifty grams of sugar -+ 34.75 grams of sulphate.

A= 17.10.

L a.: x. log. T;‘T‘ Tx]o'_ 'AAT,;—'
o 12.95
15 12.45 0.50 0.01289 0.00086
45 11.26 1.69 0.04520 0.00100
75 10.08 2.87 0.07980 0.00106
135 8.07 4.88 0.14593 0.00108
195 6.30 6.65 0.21388 0.00110
255 4.70 8.25 0.28606 0.00112
375 2:25 10.70 0.42682 0.00114
495 o.1§ 12.80 0.59953 0.00121
0.00107

Other tests were made with a second preparation of ferrous
sulphate from which the alcohol had not been as completely
removed. For a half normal solution the coefficient, 0.00094,
was found, and for a normal solution the value, 0.00100, both
results being but a trifle lower than those obtained from the
pure products. It is possible that the differences may be due
to the presence of the trace of alcohol. In any case it ‘is evi-
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dent that with solutions as strong as those used the larger
amount of sulphate inverts but little more rapidly than the
smaller. ’

AMMONIUM FERROUS SUPHATE,
But one experiment was made with this salt, a very nice crys-
tallized preparation being used.
EXPRRIMENT 8.
(NH,),Pe(S0,),.6H,0. -
In 500 cc., 100 grams of sugar -+ 49 grams of sulphate.

A = 17.08.

. a. x. log. A'i‘. —:- log. j‘f‘—'_:;.

o 12.93 esee  ceesss  sseses
17 12.49 0.44 0.01134 . 0.00066
45 11.74 1.19 0.03137 0.00069
75 10.93 2.00 0.05409 0.00072
105 10.13 2.80 0.07776 0.00074
165 8.60 4.33 0.12698 0.00077
225 7.30 ~ 5.63 0.17368 0.00077
345 4.60 8.33 0.29048 0.00084
465 2.85 10.08 0.38739 0.00083
525 2.20 10.73 0.42972 0.00082

. 0.00076

The coefficient is seen to be low, but nearly a constant. In
this case, as in that of the ferrous sulphate, the mixture became
slightly turbid on heating.

ZINC SULPHATE.

It is practically difficult to secure a good preparation of zinc
sulphate crystallized without the addition of a trace of sulphuric
acid. In absence of the acid crystallization is very slow. The
preparation used below was made from a chemically pure com-
mercial sample, by crystallizing with a trace of acid first and
then from pure water, after heating the solution with pure zinc.
The final crystallization to secure fifty grams required weeks for
its completion. In my former paper attention was called to the
fact that inversion with zinc sulphate is very slow, which is well
shown below. The experiment was closed when the sugar was
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about half inverted, and as the coefficient is not regular, it is
not possible to estimate accurately the mean rate for the whole
period.
EXPERIMENT 9.
~

ZnSO0,.7H,0. =

In 2350 cc., fifty grams of sugar 4 17.94 grams of the sulphate.

A =17.25.

L. a. x. or -2 st
o 13.10 eems  eeeese  samees
15 12.88 0.22° 0.00558 0.00037
45 12.35 0.75 0.01935 0.00043
105 11.34 1.76 0.04674 0.00044
165 10.40 2.70 0.07393 0.00045§
285 8.48 4.62 0.13539 0.00048
405 6.51 6.59 0.20903 0.00052
523 4.68 8.42 0.29083 0.00055

MNMANGANOUS SULPHATE.

After several attempts a salt was obtained crystallized from
perfectly neutral solution. Some of the crystals were so irregu-
lar in outline that it was not possible to determine from inspec-
tion whether they contained four or five molecules of water.
Determination of SO, in the product showed, however, that a
very small amount only of the latter salt was present. In mak-
ing the solutions I assumed for convenience that the compound
had the formula MnSO,.4H,0. and weighed out accordingly.

As I pointed out in my former paper, a solution of manganous
sulphate and sugar undergoes a peculiar decomposition when
heated, in which a very fine dark substance is thrown out from
solution. The amount of this is so small that I could notcollect
enough for tests, in the work done, but it is still sufficient to
make the polarimeter readings very difficult. All solutions had
to be filtered before examination, but even with this precaution
the readings were often obscure.
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EXPERIMENT IO.
MnSO,.4H,0, %

In 250 cc., fifty grams of sugar + 13.94 grams of sulphate.

A = 34.80.

L. a, x. og. 52— —-10p. 2

o 26.50° ceer  sesess aeeees

45 26.33 0.17° 0.00213 0.000047

75 26.15 0.35 0.00439 0.000058
135 25.76 0.74 0.00934 0.000069
195 25.05 1.45 0.01848 0.000095
31§ 22.33 4.17 0.05543 0.000176
435 19.84 6.66 0.09226 0.000212
555 16.75 975 0.14277 0.000257

EXPERIMENT II.
MnSO,.4H,0. N.
In 250 cc., fifty grams of sugar 4 27.88 grams of sulphate.

A=34.75.

2 a. . 1og: A:.r - o Aix :
o 26,45‘-' e tesses seerse
15 26.25 0.20° 0.00250 0.00017
45 26.00 0.45 0.00566 0.00013
75 25.75 0.70 0.00883 0.00012
13§ 24.90 1.55 0.01981 0.0001§
195 23.00 3.45 0.04541 0.00023
315 18.20 8.25 0.11770 0.00037
435 14.45 12.00 0.18397 0.00042
555 9.50 16.95 0.29053 0.00052

EXPERIMENT 12.
MnSO,.4H,0. 2.
In 250 cc., fifty grams of sugar 4 55.76 grams of sulphate.

A= 34.42. )

L a. x. log. 75 ——log. =

o 26.12° veer eeee. e eseses
30 2§.12 1.00 o.01280 0.00043
90 22.80 3.32 0.04405 0.00049
150 17.82 8.30 0.11984 0.00080
220 12.33 13.79 0.22231 0.00101
338 4.60 21.52 0.42622 0.00126
450 0.27 25.85 0.60383 0.00134

570 —3.80 29.92 0.88360 0.00155
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EXPERIMENT 13.

MnSO.4H,O0. 3MN.
In 250 cc., fifty grams of sugar 4 83.64 grams of sulphate.

A = 34.00.

‘. a. x. g2 Loog A

o 25.70°

30 24.22 1.48° 0.01933 0.00064
90 18.76 6.94 odgg15 0.00110
150 11.50 14.20 0.23481 0.00156
220 4.75 20.9§ 0.41587 0.00189
338 —2.69 28.39 0.78252 0.00232
450 —6.25 31.96 1.22185 0.00272
570 —8.05 33.75 2.13354 0.00363

The rates of inversion cannot be directly compared in the
above experiments because the latter were not carried to com-
pletion. In the first case over one-third of the sugar originally
present was inverted, in the second case almost exactly one-half,
in the third case about six-sevenths, while in the last case the
inversion was very nearly complete. By plotting the results it is
possible to determine approximately the rate of inversion when
just one-half of the sugar has been inverted and this I have
done. The results are given below, and show that the coeffi-
cients, KX, are nearly proportional to the concentrations, these
being referred to that of the half-normal solution as unity.

Conc. K.
bs : (0.00032)
2 0.00054
4 0.00109
6 0.00172

The first coefficient, 0.00032, is uncertain because it was
found by a rather wide extrapolation, but between the others
there is fair agreement.

MANGANOUS CHLORIDE.

The salt used was purified by several crystallizations from the
best obtainable Schuchardt product.
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EXPERIMENT 14.
MnClL4H,0. -
In 250 cc., fifty grams of sugar 4 6.18 grams of chloride.

A = 35.00. p
z. a, x. g 2. - log. P
) 26.70° . cees .
15 26.60 0.10° 0.00124 0.00009
45 26.30 0.40 0.00499 0.00011
75 26.00 o.70 0.00878 0.00C12
135 25.25 1.45 0.01838 0.00014
255 22.66 4.04 0.05327 0.00021
37s 18.75 795 0.11190 0.00030

The high initial rotation here is very extraordinary, corres-
ponding to a specific rotation of 66.75°.

EXPERIMENT 1I5.
MnCl,.4H,0. X
In 250 cc., fifty grams of sugar + 12.35 grams of chloride.

A = 34.84. p . p
' a, x. log. . — log.
o 26.54°
15 26.45 0.09° 0.00113 0.00008
45 26.16 0.38 0.00476 0.600I 1
75 25.85 0.69 0.00869 0.00012
135 24.52 2,02 0.02594 0.00019 *
255 22.26 4.28 0.05693 0.00022
375 17.15 939 0.13639 0.00036
495 13.00 13.54 0.21370 0.00043
555 I11.§2 15.02 0.24498 0.00044

EXPERIMENT I16.
MnCl,.4H,0. N.
In 250 cc., fifty grams of sugar 4 24.70 grams of chloride.

A = 34.63.
A 4
¢ a, x. 10‘-:‘—:’— —:— log. A=
o 26.33° cese cese rees

15 46.12 0.21° 0.00264 0.00018

30 25.86 0.47 0.00593 0.00020

60 25.15 1.18 0.01505 0.00025
120 23.0§ 3.28 0.04321 0.00036
180 20.07 6.26 0.08659 9.00048

300 15.60 10.73 0.16105 0.00054
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EXPERIMENT 17.
MnCl,.4H,0. 2V,
In 250 cc., fifty grams of sugar 4 49.40 grams of chloride.

A = 34.18.
1‘ @, x. log. 7—‘1—‘-" + log. A—A——x.
o 25.88°

15 25.38 0.50° 0.00640 0.00043

45 23.91 1.97 0.02578 0.00057

75 22.21 3.67 0.04933 0.00065§
135 18.25 7.63 0.10971 0.00081
195 14.80 11.08 0.17016 0.00087
345 5.25 20.63 0.40183 0.00116

No very plain relation can be found connecting these rates of
inversion. The coefficients corresponding to the time of com-
pletion of one-third of the inversion are here given.

Conc. K.
1 (0.00038)
2 0.00041
4 0.0005§
8 0.00088

The first coefficient had to be estimated and is uncertain.

FERROUS CHLORIDE.

Considerable difficulty was experienced in preparing a solu-
tion of ferrous chloride devoid of traces of free acid. A weighed
excess of pure iron wire was covered with water in a small flask
and then the calculated volume of titrated hydrochloric acid was
added in amount just sufficient to produce the solution of
required strength. The mixture was gently warmed and allowed
to stand a short time. Warming was repeated at intervals
through several hours, until the liberation of hydrogen became
very feeble. The solution so obtained stood five days in the
presence of the excess of iron, being boiled twice in the interval,
and was then filtered cold into the sugar solution, which was
made up to the proper volume with fresh distilled water.

The actual strength of solutions made in this manner was
determined by titration later. The two following were almost
exactly normal and half-normal.

Both solutions became turbid on heating and had to be fil-
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tered before polarization for the first tests. After the lapse of
about two hours the cloudiness disappeared and the solutions
then taken from the thermostat were clear enough for direct
polarization.

EXPERIMENT 18.

FeCl, 2. .
In 250 cc., fifty grams of sugar 4 7.925 grams of chloride.
A = 16.18.
A 1 A
L. a, X. lOK'A—-z' - log. W P
() 12.03° .
15 9.47 2.56° 0.07507 0.00500
45 7.44 4.59 0.14517 0.00322
10§ 5.00 7.03 0.24783 0.00236
165 3.83 8.20 0.30725 0.00186
28g 1.90 10.13 0.42749 0.00150
405§ —o0.50 12.53 0.64696 0.00160
525 —2.0I 14.04 0.87884 0.00167
EXPERIMENT I9.
FeCl,. V.
In 250 cc., fifty grams of sugar 4 15.85 grams of chloride.
A = 15.71.
A 1 A
L. a, x. l°‘~A—__;' -+ log. ==
o 11.56°
15 9.40 2.16° 0.06424 0.00428
45 6.88 4.68 0:15360 0.00341
10§ 4.75 6.81 0.24679 0.00235
165 3.56 8.00 0.30913 0.00188
285 1.15 10.41 0.47190 0.00165
405 —I.42 12.98 0.76002 0.00187
525 —3.25 14.81 1.24194 0.00236

These results are very surprising, inasmuch as they show but
little difference between the rates for the two concentrations. In
both instances the rates rapidly decrease from the beginning
and after the sugar has been about half inverted they increase a
little, I give next some results from solutions which had not
been boiled so. thoroughly, and which may have held a little
free acid. .
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EXPERIMENT 20.
FeCl,. 0.52/V.
In 250 cc., fifty grams of sugar 4 8.242 grams of chloride.

A = 34.00.
A 1 A
L a. . log. ;2. og L.
o 25.70°
15 20.00 5.70° 0.07969 0.00531
45 12.80 12.90 0.20720 0.00460
75 9.00 16.70 0.29343 0.00391
10§ 6.19 19.51 0.37041 0.00353
165 2.42 23.28 0.50129 0.00304
285 —1.95 27.65 0.72771 0.00256
345 —3.96 29.66 0.89399 0.00258
405 —§.30 31.00 1.05436 0.00260
EXPERIMENT 21.
FeCl,. 0.98M.
In 250 cc., fifty grams of sugar <4 15.53 grams of chloride.
A = 33.60.
z. a. x. log. A—:;« + log. 74_;
o 25.30° veee csve T aeee
15 19.84 5.46° 0.07702 0.00513
45 14.20 11.10 0.17416 0.00387
75 11.80 13.50 0.22314 0.00297
Ios 9.88 15.42 0.26675 0.00254
165 7.65 17.65 0.32358 0.00196
285 1.45 23.85 0153734 0.00188
345 —I1.50 26.80 0.69383 0.00201

The effect of free acid is not apparent. Six other experiments

t;:e;: made with normal and half-normal ferrous chloride solu-

all ca;ethe results of which were very similar to those above. In

tiog of tzthe constant was found to increase before the comple-
The € inversion.

for COrxy Onstant for 0.001 N hydrochloric acid was determined

Same o Rrison at the same temperature, = 85°, and with the
unt of sugar. It was found
K = o0.0051,
Solig ©3; FERROUS BROMIDE.

™S of this salt were made by adding the proper amount
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of bromine to an excess of iron and water. A reaction soon
begins which is hastened by heat. Finally the solution is thor-
oughly boiled, which eliminates all free bromine and leaves the
iron in the ferrous condition. It is then filtered into the cold
sugar solution and is ready for use. A solution so made is prac-
tically neutral.

) EXPERIMENT 22.
FeBr,. 0.54 N.

In 250 cc., fifty grams of sugar 4 14.58 grams of bromide.

A = 31.43.
L a. E e e L
o 23.13°
15 16.76 6.37" 0.09836 0.00655
45 9.76 13.37 0.24062 0.00534
75 6.07 17.06 0.33988 0.00453
10§ 4.00 19.13 0.40743 0.00388
165 0.68 22.45 0.54406 0.00329
285 —4.03 27.16 0.86691 0.00304
345 —5.60 28.73 1.06598 0.00309
EXPERIMENT 23.
FeBr,. 1.04 V.
In 250 cc., fifty grams of sugar 4+ 28.08 grams of bromide.
A = 29.50.
{. ‘ a, x. log. -ZA:; Tx log. A—A_;
o 21.20°

15 13.60 7.60° 0.12938 0.00862
45 6.22 14.98 0.3078s 0.00684
75 2.90 18.30 0.42060 0.00561
10§ 0.75 20.45 0.51317 0.00489
165 —2 70 23.90 0.72163 0.00437
285 —56.35 27.55 1.17979 0.00414
345 —7.50 28.70 1.56673 0.00454

The normal solutions here invert but little faster than the
half-normal. The rates in both cases diminish rapidly from the
start, but after the middle of the inversion become nearly con-
stant, as was observed with the ferrous chloride. ‘The first three
of the solutions taken from the thermostat had to be filtered
before polarizing.
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FERROUS IODIDE.

A half-normal solution was made by mixing 15.87 grams of
iodine with an excess of iron and water, in the usual manner.
On complete disappearance of the iodine the solution was boiled
and filtered into a cold sugar solution. Water was finally added
to make the volume up to 250 cc. The amount of sugar present
is not sufficient to prevent some decomposition on heating, but,
as in the other cases referred to, the turbidity at first noticed
disappeared after longer warming in the thermostat. The first
polarizations were made after filtering, and those later were
made directly.

EXPERIMENT 24.

Fel,. —’}-
In 250 cc., fifty grams of sugar + 19.37 grams of iodide.
A = 32.03.
4 A
. ) a. x. log. ol ._:- log. P St
o 23,739 cees veae ceee
15 17.45 6.28° 0.09478 0.00632
30 13.57 10.16 0.16571 0.00552
45 11.62 12.11 0.20627 0.00458
60 9.73 14.00 0.24956 0.00416
90 7.50 16.23 0.30690 0.00341
150 4.40 19.33 0.40176 0.00268
270 0.90 22.83 0.54177 * 0.00200
390 —2.80 26.53 0.76520 0.00196

In my former paper a preliminary experiment with ferrous
jodide was described in which the coefficient appeared to be
nearly constant and much smaller than here. The experiments
are, however, not comparable, as in the former case the sugar
solution was very strong, containing, in 250cc., 125 grams of
sugar. In such a solution the degree of dissociation of the
iodide would be necessarily very different from that in a weaker
solution. In the strong solution no separation of ferrous hydrox-
ide or other compound appears, even on warming. A strong syrup
is much more stable than a weak one, and the lower rate of
inversion may be thus easily accounted for.
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CADMIUM CHLORIDE.

One solution of cadmiuimn chloride was tested as to its invert-
ing power. It was made with a salt purified by several crys-
tallizations at a low temperature, free from uncombined acid.

EXPERIMENT 25.

CdCl,. 0.94MV.
In 250 cc., fifty grams of sugar + 42.958 grams of chloride.
A =29.71.
L. a. x. lox-Ai, — log. ﬁ
o 21.41° cees  sessse '
15 12.80 8.61° 0.14862 0.00990
30 6.59 14.82 0.30001 0.01000
60 —1.33 22.74 0.62967 0.01049
90 —4.89 26.30 " 0.94015§ 0.01044
150 —7.70 29.11 1.69475 0.01129

The rate of inversion is about as rapid as with 0.002/V' hydro-
chloric acid at the same temperature and same sugar concentra-

tion.
LEAD NITRATE. ,

A single test was made with a solution containing lead
nitrate. The salt was recrystallized from a pure Schuchardt
specimen and was weighed in proper amount directly.

EXPERIMENT 26.
Pb(NO,),. 2
In 250 cc., fifty grams of sugar 4 20.65 grams of nitrate.

A = 33.70.

L a. x. log. A . I otog A

o 2§.40° o reees e sasees
15 22.86 2.54° 0.03403 0.00227
45 17.38 8.02 0.11803 0.00262
75 12.10 13.30 0.21800 0.00284
135 2.28 23.12 0.50314 0.02372
195 —3.63 29.03 0,85831 0.00440
345 —7.70 33.10 1.74948 0.00507

The coefficient here is found to increase very rapidly, as was
noticed by Walker and Aston in their experiments,' which were
1 Loc. cit.
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carried out with a half normal nitrate solution at 80°, but with a
weaker sugar solution. The mean value they give from the
results of polarization at three intervals is 0.00159, but the inver-
sion was not carried nearly to completeness, as in the above
case.

The experiments given show in a marked manner the extreme
variations in the value and constancy of the inversion coefficient
and the data obtained may be roughly tabulated as follows :

Potassium alum K constant.
Ferrous sulphate ‘‘ increases slowly.
Ammonium ferrous sulphate * “ ¢
Zinc sulphate ‘“ ‘ ‘“
Cadmium chloride ‘ ‘“ o
Manganous sulphate ‘“ ‘“  rapidly.
Manganous chloride o« “. «
Lead nitrate “ « ‘
Ferrous chloride ‘¢ decreases rapidly.
Ferrous bromide ‘“ “ o
Ferrous iodide ‘ o «“

In the cases of the last three salts the values of X decrease
very rapidly at the beginning of the heating, but become nearly
constant later, finally, in fact, appearing to increase a little.
This behavior seems to bear some relation to the stability of the
salts in aqueous or weak saccharine solution. Aswas mentioned
these ferrous halogen solutions became turbid in the thermostat,
and the first three or four portions withdrawn in each case for
polarization had to be filtered. Later,the liquids became per-
fectly clear under the influence of longer heating.

During the turbid stage of the reaction, owing to the tempo-
rary separation of a trace of base in insoluble form, the amount
of free acid present would be relatively increased, and would
therefore greatly accelerate the speed of inversion. With the
clearing of the solutions on longer heating the normal hydroly-
sis only would obtain and then the reaction should approach in

‘regularity that due to the presence of a small constant amount of
mineral acid.

It was mentioned that the solutions with ferrous sulphate and
ferrous ammonium sulphate became likewise turbid on heating.
But here the very slight opalescence persisted through the
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whole time of heating, and was perhaps greater at the end of
the reaction than at the beginning. Other experiments also
show in this respect a marked difference between ferrous sul-
phate and chloride. In my former paper I referred to solutions
of these salts which had been used qualitatively. Portions of
these solutions that had not been heated are still in existence.
After standing eight months in the light I find that the chloride
is practically clear, while the sulphate has become much changed.
The bottle contains a decided flocculent precipitate. My former
experiments with a strong solution seemed to indicate that at a
temperature of 100° the first slight precipitate which forms dis-
appears, but this is not true of the weaker solutions at 85°.

The slight precipitate of ferrous chloride and other halogen
compounds being temporary, while that of ferrous sulphate is
apparently permanent, we should expect just such irregularities
in the speed of inversion, as the experiments actually show. A
solution of manganous sulphate with sugar becomes also slightly
decomposed on heating, and the decomposition increases with
the time and temperature. At a temperature of 100° a solution
of fifty grams of sugar and ten grams of the sulphate in 100 cc.
becomes so dark that an exact polarization is not possible, even
after filtering. The solution in the present case is much less
concentrated, but the precipitate is still marked and its forma-
tion is undoubtedly attended by the separation of a little free
acid. We should therefore expect an acceleration in the rate of
inversion as before.

These considerations do not aid us in explaining, however,
the increase in X for manganous chloride, cadmium chloride or
lead nitrate. The solutions with these salts areclearand remain
so throughout the reaction. In the case of manganous chloride
it must be remembered that an almost complete loss of color fol-
lows after heating. The pink fades, and in a few hours at the
temperature of the thermostat becomes imperceptible in a small
volume of the liquid. The color is not restored by cooling. We
have here evidently a reaction in which a change takes place in
the form of combination of the manganese, with a necessary
alteration in the degree of dissociation of the salt.
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It is true, as already said, that most of the bases under con-
sideration form compounds with the sugars, so that we should
expect from this cause a slight disturbance at least in the appar-
ent rate of inversion. Too little is known of the optical proper-
ties of these saccharose, dextrose and levulose metallic compounds
to say just what effect they would have on the rotation, but that
they have some action is suggested by the results of some of the
polarizations to determine the end point in the inversion. This
was usually found a little below the theoretical, —8.6° for a 200
mm, tube, but in several cases it was found above after pro-
longed heating. This was also true of a solution of sugar with
manganous chloride, which stood exposed to the light several
months.

It must be remembered also that solutions of dextrose are
easily oxidized, and those of levulose much more so. The dark
color often seen near the end of the reaction, points to such a
decomposition.

It will be recognized that a determination of the hydrolysis of
many of the heavy metallic salts cannot be measured with great
accuracy, because of these several disturbing influences, but a
comparison of some little value in the above cases may be made
by considering the results obtained at the beginning of the reac-
tions in which the coefficient is an increasing one, and near the
end of the reaction in cases where it decreased and then became
nearly constant. By taking the mean of the first two values in
the one case, and of the last two in the other, we obtain the
second column of the table below as the most probable values of
the coefficient for half-normal solutions.

In the third column is given a calculation of the extent of
hydrolysis of the salts, expressed in per cents. of total salt pres-
ent, and based on a comparison with hydrochloric acid acting in
o.0o1 normal solution at the same temperature on same amount
of sugar. This comparison is at best a rough one, assuming as
it does complete hydrolysis of the acid, and meglecting the effect
of the excess of undecomposed salts on the rate of inversion.
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Salt bydrolyzed in’
K. per ceut.
Lead nitrate:.ccceeccccccecccccanens 0.00244 0.096
Manganous chloride ............. 0.00095 0.035
Manganous sulphate............... 0.00052 0.020
Ferrous sulphate ..ccooeeeeveanenen 0.00085 0.033
Ferrous ammounium sulphate ...... 0.00068 0.026
Zinc sulphate .-.cceeeiiiniiiian.. 0.00040 0.016
Ferrous chloride.......coeeeniannn. '0.00164 0.063
Ferrous bromide (0.54V) ccccveven 0.00300 0.109
Ferrous iodide.ccecccsees seecens -~ 0.00198 0.078
Potassium aluminum sulphate, 41 0.01835 1.440
Cadmium chloride 0.94V.......... 0.01000 2.080

The amount of hydrolysis is small in all cases except those of
the alum and cadmium chloride.

My thanks are due to Mr. S. R. Macy for much assistance in
the experimental work of the above.

NORTHWESTRERN UNIVERSITY,
CHICAGO.

DETERMINATION OF IRON OXIDE AND ALUMINA IN
PHOSPHATE ROCK BY THE AMMONIUM ACETATE
METHOD.

BY THOMAS S. GLADDING.
Received June 30, 1896.

HE oldest method of separating alumina and iron phos-
phates from lime phosphate is, probably, the ammonium
acetate method. This has been severely criticised, and just at
present seems to be under condemnation. The following inves-
tigation has convinced the writer that, when properly carried
out, not only does the method give an accurate separation of
iron and alumina from lime phosphate, but also gives a neu-
tral phosphate of uniform composition from which the iron oxide
and alumina present may be accurately estimated.
" In brief, the method used is this. If a weakly acid solution
of phosphates of iron and alumina together with a large amount
of calcium phosphate be slowly poured into a strong solution of
ammonium acetate made acid with acetic acid, the iron and
alumina are precipitated as phosphates, upon digestion for a
short time at a gentle heat. This precipitate, however, con-
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tains more or less calcium phosphate, which is removed by sev-
eral reprecipitations. I shall demonstrate by experiment :

First, That upon continued reprecipitations of iron and
alumina as phosphates in this manner, there is no appreciable
diminution of the quantity of either finally obtained, provided
there always be a large excess of phosphoric acid present.

A standard solution was made by dissolving twenty grams of
ammonia alum (C. P.) in distilled water. This was slightly
acidified with hydrochloric acid, in order to prevent the alumina
from separating on standing, and diluted to one liter. This
solution, upon being standardized, was found to contain the
theoretical amount of alumina, that is,

Ten cc. = 0.0225 grams Al,O,.

One precipitation, in the manner described above, of the

alumina in ten cc. gave

A1,04.P,04, found. Al,0,.
1 0.0545. 0.0228
2 0.0549 0.0229
3 0.0546 0.0228
4 0.0540 0.0226
5 0.0545 0.0228

Three successive precipitations, in which one gram of ammo-
nium phosphate was added before each precipitation, gave

A1,04.P;0,. Al,0,.
1 0.0550 0.0230
2 0.0547 0.0229
3 0.0544 0.0227

Five successive precipitations were also tried under the same
conditions, with the following results :

Al130,.P,0,. A1,0,.
I 0.0536 0.0224
2 0.0530 0.0222

When, however, the excess of phosphoric acid was omitted
before the reprecipitations, there was a loss of alumina.

An iron solution was made by dissolving C. P. iron wire in
hydrochloric acid and oxidizing it with nitric acid. When care-
fully standardized it was found that

Ten cc. = 0.0296 Fe,0,.
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Three successive precipitations, adding one gram ammonium
phosphate before each, gave

Feq0,.Py0,. Feg0,.
1 0.0545 0.0289
2 0.0550 0.0291
3 0.0548 0.0290

Five successive precipitations, in the same way, gave

Fe 0,.P0,. Fey04.
I 0.0550 0.0291
2 0.0560 0.0297

Second. That upon three successive precipitations in the pres-
ence of a large amount of calcium phosphate, as is the case in
the analysis of rock phosphate, the precipitate of the phos-
phates of iron and alumina is sufficiently pure to be taken as
such. Of the standard solutions, five cc. of each would together
give a precipitate of combined phosphates about equal to that
usually found in one gram of phosphate rock. The mixture so
analyzed was made up as follows:

Five cc. alumina solution = o.or125 Al0O,.
Five cc. iron solution = o0.01480 Fe,0,.
0.7000 grams calcium phosphate.

This was given three precipitations, the excess of phosphoric

acid being supplied before the second and third precipitations.

Phosphates obtained. AlgO, obtained. Fe, 0, obtained.
I 0.0552 0.0I15 0.0146
2 0.0540 0.0110 0.0146
3 0.0537 0.0109 0.0146
4 0.0536 . 0.0109 0.0146

The iron oxide was determined by volumetric method in the
ignited precipitate and the alumina by subsequent calculation.

In addition twenty cc. alumina solution containing 0.0450
grams AL O,, together with 0.700 grams calcium phosphate, were
given three successive precipitations in the same way with the
following results :

A1304.P40, obtained. Al,0, obtained.
Grams. &rams.
b¢ 0.1092 0.0456
2 0.1074 0.0449

In order to prove that the aluminum phosphate precipitated
was the normal phosphate, the ignited precipitates were fused,
and the phosphoric acid in them estimated.
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Al,0,P,0,.  P,O,obtained.  Al,0,bydif.  Al,0, by calc.
X 0,0538 0.0313 0.0225 0.0225
2 0.0533 0.0312 0.0221 0.0223

The phosphate of alumina is multiplied by the factor 0.418 to
obtain the alumina.

Therefore, in determining iron oxide and alumina in phos-
phate rocks proceed as follows:

Four grams of the finely ground sample, previously freed
by a mag:net from any metallic iron derived from the iron mortar
used in grinding the sample, are digested for half an hour, at a
temperature just below the boiling-point, with about thirty cc.
dilute hydrochloric acid (1-1). This will prevent the solution
of any pyrites if present. Filter and wash thoroughly into a 200
cc. flask, add a little nitric acid, and boil to oxidize the iron,
cool, and fill to mark with water. Take two portions, fifty cc.
= one gram, twenty-five cc. = one-half gram, and proceed with
each as follows:

Almost neutralize the solutions with strong ammonium
hydroxide until the precipitate formed dissolves with difficulty,
and thoroughly cool by placing the beaker in a dish of cold
water. Tlie neutralization is then completed by carefully adding
dilute ammonium hydroxide until the precipitate remains per-
manent, then just dissolve by adding dilute hydrochloric acid,
drop by drop, stirring well. Have ready in another beaker a
mixture of fifteen cc. of a strong solution of ammonium acetate
(made by neutralizing thirty per cent. acetic acid with strong
ammonium hydroxide) and five cc. of acetic acid. Carefully
pour the cold faintly acid solution of phosphatesin a fine stream
into this mixture, stirring all the while. Digest at 60° C. from
one-half hour to one hour, until the supernatant liquid is clear
and the flocculent precipitate is well settled to the bottom.

Filter and wash the precipitate once with a ten per cent.
ammonium acetate solution, merely rinsing out the beaker in
which the precipitation was made. Dissolve the precipitate
from the paper into the same beaker with a few cubic centime-
ters of hot dilute hydrochloric acid (1—4). Use as little acid as
possible in order to keep the bulk of the solution small. Add
one gram of ammonium phosphate, neutralize with ammonium
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hydroxide and add hydrochloric acid until the precipitate just
dissolves as before and pour into a mixture of fifteen cc. ammo-
nium acetate solution and five cc. acetic acid. Digest at 60° C.
for one-half to one hour and filter, and wash once with the ten
per cenf. ammonium acetate solution. Redissolve and repeat the
precipitation, being careful to again add one gram of ammonium
phosphate to the solution, in order that there be a sufficient
excess of phosphorus pentoxide to precipitate all the alumina as
a neutral phosphate. Wash the precipitate three times with
dilute ammonium acetate solution.

Take the filter, while wet, from the funnel and ignite in a
tared platinum capsule, using a very low flame until the filter
paper is thoroughly charred. The heat is increased gradually
until the paperis completely consumed, and finally the blastlampis
used for a minute. Weigh as combined phosphates of iron and
alumina. The iron is determined volumetrically in the solution
of the weighed precipitates. The iron oxide present in the rock
is also determined separately by volumetric process, preferably
the bichromate method, in a solution of five grams of the rock in
dilute hydrochloric acid (1-1), reducing all iron to protoxlde
and titrating with bichromate.

The ignited precipitate from one of the duplicate precipitations
may, if desired, be dissolved and subjected to a fourth precipita-
tion and the filtrate tested for lime by adding ammonium oxalate
and heating. My thanks are due to our assistant, Thomas Brown,
Jr., for valuable aid in the above analytical determinations.

LABORATORY OF STILLWELL & GLADDING,
NEW York CITY.

A NEW METHOD FOR THE ESTITTATION OF IRON OXIDE
AND ALUMINA IN PHOSPHATE ROCK.

BY THOMAS S. GLADDING.
Received June 30, 1896.

HE method for the separation of alumina from phosphate

of lime by three successive precipitations with ammonium

acetate is tedious, though accurate if proper precautions be taken,
as shown in the preceding paper on this subject.

The following modification suggested itself as saving both
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time and labor. This modification consists of the separation of
alumina from calcium phosphate and iron by means of its solu-
bility in an excess of caustic potash. To demonstrate the accu-
racy of this method, a solution of ammonia alum, twenty grams
in a liter, was used as in the previous experiments, ten cc. con-
taining 0.0225 grams A1,0,. The caustic potash solution was
made by dissolving 500 grams of caustic potash in distilled water
and diluting to one liter. Chemically pure caustic potash, puri-
fied by barium, was used and was carefully tested for alumina,
as much so-called chemically pure potash contains an apprecia-
ble amount of alumina.

To a solution of mixed phosphates of alumina, iron, and lime
were added fifteen cc. of the C. P. potash solution. The mixture
was digested for an hour at a temperature of 70° C., with occa-
sional stirring. It was then filtered, the filtrate neutralized
with hydrochloric acid, and the alumina was precipitated as
a phosphate with ammonium acetate as described in my ammo-
nium acetate method.

Ten cc. standard alumina solution 4+ 0.030 gram iron oxide
0.500 gram calcium phosphate gave

Al140,.P40, found. AlgO,.

Grams. Grams.

1 0.0538 0.0225
2 0.0542 0.0227
3 0.0543 0.0227
4 0.0543 0.0227

Comparative tests were made on phosphate rocks between this
method by solution in C. P. potash and by three successive pre-
cipitations with ammonium acetate.

By new potash method. By acetate method.
A1,0, found, Al,0, found.
Per cent. Per cent.
1 1.0§ 1.03
2 1.19 1.16
3 1.86 1.61
4 1.07 0.99
5 1.88 1.98

These results show the accuracy of this method, both in
obtaining a known amount of alumina and in showing close
agreement with results by the acetate method.
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This method has been in use in our laboratory for over a year.
A reprint of an article by M. Henri Lasne' has just been
received, giving a method for the separation of alumina from
phosphates of iron and lime very similar to this. M. Lasne uses
caustic soda instead of potash and precipitates his aluminum
phosphate with ammonium hyposulphite instead of ammonium
acetate. I have made a few comparative tests by my method
and that of M. Lasne and find closely agreeing results.

Using ten cc. standard alumina solution 4 0.500 grams cal-
cium phosphate I found

Ba my method. By Lasne's method.
.

Al40,.Py Al,0,. A1304.P40,. Al40,.
Grams. Grams. Grams. Grams,
) S 0.0542 0.0220 0.0540 0.0226
2 0.0538 0.0225 0.0533 0.0223
In the analysis of a phosphate rock I found
By my method. By Lasne's method.
AlyO, found. Al,0,4 found.
Per cent. Per cent.
1.75 1.73
1.80 .

The detailed method used in my work is as follows: Treat
the finely ground rock phosphate with a magnet to remove any
metallic iron derived from the iron mortar used in the prepara-
tion of the sample. Dissolve four grams of the rock in thirty cc.
dilute hydrochloric acid (1-1), heating just below the boiling-
point for half an hour. “This prevents the solution of pyrites.
Filter into a 200 cc. flask, add a few drops of nitric acid, and
boil to oxidize the iron, cool and dilute to mark. Take fifty cc.
containing one gram of rock and run into twenty cc. of the solu-
tion of C. P. caustic potash. Digest for an hour at 70° C., stir-
ring occasionally. Let the precipitate settleand filter on a large
paper, first decanting the supernatant liquid on the paper and
finally washing on the precipitate. Wash two or three times
with hot water.

To the filtrate add one gram of ammonium phosphate, acidify
with hydrochloric acid, add ammonia until a permanent precipi-
tate is formed and dilute hydrochloric acid, drop by drop, until
it is just dissolved. Add a mixture of fifteen cc. neutral ammo-

1 Prom the Bulletin de la Socitté chimique de Paris, [3) 13, 118, 7896.
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nium acetate solution and five cc. acetic acid (thirty per cent.)
-and digest for half an hour at 70° C., by which time the precipi-
tation is complete.

Filter, washing five or six times with hot ammonium acetate
solution (ten per cent.), stirring up the precipitate with the jet
each time. Ignite with a low flame until the paper is charred,
increase the heat, and, when the paper is completely consumed,
blast for a minute. The precipitate is the normal aluminum
phosphate and its weight multiplied by the factor 0.418 gives
the Al,O,.

The iron oxide is determined volumetrically, preferably by
the bichromate method, in a solution of the precipitate of iron
oxide and calcium phosphate thrown down by the caustic potash.
It is also determined separately, by the same method, in a solu-
tion of five grams of the rock in dilute hydrochloric acid (1-1).

My thanks are due to Mr. H. E. Cutts, A.M., for valuable
assistance in the above investigation.

LABORATORY OF STILLWELL & GLADDING.
NEW YORK CiTY.

SOME THOUGHTS ABOUT LIQUIDS.

By CLARENCE L. SPEYERS.
Received June 3, 1896.

ONSIDER an empty closed space. Imagine a quantity of

liquid put into it, enough to fill the space with vapor and

leave some liquid over. A portion of the liquid changes into

vapor and passes into the previously empty space above the

liquid and continues doing so until the pressure of the vapor
reaches a certain value, when the vaporization ceases.

The usual way of explaining this vaporization starts out by
assuming that, with the exception of the surface, the liquid is
perfectly homogeneous in a physical sense. That is, there is not
a single particle of the liquid which for any appreciable length
of time is different from any other particle, but of course,
spaces between the particles of liquid are recognized. At the
surface of the liquid, however, a distinction is to be made. For
outside the surface, the activities are different from those within
the surface, otherwise there would be no boundary. So that the
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particles at the surface are subjected to activities that are differ-
ent in different directions, and consequently the particles
situated will behave differently from those particles entirely
within the liquid.

In van der Waal’s theory the mutual attractions of the parti-
cles of the liquid are considered as the restraining force to keep
‘the particles more or less together. This assurhed force must be
very great—a good many hundred atmospheres. Inside the
liquid, below the surface, the attraction is equal in all direc-
tions, but at the surface it acts only in one direction, inwards,
normal to the surface. Now, although the force restraining the
particles of liquid from separating is so great, yet the theory of
common acceptance assumes that some particles do break away
from the mass of the liquid and form vapor. The liquid is said
to evaporate. It is hard to accept this view of the case, particu-
larly as electrical results point towards an exceedingly quiet
condition of affairs within the body of liquids.

Still admitting that the particle does break away from this
attraction, it cannot do so without an abundant supply of energy,
which must be accounted for. It does not seem right to find
this energy in the heat of vaporization, for a particle of liquid
will voluntarily take heat energy from the liquid to do this work,
and so go off as a particle of vapor at the sacrifice of the energy
of the liquid.

It is not possible to prevent a liquid from vaporizing by refus-
ing to give it heat; it will take the required heat from the rest
of the liquid. In other words, the condition of the liquid state
strongly favors vaporization.

The common theory tries to get over this difficulty by claim-
ing that the particle which gets away, gets away by virtue of an
inherent kinetic energy greater than the attractic energy of the
particies of liquid, that is, greater than the force denoted by van

der Waal by K= —:T, and that it possesses this excess of kinetic

energy in the body of the liquid, before it got away, and that it
got away only by virtue of this excess of kinetic energy. Simi-
larly with all particles in the liquid having a kinetic energy
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due to the escape of the particles with great kinetic energy from
the liquid. Butall of the lost kinetic energy cannot be absorbed
here in the liquid, some must also go into the vapor particles.
It may take the forra of heat, as we have suggested in the case
of the liquid, but then we have to assume that the kinetic energy,
while within the liquid, of the particles that escape is of just
such a value that, after they have all got out of the liquid, the
diminution in their mean kinetic energy, due to the attraction of
the liquid plus this correction, brings the kinetic energy left to
them to the mean kinetic energy of the liquid, which is absurd.

Nor does the attractive energy seem to be stored up as poten-
tial energy, as in the case of a stone raised above the surface of
the earth, for there is no evidence at all that a vapor particle
tends toward the liquid as the stone does toward the earth.
When the particle gets out of the liquid it seems to be utterly
indifferent to the liquid.

Of course the mutual attraction that all bodies have for each
other is left out of account.

Nor is there any sign of electrical action, at least if the ex-
periments made up to the present time are conclusive.

There are then a good many very serious objections to the
present theory of vaporization.

First, in accounting for the escape of the vapor.

Second, in accounting for the temperature of the vapor.

Third, in accounting for the kinetic energy lost by the particle
in getting through the surface of the liquid and beyond the
sphere of action of the liquid particles.

Let us now turn our attention to another view of the case.
Consider a liquid which has no vapor-tension of its own, a non-
volatile liquid, but which can dissolve gases. The liquid and
gas are supposed to act according to Henry’s law, that is, the
ratio of concentration of the gas in the liquid part and in the
gaseous part is to be constant, or in other words, the quantity
of gas dissolved by the liquid is to be proportional to the pres-
sure on the gas.

In such a system there are three constituents to be considered.
The gas in the gaseous state, the gas in solution, and the sol-
vent.
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The state of the dissolved gas is not positively known, but i
all probability it is in a state corresponding to a gas under high
pressure for these reasons. In the first place, it is hard to see
how a substance like nitrogen, for example, could be in the
liquid state in a solution of moderate concentration. Great
pressure is required to liquefy it'even when the temperature is
far below the ordinary temperature, and at the ordinary tem-
perature it has hitherto been found impossible to liquefy nitro-
gen, no matter how great the pressure. Still it would be con-
sistent with the ordinarily accepted theory to claim that the
attraction of the particles of solvent could overcome the great
internal energy of the gas particles and bind them down to a
lesser activity and produce the liguid state. But on the other
hand, modern investigation has very plainly shown that dis-
solved substances have a gaseous nature ; the particles of the
dissolved body are free to assert their physical individuality.
That is to say, the solvent is to be considered rather as a medium
through which the dissolved body can be put under certain con-
ditions, the conditions varying to some extent with each solvent,
but all solvents having the common action of allowing a sort of
gasification of the substance dissolved, In general the solvent
is not to be considered as a substance which unites with the dis-
solved body, forming a new compound. For example, consider
anhydrous calcium chloride. When this is treated with water
there is strong evidence of combination of the two to form cal-
cium chloride hydrate. If the quantity of water is properly
adjusted the whole of it combines with the calcium chloride,
forming a crystallized hydrate. If this crystalline substance is
treated with more water, solution begins and during this process,
which is the real solution, there is no sign of chemical action.
It is true, some scientists, particularly those of the English
school, have denied this and have claimed to find strong evi-
dence of a chemical action during the process of solution, but so
far all such claims have turned out to be mere opinions based
upon very doubtful measurements.

So we are to look upon solution as being a2 change in which
the dissolved body is gasified. Sometimes a further change,
electrolytic dissociation. takes place, but that is outside the
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scope of thisarticle. Itis in best accordance with what we know
about other bodies to assume that the dissolved nitrogen is in the
form of a gas, and to recognize two statesin the solution, the
gaseous state of the substance in solution and the liquid state of
the solvent.

Let us now pass on to a liquid which gives off vapor. The
purpose of this article is to justify the view that this vapor
behaves toward the liquid just as the nitrogen did toward its
solvent in the previous case, of course, with the obvious limita-
tions due to identity in the composition of vapor and liquid.

The boundary dividing vapor from liquid is commonly sup-
posed to be at the surface of the liquid, although the possibility
of a differentiation occurring inside the liquid does not seem to
be denied, for so far as could be found out by the writer, the
question of such a possibility has never been raised.

The tendency for a liquid to vaporize and the pressure of its
saturated vapor is evidently a function of temperature only.
There seems to be no reason, therefore, why the fluid should
not separate into vapor and liquid within the surface of the
liquid. That it is possible for vapor to be there follows from
what we know about the gaseous nature of the substances in
solution. It is rather odd that this view of the case was not
adopted at the outset by chemists.

According to this view, when we heat a liquid we increase the
energy of translatory motion, we increase its temperature. But
besides this we cause a separation of some of the liquid particles
from the body of the liquid, bringing them into a state of free-
dom, such that they can behave just as the particles of any
other substance would do in the same solvent. This of course
will consume considerable energy. These free particles of vapor
in the liquid we shall call dissolved vapor particles. So that on
heating in liquid we produce dissolved vapor and raise the tem-
perature of the whole fluid; possibly we do more, but at any
rate we do these two things. Now by Clausius’ theory of the
true specific heat, the heat required to raise only the tempera-
ture of a unit mass of substance one degree, should be the same
whatever the state of the substance may be, and the value of the
true specific heat should be the value of the specific heat when
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the substance is in such a state that the heat added can omly
change its temperature and not do any other internal work,
namely when the substance is'in a state of gas. So if we sub-
tract from the specific heat of the liquid the specific heat of the
gas, the remainder should be the heat consumed in other inter-
nal work, and if no other internal work is done than the rise
in temperature and production of dissolved vapor, we should get
the heat required to change some of the liquid into dissolved
vapor. The quantity changed into vapor however is so far
unknown.

The dissolved vapor is supposed to be produced until its
energy balances the energy of the liquid part.

Suppose, for example, we heat one gram of water one degree
in a closed vessel which does not allow it to give off gaseous
vapor. The heat required will be about one calorie, depending
upon the initial temperature; one calorie is near enough for our
purpose. A part of the heat goes to increase the translatory
motion and is the true specific heat ; but another part, perhaps
the whole of the remainder, we claim goes to produce dissolved
vapor. Subtracting the true specific heat of water, namely the
specific heat of water vapor at a high temperature = 0.4776, we
have left 0.5224 as the heat required to change a certain un-
known quantity of water into dissolved water vapor, provided
that no internal work is done but the two kinds we have con-
sidered. e shall assume this to be true until there is evi-
dence of a more complex change.

Now suppose a space be made over the liquid, to let a certain
quantity, say one per cent., be changed into gaseous vapor. It
is of course evident, if the theory be at all tenable, that the vapor
arising from the liquid comes from the dissolved vapor and bears
to the dissolved vapor the same relation that the nitrogen did to
the dissolved nitrogen. Comparatively little heat should be
required in this process, for most of the change has been effected
in the body of the liquid. Whatever is required here should be
looked upon as the true heat of vaporization; that which is
usually so called we are to comsider as including the heat
required to change a unit mass of liquid into dissolved vapor as
well as the heat required to vaporize the unit mass of dissolved
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vapor. The two quantities should evidently be kept carefully
separated.

Let us now proceed to determine the concentration of the dis-
solved water vapor. As the dissolved water vapor is supposed
1o be like a dissolved gas, Henry's law should give us some aid
in finding the quantity. We might assume, in the first place,
that the relative vapor density of a liquid at two different tem-
peratures gives the relative osmotic pressures of the dissolved
vapor at those temperatures, were it not for the uncertainty as
to Low the temperature affects the pressure of the vapor and the
osmotic pressure of the dissolved vapor. It would not do to’
assume that each was affected in the same degree by a change
in temperature. But our theory does allow us to claim in
the czse of a given liquid at a constant temperature that two dif-
ferent vapor-tensions will correspond to two different concentra-
tions of the dissolved vapor by Henry’s law, and that the rela-
tive vapor-tensions are as the relative concentrations of the dis-
solved vapor. Now we can change at will, within quite a wide
range, the vapor tension of a liquid without changing its tem-
perature and without introducing any complications.

To understand this let us refer back to the original conception
of the dissolved vapor. If we have liquid water in a vessel with
any number of gases under moderate pressure, the partial pres-
sure of the saturated water vapor will be very nearly the same
as if it alone were present in the space containing the gases.
So when we diseolve a substance in water it would seem as if
we might argue that the osmotic pressure of the dissolved sub-
stance should not affect the pressure of the dissolved water vapor.
However the conditions in the two cases are very different. In
the first case there is abundant space for the water vapor so
that all that is necessary is time for the concentration of the
water vapor to reach the same value no matter how many gases
may be present, provided of course that the total pressure be
not very great. When however the total pressure is great, the
vapor-tension of the liquid diminishes very much. This is just
the condition-that holds in a liquid. The volume available for
a dissolved substance is very small, and so anything put into this
space will very materially lessen the space available for the dis-
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solved vapor, particularly as the quantities used in solutions are
generally very much greater than those used in the gaseous state.

Suppose we have z» gram-molecules of a substance whose
molecules do not dissociate on dissolving, say sugar, and dissolve
it in water. Let » be the number of gram-molecules of dissolved
vapor after the z» gram-molecules of substance have been dis-
solved, then the total number of gram-molecules presentin solution
will be »+4-#, and the relative number of gram-molecules of sab-
stance dissolved to total number of gram-molecules in solutioa is

n
v4n'

Now let j be the concentration of the dissolved vapor when
alone in the liquid, and ;' its concentration after the new sub-
stance has been added, in this case the sugar. j—;" will be the
decrease in the concentration of the dissolved water vapor due
the addition of the #» gram-molecules of sugar, and since agram-
molecule of all substances occupies the same volume, the
decrease in concentration j —;' will be the same whatever the
substance dissolved may be, provided the same number of gram-
molecules be taken in each case, or the decrease in concentration
of the dissolved vapor is proportional to the number of gram-
molecules dissolved in a certain fixed volume of solution. If the
temperature is constant the concentration of the dissolved water
vapor cannot rise above the value 7, which it has when only dis-
solved vapor is present; when we try to get above this value the
dissolved vapor turns to liquid water. Hence the number of
gram-molecules in a unit volume must be fixed, if the tempera-
ture is constant, that is

v+ n = constant.

We have, therefore,

J=F —a_"
VAR
where a is a constant.

J—/' can be calculated by van’t Hoff’s law, and # is known,
but the other quantities are not, so neither 7 or » can be calcula
ted from this equation.

(1)
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There is however another relation that can be deduced.

The concentration of the dissolved vapor is measured by its
osmotic pressure.

Let 7, ¢, be respectively osmotic pressure and osmotic volume
of the dissolved vapor, when it alone is present ; #', ¢, the cor-
responding quantities when a substance is in solution; p, ¢, the
pressure and volume of the vapor in contact with the pure sol-
vent ; p', v/, the corresponding quantities when a substance is
in solution.

Consider an isothermal reversible cycle composed of the fol-
lowing parts.

* By means of a semipermeable diaphragm let a gram-molecule
of dissolved vapor pass from the pure solvent, the work will be

— np=—RT.

Let the gram-molecule of vapor expand until it has a pres-
sure of 7 the work will be

n .4
-—f ¢dr=—R7T! =
”l

Let it then pass into the solution; the work will be
+7'¢'=+RT.
Let x gram-molecules pass out of the solution in the form of
vapor; the work will be
—xp'v'=—xRT,
where x denotes the number of gram-molecules of gaseous vapor
necessary to make one gram-molecule of dissolved vapor.

Let the x gram-molecules of vapor be compressed until the
pressure equals p; the work will be

P

Let the x gram-molecules be driven into the pure solvent;
the work will be

+xpr=+xkrl 4
p’

+ xpv =+ 21RT.
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Thus the cycle is completed. The quantity of solution is
supposed to be so large that the addition and removal of the
quantity of the solvent used in the cycle will have no appreciable
effect upon the concentration of the solution.

The sum of the changes of energy must be zero, so

—RT — RTIS + RT — xRT + xkrz-ﬁ—, + xRT = o;

n x
Hence, 7= (-ﬁ—,—) (2)
We shall assume that x equals 1; there is no good reason for
thinking otherwise, and the simplicity in the structure of dis-
solved bodies favors this assumption.
From the theory we have

f T
= )
We have therefore from 1 through 3 and 2,
_P_p=p_, n
I R )
but from experiment,
p—2__n

where AV is the number of gram-molecules of liquid in which 2
gram-molecules of substance have been dissolved.

Hence,

n n
TFn-NFn (6)

Now as equation (6) is true for any small value of z it will
be true for a value so small in comparison with » and N, that it
may be neglected, and so

an _ n
v N’
or,
v

a=—4 (7
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Substituting in (6) we have

v n n

N v+n=N+n'

or,
v=N (8)

That is, the concentration of the dissolved vapor is the same
as the concentration of the liquid, or in other words, all the sol-
vent is to be considered as dissolved vapor.

This is very interesting, for it is in effect the same conclusion
that van der Waals reached in his celebrated treatise, though
he pursued a very different method.

It would seem from this result that matters were left in about
the same state that they were in at the outset; that the view of
dissolved vapor was no better than the old view, which claimed
that the change into vapor took place only on the surface of the
liquid. But we have really gained several things.

In the first place we have found that reasoning from the
analogy that a dissolved gas and the same gas in contact with
the solvent bears to the liquid and its vapor we got to the idea
of dissolved vapor and from that to a result in agreement with
a much older theory.

Secondly, we have found that a liquid is to be looked uponasa
condensed gas, not simply condensed in the sense thatit isa mat-
ter compressed into smaller space, but condensed in the sense
that the gaseous activity, pressure, is carried into the liquid con-
dition, and we are to treat a liquid as we would a gas.

Thirdly, it follows from this view that a substance dissolved
is simply brought into the same condition that the liquid is in,
and consequently should have the same property of exerting an
osmotic pressure that the liquid has.

Finally, what causes the condensed gaseousstate ? Until this
is answered the problem of liquid and gas is essentially unsolved.
That it i3 due to an attraction between the molecules, is hardly
possible, as we have seen at the beginning of this paper. Indeed
so soon as we begin to reflect upon the complications that are
introduced the moment the ideas of molecule and attraction are
brought into an investigation, and these complications are all



736 SOME THOUGHTS ABOUT LIQUIDS.

the time increasing instead of diminishing, the more natural
and simple appears the view of Ostwald that we shall find a
better solution of such problems in energy alone, matter being
only a collection of energies in space.
Now as to the value of the osmotic pressure in some hquxds
In 1000 cc. of water there are

T 55.55 gram-molecules.

Every gram-molecule at 25°C. (= 298° absolute temperature)
in 1000 cc. has a pressure of

22222 298

1000 273"

Hence for the 55.55 gram-molecules of water we have

0.76 m.

— 22222 298 0.76 1000 — 1024 meters of mercu
~ 1000 273 70Tg T 1o Ty

In 1000 cc. methyl alcohol there are

T 0.79 gram-molecules,

and hence for methyl alcohol we have

__22222@061000_0 _ m
= Tooo 273" -7 32 79 = 455 m.

In 1000 cc. ethyl alcohol there are

26 0.79 gram-molecules,

and hence for ethyl alcohol we have

__ 22222 298 0.7619%°  6v0 = 216 m
~ 1000 " 273 7 46 79=3 ’

In 1000 cc. propyl alcohol there are
1]

1000
60 " 0.80 gram-molecules,

and hence for propyl alcohol we have

_ 22222 298 0.761°%°
~ 1000 273 7 46

. 0.80 =249 m.
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In 1000 cc. chloroform there are

1000
119
and hence for chloroform we have

. 1.52 gram-molecules,

r — 22222 298 1000
~ 1000° 273" -7 119

. 1.52 = 235 m.

In 1000 cc. toluene there are

1000
92
and hence for toluene we have

. 0.88 gram-molecules,

= 22222.39—8. 0.76 1090 0.88= 176 m.
1000 ~ 273 2

RUTGERS COLLEGE,

[CONTRIBUTIONS FROM THE LABORATORIES OF THE SCHOOL OF MINING,
KINGSTON, ONTARIO.]

VOLUMETRIC ESTIMATION OF LEAD.

BY FRED. J. POPE.
Received May a1, 1896,

UITE frequently of late, the attention of readers of chemi-
cal journals has been directed to various methods' for
estimating lead volumetrically. But, while some of these methods
are superior to any previously made public, yet, for none of
them is that degree of accuracy claimed which is so essential in
a reliable quantitative operation. The chief objection to all of
these methods is the use of an outside indicator. However, by
using an inside indicator and modifying slightly the usual
preliminary steps (necessary for the conversion of the ore into
the sulphate) results have been obtained by the writer which
are quite satisfactory.

The operation may be briefly outlined as follows : The lead is
first converted into lead sulphate, then into lead acetate. Excess
of standard potassium bichromate is added, which precipitates
the lead as lead chromate. The unused potassium bichromate
is reduced by excess of standard arsenious acid, and this latter

1This Journal, 17, 9o1; Engineering and Mining Journal, July 7, 1804.
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titrated with iodine solution, using starch paste as an indicator.
PREPARATION AND STANDARDIZING OF SOLUTIONS.

Taking tenth normal solution of iodine as the standard. 4.995
grams of arsenious acid per liter and 4.763 grams of potassium
bichromate per liter give standard solutions of equivalent value
per equal volumes.

Jodine.—12.7 grams are dissolved in concentrated potassium
iodide solution and made up to one liter.

Arsenious Acid.—Dissolve 4.95 grams in twenty or thirty cc.
of saturated, filtered solution of sodium carbonate, gently warm-
ing. If too strong heat is applied the arsenious acid cakes and
dissolves with difficulty.

By means of a burette accurately measure ten to fifteen cc. of
arsenious acid solution, running it into a large porcelain dish.
Acidify faintly with sulphuric acid, add fifty cc. saturated solu-
tion of pure sodium bicarbonate, add starch paste and titrate
with the iodine.

Potassium Bickromate.—Weigh out approximately five grams,
dissolve and make up to one liter. Remove twenty-five cc. to a
porcelain dish, add fifty cc. of the standard arsenious acid and
proceed with titration as already indicated.

Note.—Since all commercial sodium bicarbonate will decolor-
ize more or less iodine, it is well in neutralizing to get the neu-
tral point exactly. When this is attained, add fifty cc. sodium
bicarbonate and deduct its iodine value from the quantity con-
sumed.

The Operation in Detail.—Take from three to seven grams of
ore, according to its richness in lead. Place this in a deep
three-inch porcelain dish, thoroughly moisten it with water,
cover the dish with a watch-glass and for each gram of ore used
add four to five cc. of a previously prepared mixture of two parts
by volume of sulphuric acid, three parts by volume of nitric
acid and one part by volume of water. When the reaction,
which first results, diminishes, evaporate as nearly to dryness as
is possible without spurting. Cool, fill the dish with cold water,
stir well and allow to settle for two or three minutes. Filter and
wash with cold water until most of the acid is removed. Convey the
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filter paper with the precipitate to a 300 to 400 cc. beaker or
Erlenmeyer flask and neutralize any remaining acid with dilute
ammonia. To the porcelain dish add ten to fifteen cc. strong
ammonium acetate, made decidedly acid with acetic acid. Add
an equal volume of water and boil for two or three minutes,
washing the sides of dish so as to remove any remaining lead sul-
phate. This solution is then added to the flask containing the
precipitate and the whole boiled from seven to ten minutes with
frequent stirring. Cool, neutralize with ammonia, add 100 cc.
of standard potassium bichromate, stirring well. Filter into a
half liter measuring flask, moistening the filter paper with
dilute ammonia or ammonium acetate. Wash precipitate as
much as is possible in the flask, using hot water. The filtrate
make up to the mark, and for titrating remove 100 cc. to a large
one and one-half liter porcelain basin. Add ten to twenty cc.
(or less if ore is rich in lead) of standard arsenious acid. Make
decidedly acid with forty per cent. sulphuric acid and stir until
the yellow color disappears or the liquid has a greenish tinge. A
large excess of sulphuric acid is to be avoided. Neutralize with
saturated solution of sodium bicarbonate and then add an excess
of fifty cc. If the solution has a deep greenish tinge diluteit with
distilled water. Finally add starch paste and titrate with stand-
ard iodine solution.

As a test of the accuracy of method, five portions of pure lead
sulphate were acted upon and the following results obtained :

Grams taken. Grams found.
1.0 1.000568
1.1 1.099375
1.2 1.200467
1.3 1.300673
1.4 1.399571

With a specimen of galena containing quartz and calcium car-
bonate, the writer obtained the following percentages :

Grams taken. Per cent. lead found.
0.7 81.89
0.7 81.96
0.71 81.94

0.68 81.90
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As a test of the method in the hands of inexperienced opera-
tors, it was outlined and explained to four junior students, who
with the galena ore already mentioned, obtained the following
results :

Grams taken. Per cent. lead found.
R.H =079 81.86
G.E.R. = 0.7 81.78
s.p. {1=07 82.00
{z = 0.85 81.89
G.E.S =079 81.95

With another ore containing five per cent. of copper, twenty-
six per cent. of iron, quartz and gypsum, one of the students
obtained the following results:

Grams taken. Per cent. lead found.
3.0 15.89
3.5 16.01
4.0 15.97

ESTIMATION OF SULPHIDES IN CALCIUM CARBIDE.

By FRED. J. POPE.
Received May 21, 1896.

WEIGHED quantity of calcium carbide was conveyed to

a dry Erlenmeyer flask provided with a stop-cock funnel

and a delivery tube, which latter led to a ten ounce wash bottle,
this in turn being connected with a smallerone. The wash bot-
tles contained 150 cc. lead acetate of known strength (about
tenthnormal). By means of a stop-cock water was carefully added
until there was no further evolution of acetylene. On the reac-
tion ceasing, twenty-five to forty cc. sulphuric acid (1:3) was
run into the flask and the whole gently boiled, the liberated
hydrogen sulphide passing into the wash bottles and precip-
itating the lead as lead sulphide. When the reaction had
ceased the flask and liquid was washed free of hydrogen
sulphide by a current of air and the contents of wash
bottles filtered. The filtrate containing unconsumed lead ace-
tate was made up to a half liter. To 100 cc. of this solution
were added standard potassium bichromate, arseniousacid, etc.,
(as indicated in preceding article) and total amount of uncon-
sumed lead acetate estimated. The difference between this
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amount and the quantity of lead acetate started with gave
amount precipitated by the hydrogen sulphide from which the
sulphur existing as sulphide was calculated.

Grams calcium carbide taken. Per cent. sulphur found.
2.4492 3.37
31234 3.57

No attempt was made to check the application pf the method.
It is obvious that the impure calcium carbide may have
evolved other products capable of removing lead from the solu-
tion. It is the writer's intention to investigate this and other
points connected with this method.

NOTE ON THE PRESENCE OF OIL IN BOILER SCALE.'

By CHARLES A. DOREMUS.
Received June 9, 3806,

T is difficult to remove cylinder oils, whether pure mineral or
mixtures of mineral and animal from condensed exhaust
steam. The practice of recovering steam either for the prepara-
tion of distilled water or for boiler feed water is now so general
that opportunities for observing the troubles attending the pro-
cedure are not wanting.

This sample of water was obtained by melting the ** core ’’ of
cakes of artificial ice. The sediment is fine, flocculent and of
red color. When removed from the water and dried it is pul-
verulent. There is very slight evidence of oil in the dry mass,
the moist sediment does not appéar oily. The large proportion
of oil extracted by ether shows how inefficient the filters were in
purifying the condensed steam. Yet verygreat painswere taken
at the ice plant to secure pure distilled water, and there was no
visible oiliness in the water as it flowed to the freezing cans.
Here however the corrosive action of the distilled water on the
galvanized iron produced a mass of iron and zinc hydrateswhich
in being pushed to the centre by the gradual formation of ice
gathered the oil and carried it to the core.

Another specimen is one obtained from a steamboat trafficing
on the Hudson river and using salt or brackish water in the
surface condensers. The boilers were said to be foul with masses

1 Read before the New York Section. June sth, 1836.
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of oil coating the sides and tubes. Having determined the
presence of the salts of sea water in the boiler, due to leaky
condensers, a treatment was suggested which caused a fine pre-
cipitate. ‘This precipitate gathered the oil in masses easily
brushed from the crown sheets. When this mass is treated with
ether a dry powder remains and oil dissolves.

A third spegimen sent for examination from a large plant in
Chicago, evaporating 2500 gallons of filtered river water and
25,000 condenser water every twenty-four hours. Lubricating
oil, mineral with ten per cent. animal, is freely used, and the
fine clay in the water has together with some incrusting in-
gredients, caused the oil to form into balls.

The next two specimens are in striking contrast to the fore-
going. This is light colored, one-quarter inch thick, has a layer
of dense nature near what must have been the heated surface on
which the scale formed while the bulk of the incrustation is
fibrous. The incrustation consists of calcium carbonate and
sulphate, with which is intermingled clay and organic matter,
the latter partly oil.

The general appearance of the next sample is quite different.
The incrustation is in thin sheets about three-sixteenths inch
thick, of light slate color, and made up of alternating layers of
deposit of varying hardness. The ingredients are again calcium
carbonate and sulphate and clay, while there is much organic
matter. This can be separated from the mineral in great part
by a little acid. The presence of oil is then noticeable. The
boiler of this plant is fed with Lake Michigan water and con-
denser water. The latter goes directly to the hot well of twenty
barrels capacity. While there are no oil filters the boiler is
provided with a skimmer, which draws off floating materials
from just below the water line. The lubricating oil used is
mineral with fifty per cent. animal.

Notwithstanding the skimmer, the scale has formed and baked
into a hard mass. It is highly non-conducting. It can be held
by the fingers quite near to where a portion is heated in a Bun-
sen flame, the heat of which distils out and ignites the oil. A
few pieces of this scale heated in an improvised retort made
from a test tube yield quite a gas flame. The presence of oil
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to the extent of from twenty to fifty per cent. in the deposits
and scale of marine boilers filled with fresh water, any loss
being made up from the exhaust or from sea water has been
fully set forth by Lewes,' who also gives the causes thereof and
remedies therefor. He also alludes to the possibilities of this
type of scale forming in stationary boilers.

The specimens presented serve to illustrate the importance of
critically examining the nature of the ‘‘organic matter’’ of
incrustations, the statement ‘‘loss of ignition’’ being far’too
general.

[CONTRIBUTED FROM THE LABORATORY OF THE LOUISIANA EXPERIMENT
STATION AND SUGAR SCHOOL.]

OCCURRENCE OF THE AnMINES IN THE JUICE OF SUGAR
CANE.

BY J. L. BERSON.
Received June 15, 1896,

HE presence of amines in the products of the sugar beet
has long been known, but until this sugar season they

have not been known to exist in the juices of sugar cane. Last
December,while working with the precipitate formed by the addi-
tion of lime water to cane juice, it was noticed that the product
dried at about 110’ C. had a fishy odor. Upon heating some of
this in a test tube over a burner, an alkaline vapor was given
off which had a fishy ammoniacal odor. So about 300 grams of
the dried substance was gradually heated in a hard glass retort
upon a sand bath until an almost complete destructive distilla-
tion was effected. The products evolved were passed througha
condenser and then through a series of |J tubes, each of which
was kept at a temperature a little below the boiling-points of
each of the principal amines. A solid collected in the condenser
tube, and an illuminating gas escaped from the last {j tube, which
was kept at —10° C. These products were not examined. There
collected in the first receptacle about twenty cc. of an acid
liquid. This was made alkaline with caustic soda and dis-
tilled. The products as before were passed through the series
of tubes maintained at the different temperatures, when there

1 Chew. News, 63, 181.
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collected in the first, along with some water, about five cc. of
clear liquid, which was strongly alkaline, had a pungent fishy
odor, combined with hydrochloric acid, and otherwise manifested
the general properties of the amines. An attempt was made to
further purify it by freeing it from the water, but the amount
was too small to bring to a definite boiling-point. ‘The remain-
ing liquid was neutralized with hydrochloric acid, and slowly
evaporated down, whereupon a few crystals, slightly colored and
deliquescent, were obtained. The quantity was too small to
admit of an elementary analysis, so it was not possible to say
whether the product was a single amine or a mixture of amines.
The filter cake, the refuse from the clarification of cane juice,
gave the same odor and alkaline vapor upon heating. It was
my aim to subject several pounds of the filter cake to the same
treatment in order to fully clear up the question, if possible, but
the amount of other work required of me prevented. The clear-
ing up of the matter is of the greatest scientificand practical inter-
est to the sugar industry, as it will doubtless throw light upon
the nature both of the amido and albuminous bodies of the cane
juice. I write the account of the work with the hope that some
chemist may be induced to continue the work, as the writer will
discontinue sugar work.

[CONTRIBUTED FROM THE LLABORATORY OF THE LOUISIANA EXPERIMENT
STATION AND SUGAR SCHOOL. ]
A SIMPLE AND CONVENIENT EXTRACTION APPARATUS
FOR FOOD-STUFF ANALYSIS.

BY J. L. BEESON.
Received June 15, 896,

HE apparatus shown in the accompanying illustration I
have adapted from the Johnston extractor, for the general

use of the average student in the laboratory aiming at simplicity,
greater compactness, convenience, rapidity of operation, and accu-
racy. The extraction tube £, which is rather short, is provided
as usual with a perforated platinum disk fused into the bottom,
and in addition with a specially devised funnel stopper of ground
glass, by means of which the weighed sample can be rapidly
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and effectively dried to constant weight in a current of dry
hydrogen or other inactive gas for the es-
timation of the moisture, and at the same
time preparing the sample for extraction.
Rubber caps are placed over the two
ends of the tube during the cooling and
weighing. For the extraction of the
sample, the tube £ is placed in a Stutzer
tube .S as shown in the figure, which is
connected as usual with an ether flask
below, and by means of either a cork or
mercury joint with a short bulb conden- E
ser above. The funnel stopper, placed

as shown, directs the returning drops of
the liquid upon the center of the sam-
ple, and especially it prevents the loss of
the sample by spattering. This is a
source of objection to all forms of open
extractors. Owing to the very small
percentage of fats or ether extracts in
most food stuffs a small loss of the sam-

ple from this cause makes a very large
analytical error in the work, whether es-
timated from loss of the sample orgain in weightof the ether flask.
During two years use in this laboratory we have obtained with
the apparatus very concordantresults between duplicate analyses,
and would commend it for the use of students especially. By
means of a seven mm. glasstube, six tubes and samples are dried in
a current of hydrogen at a time in a water-oven. The whole
apparatus may be had of Max Kaehler and Martini, Berlin.

NEW BOOKS.

CHEMISTRY FOR ENGINEERS AND MANUFACTURERS. BY BERTRAM BLOUNT
AND A. G. BroxaM. In two volumes. VOLUME I, CHEMISTRY OF EN-
GINERERING, BUILDING AND METALLURGY. 8vo. 244 pp. London:
Charles Griffin & Co., Ltd. Philadelphia: J. B. Lippincott Co.

This work is a compilation of material intended to cover the
chief branches of chemical industry. The first volume deals in
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the first part with the chemistry of building materials, fuel,
steam making and lubrication. The second part is entirely de-
voted to metallurgy.

The scope of the work necessitates condensation, yet the
reader will be impressed at times with the meagerness of descrip-
tion, especially as thetreatment of other subjects seems dispropor-
tionately extended. An appearance of unevenness in treatment
is thus given, which might have been avoided.

Books of this class are more difficult to write as the limits of
technical science are widened and there is room for much judg-
ment in holding a proper balance between the necessities of the
readerand therestricted spaceofahand book ortextbook. While
this book will be very serviceable to the large class of engineers
and manufacturers for whom it is especially written, and even
to the student of industrial chemistry, it can hardly be of much
interest to ‘‘ the expert in any one of the branches touched
upon’’ (vide preface). The touch is entirely too light as a rule
for those who seek extended information. The entire absence
of references, also, deprives the work of much of the usefulness
it might have had for professional readers in subjects not strictly
their own.

The illustrations are good as far as they go, but are much less
freely supplied than the nature of the book requires.

The subjects of gaseous fuel and water for steam making
are well and clearly treated. Of boiler cpompositions the authors
justly say that ‘‘ none should be used without a knowledge both
of its composition and of that of the water to be treated,’’ and that,
‘“all are sold at prices bearing but a remote relation to their
intrinsic values.”” As to the preservation of iron by paint, the
statement that red lead paint is the best will hardly meet un-
qualified assent.

The treatment of the metallurgy of iron is very full, and
contains a good though brief discussion of the influence of
foreign elements on the quality of iron. The statement that ‘‘the
chief gold-producing countries are Australia, America (Cal-
ifornia), and Russia’’ is more compact than edifying. Electro-
metallurgical processes are given in treating of many of the
metals. ‘The commercial production of aluminum is described
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briefly but no allusion is made to the part which the United
States have played in the development of this industry, nor do the
names of Cowles or Hall appear in the text.
The second volume will treat of the chief chemical industries
other than those referred to.
A. A. BRENEMAN.

LABORATORY EXPRRIMENTS IN GENERAL CHEMISTRY. By CHARLES R.
SANGER, A.M., PH.D. Paper. St. Louis. Published by the Author.
) ¢ .

Ex::‘:xunm IN GENERAL CHEMISTRY AND QUALITATIVE ANALYSIS. By
CHARLES R. SANGER, A.M,, PH.D. Paper. St. Louis. Published by
the Author. 18g6.

These two little books by Professor Sanger contain well se-
lected collections of experiments for beginners in chemistry. The
first collection was prepared for students in a general college
course, while the second collection appears to have beenarranged
for students beginning a medical course. In the first collection
for college students there is evidence that the authorhad in mind
the needs of those who spend but part of a year in the labora-
tory. What the student is told to do is clearly indicated and his
attention is directed at every step to the important points in the
reactions considered. The experimental course offered to med-
ical students is not as extended as the present writer would like
to see, but is as full as this class of students is supposed toneed,
and has, besides, the advantage of systematic arrangement.

) J. H. LoNG.

BOOKS RECEIVED.

Eighth Annual Report of the Kentucky Agricultural Experiment Sta-
tion of the State College of Kentucky, for the year 1895. Lexington, Ky.
Ixvi, 150 pp.

North Carolina Weather during the Year 1895. North Carolina Agri-
cultural Experiment Station, Raleigh, N. C. lii, 264 pp.

Bulletin No. 122. Cost of Nitrogen, Phosphoric Acid and Potash.
Proper Use of Tables of Analysis of Fertilizers. Connecticut Agricultu-
ral Experiment Station, New Haven, Conn. 16 pp.

Reduction of Nitrates by Bacteria and Consequent Loss of Nitrogen.
By Ellen H. Richards and George William Rolfe. 20 pp. Reprinted
from the Zechnology Quarterly, Vol. IX, No. 1, March, 18g6.

Nitro-Explosives. A Practical Treatise. By P. Gerald Sanford, F.I.C,,
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F.C.S. London: Crosby, Lockwood & Son. 1896. xii, z;0 pp. Price,
g9s.

Embaiming and Embalming Fluids, with the Bibliography of Em-
balming. Thesis by Charles W. McCurdy, Sc.D., Ph.D. Wooster, Ohio:
The Herald Publishing Co. April, 18g6. 8 pp.

Bulletin No. &3. Analysis of Commercial Fertilizers. Kentucky Ag-
ricultural Experiment Station of the State of Kertucky, Lexington, Ky.
July, 1896. 16 pp.

OBITUARY NOTE.

PETER COLLIER, Ph.D., was born in Chittenango, New York,
August 17, 1835. He graduated A.B. at Yale College in 1861
and later Ph.D. He also graduated at the Shefhield Scientific
School, and was for some time an assistant aad instructor in that
School. From 1867 to 1857, he was Professor of Physics and
Chemistry in the University of Vermont. and also Professor of
Chemistry in the Medical Department of that University, and
for some time Dean of the Medical Faculty. In 1S;3 he was ap-
pointed one of seven scientificz commissioners to the Vienna
Exposition, by President Grant. From 1877 to 1882 he was
Chief Chemist to the Department of Agricuiture of the United
States, at Washington. During his odficial term, he gave very
great attention to the problems of cuitivating sorghum and
manufacturing sugar from it. From 1832 to 18335 he still re-
mained in Washington, engaged in chemical pursuits and writ-
ing for scientific and agricuitural pubiications. From 1885 to
1895 he was Director of the New York State Experiment Station
at Geneva. New York, where he instituted much experimental
work especialiy upon fertilizers and dairy probiems. He had a
wide acquaintance with scientific men, and himself possessed
great energy and force. Illness obliged him to resign his posi-
tion last yvear and he came to Aan Arbor last December. He
died on Jure 29.

A. B. PrEscoTT.

ERRATA.
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THE DETERMINATION OF REDUCING SUGARS IN TERS
OF CUPRIC OXIDE.

BY GEURGE DEFREN.
Received July 9. 18¢6.

T is now approxiniately fifty vears since alkaline metallic
solutions were first used in determining quantitatively the
various reducing sugars. During this period of time many
investigators have worked on the subject, and much has been
done towards perfecting the method of analysis, so that to-day
there are several admirable processes in use for the exact esti-
mation of these carbohydrates.

The quantitative methods of determining reducing sugars
may be divided into two main classes : those based upon the
volumetric plan, and those which depend on a gravimetric esti-
mation of the precipitated cuprous oxide.

Of the first class many processes have been suggested which
have met with more or less success. The volumetric methods
are mainly used for factory control work, where the progress of
some processes require a rapid and fairly accurate idea of thestage
of manufacture. In expert hands the volumetric methods are
capable of giving excellent and concordant results, and are,
therefore, used in the laboratories of many consulting chemists,
and even in scientific institutions.

The main objections to the use of the volumetric methods are
that each freshly prepared quantity of Fehling solution requires
accurate standardization against the same kind of pure sugar as
that which is undergoing analysis. Different dilutions and the
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time of boiling affect the results materially. The exact deter-
mination of the ‘‘end point’’ also requires considerable practice
and skill.

On the other hand, the Fehling liquor used in the gravimetric
processes need not be made up as accurately as is required for
volumetric work. The gravimetric methods, however, ordi-
narily require more time. A possible loss of cuprous oxide by
filtration, and an incomplete oxidation to the higher oxide are
also potent factors, though where the requisite degree of care is
exercised these need not cause anxiety. The same statement
regarding dilution and time of boiling holds true with as much
force in gravimetric as in volumetric work.

The gravimetric methods are generally employed for scientific
and accurate analytical work. Here the processes are compara-
tively few, all depending upon the oxidation of the total
sugar present in an excess of the alkaline copper solution.

The tables in use for the determination of reducing sugars are
mainly constructed in terms of metallic copper. As the
amount of metal precipitated per gram of carbohydrate is not a
constant for all dilutions of any sugar, specially constructed
tables are generally employed. Several such tables have been
prepared, as for instance Allihn’s table of reduced copper for
dextrose, Wein'’s table for maltose, and Soxhlet’s table for lac-
tose, etc.

Various modifications of the alkaline copper solutions are used
for the determination of the different sugars, each requiring
special treatment. Therefore a chemist in determining the
amount of malt sugar in, say beer, must, if he uses Wein’s table
for maltose, follow exactly Wein’s method for the estimation of
that sugar.

Where a variety of work is carried on in a laboratory, it is
therefore necessary to have several different Fehling solutions on
hand for each special kind of determination. If all the tables
for the estimation of the different carbohydrates could have been
prepared for use under uniform conditions, the existing state of
affairs would be much simplified.

In order to supply this need, I have constructed such tables,
using a method which I have employed for some time, in deter-




DETERMINATION OF REDUCING SUGARS. 751

mining reducing sugars. ‘This method, proposed by O’Sullivan'
in 1876, is used to some extent in England, but as it seems to be
not generally known, I here give the procedure in detail :

To fifteen cc. of the copper sulphate solution, prepared as given
below, are added fifteen cc. of the alkaline tartrate solution, in an
Erlenmeyer flask having a capacity of from 250-300 cc. The
mixture is diluted with fifty cc. of freshly boiled distilled water
and placed in a boiling water bath for five minutes. T'wenty to
twenty-five cc. accurately measured from a calibrated burette of
an approximately one-half per cent. solution of the sugar to be
analyzed, are then run into the hot Fehling liquor and the
whole kept in the boiling water bath for from twelve to fifteen
minutes. The flask is then removed from the bath and the pre-
cipitated cuprous oxide is filtered as rapidly as possible, either
through filter paper or asbestos in a Soxhlet’s tube or porcelain
Gooch crucible, and washed with boiling distilled water until the
wash water no longer reacts alkaline. Itisignited and weighed
as cupric oxide as described below. The corresponding amounts
of dextrose, maltose or lactose are ascertained by reference to
the tables at the end of this article. It should be noted that the
above directions must be closely followed. The volume of the
Fehling liquor and the added sugar solution should be from
100—105 CC.

The Fehling solution used is made up according to Soxhlet’s
formula, with a very slight modification. 69.278 grams of pure
crystallized copper sulphate, pulverized and dried between filter
paper, are dissolved in distilled water. It is advantageous to
add one cc. of strong sulphuric acid to this, as recommended by
Sutton." The whole is then made up to one liter with distilled
water and kept in a separate bottle. The alkaline tartrate solu-
tion is made by dissolving 356 grams of crystalline Rochelle salt
and roo grams of sodium hydroxide in distilled water and mak-
ing up to one liter. This is also kept in a separate bottle.

Two methods of filtration of the precipitated cuprous oxide
and further treatment are generally adopted. Inthe first double
‘‘washed '’ filter paper is used; in the other the precipitate is

1 /. Chem. Soc.. 3, 130, 1876.
2 Sutton : Fourth edition, (1882), 256.
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retained by a layer of asbestos. After washing the precipitate
on the filter paper as above described, it is dried in the usual
manner and ignited in a previously weighed porcelain crucible,
taking care to burn the filter paper cautiously, heating for fif-
teen minutes to a red heat. cooling the crucible over sulphuric
acid in a desiccator and weighing as cupric oxide. Additional
treatment with nitric acid has been found of no practical advan-
tage, the results by direct ignition being very exact, providing
the filter paper is slowly burmed. The chief objection to the
employment of filter paper to retain the precipitated cuprous
oxide, is that some of the finely divided particles are liable to
go through, thus causing low results.

As a substitute for paper carefully selected asbestos is often
used for filtering purposes. To insure a layer of asbestos which
shall be kept at constant weight under the action of hot Fehling
liquor, it is advantageous to boil the mineral with nitric acid
(1.05-1.10sp. gr.) for a short time, washing the acid out with
hot water, and then boiling with a twenty-five per cent. solution
of sodium hydroxide. This is also washed out with hot water.
Reboiling with the above reagents as before diminishes the
liability of leaving any soluble portions. As thus prepared the
filtering material may be kept indefinitely under water in a wide-
mouthed bottle ready for use.

The objections of some chemists' to the employvment of asbes-
tos on the ground that it loses weight on using, does not seem
to hoid, when it is prepared as above. A sample boiled as stated
with acid and alkali three times. lost only two-tenths milligram
when two **blanks '’ of hot dilute Fehling solution, as used in
the process above described, were passed through the mineral in
a porcelain Gooch crucible.

For use, a layver of asbestos. about one centimeter in thick-
ness. is placed in a porcelain Gooch crucibie, to retain the finely
éivided precipitate. which is fiitered by means of suction, in the
usua: manner. The crucible containing the cuprous oxide is
thea dropped into 2 tnangular frame, made of platinum wire,
suspended within an iron radiator, or shell, heated to rednmess.
Th:s guickly and thoroughly dries the ashestos without cracking

TR ug Jaer gecn Jarm g3 S Traeler. Jatr secw Jheme | 330, 280¢.
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the crucible. After about fivé minutes the crucible is trans-
ferred by means of a pair of nippers to a red hot platinum cruci-
ble and heated for about fifteen minutes. It is then quickly
transferred to a desiccator near at hand to prevent cracking,
allowed to cool and weighed. As cupric oxide is somewhat
hygroscopic, it is advantageous to weigh quickly and to keep
the balance case as dry as possible. Prolonged heating in the
iron radiator would have changed the cuprous oxide to the
cupric state. ‘The advantage of transferring the porcelain cru-
cible to a red-hot platinum crucible, is that the oxidation is
quickly completed, as a much higher temperatureis available.

If pressed for time, another determination can be made in the
same crucible without cleaning it. As a rule, it is, however,
advisable to wash out the cupric oxide by means of hot nitric
acid (1.05-1.10 sp. gr.) and then with hot water. The crucible
is then heated, cooled and weighed as before. It must necessarily
be weighed, because this treatment with hot nitric acid dissolves
some of the asbestos.

If preferred, a Soxhlet’s tube may be used to retain the pre-
cipitated cuprous oxide. Asa porcelain Gooch crucible possessed
obvious advantages over this apparatus, I have used it in all my
determinations with success.

The cupric reducing powers of dextrose, maltose aud lactose
were determined by the method given above. A table for invert
sugar was not constructed because most invert sugar determina-
tions are made by double polarization in a saccharimeter.

DEXTROSE.

The *‘cupric reducing power’’ of dextrose was first determined.
‘This is defined as ‘‘the amount of cupric oxide which 100 parts
reduce.”” ' This may be represented by I—O%K, in which Wis
the weight of cupric oxide obtained by the given weight of any
sugar, and 0 the weight of cupric oxide formed by an equal
weight of dextrose.®* Hence, if the amount of cupric oxide
formed by one gram of dextrose be known, the amount of cupric
oxide reduced by one gram of any other substance, calculated

1 /. Chem. Soc., 2, 130, 1876.
2. Chem. Soc., Trans., 606, 1879.
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upon this number asa percentage, will represent the cupric oxide
reducing power of the substance, which we denote by the sym-
bol K.

The amount of cupric oxide has been determined by O’Sulli-
van' to be 2.205 grams per gram dextrose. The factor for dex-
trose in terms of cupric oxide is, therefore, the reciprocal of
2.205 or 0.4535. This value, 0.4535, was assumed to be a con-
stant for all amounts of dextrose when used with Fehling’s solu-
tion in the manner indicated. As such it was a very convenient
quantity, it being only necessary to obtain the weight of cupric
oxide formed by the action of a dextrose solution, multiply this
by 0.4535, and the amount of dextrose corresponding was
obtained. No tables are needed if this assumption be true.
‘Consequently the determination of dextrose was indeed a very
simple one.

On an extended investigation of this subject, using various
amounts of dextrose on the same volume of Fehling liquor in
each determination, I find that the value 2.205, above given as
representing the quantity of cupric oxide obtained by the action
of one gram of dextrose, is not as was heretofore assumed, a
constant for all weights of dextrose taken, the amount varying
from 2.27 grams cupric oxide per gram dextrose for small quan-
tities of sugar, to 2.22 grams cupric oxide for the largest amount
of dextrose permissible. Allihn,” boiling his sugar solutions with
the Fehling liquor and reducing the cuprous oxide to copper,
obtained analogous varying results.

The purity of the dextrose used was first determined, dextrose
anhydride being employed. 10.008 grams of anhydrous dextrose
were disssolved in distilled water and the solution boiled to pre-
vent birotation. It was then transferred to a flask, the capacity
of which at 15.5° C. was 100.08 cc., thus giving a solution which
contained o.100 gram dextrose anhydride per cc.

The specific gravity of the above solution at 15.5° was deter-
mined in the usual manner by means of a picnometer with ther-

mometer attached.
Capacity picnometer (at 15.5°) = §5.2055 cc.

Dextrose solution (at 15.5%) = §7.3083 grams.
t Loc. cit.
2 /. prakt. Chem., (2), 23,63
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On calculating from these values we find the specific gravity
of a dextrose solution containing ten grams dextrose in 100 cc.
to be 1.03809 at 15.5°.

The specific rotatory power was determined by the usual
method, a Schmidt and Haensch saccharimeter being used in
polarizing the dextrose solution. The polarizations were carried
out in a 200 millimeter tube at 20°. To change from the read-
ings of a saccharimeter to the rotary degrees, it is necessary to
multiply the reading observed by 0.344, as shown by Reinbach.'
I have verified this value with concordant results, a Laurent
polariscope being used for comparison. The rotation of the above
solution was 30.7 divisions. This gives by means of the usual

formula —[a]5 = 770—3 specific rotatory power of 52.8°, which

is in accordance with that obtained by other observers.® The
dextrose used was consequently pure.

For the determination with Fehling liquor, twenty-five cc. of
the dextrose solution at 15.5° were accurately measured from a
calibrated burette and made up to 500 cc. with distilled water at
the same temperature. This consequently gave a solution, each
cubic centimeter of which contained five milligrams dextrose.
Various quantities of this were then taken to ascertain the cupric
reducing power of dextrose. The results in detail are given
below. In each case the combined volumes of the Fehling
liquor and the sugar solution were made up to 105 cc. as
described above.

Milligrams Cupric oxide Cupric oxide Dextrose Mean dextrose
dextrose. obtained. per gram dextrose. equivalent. equivalent.
12} 0.0283 2.264 0.4416
12} 0.0285 2.280 0.4386 O-4401
25 0.0569 2.276 0.4393 0.4419
25 0.0565 2.260 0.4425
50 0.1129 2.258 0.4429
so 0.1123 2.246 0.4452 O-4440
62} 0.1407 2.251 0.4443 0.4449
62} 0.1403 2.245 0.4454
75 0.1683 2.244 - 0.4457 0.4462
75 0.1679 2.239 0.4467

1 Ber.d. chem. Ges., 37, 2282.
2 Pribram : Monat.f. Chem.. 9, 399; Landolt : Ber. d. chem. Ges., 31, 191.
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Milligrams  Cupric oxide Cupric oxide Dextrose Mean dextrose
dextrose. obtained. per gram dextrose. equivalent. equivalent.

100 0.2233 2.233 0.4478

100 0.2227 2.227 0.4489 04483
125 0.2776 2.221 0.4503 |

12§ 0.2782 2.225 0.4493

125 0.2770 2.216 0.4512 0.4503
125 0.2774 2.219 0.4506

12§ 0.2777 2,222 0.4500

140 0.310§ 2.218 0.4508 0.4511
140 0.3100 2.215 0.4515

The foregoing values of the amounts of cupric oxide per gram
dextrose are given graphically in curve 4, Plot I, and the dex-
trose equivalents of this in 4, Plot II.

From this we get the amount of dextrose corresponding to a
given weight of copper oxide by means of the formula:

D = (0.4400 4 0.000037 W) W,
in which D is the amount of dextrose, and W the weight of
cupric oxide.

The dextrose table given in this article is based on this for-
mula, the values of W varying from 30 to 320.

MALTOSE.

The cupric reducing power of dextrose is given as 100.
Using this as a basis, the reducing force of maltose, as given by
O'Sullivan,' is 65. Brown and Heron' place the value some-
what lower, claiming that 61 is more exact. The results which
I have obtained agree very well with this latter number.

In the case of maltose, as with dextrose, it was found that the
amount of cupric oxide obtained per gram of sugar was not a
constant. The cupric reducing power of various amounts of
maltose was, however, found to be almost exactly a constant
when referred to the cupric oxide from equal weights of dex-
trose. ‘That is, calling the reducing power of dextrose 100 for
different aliquot parts of that sugar, the cupric reducing power
of maltose referred to this standard was always 61.

The specific gravity of maltose was determined in the usual
manner. 9.7558 grams maltose anhydride were dissolved in dis-
tilled water to 100.08 cc. at 15.5°.

1 Loc. cit.
2 /. Chem. Soc., 1879, Trans., 619.
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Plot 1.
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Plot 2.
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Maltose solution at 15.5° = §7.3049 grams,

On calculating this we find the specific gravity of the above
solution to be 1.03803. For a solution containing ten grams
maltose anhydride in 100 cc, it would consequently be 1.03900
at 15.5°.

The specific rotatory power was determined as usual. The rota-
tion of the above solution at 20°, in a 200 millimeter tube, was .
74.4 divisions on the saccharimeter scale. This gives [a]f =
136.6°.

As maltose anhydride is somewhat difficult to prepare, the
solutions used to determine the cupric reducing powers were
made up to approximately ten per cent. from the maltose
hydrate. The specific gravity of the solutions was then deter-
mined. Subtracting from this value 1.00000—the specific gravity
of water—and dividing the remainder by 0.00390, we get the
amount of maltose anhydride in 100 cc. of solution.

Maltose solution at 15.5° = 57.2511 grams,
which gives a specific gravity of 1.03754, or 9.501 grams mal-
tose anhydride in 100 cc. )

The solution for Fehling determinations was made in the
same manner as the dextrose solutions above. Each cubic cen-
timeter of the diluted maltose solution therefore contained 4.75
milligrams maltose anhydride.

)limg:nl \:ugﬂc oxide Cupric oxide per Maltose Mean maltose
mal : obtained gram maltose.  equivalent. equivalent.
23.75 0.0329 1.386 0.7218 0.7240
23.75 0.0327 1.377 0.7263
47.5 0.0656 1.381 0.7243 o2
47.5 0.0654 1.377 0.7263 7253
71.2% 0.0983 1.380 0.7247 0.7263
71.25 0.0979 1.374 0.7278
95.0 0.1304 1.373 0.7286 o.
95.0 0.1300 1.369 0.7308 791
118.75 0.1623 1.370 0.7302
118.75 0.1619 1.367 0.7336 ©-7319
142.5. 0.1940 1.361 0.7345 0.7354
142.5 0.1934 1.357 0.7369
190.0 0.2572 1.353 0.7284
190.0 0.2566 1.350 0.7406 ©-7395
237.5 0.3198 1.347 0.7429 0.7433

237-5 0.3193 1.345 0.7437
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The maltose equivalent in terms of copper oxide is shown in
B, Plot II. From this we get the amount of maltose corres-
- ponding to a given weight of cupric oxide by the formula :

M = (0.7215 4+ 0.000061 ') W,
in which A7 is the weight of maltose, and W the amount of
cupric oxide obtained. It will be seen that these values make
the cupric reducing power of maltose 0.61 that of dextrose.

LACTOSE.

Lactose was investigated in the same manner as the preced-
ing. 10.008 grams lactose anhydride were dissolved in distilled
water, boiled, and made up to 100.08 cc. at 15.5°.

The above solution, polarized in a 200 millimeter tube at 20°,
gave a rotation of 30.7 divisions. This gives the specific
rotary power of lactose of 52.8°.

The amounts of cupric oxide found by the reduction of known
weights of lactose were determined as in the previous cases with
the following results :

Milligrams Cupric oxide Cupric oxide per Lactose Mean lactose

lactose. obtained.  gramlactose.  equivalents.  equivalents.
Do Ty e
DoouE i e
R ans o oeml 0%
Do
oy i e omm) o™
SO A SR
175 0.2729 1.56¢ 0.6412) 0.6418
175 0.2724 1.557 0.6324 S
o -

The cupric oxide values per gram lactose are presented graph-
ically in curve C, Plot I, while the reciprocals of these quanti-
ties are shown in C, Plot II. For this latter the amount of
lactose corresponding to the weight of cupric oxide obtained is
determined by the following :
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L = (0.6270+ 0.000053 W) W,
in which Z is the lactose, and W the amount of copper oxide.

The acompanying table for lactose is constructed on this basis.
* * » * » - -

It will be seen from the above results that the amount of
cupric oxide produced by the action of one gram of reducing
carbohydrate on Fehling liquor, in the manner described, is not
a constant for all dilutions.

The cupric reducing power of maltose is0.61 that of dextrose.

The following tables for the determination of the reducing
sugars in termsof cupric oxide are based on the analytical results
presented above, and can be used in the process outlined in the
same manner as any other table for the same purpose:

Parts Parts

co&per 4 Parts P'uru IP“" copper Parts Parts Parts

oxide. extrose. maltose. actose. oxide. dextrose. maltose. lactose.
30 13.2 21.7 18.8 57 25.1 41.3 35.9
31 13.7 22.4 19.5 58 25.5 42.1 36.5
32 14.1 23.1 20.1 59 26.0 42.8 37.1
33 14.6 23.9 20.7 6o 26.4 43.5 37.8
34 15.0 24.6 21.4 61 26.9 44.3 38.4
35 15.4 25.3 22.0 62 27.3 45.0 39.0
36 15.9 26.1 22.6 63 27.8 45.7 39.7
37 16.3 26.8 23.3 64 28.2 46.5 40.3
38 16.8 27.5 23.9 65 28.7 47.2 40.9
39 17.2 28.3 24.5 66 29.1 47.9 41.6
40 17.6 29.0 25.2 67 29.5 48.6 42.2
41 18.1 29.7 25.8 68 30.0 49.4 42.8
42 18.5 30.5 26.4 69 30.4 50.1 43.5
43 19.0 31.2 27.1 70 30.9 50.8 44.1
4 19.4 319 27.7 71 33 51.6 44.7
45 19.9 32.7 28.3 72 31.8 52.3 45.4
46 20.3 33.4 29.0 73 32.2 53.0 46.0
47 20.7 34.1 29.6 74 32.6 53.8 46.6
48 21.2 34.8 30.2 75 33.1 54.5 47.3
49 21.6 35.8 30.8 76 33.5 55.2 479
so 22.1 36.2 31.§ 77 34.0 s6.0 48.5
(1 22.5 37.0 32.1 78 34.4 56.7 49.2
52 23.0 37.7 32.7 79 4.9 57-4 49.8
53 23.4 384 33.3 80 35.4 58.1 50.5
54 23.8 39.2 34.0 81 35.9 58.9 SI.I
55 24.2 39.9 34.6 82 36.3 59.6 §I.7

56 24.7 40.5 35.2 83 36.8 60.3 52.4
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°‘3J’"

101
102
103
104
105
106
107
108
109
110
3¢
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126

37.2
377
38.a
385
39-.0
394
399
40.3
40.8
41.2
41.7
42.1
42.5
43.0
43.4
439
4.4
44.8
45-3
45-7
46.2
46.6
47.0
47.5
48.0
48.4
48.9
493
49.8
50.2
50-7
Si.I
51.6
52.0
524
52.9
§3-3
53.8
54.2
54.7
5S.1

s6.0

Parts
dextmoe maltose.

61.1
61.8
62.5
63.3
64.0
64.7
65.5
66.2
66.9
67.7
68.4
69.1
69.9
70.6
71.3
72.1
72.8
73-5
743
75.0
757
76.5
772
779
78.7
79-4
8o.1
80.9
81.6
82.3
83.1
838
84.5
8s.2
85.9
86.6
87.4
88.1
88.9
89.6
90.3
9I1.1
91.8

Parts
lactose.

53.0
53.6
54-3
549
§5-5
56.2
56.8
574
58.1
58.7
59-3
60.0
60 6
61.2
61.9
62.5
63.2
63.8
64.4
65.1
6s.7
66.3
67.0
67.6
68.2
68.9
69.5
70.1
70.8
714
72.0
72.7
73-3
74.0
74.6
752
759
76.6
77-2
779
78.5
79.1
798

GEORGE DEFREN.

“3’3" dextme
127 56.5
128 56.9
129 57-3
130 57.8
131 s8.2
132 58.7
133 59-1
134 59.6
135 60.0
136 60.5
137 6o.9
138 61.3
139 61.8
140 62.2
141 62.7
142 63.1
143 63.6
144 64.0
145 . 64.5
146 64.9
147 65.4
148 65.8
149 66.3
150 66.8
151 67.3
152 67.7
153 68.3
154 68.7
155 69.2
156 69.6
157 70.0
158 70.5
159 70.9
160 7t-3
161 71.8
162 72.3
163 72.7
164 73.2
165 73.6
166 74-1
167 74-3
168 74-9
169 75-4

Parts
maltose.

92.5

93-3

94.0

94.8

95-5

96.2

97.0

97-7

98.4

99.2

99
100.7
101.4
102.1
102.8
103.5
104.3
10§.0
105.8
106.§
107.2
108.0
108.7
109.§
110.2
111.0
I11.7
112.4
113.2
113.9
114.7
1154
116.1
116.9
117.6
118.4
1191
119.9
120.6
121.4
122.1
122.9
123.6

Parts
lactose.

80.4
811
81.7
82.4
83.0
83.6
84.2
84.9
85.5
86.1
86.8
87.4
88.1
88.7
89.3
90.0
90.6
91.3
91.9
92.6
93.2
93-9
9.5
95.2
95.8
9.5
97.1
97.8
98.4
99.1
9-7
100.4
101.0
101.7
102.3
103.0
103.6
104.3
104.9
105.6
106.2
106.9
107.5




::f&“
170
171
172
173
174
175
176
177
178

3883323888

N8
- O

N
N
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75-8
76.3
76.8
77.3
77.7
78.2
78.6
79-1
79:5
80.0
80.4
80.8
81.3
81.8
82.2
82.7
83.1
83.5
84.0
84.4
84.9
8s5.4
8s.9
86.3
86.8
87.2
87.7
88.1
88.6
89.0
89.5
89.9
90.4
90.8
91.3
91.7
92.2
92.6
93-1
93-5
94.0
94.4
94.9

Parts
dextme maltose.

124.4
125.1
125.8
126.6
127.3
128.1
128.8
129.5
130.3
131.0
131.8
132.5
133.2
134.0
134.7
135.5
136.2
136.9
137.7
138.4
139.1
1399
140.6
141.4
142.1
142.8
143.6
144.3
145.1
145.8
146.6
147-3
148.1
148.8
149.6
150.3
151.1
151.8
152.5
153.3
154.1
154.8
155.6

Parts

lactose.

108.2
108.8
109.5
110.1
110.8
I11.4
112.0
112.6
113.3
113.9
114.6
115.2
115.8
116.5
117.1
117.8
118.4
119.1
119.7
120.4
121.0
121.7
122.3
123.0
123.6
124.3
124.9
125.6
126.2
126.9
127.§
128.2
128.8
129.5
130.1
130.8
131.5
132.1
132.8
133.4
134.1
134.7
135.4

Parts

com;er

213
214
21§
216
217
218
219
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

dextrou maltose.

95-3

95.8

96.3

96.7

97-2

97.6

98.1

98.6

99.0

99-5

99-9
100.4
100.9
101.3
101.8
102.2
102.7
103.1
103.6
104.0
104.5
105.0
105.4
105.9
106.3
106.8
107.2
107.7
108.1
108.6
109.0
109.5
109.9
110.4
110.9
I11.3
111.8
112.3
112.7
113.2
113.7
114.1
114.6

Parts

156.3
157.1
157.8
158.6
159-3
160.0
160.8
161.5
162.3
163.0
163.7
1€4.5
165.3
166.0
166.8
167.5
168.3
169.1
169.8
170.6
171.3
172.1
172.8
173.6
174.3
175.1
175.8
176.6
177.3
178.1
178.8
179.6
180.3
181.1
181.8
182.6
183.3
184.1
184.8
185.5
186.3
187.1
187.8

763

Parts
lactose.

136.0
136.7
137.3
138.0
138.6
139.3
139.9
140.6
141.2
141.9
142.5
143.2
143.8
144.5
14§.1
145.8
146.4
147.0
147.7
148.3
149.0
149.6
150.3
150.9
151.6
152.2
152.9
153.5
154.2
154.8
155-5
156.1
156.8
1574
158.1
138.7
159-4
160.0
160.7
161.3
162.0
162.6

163.3
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Parts.
onide.
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288

Parts
dextrose.

115.0
115.5
116.0
116.4
116.9
117.3
117.8
118.3
118.7
119.2
119.6
120.1
120.6
121.0
121.4
121.9
122.4
122.8
123.3
123.7
124.2,
124.6
125.1
125.6
126.1
126.5
127.0
127.4
127.9
128.3
128.8
129.3
129.7

SUPPLEMENTARY TABLE FOR GLUCOSE ANALYSIS.

Parts
maltose.

188.6
189.3
1go.1
190.8
191.6
192.4
193.1
193.9
194.6
195.4
196.1
196.9
‘'197.7
198.4
199.2
199.9
200.7
201.5
202.2
203.0
203.7
204.5
205.2
206.0
206.8
207.5
208.3
209.0
209.8
210.5
211.3
212.1
212.8

Parts
lactose.

163.9
164.6
165.2
165.9
166.5
167.2
167.8
168.5
169.1
169.8
170.4
171.1
171.7
172.4
173.0
173.7
174.4
175.0
175.7
176.3
177.0
177.6
178.3
178.9
179.6
180.2
180.9
181.5
182.2
182.9
183.6
183.2
183.9

GEORGE DEFREN.

Parts.
copper
oxide.

289
290
291
292
293
294
295
296
297
28
299
300

.3or
302
303
304
305
306
307
308
309
3o
311
312
313
3
315
316
317
318
319
320

Parts
dextrose.

130.2
130.6
131.1
131.5
132.0
132.5
133.0
133.4
133.9
134.3
134.8
135.3
135.7
136.2
136.6
137.1
137.6
138.0
138.5
138.9
139-4
139.9
140.3
140.8
141.2
141.7
142.2
142.6
143.1
143.6
144.0
144.5

Parts

maltose.

213.6
214.3
215.1

215.9
216.6
217.4
218.2
218.9
219.7
220.4
221.2
221.9
222.7
223.5
224.2
225.0
225.8
226.5
227.3
228.1
228.8
229.6
230.4
231.1

231.9
232.7
233.4
234.2
234.9
235.7
236.5
237.2

Parts
lactose

185.6
186.2
186.9
187.6
188.2
188.9
189.5
190.2
190.8
191.5
192.X
192.8
193.4
194.1
194.7
195.3
196.0
196.6
197.3
197.9
198.6
199.3
199.9
200.6
201.3
202.0
202.6
203.3
203.9
204.6
2c5.3
205.9

The amounts of cupric oxide given above are those obtained
The tables are con-
In the case of amixed product, like com-
mercial glucose, which may be considered made up of the sim-
ple bodies, dextrin, maltose, and dextrose, it is far more: con-
venient to determine the total carbohydrates present in solution
by means of the specific gravity than by drying the glucose and

by the use of absolute weights of sugar.
structed on this basis.
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obtaining in this way the total solids. For this purpose an
arbitrary value is taken which shall represent the influence of
one gram of a mixture of the three substances above mentioned
on the specific gravity if dissolved to 100 cc. in distilled water.
Brown and Heron' claim that this influence on the specific
gravity of one gram starch conversion product in 100 cc. is
0.00386. This value has been determined to be correct for
solutions of cane sugar, and is much used for glucose work.
As above mentioned the specific gravity of a dextrose solution
containing ten grams dextrose anhydride in 100 cc. is 1.03809 at
15.5°. ‘To determine the cupric reducing power of a substance
using the value 3.86 as a divisor, it therefore becomes necessary
to change the figures given in the tables to conform to this new
factor, that is, the dextrose equivalents must be multiplied by
i—:%, which has been done for convenience of reference in the

following table :

Copger Copper Copper
oxide Dextrose oxide Dextrose oxide Dextrose
obtained. equivalent. obtained. equivalent. obtained. equivalent.
5 0.4461 110 0.4500 215 0.4540
10 0.4463 115 0.4502 220 0-4542
15 0-4465 120 0.4504 225 0-4543
20 0.4467 12§ 0.4506 230 0-4545
25 0.4468 130 0.4508 235 0-4547
30 0-4470 135 0-4510 240 0-4549
.35 0-4472 140 0-4512 245 0-4551
40 0-4474 145 0-4513 250 0-4553
45 0-4476 150 0-4515 255 0-4555
50 0-4478 155 0-4517 260 0-4557
55 0-4480 160 0-4519 265 0-4558
60 0.4482 165 0.4521 270 0.4560
65 0-4484 170 0-4523 275 0-4562
70 0-4485 175 0-4525 280 0-4564
75 0-4487 180 0-4527 285 0-4566
8o 0.4489 185 0.4528 290 0-4568
8s 0-449% 190 0 4530 295 0-4570
90 0-4493 195 0-4532 300 0-4572
95 0-4495 200 0-4534 305 0-4574
100 0-4497 20§ 0.4536 310 0.4576
10§ 0-4498 210 0-4538 315 0-4578
320 0-4580

1 Loc. cit.
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Thus a solution containing 100 milligrams of mixed carbo-
hydrates, using the factor 0.00386, if it formed 200 milligrams
cupric oxide by reduction of the Fehling solution in the manner
above described, would have a cupric reducing power, or K q
of 9o0.68.

MASSACNUSETTS INSTITUTE OF TECENOLOGY,
BOSTON, Mass.

ALUMINUN ANALYSIS.

BY Jauns Oris Haxov.
Received June 3o, 8.

LTHOUGH the aluminum industry is not a large one
in the sense that the iron industry is, it is growing

very rapidly. The output of the United States in 1894 was
550,000 pounds, and in 1895 it was about 850,000 pounds. The
Pittsburg Reduction Company, with works at New Kensington,
near Pittsburg, Pa.. and at Niagara Falls, N. Y., is the only
Awerican producer of aluminum. The material is made by the
electrolysis, in carbon-lined pots, of alumina dissolved in a fused
bath of fluorides. The product of each pot is ladled out at inter-
vals and is graded according to the analyses of the Pittsburgh
Testing Laboratory. Limited. Some of the aluminum s sold as
it is made and some is alioyed to modify its physical properties.
Al0rs of aluminum with three per cent. nickel. or with three to
Seven per cent. COpPper, Or similar ameunts of zinc are very use-
ful on account of increased strength with exiy siightly increased
spevidv gravity.  The aluminum at present produced with the
hest ares availahle coztains frem

QN I D¢ 3 per cexnt. of alnminem.

.3 20 O.0% per cemt. of Kivea combined and graphitic).

~

.3 N O O per dent. of werer.
N 0.0 percent & irex.
Caohen s sx"e{"“ei resest iz somimnm
Se\\‘:i L33 LITTUTITT OUTIATS DITeNv-EX I oimetv-eight
T I EITITT KNS &8 o= =3Riog = the remainder.
Axie 0T ATENVSE 2 W AITT oI eve yTe reg=ied im0

T30 TITNILT N INE AITTITT IS, ETIOVSES Of 8TTTS oK cop-
T TURR TITJETESR It oo IITosiem Eae and Sta-




ALUMINUM ANALYSIS, ' 767

nium, with aluminum ; aluminrum solders, containing tin, zinc,
and phosphorus; aluminum hydrate, bauxite, and electrode
carbons; hydrofluoric acid and fluorides.

ANALYSIS OF COMMERCIAL ALUMINUM. (95 t0 99.9 PER CENT.
PURE).

In the analysis of aluminum we are offered a choice of sol-
vents.

Solubility of Aluminum: Hydrochloric acid of thirty-three
per cent., (7. e., one part of hydrochloric acid of 1.2 sp. gr, to
two parts water) is a rapid solvent.

Sulphuric acid of twenty-five per cent. dissolves aluminum
completely on long boiling.

Nitric acid of one and two-tenths specific gravity dissolves
aluminum on prolonged boiling.

Acid mixture : A mixture of the three acids which we term
‘¢ Acid Mixture’’ is made of

100 cc. nitric acid of 1.42 sp. gr.
300 cc. hydrochloric acid of 1.20 sp. gr.
600 cc. sulphuric acid of twenty-five per cent.

It is a very useful solvent for aluminum because it supplies
oxidizing conditions during solution and so prevents loss of
combined silicon as hydride. The sulphuric acid content of the
acid mixture furnishes a means of rapidly dehydrating the silica.

Sodium hydroxide solution of thirty-three per cent.is a useful
solvent when it is desired to separate the metallic impurities
from the bulk of the aluminum at once. Weaker solutions do
not work as quickly or completely. Solution succeeds best in
an Erlenmeyer flask.

Fifteen cc. of the sodium hydroxide solution suffice for one
gram of aluminum.

Commercial soda lye may be used if dissolved and filtered
through asbestos.

OTHER REAGENTS AND STANDARD SOLUTIONS USED IN ALUMI-
NUM ANALYSIS.
Sodium carbonate, chemically pure.

Soda ash: ‘‘Solvay’’ soda ash, a saturated solution in water,
filtered.
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Powdered zinc : Practically free from iron and copper.

Fifteen per cent. nitric wash : (Fifteen parts 1.42 nitric acid
to eighty-five parts water).

Standard potassium permanganate : 5.76 grams in two liters.
One cc. equals 0.005 grams iron.

Standard potassium cyanide: Forty-five grams in two liters.
One cc. is made to equal 0.005 gram coppper.

SPECIAL APPARATTS.

Two narrow glass tubes, graduated roughly, one to hold one
gram of powdered zinc and the other one gram of chemically
pure sodium carbonate.

The evaporating dishes which are used are, preferably, about
four and a half inches in diameter, and are covered with five-
inch glasses.

The Erlenmeyer flasks are of about twelve ounce capacity and
furnished with porcelain crucible covers.

THE METHOD.

Determination of Silicon, Irom, and Copper in Commercal
Aluminum.—One gram of aluminum drillings is dissolved in a
four and a half inch evaporating dish in thirty cc. of ‘‘ acid
mixture.”’ If the drillings are thin it is best to add only fifteen
cc. at first. Placing cold water on the cover glass sometimes
prevents loss from too energetic foaming. Solution having
been completed by warming slightly, evaporate quickly to strong
fumes of sulphuric acid and continue heating for five minutes.
Experience will show on what parts of the hot plate these solu-
tions can be evaporated without spattering at the time when
aluminum sulphate begins to crystallize out. Remove the
dishes from the plate by means of an iron fork, and in a few
moments add to the contents of each seventy-five to 100 cc. of
water and ten cc. of twenty-five per ceat. sulphuric acid, break
up the residue in each dish with a short, heavy glsss rod, and
place the dishes back on the hot plate. Boil until all aluminum
suiphate dissolves. Add to each dish one gram of metallic zinc
powder. measured. Be careful to pour the zinc into the middle
of the liquid. If it touches the sides of the dish it sometimes
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becomes firmly fixed there. Keep the dish contents at 60° to 70°
C. until the zinc has dissolved, leaving the iron reduced and
the copper precipitated. Filter and wash well with hot water.
Cool, titrate the filtrates with standard potassium permanganate.
One cc. equals 0.50 per cent. iron when one gram of aluminum
has been used. Placing new receivers under the funnels, treat
each residue twice with hot fifteen per cent. nitric acid wash.
Wash out with water, and in the solutions thus obtained, titrate
the copper with standard potassium cyanide, after adding satu-
rated soda ash solution until the precipitated copper carbonate
redissolves. The end point of the titration is very satisfactory.
The cyanide solution should be standardized with copper of
known purity in about the amount usually found, viz., 0.005 to
o.o10 gram. The residue of silicon and silica are burned off
in numbered crucibles and each fused with one gram of chemic-
ally pure sodium carbonate (measured). The crucible con-
taining the fused mass is placed in fifteen cc. of water in the por-
celain dish originally used, and twenty-five cc. of twenty-five
per cent. sulphuricacid are added. Solution takes place quickly
without separation of silica, and after rinsing out and removing
the crucible, the solution is evaporated to five minutes fuming
on the hot plate. After cooling add seventy-five to 100 cc. of
water and boil to disintegrate the silica. Filter and wash well
with water. Burn off and weigh silica and crucible, treat with
hydrofluoric acid and a drop of sulphuric acid if impurity is sus-
pected. Evaporate, ignite, and weigh again. Loss equals
silica ; calculate to silicon.

Determination of Crystalline (Graphitic) Silicon in Aluminium.
—Dissolve one gram of aluminum in thirty cc. of thirty-three
per cent. hydrochloric acid (two parts of water to one of hydro-
chloric acid) ih a platinum dish ; add about two cc. of hydro-
fluoric acid, stir, and filter at once through a No. o nine cm.
filter, contained in a funnel which has been thinly coated with
paraffin. Wash with water and burn off in a platinum crucible.
Fuse with one gram of sodium carbonate, cool in fifteen cc. of
water in a four and a half inch evaporating dish. Add twenty
cc. of twenty-five per cent. sulphuric acid. Rinse out the cru-
cible. Evaporate to fumes, cool, add seventy-five cc. of water,
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boil up and filter off the silica. Wash, ignite, and weigh.
Calculate to silicon.

The determinations of silicon, copper, and iron are the every
day methods of grading aluminum. It is recognized that
sodium and carbon occasionally exist in aluminum, and they are
determined by methods described. In certain samples it is
desirable to know the approximate percentage of graphitic and
combined silicon. These determinations are also described.
We determine nitrogen, if present, by a special method.

DETERMINATION OF SODIUM IN ALUMINTM.

One gram of drillings is dissolved in a porcelain evaporating
dish in fifty cc. of 1.3 sp. gr. nitric acid and sufficient hydro-
chloric acid to effect solution. Boil down until all hydrochloric
acid has been removed. Rinse the solution into a large plati-
num dish and evaporate to dryness. Heat over a good Bunsen
burner until nitric oxide fumes cease to be evolved. Grind the
residue finely. Mix it by grinding with one gram of chemically
pure ammonium chloride and eight grams of chemically pure cal-
cium carbonate. Heat the mixture in a large covered platinum
crucible. For the first fifteen minutes have a Bunsen bumrmer
flame just touching the bottom of the crucible, and for the next
forty-five minutes, have the whole crucible heated bright red by
a full Bunsen burner flame. Cool, and treat the residue with
hot, distilled water until it becomes just friable under pressure.
Avoid adding an excess of water beyond that necessary to make
the sintered mass just friable. Grind it in a wedgewood mor-
tar and rinse out with hot distilled water. Filter, rejecting the
well washed residue, and treat the filtrate at the room tempera-
ture with saturated ammonium carbonate solution in slight
excess. Stir very thoroughly. The precipitated calcfum carbon-
ate is at first flocculent, but on standing for about ten minutes,
it becomes crystalline. Filter into a platinum dish ; reject the
residue and evaporate the solution on the water-bath todryness.
Heat carefully to dull redness to expel ammonium salts. Dis-
solve the residue in a little water and add a few drops of ammo-
nium carbonate solution. If this produces a precipitate, add
sufficient ammouium carbonate solution to precipitate all of the
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remaining lime. Stir well, wait ten minutes, filter, evaporateto
dryness, heat to dull redness, and weigh sodium chloride.
Deduct any sodium chloride found in a blank determination,
using acids, etc., as above, and finally eight grams of calcium
carbonate and one gram of ammonium chloride.

NaCl X 0.39316 = Na.

Care should be taken when heating up the residue of sodium
chloride, etc., after evaporating on the water-bath. If the plati-
num dish and contents are heated for a few minutes on sheet
asbestos on the Lot plate before placing over the lamp, spatter-
ing may be avoided. Sodium is generally absent from alumi-
num, but it has been found in amounts as high as o.20 per cent.
and is considered a cause of the occasional deterioration of the
metal in water.

DETERMINATION OF CARBON IN ALUMINUM. (MOISSAN’S METHOD
MODIFIED.)

Triturate two grams of drillings in a Wedgewood mortar with
ten to fifteen gramsof mercuricchloride, powdered and dissolved,
or partly dissolved, in about fifteen cc. of water. Reaction takes
place rapidly and a heavy gray residue is left. Persistent tritu-
ration removes the last particles of metallic aluminum. Evapo-
rate on the water-bath to dryness. The dry residue is heated in
a current of pure hydrogen to expel mercuric compounds. The
remaining material is then placed in a boat in a combustion tube
and burned off as in carbon determination in steel. ‘The carbon
dioxide is caught as barium carbonate, and the excess of barium
hydroxide determined by means of standard acid. We are work-
ing on a more generally applicable method for carbon in alumi-
num.

DETERMINATION OF NITROGEN IN ALUMINUM.

Aluminum, when overheated in re-melting, is believed to have
the property of combining with nitrogen. ‘The metal becomes
weaker. Moissan’s method for determining nitrogen in alumi-
num may be found in Compt. Rend., 119, 12. Nitrogen thus
absorbed would undoubtedly exist as nitride of aluminum and
solution of sodium hydroxide with subsequent distillation
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would seem to be the best method of procedure. We are work-
ing up this method.

DETERMINATION OF ALUMINUM IN METALLIC ALUMINUM.

Dissolve one gram of metal in thirty cc. of thirty-three per
cent. hydrochloric acid in a porcelain dish and evaporated cau-
tiously to complete dryness. Redissolve, by boiling, with ten
cc. of councentrated hydrochloric acid and seventy-five cc. of
water. Wash into a twelve ounce beaker; dilute to 250 cc.
and pass hydrogen sulphide until saturated. Filter into a beaker
and boil off hydrogen sulphide. Oxidize by adding one cc. of
concentrated nitric acid and continuing to boil for ten minutes.
Cool and make the solution up to 500 cc. ° Remove fifty cc. of
the solution, and having diluted to 250 cc. and heated to boil-
ing, add ammonium hydroxide in slight excess and boil well for
twenty minutes. Let settle ; filter, and wash thoroughly with
hot water. It is necessary to wash the precipitate off from the
filter, break it up, and wash it back again. Finally burn off in
a thin-walled platinum crucible, igniting most. intensely, and
weighing the instant the crucible and content are cool. We
have found that alumina is one of the most difficult oxides to
dehydrate completely, and when dehydrated it absorbs atmos-
pheric moisture even more rapidly than calcium oxide does.
Moissan prefers to precipitate aluminum by ammonium sul-
phide. Having prepared a solution in hydrochloric acid, he
takes an amount equal to o.15 gram of aluminum, neutralizes it
in the cold with ammonia, and precipitates it by ammonium sul-
phide, which has been recently prepared. He then digests for
one hour, filters, washes with hot water, ignites and weighs.

ANALYSIS OF ALLOYS OF ALUMINUM WITH SMALLER AMOUNTS
OF OTHER METALS.

Copper Alloys.—Three to thirty per cent. copper, and no zinc
or nickel.

Dissolve one-half gram or one gram in fifteen cc. of thirty-
three per cent. sodium hydroxide solution in an Erlenmeyer
flask of twelve ounce capacity. If the flask is covered and set
in a warm place, solution is complete in a few minutes, even if
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the drillings are quite coarse. Dilute to thirty cc. with hot
water and filter through a coarse, lintless filter paper (Whitall,
Tatum & Co.’s five inch). Wash well with hot water. Dis-
solve residue, atter washing it off the filter paper into a twelve
ouncebeaker, by warming with five cc. of concentrated nitric acid.
Cool, add saturated commercial sodium carbonate solution until
re-solution occurs. Titrate with standard potassium cyanide
solution to the disappearance of the blue color. Standardizethe
cyanide for about the same amount of copper.

For commercial reasons, twenty per cent. alloys are made in
the reduction pots, and these alloys are subsequently used for
making copper alloys of low percentage.

DETERMINATION OF NICKEL IN ALUMINUM ALLOYS.

The three per cent. nickel alloy is now used. Theaddition of
three per cent. of nickel increases the tensile strength of alumi-
num by several thousand pounds per square inch.

One gram of drillings is dissolved in fifteen cc. of thirty-three
per cent. sodium hydroxide solution in a twelve ounce Erlen-
meyer flask. Dilute to fifty cc. and filter through a five-inch
lintless paper, washing the residue thoroughly with hot water.
Rinse the residue back into the flask and add three to five cc. of
concentrated nitric acid, and a drop of concentrated hydrochloric
acid. Boil, and when dissolved, cool, and make up to 250 cc.
In 100 cc. determine the copper by neutralizing with ammonia,
adding two cc. of concentrated hydrochloric acid, warming and
passing hydrogen sulphide. Filterand wash with ammoniumsul-
phide. Burn it off carefully in a porcelain crucible, and having
weighed, dissolve in five cc. of concentrated nitric acid. Then
dilute to twenty cc., add excess of sodium carbonate solution
and titrate with standard potassium cyanide. Boil the filtrate
from the cupric sulphide, oxidize with one cc. of nitric acid, and
precipitate with ammonium hydroxide. Do not boil, but digest
for a few minutes just below the boiling point. Filter, wash, re-
dissolve in hot fifteen per cent. nitric acid wash. Dilute to 150
cc. and again precipitate with excess of ammonium hydroxide,
being careful to avoid boiling or prolonged digestion. Filter
and wash. Burn off and weigh ferric oxide, etc. In a second



774 JAMES OTIS HANDY.

100 cc. of the main solution, precipitate nickel hydroxide, cupric
oxide, ferric hydroxide, etc., by thirty-three per cent. chemically
pure sodium hydroxide solution, added in slight excess to the
boiling solution. Boil for fifteen minutes, filter, and wash most
thoroughly with hot water. Burn off and weigh nickel oxide,
cupric oxide and ferric oxide. Deduct cupric oxide and ferric
oxide already found. Calculate nickel oxide to metallic nickel.

ANALYSIS OF ALUMINUM-MANGANESE ALLOYS.

Determination of Manganese.—Place one gram of drillings in
a twelve ounce beaker. Add thirty cc. of thirty-three per cent.
hydrochloric acid (one part of concentrated hydrochloric acid to-
two of water). When dissolved, add twenty-five cc. of nitric acid
(1.42), and boil down to ten cc. Add fifty cc. of colorless nitric
acid (1.42) and boil. Precipitate the manganese with pow-
dered potassium chlorate, added cautiously, and proceed as
described under manganese in steel by Williams’ method.’

ANALYSIS OF CHROMIUM-ALUMINUM ALLOY.

Determination of Chromium.—Dissolve one gram in a twelve
ounce beaker in thirty cc. of thirty-three per cent. hydrochloric
acid, and when dissolved add fifty cc. of sulphuric acid (1.84),
and evaporate carefully until fumes of sulphur trioxide escape.
Cool, add sixty cc. of water and boil.  After five minutes, if all
aluminum sulphate has been dissolved, add powdered potassium
permanganate until the solution has a distinct pink color. Boil
until the excessof potassium permanganate is decomposed. Filter
through washed asbestos and determine the chromium in the
filtrate as in chrome steel.*

ANALYSIS OF TUNGSTEN-ALUMINUM ALLOY.

Determination of Tungstem.—Dissolve one gram in thirty-
three per cent. hydrochloric acid in a four and a half inch evap-
orating dish. Add thirty cc. of nitric acid (1.42) and evaporate to
dryness. Redissolve in thirty cc. of hydrochloric acid (1.20),
dilute to about ninety cc., and boil for two hours. Filter and
wash thoroughly. Burn off and weigh Si 4 SiO, + WO, +
crucible. Treat with three drops of twenty-five per cent. sul-

1 Blair's “"Chemical Analysis of Irom.’"
2 Galbraith's Method. See Blair's ** Chemical Analysis of Irom.”
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phuric acid and about two cc. of hydrochloric acid. Evaporate
carefully over an Argand burner, re-ignite, and weigh crucible
and silicon and tungstic oxide. Fuse with one gram of sodium .
carbonate, cool, place in dish, and add fifteen cc. of water and
twenty cc. of twenty-five per cent. sulphuric acid, remove cruci-
ble and evaporate until white fumes escape. Cool, redissolve
in about fifty cc. of water. Filter, wash, ignite, and weigh
silica (from silicon), tungstic oxide, and crucible. Treat with
sulphuric acid and hydrofluoric acid, evaporate, ignite, and
reweigh. Loss equals silica. Calculate to silicon and add to
the weight of silica lost by treatment of first insoluble residue.
Deduct this sum from the weight of silicon, silica, and tungstic
oxide first found and the remainder equals tungstic oxide.
Calculate to tungsten.

ANALYSIS OF ALUMINUM-TITANIUM ALLOY.

Determination of Titanium.—Two grams of the alloy in a
twelve ounce Erlenmeyer flask are dissolved by addition of fifty
cc. of ten per cent. potash solution. Dilute with distilled water
to about 125 cc., boil up, and filter as quickly as possible.
Wash ten times with boiling water. Burn off the residue in a
porcelain crucible, crush it in a Wedgwood mortar, fuse in a
large platinum crucible with ten grams of potassium bisulphate.
Conduct the fusion exactly as follows: Choose a good Bunsen
burner, and protect it from draught by a sheet-iron chimney ;
make the flame one and a half inches long, and place the
triangle carrying the upright crucible just at the point of the
flame. Increase the heat gradually until in ten minutes the
lower fourth of the crucible is red hot. Allow it to remain at
this temperature ten minutes, moving the lid slightly to one side
every two minutes, and giving the crucible (held firmly in the
tongs) a gentle rotating movement, then turn up the light until
the flame reaches the top of the crucible and envelopesit. Five
minutes of this treatment melts down any potassium bisulphate,
etc., which have risen on the sides. The flame is lowered and the
lower fourth heated for ten minutes longer. Cool, dissolve in
about 200 cc. of water ; filter, rejecting the residue, if ignition
and treatment with hydrofluoric acid show it to be only silica.
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If it contains anything more, fuse with four grams of potassium
bisulphate again. The filtrate contains all the titanic oxide
and the ferric oxide. nAdd ammonia until a slight perma-
nent precipitate is formed, then add dilute sulphuric acid from a
pipette or burette until this precipitate just redissolves. Finally
add one cc. more of twenty-five per cent. sulphuric acid and
dilute to 300 cc. If the solution is high in iron (which will be
indicated by its distinct yellow color) sulphur dioxide gas
must be run into it until it is decolorized and smells strongly
of sulphur dioxide, but if the solution is nearly colorless, indi-
cating a low percentage of ironm, only sulphur dioxide water
need be added for the reduction. Boil well for one hour, adding
water saturated with sulphur dioxide occasionally. Filter off
the titanic oxide through double filters and wash well with hot
water. Burn off and weigh as titanic oxide. If the precipitate
is yellow, indicating the presence of iron, it may be fused with
one gram of potassium bisulphate, the fusion dissolved in ten cc.
of dilute sulphuric acid, and the iron determined in this solu-
tion by reducing with one gram of zinc, and titrating with per-
manganate. This is not often necessary. Calculate titanic
oxide to titanium. TiO, X 0.6 = Ti.

DETERMINATION OF ZINC IN ZINC-ALUMINUM ALLOY. FIRST
METHOD.

Dissolve one gram in thirty cc. of thirty-three per cent. hydro-
chloric acid in a twelve ounce beaker. Dilute to 200 cc. and
heat nearly to boiling. Pass hydrogen sulphide till all copper
is precipitated. Filter and boil off hydrogen sulphide, oxidize
with one cc. nitric acid by boiling ten minutes. Add sodium
hydroxide solution until neutral, then make barely acid with
hydrochloric acid, and stir until the aluminum hydroxide all
dissolves. Add ten grams of sodium acetate and 500 cc. of
water, boil up, and filter at once. Dissolve the washed precipi-
tate in hydrochloric acid and repeat the acetate separation.
Heat the united filtrates to boiling and pass hydrogen sulphide.
Filter off the zinc sulphide on double filters, wash thoroughly
with hot water. Bumn off in a porcelain crucible, and weigh zinc
oxide. Calculate to zinc. This method may be used when
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only a small quantity of the sample is available, but when this
is not the case, it is better to use the method given below.

DETERMINATION OF ZINC IN ZINC-ALUMINUM ALLOYS.
SECOND METHOD.

Dissolve one gram of drillings in thirty-three per cent. sodium
hydroxide solution in a twelve ounce Erlenmeyer flask. Filter
as soon as dissolved through a four inch lintless filter paper.
Wash thoroughly with" hot water. Rinse the residue of zinc,
iron, copper, silicon, etc., back into the flask. This may require
25 cc. of water. Add five cc. of hydrochloric acid and boil.
Dilute to 150 cc. with hot water and pass hydrogen sulphide.
Filter and boil off hydrogen sulphide, reoxidize by adding one
cc. nitric acid and boiling ten minutes. Add sodium hydroxide
till neutral, then add dilute hydrochloric acid till just acid, and
then ten grams of sodium acetate, and 300 cc. of boiling water,
and boil for five minutes. Wash well. If the precipitate is small,
resolution and reprecipitation are not necessary. Pass hydro-
gen sulphide through the filtrate. Filter off zinc sulphide
through double filters. Wash well. Ignite in a porcelain cru-
cible, heating finally over the blast, to zinc oxide. ZnO X
0.8032 = Zn.

ANALYSIS OF ALUMINUM SOLDERS.

Determination of Tin, Phosphorus, and Zinc.—Aluminum sold-
ers generally contain phosphor-tin, and zinc. As presented for
analysis, they usually consist of a soldered joint, from which
the solder must be scraped and analyzed. The analysis, there-
fore, involves a separation of the elements aluminum, zinc, tin,
and phosphorus. It is a difficult matter to determine whether
aluminum was a constituent of the solder when only a soldered
joint is available for examination. It is best to dissolve all
adhering aluminum from the pieces chosen for analysis by
treatment with thirty-three per cent. sodium hydroxide solution
after which the residue is filtered off, dried, and weighed out
for analysis. Dissolve or decompose three-tenths to five-tenths
gram in a twelve-ounce beaker by means of twenty cc. of nitric
acid (1.42). If necessary, five cc. of hydrochloric acid (1.2)
may be used to effect complete decomposition. Evaporate to
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complete dryness on a hot plate. Cool, add twenty-five cc. of
nitric acid (1.13), and boil thoroughly. Filter. The residue
contains all of the tin, most of the phosphdrus, and possibly
some zinc. Burn it off in a porcelain crucible and, after pul-
verizing the residue in an agate mortar, mix it with two grams
of sodium carbonate and two grams of sulphur, fuse it in a cov-
ered porcelain crucible over a Bunsen burmer for about half
an hour. Give it three minutes of gentle blast flame at the last.
Cool, boil out with 150 cc. of water in a twelve-ounce covered
beaker. Filter and wash. Extract any possible zinc sulphide,
etc., from the residue, by dissolving in nitric acid, boiling off
hydrogen sulphide, and adding this to the first filtrate
obtained after evaporating to dryness with nitric acid. The
sodium sulphide solution contains the tin and phosphorus. Add
to it hydrochloric acid until just acid. Warm slightly and pass
hydrogen sulphide. Filter off stannous sulphide and wash
thoroughly with hot- water. Burn off in a porcelain crucible
and weigh stannic oxide. Calculate to metallic tin. The
filtrate from the stannous sulphide is boiled to expel hydrogen
sulphide and then oxidized by adding two cc. of nitric acid and
boiling for fifteen minutes more. Filter off any sulphur which
separates, and in this filtrate, which should amount to ouly
about 100 cc., precipitate the phosphorus by adding pure
sodium hydroxide solution till alkaline, then nitric acid till dis-
tinctly acid, heating to 85° C., and adding fifty cc. of filtered
molybdate solution. Stir or shake well for five minutes, filter
on a weighed filter paper, and after washing with one per cent.
nitric acid wash, dry at 100° C. and weigh. Yellow precipitate
multiplied by 0.0163 equals phosphorus. The nitric acid solu-
tion obtained after evaporating the first solution to dryness, etc.,
is now neutralized with sodium hydroxide solution, and then
made just acid with hydrochloric acid. Ten grams of sodium
acetate are now added, and 300 cc. of water (hot). Boil up for five
minutes, then filter and wash. If the precipitate is of consider-
able size, it is probable that aluminum was a constituent of the
solder. Redissolve it in a little hydrochloric acid, neutralize,
acidify, and make a basic acetate separation as before. Precipi-
tate the zinc in the acetate solutions by hydrogen sulphide.
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Filter, wash, ignite in a porcelain crucible, and weigh as zinc
oxide. Calculate to metallic zinc. Dissolve the precipitate of
aluminum acetate in hydrochloric acid, dilute to 250 cc., and
precipitate with ammonia. After filtering, washing, igniting,
and weighing as alumina, calculate to metallic aluminum.
Solders containing lead are sometimes met with. In such cases,
evaporate the nitric acid filtrate from the metastannic acid to
small bulk, add twenty-five cc. of twenty-five per cent. sul-
phuric acid, and evaporate until white fumes escape. Cool, add
100 cc. of water, stir, and let stand for an hourina warm place.
Filterand wash with water containing five per cent. of sulphuric
acid. Burnoffinaporcelaincrucibleatalowtemperature. Reoxi-
dize dny reduced lead oxide and restore its sulphur trioxide by
adding a few drops of nitric acid and sulphuric acid and evapo-
rating. Finally weigh lead sulphate. Calculate to metallic lead
Zinc is determined in the lead sulphate filtrate.

ANALYSIS OF ALUMINA

Alumina is made from bauxite or cryolite. It is usually pur-
chased in the hydrated form.

HYDRATED ALUMINA.

Hydrated alumina is analyzed for water, silica and sodium
carbonate. '

Water.—Ignite one gram in a closely covered crucible, at first
gently and then intensely for fifteen minutes over the strongest
blast. The loss on ignition includes water and the carbon
dioxide of the sodium carbonate. Calculate the carbon dioxide
from the sodium oxide found and deduct it from the loss on
ignition.

Silica. —Hydrated alumina is soluble in sulphuric acid of 42°
B. The silica, however, is left undissolved. 42° B. sul-
phuric acid is made by mixing 9oo cc. of concentrated sul-
phuric acid with 1290 cc. of water. Five grams of hydrated
alumina are treated with twenty-five cc. of 42° B. sul-
phuric acid and heated until the alumina appears to be all dis-
solved. Dilute to 100 cc. and boil. Filter, wash, ignite and
fuse the residue with one gram of potassium bisulphate and
cool. Dissolve in water, filter, wash, ignite, and weigh in cru-
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cible, treat with sulphuric acid and hydrofluoricacid, evaporate,
ignite and weigh again. Loss equals silica.

Soda.—The method for the détermination of soda is the same
in calcined and hydrated alumina. The method is that of J. L.
Smith, and is described under ‘‘ Sodium in Aluminum.’”’ Cal-
culate sodium chloride to sodium carbonate, if the sample is
hydrated, and to sodium oxide if the sample is calcined alumina.

CALCINED ALUMINA.

Water and soda are determined as in hydrated alumina.

Stlica.—Fuse one gram of the finely ground alumina with ten
grams of potassium bisulphate. If this does not make a clear
fusion add two grams of bisulphate and heat up again. Dissolve
the fusion when cool in water and filter. Burn off the insoluble
residue. Fuse it with one gram of sodium carbonate and cool
in fifteen cc. of water in a four and a half inch evaporating dish.
Add twenty-five cc. of twenty-five per cent. sulphuric acid.
When all soluble matter has dissolved, remove the ¢rucible and
evaporate down until sulphuric acid fumes escape. Cool, dilute
with water, boil, filter, ignite, and weigh silica plus crucible,
treat with sulphuric and hydrofluoric acids, and weigh again.
Loss equals silica.

ANALVYSIS OF BAUXITE.
Method adopted, May, 189s.

No unusual apparatus or reagents are required.

One and five-tenths grams of very finely ground bauxite (pre-
viously dried at 100° C. and bottled), is taken for analysis.
Weigh into a five inch porcelain evaporating dish and dissolve
in fifty cc. of acid mixture. This mixture is the same as that
used for aluminum analysis. Boil the solution down until fumes
escape and keep the residue fuming strongly for about fifteen min-
utes. Cool, add 100 cc. of water, stir and then boil for ten minutes.
Filter, wash well with water, receiving the filtrate in a beaker
of about 300 cc. capacity. The filtrate and washings should
amount to about 175 cc. Burn off the insoluble residue (which
consists chiefly of silica, with a little titanic acid, oxide of iron,
and alumina) and weigh it in the crucible, add three drops of
twenty-five per cent. sulphuric acid and about five cc. of hydro-
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fluoric acid ‘and evaporate slowly to dryness. Ignite very
strongly and weigh. The loss in weight equals silica. Add to
the residue in the crucible one gram of potassium bisulphate and
fuse quickly and thoroughly over a Bunsen burner, cool and place
the cracible in the beaker containing the main sulphuric acid
solutiom. The small residue from this fusion will be silica, and
isto be added to the silica already found. Having obtained the
sulphate solution containing all the alumina, ferric oxide and
titanic oxide, make it up to 550 cc. and mix. ‘Then fifty cc.
will equal three-tenths gram bauxite. Take fifty cc. and dilute
to300cc. Add two cc. of conceatrated hydrochloric acid and
ammonia in slight excess, boil for five minutes, let the precipi-
tate settle, filter and wash very thoroughly with hot water. Test
the filtrate for further alumina by boiling. Burn off the filter
paper and ignite the precipitate very strongly after crushing all
the lumps of alumina. Weigh alumina, ferric oxide and titanic
oxide.

Titanic Acid.—Take 100 cc. of the original sulphate solution
(six-tenths gram), add ammonia until a slight permanent pre-
cipitate is formed, then add sulphuric acid from a pipette or
burette until this precipitate just redissolves. Finally add one
cc. more of twenty-five per cent. sulphuric acid and dilute to
400 cc. If the bauxite is high in iron (which will be indicated
by the distinct yellow color of this solution) sulphur dioxide gas
must be run into it until it is decolorized and smells strongly of
sulphur dioxide, but if the solution is nearly colorless, indicat-
ing a low percentage of iron, only sulphur dioxide water need
be used for the reduction. Boil well for one hour, adding water
saturated with sulphur dioxide occasionally. Filter off the
titanic oxide through double filtersand wash well with hot water.
If the precipitate is yellow, indicating the presence of irom, it
can be fused with one gram of potassium bisulphate, the fusion
dissolved in water, and the iron determined in this solution by
reducing with zinc and titrating with permanganate. This is
not often necessary.

Oxide of Iron.—Take fifty cc. of the sulphate solution, add ten
ce. of dilute sulphuric acid and one gram of granulated zinc,
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and set the beaker in a warm place. When reduced, filter and
titrate the iron with standard potassium permanganate. More
zinc is used for bauxites high in iron.

METHOD FOR IRON DETERMINATION, USING A LARGER QUAN-
TITY OF BAUXITE. (APPLICABLE TO PUREST ORES).

Place a half gram of the finely powdered ore in a large plati-
num crucible and add three cc. of twenty-five per cent. sulphuric
acid and five cc. of hydrochloric acid, and evaporate very slowly
to fumes; drive off the excess of sulphuric acid by heat, boil out
the residue with water and add ten cc. of dilute sulphuric acid.
Remove the crucible and reduce with zinc, as above, and titrate.

Water and Organic Matter. —Ignite three-tenths gram, cau-
tiously at first and finally very strongly in a covered crucible.
The loss of. weight equals water and organic matter.

ESTIMATION OF THORIA. CHEMICAL ANALYSIS OF
MONAZITE SAND.

BY CHARLES GLASER.
Received July g, 1896.

INCE the introduction of the Auer-Welsbach light, thecom-
mercial importance of monazite sand has grown greatly,
and chemists are now asked to determine the percentage of true
monazite, and especially that of thoria, in samples of the sand.
This has heretofore been accomplished indirectly ; the quantities
of iron, titanium and silica were determined and the remainder of
the material calculated as monazite. A sample treated in this
manner gave the following results:

Per cent.
Iron OXide e cccoecessececoceccconceccesssncscsnscanse 3.50
Titanic @Cid « s veveveee cveeeenentccecaenconcsnccnens 4.67
SiliC8 cecevccecccecsccttocertceccctccsrcsrcrosccscnnnne 6.40
Monazite, by difference.... cccceeeveieiiiiiiiiiaiann 85.43

100.00

The sample contained 18.38 per cent. phosphoric acid, which
calculated as cerium phosphate (factor 3.32) equals 61.10 per
cent.

From analyses printed in Dana’s Mineralogy, it was inferred
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that after elimination of rutile and silica, the remainder would
be found to consist chiefly of phosphates of the cerium gropp, but
this is not true.

. For the determination of the actual composition of the mona-
zite sand in question, it was decided to attempt an estimation of
each of its components, by means of methods to be found in the
available literature. As chief sources of information, Graham-
Otto’s Chemistry and Crookes’ Select Methods in Chemical
Analysis were used; due regard was also given to the work
which has appeared in the chemical journals of recent years. I
was not able, however, to make an exhaustive examination of
the literature. :

It became evident that no reliable method could be worked
out until examination had been made of all the work which had
been done in the field, and it seemed necessary to investigate
the whole question. In the following statements of preliminary
experiments a large portion of analytical data has been omitted,
because otherwise this paper would have been bulky. Onlythe
outlines of a general plan of procedure will therefore be given.

So far as possible, it was my intention to examine all the
methods proposed for estimation of thoria, but in one notable
instance this could not be done. In Volume XVI of the Amer:-
can Chemical Journal, L. M. Dennis and F. L. Kortright
describe a method for estimation of thoria by means of potassium
hydronitride, KN,. An attempt to work by the method proved
a failure in my hands, partly because of a mishap while prepar-
ing the reagent, only enough of which was saved for a single
qualitative reaction; but chiefly because Mr. Dennis declined,
when requested, to give me further information. He replied
that he was not then at liberty to detail his experience, ‘‘ as the
potassium hydronitride process is more than an analytical one.
It is a commercial process for the preparation of pure thoria,
which is, I think, unequalled by any of the methods employed
by the Welsbach chemists, Shapleigh included. Some of them
have tried to use the method and have failed. I think I know
why they failed. But I do not think it quite fair for them to
ask me to help them out of their difficulties.”’

Although the publication was made in a scientific journal, it
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seems to have been but a partial statement. For which reason
criticism is invited and the value of the work is thrown some-
what in doubt. No further attempt was made to follow it out.

By means of fusion with alkali carbonates, an attempt was
made to separate monazite sand into two parts. According to
Wohler all titanic acid ought to become soluble provided the
fusion is made at a sufficiently high temperature. Therefore a
blowpipe was used. In later work I employed the highest tem-
peratures afforded by a muffle, and for as many as two hours.
But at no time was more than a fraction of the titanic acid ren-
dered soluble in water. Moreover, Wohler’s directions to pour
the fusion upon an iron plate, and afterwards to powder it, are
not practicable because of loss likely to ensue. It was found
best to let the fusion soak in water over night, sometimes even
for several days, or until perfect disintegration resulted. But
such a procedure may have decreased the solubility of titanic
acid in water. Phosphoric acid and alumina (and also silica to
a large extent) were completely dissolved out of the fused mass.
The portion insoluble in water was rendered soluble by the well
known treatment with strong sulphuric acid, and also by fusion
with acid potassium sulphate. The solution thus obtained,
after being freed from silica, was boiled to separate titanic acid,
from four to seven hours during the first experiment. Later,
after addition of sodium sulphite, this was accompanied by satu-
rating with hydrogen sulphide, first in the hot and then in the
cooled solution. This method is preferable to the first.

After separation of titanic acid and the metals of the fifth
group, various methods were tried for separation of thoria from
the other earths. It was found that the solution must not be
strongly acid when treated with ammonium oxalate for precipi-
tation of thoria and the metals of the cerium group, or traces of
thoria will remain in solution. It is best to nearly neutralize
with ammonia, and to precipitate in boiling soh.xtion.

During the earlier experiments some difficulty was found in
keeping in solution all of the zirconia, which is. accomplished
only by a large excess of the reagent, while yttria and glucina
readily form soluble double salts. Under these conditions oxa-
lates of the cerium metals precipitate immediately, while thorium
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oxalate separates upon cooling. Attempts to separate thorium
oxalate from oxalates of the metals of the cerium group by fil-
tration of the hot solution, gave unsatisfactory results. The
oxalates will pass through the filter for a long time. Bumping
of the liquid made it impracticable to keep . it boiling until the
entire precipitate became crystalline. But if large quantities of
thoria are to be separated from small ones of the other oxalates
the method works well.

A fter the insoluble oxalates were separated by filtration and
were washed with water, they were converted into oxides by
heating and were redissolved as sulphates. In this strongly con-
centrated solution, made nearly neutral by ammonia, anattempt
was made to separate thoria from the other metals by boiling
with sodium hyposulphite. In no instance was a complete sep-
aration effected, but such portions.as were obtained proved to
be quite pure. The single exception was that in which the
whole of the cerium was precipitated, for reasons not ascer-
tained. Attempts were made to free thoria from most of the
cerium by fractional precipitation with weak ammonia, but no
considerable advantage was gained thereby, since repeatedly the
second fraction showed traces of thorium.

‘T'o determine the solubility or insolubility of the different sub-
stances left in the insoluble residue from fusions, such residue
was treated with dilute hydrochloric acid both cold and hot.
The solution was found to contain all the iron and titanium, the
larger part of the silica, and about one-half of the earths present ;
these consisted of relatively large portions of zirconia and glu-
cina. Thoria seems not to enter into solution, but is left with
the remainder of the earths.

An attempt was made to separate thorium oxalate from the
mixed precipitated oxalates, by boiling with ammonium oxalate.
Such boiling, filtering and crystallizing yielded oxalates, which
after ignition, corresponded to 2.29 per cent. of oxides. The
earths were, however, of a deep orange color, and contained
both cerium and zirconia. The latter was present because an
insufficient quantity of ammonium oxalate had been used in the
first precipitation. In the oxalates of the cerium metals found
insoluble in the above treatment, the presence of thoria could be
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distinctly proven by means of sodium hyposulphite, for which
reason the work proved unsatisfactory.

To facilitate a comparison of the more important reactions of
the elements herein studied, the table on the next page has been
prepared partly from their known behavior, and partly from the
results obtained during this investigation.

With the view of obtaining further knowledge of the behavior
of thoria, fragments of Welsbach mantles were subjected to
analysis. They weighed 0.6591 gram, which, after ignition,
fell to 0.6552 gram. Prolonged treatment with boiling sul-
phuric acid left a residue of 0.0883 gram, which became solu-
ble in water after fusion with acid potassium sulphate. The solu-
tions thus obtained were examined by the same method, but
separately, as follows: After neutralizing with ammonia the
greater part of the free acid, the solutions were heated to boiling
and hot solution of ammonium oxalate was added.

In solution I a precipitate appeared, but dissolved rapidly
upon addition of more of the reagent.

In solution II a slight turbidity appeared, there was no pre-
cipitate, and it soon became perfectly clear.

Upon cooling, solution I yielded a moderate quantity of a
crystalline deposit, while solution II gave a copious one. Both
precipitates were collected on one filter, washed, ignited, and
weighed. They yielded o0.1124 grams of thoria.

The filtrate from I gave a copious precipitate with ammonia,
while that from II gave only a slight one: both of these were
washed on one filter, redissolved in dilute hydrochloric acid, and
again precipitated by ammonia. An excess of ammonium car-
bonate entirely dissolved the precipitate. Potassium hydroxide
gave a precipitate not soluble in excess of the precipitant, indi-
cating zirconia, the weight of which was 0.5580 gram. An
attempt to purify it from occluded alkali, by again precipitating
with ammonia, failed through an accident, in which part of the
material was lost. Calculating by difference, the weight of zir-
conia ought to have been 0.5428 gram. Both precipitates were
pure white.

Therefore, this analysis afforded the following composition of
the mantles: thoria 17.15 per cent., zirconia 82.85 per cent.

y Y
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The separation of the two earths was effected without diffi-
culty and the thoria was used in the following experiments :

0.0487 gram was weighed, dissolved, and mixed with the
solution of cerium metals from a previous experiment. The
solution was nearly neutralized with ammonia, heated to boil-
ing, a hot solution of ammonium oxalate added, and the mix-
ture allowed to cool. The precipitate was caughtona filter and
washed with cold water, extracted in boiling ammonium oxalate
solution, caught on a filter, and washed hot: the filtrate was
allowed to cool (precipitate 1). ‘The residue was macerated in
a hot solution of ammonium acetate, filtered (residue A), and
filtrate examined for thoria, as follows: hydrochloric acid was
added to separate thoria as oxalate, which fell in part only
and the remainder was obtained by sodium hydroxide (precipi-
tate 2). Both these precipitates afforded but a part of the thoria
originally weighed, the greater part being held yet with the
cerium metals. The method had failed.

The residue (A) upon the filter was reduced to oxide and dis-
solved as sulphate. After neutralizing with ammonia, the
liquid was heated to boiling, and there was added an excess of
ammonium oxalate with some ammonium acetate : after filter-
ing, the filtrate was treated with sodium hydroxide (precipi-
tate 3). :

The precipitates, thus obtained in three fractions, were ignited
and found to weigh 0.0774 gram, showing that the thoria was
very impure. The grayish mass was fused with acid potassium
sulphate, and unfortunately, a small fraction of the fused
mass was lost. However, from the saved portion a pure thoria,
weighing 0.0402 gram. was obtained.

In the next experiment, 0.0343 gram of thoria and o.1004
gram of impure cerium oxide were dissolved as sulphates, and

ad —ith ionium oxalate and acetate, as for precipitate
3y precipitating the filtrate with ammonia there
360 of impure thoria, which, after purification,
tam. Cerium oxide recovered weighed 0.0935

attention to what has been observed frequently
eriments. If thorium oxalate, held in solution
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by ammonium acetate, be precipitated by ammonia, the earth so
obtained, when washed with the greatest care and redissolved
in a mineral acid, cannot from an almost neutral solution be
again completely precipitated by ammonium oxalate ; even if
the earth had been ignited after re-solution. It will also be found
that a considerable increase has occurred in its solubility in
liquids containing much potassium or ammonium sulphate.
When enough thoria has been collected, it is my intention to
further examine this peculiar behavior.

SYSTEMATIC METHOD OF ANALYSIS.

From the analytical data given, the following method has
been deduced :

It is essential that the mineral be divided to the greatest pos-
sible degree. Prolonged powdering in an agate mortar is indis-
pensable. Solution is effected either by prolonged heating with
strong sulphuric acid, or by fusion with acid potassium sul-
phate. 1In the latter case, the cooled mass is warmed with so
much sulphuric acid that the product, after cooling, may be
poured from the crucible. The first method takes more time
than the second, but it introduces less of the objectionable
potassium salts. It is advisable to fuse only those portions
which are insoluble in sulphuric acid.

For estimation of silica the sulphuric acid treatment is pref-
erable, in which case it is best to evaporate once on a sand-
bath to dryness to render silica insoluble, and then to add fresh
sulphuric acid. The resulting mixture should be added slowly
to ice cold water, which dissolves the mass excepting silica and
tantalic acid, with possibly traces of titanic acid, thoria, and
zirconia. After filtering, the residue should be ignited and
weighed. Silica is eliminated by repeated treatment with
hydrofluoric acid. Any residue remaining should be moistened
with sulphuric acid, to convert the fluorides of the earths into
sulphates, which, after ignition at a high temperature, are
weighed as oxides, and silica determined by theloss in weight.
The residue of tantalic acid, with possibly traces of the bodies
mentioned above, is treated with sulphuric acid and hydrofluoric
acid. Tantalic acid remains insoluble, and may be filtered off
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and weighed. The matter soluble may be added to the main
solution.

The original solution is saturated with hydrogen sulphide,
first at boiling and then at the ordinary temperature. Titanic
acid is precipitated, together with metals of the fifth group.
That sodium sulphite assists in the precipitation of titanic acid
has not been verified in my work.

When completely settled, the liquid is filtered and the filtrate
boiled to expel hydrogen sulphide. Any free acid may be
nearly neutralized with ammonia ; to the boiling liquid is added
an excess of a boiling solution of ammonium oxalate, as much
as 100 cc. of the cold saturated solution for two grams of mona-
zite sand. The excess necessarily must be large. The mixture
is then permitted to cool, best for an entire night. The solu-
tion will contain phosphoric acid, the oxides of iron, manganese,
aluminum, glucinum, yttrium, zirconium, and calcium. In the
precipitate will be found thoria and the oxides of the cerium
group.

If the bodies in solution are to be estimated, add ammonia to
precipitate the metals as phosphates. Filter and wash thor-
oughly, preserve the filtrate for estimation of phosphoric acid
and alumina. Ignite the precipitate and fuse it with mixed car-
bonates of potassium and sodium. The fused mass is exhausted
with hot water, filtered, and the residue well washed with hot
water. The filtrate is added to that containing phosphoric acid
and alumina.

The remaining oxides and carbonates are dissolved in sulphuric
acid and precipitated with ammonia. Lime is estimated in the
filtrate therefrom.

When an attempt is now made to dissolve the precipitated hy-
droxides on the filter by dilute hydrochloric acid, it sometimes
occurs that zirconia in part remains. Therefore it is best, after
this operation, to incinerate the filter. Then neutralize the so-
lution with ammonia as far as practicable. Pour this slowly,

rring, into a mixture of ammonium carbonate
sulphide, prepared as follows : To a solutioh of
onate more than enough to neutralize the free
d above indicated, and to hold in solution the
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earthstobedealt with, add enough of ammonium sulphide(usually
a few cc.) to precipitate the metals of the fourth group. The
latter will be precipitated, while zirconia, yttria, and glucinum
remain in solution. Iron and manganese may be determined by
the usual methods.

If the carbonate solution be boiled for one hour the earths are
completely precipitated. They may be caught on a filter and
dissolved in hydrochloric acid; or the carbonate solution may
be treated directly with that acid, carbou dioxide expelled by
boiling, the solution cooled and treated withan excess of sodium
hydroxide. Zirconium- and yttria are completely precipitated
while glucina remains dissolved: to precipitate this, boil the
solution one hour.

To separate zirconia from yttria, dissolve the hydroxides in
hydrochloric acid, warm, then saturate the solution with sodium
sulphate. When cold, zirconia separates in the well-known
manner. From the filtrate ammonia separates yttria.

As the earths are apt to occlude alkali salts, it is best to dis-
solve and again precipitate them (with ammonia) before they
are ignited and weighed.

Separation of the precipitated oxalates of thoria and of the
cerium group is accomplished as follows: The oxalates are
reduced to oxides by ignition, then converted into sulphates,
the greater part of the free acid neutralized with ammonia, the
solution boiled, and boiling ammonium oxalate added in excess.
After a short time (as soon as oxalates of the cerium metals
have formed but before the liquid has cooled), a few cc. of solu-
tion of ammonium acetate are added. When cold, the entire
cerium group is precipitated as oxalates, while thoria remains
in solution. After prolonged standing, best over night, the
insoluble oxalates are removed by filtration ; in the filtrate, pre-
cipitate thoria with ammonia in excess, filter, ignite, and
weigh.

Separation of cerium from lanthanum and didymium is easily
accomplished by the well known method. Pass a current of
chlorine through the liquid containing the hydroxides, which
have been freshly precipitated by a fixed alkali.

Separation of lanthanum from didymium was not attempted.
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An analysis of the monazite sand used in my work, made as
indicated in the foregoing notes, gave results as follows :

Titanic 8cid cceveeceerererritiaerccnasscocscasananens 4.67
SiliCA teceeeerettseccestasesoscassssssnsseancnnssssos 6.40
Phosphorus pentoxide......... A eeasecscssscasscacans 18.38
7Y 1 trace
Alumina ...... secveccssessece tecescssssessscssavsnce 1.62
L AM@ e e cennoensaseasees sasnesecasessasssssnnsssans 1.20
Cerium oxide (CeO)..c.ccvveennen teesecesssacsnanens 32.93
Lanthanum and didymium oxides.............. ceeees 7.93
ThOTi& ccccecsccccecsncnsccnane essescessacas Ceeesaans 1.43
Perric.oxide: . cceeceeececcaccesascnncnnne sescesvoncsas 7.8
Zirconia and yttria «..c.cco...n easesesssssenssenansns 13.
GIUCINA «coeveecocececssassancncssosssascasssnsnesane 1.25
Tantalic 8CId «cceecvercateeneeeocccancassncenceassass 0.66
Not determined «-ccceeceececrecerrccronsccecsocccnces 1.72
100.00

Titanic acid and silica was determined in a separate portion.

The determination of tantalic acid was only approximate,
since a part of it is dissolved by fusion with acid potassium sul-
phate, and thus escapes weighing. Asseveral such fusions were
made, it is probable that the greater part of the matter ‘‘not deter-
mined”’ ought to be reckoned as tantalic acid. The quantity
stated was an average of three determinations (minus or plus
0.05) from the residue of repeated fusions.

Through the courtesy of Mr. H. B. C. Nitze, of the Geologi-
cal Survey of North Carolina, I have received a number of sam-
ples of monazite sand mined at various localities in that state.
Two of these had been prepared by a new process and were
found to be practically free from rutile and garnets. They were
excellent material for my methods of analysis, and they gave
results as follows:

ANALYSIS OF A COARSE MONAZITE SAND FROM SHELBY, NORTH CARO-

LINA.

Silica ............................................... 3.20
Titanic @CId ¢ ceeeveeitieeincrecssessccocacascsencnans 0.61
Cerium metals 88 Ce0 e e eeetrreerennssosscnancaneanns 63.80
Phosphorus pentoxide.-..--cveeenenniiiiiiian., 38,16
THOTIA cececececcrcessocncesosnsesscsoncscssnsssasocnns 2.32
Zirconia, glucing, yttria ««.e.cccveeiiiiiiii i, 1.§2
MADZANESE e tr ceesorereascsoncscocssansaraneanansas trace
No iron, alumina, or lime «.cecveveirniianiiiinannes, 0.00

99.61

The color of this sand was honey-yellow.
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ANRALYSIS OF A FINE MONAZITE SAND FROM BELLEWOOD, NORTH CARO-

LINA.

SiliCA et evereererc et oeccvssosssnnsssennannnnas 1.45
Titanic acid..cccveerireneerernceneossacsnnassnnanans 1.40
Ceriummetals a8 CeQ. veveeieeriniionnrncacsccrccaens 59.09
Phosphorus pentoxide:......coenveeiiececiinanian, .05
THOTIA ccvvereccnsseaceesocesacsnssoassoacesocesnnons I.1
Zirconia, glucina, yttrid «cccceevviiiiiiiiiiiiiaiiaan, 2.
Tantalic 8CId ccccoeeesetsennrscsecnsncnsscssscenanns 6.39
Iron and manganese oxides....ccccvveeeaneniaiananns 0.65
Aluming ceceeeeccevececencesccssccccnanssscrancscans 0.1§

‘The color of this sand was honey-yellow.

LABORATORY OF LEHMANN & GLASER,
BALTIMORE.

[CONTRIBUTIONS FROM METALLURGICAL LABORATORY OF THE OHIO
STATE UNIVERSITY, COLUMBUS, OHIO.)

THE EFFECT OF AN EXCESS OF REAGENT IN THE PRE-
CIPITATION OF BARIUM SULPHATE.

! BY C. W. FOULK.
Received July 6, 1896.

¢ ¢T ' XCESS of reagent’’ is a term often used by writers in

quantitative chemistry, and the necessity in any given
case for adding more of a precipitating reagent than is just suffici-
ent for complete reaction is well known to analysts; but what con-
stitutes such excess, whether it differs for different salts, whether
its effect is counteracted by the presence in the solution of other
bodies not taking part in the reaction, or whether the effect of
such bodies may be counteracted by the addition of a greater
amount of precipitant, etc., etc., are questions, the answers to
which are difficult to find in chemical literature.

With a view to answer, in part at least, these questions, the
following work on the precipitation of barium sulphate was
undertaken.

A preliminary experiment, which perhaps is worth noting,
was first tried :

A solution of 140 cc. water and five cc. concentrated hydro-
chloric acid was heated nearly to boiling and 0.1984 gram pure
recently ignited barium sulphate was added. This was then
stirred up and set aside for one hour, when it was filtered and
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the barium sulphate washed well with hot water. The filter
and the contents were then ignited and weighed, when it was
found that ten milligrams of the sulphate had been dissolved.
The filtrate was now divided, and to one-half some sulphuric
acid was added, and to the other some barium chloride solution.
A precipitate of barium sulphate was produced in both cases.

Standard solutions of sulphuric acid and barium chloride were
now prepared. These were standardized by precipitation from
pure water solutions.

The sulphuric acid used in this work was the chemically pure
acid of the laboratory, tested for the ordinary impurities.

The barium chloride was recrystallized from the chemically
pure salt.

The hydrochloric acid was the chemically pure acid of the
laboratory tested for sulphuric acid.

The graduated ware was calibrated and found to be good.

All the precipitates of barium sulphate were ignited by fold-
ing up the moist filter, putting into a platinum crucible, *‘ pre-
cipitate end”’ up and so adjusting the flame that the paper
would be charred away without letting the crucible become red
hot. Finally the heat was raised and the ignition finished. No
lid was used on the crucible. By following this plan no reduc-
tion to sulphide need be feared.

A number of the precipitates were moistened with sulphuric
acid and ignited. No change was noticed.

In the course of the work the following solutions were made:

SULPHURIC ACID SOLUTION.

Solution A.
cc. Barium sulphate.
T. 20 cccecccccccscsoscccccsccssssssansessssscassscsse 0_1978
2., 20 ccccccrccsssscacsscscscnctcsarcsrssscscsnsssnene 0.1975
3 20 scccccccccsesecssssevsssssssassecs tesssstnnsana 0.1970
B« T T T RN 0.1978
AVerage .ceeeececreteiitottiiocncanisanan. 0.1970
Solution B
cc. Barium sulphate.
I. 50 ccccccecscesscccenncoatacacnttscsosasancsassans 0.3277
BO tecceesnceccessssercsttatstcactesesssacntsosans 0.3271
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Solution C.

IR R AL LR EE R R R 0.1944
s eessscstcrtrtcsctscecssssccssccsccccasncnscsevses 0.1040

AVerage s cccocosrceitercssiiccrnncscscecs. 0.1942
Solution D.
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Barium sulphate.

ce. Barium sulphate.

2§ ceececccetittit ittt taseenatcttottoasennnetninns 0.1539
AVerage. . coeceeccertcscscrsconsasccns coseee 0.I542

Rejecting Nos. 2 and 5.
BARIUM CHLORIDE SOLUTIONS.
Solution A.

ce. Barium sulphate.

20 cseeccascncen Sseses assnssenss sasasssus sensssssna 0.1181

AVerage..ceceocectiacecccsecacscscsacssses 0.180§
Rejecting No. 4.
Solution B.

cc. Barium sulphate.

GO ceevetevcnssscsascscesssossssensscscscasessscse 0.1985

5O cececcccsoccsncssoscanrssonccsscssscsccascasons o. 1980

JO cecececccsenssoansacsnescscasssssssssscssnasess 0,4000
Average...ececeieiieiiicciiccateiiecacaas 0.4004
Solution D.

ce. Barium sulphate.

TO v ecansccesoncasnssccassscsscssssnnsssssnscsesss 0.3998
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Note.—The apparent discrepancies in some of the above aver-
ages are to be explained by the fact that before beginning the
work the burette used had been very carefully calibrated, and
the averages were calculated to correct number of cubic centi-
meters from the readings as given on the burette. In the course
of the work this refinement was found to be wholly unnecessary
and was therefore disregarded.

The equation of solutions of sulphuric acid and of barium
chloride is: Twenty cc. barium chloride solution = 21.8 cc.
sulphuric acid. That is, when mixed in these proportions
they will, theoretically, mutually precipitate each other and
give 0.1970 gram barium sulphate.

The effect of bringing these two solutions together in this pro-
portion was first tried. ‘The barium chloride solution plus water
to make the whole volume up to 140 cc. was heated to boiling
and the sulphuric acid run in from the burette.

Barium sulphate. Error.
1. 20 cc. BaCl,4+421.8 cc. H,SO,A..... 0.1966 —0.0004
2. 20" o oo O eeeen 0.1973 +0.0003
3. m " (X} .« “" 0 eeee 0.1979 ﬂ.m

Solutions of BaCl,Z and H,SO,, when brought together in
their molecular proportions, weighed as iollows :

Barium sulpbate. Error.
1. so cc. BaCl,8+ 30.2 cc. H,SOB..... 0.1979 —0.0005
2. 50 . t “ «“ .. 0.[976 -—0.0008

These had stood twenty-two hours before filtration, and the
results, while not very close, show at least that in water solu-
tions precipitation is practically comp’ete without the presence
of an excess of reagent.

A series of precipitations was now made in order to determine
the effect of varying quantities of hydrochloric acid upon the
precipitation when the two reagents were brought together in
their moleculiar proportions.

The barium chioride solution, water to make the volume up
to 14> ov., and the hydrochicric acid were heated to boiling and
the sulphuric acid run in cold from the burette.

The same guantities of barium chloride and sulphuric acid
were used as atwove. The time of standing before filtratiom is
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marked over each set. Three precipitations were made with
each portion of the hydrochloric acid.

SERIES I.
1. 2. 3.
Five Ten cc. Fifteen cc. Twent
hydrochloric hydrochloric hydrochloric hydroc: loric
acid. acid. acid. acid.
‘hvhenty-ﬁve Twenty nine Thl;ty—three Forty-fmnr
Barium sulphate. Bnrium lulph-te Barium sulphate. Burium sulphnle.
PO .+ 9-1908 0.1879 0.1827 Q.1875
2.0t 00e. 0.1902 0.1870 0.1844 0.1863
3eeseecee 0.1904 0.1881 0.1838 0.1873

It was thought that after standing twenty-four hours precipita-
tion would be complete and a longer time would have no effect.
T'he results of series No. 4 seem to show differently, however.
A ccordingly another series was run in which the time of stand-
ing was regulated. Otherwise the precipitations were made as
above.

These stood twenty-three hours before filtration.

SERIES II.
2. 3.
Pive cc. Ten cc. Fifteen cc.
hydrocl&lorlc hydrocglmc hvdrochloric
acida.
Barium sulphate. Barium sulphate. Barium sulphate.
T ceoccanconee 0.1902 0.1870 0.1852
2 ceeecaconens 0.1884 b.1854 0.1849
3oereeas eceses 0.1004 0.1846 0.1827
4. 6.
Twenty cc. Twenty-ﬁve cc. Thirty cc.
)lylll'ocid loric hydrocl:lloric hydroc: loric
acid.
Barium sulphate. Barium sulphate. Barium sulphate.
| T, 0.1832 0.1822° 0.1766
2 tevencccnens 0.1885 0.1793 0.1833
3 cecescsesses 0.1850 0.1789 0.1733

The above results show three things: (1) 1'hat less barium
sulphate is precipitated in the presence of larger amounts of
hydrochloric acid, but this solubility is not proportional to the
amount of hydrochloric acid. (2) That the greatest variation
of results takes place in the presence of the larger amounts of
acid. In other words parallel precipitations don’t ‘‘ check.’”
(3) A much longer time is required to reach the maximum of

precipitation in the presence of the larger amounts of hydro-
chloric acid. See No. 4, Series I.
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The effect of a small excess of sulphuric acid was now tried.
Three solutions each containing fifty cc. barium chloride B,
sixty cc. water and twenty cc. hydrochloric acid were heated to
boiling and the amounts of sulphuric acid B, indicated below,
were run in from a burette.

These stood twenty-four hours and weighed as follows: .

SERIES III.
Barinm sulphate. Error.
I. 50 cc. BaCl, B + 31.2 cc. H,;SO, B == 1 cc. excess = o. 1839 —o.0145
2. 50 * ¢ + 32.2 ¢ “ =32 "¢ =018 —0.0103
3. S0 “ “« + 33.2 ““ “« =3 “ «“ = 0.1971 —0.0013

The filtrates from the above gave no further precipitate on
standing several days.

Another series was run, using five cc. hydrochloric acid in-
stead of twenty cc., but conducted otherwise in the same man-
ner except that they stood from Friday to the following Monday
and undoubtedly the maximum of precipitation was reached.

SERIES IV.
Barium sulphate. KError.
1. 50 cc. BaCly B + 31.2 cc. HSO, B = I cc. excess = 0.1951 0.0033
2. 50 [ ‘“ €« + 32'2 " (3 ‘“ =2 (4 " =°.I¢3 o.m!
3' 50 ‘“« “” “” +33.2 “ (13 “ =3 " [} =°.l¢4 o.m

It was now decided to use larger amouuts of sulphuric acid
in excess, but in order to hurry matters along, cut down the
time of standing before filtration.

In the following series, accordingly, the barium sulphate was
filtered off after standing three hours. The whole volume of
solution in each case was 150 cc.

SERIES V.

No. of cc. in
excess of the
Hydro- Sul- theoretical am’'t Barium
Barium chloric phuric for precipiu- ml hnte

chloride B. acid. acid B. Error.

ccC. cC.
1 50 15 35.2 5 0.1458 0.0526
50 15 40.2 10 0.1590 0.0394
- -- - 45.2 15 0.1688 0.0296
50.2 20 0.1762 0.0222

ollowing the larger amounts of sulphuric
to be noted that 30.2 cc. sulphuric acid in
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three hours did not bring down so large a precipitation as 31.2
cc. sulphuric acid did in twenty-four hours though in the pres-
ence of a larger portion of hydrochloric acid. See Series III.

In order to get comparative results the various conditions of
the precipitation had to be more carefully regulated. The
above results show this very plainly.

Accordingly, the following problem was set: How great an
excess of sulphuric acid is required to precipitate completely as
sulphate, the barium from fifty cc. of barium chloride 5, in the
presence of five cc. hydrochloric acid in one hour, the whole
wvolume of solution, after adding the sulphuric acid, tobe 150cc.?

Instead of adding a certain number of cc. in excess the sul-
phuric acid was now measured in equivalents, 30.2 cc. the exact
amount to precipitate fifty cc. barium chloride was called one
equivalent and different multiples of it were taken.

The barium chloride, water, and hydrochloric acid were
heated on the water-bath and the sulphuric acid run in cold
from the burette.

SERIES VI.
ivalents
Hydro- Sul- B4 sul-
Barium chloric  phuric phuric Barium

chlo:c-i:le B. ngicd. acid B. acid. sulphate. Krror.
1 50 5 37.8 1.25 0.1564 0.0420
2 50 5 45.3 1.50 0.1624 0.0360
3 50 5 52.8 1.75 0.1784 0.0200
4 50 [ 60.4 2.00 0.1857 0.0127
5 50 5 68.9 2.25 0.1842 0.0142

The fact that No. 5 was lower than No. 4 was referred to the
lowering of temperature produced by the addition of the sixty-
eight cc. cold sulphuric acid.

The following plan was now adopted :

‘The sulphuric acid was measured out into beakers and also
heated on the water-bath. It was then added to the barium
chloride solution, the beakers being washed out three times with
hot water, using about four or five cc. each time and the wash-
ings also added.
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SERIES VII. (Continued from above.)

Hydro- Sul- Equivalents
Barium chloric pl;?ddg sulphuric Barium
a A

chloride B. acid. acid. sulphate. Rrror.
cC. cc.
6 50 s 67.9 2.25 0.1931 —O0.0053
7 50 5 75.5 2.50 0.1935 —0.0049
8 50 [1 83.0 2.75 0.1956  —0.0028
9 50 s 90.§ 3.00 0.1963 —o0.0021
10 50 5 394 = 4.00 0.1961 —0.u023
11 50 5 49.2 §.00 0.1962 —0.0022

Note—The last two results were obtained with a stronger
sulphuric acid solution, which was run in cold.

A rapid increase is seen with the first additions of sulphuric
acid, the difference becoming less as the sulphuric acid increases.

Another peculiarity was also seen in each one of these series.
Although the solutions had been well stirred on bringing the
reagents together, had settled clear in a few minutes, and the
supernatant liquid had remained clear, yet in running through.
the filter the filtrates soon became cloudy and a copious pre-
cipitate of barium sulphate settled out.

This could be due only to the agitation produced by running
through the filter. Later an experiment was tried on this point.
Fifty cc. of barium chloride solution, 0.0992 barium sul-
phate 4 five cc. hydrochloric acid and water to make the total
volume up to 150 cc., was heated in a flask and two equivalents
of sulphuric acid added. This was then shaken for ten minutes,
allowed to settle for fifty minutes, and then the precipitate was
filtered off and weighed.

It gave barium sulphate 0.1979, a minus error of 0.0013 as
against an error of —o0.0127 in Series VI, with two equivalents.

It seems that in the presence of hydrochloric acid unless there
is a sufficient amount of sulphuric acid present to effect com-
plete precipitation, a delicate balance is formed which is affected
by a difference in time of standing, in temperature, and amount
of agitation on stirring. To avoid adding so large a volume of
sulphuric acid solution *‘ C’ was prepared.

Series VIII was now run. Both solutions were heated on the
water-bath and brought together as described above. Solution
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in each case was stirred one and one-half mmutes and allowed
to settle one hour.

SERrIES VIII.

Hydro- Sul- Equivalents
Barium chloric  phuric sulphuric Barium
chloride B. acid. acid C. acid. sulphate. Error.
cc. cc. cc.
1 so 5 20.4 4 0.1971 —0.0013
2 50 5 25.5 5 0.1978 —0.0006
3 50 5 30.6 6 0.1981 —0.0003
4 50 5 35.7 7 0.1980 —o0.0004
5 so 1 40.8 8 0.1984 0.0000
6 50 5 45.9 9 0.1985 -4-0.0001
7 50’ 3 §1.0 10 0.1984 10.0000
8 50 5 56.1 11 0,1985 4-0.0001

At last the proper excess to effect complete precipitation un-
der the conditions described above had been found. Seven or
eight times the theoretical amount seems necessary. It is to be
noted that the change is extremely slow when near the critical
point.

A short series was precipitated and weighed, using other
solutions, the equation of which was as follows :

Fifty cc. BaCl,, x = 1 cc &= H,SO, D = o.1992 BaSO,.

SERIES IX.

Hydro- Sul-  Equiva-
Barium chloric phuric lents sul-  Barium

chloride . acid. acid D. phuricacid. sulphate. Error.
cc. cc. cc.
1 50 5 3 3 0.1957 —0.0035
2 50 5 4 4 0.1992 0.0000
3 50 5 5 5 0.1983 —0.0009
3 50 5 5 3 0.1992 0.0000

In this series the sulphuric acid was run in cold.

The maximum amount of precipitate seems to be reached here
with less sulphuric acid than when a more dilute solution was
used. The same is true of the precipitations made in the pres-
ence of ten cc. hydrochloric acid.

Series X was now run, the precipitations being made in ex-
actly the same manner as those of Series VIII, except that ten
cc. of hydrochloric acid was put into the solutions instead of
five cc.
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Barium
chloride B.

ccC.
5o
50
L]
50
50
50

Hydro-
chloric
acid

cc.
10
10
10
10
10
10

C. W. FOULK.

Barium
sulphate.

0.1964
0.1974
0.1981
0.1982
0.1970

SERIES X.
Equiva-
Sul-  lents sul-
phuric phauric
acid C. acid.
30.6 6
357 7
40.8 8
45-9 9
40.8 8
459 9

0.1982

Error.

—0.0020
—o0.0010
—o0.0003
—0.0002
—0.0014
—0.0002

In the presence of ten cc. hydrochloric acid then, a somewhat
greater excess of sulphuric acid is required than with five cc.
hydrochloric acid.

A short series with the stronger solution gave

1
2
3

3

Barium
chloride 5.
cc.
50
50
50
50

Hydro-
acid.
cc.
10
10
I0
10

SERIES XI.

Equiva-
Sul- lents sul-
chloric pburic phuric

acid D.

NN o

acid.

NN oG

Barium
sulphate.

0-1975
0.1982
0-1992
0.1991

Error.

—o0-0017
—0.0010

0-0000
—0.0001

Series X1I. was conducted exactly as Nos. VIII. and X., ex-

cepting that fifteen cc. hydrochloric acid was used.

NN B LW.N ~

=

Barium
chloride B.

cc.
50
so
50
5o
50
50
50

Hydro-
chloric
acid.
cc.
15
15
15
15
15
15
15

Barium
sulphate.

0.1957
0.1955
0.1965
0.1973
0.1972

0.1984

SERIES XII.
Equiva-

Sul- lents sul-
phuric phuric
acid C. acid.
30.6 6
35-7 7
40.8 8
459 9
s1.0 10
56.1 b9 ¢
61.2 12

0.1983

Error.

—o0.0027
—o0.0029
—o0.0019
—o0.00I X
—o0.0012

0.0000
—o0.0001

The point to be noted in this series is that more sulphuric
acid is required in the presence of the larger amount of hydro-
chloric acid.

The other side of the question was now taken up, namely, the
precipitation of sulphuric acid with an excess of barium chlo-
ride in the presence of hydrochloric acid.
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A new difficulty at once presented itself. The old trouble in
filtering barium sulphate was experienced. When a small
amount of hydrochloric acid was present it was found utterly
impossible to do it under the conditions which had previously
been followed.

Various experiments were made to avoid this trouble and at
last the following scheme was adopted :

The volume was kept at 150 cc. as in the other work. The
sulphuric acid, water, and hydrochloric acid were heated on the
water-bath and the barium chloride solution, also hot, was added
drop by drop with constant stirring. The beakers were then set
back on the batlf and the solutions stirred at intervals for thirty
minutes. They were then set off and stirred at intervals again
until cold.

Just before pouring upon the filter the precipitate was stirred
up and the filter filled several times. At first a small portion
ran through, but this was poured back, and, generally, the rest
could be filtered without trouble.

A series was run according to this description, except that the
volume was 250 cc.

The exact time of standing before filtering was not noted in
this case. It was probably about four or five hours.

SERIES XIII.
Sul- Hydro- Eqivalents
phuric chloric Barium arium Barium
acid B. acid. chloride C. chloride. sulphate. Error.
cc. cc. ce.
I 30.2 10 14.9 3 0.1967 —o0.0017
2 30.2 10 19.8 4 0.1959 —o0.0025
3 30.2 10 14.9 5 0.1965 —0.0019

There was nothing satisfactory to be derived from this series,
so Series XIV was run. The volume here was kept down to
150 cc.

SERIES XIV.
Sul- Hydro- Fquivalents
phuric  chloric Barium_ barium Barium
acid B. acid. chloride C chloride. sulphate. Error.
ccC. ccC. ccC.

1 30.2 10 14.9 3 0.1975 —0.0009
3 30.2 10 19.8 4 0.1994 +4o0.0010
3 30.2 10 24.9 5 0.1983 —0.0001
4 30.2 10 . 29.8 6 0.200§ +0.0021
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T'wo of these precipitates weigh heavier than theory demands.
This could come only from contamination with barium chloride.
To test this No’s 3 and 4 were transferred to beakers, boiled up
with about seventy-five cc. of water and again filtered, ignited,
and weighed.

They then gave

3. 0.1980 barium sulphate = —o.0004 error.
4. 0.1987 ¢ ¢ == 40,0003
Another series was runm in exactly the same manner, except
that more care was taken in washing. KEach precipitate was
washed with boiling water until the filtrate no, longer reacted
with silver nitrate.

SERIES XV.
Sul- Hydro- uivalents
phuric chloric  Barium rium  Barium
acid B. acid. chloride C. chloride. sulphate. Rrror.
cc. ccC.

1 30.2 10 9.9 2 0.1965 —o0.0019
2 30.2 10 14.9 3 0.1982 —0.0001
3 30.2 10 19.8 4 0.1975 —o0.0008
4 30.2 10 24.9 5 0.1988 +-0.0004
5 30.2 10 29.8 6 0.1994 +4o0.0010

No’s 4 and 5, on being boiled up with water and reweighed,
gave
3. 0.1981 = —0.0003 error.
4. 0.1975 = —0.0009 ‘¢
At its best, however, this method of working was unsatisfac-
tory. The precipitate seemed always on the point of running
through the filter and indeed traces generally did go through.
The following scheme was accordingly tried in Series X VI.
The volume was kept as before at 150 cc., but thirty cc. of
hydrochloric acid instead of ten was put into each solution.
The precipitates were not stirred up after being thrown down.
In presence of this large excess of acid the precipitates sodn
became coarse and crystalline and settled rapidly. No #rouble
whatever was experienced in filtering them.
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SERIES XVI. (These had stood about four hours.)

Sul- Hydro- uivalents
phuric chloric Barium arium Barium
acid E. acid. chloride C. chloride. sulphate. Error.
ccC. cc.

1 20 30 4.6 1.5 0.0947 —o0.0289
2 20 30 6.2 2.0 0.0997 —0.0239
3 20 30 9.3 3.0 o.1114 —o0.0122
4 20 30 12.4 4.0 0.1169 —0.0067
[ 20 30 15.5 5.0 0.1207 —0.0029
6 20 30 18.6 6.0 0.1192 —0.0044

These filtrates, on standing over night, all showed further
precipitates of barium sulphate. The series was accordingly
continued, this time the solutions standing about seven hours
before being filtered.

The precipitates were crystalline and fltered easily and
rapidly and the filtrates, on further standing, showed no traces of
barium sulphate,

In spite, however, of the greatest care in washing, it was im-
possible to get rid of the occluded barium chloride before igni-
tion.

SERIES VII.
Sul- Hydro- Barium Equivl's

phuric chloric chloride Barium Barium

acid £, acid. C. chloride. sulphate. Error.
1 20 30 18.6 6 0.1258 4-0.0022
2 20 30 21.7 7 0.1252 4-0.0016
3 20 30 24.8 8 0.1268 4-0.0032
4 20 30 27.9 9 0.1260 +0.0024

Nos. 2, 3 and 4 were boiled up with water, rewashed, ignited
and weighed.

Barium sulphate. Error.

2 o0.1236 0.0000 Filtrate reacted strongly with silver nitrate.
3 o238 +-0.0002 “ « “ “ w“ o
4 0.1253 +-0.0017 ‘o ‘¢ slightly * “ “

No. 4 boiled up the second time o0.1237 BaSO, = 4 0.0001
error. The filtrate in this case reacted strongly with silver
nitrate.

To test this boiling up process No. 4 was treated the third
time. This time the precipitate weighed 0.1235 and the filtrate
did »of react with silver nitrate.

A last experiment was made to determine the effect of barium
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chloride upon the direct solubility of barium sulphate in hydro-
chloric acid.

0.1248 gram barium sulphate was put in 120 cc. water and
thirty cc. hydrochloric acid and beaker marked ““ 4.”

0.1228 gram barium sulphate was weighed into another beaker
with 105 cc. water, thirty cc. hydrochloric acid and fifteen cc.
barium chloride C. This beaker was marked * B.”

Both were heated on the water-bath with frequent stirring and
then stood over night.

On being filtered and weighed,

‘A" gave —o.1106 barium sulphate = 0.0142 loss.
“B” * —o0.1228 “ ‘“ =o0.000 *

To further test precipitate ‘B’ it was boiled up with water
as those of Series XVII, and re-weighed. It lost by this oper-
ation 0.0002, which is practically nothing.

From the results obtained in this investigation the following
conclusions seem justified :

(1) In the precipitation of a barium salt with sulphuric acid
in the presence of hydrochloric acid, a very large excess of sul-
phuric acid is required.

(2) This excess should be greater the greater the amount of
hydrochloric acid present in the solution.

(3) It should be greater the shorter the time of standing
before filtration. In fact a very great excess seems to effect
immediate precipitation.’

(4) The greater the excess of sulphuric acid the less stirring
seems necessary to bring down the precipitate in a given time.

(5) While barium sulphate obtained by precipitating a barium
salt with sulphuric acid in the presence of hydrochloric acid is
coarse, crystalline and easily filtered,' that obtained by precipi-
tating sulphuric acid with a barium salt in the presence of
hydrochloric acid is fine and much disposed to run through the
filter unless special precautions are taken.

(6) In general a large excess of barium chloride is required
to completely precipitate the sulphuric acid in the presence of
hydrochloric acid.

1/ dezl Appl Chem . §, 8.
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(7) As the hydrochloric acid increases the amount of barium
chloride should also be increased.

(8) The greater the amount of hydrochloric acid present the
coarser and more crystalline in character is the precipitated
barium sulphate. In precipitating in the presence of large
amounts of hydrochloric acid the solution should be quite con-
centrated.

(9) The barium sulphate so obtained, will, however, be con-
taminated with adhering barium chloride, and no amount of
washing before ignition can entirely free it from this occluded
chloride. If, after ignition, the precipitate be boiled up with
water, again washed, ignited and weighed, and this process be
continued until a constant weight is obtained, the sulphate may
be entirely freed from the barium salt.

Some subsequent work in this line has shown that heavy pre-
cipitates sometimes require three or four treatments before a con-
stant weight is obtained.

(10) Both in the precipitation of barium with sulphuric acid
and of sulphuric acid with barium, very concordant results may
be obtained if the conditions under which the precipitations are
made are similar, but these results may be quite far from cor-
rect. A note of this commonplace occurrence in analytical
work is made here, because by following the usual method of
testing the filtrate for an excess of the precipitating reagent, a
strong reaction might be obtained and yet not more than ninety
per cent. of the original precipitate be down.

In conclusion I wish to express my thanks to Professor N. W.
Lord for helpful suggestions during the course of this work.

DiscussioN.'—T. S..Gladding : I have already shown (see
this Journal, 16, 398; 17, 181, 397, 772; 18, 446) that correct
results may be obtained if the barium chloride solution be added

by drop instead of all at once. This is confirmed by Lane
(38, 682) and is now virtually admitted by Lunge, who precipi-
tates (18, 686) by ‘‘quick additions (7. e., pouring in the hot
barium chloride solution in about ten portions, occupying about
half a minute in all, and stirring the mixture all the time, as
every chemist would do.)”’

1 Buffalo Meeting, Aug., 1896.
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HE subject of this paper does not embrace the consideration
of ways and means for the increase of analytical accu-
racy, or the question, what can be or should be attained in that
direction. I desire simply to call attention to the degree of
accuracy exhibited in actual every day practice. In estimating
this, little weight will be given to the evidence afforded by the
agreement of duplicate or multiple determinations by the same
chemist; for I am convinced that such agreement is a delusion
and a snare. Nor will special importance be attached to the
agreement of two or even three analysts in special cases, or to
the agreement between two methods practiced by the same
analyst. I propose to compare the results obtained by several
chemists, working upon the same sample and by various
methods, in order to exhibit, as I have said, the actual condi-
tion of practice.

The available material for illustrating this phase of the ques-
tion is unfortunately scanty; but something has been done;
and T hope, by calling attention to some of the work in this line,
to stimulate further work in the same direction by inducing
others to prepare suitable samples and submit them to various
chemists who are competent and willing to make the necessary
determinations and fully describe the methods they employ.

I draw most of my illustrations from the *‘ Transactions of the
American Institute of Mining Engineers,’’ the ‘' Proceedings of
the Association of Official Agricultural Chemists,’”’ and from
personal experience.

MANGANESE IN STEEL.

In May, 1881, Mr. William Kent presented a paper to the
American Institute of Mining Engineers entitled ‘* Manganese
" Determinations in Steel,’’* in ‘which he gave twenty-four deter-
minations of manganese, made by ten different chemists,
employing two main methods, on samples from a plate of steel.

1 Read before the Washington Section of the American Chemical Society, May 14th,
1996. and published jointly with the American Institute of Mining Engineers.
2 Trans. A. I. M. E., 10, 101.
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These results presented the remarkable range of from 1.14 to
©.303 per cent., and one chemist reported results ranging from
1.14 t0 0.434 per cent.

A portion of this variation was undoubtedly due to variations
in the sample, since the same sample was not used throughout
by the different chemists.

Throwing out the anomalous result of 1.14 per cent. we have
twenty-three determinations running from 0.619 per cent. to
0.303 per cent., with an average of 0.415 per cent. Thusshow-
ing that at that time the determination of manganese in steel,
when only about four-tenths per cent. was probably present,
might exhibit an extreme variation between the highest and the
lowest results of about three-tenths per cent., or seventy-five per
cent. of the amount of manganese present.

These results were certainly very discouraging ; but if they
did nothing else they served to call attention to the very unsat-
isfactory character of the determination of manganese in steel at
that time.

I do not recall any recent symposium on the determination of
manganese in this class of material, but in 1886 Capt. A. E.
Hunt,' in giving a measure of the accuracy of the colorimetric
method, speaks of a variation of 0.02 per cent. in steels contain-
ing o0.15 to one and five-tenths per cent. of manganese
as *‘‘sufficiently accurate for all practical work,’” thus clearly
intimating that the current results of analysis by other methods
were at least as gaod. This degree of accuracy, if attained by
different chemists upon the same sample, must be considered a
satisfactory advance over the results reported by Mr. Kent.

Early in 1883 Mr. G. C. Stone began a series of contributions
on the ‘ Determination of Manganese in Spiegel.’”’* In his first
paper he reported thirteen determinations by five chemists, all
working upon the same ‘‘works’’ sample, showing from 15.49
to 13.83 per cent., and also twenty-six determinations by ten
chemists, all working upon a sample of the same spiegel, pre-
pared with espécial care jointly by Mr. Stone and one of the
other chemists, showing from 14.56 to 10.36 per cent. But some
of the low results were obtained by experimental methods.

1Trans. A. 1. M. K., 18, 104.
3Trans. A. 1. M. E., 11, 323: 12, 295 and 514.
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In the fall of 1883 Mr. Stone reported twenty additional
determinations by five other chemists, ranging from 14.20 to
10.76 per cent.; the extremes being reported by the same chemist
when working by different methods, his favorite method giving
from 13.84 to 13.65 per cent., and three low results, less than
eleven per cent., being obtained by the Williams’ method. In
this connection Mr. Stone presented an interesting table, divid-
ing the methods used into four classes and the results into three
classes, giving respectively, below thirteen per cent., between
thirteen and fourteen per cent., and above fourteen per cent.

In the spring of 1884 Mr. Stone reported twenty-seven new
results, nineteen by four new chemists, and eight by one pre-
viously reported, whose new results were obtained by several
methods.

We have thus seventy-three determinations by nineteen differ-
ent chemists. Of these two are thrown out on account of the
method used, and eleven ‘‘because the chemists were not
entirely satisfied with them,’’ leaving sixty determinations by
eighteen chemists, using twelve methods.

These sixty results range from 14.47 to 12.60 per cent., and
average 13.39 percent. Leaving outeight determinations by one
method which is considered to give low results, the lowest
determination becomes 12.92 per cent. and the average 13.48
per cent., showing an extreme variation of 1.45 per cent. of
manganese between the highest and lowest results, and showing
only forty-four per cent. of the results within two-tenths per cent.
of the average.

In the discussion of Mr. Stone’s second paper, Mr. J. B.
Mackintosh® presented an analysis of Mr. Stone’s first forty-six
results, retaining the results by the Williams’ method, from
which he argued that the evidence pointed to 12.956 per cent. as
the true content of manganese in this spiegel. If this is the
case, then there is a very decided tendency to get too high
results in this class of work.

Taken as a whole, this investigation would seem to show that
variations of five-tenths per cent. in the determination of man-
ganese in this grade (ten to fifteen per cent. manganese) of

1 Trans. A. 1. M. K., 13, 300. °
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spiegel are to be expected, and much wider variations may be
found.

PHOSPHORUS IN PIG IRON.

Early in the 80’s, Messrs. Potter and Riggs, of St. Louis,
Mo., sent out a sample of pig-iron for the determination of
phosphorus. .

This examination yielded twenty-six results, by eleven chem-
ists, using five methods, ranging from 0.181 to o.141 per cent.,
and averaging o.160 per cent. and showing an extreme varia-
tion of 0.040 per cent. The maximum variation reported by
any one chemist was 0.017 per cent., while three reported dupli-
cate$ agreeing with 0.001 per cent. These results have never
been published. One of the chemists discovered arsenic in the
sample, which would account for some of the variation in the
series. His determinations in duplicate were o.151 and o.152
per cent.

In February, 1882, Mr. F. E. Bachman presented a paper to
the American Institute of Mining Engineers,' in which he
reported forty-four results by eighteen chemists, using four
methods, ranging from 0.165 to 0.096 per cent. and averaging
o.143 per cent. The extreme variation was 0.069 per cent.
The maximum variation reported by any one chemist on straight
duplicates was 0.01 per cent., and the minimum o0.0004 per cent.
Experimental determinations by Mr. Bachman, using different
processes, yielded variations amounting to 0.043 per cent.

At the Atlanta meeting in October, 1895, Mr. Geo. Thackray
presented a paper, entitled ‘‘ A Comparison of Recent Phos-
phorus Determinations in Steel.””*® He first gives a table of
determinations of phosphorus by two chemists on eight samples
ranging from 0.033 to o0.0r2 per cent., one chemist uniformly
getting high results. One chemist found from 0.080 to 0.074
per cent., and the other 0.116 to 0.088 per cent in these steels.
These results were manifestly unsatisfactory.

A second table shows results by three chemists, the buyer’s,
the seller’s and an arbitrator. By the arbitrator’s determinations
these steels carried from 0.080 to 0.063 per cent. of phosphorus.

1 Trans. A.I. M. E,, 10, 322.
$ Trans. A. 1. M. E., 25, 370.
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The maximum difference in any set of three results was
0.017 per cent., and the minimum 0.005 per cent.

These results were obtained in the settlement of sales. As a
result of the discussion which accompanied the matter, two sam-
ples of steel were prepared and sent to various chemists. A
fourth table gives thirty-six results obtained from twenty-three
chemists, using twenty-nine methods on one steel, showing re-
sults averaging 0.0496 per cent., and ranging from 0.055 t00.045
per cent., an extreme variation of only o0.010 per cent. Any
individual result was practically within 0.005 per cent. of the
average.

On the second sample thirty-eight results were reported averag-
ing 0.0835 per cent., and ranging from 0.091 to 0.076 per cent.,
an extreme variation of o0.o15 per cent.

My own results on these steels are not given, as they were not
reported in time ; but they add two more results by one more
chemist in each case, and the results fall within the limits.

These results must be regarded as highly satisfactory, and
show that here, at least, is one determination that can be made
by many chemists, working in different ways, and yet with
results agreeing very closely together. While it may not be
necessary to determine many things as closely as phosphorus in
steel, yet it would be highly satisfactory if we could do so; and
this is a good standard of excellence for us to aim at.

PHOSPHORIC ACID.

As compared with the accuracy secured in the determination
of phosphorus in steel, the 1894 report of the Association of
Official Agricultural Chemists,' shows that on one sample thirty-
nine determinations of insoluble phosphoric acid by eighteen
chemists. working by the official method, showed results rang-
ing from 0.45 to 0.03 per cent., with an average of 0.27 per
cent., the extreme variation being 0.42 per cent., or over one
and one-half times the average determination.

By another method, on the same sample, thirty-six determina-
tions by nineteen chemists showed results varying from o0.34 to

1 Proceedings of the Eleventh Anuzal Conveation of the Association of Oficial Agri-
cultural Chemicls, ARZUST 23, 2¢. 2% iN4 Buileun ax UL S. Departmemt of Agricuilture,
Drivision of Chemrstry. p. ¢
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©0.04 per cent., with an average of o0.19 per cent., the extreme |,
variation being 0.30 per cent., or over one and one-half times
the average.

We have thus seventy-five determinations by nineteen chem-
ists working by two methods, showing results ranging from o.45
to 0.03 per cent., with an average of 0.233 per cent., the
extreme variation being 0.42 per cent., or nearly twice tbe
average determination. )

On another sample thirty-three determinations by seventeen
chemists working by the official method, showed results rang-
ing from 3.85 to 2.24 per cent., with an average of 2.82 per
cent., the extreme variation being 1.61 per cent., orconsiderably
more than one-half of the average.

By another method. on the same sample, thirty-five determi-
nations by seventeen chemists showed results ranging from
3-49 to 2.18 per cent., with an average of 2.83 per cent., the
extreme variation being 1.31 per cent., or nearly one-half the
average.

Summing up again, we have sixty-eight determinations by
eighteen chemists working by two methods, showing results
ranging from 3.85 to 2.18 per cent., with an average of 2.82 per
cent., the extreme variation being 1.67 per cent.

The same report' shows that on one sample the results of
twenty-nine determinations of citrate soluble phosphoric acid by
fourteen chemists, by the direct method of Ross, varied from
2.47 to 1.04 per cent., with an average of 1.52 per cent., the
extreme variation being 1.43 per cent., or nearly equal to the
average of all the determinations.

On the same sample, by the official method, the results of
twenty-three- determinations by fourteen chemists ranged from
2.26 to 1.18 per cent., with an average of 1.46 per cent., the
extreme variation being 1.08 per cent., or over two-thirds of
the average determination.

Summing up, we have fifty-two determinations by fourteen
chemists working by two methods, ranging from 2.47 to 1.04
per cent., and averaging 1.49 per cent., the extreme variation
being 1.43 per cent., or nearly equal to the average.

1/bdd., p. 72.
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On another sample thirty-six determinations by fifteen chem-
ists by the direct method of Ross, range from 3.29 to 1.87 per
cent., with an average of 2.36 per cent., the extreme variation
being 1.42 per cent., or considerably over one-halfof theaverage
determination.

On the same sample, twenty-four determinations by fifteen
chemists, ranged from 3.40 to 2.08 per cent., with an average of
2.60 per cent., the extreme variation being 1.32 per cent., or a
little over one-half of the average determination.

Summing up, we have sixty determinations by fifteen chemists
working by two methods, ranging from 3.40 to 2.08 per cent.,
and averaging 2.44 per cent., the extreme variation being 1.32
per cent., or a little over one-half of the average determinations.

In the determination of the total phospHoric acid,' forty-five
determinations, by eighteen chemists, ranged from 20.67 to 19.74
per cent., with an average of 20.09 per cent., the extreme varia-
tion being 0.93 per cent. By a volumetric method, thirty deter-
minatiqns, by eleven chemists, ranged from 20.60 to 19.83 per
cent., with an average of 20.14 per cent., the extreme variation
being o0.77 per cent. By another volumetric method, twenty-one
determinations by ten chemists, ranged from 20.45 to 19.27 per
cent., with an average of 19.96 per cent., the extreme variation
being 1.18 per cent.

Combining these results, we have ninety-six determinations
by eighteen chemists working by three methods, ranging from
20.67 to 19.27 per cent., with an average of 20.08 per cent., the
extreme variation being 1.40 per cent.

Similarly, on another sample, we have 120 determinations, by
twenty-two chemists, working by the same three methods, rang-
ing from 18.15 to 16.25 per cent., with an average of 17.26 per
cent., the extreme variation being 1.90.

Again, on another sample, we have ninety-six determinations
by twenty-one chemists, working by the same three methods,
ranging from 2.35 to 2.20 per cent., with an average of 2.50 per
cent., the extreme variation being 0.65 per cent.

COPPER.

At the August meeting of the A. I. M. E., in 1882, Mr. W.
1 fbid., pp. 51, N2, 33.



ACCURACY OF CHEMICAL ANALYSIS. 815

E. C. Eustis presented a paper entitled ‘‘ Comparison of Various
Methods of Copper Analysis.’” For the purpose of this com-
parison a very complex sample was made up, containing sul-
phides, oxides and metallic copper, a silicate, sulphides of iron
and zinc, arsenic and nickel. The paper reports forty-five
determinations by seventeen chemists, using some eight methods.
The results showed a wide variation, ranging from 53.34 to
43.92 per cent. and averaging 47.75 per cent. On throwing out
a set of six results from one concern, all of which were more
than two per cent. and two of them nearly five per cent. above
the nearest other result, as being manifestly too high, and two
results by one chemist and one method, which were more than
two per cent. below the nearest other result, the series still
ranges from 48.72 to 46.24 per cent., with an average of 47.23
per cent., and a maximum variation of 2.48 per cent., which
cannot be considered very satisfactory.

The same paper reported seventeen determinations by seven
chemists on borings of pig copper. These ranged from 91.07 to
98.17 per cent. and averaged 94.25 per cent. On throwing out
two results that were nearly three per cent. higher than the
nearest other result, and four that were over three per cent.
below the nearest other result, the series ranges from 94.91 to
94.38 per cent. with anaverage of 94.69 per cent. ‘The extreme
variation of only 0.53 per cent. must be regarded as very good
work, especially when we consider the character of the material.

At the Florida meeting in March, 1895, the results of a sym-
posium on copper and copper matte, initiated by Dr. A. R.
Ledoux, of New York City, were presented.” Eight chemists
reported the copper in the matte, some in duplicate or more, as
determined by electrolysis, as ranging from 55.17 to 54.50 per
cent. and averaging 54.91 per cent. The extreme variation was
only 0.67 per cent; and this must be regarded as satisfactory,
and very much better than the results on Mr. Eustis complex
mixture.

- Six chemists reported results by the cyanide method, ranging
from 54.8 to 50.55 per cent, all but one of the results being below

I Trans. A. L M. E,, 11, 120.
2 Trans. A. I. M. E.. 38, 250 and 1000.
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the lowest electrolytic result. These cannot be regarded as sat-
isfactory.

A plate of copper made from melted anodes was drilled and
six chemists reported the copper in the drillings, as found by
the electrolytic method, as ranging from 98.46 to 97.04 per cent.,
and averaging 97.67 per cent. with a maximum difference of
1.42 per cent. These results are not as good asthose previously
reported by Mr. Eustis.

GOLD AND SILVER IN COPPER MATERIALS.

The symposium above referred to was undertaken primarily
to test methods of assaying copper material for gold and silver.
Fourteen chemists reported the silver by scorification assay,
some entirely uncorrected, some partially corrected, and some
corrected for both loss in slag and cupel and presence of copper
in the silver button. The averaged results ranged from 135.38
to 122.88 ounces per ton and averaged 128.86 ounces per ton ;
the extreme variation being 12.5 ounces per ton, or nine and
seven-tenths per cent. of the average.

Nine chemists reported ten results by combined wet and scor-
ification methods, a few of them corrected for slag and cupel
absorption. The averaged results ranged from 130,68 to 123.03
and averaged 127.25 ounces per ton. The extreme variation
was seven and six-tenths ounces per ton, or 5.97 per cent. of the
average determination.

One chemist reported 123.6 ounces per ton by crucible method.

Another reported 126.2 ounces per ton by combined wet and
crucible method, corrected for slag and cupel.

Summing up, we have twenty-six results by twenty chemists
working by two main methods, but both of them modified in
various ways, and two methods, each by a single chemist, vary-
ing from 135.38 to 122.88 and averaging 127.94 ounces per ton.
The extreme variation was 12.5ounces per ton, or 9.77 per cent.
of the average determination.

In the case of the silver assay of the copper borings, nine
chemists reported by the scorification method, with and without
corrections. The averaged results varied from 164.35 to 154.40,
and averaged 159.36 ounces per ton. The extreme variation
was 9.95 ounces per ton, or 6.24 per cent. of the average.
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Fifteen chemists reported sixteen results by combined wet and
scorification methods, with and without corrections. The aver-
aged results varied from 161.40 to 148.50 and averaged 156.48
ounces per ton. The extreme variation was 13.9 ounces per
ton, or 8.88 per cent. of the average. A single chemist reported
161.35 ounces per ton by combined wet and crucible process,
corrected for slag and cupel.

Summing up, we have twenty-six determinations by twenty
chemists working by three methods, ranging from 164.35 to
148.5 and averaging 157.67 ounces per ton. The extreme varia-
tion was 15.85 ounces per ton, or 10.05 per cent. of the average
determination.

Twenty chemists working by the four methods reported twen-
ty-six results on the gold in the matte varying from 2.41 to 1.85
and averaging 2.245 ounces per ton. The extreme variation
was 0.56 ounce per ton, or 24.94 per cent. of the average.

On the gold in the copper borings twenty chemists working
by two main methods, each one variously modified, and the com-
bined wet and crucible method by a single chemist, reported
twenty-six results varying from o.501 to 0.205 and averaging
0.307 ounce per ton. The extreme variation was 0.296 ounce
per ton, or g6.4 per cent. of the average determination.

POTASH.

In the determination of potash the 1894 report of the Associa-
tion of Official Agricultural Chemists' gives six determinations
of potassium chloride by six chemists by one method, ranging
from 97.79 to 99.32 per cent. with an average of 98.56 per cent,
the extreme variation being 1.53 per cent. By another method
on the same sample seven determinations by seven chemists
range from 97.21 to 98.86 per cent., averaging 98.16 per cent.
Combining these results we have thirteen results by seven
chemists, by two methods, ranging from 97.21 to 99.32 per cent.
and averaging 98.35 per cent., the extreme variation being 2.11
per cent.

This report contains also a table of results on soil analyses®
which I quote entire.

I page 22.
2 page 41.
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REVIEW

ON THE DEVELOPMENT OF SMOKELESS POWDER.!

By CHARLES E. MUNROE.

To intelligently present a sketch of what has been done in the
development of smokeless powder, it is mnecessary to first
briefly review the history of black gunpowder. Although
the place and date of its origin and the name of its inventor
are yet open to dispute, it is generally accepted that
it was employed as a propellent in cannon at the battle of
Crécy in 1346, and in small arms for some time prior to this
date, and that it then consisted of a mixture of niter, charcoal
and sulphur. Considering the existing state of chemistry, it is
fair to infer that the making of gunpowder, like the manufac-
ture of guns, was for long an empiric art, and that, notwith-
standing that Tartaglia, Galileo, Newton, Huygens, and many
others speculated upon and discussed the effects which gun-
powder produced upon projectiles; that granulating was em-
ployed in 1445; that Cellini had observed the necessity of
adapting the grains to the piece; that sizing was practised in
France in 1525, and that Hawksbee had in 1702 measured the
volume of gas resulting from a known volume of gunpowder,
the science of gunnery had no existence until Robins devised the
ballistic pendulum by which he measured the velocity of pro-
jectiles and with which he obtained the experimental data upon
which his *‘ New Principles of Gynnery,’’ printed in 1742, was
founded. The science of exterior ballistic was materially
improved when Hutton, in 1778, extended Robins’ principle to
the use of the gun as the pendulum also, for it became then pos-
sible to not only measure the velocity of the projectile, but the
energy involved in the reaction, and this method was employed
for larger and larger calibers until it reached its practical limit
in the very elaborate and precise series of experiments made at
the arsenal in this city (Washington) from 1842 to 1847, by
Major Mordecai, who succeeded in swinging cannon weighing
about 7,700 pounds and throwing 32-pound balls; but this
necessitated the use of a pendulum weighing over 9,300
pounds, the center of gravity of which was over fourteen feet
below the axis of suspension. The weight and length of the
pendulum increases so rapidly with the increase of the projectile
that to determine by this method the velocity of the projectile
from a 100-ton gun, would require towers like those from which
the Brooklyn bridge is suspended, between which to swing the
pendulum.

1 Presidential addrees delivered before the Washington Section of the American
Chemical Society, Feb. 21, 1896.
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Opportunely as this limit was approached, Dr. Joseph Henry
announced, in 1843, his invention of a method for the determi-
nation of velocities by interpasing screens, which were electri-
cally connected with chronographs, in the path of a projectile
and at definitely determined distances from the gun, and this
method, which while possessing the merit of great simplicity, is
at the same time very precise and capable of being used for
determining the velocities of projectiles from-guns of every cali-
bre, is now universally employed with chronographs, such as the
Boulengé, Schultz-Deprez, and Mahieu, while the principle has
been extended by Captain Noble to the study of interior ballis-
tics, in his very ingenious chronoscope by which the velocity of
the projectile can be determined at frequent intervals, even when
it is moving through the bore of the gun.

The ability to measure the velocities which it produced led to
active investigations into the properties of gunpowder and
resulted in the experiments of Lavoisier, between 1777 and 1778
on the deflagration of powder, of Berthollet, on the best propor-
tions for mixing the ingredients, of Gay Lussac, on the refining
of niter, of Violette, on the production, composition and pro-

rties of charcoal, of Gay Lussac and Chevreul, of Bunsen and
Schischkoff, of Linck, and of Kéroyli, on the composition and
volume of the products of the combustion of this substance, and
of many other experimenters on the effects resulting from differ-
ences in the density, hardness, size of grain and other physical
characteristics of the explosive. But notwithstanding the great
advance made through the invention of methods by which to
measure the velocity of the projectile and the recoil of the
piece, the science of gunnery was still incomplete without an
accurate knowledge of what was going on within the chamber
and particularly what pressures were produced and how this
pressure was distributed within the gun before the projectile
left its seat and while it was traveling through the chase; yet,
although direct experimental determinations of the pressure
exerted by fired gunpowder were made by Count Rumford in
1797 in a somewhat rude device, and numerous indirect estima-
tions were deduced from the observations of Robins on the vol-
ume of the gases produced by its combustion and from the more
precise and detailed researches of Bunsen and Schischkoff and the
other experimenters previously referred to, no practical means
were at command by which to make direct measurements
of the pressure developed within the gun itself until Captain
Rodman, in 1857, invented the pressure gauge, described in his
‘* Reports of Experiments,’’ published in Boston, in 1861, which
in common with several modifications of it, such as the Noble
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crusher gauge and the Woodbridge spiral gauge, came into gen
eral use in all experimental firing and in the proving of guns
and powders.

In estimating the pressure developed by powder from the data
obtained in their chemical analyses of its products, Bunsen and
Schischkoff proceeded on the assumption that Piobert’s conclu-
sion from his experiments, 772., ‘‘ that the rate of combustion of
powder is not affected to any sensible degree by heat or pres-
sure,’”’ was correct; but their conclusions having been ques-
tioned by many authorities, among them by Vignotti, in 1861,
and by Craig about the same time, who showed that the pro-
ducts of combustion differs with the pressure, and their physical
data by F. A. P. Barnard, who submitted them to a rein-
vestigation in 1863, and arrived at a widely different result ; and
they having also failed of verification by the pressure gauge, the
matter was again experimentally attackeq by Noble and Abel,
who employed as a firing chamber a hermetically closed steel
cylinder sufficiently strong to resist rupture by the explosion of
a charge of powder which completely filled it (such as Dr.
Woodbridge had previously used at the Washington navy yard
in 1856), in which pressure gauges were enclosed, and they fired -
the charge by the electric method invented by Dr. Robert Hare
in 1832. In addition the apparatus was so contrived that the
gaseous and solid products could be collected, measured and
analyzed at will.

With this they found that when powder is fired in a confined
space the products of combustion are about fifty-seven per cent.
by weight of ultimately solid matter, and forty-three of gases,
which at o° C. and 760 mm., o¢cupy about 280 times the volume
of the original powder. That the temperature of explosion is
about 2,200° C., and the tension of the products, when the pow-
der entirely fills the space in which it is fired, is about 6,400
atmospheres, or forty-two tons per square inch.

When fired in the bore of the gun it was shown that the work
on the projectile is effected by the elastic force resident in the
permanent gases, but the reduction of temperature, due to the
expansion of the permanent gases, is in a great measure com-
pensated for by the heat stored up in the liquid residue. The
total theoretical work of gunpowder when expanded indefinitely
(as for instance in a gun of infinite length) was deduced from
the data ‘which they accumulated as about 486 foot tons per
pound of powder.

They further ascertained that the fine grain powders furnish
decidedly smaller portions of gaseous products than large grain
or cannon powders ; that the variations in the composition of
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the products of explosion, in a closed vessel, furnished by one
and the same powder, under different conditions as regards pres-
sure. and by two powders of similar composition, under the same
conditions of pressure, are so considerable that no chemical
expression can be given for the metamorphosis of a gunpowder
of a normal composition, and that the proportions of the several
constituents of the solid residue are quite as much affected by
slight accidental conditions of explosion of one and the same
powder in different experiments as by decided differences in the
composition or in the size of the grain.

The subsequent researches of Berthelot and Vieille, and of
Sarrau and Vieille showed that gunpowder was not singular in
that its combustion products varied with the variations in the
conditions prevailing in the firing chamber, but that this same
rule held for gun cotton, picrates and other explosives, also, and
that consequently the chemical reaction taking place and the
physical phenomena attending them were changed with these
varying conditions, and more particularly with variations in the
density of loading.

Before the invention of the instruments of precision above
alluded to, guns were constructed largely on principles deduced
from observations of exterior phenomena, and powder was manu-
factured largely by rule of thumb. With the ability to determine
quantitatively their behavior, each has been studied in a scientific
manner and improved by rational methods.

By their use the real importance of uniformity in chemical and
physical composition was demonstrated for the powder, and the
means by which to ‘‘ prove powder’’ before issue were supplied,
while rational blending, by which to minimize the irregularities
incident to the best commercial processes was made possible.
At the same time greater uniformity in granulation wassecured ;
the best form of grain was developed for great guns through the
pebble to the mammoth, disk, pellet, sphere, cylinder, hollow
cylinder, hexagon and cube to the hexagonal prism, with one
canal, which is now generally adopted, and which is a modified
form of the grain invented by Rodman ; the size of the grain
best adapted for a given gun was ascertained, and the size rose
trom one-sixth of an inch, as used in the 15-inch S. B., to
fhe hexagonal prism one inch in height by 1.36 inches in diame-
ter ; the density of the grain rose from 1.60 to 1.86; the effect
of prearranged variations of density in grairs, as proposed by
Doremus and carried out in the Fossano powder, was deter-
mined ; and the important part which moisture played in the
reactions going on in the chamber with the necessity forintroduc-
ing it into the grain in definite quantities and retaining it there
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within very narrow limits was discovered. In fact these methods
of inspection have become so precise and the powder specifica-
tions so severe that the manufacture of military gunpowder is
now a most difficult art, and the maker must not only watch
the barometer and thermometer and hygrometer to determine
his action at each step of his process, but according to omne
authority, he must ‘‘vary his treatment with each passing
cloud,” and notwithstanding all precautions, it is no uncommon
thing for the best makers to have their product rejected at the
proving ground.

Besides these improvements in black gunpowder, which have
resulted from our ability to accurately gauge its performance,
these instruments have shown us that it is possible to avail our-
selves of the energy stored up in underburned charcoal or carbo-
hydrates if we but modify the brusqueness incident to mixtures
containing them by adopting the proper size, form, hardness
and density for the grain, and this has resulted in the cocoa or
brown prismatic powders which have come into very extented
use since 1880.

The valuable properties of the compressed powder were then
applied for use in small calibers and enabled Hebler to realize a
marked increase in efficiency for his rifles, and in these forms
the limit of efficiency of gunpowder appeared to be reached.

But while this was being accomplished, progress was being
rapidly made along other lines which we will briefly point out.

Among the other inventions in gunnery which preceded the
invention of smokeless powder, and made its use possible or
essential, we may mention the introduction of rifling, by which
greater accuracy of fire and a higher velocity and penetrating
effect is obtained, and which, while invented by Gaspard Zoll-
ner, of Vienna, in 1480, did not come into vogue until 1830, or
general use until much later. Breech loading, which was
knowwn among the Chinese as early as 1313, but which has prac-
tically been developed since 1863, our civil war having been
fought chiefly with muzzle loaders. Percussion caps, invented
by Joseph Egg, in 1818, and adopted, with the nipple, in France
in 1838. Self obturating metallic ammunition, which depended
on the preceding invention, and which we owe apparently to Flo-
bert, who introduced it for use, with a quick powder, in his parlor
rifle in 1845, though it did not come into use for larger caliber
for some years later, and then only after the discovery of a metal
having the necessary ductility and strength from which to
strike the shells and the perfecting of machinery for their eco-
nomic and rapid production. Magazine rifles and machine
guns, the earlier practical forms of the latter being the weapon
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exhibited by Dr. Gatling in 1867, and the French mitrailleuse,
and which have now developed into the automatic machine guns,
such as Maxim, Colt, Hotchkiss, and others possessing an
almost incredible rapidity of discharge. Rapid fire large caliber
guns, which, like the foregoing, depend for their development on
the prior invention of the breech mechanism, and the metallic
ammunition and which have reached calibers of six-inch diame-
ter and throw 100-pound shot at the rate of six per minute, with
a velocity of over 2,000 feet per second. Breech-loading, built-
up steelrifles, which,while embodying the ideas of a gun of equal
strength, as announced by Professor Treadwell, in 1843, the
mechanical devices of Chambers patented in 1849, and the prin-
ciples of initial tension, as expounded in Rodman’s publication
of the same year, have been developed, at least in this country,
only since the appointment of the Gun Foundry Board by Sec-
retary Chandler, and whose manufacture was then rendered pos-
sible only through the perfection which our machine tools had
attained and the improvements achieved in the metallurgy of
steel. Small caliber rifles, with steel or german-silver mantled
bullets, which are sighted for about two miles, and whose projec-
tile will pierce six men, standing one behind the other in close
order, at 1,000 yards. And finally to the invention of range-
finders or telemeters, through which by trigonometric or
mechanical methods, the position of the far distant targets now
in range of new weapons may be located with precision.

For it is evident that to use these precise and powerful weap-
ons and instruments, with the accuracy and rapidity they
are capable of, the atmosphere must remain clear, and the
piece must remain clean, while at the same time the highest
attainable velocity must be imparted to the projectile without
an undue strain being brought upon the gun. Yet we have
seen that Noble and Abel found that military gunpowder
gives off, on combustion, fifty-seven per cent. by weight of
ultimately solid matter which is either thrown into the
atmosphere to produce smoke or left as a residue to foul the
bore. How considerable this smoke producing capacity of gun-
powder is may be estimated if we take a Gatling firing 1200
rounds of small arm ammunition per minute (and this by no
means expresses the highest attainable speed to-day) and
assume that all the solid matter is driven out the gun, when we
shall find that each minute six and six-tenth pounds of finely
divided solid matter will be projected into the atmosphere. Add
to this, in a general engagement, the smoke fromthe great guns,
which, as with the 110-ton gun, can project 528 pounds of this
solid product at each discharge, and that coming from the rapid
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fire, and magazine rifles, and it is obvious that unless a favora-
ble breeze is blowing or other favorable atmospheric conditions
prevail, the force or ship will soon be enveloped in an opaque
cloud of smoke and be at the mercy of an invisible foe. Itis, I
repeat, conditions such as these which have rendered smoke-
less powder, of good ballistic qualities, a great desideration,
if not an absolute necessity.

While the development of the projectile, the musket, .the
machine gun, and ordnance; the perfection in the composi-
tions, forms, and manufacture of gunpowder; and the inven-
tion of the instruments and devices for gauging and controlling
their performance was going on, chemists were engaged in add-
ing their contributions to.the fund of human knowledge in the
field of explosives. In 1788 Hausmann discovered ‘‘picric
acid,”’ in 1800 Howard discovered mercuric fulminate, in 1845
Schonbein discovered gun cotton, in 1845 Sobrero discovered
nitroglycerin, in 1875 Nobel invented explosive gelatine, and
in the meantime, or subsequently, numerous allied nitro-substi-
tution compounds, nitric ethers and diazo-bodies, less generally
known than those above enumerated, were produced, and iden-
tified, and shown to possess explosive properties.

The earlier experimental tests of these bodies proved that not
only were some of them more powerful or more violent explo-
sives than gunpowder, but that no smoke accompanied their
explosion, since the products of their explosive decomposition
were gases or vapors at the prevailing temperatures and efforts
were put forth soon after their discovery to adapt them for use
as propellents. These, together with various organic solids,
and liquids to serve as solvents and hardening agents and am-
monium and barium nitrates to serve as oxidizing asjjents were
known and at hand.

The earliest experiment with smokeless powder was probably
that made by Howard, in 1800, when he tested the properties of
his newly discovered mercuric fulminate and found that though
this violent agent produced little smoke, imparted a low velocity
to the projectile and but a slight recoil to the piece, it burst the
chamber, and demonstrated its unfitness to compete with gunpow-
der as a ballistic agent. Nevertheless this substance has since
found a limited use, when mixed with solid diluents which act
as restrainers, in ammunition for parlor rifles, and it is notice-
able that when firing this ammunition there is little smoke and
a scarcely audible report attending the discharge.

In 1806 Grindel carried out a somewhat extended series of
experimemnts with a view to substituting ammonium nitrate for
potassium nitrate as the oxidizing agent in gunpowder mix-
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tures but the deliquescent character of the ammonium salt ren-
dered the powder made with it useless under the then existing
conditions, and has proven a formidable obstacle to its use in
many of the attempts subsequently made. The fact, however,
that the products of its combustion, at the prevailing tempera-
ture, are wholly gaseous rendered it a tempting material to
inventors of smokeless powders and it has been more recently
used, among others, by F. Gaens, who, in 1885, patented, in
Germany, his so-called ‘‘ Amide Powder,"’ produced by mixing
eighty parts of ammonium nitrate and 101 parts of potassium
nitrate, with forty parts of charcoal. He claimed that this mix-
ture was not hygroscopic and was practically smokeless, and he
held that by the reaction consequent on the ignition, a potass-
amine was formed which was both volatile and explosive.
Whatever the nature of the reaction, it appears from the reports
that an ammonium nitrate powder was produced about this time
in Germany and later in England, under the name of Chilworth
Special, which possessed remarkable ballistic properties and
yielded comparatively little smoke, which speedily dispersed,
and which bore exposure very well until the humidity of the
atmosphere approached saturation.

It is possible that the ammonium nitrate used may have been
produced by Benker’'s process, in which the salt is formed by
metathesis from solutions of sodium nitrate and ammonium sul-
phate exposed to a temperature of —15°, or below, for it is
claimed that the ammonium nitrate which crystallizes out under
these circumstances is of extraordinary purity and not at all
hygroscopic.

It would appear that though these ammonium nitrate powders
are slightly hygroscopic, they may retain their good qualities
for long times in the hermetically sealed cases used infixed am-
munition up to the six-inch rapid fire gun, but that we know that
the small amount of water necessarily present produces marked
changes during long periods of storage yith varying tempera-
tures and that the ammoniacal salts attack the copper of the
shells. Besides, too, we must remember that ammonium nitrate
in common with other ammonium salts gives off ammonia, when
heated or exposed to the air, and becomes acid so that we are
debarred from using it in the presence of any bodies affected by
the acid.

The next step toward the development of our modern smoke-
less powder was taken when, soon after the discovery of guncot-
ton, in 1845, attempts were made to use this material as a pro-
pellent. These experiments were made in Germany, France,
and England, and a very extended series were carried on by
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Major Mordecai, at the Washington Arsenal, but the material,
owing to its form and the imperfection in its manufacture,
proved too brisant and too irregular in its action, and so unsta-
ble on keeping as to undergo decomposition in storage. The
material having been proved to possess many valuable qualities
was not wholly abandoned, but it continued to be the subject of
study by many chemists until in 1862, it seeming that Baron von
Lenck had so perfected the methods for its manufacture and
purification as to ensure stability and uniformity of composition.
Austria adopted it as a’propellent and supplied thirty howitzer
batteries with guncotton cartridges.

This is the first instance in which a really smokeless powder
was employed on any but an experimental scale and this pow-
der foreshadowed in its composition and many of its character-
istics, the best modern powders of the smokeless class. The
guncotton as then made retained the fibrous condition of the
original cotton and in the Austrian cartridges it was spun into
thread and woven into circular webs like lamp wicks, or
braided, or wound on wooden or paper bobbins, and so arranged
in the piece as to secure the desired air spacing as well as to
insure ignition from the front. As thus used, it was claimed to
be uninjured by dampness; to require a charge of but one-
fourth to one-third of that of the powder previously employed ;
to be capable of being regulated so as to produce widely vary-
ing effects at will; to leave no residue to foul the piece; and to
produce no smoke, while the gases evolved were less injurious
to both the piece and men serving it than those of gunpowder.
At the same time it produced less heating effect on the gun.

Unfortunately, about this time, the factory at Hirtenberg,
where the guncotton was made, blew up for some undiscovered
cause, and accidents having occurred with the guns, the use of
guncotton was abandoned by the Austrians.

Its {fate seemed now to be sealed, but such was not the case,
for the scene of action then passed to England, where Abel not
long after succeeded in effecting a more complete purification of
the body by pulping it prior to the final washing processes, thus
cutting the tubular fiber into short lengths and rendering it pos-
sible to remove the last traces of acid retained within the tubes
by capillarity and which had been the occasion of its decomposi-
tion with time. Having thus obtained his pulped, purified gun-
cotton he compressed it into such forms as was desired, and in
1867 and 1868 he obtained with it some very promising results
when used with field guns. But although comparatively small
charges often gave high velocities of projection without any
indications of injury to the gun, the uniform fulfillment of the
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conditions essential to safety proved then to be beyond control,
and the military authorities not being, at thattime, alive to the
advantages that might accrue from the employment of a smoke-
less explosive in artillery, experiments were discontinued not
to be resumed for nearly twenty years, and use was found for
compressed guncotton in military and naval mining and espe-
cially in filling torpedoes, where it has been found the most
efficient and satisfactory explosive thus far applied to this pur-

But sportsmen, to meet whose wants and wishes many note-
worthy improvements have been made in the arts, did appreciate
the value, to marksmen, of smokelessness combined with high
velocities and absence of fouling, and the progress made during
the succeeding twenty years in the adaptation of organic nitrates
to use as propellents was under their patronage and in response
to their demands, and naturally, the first object sought was to
g0 restrain the violence of the explosive that rupturing explo-
sions, such as had occurred, could not be induced under the
conditions in which the powder was to be used.

One of the first to realize a considerable degree of success was
Captain Schultze, of the German artillery, who made a powder
from well purified and partly nitrated wood. For this pur-
pose he sawed the wood into sheets about one-sixteenth of an
inch in thickness, which were passed through a machine that
punched out discs or grains of uniform size. The grains were

" then deprived of their resinous matter by being boiled in sodium
carbonate, washed, steamed, and then bleached with chloride of
lime, when finally, after drying, the cellulose was nitrated in an
acid mixture, such as is used for making guncotton. The
nitrated wood was then steeped in a solution of potassium and
barium nitrates, and when dry the powder was finished. By
this means a nitrocellulose was produced which was diluted
with unconverted cellulose and metallic nitrates, which were so
intimately mingled that a fairly even rate of combustion was
obtained though abnormal results were not wholly avoided.

The advantage of using nitrates and combustible organic sub-
stances as diluents was soon recognized ; and, as a consequence,
many powders of this nature were devised, some thirty of them
having been produced and many of these put on the market, in
which we find that potassium, sodium and barium nitrates, and
potassium chlorate were used as oxidizing agents and sugar,
cellulose, charcoal, sulphur, starch, dextrin, gums, resins, and
paraffine as combustible diluents and cementing agents. All,
however, approximated black gunpowder, as regards physical
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structure and none attained to complete success as regards uni-
formity of fire and reliability of pressure.

In 1882 Messrs. Reid and Johnson patented the process for
making E. C. powder, in which the pulped nitrocellulose and
nitrates was agglomerated into grains by revolving the mois-
tened mass in barrels, drying the grains, moistening with ether to
harden them, and then coloring them with aurine.

About 1885 Messrs. Johnson and Borland produced the J. B.
powder, in which a new idea, as regards powder manufacture,
was .introduced, though it had been used elsewhere for many
years. The inventors mixed nitro cotton with barium nitrate
and with or without charcoal or torrefied starch and granulated
the mixture in a revolving drum, while the water was admitted
in a fine spray. When granulated the grains were dried and
then moistened with a solution of camphor in petroleum spirit,
and after a time heated in a water jacketed vessel to evaporate
the benzine, and the bulk of the camphor. By this treatment
the grains were hardened and rendered more slowly inflamable.

As this method of treatment resembles in some particulars that
followed in the production of celluloid, though it differs in
details, and as several of the smokeless powders are made by
methods which are adapted from this art, you will pardon me if
I briefly describe it.

Celluloid is made from that form of cellulose nitrate known as
nitro-cotton or soluble guncotton, and which is produced by
immersing unsized and uncalendered tissue paper for a short
time in a comparatively weak acid, both being kept at a mode-
rately high temperature. This nitro-cotton is pulped in a rag
engine, dried and moistened with camphor spirits. If a con-
siderable portion of camphor spirits be added, and the mixture
be allowed to stand for awhile, the mass becomes converted into
a soft translucent amber gum ; with more of the spirit the nitro-
cotton will be completely dissolved ; but as carried out, the pro-
portion of spirit added is insufficient to produce a very apparent
change.

The mixture is now taken to incorporating rolls or ‘‘grinders,’’
(as they are called in the caoutchouc industry), where it is inti-
mately mixed and well pressed ; when the particles cohere and
the whole becomes converted into a plastic, translucent homo-
geneous mass which behaves like India rubber and resembles it
superficially in every particular but color. After incorporation,
by cutting the length of the roll, the mass may be stripped off
in one continuous, coherent sheet, which on exposure to the
atmosphere, through which the spirit and camphor are volatil-
ized, hardens to a hornlike mass.
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In the manufacture of a smokeless powder by this means, it is
customary to mix with the nitro-cotton or mixed cellulose
nitrates, a small proportion of other nitrates in order to effect
complete combustion and a restrainer to assist in brmgmg the
rate of combustion within normal limits; and this mixing is
easily effected on the incorporating rolls. Barium nitrate is the
salt whith is perhaps most largely used, and it is preferred
because it is very permanent, contains a fair proportion of
available oxygen which it yields with comparative readiness,
and possibly because the carbonate which is formed by the com-
bustion has so high a specific gravity that it settles with consid-
erable speed.

Other solvents besides camphor spirits are employed when the
higher cellulose nitrates are used in the manufacture of the
powder. Thus Engel takes a cellulose nitrate prepared from
wood, while Glaser employs that prepared from paper or card-
board and treats it, when dry, with ethyl acetate or acetone, the
action of the solvent being aided by mechanical kneading in a
suitable vessel until a viscid paste or gelatinous mass is
obtained with which the barium nitrate and a hydrocarbon,
such ds naphthalene, is incorporated. The mass is then
formed into any desired shape and the solvent is allowed to
evaporate or is distilled off by any suitable means when the pow-
der is left as a dense horny material, with a glassy fracture,
which can be readily granulated.

The first military smokeless powder of the modern class was
made in France in 1886 by Vieille, and is said to have been
compounded of cellulose nitrates mixed with picric acid, but it
was soon abandoned 1in favor of the Poudre B., which consisted
of cellulose nitrates alone, or Poudre B. N., which consisted of
these nitrates mixed with barium nitrate and potassium nitrate
as oxidants, and sodium carbonate as a neutralizer. Both these
mixtures were condensed and hardened to a celluloid-like mass
by means of a solvent like ether-alcohol, ethyl acetate or ace-
tone.

Excellent ballistic results have been reported from France as
being obtained with these powders, and they have been adopted
by the French government. At the same time similar mixed
cellulose nitrate powders have been produced and used in Ger-
many, Austro-Hungary and Switzerland ; the Weteren, Trois-
dorf and Von Forster powders being of this class. Notwith-
standing that these have so long been known, our government
has, with regal graciousness, recently granted a patent to two
of its officers for a powder of this composition.

These are made by mixing the ingredients together with the
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solvent in a kneading machine of the \Werner and Pfleiderer
class, in batches of one to two hundred weight, until it is con-
wverted into a dough, when it is incorporated and the solvent
partly driven off by putting on the grinding rolls, by which
means it is also formed into continuous sheets, whose thickness
is fixed by the set of the rolls. It is preferable where thick
masses are desired to first roll into thin sheets so as to evaporate
the solvent as completely as possible from the gelatinized mass,
and then by piling the thin sheets on one ‘another, weld them
together by running them through the rolls. They are then
granulated by passing them under a set of revolving circular
knives which cut them first into strips and then.into rectangles
of the desired size and shape. These powders are dense, hard
and hornlike in appearance.

Following Vieille by about two years,' Nobel invented ballis-
tite, which practically is a modified explosive gelatine, differing
from it only in that while the gelatine consists of ninety-three
per cent. of nitroglycerin, and seven per cent. of nitro-cotton,
ballastite contains about forty per cent. of nitro-cotton and one
to two per cent. of anilin or diphenylamin, which is added to
the nitroglycerol nitro-cotton mixture as a neutralizing agent
to ensure stability. At first the solution of the gun-cotton and
gelatinization of the mixture was effected by means of camphor
and later by means of benzene, but it is now produced under
the English patent of Lundholm and Sayer of 1889. They dis-
covered that while dry nitro-cotton is but slightly soluble in
nitroglycerin even at moderately high temperatures, when mixed
with warm water and stirred up by compressed air, gelatiniza-
tion sets in and solution may be completed by pressing out the
water and working in the grinder. Flexible, transparent rub-
ber-like sheets are formed, which may be cut into flakes in cut-
ting machines of the usual type, or in pastry cutters, or may be
squirted through spaghetti machines, as is done in Italy, where
these cords or threads of ballistite are known as ‘* Filite."’

It is curious to note how many of the machines devised for
bread making. pastry cutting and macaroni forming, have been
employed in the manufacture of smokeless powder.

In 1889 Sir Frederick Abel and Professor James Dewar
secured their patents on cordite, which like ballistite, contains
nitroglycerin and cellulose nitrate, but whereas ballistite is
made from nitro-cotton alone, cordite is made from ‘‘gun-cot-
ton '’ containing from ten to twelve per cent. of nitro-cotton, to
which is added a little tannin, dextrin or vaseline to serve as a
restrainer. The gelatinization is effected by means of acetone,

1 English Patent, January 31, 1588,
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the mixture being kneaded to a dough in a water-jacketed
kneading machine,compacted in a mould in a preliminary press,
and the mould transferred to a spaghetti machine, where the
explosive is squirted into cords. As these cords issue, they are
reeled on bobbins, which are placed in the drying houseto drive
off the acetone. When this is completed the product of ten
pressings is wound from ten one-strand reels on to one ten-strand
reel and then the cordite on six ten-strand reels is wound on one
drum, making a corad of sixty strands, which in short lengths
forms the thirty and one-half grains charge for the magazine
rifle. For the higher calibers the cords are cut in lengths as
they issue from the press, dried and made up into bundles.
Cordite is an elastic rubber-like mass with a light to dark brown
color.

Analogous to these in composition, in that they consist of
nitroglycerin with cellulose nitrates, are many powders, such
as amberite, Maxim’s powder, Leonard’s powder, P. P. G.,
Peyton’s powder, German smokeless powder and others, and
they differ in but slight particulars. Thus Curtis and André
blend different cellulose nitrates before incorporation so as to
secure a definite nitrogen content, and then cement by ether-
alcohol ; Maxim restrains his powder with castor oil; Leonard
restrains his with lycopodium, and adds urea crystals as a neu-
tralizer ; Walke claims to make P. P. G. from a nitro-cellulose,
which is not gun-cotton, and so on.

The employment of nitro substitution compounds as bases for
smokeless powders has been comparatively limited. Overtwenty
years ago Designolle invented powders made by mixing potas-
sium picrate, potassium nitrate and charcoal in various propor-
tions. Borlinetto produced them from picric acid, sodium
nitrate and potassium dichromate. Abel and Brugére from
ammonium picrate, potassium nitrate and charcoal, and more
recently Nobel from ammonium picrate, barium nitrate and
charcoal. Within a few years past a powder has been manu-
factured in this country and put upon the market as a sporting
powder, which was composed of ammonium picrate, potassium
picrate, and ammonium dichromate, but I understand it has
given such irregular and abnormal pressures that its manufac-
ture has been discontinued.

While these powders may have been smoké-weak as compared
with gunpowder, it is difficult to understand how, in the pres-
ence of such amounts of metallic radicles, they could have been
smokeless. A powder, however, which is made by Hermann
Giittler, by dissolving nitro-lignin in molten dinitro-toluene and
which he calls Plastomentite, may well possess this property,
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and it is reported to have given good ballistic results at the
Bucharest tests of 1893.

The powder called Gelbite, and invented by Dr. Stephen H.
Emmens, was also smokeless. This was made by an ingenious
process in which paper in strips was nitrated to amoderate degree
of nitration, then fumed with ammonia to neutralize the acid,
and then treated with picric acid to neutralize the ammonia and
form ammonium picrate. These strips were then rolled up into
rolls as charges, but as might have been foreseen from a study
of the behavior of gunpowder in guns and the study of the his-
tory of gun-cotton, this powder was too brusque in action and
has been abandoned.

I began my own experiments with smokeless powder manu-
facture in 188g. At this time the remarkable results published
from France, and the announcement that that country had
adopted a smokeless powder, had produced their desired strate-
gic effect. All her rivals were seeking .to be equally well
equipped and were hastening to adopt a powder even before its
qualities were thoroughly proven. The newspapers contained
remarkable accounts of their performances and alleged descrip-
tions of their methods of production, which while interesting as
news and conveying valuable suggestions, could not be relied
upon as to accuracy in details.

At the outset, being familiar with the impossibility of secur-
ing absolute uniformity and constancy of composition in phy-
sical mixtures like gunpowder, and realizing how important this
feature was with our precise modern weapons, and when employ-
ing an explosive possessing great energy, I determined to
attempt to produce a powder which should consist of a single
substance in a state of chemical purity. This was a thing
which I had not known of having beendone, nor have I yetlearned
that any one else has attempted it. Among the bodies at com-
mand, the nitric ethers seemed most available, and of these cel-
lulose nitrate seemed for many reasons the most promising.

There are, as you are aware, several of these nitrates (authori-
ties differ as to the number) which differ in their action towards
solvents, though all except the most highly nitrated are soluble
in methyl alcohol. In the commercial production of cellulose
nitrate certainly, and so far as I have observed under all cir-
cumstances, when nitrating cellulose the product is a mixture
of different cellulose nitrates. Even in the perfected Abel pro-
cess for making military gun-cotton, as carried out at the Royal
Gun Powder Factory, at Waltham Abbey, according to Gutt-
mann', the product contains as a rule, fromten totwelve per cent.
of nitro-cotton.

1 Manafacture of Explosives, 2, 259, 1595.
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Consequently I began by purifying my dried pulped military
gun-cotton, which was done by extracting it with hot methyl
alcohol in a continuous extractor, and when this was completed
the insoluble cellulose nitrate was again exposed in the drying
room. The highly nitrated cellulose was then mixed with a
quantity of mono-nitro-benzene, which scarcely affected its ap-
pearance and did not alter its powdered form. The powder was
then incorporated upon a grinder by which it was colloidized
and converted into a dark translucent mass resembling India
rubber. The sheet was now stripped off and cut up into flat
grains or strips, or it was pressed through a spaghetti machine
and formed into cords, either solid or perforated, of the desired
dimensions, which were cut into grains. Then the granu-
lated explosive was immersed in water, boiling under the
atmospheric pressure, by which the nitro-benzene was carried
off and the cellulose nitrate was indurated so that the mass
became light yellow to gray, and as dense and hard as ivory,
and it was by this physical change in state, which could be
varied within limits by the press that I modified the material
from a brisant rupturing explosive to a slow burning propellent.

This is the powder which I styled indurite, and which has
been popularly known as the Naval Smokeless Powder.

I was satisfied that I was justified in starting on this new
practice in powder-making when I found, on examination of the
samples of foreign military powders' which later began to reach
me officially, that they were heterogeneous mixtures as the old
gunpowder is and that they contained matter which was volatile
at ordinary temperatures, and when I learned that the nitro-
glycerin powders cracked from freezing.

I was still more satisfied when I learned the results of the
proving tests which were all made except the chemical stability
and breaking down tests by naval officers detailed for this pur-
pose at the Proving Ground and elsewhere, and who had no pre-
judice in its favor. All of the numerous publications which
have appeared about it have issued from headquarters, and I
present the matter myself here for the first time.

I have appended the data from these trials to this address
where, on inspection it will be seen, that after development, the
powder in use, in successive rounds, gave remarkably regular
pressures and uniform velocities. I was informed by the
Chief of the Bureau before the firing trials, recorded in the
tables began, that if I could produce a powder giving 2,000
feet initial velocity and but fifteen tons pressure, it would be
a complete success. Inspection of the tables show that this was
more than realized and that in two successive rounds in the

1 Table I.
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six-inch rapid fire gun, using twenty-six pounds of my pow-
der and a 100 pound projectile, the presstures were 13.96 and
13.93 tons, and the velocities 2,469 and 2,456 feet per second
respectively, while according to the Report of the Secretary
of the Navy, 1892, page 26, ‘‘ the powder manufactured for use
in the six-inch rapid fire guns was stored at Indian Head
proving ground, through a period of six months, covering a
hot summer, and at the end of the time showed no change
in a firing test.”’

On page 25 Secretary Tracy says, ‘‘It became apparent to
the department early in this administration that unless it was
content to fall behind the standard of military and naval progress
abroad in respect to powder, it must take some steps to develop
and to provide for the manufacture in this country of the new
smokeless powder, from which extraordinary results had been
obtained in Europe. With this object negotiations were at first
attempted looking to the acquisition of the secret of its composi-
tion and manufacture. Finding itself unable to accomplish this,
the Department turned its attention to the development of a
similar product from independent investigation. The history of
these investigations and of the successful work performed in
this direction at the torpedo station has been recited in previous
reports. It is a gratifying fact to be able to show that what we
could not obtain through the assistance of others, we succeeded
in accomplishing ourselves, and that the results are considera-
bly in advance of those hitherto attained in foreign countries.”’

From this survey we see that all of the smokeless powders
that have met with acceptance and proved of value as ballistic
agents with the exception of Indurite are mixtures of one or
more of the cellulose nitrates, or mixtures of these bodies, with
nitroglycerin or some other oxidizing agent, like barium
nitrate, and a restrainer or with a nitro substitution compound
and that all have been condensed or hardened into a rubber-like
or celluloid-like form, by which, even under the high pressures
which obtain in the gun, they are expected to undergo combus-
tion only and that at a moderate and regular rate.

In thus condensing the material, and in determining the
best form of grain, it will be observed that we have been
guided by the experience gained in the compression of
gunpowder, and we have been able to effect this as we have
by the experience gained in the development of celluloid, and
we have been able to manipulate our product and shape it into
grains only by adopting the methods and machines developed in
the manufacture of food, while we have been able to test our
product and check our results and thus ensure a more rapid and
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certain advance by the constant use of the pressure gauge and
velocimeter. In my opinion, if these resources had not been at
command and available the smokeless powder industry would
not yet exist.

From what has been said it may properly be inferred that we
seek in these new powders all the virtues of the old gunpowder
with the addition that the new powder shall be smokeless, impart
higher velocities while producing no greater pressures and that
less of it shall be required to do the work. These requirements
may be summed up as follows :

The conditions that a smokeless powder suitable for a propel-
lent should fulfill are :

1. That it shall be physically and chemically uniform in com-
position.

2. That itshall bestable and permanent under the varying con-
ditions of temperature and humidity incident to service storage
and use for all time.

3. That it shall be sufficiently rigid to resist deformation in
transportation and handling.

hat it shall produce a higher or as high a velocity with
as low a pressure as the service charge of black powder for a
given piece.

5. That it shall be incapable of undergoing a detonating
explosion.

6. That the products of its combustion shall be nearly if not
quite gaseous so that there shall be no residue from it and little
or no smoke.

7. That it shall produce no noxious or irrespirable gases or
vapors.

8. That it shall not unduly erode the piece by developing an
excessive temperature.

9. That it shall be as safe as gunpowder in handling and

loadm
%‘hat it shall be no more than ordinarily dangerous to

manufacture

Most of theserequirements have been satisfied in several of the
powders, but time alone can determine the question of absolute
stability and especially as the comparison is instituted with gun-
powder which has peen under observation for over 500 years.

We can and do apply tests whose results give us some confi-
dence as I did when I exposed Indurite wrapped in felt in an
iron vessel to a temperature of 208° F. for six hours w 1thout its
undergoing change, and again at a temperature of 212° F. for
twenty hours before any change was observed, and again to 5°
F. without its being affected.
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In fact from the outset I have advised the application of
most rigid tests and drew up the following scheme for the Navy
Department in July, 1891, by which to test Indurite.

*‘ The most important requisite of powder, after passing the
proof test, is that it shall retain its characteristics under all the
conditions of storage or transportation which may obtain in the
service or that, if any change does take place, it shall not cause
the powder to develop under the ‘‘ proof’’ conditions any greater
pressure than it did at the time of proving, and that such falling
off in velocity as may result from this change in the powder
shall not be relatively greater than that which obtains for ser-
vice black powder, and shall be uniforn for the same conditions
of exposure.

‘“In providing for this test I would first prove a ten pound
lot to determine the maximum weight that will come within the
limits fixed for pressure and velocity, and then I would load 1000
Winchester 30.1 cal. and 1000 Mannlicher shell with a charge
some grains (say five) less than the maximum, so as to be
doubly safe in case the pressure should become increased through
the treatment to which the powder is subjected.

‘“The loading should be done with extreme care by skilled
workmen in an especially clean and uniformly heated and dried
room. The charges should be weighed on chemical balances
and with all the precautions surrounding an analytical opera-
tion. The balls should be weighed and gauged, and the shell
should be gauged so as to secure as nearly absolute uniformity
as possible, while the caps and priming (if used) and wads
should be identical for each shell of each 1000 lot.

‘“These being prepared, I would packtheseball cartridges pre-
cisely as if ready for issue to the service, and then I would store
385 Winchester’s and 385 Mannlicher’s in the regular magazine
at the Naval Torpedo Station, and the same number of the same
kind in the regular magazine at the Naval Ordnance Proving
Ground. I would then draw from the magazine at the Torpedo
Station twenty-five Winchester’s and 25 Mannlicher’s and fire
them, using the muskets and measuring instruments which are
to be used throughout the trials, and I would repeat this trial
every month for three years, firing ten rounds of each form of
ammunition and using the same muskets and instruments
throughout. At the same time I would have an identical set of
tests made at the Proving Ground, the same precautions being
taken there regarding the instruments and tools. Throughout
the tests a close watch should be kept on the magazines by
means of maximum and minimum thermometersso that if abnor-
mal results are obtained in firing it may be known whether or
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not any abnormal conditions have obtained in the magazine.
This series of tests will consume 1540 rounds. It would, in my
judgment, be of much value to store with these cartridges and
fire with them an equal number of charges of standard service
black powder, to be used as a standard for reference by which
any error in the observations, or defects in the instruments may
be detected.

“I would take eighty rounds of the Winchester'sand elghty of
the Mannlicher’s and place them in an oven heated to 140° F.
or thereabouts. At the end of one month twenty of each are to
be drawn out and this to be repeated each month for four
months. One half of each form should be proved at the Torpedo
Station and the other half at the Proving Ground.

‘I would take eighty rounds of the Winchester’sand eighty of
the Mannlicher’s and subject them for two weeks to the freez-
ing temperature, then for two weeks to a temperature of about
140° F., and then draw twenty of each, and this should be
continued until the last forty drawn out have been exposed for
eight weeks to freezing and eight weeks to the high tempera-
ture. The firing trials with these should be made as w:th pre-
ceding ones.

‘‘The remaining shellshould be stored in the regular magazine
to be used in any test case which may arise or in any manner
suggested by the results obtained in the tests described above.

‘In the meantime tests could be made with the hand cutS. P.
for the capacity of the powder to resist crumbling and dusting
during transportation and the tendency of the fixed ammunition
to explode en masse by the impact of -projectiles, or by the
explosion of a single cartridge in the midst of a box filled with
them. The first can be effected by taking a pound or a kilo-

am of carefully sifted powder, placing ina copper vessel which
it only partly fills, and attaching it to a shaft so that it will be
continually and violently shaken, and allowing this to go on
every working day for a week. The powder can then be sifted,
using the same mesh as before, the weight of the dust found and
the percentage of dusting for the given circumstances deter-
mined.

“‘In the trials for tendency to explode ez massefifty or forty-five
caliber ammunition can be used and the weights of charges need
not be very precise, but the ammunition should be packed in,
as nearly as possible, the same wa