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PREFACE.

NOTWITHSTANDING the amount and variety of analytical

work required for the various interests connected with

sugar, there exists no book in English that treats of this

branch of analysis, and only a few scattered and incom-

plete dictionary articles. The main dependence of the

chemist must be on German and French sources, in which

languages treatises on sugar analysis are numerous.

I have accordingly attempted, with as much success as

may be, to supply this deficiency in the special literature

of analytical chemistry, believing that there is now, and

still more in the near future there will be, a need of such

a work in English-speaking countries.

An introduction on the chemistry of the more important

sugars is given, on account of its intimate connection with

the subject ;
the matter is brought strictly up to the time

of publication, and in some important respects as, for ex-

ample, in relation to inversion, and the melassigenic action

of salts on cane-sugar I believe to be more full than can be

found elsewhere.

The formulas and atomic weights used are according to

the new system, and the temperatures are Centigrade.
3
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CHAPTER I.

THE CHEMISTRY OF THE SUGARS AS A CLASS.

THE term sugar is applied to a group of bodies resem-

bling each other by a number of striking properties ;

these properties partly chemical and partly physical

are as follows : (1) the sweet taste
; (2) the ability to

undergo the process of fermentation
; (3) the identity or

similarity in chemical composition or relations
; (4) the

power that aqueous solutions have of rotating the plane

of polarized light ; (5) the general resemblance in physical

and chemical characteristics, such as their ready solubi-

lity in water, insolubility in absolute alcohol and ether,

facility of crystallization in well-defined forms, the simi-

larity of their products of oxidation, and their ability

to reduce the oxide of copper in alkaline solution, either

directly or after conversion into some other sugar by fer-

mentation or the action of dilute acids.

The sweet taste is very distinctive of sugars, and is

possessed in a greater or less degree by nearly all of

them, from cane-sugar, which is the type of sweet sub-

stances, to some of the rarer saccharoids, which have

this property in a very low degree or not at all. The

sugars are not the only bodies, however, possessing a

sweet taste, as glycol and glycerin are sweet, as well as

some metallic salts, notably the acetates of lead
;
the
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two former are, however, allied to the sugars, as they
are polyatomic alcohols. The yttria salts and some silver

compounds are also said to have a sugary flavor. The

relative sweetening power of cane-sugar to dextrose has

been generally placed as two to one
;
Parmentier questions

this, and gives the following quantities of the two sugars

as having an identical sweetening effect :

10 pts. of cane-sugar to 40 pts. of water.

12 " dextrose to 40 " "

It has been asserted that levulose is sweeter than cane-

sugar, and this seems to be confirmed by the fact that in-

vert-sugar is sweeter than cane-sugar, H. Morton placing

the excess at ten per cent.

The sugars are mostly of vegetable origin, though a few,

as inosite and dextrose, are found in animals
; they exist in

a great variety of plants distributed over every part of the

globe.

CHEMICAL CONSTITUTION.

All bodies known as sugars are composed of carbon,

oxygen, and hydrogen ;
in the true sugars the hydrogen

and oxygen are present in the proportions that form water.

For example, dextrose CgH^O,,, has the hydrogen and oxy-

gen present in the exact proportion to make six molecules

of water, and the formula may be written thus : C
fl(H 2O)' ;

the compound, from this point of view, may be considered as

a hydrate of carbon. Bodies thus constituted :m> called

carbohydrates, and under this name are included many
important substances not classed as sugars, though sugar

may be derived from many of them by the action of dias-

tase or acids. The most important of these are : starch,
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/&C 6
H

10 B ; cellulose, 7iC 6H 10O5 ; gum, C 12H22On ;
and dex-

trin, C,H 10 5

Most sugars belong to the class of the hexatomic alco-

hols and the corresponding ethers. An alcohol is a com-

pound in which hydrogen, in a saturated hydrocarbon, is

replaced by one or more atoms of the univalent radical

hydroxyl HO
; thus, propenyl alcohol or glycerin

(C 3H 5)'''(HO) 3 ,
is derived from the hydrocarbon propane

C3
H

g by substituting three atoms of hydroxyl for the same

number of hydrogen, the result being a triatomic alcohol

that is, one containing three atoms of hydroxyl in the

place of an equal number of replaceable hydrogen. So

with higher replacements ;
mannite C 6H 14O 6 , may be consi-

dered as derived from the saturated hydrocarbon C 6H 14 by

replacing six atoms of hydrogen with an equal number

of hydroxyl atoms, and the formula may be written

(C 6
H

8 )

VI

(HO)
8

,
which represents a hexatomic alcohol.

Mannite and dulcite are important representatives of the

sugars having the composition of alcohols.

Sugars of the formula C 6
H

12O 6 ,
or the glucoses, have two

atoms of hydrogen less than the saturated alcohols, and

are classed as aldehydes of these alcohols
;
this classifica-

tion is justified by the fact that dextrose, when acted upon

by nascent hydrogen, is converted into mannite, just as

acetic aldehyde is changed into ethylic alcohol by the same

agent.

Sugars of the composition C J2
H22OU ,

such as cane-sugar,

are so constituted that one molecule is equivalent to

two molecules of the glucoses, minus one molecule of

water as, C 12
H22On = (2C 6H 12O6

- OH2) ;
these are called

diglucosic alcohols. The carbohydrates starch, cellu-

lose, and a few others, having the formula C 6
H 10O 5 ,

or
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multiples of it, may be regarded as the oxygen ethers or

anhydrides of the glucoses or the diglucosic alcohols, in-

asmuch as they differ from them by one molecule of water.

The most important of the sugars may be arranged, ac-

cording to their chemical relations, as follows :

I. SATURATED ALCOHOLS.

Triatomic. Pentatomic. Hexatomic.

Dambonite. (C,H 7 )
V (OH)

6
(C 6H 8)vi(OH)

6

(C 4 H5)"'(OH)
8

. Quercite. Mannite.

Derivedfrom butyknt% Finite. Dulcite.

C 4H 8 . Derivedfrom the hydro- Isodulcite.

carbon CH7. Rhamnegite.

Derived from the hydro-

carbon CgHg.

II. ALDEHYDES OF THE HEXATOMIC ALCOHOLS

(GLUCOSES).

CH)4O Hj = CeHiaO.

Dextrose. Mannitose. Eucalyn.

Levulose. Dulcitose. Inosite.

Galactose. Dambose.

III. DIGLUCOSIC ALCOHOLS.

\Relatedto the glucoses by C 12HaaOu = (2C eH 12O H 2O)].

Saccharose. Melitose.

Parasaccharose. Mycose.

Lactose. Trehalose.

Melezitose. Synanthrose.

Maltose.

The above grouping is based on the modern theories of

organic chemistry, which may be useful in this application,

as they have undoubtedly been in many others. A more

convenient, and possibly an equally scientific classification

may be made, based on the relations of constitutional iden-
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tity or similarity in regard to their empirical formulas, and

general chemical and physical properties. The true sugars

or carbohydrates have the characters pre-eminently sac-

charine, while the saccharoids differ much from them in

atomic constitution and many other properties. The car-

bohydrates are classed as fermentable and non-fermen-

table. Class I. is again divided into A, Glucoses, and B,

Svwoses, the former being capable of fermenting directly

without previous conversion into any other body.
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Formation in Plants. Cane-sugar is probably de-

rived from the starch existing in the plant, which is con-

verted by the action of diastase, or a similar ferment, into

the soluble form, or dextrin, and then into sugar by the

fixation of the elements of water. According to Payen,

all immature parts of the sugar-cane contain starch, while

at maturity there is not a trace of it.

M. A. Richard, in his Precis de Botanique, gives the

following account of the conversion of the amylaceous

matter into sugar:
" Starch has the same chemical compo-

sition as cellulose carbon and the elements of water. It

is found largely in all the organs of the plant, where it

accumulates to serve for nutrition
; but, like cellulose,

starch is insoluble in water. In order to render it assimi-

lable it must be made soluble, and this is effected by a

peculiar body, diastase, discovered by MM. Payen and

Persoz, which exists or is formed under certain circum-

stances in all organs containing starch. Diastase possesses

the peculiar property of converting starch into a saccha-

roid and soluble matter, dextrin, which is dissolved and

carried by the juice to all parts of the plant. Now, the

dextrin, combining with one equivalent more of water, is

changed into cane-sugar. The latter may be modified in

its turn, combining with additional water and producing

dextrose, or grape-sugar."

As a result of numerous experiments made by M. Biot*

upon the conditions of the formation and change of sugar
in various plants, including the sycamore, maple, birch, wal-

nut, and wheat, the following conclusions were arrived at :

1. The existence, at a certain age of the plant, of grape or

*
Compt. Rend.
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invert sugar alone. 2. The simultaneous presence of cane

and invert, or grape-sugar. 3. The existence of different

sugars in different organs of the same plant. 4. The

natural and normal transformation of different sugars into

each other, and even into dextrin. 5. The converse of the

above that starch and dextrin are converted into cane-

sugar.

Berthelot and Buignet,* in experiments on the orange,

have shown the remarkable fact that cane-sugar forms in

the presence of free citric acid, which appears to be not

only without invertive action, but actually prevents the

formation of invert-sugar.

C. T. Jackson f considers, in the case of the sugar mil-

let, that cane is derived from invert-sugar at the period of

maturity. To this leery,^ from the result of his exami-

nation of the growing sugar-cane, assents, but claims an

important role for the influence of light in the transforma-

tion.

Synthetical Studies of the Sugars. It has long

been a favorite idea with chemists to produce the sugars,

and especially cane-sugar, by artificial means
;
but up to

the present there has been but small success in this de-

partment of research. Honig and Rosenfeld (Ber. CJiem.

Gesell., x. 871) attempted to produce the alkali and halo-

gen combinations of dextrose. Pohl states that sugar

may be produced from assamar (see page 42) when the

aqueous solution is allowed to remain a long time at rest.

Assamar, according to Reichenbach, has the formula

C94H,6O 13 , whence

*
Compt. Rend., li. 1094. f Ann. Chim. Phys., [4] v. 350.

\lbid., xlvi. 55. Jour.Pk. Chem., Ixxxii. 148.
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As the nature of assamar, however, is entirely unknown,

the equation has no theoretical value. Lowig
* obtained

a fermentable syrup from oxalic ether, and Renardf has

found, among the products of the action of electrolytic

oxygen on glycerin and dilute sulphuric acid, a body
C 6H,,O8 which reduces alkaline solution of oxide of cop-

per, and on oxidation gives oxalic acid.

By the action of alkalies on invert-sugar Peligot recog-

nized a substance among the products which he called sac-

charin. This body has the composition of cane-sugar,

C 12
HMOn ,

and crystallizes in large right-rhombic prisms ;

the taste is not sweet ;
soluble in cold water

;
not fermenta-

ble with yeast ; largely volatile ;
does not reduce alkaline

solution of oxide of copper ;
nitric acid oxidizes it to

oxalic acid
; specific rotatory power [a] D = 93 5'.

Optical Rotatory Power. Aqueous solutions of most

sugars have the property of rotating the plane of polar-

ized light either to the right or left. The degree of rota-

tion varies with different sugars, and with the majority the

direction of the rotation is to the right and is uninflu-

enced to any great extent by the temperature. Levulose

rotates to the left, and the temperature exercises great in-

fluence. A freshly-prepared solution of crystallized dex-

trose, and some other sugars, possesses a rotation of double

the ordinary, but when it is left to itself for some hours,

* Jour. Pic. Chem., Ixxxiii. 129. \ Compt. Re?id., Ixxxii. 562.

tlbid., Ixxxix. 918 ; xc. 1141.

Later investigations of Scheibler (Neue-Zeits, v. 261) lead him to assign the

formula C 6Hi 6 ; see also Kolli and Vachovic (Ibid., v. 170) on the synthesii

of sugars.
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or heated, the specific rotatory power is reduced to the

normal degree, where it remains constant. This property

of sugars is called Birotation (see page 79).

RELATION OF SUGARS TO THE PHENOMENA OF FERMENTA-

TION.

The ability to decompose under the influence of a nitro-

genous exciting agent or ferment is perhaps the most dis-

tinctive characteristic of these bodies. By placing a solu-

tion of sugar under suitable conditions the evolution of

carbonic acid or hydrogen, and the formation of alcohol

or lactic acid, is positive proof of the presence of sugar or

saccharoidal matter. As far as known there are no ex-

ceptions to this.

The sugars are capable of undergoing various kinds of

fermentation, the difference consisting in the nature of the

ferment, the temperature, the concentration of the fluid

in which the action takes place, and the products formed.

Mucous Fermentation (Gmelin's Handbook Cav. Soc.,

xv. 280). This fermentation takes place under the influ-

ence of a peculiar mucous ferment which is composed of

sporules of .0012 to .0014 mm. in diameter, and, when in-

troduced into cane-sugar solutions containing albumen,

causes the sugar to be resolved into mannite, gum, and car-

bonic acid. 100 pts. of cane-sugar yield, on the average,

59.01 pts. mannite,

45.50 "
gum,

corresponding to the equation :

25C,,HM U + 13H,0 = 12C,,H, 10 + 24C.HMO. + 12CO,

Under conditions not accurately known hydrogen is also
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evolved. When a greater proportion of gum is formed

than that given above, the sporules are larger and are

probably a distinct ferment (Pasteur*). Mucous fer-

mentation requires access of air, and likewise the presence

of nitrogenous matter
;
neither acid nor alcohol is pro-

d ced (Hochstetter). The fermentation is prevented by

sulphuric acid, hydrochloric acid, and alum. Fresh beet-

juice, on exposure to the air, becomes gummy, and is

found to contain mannite, gum, tartaric acid, and uncrys-

tallizable sugar.

According to Plagne,f the juice of the sugar-cane con-

tains a white, non-azotized substance, which becomes

brown and moist in contact with the air, is soft and

difficult to dry, soluble in water, insoluble in alcohol and

ether, and is precipitated from watery solutions by oxide

of lead, mercurous salts, and alcohol. It converts cane-

sugar into a substance intermediate between starch and

gluten, which forms quickly and somewhat abundantly

in syrups, rendering them viscid, ductile, and uncrystal-

lizable. If, therefore, the juice, after being treated with

lime, is left to stand forty-eight hours, a jelly is produced
from which alcohol throws down a soft white precipitate

which dries to a nacreous mass, dissolving but sparingly

in hot and cold water, even when moist, but swells up

again to a transparent jelly, which, treated with nitri^

acid, yields only oxalic acid. It is not colored by iodine

or converted into glucose by acids, and does not give off

ammonia when submitted to dry distillation. %

Lactous or Butyrous Fermentation. Various su-

* Bull Soc. Chim, 1861, 30. f Journ. Pharm., xxvi. 248.

{See Phil. Mag., 1846, 28 ; Scheibler (Zeit. f. Rubmz, xxiv. 309).
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gars and dextrin, when subjected to the action of particular

ferments, are converted into lactic acid, the change consist-

ing in the resolution of the molecule, preceded in some

cases by the assumption of the elements of water as,

(1) C6H 12 6
= 2C 3

H
6 3 .

Dextrose. Lactic acid.

(2) CJS..O,, + H.O = : 4C.H.O,.
Lactose. Lactic acid.

The lactous fermentation requires a temperature of 20

to 40 C., the presence of water, and certain ferments viz.,

albuminous substances in a peculiar state of decompo-

sition, such as caseine, gluten, and animal membranes.

The action depends upon a ferment contained in or formed

by the above substances, and, according to Blondeau, is

the vegetable growth Penicilium glaucum.
When the lactous fermentation is set up in a suitable

solution, it is because certain bodies present in the air de-

velop the ferment in the liquid ;
if the air is excluded, or

only heated air has access to the solution, no lactous fer-

mentation will take place, unless the proper ferment is

added (Pasteur *). According to Bechamp, ordinary chalk

contains in itself a ferment recognizable by the microscope ;

he found, when artificial carbonate of lime was used for the

lactous fermentation, that the operation did not take place

at all. The spontaneously-developed fermentation of sac-

charine juices containing nitrogen is sometimes lactous and

sometimes vinous, but more frequently both together.

In order that a sugar solution may undergo the lactous

fermentation there is added to it, at a temperature of from

* Ann. Chim. Phya., 52.
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20 to 40 C. (best about 30), some putrid cheese or a suit-

able animal membrane, and a considerable quantity of

chalk to neutralize the lactic acid as it is formed, because

the presence of the latter hinders the progress of the fer-

mentation by coagulating the caseine of the cheese. The

whole is left for two or three weeks, when a crystalline

deposit of calcium lactate is formed; if this is not re-

moved it gradually redissolves, owing to the ensuing

butyrous fermentation whereby butyric acid is formed,

whose calcium salt is soluble ; hydrogen is evolved at the

same time. The reaction is illustrated by the equation :

2C3
H

6O3
= C 4

H 8O2 + 2COa + H2 .

Lactic acid. Butyric acid.

Pasteur considers that the butyrous fermentation is ex-

cited by a peculiar infusoria. Slightly alkaline solutions

are best suited to the development of the lactous fermenta-

tion, neutral liquids for the development of yeast (Pasteur).

Lactous fermentation may be replaced by a conversion of

the cane-sugar into -acetic acid instead of lactic; this

change is said to take place under the influence of the

Torula aceti (Blondeau). According to Boutroux (Compt.

Rend., 1878, No. 9), the lactic ferment, and the fungus

Mycoderrna aceti which is associated with the acetification

of alcohol, are identical, the function varying with the com-

position of the putrescent medium.

Vinous Fermentation. The clear juice of saccharine

plants, or any other solution of cane-sugar containing a

suitable nitrogenous body, left to itself in contact with the

air at a temperature of 20 to 24 C., becomes turbid after

a few hours and gives off carbonic acid, the temperature of

the solution rising at the same time
;
in from 48 hours to

several weeks, according to the temperature and the nature
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of the nitrogenous matter present, the whole of the sugar
is decomposed. The fermentation may take place at much
lower temperatures than that given, down to 0, but the

action is then rendered very slow (Dubrunfaut). As soon

as the evolution of carbonic acid is terminated, a substance

previously suspended in the solution, is partly carried up-

wards by the adhering gas-bubbles, and partly falls to the

bottom of the vessel
;
this insoluble substance is the yeast.

The liquid, after the completion of the operation, contains,

in the place of the sugar, alcohol, glycerin, and succinic

acid mainly, together with traces of several other bodies.

The formation of tliese products may be roughly represented

by the following equations :

C.H.,0. = 2C,H.O + 2CO,, (1)

Dextrose. Alcohol.

and

49C 6
H

iaO fl+ 30HaO = 12C 4
H 6 4 + 72C 3

HA + 30CO,. (2)

Succinic acid. Glycerin.

(Pasteur.*)

By far the greatest portion of the sugar is converted into

alcohol and carbonic acid, only from four to five per cent,

being transformed into other bodies. The yeast itself takes

up from one to one and a half per cent, of the elements of

the sugar in the form of cellulose and fat. According to

Maumene,t there is produced in the vinous fermentation

small quantities of other alcohols, as butylic, amylic, and

others, but no methylic. The gum, extractive, malic acid,

and dextrin contained in fermenting liquids are not aifected

(Proust and Ventzke $). When a solution contains less than

* Ann. Chvm. Phytt., 58. $ Jour. Pk. Chemie, xxv. 81.

f Traite.
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four parts of water to one of sugar, the fermentation takes

place imperfectly or not at all.

The exact rationale of the process of fermentation is a

matter of some obscurity, though it is certain that the pre-

sence of albuminoid nitrogenous matter is essential, as well

as a peculiar ferment ;
both of these are contained in yeast.

The ferment is a fungoid growth, and is specifically diffe-

rent for the various classes of fermentation. The fungus

Saccharomycts cerevisice appears to be the exciting agent

for the vinous fermentation, while Penicilium glaucum per-

forms the same office in the lactous fermentation
;
both are

found in beer-yeast. Yeast produced in the alcoholic fer-

mentation is capable of exciting the same change, under

suitable conditions, in other saccharine solutions, air being

necessary for the beginning of the operation, but not for its

continuance.

Cane-sugar, previous to undergoing the vinous fermenta-

tion, is converted into a mixture of dextrose and levulose, in

varying proportions, by the taking up of one molecule of

water. This inversion is effected under the influence of a

peculiar body contained in yeast or in the kernels of fruits,

and called by Barth *
invertin, who describes it as a white

powder, soluble in water, and giving a precipitate with

plumbic acetate
;
he gives the mean composition as

Carbon 43.90

Hydrogen 8.40

Nitrogen 6.00

Oxygen 41.47

Sulphur 63

See also Hoppe-Seyler (Ber. CTiem. Gesell., iv. 810), Gun-

ning (Ibid., v. 821), and Donath (Ibid., viii. 795).

* Ber. Chem. Gesell, 1878, No. 5.
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A solution thus wholly or partially inverted exhibits a

levo-rotatory power with polarized light before and during

the progress of the fermentation. It is undecided whether

the inversion takes place, as with acids, according to the

equation :

C ia
H2,On + H

2
= C 6

H
12 6 + C 6

H
12 6 ,

or that the relative proportion of the glucoses formed varies

from the above
;
the inversion is not due to the presence of

succinic or any other acid.

According to Pasteur, the following represents, within

narrow limits, the quantitative results of the vinous fermen-

tation of cane-sugar :

100 parts of saccharose, equivalent to 105.36 parts inverted

sugar, give

61.11 parts ethylic alcohol.

48.89 " carbonic acid.

.67
" succinic acid.

3.16 "
glycerin.

1.00 "
cellulose, fat, and extractive.

The glycerin and succinic acid are formed by the yeast, and

not by any peculiar ferment.

Influence of Saline Matters on Fermentation.

Ammonium chloride precipitates yeast from a liquid, while

potassium silicate and borax coagulate it. Maumene *

gives the following, showing the action of salts on the vi-

nous fermentation : one gramme of yeast was left for

three days in contact with a solution containing thirty to

forty grammes of salt. The results are approximate only

1. .Fermentation more or less aided. Sulphates of po-

tassium
1

,
sodium 14

, magnesium
19

, calcium", zinc", copper",

* Traite, vol. i.
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aluminium 24

;
chlorides of potassium

1

,
calcium20

,
stron-

tium"
; phosphates of potassium

3

,
calcium 21

,
ammonium 18

,

sodium 15

; potassium formiate
8

; potassium tartrate" and bi-

tartrate
10

;
sodium lactate

17

.

2. Fermentation more or less retarded. Sulphates of

iron
15 and manganese

1 '

;
sodium sulphite

8

;
nitrates of po-

tassium2 and ammonium 11

;
chloride of barium 14

;
iodide of

potassium
4

;
arseniate

5 and butyrate of potassium
3

;
borate

of sodium9

,
Rochelle salt

9
. (The figures refer to the rela-

tive order of activity.)

3. Inversion increased without fermentation being

affected. Potassium nitrite, chromate, bichromate
;

so-

dium chloride, nitrite, acetate
;
ammonium chloride

;
mer-

curic cyanide.*

The Cellulosic Fermentation. According to E. Du-

ring cane-sugar is capable of breaking up, under the influ-

ence of a peculiar ferment and certain conditions, into

levulose and cellulose, as shown by the following equation :

C 12
H22On = C 6

H
10 5 + C 6

H
12O e

.

Cane-sugar. Cellulose. Levulose.

During the progress of this fermentation the cane-sugar is

transformed into levulose
;

in the simplest phase of the

operation no gas is disengaged, but if the solution becomes

acid carbonic acid appears, though acetic acid is princi-

pally formed. During the continuance of the fermenta-

tion a quantity of white clots are formed, which, following

M. Durin, are pure cellulose. These, on being added to a

sugar solution, can excite in it the same change by

* Compare results of Knapp, Ann. der Chemie, clxiii. 65 ; Dubrunfaut, La
Sucrerie Indigene, xii. ; Dumas, Hon. Scientif., 1872; Kolbe and Meyer, J. Pk.

Ch., ix. 133.

f La Sucrerie Indigene, xi. 8.
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which they were themselves formed
;
the temperature of 30

is the most favorable. Dextrose and mannite do not un-

dergo this species of fermentation.

GENERAL CHEMICAL PROPERTIES OF SUGARS.

Action of Heat. Some sugars containing water of

crystallization as dextrose, melitose, eucalyn, inosite. and

trehalose lose it at 100, melezitose at 110, and mycose

at 130. At somewhat higher temperatures the glucoses

give up a further quantity of water and yield anhydrides

analogous to mannitan. Thus,

Dextrose C 6HnO fl

- H
2O = C,H )0O 5

.

Glucosan.

As the temperature is increased a number of indefinite

bodies are formed, known as caramel and its derivatives.

Submitted to dry distillation, the sugars are resolved into

carbonic oxide, carbonic acid, methane, acetic acid, alde-

hyde, furfurol, acetone, liquid hydrocarbons, and a black

coal.

Action of Oxidizing Agents. The sugars are easily

oxidized with powerful oxidizing agents, yielding pro-

ducts of simpler composition, as carbonic, formic, and

oxalic acids. Glucose and levulose reduce salts of copper,

silver, mercury, and bismuth quite readily. Haberman

and Honig (Chem. Centb.* xiii. 119) claim that, by the

action of hydrated oxide of copper on sugar solutions in

the heat, (1) levulose, dextrose, invert, milk, and cane-

sugars reduce to sub-oxide
; (2) the reaction is very quick

with levulose and invert-sugar, but less so with dexti<^<\

while with cane-sugar it only begins after several hours'

boiling, and even then the action is probably due to in-

version
; (3) the oxidation products are carbonic, formic,
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and glycollic acids, together with an amorphous body.

By prolonged boiling with nitric acid saccharose yields

mostly oxalic acid. At lower temperatures and with more

dilute acids products are formed nearer in constitution to

the sugars, as mucic, saccharic, tartaric acids, and

sometimes racemic. The formation of the isomeric acids

mucic and saccharic is illustrated by the equation :

Tartaric acid is probably formed by the further oxidation

of saccharic acid, racemic by the oxidation of mucic.

Saccharose and dextrose, and most other sugars yield by
this gradual oxidation only saccharic acid

;
lactose yields

mucic acid principally, with a small quantity of saccha-

ric
;
melitose gives saccharic mainly, with a small quantity

of mucic acid.

The following table of Horneman* shows the relative

quantities of tartaric and racemic acids formed by the

oxidation of various carbohydrates :

Under the influence of chlorine and bromine some sugars

yield two acids containing six atoms of carbon isodi-

glycoethylenic acid C 6H12 6 ,
and gluconic acid C 6H 12O7 .

* Jour. Prak. Chemie, Ixxxix. 283.
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The first is formed when a solution of bromine is made
to act on milk-sugar ; the second when a current of

chlorine is passed through a dilute solution of cane-sugar

or dextrose. Levulose and sorbite break up by the action

of chlorine into glycollic acid.

Reactions with Acids. Sugars form with acids com

pounds analogous to ethers, acting like polyatomic alco-

hols. Concentrated nitric acid, or a mixture of nitric

and sulphuric acids, acts upon saccharine bodies, giving

rise to nitro-substitution compounds in which the univa-

lent radical NO3 takes the place of an atom of hydrogen.

Thus, in the case of saccharose, the product has the com-

position C 12
H

18(NO2)

4On . With inosite, hex-nitro inosite is

produced, C6H 6(NO,)
8O6 . Isodulcite, dextrose, milk-sugar,

and trehalose yield nitro compounds whose composition is

not exactly known.

Sulphuric acid acts on cane-sugar much more strongly

than upon the glucoses. A strong syrup of cane or milk-

sugar mixed with concentrated sulphuric acid is immedi-

ately decomposed with strong intumescence, attended with

an evolution of sulphurous acid gas and various volatile

compounds, a black carbonaceous residue being left.

Dextrose, under the same circumstances, gives without

blackening, a sulpho-acid C24H 48SO27
= 4C n

H
12O 6 - SO3 ,

the

reaction being precisely similar to that of organic acids

with sugar. Phosphoric acid appears to act in the same

manner.

Saccharides. The organic acids yield, with sugars,

ethereal compounds called saccharides. Berthelot* has

produced this class of compounds by heating dextrose

with various organic acids, such as acetic, butyric, stearic,

*Ann. Chim. Phys., liv. 78.
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but has found, as a general rule, that the number of

molecules of water eliminated is one in excess of the

number of molecules of the monobasic acid taking part in

the reaction. So that the products obtained are ethers of

glucosan, and not of glucose, as below :

(1) C HM0. + 2C fH.O, = C 6H JO(C4
H

70)X) 6 + 2H9O.

Dextrose. Butyric acid. Dibutyric glucose.

(2) C,H120. + 2C.H.O. = C,H(C.H,0)'0S + 3H,O.

Dibutyric glucosan.

By the action of tartaric acid on saccharose, dextrose,

and lactose, according to the same chemist, entirely simi-

lar derived compounds are formed, which bear the rela-

tion to glucosan shown in the equation (2). Mannite also

gives compounds likewise related to mannitan.

Action of Weak Acitls Inversion. When cane-

sugar is heated with dilute sulphuric acid or hydrochloric

it is converted into dextrose and levulose :

CMHMO ll + H2
- C 6

H
12 6 + C 6

H
I20/

Melezitose yields two molecules of dextrose
; melitose, one

molecule of dextrose and one of eucalyn ;
and lactose,

two molecules of galactose (Pasteur).

Action of Alkalies. Dextrose is much more easily

acted upon by caustic alkalies than saccharose. The de-

composition of aqueous solutions of the glucoses takes

place slowly in the cold, more quickly on heating, the

liquid first turning yellow and then brown, yielding

humus-like bodies. Dextrose thus treated gives glucic

acid as the first product of the reaction. The sucroses

C 19
HMOn are not attacked by dilute alkalies in the cold,

and but slowly on heating ; they are decomposed by boiling
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with concentrated alkaline solutions. When fused with

caustic alkalies they yield oxalic acid.

Ammonia, in the form of gas or in aqueous solution,

when allowed to act on the sugars and some other carbo-

hydrates, is capable of forming compounds ith them

somewhat resembling gelatin, and containing in some

cases from 14 to 19 per cent, of nitrogen. Dusart, by

heating dextrose, lactose, and starch with aqueous ammo-

nia in sealed tubes to 150 C., obtained ni{, ogenou^ sub-

stances which were precipitated by alcohol in tenacious

threads, forming with tannic acid an insoluble, non-putre-

fying compound. As it has been observed that bone gela-

tin approximates in composition to an amide of the

carbohydrates, the above facts are of considerable inte-

rest.

C.H.,0.+ 2NH, = C.H..N.O. + 4H.O.
Gelatin.

It has also been observed that gelatin, when boiled with

sulphuric acid, yields, among other products, sugars re-

sembling the glucoses.



CHAPTER II.

ANE-SUGAR OR SACCHAROSE C iaHMOn .

Common Sugar Crystallizdble Sugar Sucrose Sucre

de Canne, Fr. Rolirzucker, Gr.

Occurrence. Cane-sugar is widely diffused in the

vegetable kingdom, being found more generally, and in

greater quantities among the grasses. The sugar-cane,

Saccharum officinarum, conte *ns often more than twenty

per cent, of sugar, unmixed, it is claimed, with any other

sugar, when the plant is perfectly ripe. The following

analyses of the cane are by O. Popp
*

:

The stems of Sorghum saccTiaratum and 8. Holcus,

when quite ripe, contain 9 per cent, cane-sugar unmixed

with fruit-sugar (Goessman) ;
the unripe stems carry only

starch and grape-sugar. P. Collier f has found in the

* Zeit. fur Chemie, 1870, 328.

f Report to the Commissioner of Agriculture, 1879, and Aug. 1, 1880.

Washington, U.S.A.

81
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juice of different varieties of sorghum from 15.95 per cent,

cane and .65 per cent, of grape-sugar, to 13.90 per cent.

cane and 1.45 per cent, grape-sugar, when the canes are

quite ripe. The juice from the stems of Indian corn or

maize (Zea mays), according to the same authority, con-

tained 12.09 per cent, cane-sugar and .68 per cent, grape-

sugar. The nectar of flowers contains invert-sugar with a

considerable proportion of cane-sugar, the latter amount-

ing in the case of the fuchsia to three or four times the

quantity of fruit-sugar (A. S. Wilson, Chem. News,

xxxviii. 93).

Many fleshy roots carry considerable quantities of

cane-sugar, notably those of Angelica arcJiangelica, Beta

vulgaris, ChoeropTiyltum bulbosum, Chicorium intybus,

Daucus carota, HeliantTius tuberosus, Leontodon tarax-

acum, and others. The common beet (Beta vulgaris)

averages from seven to eleven per cent, of cane-sugar,

though in particular cases, owing to high cultivation, the

amount has reached fourteen per cent.* The beet contains

no other sugar besides saccharose. According to W.

Stein, f eight per cent, of sugar is obtainable from the mad-

der-root, though it contains fourteen per cent., partly un-

crystallizable.

Cane-sugar occurs in the stems and trunks of trees,

as the sugar-maple, Acer saccharinum, the sycamore,

some species of Betula, in the vernal juice of Juglans

alba, Tilia Europcea, and in several palms, especially

Saguerus RumpJili, or the sago palm, and the Cocos nuci-

fera, or cocoanut-tree. The leaves of many plants con-

tain sugar. A. Petit found in vine-leaves .92 per cent, of

*Payen, C&mpt. Rend., xl. 769 ; Schmidt, Ann. der Cherme, Ixxxiii. 325.

f Journ. f&r Prak. Chemie, cvii. 444.
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cane and 2.62 per cent, of grape sugar, and also the same

bodies in cherry-leaves.

The sugar of fruits at the season of maturity is always

cane-sugar, but by the influence of a peculiar ferment it

may be partially or wholly converted into a mixture of

dextrose and levulose, which is commonly called fruit-

siif/ar. Ripe fruits thus sometimes contain only fruit-

sugar, and at others a mixture of cane and fruit sugars.

Buignet
*

gives in the following table the saccharine

content of most of the common fruits, with the amount

of acid present :

The formation of cane-sugar in fruits is not prevented

by the presence of acids (Buignet, loc. cit.) Cane-sugar is

also found in melons and dates. Walnuts, hazel-nuts,

bitter and sweet almonds contain only cane-sugar (Pe-

louze f), while the saccharine matter of others is a mixture

of cane and fruit sugar. The sugar of common honey is

levo-rotatory, and is composed of fruit-sugar, dextrose,

* Ann. Chim. Phys., [3] Ixi. 233. f Compt. Rend., xl. 608.
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and cane-sugar. The latter is found chiefly in the honey
of the cells, and rapidly disappears on keeping, owing to

an accompanying ferment. Cane-sugar is not found in

healthy cereals and barley-malt ready formed, but is pro-

duced by the action of diastase and water in the crushed

grain (Mitscherlich, Peligot, and Stein). The analysis of

the manna from Sinai (from Tamarix mannifera) shows,

according to Berthelot :

*

55 per cent, cane-sugar,

25 invert-sugar,

20 " dextrin.

And that from Kurdistan :

61 per cent, cane-sugar,

16.5 invert-sugar,

22.5 " dextrin.

Preparation from Natural Sources. For working
on the small scale Marggraf recommends that the plant, re-

duced to as fine a state of division as is practicable, be

treated with strong boiling alcohol, and the solution ob-

tained filtered and allowed to cool, when the sugar crystal-

lizes out. To obtain cane-sugar from fruits containing also

uncrystallizable sugar, Peligot and Buignet f have adopt-

ed the following method : Add to the juice an equal

volume of alcohol to prevent alteration, if it is to be kept

any length of time before operating, and filter; saturate

the filtrate with excess of milk of lime, and again filter.

Boil the second filtrate, when a compound of cane sugar

and lime separates, which contains two-thirds of the total

cane-sii^ar present. Filter, wash the precipitate well with

water, diffuse it in water, and decompose with a stream of

Compt. Rend., liii. 588. t
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carbonic-acid gas. The solution filtered from the car-

bonate of lime is concentrated by heat (best in a vacuum)
to a syrupy consistency, decolorized by bone black, and

mixed with strong alcohol until it becomes cloudy, when
it is set aside to crystallize. If the solution, after treat-

ment with carbonic acid, yields a turbid filtrate, solution,

of basic acetate of lead is added, the liquid refiltered. and

the excess of lead removed from the second nitrate with

sulph-hydric acid gas.

Physical Properties. Cane-sugar when obtained by
slow evaporation forms large, transparent crystals, but

when the crystallization takes place rapidly they are much
modified and striated. When a strong syrup is concen-

trated to the proper consistency, it sets, on cooling, to

a solid mass of fine crystals, which, after being washed

with a pure syrup, constitutes the loaf-sugar of commerce.

Sugar crystallizes in the monoclinic system, the forms gene-

rally having hemihedral faces, but are often tabular.

Fi9- I- ^^ Fig. 2-

Figs. 1 and 2 show the crystallization of cane-sugar.

Axes : a : b : c = .7952 : 1 : .70.

Angle of axes b and c = 76 44'.

Angles j9 7i' = 103 30'.

m m (on the side) = 101 32'.

e'e' (above p) = 99.

aW = 64 30'.
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(See Wolff, Jour. Pk. Chemie, xxviii. 129).

Ordinary forms, m, p, li', a', e', d*. Harder than any

other sugar except lactose. Fig. 3 represents fine crystals

of cane-sugar under a moderate magnifying power.

Fig. 3.

Cane-sugar exhibits phosphorescence when broken, or

when a strong electric discharge is passed through it.

SPECIFIC GRAVITY. 1.593 (Joule and Playfair), 1.595

(Maumene), 1.630 (Dubrunfaut), 1.580 (Kopp) ;
the latter

number, according to Gerlach,* who has carefully experi-

mented in this direction, is the most correct 1.58046 atl7

*
Zeit.f. Rubenz., xiii. 288.
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C. being the figure he obtained : melted barley-sugar 1.509

(Biot).

SPECIFIC ROTATORY POWER. This constant as given by
different authorities for the line D is :

c = No. of grammes of material in 100 c. c. of solution.

The discrepancies shown above are principally due to the

different conditions as to concentration and temperature

for the various series of experiments. Schmitz *
gives a

general formula when c = 85.68 to 10.40 :

[a] D = 66.453 .00123621c .000117037ca

;

and for more dilute solutions :

[a] D = 66.639 .0208195c + .00034603c
a
.

According to Tollens, f when c = to 18, and c 18 to 69,

the formulas are respectively :

[a] D = 66.8102 .015553c .00005246c
2
.

[a] D = 66.386 + .0150350 -- .0003986c
2
.

The deviation of the D ray for 1 mm. quartz is 21.67

(Broch).

For the transition tint (the mean yellow ray) the figure

Ber. Chem. GestlL, 1877, 14.4. f Ibid., x. 403.
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[a] j
= 73.8 is the one generally given, and which cor-

rectly corresponds to the normal weights of the various

saccharimeters using the transition tint (within narrow

limits). The numerical relation of the rotations for the

line D and the transition tint is variously given at

[a\ }
= 1.13061 [a] D for quartz (Broch), and

[a] j
= 1.129 [a] D (Montgolfier *),

1.0961,

1.034 (Weiss, Wiener Akad., Ixix. 157),

for sugar solutions.

Tollens (Ber. Ohem. Gesell., 13, 19, 2297) gives the rota-

tory power of cane-sugar in various solvents as follows :

10 per cent, solutions.

[a]D = water, 66.667.
" + ethylic alcohol, 66.827.
" + methylic

" 66.628.
" + acetone, 67.396.

The temperature exercises no important influence on the

rotatory power (see page 170).

Sugar is unalterable in the air. Specific heat, .301.

Action of Light. Raoult (Journ. Fab. Sucr., 1871)

states that cane-sugar in solution enclosed in a sealed

tube from which the air has been expelled by boiling, and

kept for five months exposed to light, was found to have

been half converted into glucose ;
a similar arrangement in

the dark remained unaltered. Kreuslerf asserts that if

the air and germs are completely excluded in the above ex-

periment no change takes place. This view is confirmed by
Pellet J and Motteu (Ber.Belg. Akad., 1877).

* Bull. Soc. Chim., xxii. 48ft. f Jour. Fabr. Sucre, 19, 5.

f Zeit. f. Anal. Chem., xiv. 197.
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Composition. Cane-sugar is composed of carbon, hy-

drogen, and oxygen :

Cane-sugar, whether obtained from the cane, beet, or any
other source, is identical in every physical and chemical

property, and in constitution.

Eiulosmose. The endosmotic equivalent, according to

Joly, is 7.25, but is not constant, depending on the quality

of the membrane, though independent of the temperature

(Schmidt, Pogg. Ann., 102). It is proportional to the den-

sity of the solution.

Solubilities. Sugar is very soluble in water, the con-

centrated solutions having that peculiar consistency deno-

minated syrupy.

H. Courtonne,* confirming the results of Berthelot and

Scheibler, gives the solubility of saccharose at 12.5 C. and

45 C. :

. 100 grms. of water dissolve 198.647 grms. sugar.

45. 100 " " " 245.000 "

The saturated solution at

12 containing 66.5 per cent.

45 " 71.0 "

The specific gravity of a sugar solution saturated at

* Zeit. f. Rubenz., 1877, 1033.
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17i is 1.3272 to 1.330 (Anthon*); 1.345082 (Michel and

Kraft f).

BrixJ gives the following formula for calculating the

amount of contraction produced by the solution of cane-

sugar in water :

V = .0288747X - .000083613X
a -

. 000002051X 3

,

wherein X = the percentage of sugar dissolved
;

at the

maximum, for a solution of 56.25 per cent. X is equal to

.9946.

Cane-sugar is insoluble in ether and cold absolute alco-

hol
; eighty parts of hot absolute alcohol take up one

part of sugar, which it deposits on cooling. Aqueous
alcohol dissolves it more readily. Scheibler[| has calcu-

lated the following table from his experimental data on

the solubility of cane-sugar in dilute alcohol of various

strengths :

* Zeit. f. Rubemucker 7m?., 1868, 615.

For full tables of solubilities at different temperatures and densities, see

page 116 and the end of the volume.

f Ann. Chem. Pharm., lii. 195.

\ Zeit.f. Rubenzucker Ind., 1854, 304; 1874, 1111.

Ibid., xxii. 246. | Ber. Cliem. GeselL, v. 343.
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On comparing this table with the one showing the solu-

bility of cane-sugar in water (page 116), it will be seen

that the water in mixtures of alcohol and water poor in

alcohol, dissolves more sugar than it can per se ; but for

mixtures rich in alcohol the contrary is the case.

Sugar has a great tendency to form supersaturated solu-

tions, especially when the temperature has been lowered.

Contact with a solid body in a tine state of division at

once determines a precipitation of the excess of sugar

(Sostman, Zeit. f.Rubenz., xxii. 837).

Action of Heat. Pure cane-sugar heated to 100 C.,

even for a long time, is scarcely altered in the absence of

watery vapor ;
in the presence of water a relatively con-

siderable change takes place (Motteu). At 173 to 177 C.

it melts without loss of weight to a clear liquid, which on

cooling solidifies to an amorphous mass called barley-

sugar, gradually becoming opaque and somewhat crystal-

line. If the fused mass is kept at this temperature for a

long time it is altered, without loss of weight, into levolu-

san and dextrose, as :
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Barley-sugar reduces less of copper oxide in the alkaline

solution of tartrate of copper than does dextrose
; sp. ro-

tatory power,* 48.

Cane-sugar heated above 180 degrees becomes brown,

loses weight, and on cooling, if exposed to the air, ab-

sorbs more water than it lost, deliquesces, and behaves

with alkalies like dextrose (Peligot). When heated for a

long time from 210 to 220 it froths up, the brown color

becomes darker, and a large quantity of water is given off

containing traces of acetic acid and furfurol
;
when froth-

ing has ceased the residue left is caramel mixed with some

unaltered sugar and a bitter substance called assamar.-\

When the temperature is raised, more water is evolved,

and an insoluble matter produced, which increases in

quantity when the temperature is carried to 250 to 300.

This insoluble body is of complex composition, being com-

posed of at least three distinct substances, caramelene,

caramelane, and caramelin. According to Peligot, :{:
on

heating cane or grape sugar to 220, and treating the resi-

due obtained with alcohol, unaltered sugar and a bitter

substance are dissolved out, and caramel remains behind,

containing on the average, when dried at 180, C 12H ]8O9 ,
or

two molecules less of water than cane-sugar. It is soluble

in water, precipitated by baryta-water and subacetate of

lead, not fermentable, and insoluble in alcohol.

When sugar is subjected to dry distillation, carameliza-

tion takes place with evolution of gases. The gas given

off at first is nearly pure carbonic oxide, and afterward

*
Tollens, Ber. Ch. Gesell., x. 1403. \Ann. Chim. Phys., Ixxvii. 154.

t J. Pk. Chem., Ixxxii. 148.
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carbonic acid and marsh-gas make their appearance. An

aqueous distillate forms, which holds a viscid oil and tar,

besides acetic acid, acetone, and aldehyde. A voluminous,

porous coal remains, constituting 32 to 34 per cent, of the

sugar treated.

Inversion by Heat. Water acts precisely as do dilute

acids in converting cane into invert-sugar.

C..H..O,, + H.O = C.H,,0. + C.H..O.

Dextrose. Levulose.

According to Gayon,* sugar solutions in sealed tubes in-

vert in the cold, but much more rapidly when heated.

See also Heintz (Zeit. f. Rubenz., xxiv. 232), Berthelot

(Ann. Chim. Phys., Ixxxiii. 106), and Pillitz (Fres. Zeit.,

x. 456). A series of experiments made by Pellet f shows

the effect of concentration and temperature in causing

inversion. The table below gives the amount of invert-

sugar formed during ninety-six hours' heating :

Maumene,^: as the result of experiments, which are sup-

ported by previously-made observations of Soubeiran,

Buignet, and others, claims that invert-sugar is a sub-

stance of variable composition, the latter depending upon
the facts as to whether the inversion takes place under the

influence of heat or acids, the time, degree of heat, rela-

Compt. Rend., 1877, No. 10. f Journ. Fabr. Sucre, xix. 10.

Traite de la Fabrication du Sucre, tome i. 118-137.
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tive quantities of acid and sugar, and other circumstances
;

that it may, according to the above conditions, consist of

dextrose, levulose, and an optically inactive sugar (isonie-

ric with the two others) in all proportions ;
and that the

mixture may show the most varying optical rotation. A
solution of cane-sugar, according to Maumene, on being

submitted to progressively-increasing inversion, begins to

lose its dextro-rotation, which is reduced to zero, after

which a left rotation begins to appear, caused by the ex-

cess of levulose, which attains a maximum
;
the rotation

then gradually decreases until zero is again reached, and

then a plus or minus reading is shown
;
and finally there

is a tendency to assume a permanent dextro-rotation.

As bearing on the estimation of cane-sugar by Clerget's

process, Maumene allows that if strict attention is paid to

the conditions laid down for the method (seepage 136), the

rotation of the inverted solution is constant, and hence no

error from this source will be introduced.

Bechamp
* attributed the inversion that cane-sugar un-

dergoes in the presence of water to the influence of mould

or fungi ;
but the later experiments of Clasen f seem to dis-

prove this. The latter shows that water, acting as an acid,

hydrates the cane-sugar, air being an important factor in

the change. Nicol,^ also, has proven that sugar is quickly

and perfectly inverted when heated in sealed tubes to 130-

135. A solution of sugar may be preserved for weeks in

close vessels
;
but in a dilute syrup, exposed to the air and

protected from dust, traces of altered sugar may be found

in three days, which increase from day to day.

*
Compt. Rend., xl. 436. \ Journ. Prak. Chemie, ciii. 449.

\ Amer. Chemist, vi. 217.
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Solutions of cane-sugar brought into intimate contact

with the air alter very quickly. In an experiment where a

solution of sugar of 10 B. was caused to flow over bits of

broken glass in a cylinder open at both ends, at 19C. it

was found that traces of invert-sugar could be discovered

after six hours. The alteration after this time went on

with greater proportionate rapidity, so that scarcely any

crystallizable sugar remained after thirty-six hours

(Hochstetter*). When nitrogenous matter is present a few

hours suffice for the above change. The best authorities

admit that the formation of levulose and dextrose in inver-

sion is simultaneous. Clasen(foc. cit.) states that a dilute

solution of cane-sugar heated immediately after its pre-

paration, nearly to the boiling-point of water for several

hours, takes on no molecular change. According to Hoch-

stetter, a solution of cane-sugar of 25 B., boiled in a dish

for one, one and a half, and two hours, at 110 to 112, un-

derwent but slight inversion
;
but on passing air into the

boiling solution the action took place with much greater

rapidity. Lund ascribes this change to the carbonic acid

present in the air.

ACTION OF ACIDS INVERSION.

This change is produced in perfection by the action of

dilute acids on cane-sugar solutions
;
the mineral acids act

more quickly and powerfully than others. The change
takes place at ordinary temperatures, but much quicker in

the heat and as the acid is more concentrated. If the

heating is long continued after the inversion is complete,

coloration of the solution takes place, accompanied with

the formation of various humus and ulmic compounds. If

* Jour.f'wr Prak. Chemie, 1843.
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a solution of sugar is heated with dilute sulphuric acid to

a temperature below 100 C., ulmin and ulmic acid make
their appearance, which, if the solution is brought to ebul-

lition, are mixed with humin and humic acid ; on the aver-

age not more than one-sixth of the sugar can be converted

into these compounds, the rest remaining in solution as

glucic acid, and, if the air has had free access, apoglucic

acid is also present. The humus substances are produced
at the boiling-point in vacua (Mulder). Nitric and hydro-
chloric acids, as well as sulphuric acid, produce the humus

decomposition of sugar ;
for every one part of these acids

ten parts of oxalic, racemic, tartaric, citric, or saccharic

acids, and sixteen parts of phosphoric, arsenious, arsenic,

and phosphorous acids, are required to produce the same

effect
;
the acid remains unaltered and may be recovered

(Malaguti, Ann. Chim. Phys., lix. 416).

The relation of various acids to the phenomena of inver-

sion has been studied by A. Behr,
* the results of whose

experiments are viz. :

I. Effect of quantity of acid and concentration. For

the same quantity of sugar the increase of inversion is by
no means proportional to the increase in the amount of

ju-id present ; while it appears, on the other hand, for a

fixed quantity of acid, that the inversion bears a direct rela-

tion to the concentration or amount of sugar present.

II. Effect of temperature. Elevation of temperature has

an enormous influence over the amount of inversion pro-

duced. Also, every acid has a specific temperature at

which the alteration begins : this for sulphuric acid is

30 to 40 C.
;
for phosphoric acid, 40 to 50

;
and for

acetic acid, 70 to 80.

* Zeits. f. Zuckerind. des Deut. Reiches, xxiv. 778.
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III. Effect of time. Probably the time during which

the action takes place is in direct proportion to the amount

of inversion.

IV. Effect of the kind of acid. The following table

shows the specific influence of different acids. The condi-

tions of the experiments are the same in each case, the

solutions being pretty concentrated, and the amount of

acid is such that 100 parts of sugar have a quantity of acid

chemically equivalent to one part SO 4
H2 . In the columns

headed 1, 2, 3, the time of the reactions and the tempera-

tures were :

1. 13-18 C., time 211 hours.

2. 19-27 C.,
" 115 "

3. 25-27 C.,
" 78 "

In the above experiments the inversion was estimated

optically, the invert-sugar formed being calculated by the

, T 200(100 I)}formula p = r, m which
288 t
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D = the polarization,

t = the temperature.

Lowenthal and Lenssen * have also experimented upon
this subject, and some of their results differ from those

given above
; they are as follows :

1. The action is proportional to the quantity of cane-

sugar present. 2. The action is slower the more dilute the

solution up to a certain point, but beyond that the case is

reversed. 3. The early stages of the reaction proceed more

actively ;
all monobasic acids modify sugar in the same

degree. Dubrunfaut f states that the amount of inversion

by acids is directly as the square of the time, and for a

complete inversion the time required is proportional to the

quantity of acid
; but, on the other hand, there is no simple

relation to the quantity of sugar taking part in the reac-

tion. According to Fleury,^: using the same quantity of

acid on varying quantities of sugar, the time required for

complete inversion is constant; the results obtained by
him are expressed by the curve

l~y==K./(a)-a?,
in which K is a coefficient depending on the temperature
and the nature of the acid, and (a) is a function of the

amount of acid.

V. Lippman has investigated the inversion of cane-sugar

by carbonic acid gas, and finds that a sugar solution satu-

rated with the gas and polarizing 100, after standing 150

hours showed a rotation of 44.2, being completely in-

verted. The same authority also found the invertive action

to be considerably increased by pressure, a solution at 100,

* Jonrn. Prak. Chemie, Ixxxv. 321. \ Compt. Rend., Ixxxi. 823.

t Journ. Fabr. Sucre, xiii. No. 21.
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saturated with the gas and heated under pressure, being

entirely inverted in from twenty to thirty minutes.

Bodenbender and Berendes* find that sulphurous acid

inverts cane-sugar largely, especially in the heat, with the

formation of sulphuric acid, and that the presence of

citrates, lactates, formiates, and benzoates lessens this

action
;

citric acid may entirely prevent it when the

amount of the sulphurous acid is no greater than sufficient

to saturate the base combined with the organic acid.

Hydrochloric acid in the cold forms only dextrose (Neu-

bauerf). Acids of the aromatic series and salicylic acid

invert strongly (Pellet and Pasquier :{:).

Action of Sulphuric Acid. Cold oil of vitriol forms

a mixture with cane-sugar completely soluble in water

without separation of carbon ; if the solution is diluted,

neutralized with chalk, and evaporated to dryness, it

yields a dark-brown residue containing sulphur (Bracon-

not ). Mulder, ||
on heating cane-sugar with dilute sul-

phuric acid, found that cjluclc acid C 18H, ,.().,
and apoylucic

acid C24H26 13
were formed. See also Richard (Zeit.f. Ru-

benz., xx. 529).

By the action of sulphuric acid on sugar Grothe and

Tollens T have produced a compound which they call levu-

linic acid ; this acid has the formula C 5
H

8O3 ,
and is pro-

duced by the decomposition of the levulose formed from

the cane-sugar by inversion
;
the equation below represents

the ultimate reaction :

C.H.A + C5H0S

Dextrose. Levulinic acid. Formic acid.

* Zeit. /. Rubenz., xxiii. 21. Ann. Chim. Phys., xii. 189.

f Fres. Zrifschriff, xv 18. |
Ann. der Chemie, xxxvi. 243.

f Jour. Fabr. Sucre, xviii. No. 33. f[ Ibid , clxxv. No. 1, 2.
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In the heat sulphuric acid acts powerfully on cane-sugarT

decomposing it, with evolution of sulphurous acid, and

leaving a voluminous porous coal.

Hydrochloric acid gas is slowly absorbed by cane-

sugar, which is converted into a brown product containing

the elements of the acid
;
a concentrated solution of the

gas acts violently and chars the sugar, with formation of

ulmic acid.*

Phosphoric acid, when distilled with cane-sugar, pro-

duces formic acid and a volatile oil. Oxalic acid heated

with an equal weight of cane-sugar, and the mixture dis-

tilled, yields formic and carbonic acids in small quantity,

and a brown body similar to the Tiumin of Mulder (Van

Kerckhoff, Journ. Pk. Chemie, Ixix. 48). Tartar Ic acid act-

ing on cane-sugar at 100 forms saccharoso-tetratartaric

acid, which reduces Fehling's solution and appears to

contain modified saccharose (Berthelot). The acids stea-

ric, butyric, acetic, and benzole, heated with cane-sugar,

furnish products resembling those obtained from dextrose

under similar circumstances.

Action of Oxidizing Agents. Nitric acid, or a mix-

ture of nitric and sulphuric acids, acting on sugar, pro-

duces a nitro-substitution compound, xyloidln, which

separates as a tough mass and inflames in contact with a

red-hot coal. Dilute nitric acid gives rise to the formation

of saccharic and oxalic acids. One part of cane-sugar

with three parts of nitric acid of sp. gr. 1.25 to 1.30,

heated to 50, is entirely transformed into saccharic acid

and water :

C,,HMOn + O
fl

= 2C
flH,.0. + H20.

* Mulder, Journ. Pk. Chem , xxi. 203 ; xxxii. 831.
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At a higher temperature oxalic acid is chiefly formed after

long-continued heating with excess of acid.* By distilla-

tion with peroxide of manganese and sulphuric acid cane-

sugar yields formic acid and a strongly-smelling oil. Boil-

ing with peroxide of lead or acid potassium cltrornate

gives formic and carbonic acids. Mixed with chlorate ofpo-

tassium, and struck sharply or touched with a drop of oil of

vitriol, cane sugar explodes. PEKMAXGANATE OF POTAS-

SIUM oxidizes sugar readily in acid solution, resolving it

into carbonic acid and water. Maumene has obtained two

acids, Uexepic C 6H,,(X and trljlenic C 3H.O a , by the action

of potassium permanganate on sugar. To prepare them,

equal parts of sugar and the salt are dissolved in thirty to

forty parts of water separately, and the solutions mixed

in the cold, with agitation ;
heat is disengaged, and the

manganese peroxide separates in a lump, and the clear,

colorless solution contains the acids. Hexepic acid pos-

sesses a rotatory power equal to cane-sugar, and its solu-

tion is precipitated by acetate and subacetate of lead.

Both acids form crystallizable salts. Hexepate of potas-

sium is but little soluble ; the trijienates of sodium, lead,

and copper form small crystals. Maumene has found

these acids ready formed in a great number of plants, es-

pecially those yielding sugar.

Chlorine is absorbed by sugar, forming an odorous, de-

liquescent mass which gives off hydrochloric acid. When
chlorine is passed into sugar solutions there is obtained,

together with uncrystallizable compounds, a new acid free

from chlorine, the barium salt of which is crystallizable.

Malic acid is also said to be formed. Hlasiwetz and Haber-

man (Ber. Chem. Gesell.
,

iii. 486) have shown that chlorine

* See also Liebig, *Ann. der CTieni., cxiii. 1.
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acting on sugar gives rise to gluconic acid C.H.,,0,. Per-

chlorides act on sugar in the same manner as chlorine,

producing dark-colored products. Maumene * makes use

of this fact as a basis for a qualitative test to detect cane-

sugar and analogous substances. A drop of the liquid to

be examined is placed on a strip of white merino pre-

viously steeped in a solution of stannic chloride, and

dri.-d. After the addition of the sugar solution the me-

rino is warmed over a lamp, and the presence of saccha-

rin^ or saccharoidal matter is indicated by the appearance

of u Mack spot. Iodine and bromine act on cane-sugar in

the same way as chlorine, with production of gluconic

acids (Grieshammer, Cliem,. Centb., No. 44). When equi-

valMiit quantities of potassium bicarbonate and iodine are

a<lo>d, one after another, to an aqueous solution of cane-

r, iodoform is produced on boiling (Millon, Compt.

/,'>//'/.. xix. ,271).

Oxv i N. <>r air. and especially ozonized air, passed over

dry caiiM-MiLrar or through the aqueous solution at com-

mon tpmpenitmvv. -jv^s rise to carbonic acid and water

from a small part of the sugar, while the rest is unacted on.

Ozone produces no change in a neutral aqueous solution

of cane-sugar, but when carbonate of sodium is present
Hi.- <IILT:II is slowly but completely oxidized to carbonic

a n. I formic acids (Gorup-Besanezf). Arsenic acid oxi-

dizes cane-sugar, a red color being developed owing to

tliM formation of humus compounds. Eisner proposes the

following as a qualitative test to detect cane sugar: A so-

lution containim: on.. -thirtieth part of saccharose, heated

in steam with a one per cent, solution of arsenic acid, in a

TVotte. -I Ann. der Chem., cxxv. 211.
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small dish, becomes red at the margin, and on evaporation

yields a red spot.

With CUPRIC SALTS, sugar is slightly oxidized, the ex-

tent of the reaction varying with the conditions, such

as whether the solutions are heated or not, the presence

of caustic alkalies, etc. Cupric hydrate preserves its

color when left to stand in the cold, or when boiled a short

time with cane-sugar ;
but after longer boiling it gives up

its water, turns brown, and is reduced to yellow cuprous

oxide. If the solution contains a trace of alkali the hy-

drate dissolves immediately, and is then precipitated by
the sugar. When cupric hydrate, washed with cold water,

is boiled with cane-sugar solution and a little caustic al-

kali, the colorless liquid filtered from the precipitated

cuprous oxide contains oxalic, carbonic, and acetic acids.

Sugar boiled with aqueous cupric sulphate throws down

metallic copper, while a quantity of cuprous salt remains

dissolved (Yogel). A solution of equal parts sugar and

cupric sulphate, and a sufficient excess of caustic alkali,

retains its blue color unaltered in the cold for several

days, and deposits a small quantity of red oxide only

after some weeks. The reduction does not take place

until after some time, even on boiling (Trommer *). When
saccharose is boiled with cupric chloride, the liquid, on

cooling, deposits cuprous chloride, if sufficiently concen-

trated. From cupric acetate a large quantity of cuprous

oxide containing organic matter is thrown down, while a

deliquescent sugar remains dissolved (Yogel f).

If a concentrated solution of cane-sugar is mixed with

cobaltic nitrate, a small quantity of fused caustic soda

added, and the solution boiled, a violet-blue precipitate is

Ann. PAarw.,xxxix. 360. \ Schweigger's Journal, xiii. 102.
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formed. The presence of a very small amount of dextrose

prevents the reaction.

Action of Alkalies. Caustic alkalies, their carbon-

ates, and the oxides of the alkaline earths all act more

or less powerfully on cane-sugar. The oxides generally

form compounds called sucrates, in which the sugar acts

the part of an acid.

AMMONIA. According to Laborde,* on passing a cur-

rent of dry ammonia gas over perfectly anhydrous sugar,

it becomes at first opalescent, and then takes on the waxy
consistency described by Raspail ;

in the course of twelve

hours it liquefies, and contains then 7.83 per cent, ammo-
nia. Dextrose similarly treated liquefies very quickly and

becomes colored, forming a crystalline compound. Cane-

sugar heated with aqueous ammonia in sealed tubes for

forty hours to 180 C. produces an insoluble black sub-

stance of undetermined composition, f

SODA AND POTASH. Cane-sugar triturated with the

fixed caustic alkalies, or strong solutions of them, is not

colored brown, and this distinguishes it from dextrose. If

cane-sugar be heated with caustic potash and a little

water, the mass evolves hydrogen and is found to contain

a large quantity of potassium oxalate (Gay Lussac). The

mass, on distillation with sulphuric acid, yields carbonic,

formic, and acetic acids and metacetone. Caustic alkalies

and alkaline carbonates mixed with sugar diminish its

rotatory power, not in proportion to the quantity of base

present, but according to the concentration of the solu-

tions. From such mixtures the sugar may be obtained

with its original optical rotation by treatment with car-

*Compt. Rend, Ixxviii. 82.

f Schutzenberger, Ann. Chim. Phys., iv. 65.
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bonic acid, the alkaline bicarbonates formed having no

effect on the polarized ray (Sostman *). By boiling solu-

tion of cane-sugar for seventy-two hours with one-fiftieth

part crystallized sodium carbonate, an acid black liquid is

produced possessing levo-rotatcry power (Soubeiran).

CAUSTIC LIME. Bouchardat and Soubeiran have found

that solutions of cane-sugar mixed with hydrate of lime

exhibit greater stability, when boiled or long kept, than

pure aqueous solutions. If a solution of sugar super-

saturated with lime is allowed to stand for a year in a

tight bottle, the excess of lime contains neither oxalic nor

malic acids. After removing the dissolved lime, evaporat-

ing to dryness, and redissolving in alcohol, cane-sugar

crystallizes out from the alcoholic solution, while melassic

and saccharic acids, and uncrystallizable sugar remain in

the mother liquor (Brendecke). An intimate mixture of

one part cane-sugar and three parts quicklime, heated,

produces a violent reaction, acetone and metacetone being

evolved. On distillation of sugar with caustic lime there

are produced acetone, metacetone, isophorone, and marsh-

gas, with small quantities of carbide of ethylene.

SUCRATES.

Potassium Sucrate.f C 18
II

21KOn ? is formed as a gela-

tinous precipitate by adding caustic potash to a strong

solution of sugar in alcohol. It is white, friable (Sostman

says it cannot be dried), and translucent; melts at 100

to a viscid liquid having an alkaline, not sweet taste
;

* Zeit. f. Rubenz., xxii. 173.

f Authorities : Peligot (Ann. CJiim. Phys., [2] Ixvii. 113 ; ibid., Ixxiii. 103 ;

ibid. [3] liv. 377). Soubeiran (Journ. de Pharm. i. 469). Berthelot (Ann. Chim.

Phys., [3] xlvi. 173).
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completely decomposed by carbonic acid, the sugar being
recovered unaltered.

Potassium Hydric Sucrate. To a hot saturated solution

of sugar an equal bulk of strong nitric acid is added, and
the mixture kept warm until the evolution of gas has

ceased, when it is boiled. The liquid is then divided into

two equal parts, one of which is neutralized with caustic

potash and added to the other, when an abundant precipi-

tation of the sucrate takes place ; this, if colored, may be

purified by filtration over animal charcoal, evaporation,

and recrystallizing (Bayley, CTiem. News, xliii. 110).

Sodium Sucrate (C ]3
H

21NaOn ?) Similar in all respects

to the potassium compound.
Calcium Sucrates.* Lime combines with saccharose

in different proportions, forming combinations whose chem-

ical constitution is mostly well marked. The quantity of

lime dissolved by sugar solutions depends on their density
and the temperature at which the solution takes place ;

this

for 100 parts of sugar varies, under these circumstances,

from 23 to 55 parts. When excess of lime is agitated with a

sugar solution, saturation takes place but slowly, and only
when the quantity of the base is at least twice as great as

the solution will take up. Strong solutions (above 30 per

cent.) become gummy and solidify, while with more di-

lute solutions monobasic sucrate is formed
;
but this is

capable of taking up an ndditional quantity of lime,

greater in proportion as the solution is more concentrat-

ed. Cane-sugar solutions of 40 per cent, dissolve 26.57

* Authorities : Soubeiran (Journ. de Pharm., i. 469). Peligot (( 'm/>t. Rend.,
xxxii. 333 ; Ann. Chim. Phys., [3] liv 877 ; Compt. Rend., lix. 930). Bcrthelot

(Ann. Chim. Phys , [3] xlvi. 173). Pelouze (Compt. Rend., lix. 1073). I5.>i\ in i

Loiseau (Compt. Rend., lix. 1073 : ibid., Ix. 164, 454 : Ann. Chim. /V/y,s , [4] vi.

203). Ilorsin-Deon (Bull. Soc. Chim., 1S71, xvi. 26 ; ibid., xvii. 155).
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parts of lime to 100 parts of sugar ;
solutions of 20 per

cent, take up 23.15 parts; and 5 per cent, solutions dis-

solve 18.06 parts (Peligot).

Solution of calcic sucrate has a bitter and alkaline taste.

The specific rotatory power of the sugar combined with

lime is less than in the free state (see page 176). On neu-

tralization with acid the rotatory power is restored, even if

the solution of the sucrate has been heated to 117.5, but

not if heated higher (Dubrunfaut). A solution of calcic

sucrate considerably diluted forms a gelatinous mass on

heating ;
on cooling, or the addition of sugar, the solution

is cleared up.

According to Bodenbender,* the aqueous solution of

sucrate of lime dissolves certain metallic oxides in the pre-

sence of excess of the sucrate. The following table repre-

sents the amount of the oxides taken up by sucrate solu-

tion of various strengths. A is a solution containing in

one litre 418.6 grm. sugar and 34.3 grm. lime
;
B contains

296.5 grm. sugar to 24.2 grm. lime
;
and C 174.4 grm.

sugar to 14.1 grm lime :

The solutions, on standing, deposit lime and the oxide.

* Zeits. f. Zuckerind. Deut. Reiches, 1865, 851-860.
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An aqueous solution of lime sucrate dissolves recently-pre-

cipitated phosphate and carbonate of lime.

Only dilute solutions of the sucrate become turbid on

exposure to the air; carbonic acid gas slowly but com-

pletely precipitates the base, yielding the sugar unaltered.

When the solutions have been prepared in the cold no

traces of invert-sugar can be detected by boiling with alka-

line solution of oxide of copper. According to Hochstetter,

even if the solution is boiled on the open fire for two hours

till the mass begins to thicken and char, the unburnt por-

tion still yields the sugar unaltered.

Monobasic Sucrate. C 13
HMOn CaO. Prepared by add-

ing 85 per cent, alcohol to a concentrated solution of sugar

containing excess of lime. It is a white precipitate, drying

to a brittle resin, which deflagrates after drying and dis-

solves easily in cold water
;
the solution, when heated, de-

posits tribasic sucrate and sets free some sugar.

3(C ia
HMOu CaO) - C liHM 11 3CaO + 2C 11HliO 1I

(Peligot).

S. Benedikt *
prepares this compound by adding magne-

sium chloride to a sucrate containing excess of lime, filter-

ing, and treating the filtrate with excess of alcohol
;
the

precipitate produced is washed with warm 60 per cent.

alcohol. Dried at 100, the deposit has the formula

C 12H20CaOn ;
dried in a vacuum at ordinary temperatures,

two molecules of water are retained.

Bibasic Sucrate. C,,HMOn 2CaO. Boivin and Loiseau

(loc. cit.) have obtained this compound (1) by agitating

finely-divided hydrate of lime with a solution of cane-sugar,

and cooling to
; (2) by treating the tribasic sucrate with

* Bull. Soc. Chim., xx. 279.
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sugar and lime
; (3) by precipitating in the cold, by alcohol

of 65 per cent., a solution of l:'me and sugar, and boiling.

Water decomposes this sucrate into the tribasic salt and

cane-sugar. The compound C 12
H22On 2CaO H

2O is said to

be obtained by precipitating a solution of sugar-lime by
alcohol.

Sesquibasic Sucrate. 2C 12
H22On 3CaO. This is always

formed when a solution of sugar with excess of lime is

boiled, or set aside at ordinary temperatures ;
the com-

pound may be obtained as a white amorphous gum by eva-

porating the filtrate in an atmosphere of carbonic acid gas.

It is a transparent, resinous or granular, white, friable mass,

which deflagrates and readily dissolves in cold water
;
inso-

luble in strong and weak alcohol, but soluble in an alco-

holic solution of cane-sugar.

Tribasic Sucrate. C J2
H22OU 3CaO. C 12

H22O ]2 3CaO.3H2O.*

This separates as a mass resembling coagulated albumen,

when a sugar solution containing excess of lime is heated

and filtered. It is soluble in 100 parts of cold water, the

solution when heated depositing half the quantity dis-

solved
;

it is readily soluble in sugar-water (Peligot, loc.

cit)

Sexbasic Sucrate. C 12H22On 6CaO. According to Horsin-

Deon, a salt of the above composition is obtained by treat-

ing the tribasic sucrate with alcohol.

Sucro-carbonates of Lime.+ When carbonic acid

gas is passed into sugar-water mixed with lime, the gas is

absorbed, and if the liquid is sufficiently dense a gelatinous

precipitate is formed after a time
; by the continued action

*
Lippman, S. New Zeit., iv. 148.

f Dubrunfaut, Compt. Rend., xxxii. 498 ; Boivin-Loiseau, Bull. Soc. Chim.,

xi. 345 ; Horsin-Deon, ibid., xv. 22 ; xix. 65.
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of the gas the precipitate is decomposed and all the lime

thrown down. If the solution is heated the compound is

likewise decomposed, but some lime remains in solution.

The body thus formed, having the formula 3CO3Ca.C 12
H22On

3CaO 2H2O, is the Jiydrosucro-carbonate of lime of Boi-

vin and Loiseau, and may also be obtained by the action

of carbonic acid on the sexbasic sucrate. According to

Horsin-Deon, the compound 3CO3Ca.C 12H22On CaO 2H2O is

produced under other circumstances when the proportions

of water, lime, and sugar are different from the above. The

composition of the sucro-carbonate, however, varies with

the temperature, density of the solutions, and with the

varying proportions of sugar and lime
;

the quantity of

carbonic acid absorbed may range from 4.4 per cent, to

16.28 per cent. Bondonneau* considers the sucro-carbon-

ate to be only calcic carbonate in a gelatinous condition,

and soluble in sucrate of lime.

Sucrate of Baryta. C 12H22On BaO. Prepared by add-

ing to sugar solution, baric hydrate or sulphide :

C 12H22On + 2BaS + H2O = BaOC 13H22OM + BaSH,S.
It consists of small nacreous crystals resembling boracic

acid, of a caustic taste and alkaline reaction
;
after drying

in vacuo it does not give off water at 200 F. Decomposed

by carbonic acid, it gives up the sugar unaltered. Soluble

in 47.6 parts of water at 15, and 43.5 parts at 100. Inso-

luble in wood -spirit and alcohol. The formula C 12
H22On

2BaO has been assigned to this compound by Peligot,

Stein, and others.

Sucrates ofLead.t (a) #/&as/cC ia
H

I8
PbaOn . This com-

pound is formed when finely-divided litharge is boiled with

* Bull. Soc. Chim., xxiii 3.

t Boivin et Loiseau, Compl. Rend., 1865, 60.
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a solution of sugar, or when ammonia is added to a solu-

tion of sugar mixed with neutral acetate of lead
;

it is in-

soluble in cold water and alcohol, and soluble in boiling

water, crystallizing out, on cooling, in nodules or needles.

A solution of the tribasic sucrate left to stand deposits the

bibasic salt, sugar being set free, (b) Tribasic C 12
H 16Pb3On .

Prepared by adding caustic soda or potash to a solution

of acetate of lead and sugar, taking care not to have an ex-

cess of either of the bodies taking part in the reaction
;
or by

mixing a solution of calcic sucrate with a boiling solution

of acetate of lead. It is a white powder, insoluble in cold

and but little soluble in boiling alcohol, but easily soluble

in solutions of acetate of lead, caustic alkali, or cane-sugar.

Metallic lead is attacked by cane-sugar solutions.

Sucrate of Stroiitia is formed by adding the hydrate
to sugar-water.

Ferrous Sucrate C 12H22OU FeO. When metallic iron

is partially immersed in a sugar solution it rapidly

corrodes. The red-brown solution produced yields, on

evaporation, a tasteless, insoluble residue correspond-

ing to the above formula in composition. It is in-

soluble in alcohol, acted on by ammonium sulphide, and

not by alkalies and their carbonates. Sugar solutions do

not dissolve ferrous oxide, and have but slight action on

ferric oxide. Ferric hydrate is dissolved by a solution of

sucrate of lime, a reduction to protoxide taking place. By
evaporation a double salt of the following composition is

obtained :

FeO2CaO C 12H22On 3H2O.

Sucrates of Copper.* Copper in partial contact with

the air dissolves in sugar-water. Cupric carbonate is

*Barreswill, J. de Pharm., iii 7, 29.
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readily soluble in the same. A concentrated solution of

cane-sugar and cupric sulphate, on standing, deposits a

bluish-white precipitate containing SO4Cu C iaHaaOn 4H2O.

The Double Sucrate of Lime and Copper, CuO
CaOC ia

HaaOn 3H8O, is obtained by evaporating a solution of

calcic sucrate in which cupric oxide has been dissolved.

It is crystallizable and soluble in cold water, forming a

blue liquid.

Sucrate of Magnesia is formed by dissolving the hy-
drate in sugar-water. All of the magnesia is deposited

from the solutions on standing.

Hydrate of alumina is slightly soluble in sugar solution.

Oxide of zinc and silica are insoluble. Common metallic

zinc in contact with iron is dissolved readily ;
but very

small quantities of pure tin, zinc, mercury, or silver are

dissolved under the same circumstances (Gladstone*).

COMBINATIONS OF CANE-SUGAR WITH NEUTRAL SALTS.f

With Sodium Chloride, (C ia
HaaOn )

2

NaCl'(H
2

O) (Mau-

mene), C ia
H

a,,On NaCl. This compound is deliquescent and

affected by heat much in the same way as cane-sugar. It

has a sweet saline taste, and the sugar retains its rotatory

power unaltered. Ch. Violette gives the formula C ia
H20

-

NaClO,,, and considers it a product of substitution. If

ether is added to an alcoholic solution of this body, an

oleaginous layer separates, which deposits, little by little,

crystals corresponding to the formula :

CJI^O,, NaCl 2HaO (Gill, loc. cit.)

Gill, when experimenting with cane-sugar mixed with 1, 2,

3, or 4 molecules of chloride of sodium, found the crystals

* Journ. Chem. Soc., vii. 195. f Gill, Journ. Chem. Soc., [2] ix. 2G9.
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were always of variable composition. He obtained a few

crystals having the composition:

2C 12H22On 3RaCl 4HaO.

With Ammonium Chloride a crystalline compound
of cane-sugar may be formed containing NH4C1, but the

composition is not invariable.

With Potassium Chloride, C 12H22On KCF, crystallizes

isomorphous with cane-sugar, and is not deliquescent.

Gill and Maumene were not able to obtain this combination

of invariable composition.

With Bromide of Sodium, C 12H22OU BrNa 1H2O, crys-

tallizes with difficulty and contains varying amounts of

water.

With Iodide of Sodium, C 12H22On 3NaI.3H20, crystal-

lizes well in the monoclinic system, and the rotatory power
of the cane-sugar contained is not altered. The composi-

tion is constant, no matter in what proportions the compo-
nents are mixed (Gill).

Lithium chloride, bromide, and iodide do not form defi-

nite compounds with cane-sugar. Acetate, nitrate, and

phosphate of sodium also do not appear to combine with

cane-sugar.

With Borax, 3C 12H22O 11
Na 2B 4

O
7
.5H2O. When borax is

dissolved in solution of sugar and the liquid evaporated,

the salt first crystallizes out. On precipitating the mother-

liquor with alcohol a glutinous liquid is thrown down,

which, after solution in a small quantity of water, and pre-

cipitation with alcohol, yields a compound of the above

composition (Sturenberg, Archie, der Pharm., xviii. 27).
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MELASSIGENIC ACTION OF SALTS AND ORGANIC MATTERS

ON SUGAR IN SOLUTION.

Melassigenic action consists in the formation of molas-

ses, which is a residue of cane-sugar solutions from which

all sugar capable of crystallizing has been obtained. The

loss of crystallizing power through the action of salts may
occur in two ways : (a) either by an invertive action causing
the cane-sugar to be transformed into invert-sugar, or (b)

by a specific effect , differ ent for each salt, whereby they

retain the sugar in solution without altering its chemical

constitution. The lowest molasses of commerce, from

which all sugar has been crystallized that it is practicable

to get, will retain from 25 to 30 per cent, cane-sugar to

about an equal quantity of invert-sugar.

A. The Invertive Action. Some neutral salts have

the power of inverting cane-sugar, either by their decom-

position, setting free acicis or forming acid salts, or by a

specific agency. Bechamp* has made some experiments

on this subject, but his results should be received with

some caution, from the fact that the sugar solutions upon
which he worked were in contact with the air from seven

to eight months, by which mould may have been formed,

and the inversion ascribed to the salts have been caused by
the presence of fungi. Further, Bechamp measured the

inversion by the lowering of the optical rotation
;
but as

some of the salts themselves have a similar action on the

polarized ray, the optical means cannot be relied upon for

the purpose to which it was applied. The following are

Bechamp' s results : Aqueous solutions of sugar mixed

with zinc sulphate, plumbic nitrate, monophosphate, or

* Ann. Chim. Phya. ,
liv. 28.
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arseniate of potassium, or with a large quantity of mer-

curic chloride, lose their rotatory power partially or entire-

ly by standing at ordinary temperature, and occasionally

acquire a rotation to the left, without formation of mould.

A sugar solution containing one-fourth of its weight of

fused chloride of zinc or calcium hardly decreases in rota-

tary power in standing nine months, or when heated for

an hour to 50. The presence of small quantities of cor-

rosive sublimate, zinc nitrate, and neutral or acid potas-

sium sulphate prevents the formation of mould. Most
other salts, as well as nitric and arsenic acids, do not hin-

der the formation of mould in sugar solutions, and in

general the decomposition from this cause goes on more

rapidly in their presence. If cane-sugar solutions are

mixed with neutral or acid sodium sulphate and one drop
of creosote, no appearance of decomposition takes place

on standing ;
but the growth of fungi having once com-

menced, creosote has no power to arrest it. So far Be-

champ. W. L. Clasen* has more recently made similar

researches to those of the French chemist, in which he has

avoided the sources of error inherent to the method of the

latter. Fehling's copper test was used in connection with

the saccharimeter to estimate the presence of invert-sugar,

and the solutions were never allowed to stand more than

five days, precluding the possibility of mould forma-

tion. The following are the conclusions based on his

experimental results : (1) Some salts at ordinary tempera-
tures hinder the formation of invert-sugar, as sulphate of

lime, ammonic chloride, and potassium nitrate
; others, as

magnesium sulphate, weaken the agency of water in invert-

ing, though they are not entirely able to prevent it. (2) If

*Jonm. f. Prdk. Chemie, ciii. 449; American Chemist, iv. 89.
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cane-sugar solutions mixed with certain salts, after stand-

ing several days at ordinary temperatures, be heated, to 88,

ordinarily a proportionally strong inversion takes place.

This is the case with sulphate of lime, nitrate of potash,

and sulphate of magnesia. Water containing sulphate of

lime and ammonic chloride shows the strongest reaction in

consequence of the formation of an acid salt. (3) Sugar

solutions mixed with salts and heated to 88 immediately

after preparation, indicated inversion only in the case of

sulphate of lime and ammonic chloride. (4) The assump-

tion of Bechamp that some salts, through their
"
person-

al" influence, can convert cane-sugar into invert-sugar

without formation of mould, seems to be just.

According to Berthelot,* dry cane-sugar is not altered by

being heated to 100 for several hours with NaCl, SrCl 2 ,
or

Bad, ;
but the addition of a small quantity of water causes

inversion more abundantly than it would have in the pre-

sence of water alone
;
the same transformation takes place

more quickly with ammonic chloride and a little water, the

mass being blackened. Sodium chloride and fluor-spar do

not seem to have the same effect.

The researches of Pellet, f upon the invertive action of

glucose and salts, made under different conditions as re-

gards time and temperature, give the following results : As

regards time, glucose forms quicker the more dilute the

.solutions
;
heat increases the quantity of invert-sugar, and

the action is stronger in dilute than in concentrated solu-

tions
; glucose aids the inversion the more as the quantity

of it is greater the action is nil in saturated solutions;

salts the inorganic salts have a much greater action at

50 to 60 th:m :it ordinary temperatures ;
it is also greater

* Ann. Chim. Phys., xxxviii 57. f Journ. den /-V/Ar/Vv/n/.s, xviii. Xo. 10.
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with dilute solutions
;
nitrate of calcium acts more ener-

getically than the chloride, and ammonic nitrate gives a

powerful inversion. 100 c.c. of water, 10 grammes of

sugar, and 5 grammes of the ammonia salt, heated half an

hour, give a complete transformation of the sugar into

invert-sugar.*

Durin found that the presence of invert-sugar in a solu-

tion of cane-sugar caused no inversion at 70 to 75 C.

when the alkalinity is maintained at .001 of CaO
;
on heat-

ing, however, to 75 to 114 C., the solution becomes faintly

acid, inversion begins and goes on until complete change

of the sugar is effected
;

if the solution is kept alkaline no

change takes place. The presence of invert-sugar is not

necessary, the change taking place on formation of acids, f

B. Action on Crystallization. The effect that mine-

ral and organic salts have on the crystallizing power of

cane-sugar in aqueous solutions has engaged the attention

of many chemists, and the results obtained by them differ

in important particulars both as to whether the specific

melassigenic action exists at all, and as to the special effect

of the different salts in this direction. The work done upon
the subject has had reference principally not to pure sugar

solutions, but to the juices and molasses derived from the

beet
;
therefore due regard should be paid to this fact in

the case of similar solutions from the cane, as the condi-

tions are quite different. Beet and cane molasses contain,

* Bodenbender denies the completeness of the change, and ascribes it to the

presence of free acid.

f The above results are quite in conformity with the experience of the au-

thor, who finds that a perfectly neutral or slightly alkaline solution of raw-

sugar, on being heated for some hours, invariably develops acidity with conse-

quent inversion. The acid is probably formed by the decomposition of invert-

sugar or impurities present.
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on the average, when all the sugar that will crystallize has

been obtained :

The mineral salts in the two are very different in character,

consisting, in the case of cane-molasses, in large part of

lime salts of organic and mineral acids, with a compara-

tively small portion of alkaline salts, which are mostly chlo-

rides and sulphates ;
in beet-molasses the salts are largely

those of potassium combined as chloride, sulphate, and ni-

trate, or with organic acids. The organic matters asso-

ciated in the two types are also as varied in kind, and the

further influence of the large amount of glucose in cane-

molasses renders still greater the essential dissimilarity in

the two products. Still, to a certain extent and with the

proper allowances, what is true of the action of salts on

crystallization in the beet-sugar manufacture is also true

with the products of the cane.

It has been widely asserted that the melassigenic effect is

purely molecular and physical. Champion and Pellet,* as

the result of an elaborate series of experiments on the sub-

ject, conclude that the action depends

1. On the influence of the active body on the solubility

of the cane-sugar.

2. On Us influence upon the boiling-point of the solu-

tion.

Sucrerie Indigene, xii. 210, 223, 257.
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3. On the viscosity of the solution.

These conclusions are supported by other chemists.

Recently Gunning* has proposed a different explana-

tion, and one which probably accounts for the phenomena
to a great extent. His views, founded on experimental

data, are that the saccharose contained in molasses (beet ?)

exists for the most (nine-tenths of total) part in the form of

a chemical combination of double salts, in which the cane-

sugar is combined with organic compounds containing a

mineral base, these double compounds being non-crystal-

line
;

if the theory is correct it offers an explanation of

melassigenic action from a purely chemical point of view.

Gunning finds that nearly all organic potash salts are capa-

ble of combining with sugar, though this property is not

shared by the sodium salts for the most part. The follow-

ing salts may, however, be excepted : sodium formiate and

acetate, potassium phosphate and nitrate, sodium carbonate

and barium chloride. The fact that the sugar in cane-mo-

lasses, as shown by the foregoing analysis (page 68), may
be reduced to a lower quantity relative to the impurities, by

crystallization, seems to support Gunning's views, as there

is a comparatively small quantity of potassium salts in

cane-juice and its products.

A. Marschall f has made a valuable series of experiments

upon the influence of salts on the crystallizing power of

sugar. He enclosed sugar in a sealed tube with a quantity

of various salts, the amount of water present being less

than half that of the sugar, and, therefore, not enough to

dissolve all of it at ordinary temperatures ;
the tubes, after

filling, were warmed until the sugar was in solution, and

then allowed to rest in a cool place from 17 to 21 days,

* Stammer's Jahresb., xvii 181. f Journ. Chem. tfoc., [2] ix. 457.
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when the sugar crystallized out. The mother-liquors were

then examined, the sugar and salt contained being esti-

mated. If the given salt prevented crystallization, the

solution would contain a quantity of sugar less than the

normal (2 of cane-sugar to 1 of water) for a saturation solu-

tion in the cold. The results were thus classified :

(a) NEGATIVE MOLASSES-MAKERS, or bodies which dimi-

nish the solvent power of water for cane-sugar, are : sodium

sulphate, nitrate, acetate, butyrate, valerate, and malate
;

magnesium sulphate, nitrate, and chloride
;
and calcium

chloride and nitrate.

. (b) INDIFFERENT BODIES without influence on crystalli-

zation, are : potassium sulphate, nitrate, chloride, valerate,

oxalate, and malate
;
sodium chloride, carbonate, oxalate,

and citrate, and caustic lime.

(c) POSITIVE MOLASSES-MAKERS are : potassium carbonate

(saline coefficient .38), acetate (.9), butyrate (.9), and citrate

(.6). The action of the negative molasses -formers, or those

that actually aid crystallization, is shown quantitatively as

follows :

MgS04
causes to crystallize 10 times its weight of sugar.

MgCl,
" " 17 " " "

Ca(N08)'
" " 4 " " "

CaCla

" " 7.5 " " "

The results of Marschall are at variance with those of

other chemists in regard to individual salts
;
and though

the conditions are scarcely such as obtain in the sugar

manufacture, they are of considerable value in showing
the general tendency of the various salts in this relation.

La Grange,* working after the general method of Mar-

* La Sucrerie Indigene, x. 259.
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schall, considers, of all salts, the chlorides to have the least

melassigenic effect, sodium chloride having scarcely any,

the sulphates and carbonates coming next, and the alkaline

nitrates most of all. The following table shows his results

for several salts with their saline coefficient, or the propor-

tion of their own weight of sugar they can render uncrys-

tallizable :

Champion and Pellet* give the saline coefficient for a

mixture of

(1) 2 grammes potassium nitrate and 1 grammes

potassium chloride as .77

(2) Of the organic bodies separated by subacetate

of lead and sulphuretted hydrogen as 1.42

(3) Invert-sugar of the optically inactive kind oc-

curring in commercial products .56

These results have reference to beet-juice or molasses.

For cane-molasses the coefficient of potassium

chloride is 9 to 1.0

Organic substances separated as above .86

Invert-sugar .56

The authors assume that potassium chloride is 25 per

* La Sucrerie Indigene, xii. 210, 223, 257.
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cent, of the total weight of cane-molasses ash, and that

the balance has no melassigenic action.

Vivien and Maumene consider that chlorides in general,

and especially chloride of sodium, have no melassigenic

action. See also Grobert (Journ. d. Fabr. Sucre, xx. No.

5; Zeit. f. Rubenz., xxix. 806).

Various Reactions of Cane-Sugar. Oxalate, citrate,

carbonate, and basic phosphate of calcium are less soluble

in a sugar solution than in pure water. According to Sost-

man, sugar water dissolves calcium sulphate in proportion-

ally greater quantity as the solution is more concentrated

and as the temperature is elevated. The solution, when

boiled, gives up a portion of the salt. According to Bou-

chardat, nascent hydrogen converts cane-sugar into man-

nite, dulcite, or alcohols such as ethylic, isopropylic, and

hexylic. Sulphydrate of ammonia, heated in a sealed tube

to 150 with cane-sugar, gives a sulphuretted ethereal oil.

Fluoride of boron is not absorbed by sugar in the cold, but

on heating it is taken up and the sugar blackened. Tetra-

chloride of carbon heated to 100 with sugar is gradually

colored brown and black, while dextrose is not altered.

Oil of sesame, mixed with its volume of hydrochloric acid

of commerce and raised to the boiling-point with a solution

of cane or invert sugar produces a rose-color, even if

only goioo Part of the sugar is present (Vidan). In the

presence of cane-sugar a certain number cf metallic salts

are not precipitated, or only imperfectly, by ammonia.

Parasaccharose. This body, according to Jodin, is

produced by the fermentation of a cane-sugar solution con-

taining ammonic phosphate, together with another sugar

isomeric with dextrose. It has the same composition as

cane-sugar, crystalline, very soluble in water and insolu-
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ble in alcohol of 90 per cent. Sp. rotatory power, 108,

varying a little with fluctuations of temperature. Its

action on alkaline solution of oxide of copper is about

half that of dextrose. It is not altered by heating with

sulphuric acid.

Inactive Cane-Sugar is a substance produced by the

combination of parasaccharose and levulose, and is

formed when solutions containing in certain proportions

cane-sugar, phosphate of sodium, and sulphate of ammo-

nium are allowed free access to the air. It is uncrystal-

lizable, does not reduce alkaline copper solution, and is in-

active to polarized light. Dilute acids transform it to a

levo-rotatory sugar having [a] j
= 69, which reduces cop-

per solution (Jodin*).

*Bull.Soc.



CHAPTER III.

Dextrose, Levulose, and Invert-Sugar.

DEXTROSE C 6
H

12O fl
.

Glucose Grape-Sugar Rigid-handed Sugar Sucre de

Rasin, Fr. Krumelzucker, Traubenzucker, Or. ;

and, according to its origin Fruit-Sugar Honey-

Sugar Starch-Sugar Diabetic Sugar Rag-Sugar

Harnzucker, Gr.

DEXTROSE was first noticed by Lowitz and Proust, pre-

pared from starch by Kirckhoff, and from linen by Bra-

connot. Its combinations with bases have been chiefly

studied by Peligot,* and with organic acids by Berthelot.f

Dubrunfaut has also added much to our knowledge of the

chemical history of dextrose.
:{:

Dextrose occurs widely distributed in the vegetable

kingdom in sweet fruits and grape-juice, associated often

with cane-sugar and levulose
;
with the latter often in

such a proportion as to constitute invert-sugar. It is also

found in honey and numerous cereals. Many animal liquids

and tissues contain dextrose, as the liver, blood, chyle, the

yolk and white of eggs. Diabetic urine often holds dex-

trose to the amount of eight to ten per cent., as does the

healthy secretion in small quantity (Bence Jones).

* Ann. Chim. Phys., [2] Ixvii. 136. f Ibid., [3] liv. 74 ; Ix. 95.

\lbid., [31 liii. 73 ; xxi. 169, 178; Compt. Rend., xxiii. 38; xxv. 308; xxix.

51;xxxii.249; xlii. 228, 739.

74



FORMATION OF DEXTROSE. 75

Formation. By the transformation of carbohydrates
with the assumption of water as

3C6
H

10 5 + HaO = C
fl
H

13 6 + 2C 6
H

10 5 .

Starch. Dextrose. Dextrin.

The above change takes place when starch is boiled with

dilute acids. If the acid is allowed to act for some time,

the dextrin first formed is converted into dextrose. Starch

is also converted into dextrose by long boiling with water,

and continued contact with gluten, saliva, and nitrogenous

matters.

Glycogen and lichenin are changed to dextrose by boil-

ing with dilute acids. When cellulose is treated with oil

of vitriol, strong hydrochloric acid, or concentrated so-

lution of zinc chloride, diluted, and the solution thus ob-

tained boiled, dextrose is formed. Tunicin, under the

same circumstances, is converted into dextrose. Maltose,

melezitose, trehalose, and mycose give rise to dextrose by

boiling with dilute acids.

Kosman * has found that grape-sugar or dextrose may
be formed from glycerin and cellulose in the presence of

air, water, and metallic iron, according to the reaction:

2C3H 8 3 + O, - C 6
H

12 6 + 2H,0.

Glucosides, by boiling with dilute acids, produce dextrose

and a non-saccharine body, by assumption of water. The

transformation may be illustrated by one case :

+ 2H,O = 2C 6
H

12O 6 + C 7
H 6O + CHK

Amygdalin. Dextrose. Bitter- Hydrocyanic
almond oil. acid.

Preparation. FROM STARCH BY THE ACTION OF DI-

LUTE ACIDS. One part of starch is boiled with four parts

* Bull. Soc. Chim.. xxviii. 246.
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of water, and oil of vitriol in the quantity of -fa to^ of

the starch, the mixture stirred and kept at its original

volume by the addition of water, until it is no longer pre-

cipitated by alcohol. From six to thirty-six hours of

boiling are required, according to the amount of sulphuric

acid present. The free acid is then neutralized by chalk,

the liquid evaporated to 20 B., allowed to stand to deposit

impurities, or is clarified, if necessary, with white of egg,

filtered through animal charcoal, and the filtrate evapo-

rated to a thick syrup from which the sugar separates

after a few weeks. This product should be recrystallized.

PREPARATION OF PURE DEXTROSE (F. Soxhlet*). One

kilogramme of refined white cane-sugar is mixed with

three litres of 90 per cent, alcohol and 120 c.c. pure, strong

hydrochloric acid, and heated at 45 C. for two hours to

invert. After ten days' standing crystals of dextrose be-

gin to form, and in thirty-six hours dextrose is largely

thrown down in crystals and powder. The deposit is

washed with 90 per cent, and absolute alcohol, being final-

ly recrystallized from the purest methylic alcohol (.810 sp.

gr. for a quick crystallization, and .820 sp. gr. for a slower

one).

PREPARATION FROM DIABETIC URINE. Add excess of

sodium chloride, when the glucosate is formed, which

easily crystallizes out from a concentrated solution. The

crystals are purified by washing with a saturated solution

of salt, and finally with alcohol. The purified crystals are

then dissolved in water, treated with sulphate of silver,

filtered, and the mixture of dextrose and sodium sulphate

evaporated to dryness on a water-bath. Strong alcohol

* See also Schwarz, Dingier, ccv. 427; Muspratt-Kerl, llandbuch, vi. 2078;

Neubauer, Zeit. Rubenz., 1876, 782.
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dissolves out the pure dextrose from the residue, leaving

the sulphate.

Properties. From alcohol of 95 per cent, anhydrous
dextrose is deposited in microscopic, well-defined needles,

which melt at 146 C. to a colorless, transparent mass.

Anhydrous dextrose is obtained as a white powder by

heating hydrated dextrose to 60 C. in a stream of air.

Crystallized dextrose dissolves at first quickly in water,

but as the solution becomes more concentrated the action

becomes much slower, so that several days are necessary

for water to take up the full amount it is capable of dis-

solving. The concentrated syrup has not the elasticity or

ropiness of cane-sugar syrup, and is disposed to be stringy

when drawn out. 100 parts of water at 15 C. dissolve

81.68 parts of anhydrous dextrose and 97.85 parts of hy-

drated dextrose. The saturated solution contains 44.96

per cent, anhydrous dextrose
; sp. gr. 1.206. According to

Anthon, by dissolving hard crystallized dextrose in warm

water a solution of density 1.221 at 17 may be obtained.

Dextrose seems to dissolve more readily when foreign mat-

ters are present. The sp. gr. of dextrose solution differs

somewhat from that of cane-sugar containing the same

amount of substance. The following table is given by
Pohl*:

* Wien. Akad. Ber., ii. 664.
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Dextrose is soluble in aqueous alcohol in varying propor-

tions, less easily, however, than cane-sugar. Anthon *

gives the following solubilities : 1 part of dextrose requires

for solution 50 parts alcohol of .837 sp. gr.

11.37 " " " .880 "

5.21 " " " .910 "

2.07 " " "
.9,

r
>0

"

Melted dextrose deliquesces, and then solidifies to a

crystalline hydrate. On evaporation of a solution the

thick syrup does not solidify until sufficient water is ab-

sorbed to form a hydrate. Crystals separating from an al-

coholic solution are hydrous or anhydrous, according to

the strength of the alcohol
;
insoluble in ether.

Specific Rotatory Power. For the anhydrous [a] j
=

52.5, Clerget ; 53.2, Dubrunfaut
; 55.1, Pasteur

; 56, Ber-

thelot
; 57, Schmidt

; 57.4, Bechamp ; 57.7, Jodin. Tol-

lens, as the result of later investigations^ gives the follow-

ing general formulas:

For the hydrate when the solution contains 8 to 91 per

cent, of active substance :

*
Dingier, Polyt. Journal, civ. 386. f Bar. Chem. Gesell, ix. 1581.
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[a]D = 47.925 + .015534^ + .0003883 >';

for the anhydrous p = 7 to 83.

[a] D = 52.718 + .017087^9 + .0004271 p* :

p = the percentage of sugar dissolved.

Hoppe-Seyler
* has obtained for dextrose extracted from

urine a value of

[a] D = 56.4 (anhydrous); c = 14 to 29 gnn.

See also Hesse, f

A freshly-prepared solution of hydrated dextrose, or de-

hydrated dextrose prepared without fusion, shows a rota-

tory power equal to nearly twice the above, but which

gradually sinks to the normal, and then remains constant
;

by heating, the excessive rotation may be destroyed at

once. Dubrunfaut has called the sugar having this pro-

perty birotatory dextrose; and the phenomenon itself,

birotatton.

Composition.

Decompositions Heat. When dextrose dried at 100

C. is heated to 170 C., it gives off two molecules of water

and is converted into glucosan (GelisJ) ; at 210 C. to 220

C. it swells, gives off more water, and yields caramel. The

products formed at a high temperature are similar to those

* Fres. Zeitsclirift, xiv. 305.

f Ann. der Chem., clxxvi. 102.

Cvmpt. Rend., li. 331.
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obtained from cane-sugar under the same circumstances,

but are somewhat more fusible, more easily soluble in

water, and less soluble in alcohol. The products of the

electrolytic decomposition of dextrose are hydrogen, oxy-

gen, carbonic oxide, carbonic acid, the solution containing

acetic and formic acids, and aldehyde.

When heated with chromic acid, or peroxide of manga-
nese and sulphuric acid, formic acid is produced. Potas-

sium dichromate warmed with aqueous dextrose does not

alter it, but the presence of the latter prevents the reaction

with cane-sugar. Nascent hydrogen converts dextrose into

mannite. Fuming nitric acid forms nitro-dextrose
;
with

ordinary or moderately dilute acid in the heat, saccharic

and oxalic acids are formed, but no tartaric acid. Warmed
with one molecule of acid carbonate of potassium and one

of iodine, iodoform is produced (Millon). Bromine heated

in a sealed tube with dextrose yields hydrobromic acid and

a humus-like product ;
chlorine has a similar action. Bi-

chloride of tin acts in the same manner as upon cane-sugar.

Cold concentrated sulphuric acid, when triturated with

dextrose, dissolves it without coloration, forming a conju-

gated compound : glucoso-sulpTiuric acid C24H 48SO27 . On

heating charring takes place. Boiled with dilute acids,

ulmin and ulmic acid are formed. According to Gautier,*

when gaseous hydrochloric acid is passed into a cooled

alcoholic solution of dextrose, an isomer of cane-sugar is

formed having a bitter taste, soluble in water and alcohol,

and which reduces cupric oxide in alkaline solution.

Action of Alkalies. Gaseous ammonia is readily ab-

sorbed by dextrose when heated to 100 to 110, water con-

taining ammonic carbonate distilling off and a nitrogenous

* Ber. Chem. Gesell., vii. 1549.
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residue being left. Dextrose is decomposed by long con-

tact with alkalies, alkaline earths, and some metallic

oxides, forming glucic acid (Peligot) ;
when heated with

potash lye, the mixture becomes dark brown, smells of

caramel, and contains glucic acid C 12
H

18O9 and melassic

acid C 12H 10O 5 . E. Feltz *
gives the products of decomposi-

tion by heating with caustic alkalies, as saccharic, glucic,

and apoglucic acids, of which the first two reduce the oxide

of copper in alkaline solution in small quantity. Alkaline

carbonates and aqueous ammonia produce the same effect

as potash lye.

Lime distilled with a thick syrup of dextrose yields an

oil from which phorone and metacetone may be obtained.

Baryta-water boiled with dextrose, out of contact with the

air, furnishes a solution which at first is yellow, but be-

comes dark on ebullition, and then contains glucate of

baryta and another baryta salt from which aceto-formic

acid C3H 4O3 2H2O may be obtained by distillation with

dilute sulphuric acid.

Various Reactions. Solution of carbonate of soda

heated with dextrose and basic nitrate of bismuth produces
a black-brown liquid and a grayish-brown precipitate ; t

this may serve as a qualitative reaction in the presence of

cane-sugar and in urine. Oxide of lend heated to 110 with

dextrose converts it into melassic acid in whole or part.

Ferric sulphate and chloride are reduced to the ferrous

salts on boiling with aqueous dextrose. Mixed with ni-

trate of cobalt and a small quantity of fused caustic potash,
the solution remains clear on boiling, or, if very concen-

trated, deposits a light-brown precipitate ; the presence of

* Sucrerie Indium, vii 165. f Boettger. Journ Pk. Chemie, li. 431.
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glucose prevents the appearance of the violet-blue preci-

pitate with cane-sugar in this reaction.

When cupric sulphate in solution is mixed with aqueous
dextrose and potash lye, the cupric hydrate, which at iirst

separates, dissolves with a deep blue color, and deposits

cuprous oxide after some time in the cold, and immediately

when heated
;
this reaction is sensitive to detect and dis-

tinguish 1-100000 part of dextrose in the presence of cane-

sugar, starch, or gum ;
under favorable circumstances, by

the reddish color which the liquid assumes without preci-

pitation, 1-1000000 part of dextrose may be shown (Trom-

mel*); compare Guibourt.f Carbonic acid is formed in

this reaction, as is also formic when cane sugar is in excess,

together with a peculiar body, resembling humic acid,

which remains in combination with the alkali.

If dextrose is mixed with indigo solution, and the liquid

boiled, carbonate of sodium solution being dropped in at

the same time, the liquid is decolorized by the reduction of

the indigo. \ Nitrate of silver boiled with dextrose throws

down metallic silver as a black precipitate. An aqueous
solution of one ^Ytferricyanide ofpotassium, mixed with

a half part of caustic potash and heated to 60 to 80, is

decolorized when dextrose is added ; invert-sugar behaves

in the same way, but cane-sugar and dextrin prepared by

roasting do not (see page 210). If oil of vitriol is gradu-

ally added to an aqueous solution of ox-gall, until the pre-

cipitate first formed is redissolved, the liquid assumes a

violet-red color, similar to that of potassium pcrman.iranate,

on the addition of cane-sugar, dextrose, or starch (Petten-

kofer) ; according to Van Brock, the extractive matter of

* Ann. Pharm., xxxix. 361. f Nrue* Jonrn. Pharm., xii. 263.

t Mulder. Neubauer, Zeit. /. Anal. Chemie, i. 377.
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healthy mine and the reagents themselves produce this colo-

ration in the absence of sugar. Dextrose absorbs oxygen

readily, and reduces the salts of gold, silver, and bismuth

to the metal, being oxidized to formic, oxalic, and tar-

tronic acids and aldehyde (page 185).

COMBINATIONS.

With Water. Dextrose forms two hydrates :

(a) HEMI-HYDRATED DEXTROSE 2C 6
H

12O 6 H2O (Anthon's

hard crystallized glucose). Prepared by a secret process.*

(b) MONO-HYDRATED DEXTROSE C 6H 12O6 H2O. Obtained

in white, granular, hemispherical or cauliflower shaped
masses with occasional shining faces. It loses some water

at65-70, and in a vacuum at 90-100 it becomes anhy-
drous.

With Bases. Alkalies, alkaline earths, and plumbic
oxide form compounds with dextrose which are more easily

decomposed than similar compounds of cane-sugar. Aque-
ous dextrose takes up a large quantity of the oxides of

barium, calcium, and strontium, forming yellow solutions

precipitated by alcohol, which, even when protected from

the air, become darker, and are decomposed by standing or

when exposed to heat
;
their taste is bitter and slightly al-

kaline ; when evaporated in vacuo, a transparent, brittle

mass remains containing unaltered dextrose.

With Potassium and Sodium Oxides. Soluble in

hot alcohol, the former crystallizable. According to Honig
and Rosenfeld, on adding sodium ethylate to an alcoholic

solution of dextrose, the compound C 6HnNaO6 is precipi-

tated in white flocks, t

* Chem. Centblatt, 1859, 289. f Dingier^ Journal, ccxxxvii. 146, 153.
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With Barium Oxide. (a) Obtained by precipitating a

solution of dextrose in wood-spirit with baryta dissolved

in aqueous wood-spirit ;
the precipitate is washed with

the latter and dried in vacuo (Peligot). (b) Produced by

adding alcoholic barium hydrate to excess of dextrose dis-

solved in alcohol, washing the precipitate with strong alco-

hol, and drying in vacua. It is a nearly white, loose

powder of caustic taste, and is easily soluble in water.

With Lime.* C 6H 10CaO 6 + Aq (Peligot),

2(C 6H 12O 8)CaO(H 2O)
3

(Maumene).

Prepared by adding alcohol to a freshly made mixture of

the sugar with calcic hydrate. Insoluble precipitate, diffi-

cult to dry.

With Plumbic Oxide. Aqueous dextrose in the cold

dissolves plumbic oxide, forming an insoluble basic com-

pound which decomposes even below 100. Aqueous dex-

trose gives no precipitate with neutral or basic acetate of

lead, but gives one with the ammoniacal acetate.

(a) C 6H8Pb,0 6
.

(b) C li
HMO 11 3PbO.

With Cupric Oxide. Salkowskif describes a com-

pound of cupric oxide which is formed as an insoluble pre-

cipitate, drying in the air to a blue-green powder partly

soluble in alkali.

With Sodium Chloride. The rotatory power of dex-

trose is not altered in the presence of sodium chloride.

(a) C 8H 12O6 2NaCl (nearly). Obtained by evaporating

sodium chloride with diabetic urine (Staedeler).

(b) 2C 8H,,Oa 2NaCl H,O. Also obtained by evaporating

diabetic urine with sodium chloride.

* Ann. Chim. Pharm., Ixxxiii. 138. f Zeits. f. Anal. Chemie, xii. 98.
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(c) 2C6H iaO6 NaCl HaO. This is most well-defined of aU

the compounds of sodium chloride with dextrose. It crys-

tallizes out when diabetic urine is concentrated
;
also from

solutions containing one molecule or less of the salt to two

molecules of the sugar. Dextrose from urine forms this

body more easily than that from any other source. It con-

sists of transparent, colorless, lustrous crystals, attaining a

half-inch in length, belonging, according to Pasteur, to the

right prismatic or rhombic system. Rotatory power

{a]j = 47.14, corresponding to the unaltered rotation of

the dextrose contained (Pasteur); permanent in the air;

loses water when heated.

With Sodium Bromide.* NaBr 2(C 6
H12O 6).

With Sodium Iodide. A very unstable compound.
With Organic Acids. Dextrose combines with the or-

ganic acids tartaric, stearic, benzoic, butyric, and acetic,

forming amorphous solid or oily masses, soluble in alcohol

and ether, but slightly soluble in water, f

Borax behaves with dextrose similarly to what it

does with cane sugar. By the action of cMoracetyl on

dextrose there is produced a body having the composition

C 6
H

7(C2H3O) 4O 5C1. It has a specific rotatory power of 140,
reduces cupric oxide in alkaline solution, and is partially

volatile. Dextrose prevents the precipitation of ferric

chloride by alkalies.

ADDITIONAL QUALITATIVE TESTS FOB DEXTKOSE.

Barfoed's Test. Heat the solution with a neutral or

acid solution of cupric acetate, when a precipitate is pro-

* Stenhouse (Chem. Centb.. 1864. 64).

f Berthelot (Jahresb. der ('hem., 1855. 157, 507, 678).
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duced. Dextrin, milk, or cane-sugar do not act. .01 per
cent, may be thus detected.*

Sclimitt's Test. A solution containing dextrose mixed
with neutral acetate of lead and ammonia, gives a whitish

cloud, which on warming settles to a red precipitate of

lead sucrate. Cane-sugar, under the same conditions, gives
a white precipitate only. A small trace of dextrose in the

presence of much cane-sugar colors the deposit. Mannite

acts as cane-sugar.

Mazzara's Test. Hydrated sesquioxide of nickel,

when heated with dextrose, invert-sugar, and many other

organic bodies in the presence of caustic potash, is reduced

to the green protoxide, f See also E. Pollacci4
Picric Acid Test (Braun ). Dextrose reduces picric

acid C 6
H

3(NO3)8O to picraminic acid C 6Hs(NOa)a
NH

3O, the

yellow color changing to a deep red. To execute the test

the grape-sugar solution is heated with excess of caustic

soda to 90 C., and one or two drops of a solution of picric

acid added (containing 1 part acid to 250 parts water), and

the whole heated to boiling.

Lindo's Test.|| When the yellow crystalline compound
obtained by the action of nitric acid on brucine is ren-

dered alkaline by caustic alkali solution, and dextrose is

added, the yellow color changes to an intense blue.

PARADEXTROSE. This substance is produced with para-

saccharose by spontaneous fermentation of a cane-sugar

solution (see page 72). It is isomeric with dextrose,

forming a hydrate with one molecule of water. It loses

its water at 100 and decomposes. Paradextrose does not

* Fres. Zeitschrift, xii. 27. Fres. Zeitschrift, iv. 187.

f Oazzetta Chim. Ital., 1878, ii. and iii.
| Chem. News, xxxviii. 146.

\lbid.
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reduce alkaline solution of tartrate of copper so strongly

as dextrose, but by boiling with dilute acids its reducing

power is increased. Sp. rotatory power, about -f- 40.

LEVULOSE* C
fl
H

12O6 .

Honigzucker, Liriksfruchtzucker, ScJileimzucker, Gr.

Chylariose, FT. Fruit-Sugar Left-handed Glucose.

Levulose exists in the invert-sugar of honey and many
fruits, though its isolated occurrence has not been demon-

strated with certainty. Some fruits furnish a left rotatory

juice, which renders it probable that levulose often exists

in fruits in greater proportion than that necessary to form

invert-sugar. The total sugar in such cases doubtless con-

sists of a mixture of cane-sugar, dextrose, and levulose, or

dextrose and levulose, the latter always predominating.
Formation. (1) In the inversion of cane-sugar by wa-

ter, dilute acids, yeast, or a peculiar ferment present in

fruits
; (2) by boiling levolusan with water or dilute acids.

The sugar produced by the continued heating of inulin

with acids is levulose, according to Dubranfaut.

Preparation. Add a little hydrochloric acid to a solu-

tion of cane-sugar, and heat to 60 C. When about twelve

per cent, of invert-sugar is present, cool to 5 C. and add
milk of lime, when the temperature will rise to 2 C. Sub-

mit the mixture to pressure to eliminate the liquid lime

compound of dextrose, and to the levulosate of lime re-

maining add some water, and again express. Repeat this

operation until the liquid running off has no longer a

*Bouchardat, Compt. Rend., xxv. 274 ; Dubrunfaut and others, ibid., xxix.

51, xl. 201, xlii. 803; Ann. Chim. Phys. y [3] xxi. 169; Journ. Pk. Chem., Ixix.

438, 208, xlii. 418.
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dextro-rotation. The lime compound is then decomposed
with oxalic acid. Finally, the solution of the pure levu-

lose is submitted to cold by means of snow and hydro-

chloric acid, whereby the water freezes out, and the syrupy
levulose remaining is further dried in a vacuum (Girard).

Properties. Levulose is a colorless, uncrystallizable

syrup or an amorphous mass. After heating to 100 its

composition corresponds to the formula C 6H iaO6 . It is

rather sweeter than cane-sugar, and is purgative. Optical

rotatory power varying with the temperature, and much
affected by presence of caustic lime.

[a] j
= - 53 at 90 C.

79.5 at 52 C.

- 106 at 14 C.

(Dubrunfaut).

Neubauer makes the rotation at 14 to be 100.

Decompositions. Levulose, on being heated to 170

C., yields a product analogous to glucosan, but more easi-

ly decomposed probably levolusan C 6H 10O5 (page 79).

In contact with yeast it undergoes vinous fermentation

without previous change. When sodium amalgam is

added to an aqueous solution of invert-sugar, evolution of

hydrogen ceases as soon as the liquid has become alkaline,

heat is given off, and when the action is complete the solu-

tion is found to contain mannite (Linneman*). Levulose

heated with dilute sulphuric acid forms levulinic acid

(Grote and Tollens) ;
it reduces cupric oxide in alkaline

solution in the same proportion as dextrose. Chlorine,

according to Hlasiwetz and Haberman,f with silver oxide,

acting on levulose, forms not gluconic but glycollic acid.

* Ann. Pharm., cxxiii. 136; Ber. Cfitm. Gesell., ix. 1465: Ann. Chim.

Phys., [5J x. 559. \ Ber. Chem. Oesell., iii. 46.
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The products of the action of alkalies on levulose are

the same as those obtained in the case of dextrose. They
are the more complex in proportion as the air has access.*

The decompositions and reactions of levulose in general

are much the same as those of dextrose.

Combination with Lime. Levulose forms with lime

a basic compound analogous to that of dextrose, which ab-

sorbs oxygen from the air and decomposes. Another com-

pound, consisting of sparingly soluble microscopic needles,

containing three molecules of base to one of sugar, is

decomposed by water when exposed to the light and air

(Dubrunfautf). Peligot gives the formula C 6H7O,3CaO.

Levulose is more soluble in alcohol than dextrose. A
combination of sodium with levulose appears to exist, ac-

cording to Honig and Rosenfeld,:): of the formula

C.HnNaOs .

INVERT-SUGAR.

This is a mixture in equal equivalents of dextrose and

levulose, produced by the action of heat, diastase, acids,

salts, or other agents on cane-sugar and some of its iso-

mers. It is an uncrystallizable syrup of sweeter taste

than cane-sugar. The sp. rotatory power varies with the

temperature : [a] j
=

at 14 52 90

- 26.65 - 13.33 (Dubrunfaut ).

According to Tuchscmid, ||
87.2 is the temperature of in-

*
Peligot, Compt. Rend., No. 4, 1880. Compt. Rend., xlii. 901.

f Ibid., Ixix. 1366.
|
Journ. Pk. Chemie, [2] ii. 335.

\ Ber. Chem. Gesett., xii. 45.
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activity. Tlie latter gives the general formula when c =
17.2 grm. in 100 c.c., as [a]D = (27.9 .32), when t =
the temperature. Alcohol lessens the left rotation of

invert-sugar, especially in the heat.* Probably the invert-

sugar in most commercial saccharine products is optically

inactive at any temperature (page 173). In the inversion of

cane-sugar by acids, for every 100 of the original dextro-

rotation there is produced an inverse rotation of 38 at

15 C., and - 44 at C.

Chancel f finds that a contraction in volume takes place

when a solution of cane-sugar is inverted, and hence invert-

sugar solutions of the same percentage are heavier than

those of cane-sugar.

COMPARATIVE DENSITIES OF CANE AND INVERT SUGAR SOLUTIONS.

General references on invert-sugar : Bouchardat, Corrupt.

JRend., xxv. 274
; Dubrunfaut, N. Ann. Chim. Phys., xxi.

169; Compt. Rend., xxix. 51, ibid., xlii. 901, 803; Lipp-

man, Scheibler's Neue Zeit., iv. 304.

*
Jodin, Compt. Rend., Iviii. 613. f Compt. Rend., Ixxiv. 356.



CHAPTER IV.

LACTOSE OR MILK-SUGAR CwHMOn .

Laetin Sucre de Lait, Fr. Milchzuclcer, Or.

LACTOSE, an isomer of cane-sugar, is found in the milk

of the mammalia. The only instance where it has been

met with in a plant is in the Achras sapota, which fur-

nishes lactose and another fermentable sugar in about

equal proportions (Bouchardat, fils *).

Milk-sugar is prepared by heating milk with an acid or

rennet, separating the curd, filtering through animal char-

coal, if necessary, and evaporating to the crystallizing-

point. It occurs in commerce generally as elongated, crys-

talline masses containing one equivalent of water.

The Specific Rotatory Power is to the right, and va-

ries much with the concentration of the solution. It has

been found by Hesse f to be for a solution containing

2 grm. of the hydrate to 100 c.c. [a] D = 53.63.

3 " " " =53.16.

5 " " " =52.90.

The following is the general formula, wherein c = the num-

ber of grammes in 100 c.c. c = 2 to 12 ; temp. 15 C.

[a] D = 54.54 - .557c + .05475c' - .001774c
3

.

. Rend., Aug. 14, 1871. f Ann. Chem. Pharm., clxxvi. 100.
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Schmoeger* gives [a] D = 52.53 fora 36 per cent, solution

at 20 C.

The freshly-prepared solution shows birotation. Alkalies

alter the rotatory power.

Hydrated Lactose (crystallized lactose). C 12
H 22O U H 20.

Crystallizes in hard white or transparent four-sided

hemihedral prisms belonging to the right prismatic sys-

tem. Loses its water at 140 to 145. Sp. gr., 1.543 at

13.9 C. Permanent in the air up to 100.

Composition.

Solubilities. Milk-sugar is slightly hygroscopic, and

soluble in five or six parts of cold and 2.5 parts of boiling

water. The saturated solution produced by contact with

excess of the sugar has a density of 1.055, and contains

14.55 per cent, of the crystallized substance. This solu-

tion, when left to evaporation, deposits crystals as soon as

the density reaches 1.063. Lactose dissolves readily in

distilled vinegar, and crystallizes from it again unaltered.

It is insoluble in absolute alcohol and ether (Dubrunfaut f).

Action of Heat. At 150 C. lactose acquires a yellow

color
;
at 160 C. gives off the smell of caramel and loses

slightly in weight ;
at 175, or above, it is partially con-

verted, with loss of weight, into lacto-caramel and a sub-

* Ber. Chem. Gesell., xvi. 1922. t Jahresber. der Chemie, 1856, 643.
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stance insoluble in water which melts at 203.5 C. (Lie-

ben.*) Crystallized lactose, when carefully heated, gives

off 12 per cent, of water, and solidifies on cooling to a crys-

talline mass, which on solution regains its water (Berze-

lius).

By dry distillation lactose yields carbonic acid, combus-

tible gases, acetic acid, empyreumatic oil, and charcoal.

Heated in the open air it swells up, becomes brown and

tenacious, gives off the odor of burnt sugar, and leaves a

large quantity of coal. By roasting, gum and saccharic

acid are produced. In aqueous solution the sugar is de-

composed when heated in a sealed tube to 100-130.

Sulphuric Acid (concentrated) chars lactose at 100.

Heated with the diluted acid, the optical rotatory power is

increased three-tenths, gallactose being formed (lactose of

Pasteur), and a partially dextro-rotatory, non-fermentable

substance which is crystallizable (Dubrunfaut). Accord-

ing to Fudakowsky,f two sugars are produced in the reac-

tion, both fermentable, soluble in water, dextro-gyrate,

but differing by their solubility in alcohol. The sp. rota-

tory power, after warming and long standing, of the two

are respectively

[a] D = 92.83,

[a]D =62.63.

Both are birotatofy4

Nitric Acid diluted, heated with milk-sugar, gives

mucic, saccharic, tartaric, oxalic, and carbonic acids. The

production of mucic acid in this way is particularly cha-

racteristic of lactose. Mtric acid may act on lactose in

* Jafiresber. der Chemie, 1856, 643. f Zeits. Anal. Chem., [2] iii. 32.

J See also Meissl, Journ. Pk. Chem., xxii. 100.
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two ways : 1 . The greater part of the sugar may be con-

verted into nrncic acid, which then undergoes further de-

composition, yielding tartaric acid. 2. A small portion of

the sugar is changed, as in the case with sulphuric acid,

into gallactose, the ultimate product of the reaction being

tartaric acid. Strong nitric acid forms an explosive nitro-

substitution compound.
Concentrated hydrocJiloric acid turns lactose brown,

while glacial phosphoric acid forms a red color, but does

not carbonize it; oxidized by potassium chlorate and

iodic acid. Distilled with potassium dichrornate and sul-

phuric acid, aldehyde is formed.

Action of Alkalies. Milk-sugar absorbs 12.40 per

cent, of ammonia gas. By action of caustic potash a

compound is obtained from which acids separate the lac-

tose unaltered. Triturated with potassium hydrate and

water, a brown liquid containing acetic acid is obtained.

A solution containing three molecules of free alkali to

one of cupric oxide, with tartaric acid or an alkaline tar-

trate, yields, when heated with milk-sugar, a precipitate

of cuprous oxide.

Ritthausen* has obtained from milk, by the action of

cupric sulphate and potassium hydrate, a carbohydrate

which, after boiling with acids, reduces the alkaline solu-

tion of tartrate of copper. A. W. Blyth describes two

new copper-reducing bodies from milk corresponding to

the formulas CH3O 6 and C,H 3O and considers them to be

glucosides.

Lactose forms more or less well-defined compounds with

potassium, sodium, calcium, barium, and lead oxides. f

+ Journ. Prak. Chemie, neuefolge, xv. 348.

f Honig and Rosenfeld, Ber. Chem. OeselL, xii. 47.
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There are two lime compounds one soluble and contain-

ing the same number of molecules of base and sugar, and

the other insoluble and basic. Schutzenberger,* by action

of acetic anhydride on milk-sugar, obtained octacetylated

lactose

and quadriacetylated lactose

See also Herzfeld.f

Lactose does not unite with sodium chloride in definite

proportion.

Fermentation. Milk-sugar ferments at 30 with yeast,

but more slowly than grape-sugar or dextrose, yielding al-

cohol and carbonic acid. Milk ferments also spontaneous-

ly without the addition of yeast, producing alcohol. A
solution of milk-sugar in contact with putrid caseine or

gluten gives alcohol and lactic acid, the milk-sugar being
not previously converted into gallactose. Less alcohol is

obtained if the acid is neutralized as fast as formed.

Erytlirozyme, a substance obtained from madder, causes

milk-sugar to ferment, giving rise to carbonic, formic,

acetic, and succinic acids, hydrogen, and alcohol.:):

* Ann. Chem. Pharm., clx. 91. f Scheibler's Neue Zeit., iii. 155.

\ Schunck, Journ. Pk. Chem., Ixiii. 22.



CHAPTER V.

DETERMINATION OF SPECIFIC GRAVITY.

THE specific gravity or density of solids and liquids is a

ratio expressing their weight relative to an equal volume of

water at a standard temperature ;
this temperature is gen-

erally that of water at its greatest density, 4 C., though 15

C. is sometimes adopted. The specific gravity of water is

called 1, and that of all other solid and liquid bodies con-

sists of multiples of this, whether whole numbers or frac-

tions
; thus, the specific gravity of alcohol is .7938, and

that of gold is 19.3 that is, a volume of alcohol or gold,

respectively, weighs .7938 and 19.3 times as much as an

equal bulk of water at 4 C.

There are three principal methods of determining the

density of solids and liquids viz. : 1. BY THE HYDROSTA-

TIC BALANCE
;

2. BY THE SPECIFIC-GRAVITY FLASK
;
and 3.

BY THE AREOMETER. All of these are the same in principle,

as they consist in ascertaining, directly or indirectly, the

weight of a body in air, and that of an equal bulk of water.

The Hydrostatic Balance. The use of this piece of ap-

paratus depends upon the following physical law, first enun-

ciated by Archimedes : A solid body immersed in a liquid

loses a part of its weight equal to the weight of the dis-

placed liquid. Hence, if we weigh a solid on an ordinary

balance, first in air, and then in water by suspending it with

a fine hair or silk thread from the scale-pan, the difference

between the two weighings will represent the weight of a

volume of water equal to that of the solid
; by dividing the
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weight in air by that of the bulk of water displaced, the

specific gravity is obtained.

Mohr has devised a form of the hydrostatic balance

whereby the determination of the density of liquids may
be made with rapidity and accuracy ;

the principle of the

apparatus is easily derived from the Archimedean theorem :

Fig. 4 .

1.000

It is evident that if a solid is weighed while suspended in a

liquid, that the decrease in weight from that of the same

body in air, or volume displaced, must be proportional to

the density of the liquid. The apparatus (Fig. 4) consists
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of a beam which is in equilibrium in air when the sinker

a glass cylinder enclosing a thermometer and hung to the

extremity of the arm by a fine platinum wire is attached.

It is necessary to have the balance perfectly horizontal, and

for this purpose a small levelling-table may be used
;
there

is an elevating-screw, P, by which the beam may be raised

or lowered to suit the requirements of the operation. The

depth to which the sinker should descend below the level

of the liquid under examination will not vary much from

that shown in the figure. The weights consist of a series

of decimal riders, of which A A, (Fig. 4) are equal to each

other, and likewise equal to the weight of the volume of

distilled water displaced by the sinker at 15 C. ; B is one-

tenth of A, and C is one-hundredth. A, B, and C are hung
on the graduated beam. When the sinker is immersed in

distilled water at 15 C., and the rider A, is on the end of

the beam, as in Fig. 4, the balance is in equilibrium and

corresponds to the density of 1.000. For liquids heavier

than water the other riders are placed on the beam, A, still

hanging on its extremity, until equilibrium is restored
;

the riders when thus placed have following values :

A, = 1.000

A = .100

B = .010

C = .001

For liquids lighter than water A, is taken off and the

balance restored with the other riders. Fig. 5 shows ex-

amples of the readings with different densities. The sinker

and platinum wire, after use, should be cleaned and dried

with care.

By the Specific-Gravity Flask. This is the simplest

and at the same time one of the most accurate methods of
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taking the specific gravity of solid and liquid bodies. The

apparatus is a tared flask holding to a mark on the neck

a determinate weight of distilled water at lo C. or 4 C.

The liquid to be examined is brought to the required tem-

perature and tilled into the flask up to the mark, and the

Fig. 5-

0,747

0,803

1.846

A

whole weighed ;
the last weight, after subtracting that of

the flask, is that of a bulk of the liquid equal to the vol-

ume of water whose weight is known
;
the density is then

obtained on dividing the former by the latter.

The 100 c.c. flask is a very convenient arrangement for
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taking specific gravities, the weight of 100 c.c. of any

liquid, divided by 100, being its specific gravity.

AREOMETRY.

The Areometer (Ardometer* Senkwage, Or. ; Areo-

metre, Fr.) The areometer consists of a closed tube ex-

panded below into a bulb the lower part of which is loaded

to maintain the instrument in an upright position when

floating.

According to the laws of hydrostatics, a body immersed

in a fluid is buoyed up with a force exactly equal to the

weight of the volume displaced ; hence, if the body float,

the weight of the bulk displaced is equal to that of the

floating body ;
the weight of an areometer in air is, there-

fore, the same as that of the volume of liquid displaced

by it when floating freely.

Areometers may be divided into two classes viz., (1)

those having constant volume and variable weight, and

(2) those of variable volume and constant weight. Hydro-
meters of the first class, on being placed in the liquid to be

tested, sink to a fixed mark on the stem by means of

weights added
;
from these weights the volume displaced is

calculated. Nicholson's and Fahrenheit's hydrometers are

of this kind. Those of the second class are provided with a

scale on the stem, and the instruments, when used, are

allowed to sink in the liquid until they float in equilibrium,

the point at which the surface of the liquid cuts the scale

indicating either directly the specific gravity, or, in the case

of areometers with arbitrary scale, merely a degree which

does not show directly the density. In r^jrard to areome-

ters with variable volume, it may be said that if a floating

body of constant weight be immersed in different fluids,
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their densities will be in inverse ratio to the volumes dis-

placed ;
the less dense the greater the displacement, and

vice versa. Suppose we float a hydrometer weighing 50

grammes ;
then the volume of liquid displaced by it will

weigh exactly 50 grammes. Now, with fluids of various

densities the 50 grammes will correspond to volumes in-

versely as the density. In the case of water the volume

displaced would be 50 c.c. = 50 grammes, which, divided

by the weight of the areometer, gives ?-= 1.000 as the
oO

specific gravity ;
50 grammes syrup of specific gravity

1.261 would occupy a volume of 39.6 c.c.f Y Accord-

ingly, the division of the scale shown by areometers corre-

sponds to volume displaced, and either shows directly the

specific gravity, or a formula may be obtained by which

the indications of the arbitrary scales may be reduced to

specific gravities.

The scales of areometers of variable volume are even or

uneven the former include the majority of hydrometers in

ordinary use
;
the latter are those in which the graduations

read specific gravities, and are called densimeters. Even

scale hydrometers for use in the arts, and, indeed, for sci-

entific purposes, have some advantages over those reading

specific gravities. The scale of the latter, being expressed

in decimal fractions, are more difficult to remember and

record
;
for example, it is easier to remember that a solu-

tion is 25 Baume than that its specific gravity is 1.2173.

The densimeter is, furthermore, much more difficult to con-

struct correctly, and consequently more costly. The scales

of all areometers should, however, be based on fixed and

invariable data, so that the specific gravity corresponding
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to any degree may be. calculated. Such data, and tables

based on thejn, are given in another part of this work.

As areometers are used for two different classes of liquids

those denser than water, which increase in value with

the density ;
and those less dense, which contain more of

the valuable constituent the lower the specific gravity,

water at a standard temperature is the natural zero-point

for hydrometer scales
;
for fluids heavier than water the

degrees will read downwards, while for those lighter the

readings will be in reverse order
;
in either case the num-

ber of divisions of the scale from zero will increase in pro-

portion to the amount of valuable constituent present in

the solution examined. Hence for arbitrary scales the

reading is natural, easily comprehended and remembered.

The form of the part of the hydrometer below the sur-

face of the liquid may vary, but it should be symmetrical
with the axis, or otherwise the instrument would not float

perfectly upright, but would lean
;
the lower part is always

more or less expanded, so that the stem may not be of inor-

dinate length. The greater the volume of the bulb propor-

tional to that of the stem, the greater will be the sensitive-

ness of the instrument
;
that is, a small difference in den-

sity or displacement will correspond to a large space on the

stem. It has on this account been found useful to graduate

hydrometers for special purposes in which the scale ex-

tends only over a limited field of density ;
in this way each

degree may occupy a larger space and may be divided into

fractions. Examples of these are Baume's hydrometers
called acidometers, salinometers, alcoholometers, saccha-

rometers, etc., made for special purposes in the arts.

Hydrometers are made of glass, or metal, as brass, silver,

or German silver. Glass is preferable for most purposes
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from its cheapness and the ease with which it is worked
;

besides which air bubbles adhere less to glass than metallic

surfaces, thus lessening one of the greatest sources of error

inherent with the use of hydrometers, especially when dense

solutions are operated upon. Another advantage of glass

is the impossibility of indenting the surface, which is a

source of error to which metallic areometers are peculiarly

liable. Glass is not, however, suitable as a material for

very sensitive areometers, because the extreme smallness

of bore it is necessary to give the stem would make it too

fragile.

The areometers of variable volume in common use essen-

tially differ in the manner in which the scale is divided.

The following are those which will be described in this

work:

I. When the scale indicates volumes displaced Gay
Lussac* s volumeter (even scale).

II. When the scales indicate directly specific gravities

the densimeter (uneven scale).

III. When the indications of the scale are arbitrary
Baum&s hydrometer (even scale).

IV. When the scale indicates percentages of substance in

solution Balling's saccharometer (even scale).

GAY LUSSAC'S VOLUMETER.

This areometer is of the ordinary form, and the scale

shows directly the volume displaced of the liquid tested

with it, in comparison with that of water with the same in-

strument. Thus, if it is floated in a solution and stands

at 40 on the scale, this indicates for the same weight,
the volume of water being 100, that of the solution would
be 40

;
whence the density may be readily calculated. The
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Fig. 6.

100

90

70

1.0

1.1

1.2

1.3

1.4

1,7

1,9

150

\

110

0.7

0,9

point to which, the instrument sinks

in water is marked 100 on the scale.

Above and below this, divisions are

made of such a kind that the vol-

ume of the stem comprised between

two successive degrees is ^ of the

total volume below the 100 mark.

As the volumeter is more exact the

larger the divisions of the scale, it is

advisable to have it made in two

spindles, one for liquids heavier than

water, with the 100 point at the up-

per part of the scale, Fig. 6, A ;
and

another for liquids lighter than wa-

ter, with the 100 point near the bot-

tom, Fig. 6, B.

In order to obtain the specific gra-

vity of a liquid it is simply necessary

to divide the volume displaced in wa-

ter 100, by the number on the scale

to which the apparatus sinks. The

same rule applies for liquids lighter

than water. Thus, if the volumeter

marks 120, we have fj}#, or .833. In

the figure the scales to the right

and left are those of the volumeter

with the corresponding specific gra-

vities opposite. It is seen that equal

differences in volume correspond to

unequal differences in density.

The volumeter has a great ad-

vantage over the densimeter in that
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its scale is even. It has all the advantage of an areo-

meter with arbitrary scale, its degrees being whole num-

bers (though reading inversely for liquids heavier than

water), and yet, by a very simple calculation, the indica-

tions may be converted into specific gravities.

The table below gives the correspondence of the volu-

meter and specific gravities :

THE DENSIMETER.

This instrument reads directly, without calculation, the

specific gravity of the liquid in which it floats. The scale

is so made that the point to which the hydrometer sinks in

distilled water at standard temperature is marked 1.000,

and the graduation for liquids lighter than water is carried

above this point, and for liquids heavier than water in the

reverse direction. The finer hydrometers of this kind

have the scale divided between two or more spindles, so

that the increased length of stem gives room for a more

accurately-divided scale. When the densimeter consists

only of the hydrominor and hydromajor spindles, the 1.000

point is placed with the first at the bottom of the areo-

meter, and at the top with the second.

Ventzlcds Areometer is a densimeter with a bulb enor-



106 DETERMINATION OP SPECIFIC GRAVITY.

mously enlarged compared with the stem, which is very

short and thin, in order that the instrument may have

great sensitiveness. The middle of the stem, is marked

with density of 1.100, and divisions showing small differ-

ences in density are carried above and below this point.

The areometer is used in Yentzke's process for determin-

ing sugar by the optical saccharimeter, and also for esti-

mating the water in sugars and syrups from their density

when in solution (see page 147).

BAUME' s HYDROMETER.

Baume' s hydrometer is generally made of glass, of the

ordinary form, and loaded with shot or mercury. The

scale may be either engraved on the stem, or of paper en-

closed within it, as is the form of the cheaper kinds.

There are two entirely distinct Baume hydrometers, gradu-

ated on different principles, the divisions of their scales

not being directly convertible into each other. They are

the hydromajor and the hydrominor spindles. For the

hydromajor instrument (pese sel, pese acide) the point

marked 15 on the scale was fixed by Baume at the place

on the scale where it sinks in a solution of common salt

made by dissolving fifteen parts by weight in eighty-five

parts of water. The space between this and zero was

divided into fifteen equal parts, and divisions of the same

size were continued below 15 to the bulb.

In the hydrominor spindle (pese spirit) the point on

the stem to which it sinks in water is marked 10, while the

zero is where it stands in a solution of ten parts common

salt in ninety parts of water. The density of this solution

is 1.0847. The distance between and 10 is divided into
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10 equal parts, and this division is extended to the rest of

the scale.

Standard of Graduation. There has always been

some uncertainty about the standard proposed by Baume
for fixing the points for the graduation of his areometers.

He himself prescribes the use of pure and dry salt, which

would yield a solution of sp. gr. 1.109 for the hydromajor

spindle. Other authorities direct the use of common
salt which contains varying quantities of moisture and

from two to eight per cent, of other impurities, varying

with the quality. Hence it is very evident that hydro-

meters graduated by the two methods will have scales not

comparable. If, however, the directions of Baume are

rigidly adhered to, and a solution of chemically-pure salt,

of sp. gr. 1.109 at 15, is used, there could be no better or

more unvarying standard. A new method for graduat-

ing these hydrometers was introduced by Gay Lussac, by
which the zero-point corresponds to distilled water at 4

C., and the degree at which they stand in pure mono-

hydrated sulphuric acid is made 66 at 15 C., the inter-

mediate part of the scale between these two points being

divided in 66 equal parts. At present all Baume' s hydro-

meters are graduated on Gay Lussac' s plan, except that

both of the fixed points are generally taken at the tempe-

rature of 15 C. ;
the difference between this way of gradu-

ating and the unmodified one of Gay Lussac is too small

to be taken into consideration, unless in very exceptional

circumstances. The chief practical objection to this

method is that the oil of vitriol of commerce used by
makers of these instruments varies in density considera-

bly, as coming from different sources
; also, the densities of

the pure acid, as given by various authorities, differ suffi-



108 DETERMINATION OF SPECIFIC GRAVITY.

ciently to cause a serious error in the graduation based on

these data. These differences are probably owing for the

most part to the varying temperature at which the speci-

fic gravity was taken. That given by Gay Lussac is

1.8427 at 15 C., and is entirely reliable. It will be seen

that the areometers graduated with oil of vitriol, with-

out regard to temperature, or a strict determination of

the density of the graduating liquid so that it may be the

same as the figure given above, will show a notable error
;

but if regard is paid to the necessary conditions of the

operation, and these conditions are the same in all cases,

the hydrometers agree very closely with each other, and

their readings can always be converted into specific gravi-

ties by appropriate formulas.

A good hydrometer has a stem of the same calibre

throughout, and the scale equally divided. The accuracy
in these respects may be readily determined with a pair of

calipers and compasses.

Reduction of Scale to Specific Gravity.- Though
the scale of the Baume instrument is arbitrary, yet the

specific gravity corresponding to any degree may be cal-

culated. Tables of these equivalents, in the case of hydro-
meters for liquids heavier than water, met with in the

books, show great discrepancies, for the reason that some

are calculated by the following formula given by Francoeur :

P- (i)
152 d

in which P = the density ;
d = the degree Baume.

This is the correct formula when the graduation is effected

by the original method of Baume with a solution of salt.

When Gay Lussac' s method is used with sulphuric acid of

sp. gr. 1.8427 at 15 C., the formula becomes
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144.3

144.3
(2)

Tables calculated after (2) are the only ones practically use-

ful, as the instruments are no longer graduated with salt

solution.

The formula for the hydrominor hydrometer is

146

136
(3)

The following table given by Bourgougnon
* shows the

specific gravities corresponding to degrees Baume for

liquids heavier than water, at 15 C., calculated according

to formula (2) :

* Proc. Am. CTiem. Soc., vol. i., No. 5, p. 55.
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The table for liquids lighter than water is calculated by
formula (3) :

Correction for Temperature. As the areometer, es-

pecially in the sugar industry, is often used at tempera-

tures above the ordinary, it is desirable to obtain a correc-

tion that will serve to reduce the readings to the degree of

heat at which the instruments are graduated. A correction

amply accurate enough for ordinary purposes, or, indeed,

to any purpose to which this hydrometer is itself suited,

may be deduced from the results of the following experi-

ments given in foot-note.*

When the temperature is above 15 C. or 62 F., the pro-

duct of the number of degrees in excess, multiplied by
.0471 or .0265, is added to the hydrometer reading; when

it is below the standard temperature, it is subtracted ; or

the correction of -fa degree Baume for each difference of

two degrees Centigrade may be used.

BALLING'S AREOMETER.

The readings of this areometer, sometimes called Bal-

* Molasses of two densities and a strong syrup of cane-sugar were heated
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ling's saccharometer, indicate directly the percentage of

pure sugar or solid matter dissolved. Thus, if it is floated

in a solution of pure cane-sugar and sinks to 30, the liquid

contains thirty parts of sugar and seventy parts of water.

If the solution contains other matters besides pure sugar,

the readings show percentages of dissolved matter or im-

pure sugar. The form is that of a bulb loaded with mer-

cury, carrying a long stem on which is the scale. For

accurate instruments the Avhole scale is not on one spindle,

but there are three, one embracing the scale from zero to

30, the second from 25 to 60, and the third from 55 to

90. The degrees are divided into halves or fifths to allow

of more exact results.

Balling, an Austrian chemist, originated this hydro-

meter, and made careful determinations of the specific gra-

vities of sugar solutions corresponding to various percent-

ages of sugar dissolve^*, as did also Nieman and Gerlach.

successively to different temperatures, and the readings of the hydrometer care-

fully taken and averaged.

1. Molasses stood :

79' C.- 31.2' B.

2. Molasses :

At 13 C. 15.6 B.

u 7o R Average- adherence of

3. A syrup of cane-sugar stood :

At 12
C
C. 36.25 B.

] Average
48 C. 31.20 B. Ll C = a difference of

77 C. 30.10' B.
J

.0484 B.

Average of the three estimations :

1 C. = .0471 B.

1 F. = .0265 B.
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Later, Brix has recalculated Balling's table, making some

corrections, and now the instrument is made according to

the results of Brix, and is generally known as the Brix

saccharometer. The terms Brix' s or Balling' s areometer

or saccharometer will be used indifferently in this work.

Error due to Impurities. It is evident that when

Balling's saccharometer is used on impure sugar solutions,

the indications will be incorrect in proportion as the

specific gravity of the impurities differs from that of cane-

sugar, and that the error will also be proportionally greater

as the impurities exist in larger quantity in comparison

with the cane-sugar. The following table shows the den-

sity of some of the leading impurities contained in cane

or beet juice :

Another table, given by Frese,* shows the same class of

facts. The solutions each contain one per cent, of sub-

stance :

Frese, Beitrage der Zuckerfabrikation.
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With grape-sugar the density for strong solutions is suffi-

cient to make a difference of about one per cent., while for

some of the salts the error is enormously greater.

This source of inaccuracy will always prevent Balling's

saccharometer from giving perfectly reliable results in solu-

tions containing much impurity, though there can be no

doubt of its great value for ordinary technical work, even

on the lower products of the fdbricant and refiner.

Correction for Temperature. This correction is

given in the following table, arranged from that of Stam-

mer.* It is to be observed that when the temperature of

the solution operated upon is l3wer than 17 C. (63 F.),

the correction is to be subtracted from the reading of the

areometer
;
when above 17J it is to be added. If the

saccharometer is graduated at 15 C. instead of 17J% the

difference made by using the table given below is too small

to be considered in ordinary work :

Lehrbuch der Zuckerfabrikation ; Erganzungband, page 60.
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CORRECTION FOR THE READINGS OF BALLING'S SACCHAROMETER, ON

ACCOUNT OF TEMPERATURE.

According to observations of Gerlach, the correction for

temperature varies with the concentration of the solution

and the range of temperature as shown in the table.
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A very convenient form of the Balling saccharometer is

to have the thermometer forming part of the areometer,

with its stem enclosed within that of the latter. The ther-

mometer is graduated into degrees Centigrade on one side

of the stem, and into the corresponding corrections for

some of the more common temperatures on the other
;
so

that not only is the taking of the temperature as a separate

operation dispensed with, but also the trouble of consult-

ing the table. In this way the corrected degree Balling

may be obtained by two readings and a simple mental ope-

ration.

Vivien's Saccharometer. This areometer has two

scales, one showing the number of kilos, of sugar in the

hectolitre of sugar solution, and the other the correspond-

ing specific gravities. It consists of three separate spin-

dles, the first having a range from 1 to 1.025 sp. gr., the

second from 1.025 to 1.05, and the third from 1.05 to 1.075.

The instrument is intended especially for beet-juice or

other thin saccharine liquids.

The following table gives the percentages of sugar, or

degree Balling, of sugar solutions, with the correspond-

ing densities and degrees Baume. It was calculated by

Mategczek, Scheibler, and Stammer.*

*
ZeUschrift fur Zuckerindustrie des Deutscfien Reiches, xv. 583, xx. 269 ;

Stammer, Zuckerfaforikation, 28 et seq.
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TABLE SHOWING THE RELATION OF PERCENTAGES, SPECIFIC GRAVITIES, AND
DEGREES BAUME IN CANE-SUGAR SOLUTIONS.
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Per

cent,

Sugar.

I.I320

*

20.3

1.1892
1.1898
i 1903
1.190!
1.1913
1.1919
1.1924
1-1929
1-1934
1.1940
1.1945
1.1950
1-1955
1.1961
1.1966
1.1971
1.1976
1.1982
1.1987
1.1992
1.1998

1.2013
1.2019
1.2024
1.2029
i 2035
1.2040
1.2045
1.2051

1.2489
1.2495
1.2500
1.2506
1.2512
1.2517
1-2523
1.2529
1.2534
1.2540
1.2546
1.2551
I.

14
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J

2

1

it
* U

60.8

6l :2
.i

.2

3
4

65:2

.2

3
4

66.0
.1

.2

3
4

2

.2946

2952
.29S8

.2964

2970

2993
2999
3005
3011
3017
3023 i

3029
'3035
,3041

3047
3053

1*5
3071
3077
30*53

3089
3095
3101
3107
3"3
31 19
3126
3132
3138
3144
3150

3162
3168
3174
3180
3186
3192
3198
3205
32"
3217
3223
3229
3235
3241
3247

3266
3272

3291
3297
3303
IVSG9

3315
3322

32.8
32.8
32-9
32-9
33-0
33-o
33-i
33-i
33-a
33-2
33-3
33 3
33-4
33-4
33-5
33-5

33-f
33-6
33-7
33-7
33-8
33-8
33-9
33-9
34
34
3-4

34

M
34
34-3
34-3
34-4
34-4
34-5
34-5
34-6
34-6
34-7
34-7
34-8
34-8
34-9
34-95
35-0
35-05
35-1
35-15
35-2
35-25
35-3
35-35
35 4
35-4
35-5
35-5
35-6
35-6
35-7

U
35-9
35-8

67.2

68:2
.1

.2

3

:!

3

.1

.2

3

:!

3
9

70.0

.2

3
4

3
.9

71.0
.1

.2

3

:i

-9

72.0

.2

3
4

:J

3
9

73-0

3334
3340
3346
.3352

:&1
3371

,3402

3408
3415
3421
3427
3433
3440
3446
3452
3458
3465
3471

3490
3496
352
3509
3515

IS!
3534

354?
3546
3553

3572
3<78

3^97
3604
3610
3616
3623
3^29
3635

3667

@
is*

3705
3712
3719
3725

36-0
*:i

3
9

74-0
.1

.2

9
75-o

.1

.2

3
.4

:i

9
76.0

.1

9
77-0

.1

*;?

9
79.0

.2

3
4

:8

.7

3732
.3738

.3745

.3751

3770

SB
3790
3796
3803
3809
3816
3822

3855

i
'#7.4

.3894

.3900
3907
.3913
.3920

.3926

3933
3940
3946
3953
'3959

3972

SB
399
3999
4005
4012
4019
4025
,4032

4039
4045
.4052

.4065

.4072

.4078

.4065

.4092

.4098

.4105

.4112

.4119

.4125
4132
.4138

39-1
39-1
39-2
39-2
39-3
39-3
39-4
39-4
39-5
39-5
396
39-6
39-7

39-9
39-9
40.0
40.0
40.1
40.1
40.2
40.2
40.3
40.3
40.4
40.4
40.5

40.5
40.6
40.6
40.7
40.7
40.8
40.8
40.8
40.9
41.0
41 o

41.0
41.1
41.1
41.2
41.2
41-3

79-8

8.2

.2

3
4

8,:2
.1

.2

.3

.4

82:2
.1

.2

3
4

.2

3

:i

:J

a,:|
.2

3
4

3

3

85:2

.2

3
4

86!o

172

. '185

.4102

.4199

.4205

.4212
4219
.4226
4232

4253
42S9
4266
4273
4280
4287
4293
4300
4307
4314
4320
4327
4334
4341
4348

43J4
436i
4368
4375
4382
4388
4395
4402
4400
4416
4423
4430
4437
4443
4450
4457
4464
4471

4492
4498
4505
,4512

,4510
4520
4533
4140
4547
4554
.4901

42-2
42.2
42.2
42-3
42-3
42-4
42.4
42-5
42-5
42.6
42.6
42.7

S3
-8

42.9
42-9
43-0
43-0
43 l

43- *

43-2
43-2
43-3
43-3
43-4
43-4
43-5
43-5
43-5

43-5

Another table is given, partially supplementary to the

last and calculated by the same formulas, but taking in a

wider range of densities, and having the degrees Baume

in the first column:



TABLE. 119

TABLE SHOWING RELATION BETWEEN DEGREES BAUME, PERCENTAGES, AND
SPECIFIC GRAVITIES OF CANE-SUGAR SOLUTIONS.

II

o.

0.5
I.

i-5
2.

2-5
3-

3-5
4-

4-5
5'

i:
5

6-5

I:
5

8. 5
9-

9-5
10.

10.5
II.

"5
12.

28.5
29.

29.5
30.

30-5
Si-
31-5
32
32-5
33-
33-5
34-

34-5
35-

SO- 59
51-55
52.51
53-47
54-44

P-47-37

57-34
58-32
59-29
60.27
61.25
62.23
63.22
64.21

65.20
66.19
67.19
68.19
69.19
70.20
71-20
72.22

2743

39-

39-5
40.
40.5
41.
41.5
42.

42-5
43-

43-5
44-
44-5
45-

45-5

46.5
47-

49-
49-5
50.

50.5
5i-

51-5

-37J4



CHAPTER VI.

Determination of Cane-Sugar Optical Methods.

POLAKIZED LIGHT.

By Reflection. When a ray of

light, a &, Fig. 7, falls on a polished

surface of glass (wood, ivory, lea-

ther, or other non-metallic sub-

stance), f g h i, inclined to it at an

angle of 35 25', it is reflected, and

the reflected ray acquires peculiar

properties whereby it is said to be

polarized. The change which has

taken place in the light may be

shown as follows : Let the polarized ray be received at c on

a second reflecting surface, at the same angle as before. If

the surfaces are parallel the ray is reflected; but if the

second surface is caused to turn around c &, the intensity

of the ray constantly diminishes, and when the reflecting

planes are perpendicular to each other no light is reflected.

If the rotation of the upper mirror be now continued the

intensity of the ray gradually increases, nnd attains a

maximum when the surfaces are again parallel. If the

incident ray strikes at any other angle than that given the

light is more or less polarized ;
but the greatest effect for

glass is always obtained under the condition mentioned.

The angle which the incident ray makes with the normal
120
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corresponds to the greatest effect for any substance, and is

called the polarizing angle. For water it is 53 11'; glass,

54 35'; air, 45; and quartz, 57 32'.

By Refraction. The phenomena of polarization are

exhibited not only by reflection, but also by refraction,

double or single. All doubly-refracting crystals have the

property of polarizing light, and calc-spar may be selected

as well illustrating this fact. When a ray of ordinary

light passes through a crystal of calc-spar in any direction

except that of the shorter diagonal of the rhomb, which is

its optical axis, it is divided into two beams of equal in-

tensity, the ordinary and the extraordinary rays. When
the ordinary ray passes through a second rhomb of spar it

again experiences double refraction, giving rise to two

beams of unequal intensities. If the second crystal be ro-

tated until the principal planes of the two coincide that

is, when they are in opposite or similar positions the ordi-

nary ray acquires its greatest intensity and the extraordi-

nary ray disappears ; continuing the rotation, the extraor-

dinary ray reappears and increases in brightness, while the

ordinary beam diminishes until the principal planes are

perpendicular. When, however, the extraordinary ray
suffers a second refraction by means of calc-spar, the con-

verse to the above is exhibited. The two rays resulting

from the double refraction are found to be polarized.

Among other crystalline bodies capable of polarizing

light by double refraction may be mentioned tourmaline

and selenite (crystallized sulphate of lime). Glass also, sub-

mitted to strains or pressure, becomes doubly-refracting.
The plane in which a ray of polarized light, incident at the

polarizing angle, is reflected or transmitted in the greatest

degree, is called the plane of polarization of the ray.



122 DETERMINATION OF CANE-SUGAR,

When the polarization is produced by reflection the plane

of polarization is identical with the plane of reflection.

The Nichol Prism. A valuable device for producing

polarized light, or analyzing it, is the Nichol prism, which

consists of a rhomb of calc-spar slit along the plane pass-

ing through the shorter diagonal, and having the two

halves cemented together again by Canada balsam, whose

refractive index is intermediate between the ordinary and

extraordinary indices of the crystal. Hence, when a ray

of light, S C, Fig. 8, enters the prism,
Fig.8.

the ordinary ray experiences total

^^ ~1** reflection on the surface of the bal-

6
sam, a 5, and takes the direction

C d O, and is refmeted out of the crystal ;
while the extra-

ordinary ray, C e, emerges alone. The Nichol prism has

the advantages of perfect transparency and a very com-

plete polarizing effect.

Elliptical, Circular, and Plane Polarization. In

accordance with the principles of the undulatory theory,

when the ether particles that make up a beam of po-

larized light vibrate in parallel straight lines, the ray is

said to be plane polarized ; when the particles describe

ellipses around their positions of rest, the planes of the

ellipses being perpendicular to the ray and the axes paral-

lel, the light is elliptically polarized. A particular case of

the latter is when the axes of the ellipses become parallel,

when circular polarization is produced. When a ray of

light in this condition is refracted by a Nichol prism and

viewed through an analyzer, the rotation of the latter

causes no change in the intensity. Circularly-polarized

light is not, however, identical with ordinary light, as may
be proved by the interposition of a plate of selenite be-
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tween the polarizer and analyzer, when the light becomes

elliptical!y polarized.

Rotation of the Plane of Polarization. Crystals

of quartz, calc-spar, and tartaric acid can cause a rotation

of the polarization plane around its axis. If a plate of

quartz, cut perpendicular to its axis, is placed between the

analyzer and polarizer, color is exhibited, the tints chang-

ing in the order of the colors of the spectrum as the ana-

lyzer is turned. With monochromatic light it is found that

when the prisms are adjusted to produce total extinction of

light, and the quartz introduced in the path of the ray,

the light is partially restored, but that on rotating the

analyzer again total extinction is produced. The angle

through which it is necessary to turn the analyzer to pro-

duce this effect represents the angular rotation which the

plane of polarization has experienced. There are two va-

rieties of quartz, known as right and left handed the one

rotating the plane of polarization to the right and the other

to the left. Fig. 9 represents the rotation of the plane of

FJg.9.

polarization : the plane A B, originally perpendicular, suf-

fers successive rotations to a b, a!
>',
and a" 5", the angle

C W a" being the final angle of rotation.

Malus has established the following laws in regard to ro-

tatory polarization :

I. The amount of rotation is proportional to the thick-
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ness of the quartz. II. The rotation of the plane of

polarization variesfor the different rays of the spectrum,

increasing with the refrangibility of the light. With a

plate of quartz one millimetre thick the rotations obtained

for different colors were :

Red 19 Blue 32

Orange 21 Indigo 36

Yellow 23 Violet 41

Green 28

Specific Rotatory Power. When the polarizer and

analyzer are so placed to each other that their principal

sections are parallel, and a quartz plate 3.75 mm. thick is

interposed in the path of the polarized ray, a peculiar tint

is produced. It is a delicate rose-purple, but changes

quickly into red or violet by the slightest movement in the

position of the analyzer, the alteration of color being much
more rapid and decided than for any other shade or color.

It is called the transition tint (teinte de passage), and in

measurements of the rotative power of various bodies this

is often taken as a standard. The rotatory power of li-

quids is directly as the length of the column through
which the ray passes, and also as the quantity of active

substance dissolved, if it is a solution. If e be the amount

of substance dissolved in a unit of weight of the solution,

I the length of the liquid column, and a the observed angle

of rotation for any particular color, as the transition tint,

the angle of rotation for the unit of length will be / but,
e L

as the solution of the optically active body is often attend-

ed with alteration of volume, it is desirable, in order to ob-

tain an expression independent of such irregularities, to
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refer the observed angle of deviation to a hypothetical

unit of density that is, to divide the quantity by the

density, </, of the solution. The expression [a~\ j
= - is

e l g
called the specific rotatory power ,

and represents the angle

of deviation which the pure substance, in a column of the

unit of length and density 1, would impart to the ray corre-

sponding to the transition tint. For instance, a solution

containing .155 gramme of cane-sugar to 1 gramme of liquid

has a specific gravity of 1.06, and deflects the polarized ray
for the transition tint 24 in a tube 20 mm. long. The spe-

cific rotatory power is, therefore,

[a] is the expression for the specific rotatory power in

general ;
a letter affixed shows the particular ray of the

spectrum at which the deviation was observed : thus, [a] B
and [a] } are the expressions for the line D of the spec-

trum, and for the mean yellow ray, or transition tint,

respectively. The minus-sign is prefixed to the degree
when the substance rotates to the left.

The Polariscope. The apparatus for determining the

rotatory power is called a polariscope, and consists of an

arrangement carrying two Nichol prisms properly placed
to serve as analyzer and polarizer, having a space between

them, so that a tube, provided with glass plates at its ends

and filled with the solution to be examined, may be inter-

posed in the path of the polarized ray. In front of the po-
larizer is inserted a quartz plate 3.75 mm. thick, so that

when the prisms are adjusted with their principal planes

parallel the transition tint is visible. The interposition of
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the active substance in the tube causes the color to change,

and the amount of rotation of the analyzer necessary to re-

store the transition tint measures the angle of rotation of

the body under examination, from which, with the data

given, the specific rotatory power may be calculated. The

instruments to be described furnish more elaborate and ac-

curate means of determining the specific rotatory power.

Many organic bodies have the power of deviating the

plane of polarization. Among them may be mentioned,

DEVIATING TO THE RIGHT, cane-sugar, dextrose, milk-

sugar, dextrin, camphor, asparagine, cinchonine, quini-

dine, narcotine, tartaric, camphoric, and aspartic acids,

oil of lemons, and castor-oil
;
TO THE LEFT, levulose, starch,

albumen, amygdalin, quinine, nicotine, strychnine, brucine,

morphine, codeine, malic acid, oil of turpentine, and oil of

valerian.

Optical Saccharimeters. The property that solu-

tions of cane-sugar have of deviating the polarised ray in

a fixed and definite degree has been made the basis of

various instruments constructed for the purpose of quan-

titatively estimating that body. These instruments are

called optical saccharimeters^ polariscopes, or polarime-

ters. Those treated of in this work are as follows : Mit-

scherlich's, the Soleil-Buboscq, the Soleil-Ventzke, Wild's

Polaristrobometer, together with Duboscq's, Laurents's,

and Schmidt and Haensch's modifications of the saccliari-

metre d penombre of Jellett.

MITSCHERLICH'S SACCHARIMETER.

This instrument consists of two Nichol prisms, enclosed

in brass tubes supported on a cast-iron foot by means of a

bar,, by which the upper part may be made to slide to and
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fro (Fig. 10). The tube b contains the polarizer, and it may
be made to turn on its axis, being kept in any desired posi-

tion by a screw at i. The tube a, containing the analyzer,

is also capable of rotating, and has an arm attached, as well

as a pointer which measures the amount of rotation upon
a fixed graduated circle of brass. The graduation of the

circle is in degrees from to 360. There is a space be-

Fig. 10.

tween a and b for the reception of the tube C, which is

exactly 200 mm. long and designed to hold the saccharine

solution. This observation-tube is made of brass, and

closed at each end by a screw-cap having a small orifice in

its centre
; glass plates are placed between the cap and the

ground ends of the tube, so as to make a tight joint and

to allow the light to pass through the axis of the tube.

The theory of the apparatus is very simple : the light en-

tering by the first prism being polarized, on passing through
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the sugar solution has its plane deviated to the right ;
the

prisms having their principal sections parallel, it becomes

necessary to turn the analyzer through a certain angle cor-

responding to the strength of the solution, in order to com-

pensate for the rotatory effect of the sugar.

To adjust the instrument for use it is important to fix

correctly the zero-point, and that on the scale correspond-

ing to 100 per cent, of cane-sugar. This is done as follows :

For the Zero The pointer is turned to on the scale,

a gas or oil lamp being placed behind the apparatus in such

a position that the light may shine through its axis, and

the observation-tube, filled with water, having been put in

place, i is unscrewed so as to allow the tube b to turn

freely, the eye being placed at a. If the apparatus is not

set correctly at the time of observation, a colored field will

be seen, and the tube b must be turned until the field gra-

dually darkens and finally presents the appearance of a

round disk with an intense vertical black band in the cen-

tre, gradually shading equally on both sides to a lighter

tint, and appearing dark green or yellowish at the extreme

distance from the centre. When the field presents the

above appearance the rotation of the tube b is suspended,

and i is screwed down so as to secure it. Now, with the

apparatus thus set, if a be turned by means of the index,

the field becomes gradually lighter until the pointer indi-

cates 90, when it is at its maximum brightness ; if the

turning be continued the field darkens again, and at 180

it presents the same appearance as at
;
this may be used

as a control experiment for the correct adjustment of the

zero-point.

If, when the instrument is properly adjusted, and the

pointer stands at on the scale, a colorless solution of
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cane-sugar be placed in the observation-tube, the field of

the saccharimeter loses its dark color and shows a yellow-

ish tint, owing to the fact that the plane of polarization has

been altered by the sugar solution
;
on turning the analyzer

in a, the field passes through a series of chromatic changes

in the following order: yellow, green, blue, violet, red,

orange. To adjust the point corresponding to 100per cent.

of sugar, a solution of 15 grammes pure, dry cane-sugar is

made by dissolving in water and diluting to 100 c.c.; this

is placed in the tube and the analyzer turned. The field

passes through a series of colors as above until the normal

spectrum of the apparatus is obtained, which presents an

appearance as follows viz. : the right half of the colored

circle must appear of a pure blue
;
the centre has a line of

violet, which shades off imperceptibly into red on the left.

If the instrument correctly indicates at the point for 100 per

cent, of sugar, the above appearance of the field is seen

when the index of the scale is at 20.

Use of the Instrument. For use in testing saccha-

rine products 15 grms. is taken, dissolved in water, and di-

luted to 100 c.c. After decolorization with lead solution,

and filtering, some of the clear solution is placed in the

observation-tube, and the analyzer turned by means of the

arm attached, until the normal spectrum is obtained. The

reading of the scale, multiplied by five, gives the percentage

of sugar. It is evident that, when the degree of coloration

of the material to be tested will admit, any multiple of the

normal quantity may be taken and the solution made up to

100 c.c. The factor for multiplying the reading will be

correspondingly less. With weak sugar solutions as much
as 75 grms. may be weighed, in which case the reading of

the instrument gives directly the percentage.



130 DETERMINATION OF CANE-SUGAR.

Value as a Saccharimeter. The chief, and indeed

almost fatal, objection to the Mitscherlich apparatus as an

instrument of precision is that, in the majority of cases, the

actual readings of the scale have to be multiplied by a

large factor. Owing to the introduction of more accurate

polarizing apparatus, the Mitscherlich instrument is now

comparatively little used.

THE SOLEIL-DUBOSCQ SACCHARIMETER.

Biot, early in this century, investigated the principles of

circular polarization, and especially the power which

quartz plates have of rotating the plane of polarized light.

He constructed the polariscope for measuring the rotatory

quality of various substances, which, with the aid of cal-

culation, was capable of quantitatively estimating sugar.

Clerget, following up the researches of Biot, devised a

method of determining cane-sugar which is essentially

that now employed with the Soleil saccharimeter. The

method is Clerget' s, the instrument is Soleil' s.* The appa-

ratus has been improved by Duboscq,f the successor of

Soleil, and in its present form is called the saccharimeter of

Soleil-Duboscq.

The Instrument. The following is mainly Terrell's

excellent description: Figure 11 represents the appara-

tus, which consists of two metal tubes mounted on an

appropriate stand The light enters at H by a circular

opening of about 3 mm. diameter, and traverses the achro'

matic polarizing prism P ;
R is a plate of quartz, called the

plate of double rotation, and is composed of two halves of

equal thickness, cd, cut perpendicularly to the axis of

*
Soleil, Compt. Rend , xxiv. 9Ti. \ Soleil et Duboscq, ibid., xxxi. 248.
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crystallization and joined together so that the line of sepa-

ration is vertical. The half-disks have contrary rotations,

the one being left-handed and the other right-handed.

The light passing through T encounters Q, a quartz plate,

either right or left handed, and of an arbitrary thickness.

From Q the ray reaches K K', which are two wedge-shaped

Fig. .

S

quartz plates, having the same kind of rotation, but differ-

ent froir *hat of Q. These plates are each fixed in a brass

slide and covered with plane glass plates on each side to

protect therii from exterior injury or displacement.

By means of a rack-work and pinion, to which is fixed

*he milled head, the slides may be made to move to and

* The author is indebted to Dr. II. A. Mott for the above engraving.
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fro in opposite directions while remaining parallel. i>\

this arrangement, al will the thickness of the quart/,

through which the polari/.ed ray ha* 10 pass may be

varied. Finally the litrhl passes to the analy/.er A and

the quart/. plate C. The small (lalilean telescope L L'

OTTOS tO render distinct the tield of the instrument. The

douMy-ivl'nictin.i:- prism A is so placed ivlathvly to the

diai>hnii:-ni of the tcl>s,-ope that the pa*sai:v of ont^of i!u

niys ti-ansmittcd 1>\ the polari/.er is interceiJted, so that but

one pa**es, either the ordinary or the extraordinary ray,

according as tlu^ ]>late R is 3.7."> nun. or T..*> nun. in thick-

ness.

It is evident from the construction of the apparatus that

on placing the eye at the ocular, S, there is seen the ap-

pearance of a luminous disk with a vertical line in the

middle, produced by the junction of the quart/, plates R.

The sum of the thicknesses of the two prismatic quart/

plates ;ii M certain relative position is exactly equal to that

of Q; and hence, as the rotations are in ditVeivnt senses,

the one beiim- left and the other ridit handed, or there-

verse, it follows that they neutrali/.e each other and pro-

duce no etTect on ;he polari/ed ray. On looking into the

instrument when thus adjusted it will be seen that the two

half-disks of the field are of 'he same color. If now we

interpose in the sp.-iee T a tube containing a liquid having

a rotatory power, immediately the uniformity of color be-

D the two semi -disks jx destroyed ; this is due to the

rotar
'

et of the liquid, which destroys the mutual

compensatory etTect of K and the quart/, wedirev For ex-

ample, if the solution under examination consisted of eane-

smrar. the deviation would be to theriirhr, and this, with that

of the riirht -handed plate of R. produces an inequality at-
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tended with the production of unequal color in the field.

The field may be restored to uniformity by turning the

screw, thereby increasing <T .h-cn-M-ing the thickness of

the quartz at K and compensating for the deviating effect

of the liquid. This action of the compensator shows not

only whether the solution of tin- ^iil^t:mce examined is

right or left rotating, but also the degree as measured by
the thickness of quartz necessary to neutralize the d-\ia-

tion of the body examined. The latter is measured by
Fig. 12. means of a graduated -rule fixed

to one of the slides R R/ (Fig. 12),

while upon the other is a mark

serving as an indicator. The

scale is graduated into degrees

indicating percentages of sugar,

on each side of the zero. A
displacement of the scale equal

to one division is equivalent to

a rotative effect equivalent to

that of a plate of quartz^ millimetre thick.

Soleil greatly improved his saccharimeter by placing in

front of the ocular of the telescope a Xichol prism, N
11), fixed in a movable case, which may be turned at will

through an angle of 180. This arrangement is called UK-,

producer of sensitive tints. The prism N destroys to a

great extent the influence of the coloration in the liquids

submitted to examination, and that of the light employed.

Ir also permits us to obtain, by adjusting it to a certain

position, the sensitive tint.

The tubes designed to contain the liquids to be tested

con<i-r i-ntiivly of brass, or glass enclosed in one of brass.

The extremities of the tubes are ground, so as to be per-
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fectly parallel with each other and to form a liquid-tight

joint with the glass plates that cover them. Around the

ends of the tubes there is a thread cut, by which brass

caps, perforated in the centre, may be screwed on, a round

plate of glass having been previously placed upon the end.

The light can thus pass through the axis of the tube while

it is filled with solution. An exterior view and section of

these tubes may be seen in Fig. 13. The length of the

tubes is exactly 200 millimetres. The small movable tube

containing the ocular to which the eye is placed, can be

moved so as to adjust the focus in order to get the clearest

view of the field. The collar on the ocular-tube, y (Fig.

12), which is connected with N, enables the operator to ob-

tain the sensitive tint by rotating the prism.

Determination of the Zero-Point. For this pur-

pose the instrument is so placed that the light traverses its

axis, and the observation-tube containing distilled water is

put in position, as T in Fig. 11. The telescope is then

focussed until a distinct view of the field is obtained. If

the halves of the disk are different in color the milled

head is turned either to the right or left, as may be neces-

sary, until the colors appear to be perfectly identical on

either side of the vertical line when the observation is

taken
;
now the collar near the ocular is turned, and it will
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be perceived that the color of the field changes through

red, blue, yellow, etc., until the sensitive tint is obtained,

at which the previously appearing uniformity of the field,

may be seen not to exist. A perfect uniformity may be

made by turning the milled head cautiously again. The

color of the sensitive tint varies somewhat with different

< bservers, but for most persons it is the rose-violet, or

where the lightest color of the spectrum (almost white)

just begins to verge upon the red. By practising these

manipulations the operator soon becomes skilled in the

proper adjustment of the saccharimeter. When the field

presents the appearance described, the zero of the scale

ought to coincide with the indicator. Should this not be

the case the two zeros may be made to agree by turning
the screw-button (Fig. 12), placed near the end of the

scale.

Manner of Using the Instrument. To use the sac-

charimeter for the estimation of cane-sugar, a normal

weight of 16.19 grms. is taken, dissolved in water, and

the solution diluted up to 100 c.c., being suitably deco-

lorized. When the observation-tube is filled with a so-

lution thus prepared, and is placed in the instrument

previously adjusted so that the field appears of a uni-

form tint, it will be seen that the uniformity is de-

stroyed, and that the half-disks have different colors,

one being complementary to the other. If now the

milled head be turned until the equality of color is re-

stored for the sensitive tint, the number of the scale to

which the indicator points shows directly the percentage

by weight of cane-sugar contained in the material ex-

amined.

A new instrument should be tested to see whether it
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makes correct indications at the division of the scale read-

ing 100 per cent., and whether the scale is correctly gradu-

ated, and the optical portions are in proper condition and

adjustment. 16.19 grms. of pure, dry cane-sugar are

taken, dissolved in water, and the solution made up to 100

c.c. This constitutes the normal solution for the sacchari-

meter, and should show 100 on the scale, the zero-point

having been adjusted as previously described. A magni-

fying-glass accompanies the apparatus to assist in reading

the scale.

Clerget's Method of Inversion.

The readings of the Soleil-Duboscq saccharimeter show

directly the percentage of cane-sugar when no other opti-

cally active body is present. Such bodies are, however,

often found in saccharine products submitted to the pola-

riscopic test, particularly in beet syrups and juice. Under

some conditions invert-sugar may also have a similar action,

though this sugar is thought to be without action on the

polarized ray when occurring in commercial saccharine

products (see page 173).

As all of these substances have a specific rotatory power
different from that of cane-sugar, deviating the plane

either to the right or left, it follows that the reading of the

saccharimeter for solutions containing such bodies must be

incorrect as indicating cane-sugar, and the error will be in

proportion to the amount of optically-active substance pre-

sent.

Execution of the Process. Clt'ruvt has devised a

process for correcting the results of the saccharimeter

when taken on solutions containing optically-active invert-
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sugar besides cane-sugar.* The direct titre is taken in the

ordinary way, and a part of the solution remaining from

this estimation is filled into a 50 c.c. flask (which is gradu-

ated to 50-55 c.c.) up to the 50 c.c. mark; then concen-

trated hydrochloric acid is added to 55 c.c., and the whole

heated on a water-bath to 68-75 for 10 to 15 minutes.

This is sufficient to produce complete inversion of the

cane-sugar present, while the invert-sugar is unacted on.

After the liquid in the flask has attained the temperature

of the surrounding air it is placed in the observation-tube

and the reading taken. The sugar solution, while being

heated with hydrochloric acid, is apt to become colored.

The color can be readily removed by shaking the cold

liquid with a very little bone-black. The observation-tube

is of peculiar construction. It is larger than the ordinary,

lined with glass, and has a tubule in the middle for the

introduction of a thermometer-bulb in order to take the

Fig 14.

temperature of the liquid at the time of reading. Fig. 14

shows the arrangement.

* It must be remembered that the process is entirely inapplicable when any

optically-active body is present besides cane or invert sugar, and also if the in-

vert-sugar itself exists in an inactive condition as regards polarized light.
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The tube is 220 mm. long, the increased length being to

allow for the influence upon the saccharimetric reading

made by the dilution of 10 per cent, on the addition of

acid.

Calculation. Clerget found that a solution of 16.35

grms. pure sugar in 100 c.c. of volume, which read +100
in the saccharimeter, showed after inversion a rotation of

44 to the left at zero C. a difference in the rotation of 144,

due to the inversion. The optical rotation is much affect-

ed by the temperature of the solution after inversion, to

the extent that the deviation diminishes by one-half of a

degree (very nearly) of SoMTs scale for each degree Centi-

grade that the temperature is raised. At C. the action

is expressed by

T = 144 - J T.

If S represents the sum or difference of the polariscopic

readings before and after inversion, T the temperature of

the inverted solution when polarized, and R the percent-

age of cane-sugar sought, then

144_T : 100 :: S : R
288 T : 200 :: S : R

;
whence

R _ 200 S
"

288 T

This formula, with the experimental data, will enable the

operator to calculate the corrected percentage of cane-

sugar.

Clerget's Table. To save the trouble of this calculation

Clerget has given a table, which will be found on pages

141, 142.* Manner of Using the Table. When a liquid

* See also Tuchschmid, Zeits. f. Rubenz. Ind., 1870, 649.
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is tested in the saccharimeter, the degree of the scale has

to be multiplied by 1.619 to give the number of grammes
in a litre. This calculation the columns A and B enable us

to dispense with. By finding in the column A the number

of the scale read, the one corresponding under B shows the

quantity sought. When the substance is submitted to in-

version, the sum or difference * of the direct and indirect

readings is taken, and the number nearest it in the column

corresponding to the temperature at which the indirect

reading was observed is sought. The horizontal line in

which this number occurs is followed to the right, the

quantity under A in this line being the corrected percent-

age of cane-sugar. For example :

I. Direct reading, -f 38.7

Indirect " - 25 at 15 C.

Sum 63.7

The nearest figure to the sum under 15 is 64.1, which cor-

responds to 47 per cent, of sugar.

II. Direct reading, + 90

Indirect " + 10 at 30 C.

Difference 80 = 62 per cent, sugar.

When the sum or difference does not correspond exactly

to a number of the table in the temperature column, the

sugar percentage should be taken for that next below and

* When the two readings are in the same sense that is, both plus or both

minus the difference is taken ; the sum is taken when they are in different

senses.
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above, and the average of two taken as 63.7 under 15 C.

is nearest to

62.8, corresponding to 46 per cent., and

64.1,
" " 47 per cent.

Average 46.5

In all cases the results are calculated more exactly with

the formula than by the table.
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The Method applied for Saccharimeters in Gene-
ral. The underlying fact of Clerget's process namely,

that a sugar solution reading + 100 will, after the action

of acids, show 44, making a difference of 144 due to

inversion is general, and hence may be applied to the re-

sults of any saccharimeter. By the following method of

proceeding, instead of the one described, fully as accurate

results may be obtained with much less trouble, and only
the observation-tubes used in ordinary work. The direct

reading is taken, and from the normal solution remaining
50 c.c. are placed in a flask graduated to 50-55 c.c., acid

being added to the upper mark, and the sugar inverted as

previously described. After inversion the solution is al-

lowed to cool, the evaporated water replaced, and the read-

ing taken in the ordinary glass tube, the temperature from

a thermometer placed near the saccharimeter being also

observed. The reading is increased by ten per cent. Care

must be taken to keep the temperature in the neighbor-

hood of the instrument as uniform as possible, and to

bring the solution to the same degree before filling into the

tube. If these precautions are taken the temperature will

not vary materially during the observation. The calcula-

tion is the same as that already given, either the formula

or table being used.

THE SOLEIL-VENTZKE SACCHAKIMETER.

This instrument differs in no essential from the one last

described, though the mechanical construction has been

greatly improved, the optical parts somewhat changed and

arranged in a different manner. These improvements are
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due to Ventzke,* and later to Scheibler.f This sacchari-

meter, as now made by the best European makers,:}: is one

of the most practically useful for the optical determination

of cane-sugar, and is to be recommended in preference to

the Soleil-Duboscq, though more expensive. Owing to its

perfection in mechanical construction it is very easy to

work with, and in regard to accuracy leaves nothing to be

desired for all technical work.

Fig. 15. i

Description of the Instrument. Fig. 15a shows

the arrangement of the optical portions :

1. A is the regulator for changing the tints of the double

quartz plates C. It consists of the Nichol a, and a quartz

plate ,
cut perpendicular to the axis of the crystal, both

of which can be caused to rotate by appropriate means.

2. B, the polarizer, is an achromatic calc-spar prism.

As its principal section is vertical, the extraordinary ray is

totally reflected at the axis, and only the ordinary ray is

transmitted. The convex surface turned towards A ren-

ders the rays parallel.

3. The double quartz plate C is precisely similar to that

* Ventzke, Journ. f. Prk. Chemie. xxv. 84, xxviii. 3.

fScheibler, Zeitschrijt fftr Rubenz., 1870. 600.

% Dr. 0. Scheibler, 24 Alexandrinen Str. ; Schmidt u. Haensch, 4 Stall-

schreiber Str., Berlin.
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of the Soleil-Duboscq apparatus. Its thickness may be

either 3.75 or 7 50 mm.

4. The observation-tube, D.

5. The compensator, E, consists of the right-handed

plate of quartz <?,
and the wedge-form plates d, which are

of left-handed quartz, one of which is fixed and the other

movable by means of a rack and pinion, to increase or di-

minish the thickness of crystal through which the polar-

ized ray has to pass ;
c may be of left-handed quartz, but

in that case the optical rotation of the wedges must be in an

opposite sense.

Fig. 1 5 b.

6. The analyzer, F, is an achromatic calc-spar prism,

whose principal section must be parallel to that of the

polarizer, B, when the thickness of the plate C is 3.75

mm., or perpendicular to it when the latter is double that

thickness.

7. G is a small Galilean telescope, consisting of objective

e and ocular f.

The general optical theory and manner of working with,

the Soleil-Ventzke is the same as that of the Soleil-Du-

boscq, and the reader is referred to the description of that
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instrument for these particulars. Only to points where

they differ will particular attention be paid in this place.

Fig. lob gives a complete perspective view of the instru-

ment with the latest improvements introduced by Scheib-

ler. A brass support standing on an iron tripod holds the

main portion of the apparatus, the middle part of which

consists of a japanned metal receptacle, /, for the observa-

tion-tube, provided with a hinged cover, which serves to

shut out the light while an observation is taken. At one

end of this is fixed a brass tube containing the double

quartz plate, D, and the polarizer, C. To this tube is fas-

tened a metal case, A B, arranged so as to be capable of turn-

ing freely upon its axis, and which, with the quartz plate

b and the Nichol a, constitutes the regulator (Fig. 15 a).

The regulator is rotated by a toothed wheel attached to it,

actuating in a pinion fastened to a rod which terminates at

the front of the instrument in a milled head, L, where it

can be conveniently reached by the operator. At G is the

compensator, and F E are the quartz wedges, each of which

is secured in a strong brass frame and covered with parallel

plates of glass on each side
;
F is fixed by two screws and

carries the vernier, while E can move horizontally by
means of a toothed rack on the lower portion of the brass

frame, and a pinion moved by the milled head M ;
E carries

the scale, which is graduated on both sides of zero. The

scale and vernier are not shown in the plate ;
the latter

reads to tenths of one per cent. In order to read the

scale, a horizontally-placed telescope. K. i* screwed onto

the apparatus, and the liirlit from the scale is reflected into

it l>y the mirror, S. TliP analyzer may be turned by a

so that it can be put into proper relation to the po-

larizer, if necessary. The key also may be used to adjust
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tlie zero of the scale to that of the vernier by means of a

screw in F not shown in the plate.

Adjustment of Prisms. If, by any cause, the ana-

lyzer and polarizer are not in perfect adjustment towards

each other, which is shown by the fact that for any posi-

tion of the plates F E there is no equality of tint on both

sides of the vertical line in the field of the apparatus,

the adjustment must be made. For this purpose E is re-

moved by turning M until it can be taken out
;
then the

screws that hold F are unscrewed, and this plate also

removed
;

and finally the compensation-plate is dis-

placed. Now, with the cover closed, an observation is

taken, and, by means of the key, H is turned until the

field gives the normal spectrum ;
the key is then taken out

and the parts replaced as they were before. Finally, the

zero of the vernier is adjusted to correspond to that of the

scale by an observation taken with an empty tube, by

turning the screw on F by means of the key. When the

apparatus is thus adjusted it will give correct indications

for all points of the scale, provided the latter is equally di-

vided, and the instrument is not essentially faulty in con-

struction.

On the scale of the original Soleil-Ventzke saccharimeter

a solution of pure cane-sugar of a density 1.10 at 17 C.,

observed in a tube 200 mm. long, reads 100. It has been

experimentally proved that such a solution contains 26.048

grms. cane-sugar in 100 c.c. Hence, if 26.048 grms. of

sugar be weighed, dissolved in water, and the solution di-

luted to 100 c.c., the result, as read in the saccharimeter,

would be the same as if the solution were prepared of

the normal density. Ventzke used a special areometer

(page 106), giving the densities required with great ac-
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curacy. The method of direct weighing the norms quan-

tity is now used altogether in place of the earlier oue with

the areometer.

Method of Using the Apparatus. The material to

be tested is weighed in a tared dish provided with a coun-

terpoise. Any balance will serve that weighs quickly

and accurately to .010 grm., as an error of this quantity

makes a difference in the reading of less than ^ of one de-

gree on the scale. The observation-tubes are of glass,

respectively 200 and 100 mm. long, furnished with screw-

caps and glass plates to close the ends (page 134). Glass

tubes are objectionable not only on account of their fragili-

ty, but also because the brass screw-threads at the end fre-

quently become loose, the effect of which is to lengthen

unduly the column of liquid under observation, rendering

the reading too high. A brass tube of the same form

and dimensions may be used with great convenience. The

only objection which can be urged against the latter is that

the coefficient of the linear expansion of brass is greater

than that of glass, and consequently variations of tempe-

rature in altering the length of the tube would give rise to

error. This objection is, however, not well founded, as it

can be proved by calculation that in the most extreme

cases the maximum error for a tube 200 mm. long corre-

sponds to less than .04 per cent, sugar.

The shorter tube (100 mm.) should only be used when it

is impossible or inconvenient to get a solution light enough

to read in the longer one. When the readings are t;ik<>n

with the former they are to be doubled to make them indi-

cate percentages of suirnr.

To Test the Correctness of the Saccharimeter.

When a new saccharimeter is obtained, or the operator uses
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one with whose antecedents he is not familiar, it should be

thoroughly examined First the observation-tubes should

be measured with care to see whether they are of standard

length. For this purpose a reliable metal or ivory rule

should be procured, graduated into millimetres. The tube

may be measured by a pair of accurate calipers, which

should be perfectly adjusted to the ends of the tube, and

then applied to the standard rule. If after several trials

the tube is found to be too long, it must be ground down

to the right length with oil -and emery on a thick glass

plate ; if, on the other hand, it is too short, it must be re-

jected, or a correction made for the readings taken with it

as follows : Suppose, for example, a tube measured 199

mm.
;
as the readings of the saccharimeter are directly pro-

portional to the length of the column of saccharine liquid,

and 200 mm. corresponds to 100, we have

200 : 199 : : 100 : x = 99.5.

The various adjustments for the zero and 100 point of

the scale are made in an entirely similar manner to those

for the Soleil-Duboscq saccharimeter
;

it is to be under-

stood that before the adjustment at is made it has

been ascertained whether the analyzer and polarizer are in

proper relation, and if they are not they must be corrected

according to the directions already given. The 100 point

of the scale is tested by dissolving 26.048 grammes of pure

cane-sugar in water, diluting to 100 c.c., and taking a care-

ful observation with the solution thus obtained in the 100

mm. and 200mm. tubes
;
their readings should be exactly 50

and 100 respectively. The correctness of the division of

the scale is best tested in the laboratory by weighing inde-

finite quantities of pure sugar, less than the normal weight-
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dissolving in water, diluting to 100 c.c., and polarizing

thus, if 20.50 grammes of sugar are taken, then

26.05 : 20.5 : : 100 : x

20.5 X 100 7ft

-26.05"
= 78 '7

'

which is the division of the scale that the solution should

indicate. If the indications for various points are different

from those which the amounts of sugar taken should give,

while the and 100 point is correct, the scale is not pro-

perly divided
;

if the error exists to any considerable ex-

tent, and at different parts of the scale, the instrument

should be rejected, or a new scale obtained for it. Schei-

bler * has given a method for correcting the scale, which he

calls the " Hundert Polarisation" and which consists in

first obtaining the polarization of a raw sugar or other sac-

charine material, and then calculating the amount neces-

sary to be weighed to polarize 100
; as, for example, a sugar

polarizing 85 would require
26 * 1C - = 30.65 grammes

to be taken for the test to show a saccharimetric reading of

100. If a number of points on the scale, distributed from

to 1 00, are found to be correct, the saccharimeter may be

accepted as reliable. The troublesome operation of pre-

paring pure sugar and making solutions of different

strengths to test the correctness of the scale may be dis-

pensed with by employing quartz plates of various thick-

nesses, and consequently whose rotatory powers corre-

spond to sugar solution of different strengths. Such plates

are made by Dr. Scheibler, of Berlin, for use on almost

every part of the scale from 38 to 100
;

it is only neces-

* Zeits. f. Zuckerfabr. des dentsch. Reiches, xxi. 330.
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sary to place them in the end of the observation-tube and

to proceed as if a sugar solution was to be examined.

Source of Light. The source of

light for use with this and other sac-

charimeters not requiring the mono-

chromatic flame may be either a good

Argand oil-lamp such as shown in

Fig. 16, or an ordinary Argand gas-

burner.

A saccharimeter is best mounted

for laboratory work in a wooden case

of suitable dimensions, placed in the

darkest part of the room and sup-

ported on brackets, or in any other

way. The end of the polariscope

should be placed at least six centi-

metres from the source of light to

avoid the danger of softening the

cement used in keeping the prisms of the apparatus in place.

The case intended for the reception of the instrument may
have a hinged top that can be thrown back when the appa-
ratus is in use, and also a door in front provided with a

lock and key. A very convenient arrangement for the re-

gulation of the light is to have an Argand gas-burner

with a switch, to which is attached, by a wire link, a brass

or iron rod made of stout wire, which passes through the

front of the case, terminating on the outside in a knob
;

when the polariscope is to be used for a series of observa-

tions, the gas-cock may be turned on full, and then the

flame regulated, according to the requirements of the work,

by means of the rod attached to the switch of the burner,

by pulling it in or out according to the size flame desired.
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The screw-caps of the observation-tube must not press

too strongly upon the glass plates, as glass submitted to

strains or pressure becomes capable of polarizing ;
rubber

washers should be interposed between caps and plates.

WILD'S POLARISTROBOMETEK.

This instrument was invented in 1864 by H. Wild.* A

Fig. 17.

striking peculiarity of it is, that between the polarizing and

analyzing Nichols, of which the first rotates, is interposed

a Savart's polariscope, by which a number of black bands

of interference are produced, which disappear for a known

position of the polarizer ;
this position, which can be deter-

mined with great precision, forms the stopping-point (iner'k-

mal) for the operator. The light used is that of the sodium

flame.

Description of the Instrument. Two views are given

in Figs. 17 and 18
;
the capital letters in one correspond to

the small letters of the other. Upon a metallic standard, X,

Fijr. 18, is carried a brass frame, Y, at either end of which

are the polarizing and analyzing arrangements ;
the light

entens at ft, Fig. 17, through a round diaphragm, c, and

* H. Wild, Ueber tin iieues Polaristrobometer. Berne, 1865.
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to the Nichol prism d, which is joined to the scale e,

and turns with it. The polarized ray passes through the ob-

servation-tube and arrives at the ocular of the polariscope.

This part of the apparatus produces the phenomena of in-

terference, and consists of two plates, </, of calc-spar three

millimetres thick, cut at an angle of 45 to their optical

Fig. ,8.

axes and cemented together again, so that their principal

sections are at light angles to each other
;
there is a small

telescope, magnifying about five times, whose lenses are

snown at 7i and i. Between these, and in the focus of /, is

a round diaphragm four millimetres in diameter and con-

taining cross-wires. Finally the analyzing Nichol Z, which

is fixed, has its principal section horizontal
;
with the latter

the crossed principal sections of the plate g must form an
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angle of 45. At m m is a wide slit, which by the screws

may* be altered in size, serving to adjust the zero-point

of the instrument. In order that

the relative position of the parts

g and I should remain unchanged,

the ocular-tube, in which is con-

tained the Mchol prism and the

lens, is fastened by a pin and a

slot, as shown in the Fig. 18. The

whole polariscope is contained in

the tube Z, arranged so that it can

rotate through a small angle ; N is

a shield to protect the eye from

the light. In the rotation of the

polarizing prism, the brass plate

on which is engraved the scale

rotates also
;

this movement is

effected by the rod P Q. The

fixed index, r, serves to show

the amount of the rotation. For

reading the divisions of the scale

the telescope s is provided, at the

end of which is an opening, V,

with a mirror which throws the

light of a small gas flame on the

scale. The source of light is the

sodium flame, consisting of a Bunsen burner or alcohol

lamp in which is kept a small globule of chloride of sodium

fused on a platinum wire. Laurent's monochromatic lamp

is an excellent arrangement for producing the sodium flame,

and may be used for any saccharimeter requiring that kind

of illumination. It consists (Fig. 19) of a vertical Bunsen
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burner, a, surmounted by a chimney, b; d rotates and car-

ries a line platinum wire on which is fused some sodium

chloride or carbonate, c.

The Use of the Apparatus. For the execution of an

observation the empty tube is placed in the apparatus, and

the ocular of the polariscope, by the screws mm, is opened
wide enough to admit of a clear view of the cross-wires.

Turning the polarizer by means of p, Fig. 17, we find such

a position that the illuminated field shows a number of

parallel black lines or fringes, as in Fig. 19, a.

By continuing the rotation there arrives Fig. 19.

a time when a clear portion, free from

fringes, appears on the field, and we can,

by moving the button p to and fro, distri-

bute the fringe-free portion symmetrically

on the field with reference to the cross-

wires, as shown by Fig. 19, b. This appear-

ance serves as a stopping-point for the ope-

ration, and the reading of the scale should

be if all adjustments are correct. If the

polarizing Mchol be turned still further,

the fringes again increase in intensity, and finally become

faint once more, the field presenting the same appearance
at 90, 180, and 270 as it did at zero. The reading may
be made at all of these points, and the results should

agree. The disappearance of the fringes corresponds to a

position of the rotating prism, when its principal section

coincides with, or is at right angles to, that of the first plate

of the calc-spar prism g. The greatest intensity of the

fringes is observed when they are inclined at an angle of

45.

If, after the zero-point of the scale has been sufficiently
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verified, the observation-tube is filled with an optically

active solution, the fringes of interference appear again,

and the polarizer is then turned until, after several trials,

the field presents the appearance shown in Fig. 19, l>.

When this point is attained the rotation is suspended, and

the reading corresponding to the amount of sugar in the

solution is taken.

This description of the polaristrobometer has reference

to the apparatus with a circular scale divided into degrees

from to 360. A sugar scale has been added by dividing

this into four hundred equal parts.

To estimate the sugar in a saccharine product 20 grins, are

weighed and dissolved to 100 c.c., or 10 grms. to 50 c.c.,

and the observation taken in the 200 mm. tube. The read-

ing is to be halved to show percentages of sugar. Where
the assay contains but a small amount of sugar forty or

sixty grammes may be weighed, dissolved to 100 c.c., and

the result divided by four or six, as the case may be.

SHADOW SACCHARIMETERS

(SaccTiarimetre d penombre).

A distinguishing peculiarity of this class of saccharime-

ters is that for a certain position of the optical parts the

field of the instrument appears divided into two halves,

the one very bright and the other as dark. For another

position the whole field assumes a uniform grayish shadow,

without any trace of vertical line.

To Prof. Jellett, of Dublin, belongs the credit of first

inventing an instrument of this kind, though it has been

much improved by the labors of Buboscq and Cornu. The

source of light is monochromatic.
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DUBOSCQ'S SACCHARIMETRE A PENOAIBRE.

Fig. 20 shows the apparatus devised by Duboscq and

Fig. 20.

Cornu. The polarizing prism is of peculiar construction.

A rhomb of calc-spar is divided longitudinally, following

the plane of the smaller diagonal A B, Fig.2i.

Fig. 31, and each of the cut faces are

removed for an angle of two and a half

degrees, the sections i A B and A B o

being taken off
;
the remaining parts are M

cemented together again on the planes

passing through B i and Bo. A double

prism is thus obtained, of which the B

principal sections are at an angle of 5. Owing to this con-

struction, for very small changes in the luminous field a

comparatively large angular rotation of the analyzer is re-

quired, and hence the delicacy of the instrument is as-

sured.
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On filling the observation-tube with water, and placing

the zero of the vernier to correspond to that of the scale,

an observation through the ocular shows a vertical line

separating two half-disks, which should appear of the

same intensity. If they are not, the instrument is rectified

by turning in one direction or the other the button

shown in the figure, which rotates a Xichol prism. When
the whole surface of the field is of a uniform color, and the

zero of the scale corresponds exactly to that of the vernier,

the apparatus is properly adjusted, and is ready for the

examination of sugar solutions. The normal weight

(16.19 grms.), the amount of dilution, etc., are the same

as in the case of the Soleil-Duboscq saccharimeter (page

135). When the observation-tube is filled with solution and

placed in the sacclmrimeter, on viewing the luminous field

through the ocular it will be seen that the equality of tone

in the two half-disks no longer exists, one of the latter being

much brighter than the other. The ana P is now slightly

moved, and it is observed whether the inequality increases

or diminishes. If the inequality increases, it is necessary

to turn P in the opposite direction
;

if it diminishes, it ?nay

be made to disappear entirely by continuing the rotation of

the arm. When the field assumes a uniform tinge, and the

vertical line has entirely disappeared, the rotation is ceased

and the scale read. The saccharimeter is provided with

two scales on the circular plate, one indicating angular

degrees, and the other percentages of sugar. A scale for

milk-sugar and diabetic sugar is added in some instru-

ments.

In both of Duboscq's saccharimeters a thickness of one

millimetre of quartz corresponds to an angular rotation of

21.48, which is also equal to that produced by a sugar so-
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lution containing 16.19 grms. of pure sugar in 100 c.c.

The light used is monochromatic, and may be obtained by
means of the Laurent lamp (Fig. 19).

Duboscq's* saccharimetre d penombre is much used in

France, is very accurate, not expensive, and, with the im-

provements recently made upon it, is one of the most use-

ful saccharimeters we have. It has the advantage, shared

by all shadow saccharimeters, that persons who are color-

blind are not necessarily prevented from working with it.

SCHMIDT AND HANSCH'S SHADOW SACCHARIMETER.

This instrument is of the same general form of the Soleil-

Ventzke saccharimeter, though it differs materially in the

optical portions. It makes use of the wedge-shaped quartz

compensator and Jellett's prism (Fig. 21). Ordinary lamp-

light, and not the monochromatic flame, is required. Stam-

mer^ who has examined it, recommends the apparatus

highly, not only for the sharpness and delicacy of its read-

ings, but also for the facility with which colored solutions

may be observed. It is provided with the ordinary obser-

vation-tubes of 200 mm. length, and also of 400 mm. and

600 mm. for the accurate testing of dilute sugar solutions.

The readings show percentages of sugar, and not circular

degrees.:):

LAURENT'S SACCHARIMETER.

This apparatus differs materially from the preceding in

* Makers' address : J. & A. Duboscq, 21 Rue de 1'Odeon, au fond de la cour,

Paris.

f Lehrbuch der Zuckerfabr., Erganzungsband, 431. Zeit. f. JRubenzucker,

1880, 1098.

\ Makers' address : Stallschreiber Strasse, No. 4, Berlin.

Maker's address : L. Laurent, 21 Rue de 1'Odeon, Paris.
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its optical parts, though the phenomena incident to the

different appearances of the field are similar.

Figures 22 and 23 show the construction : a (Fig. 22) is

Fig. 22.

o
Fig. 23.

a thin plate of bichromate of potassium, which serves to

cut off any blue or violet rays in the sodium light, thus

rendering it more fully monochromatic
; &, the polarizer, is
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a ealc-spar prism. These two parts are placed in the mov-

able brass tube A B (Fig. 23), which may be kept in any
desired position by a set screw at ft. c is a round dia-

phragm covered by a plate of glass, to which is cemented a

thin section of quartz, cut parallel to its axis, in such a

manner that only one-half of the aperture is covered by it
;

e is the analyzing Mchol, and f g the lenses of the tele-

scope. The general arrangement of the instrument may be

readily seen from the cuts.

The theory of the saccharimeter is as follows : If we sup-

pose the plane of polarization to be vertical to the optical

axis of the quartz plate, the light will traverse it without

deviation
;

if the analyzer is rotated, we pass progressively

to the maximum or total extinction of the light. Conse-

quently, if we turn the analyzer through any given angle,

,
to the right, the plane of polarization being no longer

parallel to the axis of the crystal, the polarized ray will

pass without deviation on the right side, on which there is

no quartz ;
but on the left it will be deviated, and there will

be determined on this side a principal section symmetrical
to that of the polarizer on the right side, forming an angle

equal to a, but to the left. If now we turn the analyzer

until its principal section is perpendicular to that of the

polarizer, there will be a total extinction of the light to the

right, but only partial to the left. On the contrary, if the

principal section of the analyzer is perpendicular to that

which corresponds to the quartz plate, then there will be

total extinction to the left and partial to the right. If,

finally, the principal section of the analyzer is intermediate

in position that is, perpendicular to the axis of the crys-

tal or horizontal there will be partial extinction both to the

right and left, and of equal intensity, and the luminous disk
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constituting the field of the instrument will appear uni-

formly in shadow. We can readily see from the foregoing
that the smaller the angle a, the darker the shadow, and

also that a small rotation of the analyzer tends to break

the uniformity of the shadow
;
hence the saccharimeter is

more sensitive when the angle a is less. With solutions

much colored, by turning A B, Fig. 23, we augment the

angle, by that means greatly brightening the field, thus en-

abling the operator to work with darker solutions than

could be used otherwise. This is a considerable advan-

tage, and forms a distinguishing peculiarity of the Laurent

saccharimeter.

On looking through the ocular of the apparatus, and

turning the analyzer until the medial line disappears and a

uniform shadow is obtained, if the zero of the vernier does

not exactly correspond to that of the scale, it may be made to

do so by moving the screw L, Fig. 23. The apparatus figured

only indicates circular degrees, but it is now made with a

scale reading directly percentages of sugar. As with the

Duboscq shadow saccharimeter, 16.19 grammes (the normal

weight) of pure sugar in 100 c.c. is equivalent to an angular

rotation of 21.48, or 100 divisions of the scale, each corre-

sponding to one per cent, of cane-sugar. The light used is

that of the sodium flame (Fig. 19).

The Laurent saccharimeter is a valuable instrument, and

lias been adopted for use in the French Government labora-

tories for the analysis of sugar. It has recently been im-

proved so as to differ somewhat from the form above de-

scribed, mainly in the direction of mechanical alterations,

so as to work with a longer observation-tube ;
and in some

other respects.
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EQUIVALENCE IN DEGREES OF DIFFERENT SACCHARIMETERS.

1 Scale of Mitscherlich = .750 grin, sugar in 100 c.c.

1
"

Soleil-Duboscq = .1619 "

1
" Ventzke-Soleil = .26048 " " "

1 " Wild (sugar scale)= .1000
u " "

1
u Shadow sacchar.

(of Laurent and Duboscq) = .1619 " " "

1 Mitscherlich = 4.635 Soleil-Duboscq.

1 = 2.879 Soleil-Ventzke.

1 Soleil-Duboscq = .215 Mitscherlich.

1 " " = .620 Ventzke Soleil.

1
" " = 1.619 Wild.

1 " Ventzke = .346 Mitscherlich.

1 " " = 1.608 Soleil-Duboscq.

1 " " = 2.648 Wild.

1 Wild (sugar scale) = .618 Soleil-Duboscq.

1 " " = .384 Soleil-Ventzke.

1 " " = .133 Mitscherlich.

Equivalence in Circular Degrees.
Wild (sugar scale) 1 = .1328 circular degree D
Soleil-Duboscq j 1 = .2167 " " D

"
j
1 = .2450 " "

j

Soleil-Ventzke j
1 = .3455 " " D

"
j 1 = .3906 " "

j

Instruments reading angular degrees, such as Wild's,

Laurent's, and Duboscq' s saccharimetre a penombre, may
be made to give the concentration i.e., the number of

grammes of sugar in 100 c.c. of solution by the following

formula :

100 a
-
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in which the observed angle of rotation is a, 7c the length

of the observation-tube in decimetres, and [a] D the speci-

fic rotatory power of cane-sugar, which for most purposes

may be placed at 66.4. When the specific gravity of the

solution operated upon is known, the percentage by weight
can be calculated by dividing the value of c obtained as

above, by the density.

DECOLORIZING OF THE SUGAR SOLUTION.

Basic Lead Acetate. The sugar solution to be tested

in the optical saccharimeter is commonly more or less dark

and requires to be decolorized. For this purpose the most

ordinarily used and effective reagent is the solution of the

basic lead acetate. It is prepared by boiling for half an

hour, four hundred and forty grammes of neutral lead ace-

tate with two hundred and sixty-four grammes lead oxide

(litharge), and one and a half litres of water, and diluting

when cool, to two litres
;
after standing some time the clear

liquid may be siphoned off from the insoluble residue.

The solution has a density of 1.267.

Alum. Kohlrausch recommends the employment of

alum solution in connection with the lead salt, which, by

forming sulphate of lead, tends to more completely preci-

pitate the coloring matter than when the acetate is used

alone
; sulphate of soda and other salts have also been sug-

gested, though the chemical action is similar to that of

alum. Woussen* adds a little tannin solution, before the

addition of the lead salt, for very colored solutions.

Hydrate of Alumina. Dr. Scheibler f prefers the use

of precipitated hydrate of alumina dispersed in water as

* De rAnalyse des Sucre*, 34.

f Zeits. f. Rubenzuckerind. des Dent. Reiches, 1870, 223.
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a decolorizing agent, especially in highly-colored solutions.

For the products of the beet this agent works well, but for

low cane-sugars and molasses the decolorizing power is

entirely insufficient when used alone. This reagent is pre-

pared by precipitating a solution of alum with caustic am-

monia in slight excess, and washing the resulting magma
until the washings cease to render red litmus-paper blue.

After the addition of the alumina to the sugar solution

it should stand, with frequent shaking, for five or ten

minutes before filtering.

Error from Use of Lead Solution. There is one ob-

jection to the excessive use of lead which has not received

the attention from sugar chemists that its importance

merits viz., the influence which the basic acetate of lead

exerts upon invert-sugar in increasing its rotatory power.

C. H. Gill * first pointed out this source of error in sac-

charimetric determinations, and explained the action by

asserting that a compound of basic lead salt and levulose

was formed. My own experiments f amply confirm his re-

sults. The tendency of the error is to increase with the

amount of invert-sugar with the quantity of lead solution

added
;

hence the error will be greatest in the darker-

colored solutions, which generally not only contain a large

portion of invert-sugar, but also require a proportionate

amount of the clarifying liquid. For solutions poor in

invert-sugar, and. for which little lead solution is required,

the error becomes very small and may be altogether neg-

lected for all ordinary work. For solutions requiring more

lead the least quantity should be added that will give a

*Joum. Chem. Soc., April, 1871.

f I. White refitted sugar free from in vert-sugar polarized 90.3. After the
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solution capable of being reliably tested in the sacchari-

meter.

Error from the Volume of Lead Precipitate. The

voluminous precipitate produced by lead in raw sugar so-

lutions is itself a source of error. Scheibler * states that

100 c.c. beet-juice with 10 c.c. lead solution gave a pre-

cipitate whose volume was 1.3 c.c., which, by taking the

place of the water in the flask, was equivalent to filling the

latter to 98.7 c.c. instead of 100 c.c., introducing an error of

.15 per cent. Nebel and Sostmanf found for beet-juice the

error to be .17 per cent., and with diffusion juices .27 per

cent. Pellet t gives the following as the greatest error from

this source: for beet-juice, .15 per cent, to .20 per cent.;

cane-juice, .10 per cent.; masse cuite, .25 per cent.; second

addition of 9 per cent, by volume of solution of basic lead acetate it

polarized 90.2.

II. Centrifugal raw sugar containing 2.74 per cent, invert-sugar, polarized
85. 7 without lead.

With 2 per cent, lead solution it polarized 85.6.

With 5 " " "
85.7.

With 9 " " " 85.8.

III. Muscovado sugar containing 5 per cent, invert-sugar, polarized without

lead 75.0.

With 6 per cent, lead solution, 75.8.

With 9 " "
75.9.

IV. Low-grade refined sugar containing 8 percent, invert-sugar, polarized

77.0.

With 2 per cent, lead solution, 77.3.

With 5 " "
77.5.

With 9 " "
78.2.

V. Sugar-house syrup containing 28 per cent, invert-sugar, polarized 13.1.

With 4 per cent, lead solution, 13.3.

With 8 " "
13.7.

Another solution polarized 12.8.

With 10 per cent, lead solution, 13.7.

The lead solution itself has no action on the polarized ray.

* Zeits. f. Zuckerind. des Deut. Reiches, 1875, 1054.

f Ibid., 1876, 724. J Ibid., 1876, 780.



ERROR FROM LEAD-PRECIPITATE. 167

and third product sugars (beet), .25 per cent.; molasses

(beet), .63 per cent.

Scheibler *
gives the following way of eliminating this

error, which he calls the method of double-dilution: To

100 c.c. of the sugar solution 10 c.c. of lead solution are

added and the saccharimetric reading taken. A second

solution is prepared by mixing the same volumes of the

saccharine liquid and lead solution, which is diluted to 220

c.c. and polarized. The last reading is doubled and sub-

tracted from the first, the difference multiplied by 2.2, and

this product taken from the first reading. This last result

constitutes the corrected sugar content. Example :

A sugar solution gave a saccharimetric reading of 47.10.

After dilution 23.40.

(1) 23.40 X 2 = 46.80
;
47.10 - 46.80 = .30.

(2) .30 X 2.2 = .66
;
47.10 - .66 = 46.44.

It often happens that, even after the addition of an ex-

cessive quantity of lead solution, the filtered liquid retains

a strong brown color, rendering it unfitted to give an accu-

rate reading. In this case a shorter observation-tube may
be used or the solution made of half the normal strength.

This mode of proceeding is, however, open to the objection

that the necessary doubling of the reading increases the

errors of observation.

Bone-Black. This is the agent best suited to assist

lead in the decolorization of raw sugar solutions. For this

purpose a quantity of well-dried, powdered black should

be kept on hand in a tight bottle with a wide mouth, fitted

with a stopper that carries a glass tube the end of which is

* Zeits. f. Zuckerind., 1875, 1054.
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Fig. 24,

kept closed with a small cork when the bottle is not in

use (Fig. 24). The bone-black should be dried at 120 for

two hours.

After the addition of lead the flask is

filled up to the mark with water, shaken,

about one-half of the contents poured out,

the black dusted into the liquid remaining in

the flask, which is agitated vigorously a few

moments and filtered. The least quantity of

black should be used that will be sufficient to

decolorize the solution.

An animal black of very superior decolor-

izing power may be prepared from bone-

black in grains, such as is used in the sugar

manufacture. To the char to be treated, about

one-third to one-half more hydrochloric or

nitric acid is added than is necessary to dis-

solve all the phosphate and carbonate of lime present, and

the mixture is warmed several hours to promote solution (the

more thorough the solution of the mineral matter the higher

the decolorizing power of the carbon will be). It is then tho-

roughly washed with boiling water until the washings cease

to redden litmus-paper. After the washing is complete the

carbon is dried at 120 and finely powdered for use, though
the grains may be used for filtering in tubes. Bone-black

well prepared according to this method has a much greater

decolorizing effect than the ordinary, and hence a small

quantity may be taken for a test. The most obstinate so-

lution may be readily decolorized by its aid with a mode-

rate quantity of lead solution.

Absorption of Siij?ar by Boiie-Black. Animal clmr-

coal has the property of absorbing sugar from its solutions.
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Scheibler * has found that 5.5 grms. dried black shaken

with 50 c.c. of a solution containing 13.024 grms. of cane-

sugar, renders the polarization .4 percent, to .5 per cent, too

low. J. M. Merrick f has, by a series of experiments, fully

proven the existence of this source of error in the saccha-

rimetric determination. His results agree with those of

Scheibler. When the sugar solution is filtered through a

column of black, the first third should be rejected and the

test made on the remainder of the filtrate, which may be

confidently relied upon to contain the normal amount of

sugar. The error arising from the absorption of sugar by
the bone-black may be corrected by determining the ab-

sorption coefficient of the dried black. It is good practice

to use both bone-black and lead on all low-grade solutions,

but in moderate quantity, as the errors tend to counter-

balance each other. For 50 c.c. of the Yentzke sugar nor-

mal solution with the specially prepared black, there may
be used from J per cent, to 3 per cent, by volume of lead

solution, and from \ grm. to 1 grm. of char for all products

of moderate difficulty. For molasses and the most trou-

blesome cases it will be found that very rarely will more

than 5 per cent, of lead solution and 1 to 2 grms. of char

be necessary. When the bone-black is used in the quanti-

ties indicated above no correction need be made for its ab-

sorbing power for sugar. Even when working with ordinary

bone-black two grammes are generally sufficient for all but

the worst cases.J

* Zeits. f. Zuckerind. des Deut. Reiches, 1870, 218.

f Chem. News, xxxviii. 33.

% H. A. Mott (Journ. Am. Chem. Soc., i. 12), working with the Ventzke nor-

mal solution, has found that ten grammes of char absorb the following quan-
tities of sugar :



170 DETERMINATION OF CANE-SUGAR.

PREPARATION OF PURE SUGAR.

The purest loaf-sugar of commerce is reduced to a fine

powder, placed in a funnel whose barrel is stopped with a

plug of raw cotton or sponge, and 85 per cent, alcohol

poured upon it. This is allowed to percolate through the

mass until a volume of alcohol has passed through equiva-

lent in bulk to about three times that of the sugar. The

latter is then drained, air-dried, powdered again, and final-

ly dried in small quantities, at a time when it is needed, at

a water-bath heat for half an hour. Sugar thus prepared

may be confidently relied upon to indicate one hundred

per cent, of cane-sugar with a correct saccharimeter.

ERRORS INHERENT IN THE OPTICAL METHOD OF ESTIMAT-

ING CANE-SUGAR.

1. Influence of Temperature. Though the specific

rotatory power of cane-sugar is not dependent in any marked

degree on the temperature at which the observation is

taken, yet the temperature has some effect, owing to a va-

riety of causes, among which are (1) the alteration in the

length of the observation-tube by changes of heat, (2) the

increase in volume of the sugar solution in the tube and

consequent change in density, and (3) the expansions and

contractions produced in the quartz plates and other parts

of the apparatus. Mategczek
*

gives a table of the cor-

rections to be made at various temperatures for the Soleil-

Ventzke and the Soleil-Duboscq instruments, 17 C. being

taken as a standard :

With pure sugar, .30 per cent, to .35 per cent.
" raw sugars, .10

'

.66 "

Also, that some bone-blacks absorb in a different ratio from others.
* Zeits. f. Zuckerind. des Deut. Reiches, 1875, 877, 891.
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The numbers in the second column indicate the quanti-

ties to be weighed at corresponding temperatures to give a

correct reading at 17 C. If the correction is taken from

the first column, the ordinary normal quantity must be

weighed.

For saccharimeters reading circular degrees, the correc-

tion is made by adding the product of the difference in

temperature from the normal 17 C. and the factor .011, to

the degree read, when the temperature is above 17, or sub-

tracting when it is below. As, for example, the reading is

25 at 20 C.
;
then 20 17 = 3 X .011 = .033, which, add-

ed to 25, makes 25.033 as the corrected result. This is

for solutions of 25 grms. to 100 c.c., approximately.

II. Personal Error. In all saccharimeters where the



172 DETERMINATION OF CANE-SUGAR.

reading is taken by a comparison of the equality of tint of

two half-disks, there is a small but pretty constant source

of inaccuracy in the results, owing to the fact that all eyes

are not equally sensitive to minute differences of color.

The same observer at different times of the day and in dif-

ferent conditions of the eye, from its being more or less

fatigued, will give varied readings. Some persons are spe-

cifically unfitted for work with the polariscope having a

field of two colors, on account of color-blindness
;
but this

is not true of the shadow saccharimeters or that of Wild.

Dr. Landolt * has made a careful determination of this

error with the aid of five experienced polarizers, and finds

it to be, with the Soleil-Ventzke, the Soleil-Duboscq, and

the Wild saccharimeters, from .3 per cent, to .5 percent.,

plus or minus. Probably this will be considered too high ;

.2 per cent, would better represent the average. The per-

sonal error does not necessarily affect the ultimate accuracy
of the results, for each operator can set the scale of the in-

strument to suit his own eye ;
and if more than one use the

same instrument, each can have his personal correction.

Thus, if one operator reads the zero-point at .4 and

another at zero, the former will have to add .4 to all of his

readings, f

* American Chemist, iv. 18-20.

f Tollens (Ber. Deut. Chem. Ges., 1877, 1403) and Schmitz (ibid.. 1877,

1414) have proved that the sp. rotatory power of cane-sugar is not constant for

solutions of all concentrations. The effect on the results of the optical estima-

tion of cane-sugar is too small to be taken into account for technical work,

being less than one-tenth of one per cent, in all instruments. Elaborate tables

of the correction for the different instruments have been calculated, and may
be found in the places cited, and also in Stammer's Lehrbuch der Zuckerfabri-
/cation and Landolt's Optische Drehungsvermogen.
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ERKOB OWING TO PRESENCE OF INVERT-SUGAR OPTICAL

INACTIVITY OF INVERT-SUGAR.

All raw sugars and molasses from the cane contain in-

vert-sugar, sometimes in large amounts. Inasmuch as the

rotatory power of invert-sugar made by acting upon cane-

sugar with acids, is strongly to the left, a mixture of the

two will give in the saccharimeter a reading too low as ex-

pressing the cane-sugar. It has been considered that the

invert-sugar in the products of the cane possesses the same

rotatory power as that artificially prepared, and it was cus-

tomary with some chemists to correct their polariscopic

readings by adding to them T
3
FV of the invert-sugar as

found by the estimation with copper liquor.

Recent researches of Girard and Laborde * tend to verify

a previous observation of Dubrunfaut that the invert-

sugar in cane products is optically inactive, and hence the

use of the coefficient -ffo involves an error. The results of

the above chemists are based on the examination of (1) syr-

ups artificially prepared from raw cane-sugars of many
sources

; (2) of molasses from the sugar plantations ;
and

(3) from the refiner's molasses. The cane-sugar was esti-

mated directly with the polariscope, and also very careful-

ly by inversion and gravimetric determination with copper

liquor. The invert-sugar was determined in the same man-

ner. In the majority of the samples examined the per-

centage of sugar by the copper method agreed quite close-

ly with that by direct polarization, the latter being as

often above as below the former.

Other investigators, among whom may be mentioned

Muntz (/. des Fdbricants, xvii. No. 5), Morin (Sucrerie

* Journ. des Fdbricants, xvii. No. 5.
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Indigene, xii. 158), Gill (Sugar-Cane, July, 1878), and Halse,

have confirmed the conclusions of the French chemists by an

extended series of experiments upon raw sugars of all ori-

gins, cane-juice, molasses, etc. Morin shows that analyses

of raw sugar corrected by the coefficient -& generally add

up over 100, even when large amounts of undetermined

organic matters are present. As beet sugars and syrups

rarely contain more than traces of invert-sugar, these re-

sults have no special application in that direction.

Meissl * has recently, by a most elaborate investigation,

gone over the ground covered by the authorities named,

with the result of completely contradicting both their facts

and conclusions. Working with seven low-grade raw

sugars from the cane, carrying from 5 to 13 per cent, in-

vert-sugar, and determining the cane-sugar after inversion,

and the invert-sugar directly, by Soxhlet's improved mani-

pulation with Fehling's solution (page 201), he finds the cane-

sugar by inversion to be always considerably higher than

the saccharimetric reading, the difference varying with the

amount of invert-sugar present ;
that by the use of the

coefficient f\\ the corrected percentage of sugar agrees

closely with that by inversion
;
that the syrups extracted

from these sugars by alcohol, and containing from 27 to 39

per cent, invert-sugar, give essentially the same results as

above. He also proves that the sugars, on complete analy-

sis, do not add up over 100, but the quantity of organic

matters not sugar, varies from 1 to 8 per cent. Meissl consi-

ders the conclusion of the chemists cited, as to the optical

inactivity of invert-sugar in commercial products, as erro-

neous, and ascribes the error to the use of the gravimetric

* Zeits. f. Rubenz., xxix. 1034; Stammer's Jahresb. (abstract), xix. 178.
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method with Fehling's solution, which, he claims, gives re-

sults that are too high (page 203).

The coefficient -ffo is inadmissible, however, for general

commercial work, because sugars are bought and sold (at

least in the United States) on the direct polarization, and it

would be clearly wrong to make the correction unless the

matter was so understood by the merchant.

See also Horsin-Deon.*

INFLUENCE OF VARIOUS BODIES ON THE POLARISCOPIC

READINGS.

Alcohol. The presence of alcohol in solutions of cane-

sugar does not alter materially the specific rotatory power ;

it diminishes the rotatory power of invert-sugar (Jodin

see Invert-Sugar, page 89).

Alkalies. Caustic soda, ammonia, and potash lower

the saccharimetric titre, according to Sostman,t and the

effect may be represented quantitatively as follows :

* Jr. Fabr. Sucre, xx. No. 37.

f Sostman, Zeits. f. Zuckerind. des Deut. Reiches, 1866, 272.
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Pellet's * results are somewhat different :

Caustic lime has an important influence in lowering the

specific rotatory power of cane-sugar. Muntz f gives the

following in this relation :

Sugar solution, 10 grammes in 100 c.c. :

.409 gramme sugar to J molecule CaO, [a] ~D 64.9

.818
" "

J
" " " 61.3

1.637 " "
1 " " " 56.9

3.274 " " 2 " " " 51.8

Pure cane-sugar being 67.0

In the estimation of cane-sugar, according to various ob-

servers, one part of lime lowers the rotation equivalent

to

.64 part of sugar (Jodin).

.79
" "

(Dubrunfaut).

1.12 " "
(Bodenbender).

1.22
" "

(Stammer).

Baryta and strontia have a similar action to that of

lime. On neutralization of the alkali or alkaline earth

with acetic or phosphoric acids the normal rotation is re-

stored.

Mineral Salts. Muntz J has found that some salts

Pellet, Zeits.f. Zuckerind. des Deut. Reiches, 1877, 1088.

f Muntz, tind., 1876, 786. $ Muntz, ibid., 1876, 735.
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lower the specific rotatory power of cane-sugar. Taking
the rotatory power of sugar at [a] D = 67.0, he finds, in

the case of chloride of sodium :

Carbonates of soda, ammonia, and potash, and phos-

phate of soda have a small effect, 1 gramme of the salts in

the sugar normal solution altering the rotation generally

much less than .20 per cent. According to Bardy and

Riche,* sulphate, nitrate, chloride, and carbonate ofpotas-

sium, and chloride of sodium have little or no effect on the

polarization. Muntz states that sulphates of potassium,

sodium, ammonium, and magnesium, the nitrates and

acetates of the same bases, phosphate of soda, chlorates,

sulphides, hyposulphides, and chlorides of calcium, mag^

nesium, and barium, alter the reading from 2 to 3 per cent,

when they are present dissolved in the proportion of 20

to 30 parts to 100 parts of sugar.

CORRECTION OF THE MEASURING APPARATUS.

The graduated apparatus, as bought from the dealers, is

seldom accurate, and requires to be corrected. For this

purpose it is best to make standard flasks of 100 c.c. and

50 c.c. capacity, from which pipettes and all other measur-

ing apparatus may be adjusted ;
the standards should be

* Suererie Indigene, x. 551.
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kept in a safe place and only used for purposes of compa-

rison. Flasks should be selected that will hold the re-

quired quantity of liquid up to a point a little below the mid-

dle of the neck which should not be too short. Clean and

thoroughly dry the flask, place it on the pan of a balance

in a room whose temperature is about 16 C., and counter

poise with weights ; now, in the case of the 100 c.c. flask,

weigh 99.89 grammes of distilled water, or, for the 50 c.c.

flask, 49.945 grammes at 16 C., carefully wiping away any

drops that may adhere to the neck. When the weighing

is completed, mark on the neck of the flask a straight line

tangent to the lowest curve of the meniscus formed by
the surface of water. The weight of water taken is ex-

actly equal to 100 grammes, or 50 grammes distilled water

at 4 C., the temperature of water's greatest density. If

the flasks are to be marked for two graduations, as 100

c.c. and 110 c.c. in one case, and 50 to 55 c c. in the other,

ten and five grammes of water respectively must be weighed
after the 100 and 50 marks are fixed, and another mark

made on the neck as before.

From the standard flasks standard pipettes, capable of ex-

actly delivering 100 c.c. and 50 c.c., may be readily made by
careful measurement with water, the mark placed on the

pipettes indicating the exact volumes they will deliver into

the standard flasks. By means of the pipettes the flasks

for general use in the laboratory may be corrected
;
for this

latter graduation no especial temperature of the water used

is required, so long as it does not materially change during

the progress of the correction. In this manner it is always

easy, in a few moments, to graduate a flask with perfect ac-

curacy and in case of doubt the standard is always at

hand.
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Determination of Cane-Sugar Chemical Methods.

MANY of these methods have only an historical interest,

and such will be but outlined in description ; those, how-

ever, that are in actual use will be described in as much
detail as the necessities of each case demand and the space

will permit.

METHOD OF PELIGOT.

This process is based on the fact that lime enters into

combination with cane-sugar in definite proportion, form-

ing a sucrate, so that when excess of caustic lime is added

to a sugar solution, an acidimetric estimation of the com-

bined lime gives indirectly the amount of sugar dissolved.

The method is only suited for saccharine products contain-

ing no grape-sugar, and it cannot be recommended for ac-

curacy. It is executed as follows : Dissolve ten grammes
of the sugar to be tested in 75 c.c. of water, add ten

grammes of finely-powdered caustic lime to the solution,

and agitate from seven to ten minutes, or until the lime is

all combined with the sugar ;
for weak saccharine liquids

a less quantity of lime may be used. Throw the milky

liquid on a filter, and take 10 c.c. of the clear filtrate, dilute

to 300 c.c., add a few drops of litmus solution, and titre

with standard acid until the red color of the litmus just ap-

pears. The standard acid solution is made by dissolving

twenty-one grammes of monohydrated sulphuric acid to a

litre with water, that amount of solution being capable of
179
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saturating the lime which, combines with fifty grammes of

sugar ; hence, 1 c.c. of the acid solution is equivalent to

.05 gramme cane-sugar.

METHOD OF EXTRACTION BY ALCOHOL.

This is a method more particularly suited to the estima-

tion of the sugar in plants, and where the qiiantities to be

assayed are very small
;
when the conditions are favorable

it is capable of giving accurate results. It consists in

simply extracting the material with cold alcohol of specific

gravity .830, and evaporating the alcoholic liquid obtained

to dryness. Aqueous alcohol will dissolve small portions

of invert-sugar, mineral salts, fat, and coloring matter, but

these can be washed from the dried residue by means of

absolute alcohol, which does not dissolve the cane-sugar.

The process may be conducted as follows :
* 100 to 120

grammes of the dried and finely-powdered substance are

treated in a small flask with alcohol of .830 specific gravity,

and a drop or two of a very dilute solution of caustic alkali

is added to neutralize any acidity, the alcohol being allowed

to stand in contact with the material under examination,

with frequent shaking, for three hours
; filter, add a fresh

portion of alcohol, allow to stand two hours with agita-

tion, and filter again. Repeat this operation several times,

if necessary, as long as anything is taken up by the solvent.

Unite the filtrates and evaporate at a gentle heat until a

dry mass is obtained. Lastly, wash the residue repeatedly

with absolute alcohol and dry in water-bath until it ceases

to lose weight; the residue is calculated as pure cane-

sugar. (See also Scheibler's method, page 266.)

* "
Report on the Growth of the Beet in Ireland," British Blue-Book.
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METHOD BY FERMENTATION.

The use of this process is open to many objections both

from a want of exactness which is inherent in it, but also

from the length of time required for its execution. One

source of inaccuracy is that the fermentation does not

always give the quantities of alcohol and carbonic acid in

the normal proportions ;
sometimes a secondary fermenta-

tion takes place, with the formation of lactic acid and other

bodies from which carbonic acid gas is not evolved.

The process may be carried out in two ways viz., I. By
the estimation of the alcohol formed, and II. By the esti-

mation of the carbonic acid.

I. By Estimation of Alcohol. When a solution of

cane-sugar ferments, according to the best authorities, 100

parts of the sugar give 51.11 parts by weight of alcohol.

The determination is conducted as follows : A rather dilute

solution of the sugar is placed in a flask, and dry yeast

added in quantity from 4 to 5 per cent, of the liquid, and

the whole exposed to a temperature of from 20 to 25 C.

When the fermentation is finished, which is in from 24 to 36

hours for a moderate quantity of sugar, the solution is sub-

mitted to distillation, and the amount of alcohol contained

in the distillate is determined in the usual way.
II. By the Estimation of Carbonic Acid. The so-

lution is placed in a flask whose cork has two perforations,

one of which carries a small glass tube just passing through
the stopper and closed at its outer end during the fermen-

tation
;
the other carries a tube bent at a right angle and

connected with a U-tube containing fragments of pumice-
stone moistened with concentrated sulphuric acid, which in

turn is joined to a second U-tube iilled with chloride of cal-
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cium in lumps. The proper quantity of yeast is added to

the flask, and the whole system, consisting of flask and

tubes, is weighed ;
it is then allowed to remain at a tem-

perature of 20 to 25 C. until fermentation has ceased.

An aspirator is now applied to the chloride of calcium

tube, the stopper removed from the glass tube, and a

current of air drawn through the arrangement, the

flask being meanwhile moderately heated to facilitate the

disengagement of the gas. The U -tubes serve to dry the

gas so that no water may escape during the aspiration. The

apparatus is now reweighed, and the difference between the

first and second weights shows the quantity of carbonic

acid produced during the experiment. 100 parts of cane-

sugar correspond to 48.89 parts of carbonic acid.

When invert or grape sugar is present they will have to

be determined separately, and the amount, calculated into

cane-sugar, subtracted from the result given by fermenta-

tion
;
475 parts cane-sugar = 500 parts invert-sugar.

DETERMINATION OF CANE-SUGAR BY FEHLING'S METHOD

AFTER INVERSION.

Acids have the property of converting cane into invert

sugar in definite proportion, so that 19 parts of the former

produce 20 parts of the latter.

Execution of the Test. To determine the cane-sugar,

1.00 gramme of the substance, if of a high tenor in sugar,

and a proportionately larger quantity if the amount of

sugar is lower, is dissolved in about 100 c. c. of water in a

half-litre flask, 3 c.c. of strong hydrochloric acid added,

and the whole heated for twenty minutes on a water-bath

to 70
;
the liquid is then nearly neutralized with caustic or

carbonated alkali. When the contents of the flask have
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cooled, the solution is made up to the mark and is then

ready for testing. The method of estimating the invert-

sugar formed is, according to Fehling, either with Soxh-

let's modification (page 201) or after the gravimetric

method (page 203). For work with any pretension to ac-

curacy the simple titration is quite inadmissible.

Calculation.

CuO X .4307

Cu X .5394 = cane-sugar.

Invert-sugar x .950 = cane-sugar.

When invert-sugar is also present in the solution of

which the cane-sugar is to be determined by inversion, the

former is first estimated as a separate operation, and then a

portion of the original solution is inverted as directed

above, and the total invert-sugar, including that formed

from the cane-sugar, is determined with the copper liquor.

An example will indicate the calculation required. The

amount of invert-sugar present, as found by the direct test

with the copper liquor, is 12.00 per cent.; for inversion

1.00 gramme of the substance is dissolved to 500 c.c., and of

this solution 36 c.c. are necessary to precipitate 12 c.c. of

the copper liquor ;
then

36 x .002 = .072 gramme of substance containing .060

gramme invert-sugar, or 83.33 per cent.

83.33

12.00 less invert-sugar originally present,

71.33, which is the figure representing the invert-sugar

derived by inversion from the cane-sugar.

19 : 20 :: x : 71.33 = 67.76 per cent, cane-sugar ;

or, 71.33 X T%- = 67.76. *
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When the oxide or metallic copper is weighed, the calcula-

tion is entirely similar.

In some cases the heating of the sugar solution with

strong mineral acid causes a slight decomposition of the

invert-sugar, which is shown by the liquid assuming a

brown color. To avoid this Brunner recommends oxalic

acid as the inverting agent.



CHAPTER VIII.

DETERMINATION OF DEXTROSE AND INVERT-SUGAR.

Section I. Fehling" s Method and its Modifications.

THE basis of this method is a qualitative reaction for the

detection of dextrose in the presence of cane-sugar, dis-

covered by Trommer, whose results are summed up as fol-

lows : (1) An alkaline solution of copper oxide, containing

a fixed organic acid, as tartaric, has the oxide reduced to

suboxide by dextrose, and cane-sugar under the same cir-

cumstances is not at all, or only slightly, affected
; (2) cane-

sugar, when inverted by acids, is converted into a mixture

of dextrose and levulose, which acts toward the alkaline

copper solution precisely as grape-sugar ; (3) there is a de-

finite relation between the amount of oxide reduced and

the sugar. The reaction takes place slowly in the cold,

and almost instantly at the boiling temperature. By the

oxidation of grape-sugar formic, acetic, and oxalic acids

are formed. According to Reichardt, gummic acid is also

produced; but this is denied by Claus,* who, however,

found oxymalonic acid.

Barreswill first took advantage of Trommer' s reaction to

make it the basis of a quantitative method for the rapid

estimation of cane and grape sugar. The solution pro-

posed by him, consisting largely of alkaline carbonates,

was found difficult to keep on account of the deposition of

* Zeits. fur Cltemie, 1869, No. 5.

185
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oxide of copper. It was improved by Fehling,* who has

investigated the quantitative relations of the bodies taking

part in Trommels reaction. He found that one equivalent
of anhydrous grape or invert sugar was capable of reduc-

ing the oxide corresponding to ten equivalents of crystal-

lized cupric sulphate as :

1 eq. dextrose 10 eq. cupric sulphate

C 8H 18O fl

= 180 CuSO
4 +5H3O = 2494.

This has been confirmed by Neubauer.f
There are two ways of proceeding in regard to the estima-

tion of sugars by the Fehling process one making use of

all the refinements of more recent discovery and requiring
a considerable amount of time, being adapted for cases

where the greatest accuracy is required ;
and the other

quickly and easily executed, but quite exact enough for

many technical purposes. It is proposed to discuss the

subject divided as indicated above.

Part I. The Method as Suited for Technical Work
Volumetric.

Some recent researches have thrown doubt upon the con-

stancy of the relation between dextrose and the amount of

copper oxide reduced by it from alkaline solution, which

affects both the volumetric and gravimetric methods. A
conformity with these results would necessitate an altera-

tion in the mode of operating, considerably lengthening it.

These considerations, however, do not affect the substantial

* Ann. der Chem. Pharm, Ixxii. 106.

f Arch, der Pharm., [2] Ixxi. 278. Soxhlet denies that the relation between
the copper salt and glucose is fixed, but that it varies according to the circum-

stances under which the test is made, from 0.7 to 11.1 equivalents of copper
oxide to one of grape-sugar. See results of Soxhlet and others, page 201.
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value of Fehling' s process as ordinarily carried out for the

greater part of commercial work, such as the analysis of

raw sugars, syrups, etc., when the tenor is not higher than

20 per cent. There are cases that occur in commercial

practice where the greatest possible exactness and care is

required, and for which no analytical refinement would be

misplaced. The analyst, however, must form his own

judgment as to the proper course to pursue under any

given circumstances.

Fehling's Solution. The formula for this solution is

as follows :

34.64 grammes pure cryst. cupric sulphate, dissolved in 160

c.c. dist. water;

150 grammes neutral potassium tartrate, dissolved in 600

c.c. to 700 c.c. of soda lye sp. gr. 1.12 (equivalent

to about 90 grammes of the dry salt).

The two solutions are mixed and made up with water to a

volume of 1000 c.c. at 15. Of this

10 c.c. is equivalent to .050 grm. dextrose or invert-sugar;
" " .0475 "

cane-sugar.

Fehling's solution, unfortunately, is not very stable, de-

positing oxide of copper in the cold, and especially when

heated or exposed to light.

Violette * and Monier each give a formula for a solution

which is said to keep well, but doubtless that of the latter

is less to be recommended on account of its strong alka-

linity.

*
Dosage du sucre au moyen des liqueurs titrees.
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Violette's Solutioii.-

34.64 grammes pure cryst. copper sulphate.

187 " tartrate of soda and potash (Rochelle salt).

78 " caustic soda.

The copper salt is to be dissolved in 140 c.c. of distilled

water, slowly added to a solution of the tartrate and caus-

tic soda, and the whole made up to one litre at standard

temperature.

10 c.c. = .050 gramme dextrose or invert-sugar.
" = .0475 "

cane-sugar.

Monier's Solution.

40 grammes pure cryst. copper sulphate.

3 chloride of ammonium.

80 " acid tartrate of potash (cream of tartar).

130 " caustic soda.

The sulphate is dissolved in 160 c.c. of water, the ammo-

nium salt added, the solution mixed with the other ingre-

dients dissolved in 600 c. c. of distilled water, and the whole

made up to one litre.

10 c.c. = .0577 gramme dextrose or invert-sugar.
" = .0548 "

cane-sugar.

The ammonium chloride furnishes free ammonia, which

acts as a solvent for oxide of copper, thus preventing its

precipitation on standing.

The investigations of several chemists * seem to establish

that long boiling of cane-sugar with a strongly alkaline so-

lution containing copper oxide causes a reduction of the

oxide in small quantity. But, however, if (1) the solution

* Loiseau, Amer. Chemist, iv. 291. Fclz, ibid., iv. 113 ; iii. 313. Possoz,

Journ,. des Fabr. des Sucre, xiv. 50.
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is diluted sufficiently, (2) if the reduction takes place

quickly, and (3) if the copper liquor used Jias merely

enough alkali to ensure itspermanence, either in the cold

or at a boiling heat, the error from this source is too small

to affect the results notably for any purpose to which the

method can be suitably applied.

Possoz's Solution. Possoz recommends a copper li-

quor which he claims has no action on cane-sugar when
used according to the directions given:

40 grammes pure crystallized copper sulphate.

300 "
tartrate of potash and soda.

29 " caustic soda.

150 " bicarbonate of soda.

The sulphate of copper is dissolved in 150 c.c. of water and

the bicarbonate added. The other salts are made into a

solution with 500 c.c. of water, the two solutions mixed,
boiled for one hour, allowed to cool, and water added to

make one litre. The resulting solution is allowed to stand

six months before use.

10 c.c. = .0577 gramme dextrose.
" = .0548 "

cane-sugar.

The sugar solution to be tested by this process should be of

such a concentration that .100 gramme dextrose or invert-

sugar precipitates the copper from 30 c.c. of the copper

liquor. The estimation is made by heating to 70 C. with

a measured excess of copper liquor, filtering, and determin-

ing the copper remaining in the filtrate by a suitable

method
;
whence the amount reduced by the dextrose may

be calculated.

The formula following gives a cupric liquor which will be
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found to be perfectly permanent ;
used with the necessary

precautions, its action on cane-sugar may be altogether dis-

regarded for ordinary work. It is the same as Violette's,

except that the proportion of alkali contained is somewhat

altered :

34.64 grammes pure cryst. copper sulphate.

180 " tartrate of potash and soda.

70 " caustic soda.

Dissolve the tartrate and soda in 600 c.c. of distilled water,

and to this add the cupric salt in solution, in small quan-

tities at a time, shaking after each addition
;
when a clear

liquid is obtained it is allowed to cool and made up to one

litre.

10 c.c. = .050 gramme dextrose or invert-sugar.
" = .0475 u

cane-sugar.

Selection of Reagents. The tartrate and caustic al-

kali used may be of the best commercial quality, the latter

as free from carbonate as possible. In order to obtain a

copper salt containing rigidly the theoretical amount of

oxide, the following procedure may be adopted : Procure

a thoroughly reliable article of chemically pure crystallized

cupric sulphate, or make it by recrystallizing the commer-

cial salt, and select the clear, well-formed crystals, reject-

ing those that are opaque and which generally consist of a

more or less wet aggregate of fine crystalline material ; care-

fully brush the selected pieces from all fine powder, and

pulverize them, repeatedly pressing the powder between

sheets of filter-paper to get rid of any adhering moisture.

Preserve the salt thus prepared in a closely-stopped bottle

until it is to be weighed out for use. If pure sulphate of

copper cannot readily be obtained, 8.804 grammes pure me-
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tallic copper, precipitated by the battery or otherwise, is

dissolved in nitric acid, and sulphuric acid, in quantity

slightly more than that necessary to combine with the cop-

per, is added
;
the mixture is evaporated to drive off the

nitric acid, the free sulphuric acid neutralized with caus-

tic soda, and the copper sulphate thus obtained is used in

the preparation of the copper solution by the above for-

mula
;
8.804 grammes of copper is exactly the amount con-

tained in 34.64 grammes of the crystallized sulphate. Care

must be taken to thoroughly dry the precipitated copper,

and at so low a temperature that oxidation will not take

place. The copper solution should be kept in a blue glass

bottle or one blackened on the outside.

Strength of Sugar Solution. The amount of sugar

to be determined varies greatly in different products sub-

mitted to the grape-sugar estimation
;
it is best to make

the sugar solution of such dilution that from 25 c.c. to 50

c.c. will precipitate the copper from 10 c.c. of the copper

liquor ;
the sugar solution should not be much stronger

than this, as it then becomes difficult to hit the end point

of the reaction with sufficient delicacy.

Calculation of Results Glucose Normal. It is

convenient to establish a standard strength, for the sugar

solution, of 5 grammes of the substance to be assayed to

lOOc.c., and this may be called the glucose normal solu-

tion. From the varying amounts of grape-sugar contained

in the material to be examined it becomes necessary to vary
from the glucose normal by weighing out 10, 15, or 20

grammes to 100 c.c. of volume, when the solution becomes

double, triple, or quadruple normal; or to weigh 5

grammes of assay, and dilute to 200 c.c., 300 c.c., or 500

c.c., when the solution is called Jialf, third, orfifth nor-
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mal. The calculation of the results may be greatly

abridged in the following way : The reciprocal of the num-

ber of cubic centimetres required of the glucose normal

solution to precipitate 10 c.c. of the copper liquor, multi-

plied by 100, is the direct percentage of dextrose or invert-

sugar sought ;
for

10 c.c. copper liquor = .050 gramme grape-sugar,

and the normal glucose solution contains in 1 c.c. .050

gramme of the substance. Suppose in an experiment 30

c.c. of sugar solution is required for 10 c.c. of copper solu-

tion
;
then

30 X .050 = 1.50 grammes of assay used, containing

.050 gramme grape-sugar,

.05

1.50 = 3.33 per cent, grape-sugar;

the reciprocal of 30 is .0333, which, by displacement of the

decimal point, becomes 3.33. A table for thus calculating

percentages is appended.
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TABLE FOR CALCULATING THE PERCENTAGE OF GRAPE OR INVERT SUGAR WHEN
THE NUMBER OF c.c. USED REFERS TO THE " GLUCOSE NORMAL SOLUTION."

(5 grammes to 100 c.c.)
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-2343
2336
2331
.2325
.2320
.2315
2309
2304
.2299

.2262

2257
.2252
2247
.2243
2237
.2232
.2227
.2222

.2217

.2212

.2207

456

470
471
472
473
474

St
.2183
2I79

II -o
.2174 489
.2169 490
.2164 ! 491
.2160 492
2156 493
.2150

;

494
.2146
.2141
.2137
.2132
.2128

.2123

.2119

.2114

.2110

.2105

.2101

.2096

.2092

.2088

.2083

.2079

.2075

.2070

.2066

.2002

2C58
.20S3
.2049
.2045
.2041

.2037

.2032

.2028

.2024

.2020

.20l6

.2012

.2008

.2004

.2000

.1996

.1992

.1988

.1984

.1980

.1976

:3S
1957
1953
.1949

1945
.1942
1938
1934
1930
.1927
1923
.1910
.1916
.1912
.1908
.1905

.1894

.1883

.1886

.1876
1873
.1869
.1865
.1862

.1859

.1855

.1852

.1848

.1845

1 I!
3 ^S
i i

5

.1842

.1838

.1835

.1831

.1828

.1825

.1821

.1818

.1815

.1812 I

iibos
i

.1802 I

.1798
j

1795

.1780

.1782
1779
.1770
1773
.1770

.'1760

1757
1754

.1751

572 I

573 !

574

Si

ii

.1748
1745
.1742
1739
1730
1733
.1730
.1727

.1724

.1721

.1718

.1715

.1712

3
703

.1683

.1681

.1675

.1667

The use of the table is quite simple. When the volume

of sugar solution used is very small or fractional, by a

change of the decimal point, making a whole number, a

more exact figure may be obtained, the operator always

knowing approximately the percentage of grape-sugar, so

as to be able to set down the result correctly. Thus an ex-

periment gives 4.1 c.c. of the glucose normal
; looking in

the table for the percentage opposite 41, we find it to be

2.44, which, by change of the decimal point, gives 24.40

per cent, as the true result. If 410 is taken instead of 41

a still more exact result is obtained namely, 24.39 per

cent. In cases where the strength of the sugar solution

varies from the normal, the result of the test in c.c. may be

reduced to the standard by multiplying by 2, 3, or 5 re-

spectively when the half, third, or fifth normal solution is

used
;
or by dividing by 2, 3, or 4 for the double, triple, or

quadruple normal solution.
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Examples : I. 5 grammes of a raw sugar were dissolved to

300 c.c., and on estimation it was found that 36 c.c. were

required for 10 c.c. of copper liquor ;
then -^ = 12, and the

corresponding percentage in the table is 8.33. II. 20

grammes of cane-juice made to 100 c.c. required 24.6 c.c.;

hence 24.6 X 4 = 98.4. Calling this 98.5, we find from the

table that
98 corresponds to 1.02 per cent.

and 99 " " 1.01 "

The average is 98. 5 "
1. 015 "

which is the percentage sought.

When the estimation of grape-sugar is made on the same

sample from which the cane-sugar is determined with the

saccharimeter, it saves a great deal of time to have a

pipette graduated to deliver 19.21 c.c. when the Soleil-

Ventzke saccharimeter is used, and 30.8 c.c. for those hav-

ing the normal weight of 16.19 grammes. These pipettes

measure precisely 5 grammes of the original substance.

In this way, after sufficient of the filtered solution has been

taken for polarizing, from the remaining portion (free from

lead) the required quantity is taken out with the appropri-

ate pipette to make the glucose normal solution or its multi-

ples. By this method of proceeding one weighing suffices

for two determinations, and a further advantage is that a

better average sample is obtained by weighing 26 or 16

grammes, while the glucose and cane-sugar determinations

are made from identically the same solution.

When the sugar solution is sufficiently colored to inter-

fere with the copper test, it may be readily decolorized by

shaking with a very small quantity of bone-black and fil-

tering.
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Organic matter other than sugar exerts a very slight, if

any, influence upon the results of the invert-sugar estima-

tion after Fehling
*

(see note at the end of the volume).

*It is entirely inadmissible to use a sugar solution containing lead in Fehl-

ing's method, as the results of experiments given below show. This fact was

pointed out by H. C. Gill (J. Chem. Soc.. 1871, April), who also suggested the

use of sulphurous acid as a precipitating agent. Experim uts that I have

made on the subject confirm Gill's results, and establish further that the preci-

pitation of the lead must be very complete, as a mere trace seems to interfere as

much with the test as a larger quantity. For this reason sulphates are unsuita-

ble as precipitating agents, sulphate of lead being perceptibly soluble in water

and sugar solutions. The use of sulphurous acid is, however, not open to this

objection.

EFFECT OF LEAD SOLUTION.

I. Refined sugar containing 4.25 percent, invert-sugar.

A sugar solution required for 10 c.c. copper liquor 35.5 c.c.

The same, with excess of lead solution, required 48.5 "

The same, with lead solution and excess of Na2S0 4 , re-

quired 43.5 "

II. Invert-sugar from cane-sugar.

A solution to precipitate 10 c.c. of copper liquor re-

quired 53.5 c.c.

The same, with a large quantity of Na 2S0 4 , without

lead, required 53.6 "

The same, with lead solution and excess of Na2S0 4 ,

required 90 "

III. Molasses sugar containing 2 86 per cent, invert-sugar :

A solution required to precipitate 10 P.O. copper liquor, 50.7 c.c.

The same, with a large quantity of Na 2$O 4 , required 50.2 "

The same, with lead solution and excess of Na 23O 4 ,

required 68 "

EFFECT OF SULPHUROUS ACID.

I. A sugar solution required for 10 c.c. copper solution 31.2 c.c.

The same, with 5 per cent. S03 solution Jtl.O
"

" "20 * " " 31 5 "

" "30 " " " 31.2 "

" "50 " " " 313 "

II. A solution of sugar required for 10 c.c. copper liquor 30 7 c.c.

The smile, with 1 per cent, load solution 37 5 "

"
1

" " " and ex.

of SO, 32.0 "
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Execution of the Test. 10 c.c. of the copper liquor is

measured into a porcelain dish or casserole, diluted with its

volume of water, and with a good flame quickly brought

to a boil. The liquid should show no signs of precipita-

tion by ebullition. The sugar solution is added from a

burette as rapidly as possible without risk of running in

an excess. The color changes from a deep, clear blue to a

dull hue, and at the same time the suboxide begins to

form. As the operation proceeds the red color begins to

manifest itself, and the liquid assumes a bluish-violet tinge,

in which the red constantly increases, the shades passing

through bluish red, violet red, dark crimson, and finally to

a full crimson, when the copper is just thrown down. The

last color changes to a bright scarlet as soon as invert-sugar

or grape-sugar is present in excess. The experienced ope-

rator can easily estimate by the color of the boiling solu-

tion how the operation is proceeding, the end point of the

reaction being indicated by the full crimson color of the

agitated mass, without tinge of scarlet, and by the shade

of the supernatant liquid after the suboxide has settled

out, which should be a clear pearl white, neither bluish

nor yellowish

In order that the end point may be determined with

greater exactness, it is necessary to remove a little of the

liquid in a small pipette, filter, acidify with acetic acid,

and add a drop of a very dilute solution of potassium fer-

rocyanide, which will strike a brownish-red color as long

III. A sugar solution required 80.7 c.c.

With 2 c.c. lead solution 39.5
" 2" " "

+excessSO, .30.5
"

1
" " '

37.0
"

1
" " "

+excessSO2 33.5
"

1 " " " + larger excess SO2 31.0
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as copper remains in solution. If the color is very faint, a
practised operator can estimate the amount of sugar solu-
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tion to be added, to that actually run in, to complete the re-

action.

Apparatus. Fig. 25 shows a collection of apparatus

suitable for carrying out the method of testing described.

The arrangement and choice of implements can be highly

recommended where rapid work is required, especially

when a number of tests are made at once. It consists of

a burette-stand; two burettes provided with glass cocks,

one of 50 c.c. capacity for the sugar solution, and a second

of 100 c.c. for the copper liquor ;
the casserole over which

the burette delivers the sugar solution
;
a pipette graduated

to take out 5 grammes from the sugar normal solution of the

polariscope ;
small pipettes (about four inches long) for ob-

taining a sample from the casserole
;
a rack for holding a

number of 3-in. test-tubes, funnels (f in.), and pi-

pettes, together with the acetic acid and ferrocy-

anide of potassium. The latter are contained in

dropping or atropia bottles, shown by Fig. 26.

They have a piece of sheet gum stretched and

tied over their tops, so that it is only necessary

to press upon the gum in order to fill the tube

with liquid.

\\Hien reliance is placed in the disappearance of the blue

color alone as the end point of the test, the operation may
be performed in a large test-tube held over a sheet of white

paper. The color of the liquid, after the precipitate has

settled, is best seen by holding the tube in a slanting posi-

tion. This method of carrying out the test is not so accu-

rate as the one described, and not quicker in execution.
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Pavy's Modification of the Volumetric Method.*

Dr. Pavy has taken advantage of the fact that caustic

ammonia is a powerful solvent for suboxide of copper. In

his process he uses a large excess of this reagent mixed

with the ordinary copper liquor, so that the reduction

takes place without precipitation, the boiling solution be-

coming decolorized at the same time. Under the condi-

tions specified it was found that six molecules of cupric

oxide are reduced by one molecule of dextrose, instead of

five molecules as in the process of Fehling (old system).

The copper liquor used by Pavy is of the following

composition :

Cupric sulphate cryst., 34.65 grammes ;

Potassio-sodic tartrate, 173 "

Caustic potash, 160 "

in one litre. 120 c. c. of this solution is mixed with 300 c. c. of

solution of ammonia sp. gr. .880, and water added to make

one litre. 20 c.c. of this corresponds to .010 gramme of

grape or invert sugar.

The test is made in a flask of about 80 c.c. capacity,

with a cork fitted in the neck carrying a glass tube dipping

under water, at the end of the tube being placed a piece of

rubber tube cut longitudinally, so as to form a valve to

prevent the water from being forced into the flask by con-

densation during a momentary stoppage of the operation.

40 c.c. of the dilute test liquor is run into the flask, and

while boiling the sugar solution is added, drop by drop,

until complete decolorization is effected. The results are

said to be quite satisfactory. See* original papers (loc. cit.)

* Chem. News, xxxix. 77, 197, 249 ; ibid., Steiner, xl. 139.
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Part II. The Method as Suited for Exact Work.

A. Volumetric. Soxhlef s Researches. As stated on

page 186 (note), Soxhlet, by recent investigations, has

demonstrated that the relation of dextrose and invert-sugar

to the cupric oxide reduced from alkaline solution is not

constant, contrary to the view formerly accepted, but varies

within certain limits, according to the circumstances (mainly

in regard to dilution) under which the reduction takes place.

According to his results, 50 c.c. of a 1 per cent, dextrose

solution, or 100 c.c. of a \ per cent, solution, with the

undiluted copper liquor, required for complete reduction

from 101.0 c.c. to 101.4 c.c. Fehling's solution.

For the F. solution diluted with 1 vol. water, 99.5 c.c. F. sol.

tt it it O it it QO
]

"

tt tt it O it . . , ,~ O it tt

tt ii tt tt QJ ^
.. tt

In the case of invert-sugar there was required :

For the undiluted F. solution 101.2 c.c. F. sol.

For the F. solution diluted with 1 vol. water 99.5 " "

" " " 2 " " 98.2 " "

tt tt tt o tt tt QJ o tt tt *

These results correspond on the average, for the undiluted

copper liquor, to the relation of

1 eq. sugar to 10.1 eq. CuO,
and for the fourfold diluted solution :

1 eq. sugar to 9.7 eq. CuO,

against the relation of

1 eq. sugar to 10 eq. CuO,

according to Fehling.

* In later experiments these results are varied from somewhat.
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Execution of the Test. Notwithstanding these facts,

good results may be obtained, in the determination of in-

vert or grape sugar, if precaution is taken to have the con-

ditions in regard to dilution, and the relative amounts of

copper solution and sugar, the same as indicated below, in

which case the possible error is placed at .2 per cent. The

copper reagent with Soxhlet is made of two solutions, viz..

No. 1, consisting of 34.639 grammes cupric sulphate, dis-

solved in water to 500 c.c.; and

No. 2, of 173 grammes sodio-potassic tartrate (Rochelle

salt), dissolved to 400 c.c., mixed with 100 c.c. soda-

lye, containing 400 grammes to the litre.

These solutions are kept separately and mixed in equal

volume when a test is to be made. To make an estimation,

a preliminary experiment is tried to find the approximate

strength of the sugar solution, and the latter is diluted

to contain i per cent, of the sugar to be determined. 50

c.c. of this is heated to boiling for 2 to 4 minutes, with

a quantity of the undiluted copper liquor judged to be

nearly that necessary for reduction. The liquid mixture is

then thrown on a filter, and the filtrate tested for copper

with acetic acid and potassium ferrocyanide. If the

metal is present a new experiment is made with the same

quantity of sugar solution and less copper liquor, and so

on, until in two consecutive experiments, differing by -$ c.c.

copper solution, the filtrate of one shows copper while the

other does not. From the quantity of copper solution cor-

responding to the sugar the calculation can be made, 50

c.c. of the solution being equivalent to .500 gramme dex-

trose or invert-sugar.*

*Allihn, Scheibler's Neue Zeit., 1879, iii. 280. Soxhlet, Chem. Centb., 1878,
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Meissl,* who has used this method of estimating the in-

vert-sugar in raw sugars from the cane, states that in an

experiment made by him on a mixture containing known

quantities of cane and invert sugar, the former was proved
to be without influence upon the results.

B. The Gravimetric Method.

The investigations of Soxhlet (Ice. cit.) lead him to the con-

clusion that the gravimetric method for estimating sugar is

empirical and quite inexact on account of the inconstancy

of the relation between the sugar and the copper oxide re-

duced. In this particular, however, his views are nega-

tived by the recent exact experiments of Marckerfand
Meissl

:{: (loc. cit.\ together with the uniform experience of

many other chemists.

The Estimation. 25 c.c. of Fehling's solution (see for-

Nos. 14, 15; Stammer's Jahresb.
^ 1878, 178 ; Jour. Chem. Soc. [abs.], xxxiv. ;

Jour. Pk. Chem., [2] 21, 227, 317 ; Jour. Chem. Soc. [abs.], Oct., 1880; Grata-

ma, Fres. Zeit., xvii. 155.

* Stammer's Jahresb., 1879, 180.

f Chem. Centb., No. 37; Stammer's Jahresb., 1878, 189.

J Meissl gives only a qualified approval of the gravimetric method, holding

that a close and unvarying relation must exist between the quantity of precipi-

tated oxide, the reducing sugar, and the cane-sugar present such a relation

which in practice it would be very troublesome to obtain. He also states that

the presence of cane-sugar and the length of time the boiling of the solution is

carried on have important influence on the results. He considers the process, as

ordinarily carried out, to give figures that are too high. The whole question of

the gravimetric estimation of dextrose and invert-sugar is in an unsatisfactory

condition, owing to the contradictory nature of the results recently obtained;

but the weight of opinion, principally founded on the elaborate investigations

of Soxhiet and Meissl, points to the fact that the gravimetric estimation is apt

to give high results, especially in the presence of cane-sugar; and in cases where

accuracy is of the highest importance it is recommended that the tests be dupli-

cated by this method, and the volumetric according to Soxhlet, giving prefer-

ence to the latter in doubtful cases.
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mula, page 190) are placed in a 100 c.c. flask with the sugar

solution of known strength, but not containing more than

.120 gramme of the pure sugar, and the volume brought to

100 c.c. The contents of the flask are heated on the water-

bath 20 minutes, or until a complete reaction is assured, care

being taken at the end of the operation that the copper so

lution is in excess. Filter off the precipitated suboxide

wash with hot water
; dry the filter and burn it separately

from the precipitate ; ignite both in a platinum boat, or a

Rose crucible with perforated cover
;
and finally reduce

by heating to redness in a current of dry hydrogen. After

complete reduction, cool as quickly as possible in hydro-

gen and weigh.

Weight of copper x .5678 = dextrose or invert-sugar.

Weighing as Oxide. The precipitated copper may
also be determined as oxide by igniting the suboxide and

ash, after burning the latter separately, in a platinum cru-

cible with access of air at a strong red heat, cooling, oxi-

dizing with a few drops of nitric acid, again heating for

some time, and finally weighing. The cupric oxide multi-

plied by .4534 gives the invert-sugar or dextrose.

Filter Ash. The filter generally obstinately retains

some of the salts of the alkaline solution, which no ordi-

nary amount of washing seems to be able to remove.

Soxhlet has placed this very high as much as 20 milli-

grammes for an ordinary-sized filter, though Marcker (loc.

til.) has proved it to be very much less. It is advisable to

make a special determination of the ash of the filters to be

used for this method, on a number through which copper

liquor has been run, and the quantity adhering afterward

washed out with hot water.
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Mohr's Method.* This is said to give results as accu-

rate as the above with much less expenditure of time.

When moist suboxide of copper is mixed with an acid so-

lution of a ferric salt it becomes oxidized to cupric oxide,

passing into solution, and reducing an equivalent quantity

of the iron compound to protoxide, which may be esti-

mated volumetrically by permanganate of potassium. The

suboxide formed by boiling the sugar solution with excess

of copper liquor is filtered off, thoroughly washed, and an

acid solution of ferric sulphate, or ammonio-ferric alum

free from FeO, is poured upon the filter until the suboxide

is dissolved. The filter is then washed as long as any iron

solution adheres to it, and the filtrate, together with the

washings, is titred with a solution of potassium permanga-
nate containing 3.162 grammes of pure salt to the litre.

1 c.c. permanganate solution used = .0036 gramme invert

or grape sugar.

There have been proposed several other processes for de-

termining the precipitated suboxide volumetrically with

different reagents, and also the modification of adding a

known volume of copper liquor to the sugar solution, and

after the reaction estimating the amount of copper remain-

ing dissolved after filtering off the suboxide from which

the amount thrown down as suboxide is found by differ-

ence. None of these devices, however, have any advan-

tages over those already given in detail.

*Mohr, Tithirmethode, 5th Aufl., 449.
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SECTION II. DETERMINATION OF DEXTROSE AND INVERT-

SUGAR BY OTHER METHODS THAN THAT OF FEHLING.

Kiiapp's Method.*

This is based on the fact that an alkaline solution of cya-

nide of mercury is reduced to the metallic state by grape-

sugar. It is carried out as follows : 10 grammes of pure

and dry cyanide of mercury are dissolved in distilled wa-

ter, the solution mixed with 100 c.c. of caustic soda-lye sp.

gr. 1.145, and sufficient water to make one litre
;

.400

gramme of the cyanide (=40 c.c. of the solution) at the

boiling-point is completely reduced by .100 gramme grape

or invert sugar. The titration is performed as in Fehling's

process : 40 c.c. of the mercurial solution is boiled in a

porcelain dish, and the sugar solution (not stronger than f

per cent.) is added as quickly as possible until the metal is

all thrown down. It is best to make a preliminary experi-

ment to find the approximate amount of sugar solution re-

quired, and then on the second trial nearly the whole

amount may be run in at once. To test when the end

point is attained, a drop of the liquid is placed on a piece

of filter-paper stretched over the mouth of a beaker-glass

the bottom of which is covered with a strong solution of

sulphide of ammonia. As long as any mercury remains in

solution a brownish spot appears on the paper when a drop

from the boiling solution is placed upon it. Perhaps a bet-

ter plan would be to use the alkaline solution of zinc ox-

ide, which may be brought in contact with the solution on

a porcelain plate. While mercury yet remains in solution

a brownish coloration is produced.

* Ann. der Chem. Pharm., May, 1870 ; Amer. Chemist, i. 118.
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Knapp, Lenssen,* and Soxhlet, who have carefully exa-

mined the method, recommend it.

Sachsse's Method.

A standard solution is made by dissolving 18 grammes of

pure, dry mercuric iodide in water with the aid of 25

grammes potassium iodide, adding to the liquid 80 grammes
of caustic potash and water to make one litre. 40 c.c. of

the solution, containing .72 gramme Hgl, is equivalent to

.1342 gramme dextrose and to .1072 grm. invert sugar.

For the estimation, 40 c.c. of the standard solution are

boiled, and the sugar solution of known strength added until

all of the metal is precipitated. This point is ascertained

by bringing a drop of the solution in contact with sulphide

of ammonia on a piece of Swedish filter-paper, or by an

alkaline solution of zinc oxide, both of which reactions

give rise to brownish precipitates or colorations with so-

lutions of mercuric salts.

This process is also based on the reduction of mercury
to the metallic state by the sugar present. Heinrich,f

Meissl,J and Soxhlet recommend it as giving results

closely accordant with those by Fehling's method.

Estimation of Dextrose and Invert-Sugar in the

presence of each other.

On account of the peculiarity of Sachsse's method, in

that dextrose and invert-sugar have distinctly different

reducing constants for the alkaline solution of mercuric

* Fres. Zeitschrift, No. 4, 1870. J Ibid., 1879, 178.

f Stammer's Jahresb., 1878, 195. Journ. Chem. Soc., Oct., 1880.
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iodide, it is possible, by a combination of it with Fehling's

process, to determine dextrose and invert-sugar in the same

solution. An example will illustrate the necessary steps of

the operation : 25 c.c. of sugar solution was found to reduce

40 c.c. = .72 gramme mercuric iodide, of the Sachsse solu-

tion, while the same volume contained, according to the

copper test, .125 gramme of the total sugars ; then, call-

ing the dextrose x and the invert-sugar y, we get the

equation :

# + ?/
= . 125 (1)

But as .1342 gramme dextrose and .1072gramme invert-sugar
72

each reduce .72 gramme Hgl, we have# X -^r-
- = 5.36 x, and

72
y X = 6.70 ?/ ; whence

5.36 x + 6.70 y = .72 (2)

On combining these equations the values of x and y may
be readily obtained. Should x or y be found equal to 0,

it indicates that the corresponding sugar is not present.

Cane-sugar in mixture with the other two bodies may
also be estimated, where there are no foreign reducing sub-

stances present, by determining the dextrose and invert-

sugar as above, and then inverting with acids and estimat-

ing the amount of invert-sugar formed from thecane-sii-;n,

by the copper method ; the result, multiplied by the factor

.95, gives the saccharose originally in the solution.

Estimation of Levulose and Dextrose in the pre-

sence of each other (a combination of the optical with

Fehling's method). According to Neubauer,* the angular

rotatory power in a tube 100 mm. long, at 14 C., of

Dextrose is [a] j
= 53.1 Levulose, [a] j

= 100.
Rotation constant, 1883.3. Rotation constant, 1000.

* Neubauer, Ber. Chem. Cfesell., 1877, 827.



ESTIMATION OP LEVULOSE AND DEXTROSE. 209

The following table shows the angular rotations of sugar

solutions at 14 C. in a 100 mm. tube :

Estimate the total sugars by Fehling' s method, and also

make an observation with the saccharimeter at 14 C., in a

100 mm. tube, the result being set down in angular degrees.

As an example, suppose a solution containing 15 per cent,

of total sugars has a rotation of 5.202
;

15 per cent,

levulose corresponds to a rotation of 15. The difference

between this and the actual rotation is ( 15) ( 5.202)

_ 9.798. This difference is caused by the dextrose pre-

sent, and as the algebraic difference between the rotation

constant of levulose and dextrose (2883.3) is to the rotation

constant of dextrose (1883.3), so is the difference between

the calculated and found rotations ( 9.798) to the quan-

tity of dextrose present as,

2883 : 1883.3 :: 9.798 : x

x = 6.4 per cent, dextrose.

15 per cent. 6.4 per cent. =8.6 per cent, levulose.*

* Apjohn (Chem. News, xxi 86) and Dupre (Chem. News, xxi. 97) give pro-

cesses for estimating cane-su^ar, dextrose, and levulose in the presence of each

other, consisting of combinations of the optical and Fehling's methods.
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Geiitele's Method.*

An alkaline solution of potassium ferricyanide, when

heated with grape or invert sugar, is reduced to ferrocyan-

ide, and the strongly yellow solution is wholly or partially

decolorized. A standard solution is prepared by dissolving

109.8 grammes pure potassic ferricyanide and 55 grammes
caustic potash in water, and diluting to one litre :

10 c.c. of this solution = .010 cane-sugar ;

.01053 grape or invert sugar.

40 c.c. of the standard solution is heated in a porcelain

dish to 70 to 80, and the sugar solution slowly added

until the color is discharged.

This process has chiefly an historical interest.

*
Dingler's Polyt. Journal, clii. 68, 130.



CHAPTER IX.

ANALYSIS OF EAW SUGAR.

Composition ofRaw Sugars. Raw sugar as obtained

from various sources is a mixture, of which the leading

element is cane-sugar; the different constituents may be

classified as follows :

1. Cane-sugar. 4. Moisture.

2. Invert-sugar. 5. Organic matters not sugar.

3. Salts. 6. Insoluble constituents.

The cane-sugar exists in three forms viz. : (1) actually

crystallized ; (2) that capable of crystallizing, but held in

solution by the moisture present ;
and (3) that which is in-

capable of crystallizing, though chemically identical with

crystallizable cane-sugar ;
it is distinguished from the latter

by being soluble in alcohol saturated with cane-sugar. The

non-erystallizable cane-sugar, with the invert-sugar and

the other soluble impurities, form the molasses, which,

with that formed in the process of refining, is part of the

yield of the refiner.

The salts are organic or inorganic ;
the former consist of

the bases potassa, soda-lime, magnesia, and iron oxide

united with the organic acids, acetic, succinic, malic, citric,

oxalic, tartaric, aconitic,* aspartic,f pectic, metapectic, lac-

tic, proprionic, butyric, formic, glucic, apoglucic, humic,

ulmic, and melassic ; the latter, with the same bases, are

* Has been found only in raw cane-sugar and juice, f Peculiar to beet-sugar.

211
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chlorides, sulphates, phosphates, silicates, carbonates, and

nitrates. Saccharates of lime and potash are also often

present, especially in raw beet-sugars.

The organic matters not sugar are : I. The alkaloids

betaine,* asparagine,* and triethylamine ;
II. Nitrogenous

organic matters albumen, legumine, and ferments or ex-

tractive matters
;
III. Non-nitrogenous organic matters-

cellulose, gum and fatty bodies, pectose, pectin, parapec-

tin, essential oils, mannite, alcohol, starch, and coloring

matter consisting for the most part of caramel and its deri-

vatives.

All of these bodies are not found in any one sample of

raw sugar ; many are peculiar to raw beet-sugars, not being
found in those derived from the cane.

Insoluble matters. These are principally sand and clay

with accidental mechanical impurities ;
also fine particles

of fibre from the cane often occur in raw sugars, giving the

solution a muddy appearance.

Sampling. Much depends upon the proper taking of

the sample as well as its preservation. The sampling from

vthe original packages is evidently not in the province of the

chemist, and must be left to the exj)erience and intelligence

of the sampler, and the business customs which sometimes

control this operation. The chemist should, however,

when practicable, receive from two to five pounds of each

lot to be tested, representing as closely as possible the

larger sample first taken
; this, if containing lumps, should

have them well broken up and the whole carefully mixed.

The average sample thus obtained is preserved in a tightly-

stopped, wide mouthed bottle, and from this the various

* Peculiar to beet-sugar.
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portions should be weighed out for analysis. It is impor-

tant to have the bottle well corked, as in ordinary states of

the atmosphere raw sugar loses its water very rapidly by

evaporation, though when the air is damp the reverse

may take place, and moisture be absorbed, thus vitiating

the analysis in its most important item i.e., the cane-

sugar.

ESTIMATION OF THE CANE-SUGAR.

This determination is made by the optical saccharimeter,

and though the choice of any of those described in the pre-

ceding pages is open to the operator, for the sake of con-

venience the description in this section is based upon the

supposed use of the Soleil-Ventzke instrument
;
this remark

will also apply to the matter in relation to the use of polar-

izing apparatus in other sections of this work.

The Weighing. The normal quantity, 26.048 grammes,
is weighed with the requisite accuracy into a convenient-

sized German-silver dish of the F 'g-
2 7-

form shown in Fig. 27, provided

with a projecting lip so that it may
be adapted to pouring into the

neck of the measuring-flask ;
the

dish has a counterpoise weight.

There is also a normal (26.048 grammes) and one-half nor-

mal weight. The balance to be used should not be too

tine, as much time would be lost in weighing, on account of

the care necessary to avoid injury to it, as well as the slow-

ness with which such balances swing. A strong, well-made

instrument with a rather short beam, and capable of quick

weighing to within .010 gramme of the truth, is in every
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way suitable
;
a good apothecaries' balance, accurate to the

limit specified, does very well.

The Execution of the Test. When the assay is

weighed, about 50 c.c. of water is poured upon it, and by
means of a thick glass rod with a blunt end the mixture is

stirred, any lumps present being at the same time crushed,

until the greater part of the sugar is dissolved. By allow-

ing the contents of the dish to settle a moment, the solu-

tion may be readily poured off into the flask, leaving the

undissolved residue of sugar entirely in the dish. A
second portion of water is added, and so on until the sugar

is completely dissolved, and the dish rinsed out into the

graduated flask. There is little advantage to be obtained

in the use of hot water, except in the case of crystal-

sugars, as the time required to cool the solution to the tem-

perature of the operating-room is about equal to that saved

by using heated water. A good arrangement for holding

the water to be used in the tests is to have it in a bottle

placed on a high shelf, and furnished with a syphon passing

through the cork, hanging down the outside within conve-

nient reaching distance of the operator. The syphon is

kept filled with water, the lower portion consisting of a

rubber tube, the end of which is closed by a spring clamp

(Fig. 28). After all the rinsings of the weighing-capsule

have been added to the flask, the solution of basic acetate

of lead or other clarifying agent is poured in, and the

flask filled with water until the lowest portion of the menis-

cus, or curve formed by the liquid in the neck, is just tan-

gent to the graduation-mark. The solution is then well

shaken, a part of its contents thrown away, a little bone-

black added, shaken again, and the mixture filtered. Care

must be taken that the temperature of the liquid does not
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differ much from that of the operating-room throughout

the manipulations, as an alteration in the volume of the

sugar solution is attended with a corresponding change in

the amount of sugar as shown by the polarizing apparatus.

Fig. 28.

Fig. 29.

The quantity of lead solution to be used must be left

largely to the judgment of the operator, due regard being

paid to the remarks pp. 165, 166. Always employ the

least amount with which a good reading in the sacchari-

meter may be assured
;
but not too little, for nothing

is gained by attempting to make an observation with

a dark solution. When from insufficient decoloriza-

tion a filtrate is obtained too dark for reading, a new por-
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tion of the sugar should be weighed and the test repeated,

or the filtrate from the first solution may be treated with a

fresh portion of bone-black and refiltered. The addition of

a few drops of alum solution after the lead salt often

greatly increases the decolorizing effect.* See page 164.

Any suitable arrangement for filtration may be adopted.

A very good one is shown in Fig. 29. A is a cylinder of

thick glass 135 mm. high and 27 mm. internal diameter.

The funnel is of ordinary glass, 78 mm. in diameter at

top, and of a size to fit a filter 150 mm. diameter. It is

scarcely necessary to say that filter, funnel, and cylinder

should be perfectly clean and dry before use.

When an estimation of the glucose is to be made, by

taking out a portion of the solution made up to 100 c.c.

for polarizing, as recommended on page 195, the above

method of procedure is modified somewhat. Instead of

adding the lead to the solution before it is made up
to the mark, this is done without any such addition,

the solution shaken, and from the lead-free liquid 19.2

c.c., or any other volume equivalent to 5 grammes
of the original substance, is taken in a suitably gradu-

ated pipette, and diluted for the glucose determination.

The remainder of the sugar normal solution is poured
into a 50 c.c. flask (after rinsing it out with a portion of

the same solution) to the mark, a measured volume of lead

solution added from a graduated pipette, and a correction

added to the polariscopic reading corresponding to the

amount of dilution mused.

It is to be recommended that the long tube of 200 mm.

* It has been asserted that the presence of ammonia or ammoniacal salts in

tin- sogAT liquid causes an error, owing to the formation of a precipitate of

sugar and acetate of lead.
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should be used whenever it is possible. For work demand-

ing ordinary care it is generally preferable, in the case of

dark solutions obtained by insufficient decolorization, to

weigh out a new portion of the sugar, and use more bone-

black and lead, than to employ the short or 100 mm. tube

with the attendant errors of multiplication. The observa-

tion-tubes, as well as the caps and plates, should be scru-

pulously cleaned after use, by washing and drying with a

soft rag or chamois-skin, both inside and outside. Air-

bubbles in the flask, which make it difficult to fill the

liquid exactly up to the mark, may generally be prevented

from making their appearance by adding the solution from

the weighing-capsule gently along the neck and side of the

flask, and the lead solution in the same manner. The air-

bubbles, if present, may be readily removed by allowing a

little ether vapor to flow into the measuring-flask from an

open bottle, or by the addition of a drop, and blowing off

the excess of the vapor.*

ESTIMATION OF THE INVERT-SUGAR.

This determination is made according to the methods

given in chapter viii.

ESTIMATION OF THE WATER.

The moisture of raw sugar is determined by drying at

such a temperature as will drive off all the water in a rea-

* There has been a method proposed in France for the estimation of cane-

sugar in raw sugar, known as the four-fifths method, and, I believe, used to

some extent in commercial analysis. It consists in taking four-fifths of the

ash as the number expressing organic matter not sugar. The sum of this the

ash, water, and glucose subtracted from 100, represents the cane-sugar. The
method is not worth mentioning, except as a curious example of the aberra-

tions to which the human mind is subject.
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sonable time without decomposition. The difference in

weight of the sugar, plus the containing vessel, before and

after desiccation, gives the amount of water. Two or

three grammes of sugar are weighed on a tared watch-glass

and placed in the drying apparatus. When the desicca-

tion is completed the watch-glass, with contents, are re-

weighed. Glasses sixty millimetres in diameter are of con-

venient size. They may be numbered by scratching on

them with a hard file, and a memorandum of the corre-

sponding tares kept posted up near the balance.

Example :

Watch-glass + sugar before drying, 10.256 10.256
" 8.120

Raw sugar .......... 2.136

-f- sugar after drying, 10.153

Loss, equivalent to water ............ .103

.103X100 = 4.82 percent, water.

The sugars should be weighed as quickly as possible, and

some varieties, notably large-grained refined sugars and

centrifugals, ought to be enclosed between two watch-

glasses, as they alter so rapidly by reabsorption after dry-

ing that it is sometimes difficult to get a correct weighing
in the ordinary way. The heat of the water-bath oven is

inadmissible as a means of desiccation when the analyses

are made for commercial purposes, as the time necessary

for a reliable result is much too great. An accurate esti-

mation in this way can only be made by drying with re-

peated weighings until the last two closely approximate
each other. The time required for this, as my experi-



ESTIMATION OF WATER. 219

ments *
show, is too long to make the results of the test

available commercially.

The drying is best effected in an air bath at a tempera-

ture of 110 C. The time required varies with the kind of

sugar operated upon ;
for dry sugars comparatively free

from syrup a much less time will be sufficient than for the

moist, low-grade products of the refinery or plantation.

.N~o exact rule can be given, but, on the average, good quality

of beet and refined sugars, centrifugals or crystal-sugars,

good and fair muscovado, good Manillas, Javas, and other

similar sugars, will lose their moisture in from two to three

hours, while lower grades, such as domestic molasses and

low refinery products, Chinese and such sugars, ought to

be dried considerably longer, though not too long, for it is

an observed fact that impure sugars are altered in compo-

sition, attended with loss in weight, by very long contin-

ued heating, even at a temperature as low as 95.

For very syrupy sugars and melados it becomes neces-

sary to dry with the addition of sand. The operation is con-

* The leading authorities attach too little importance to the fact that the

water in raw sugar exists as a component of a dense syrup, and consequently
the last portions of water resist the desiccation with great obstinacy. As an

average of many hundreds of dryings at 95 C. (the temperature of the water-

bath oven), I find that the following times are necessary for the complete desic-

cation of such sugars (cane) as occur in the markets of this country :

(Quantity dried of each kind, about two grammes.)

Centrifugals 9 hours.

Ordinary muscovados 3

Low "
8

Domestic molasses sugar,
made fr. W. I. molasses 40 (alteration).

Manillas 3 to 4

Melado in sand 16

A refined 7

C " / \.. 6to8
D ,<

^lowest product^ 4Q
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ducted as follows : Weigh in a good-sized watch-glass or

metal dish a small glass rod and about ten grammes of

clean, coarse sand which has been ignited and preserved in

a tightly-closed bottle
;
after the combined tare is taken,

add about two grammes of the substance to be examined,

and, after weighing again, carefully mix with the rod,

Fig. 30.

a

moistening with a few drops of alcohol, so that the assay is

thoroughly and evenly mixed with the sand and none of

the latter is lost
;
the rod, after the stirring, is allowed to

remain in the dish and is weighed with it.

The best method of drying syrupy sugars, whether with

sand or not, is in a vacuum at 90 C., as not only is the
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operation shortened, but the alteration of the sugar by heat

is reduced to a minimum. Scheibler has proposed an ap-

paratus for drying in vacuo.* Sugars that are nearly free

from invert-sugar, such as high-grade refined and crystal

raw sugars, may be safely dried in the ordinary way at 120;

and, indeed, that temperature is often necessary to com-

plete the drying in a reasonable time.

Fig. 30 shows the air-bath furnished with a Bunsen regu-

lator, whereby the flow of gas may be made so that any de-

sired temperature may be kept constant
;
the gas enters at

a. If the temperature is too high the mercury in the bulb

of the regulator rises and partially cuts off the flow of gas ;

on the contrary, when the temperature in the bath becomes

lowered, the mercury recedes and the supply of gas is in-

creased. In this way the heat may be kept pretty equable

as long as the pressure of the gas remains the same. The

samples to be dried are placed on a perforated shelf raised

some distance above the bottom, and the bulb of the ther-

mometer should nearly touch the former. Gas-regulators

are,- however, often unsatisfactory in practice ; generally

no difficulty will be encountered in maintaining a constant

temperature, without a regulator, with an air-bath modi-

fled from the one shown in Fig. 30 by being enclosed below

with a sheet-copper box having a door for the purpose of

lighting the Bunsen burner
;
the whole arrangement may

be screwed against the wall in a place sheltered as much as

possible from draughts. With a little experience in regu-

lating the size of the flame, this apparatus gives excel-

lent results.

The Balance. The weighing apparatus suitable for the

* Stammer's Jahresb., 1876, 199.
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estimation of water, ash, etc., should be accurate to .0005

gramme, and not too slow in movement.

ESTIMATION OF THE ASH.

The ash of raw sugar represents its fixed mineral consti-

tuents, and is a part of the salts present ;
these salts are

combinations of organic and inorganic acids, and radicals,

with various bases. When the sugar is incinerated, the

organic matter, including the sugar, is oxidized, and a

part of the carbonic acid formed unites with the alkaline

and earthy bases, producing carbonates, which, together

with sulphates, chlorides, silicates, etc., constitute the ash.

The different combinations, and their proportions relative

to each other, vary much according to the conditions viz.:

1. The source of the sugar, whether from the cane, the

beet, or of any other origin. 2. The character of the soil,

climatic conditions, manures, and the process of manufac-

ture. This last item will of itself furnish a wide range

of variation, as chemicals are in use at the place of

manufacture which in many cases remain in the raw pro-

ducts, and necessarily modify their saline content. What

might be called the normal ash of raw sugars, is that from

sugars in which no chemical has been used in the course of

manufacture, except lime.

The ashes of beet and cane sugars differ materially ;
in the

former there is a large preponderance of the salts of potas-

sium and sodium, while the latter are characterized by a

much smaller quantity of alkaline, but more lime salts and

silica. The insoluble impurities, such as clay, sand, etc., are

more common in cane than in beet sugars. The following

analyses give the composition of raw cane and beet sugar
ash:
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BEET-SUGAR ASH. AVERAGE COMPOSITION.

L Carbonates of potassium and sodium 82.20

Calcium carbonate 6. 70

Potassium and sodium sulphates and sodium chloride. 11.10

100.00

(Monier.)

By addition
ion. of S0 4H3 .

II. Sulphuric anhydride 17.63 58.38

Chlorine 4.48
*

Silica 0.72 .72

Carbonic anhydride 22.87
*

Lime 6.53 6.53

Potash 25.65 25.65

Soda 21.62 21.62

99.50 112.90
Undetermined and loss .50 less -fa- 11.29

100.00 101.61

(Scheibler.f)

III. Mixture of ash from a refinery laboratory accumulated in one year's work,
and hence probably a very good average.

Potash 34.19

Soda ii. 12

Lime 3.60

Magnesia .16

Ferric oxide and alumina 28

Sulphuric anhydride 48.85

Sand and silica i. 78

99.98

(J. \V. McDonald.^)

RAW CANE-SUGAR ASH. AVERAGE COMPOSITION.

I. Carbonate of lime 49.00
Carbonate of potassium 16. 50-

Sulphates of sodium and potassium 16.00

Chloride of sodium 9.00
Silica and alumina 9.50

100.00

-(Monier.)

* Driven off by sulphuric acid. f Stammer's Jahresbericht, iv. 225.

J Chem. News, xxxvii. 127.
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II. Demerara sugar containing 1.38 per cent, ash of the following composition :

Potash 29. 10

Soda 1.94

Lime 15.10

Magnesia 3. 76

Sulphuric anhydride 23.75

Phosphoric anhydride 5.59

Carbonic acid 4.06

Chlorine 4.15

Ferric oxide .55

Alumina .65

Silica 12.38

101.03

Deduct oxygen equivalent to chlorine 93

100. 10

The juice from which this sugar was made is supposed to have been

treated only with lime (Wallace).*

III. Sulphated ash from one year's work in a refinery laboratory :

Potash 28. 79

Soda 87

Lime 8.83

Magnesia.. 2.73

Ferric oxide and alumina 6.90

Sulphuric anhydride 43-65

Sand and silica 8.29

100.06

(J. W. McDonald. f)

The estimation of the ash is made by incinerating from

two to three grammes of the sugar in a small platinum dish

at a red heat
;
the difference in weight of the dish before

and after ignition gives the absolute quantity of ash, which

multiplied by 100 and divided by the amount of the assay

gives the percentage.

Soluble Ash. A simple incineration of the sugar gives

the total ash, regardless of its composition. As insoluble

* Chem. News, xxxvii. 76. f Ibid., xxxvii. 127.
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matters, like sand and clay, do not exert any injurious ac-

tion on the sugar in the process of refining, it is often

desirable to know the soluble part of the ash. This may
be determined as follows : Weigh from two to five grammes
of substance, dissolve in a little boiling water, filter hot,

wash with hot water, and evaporate the filtrate and wash-

ings in a tared platinum dish
; ignite the dry residue, burn

off the carbon, and weigh.

Alkaline Ash. On account of the great volatility of

the alkaline carbonates which form a large portion of

sugar ashes, the heating for a sufficient time to oxidize the

carbon will result in a considerable loss by volatilization,

rendering the result of the estimation too low. It is well

known that in general the salts of the alkali metals have a

powerful melassigenic effect in preventing cane-sugar from

crystallizing, and in inversion, while many of the other con-

stituents of sugar-ash are almost inert in this respect (see

page 64). To be able to estimate the amount of alkaline

salts in a given ash is, therefore, a desideratum. This result

may be reached in the following way : Thoroughly carbon-

ize the sugar ;
transfer the coal to a small mortar, pulver-

ize ; wash well with hot distilled water and filter
; evapo-

rate the filtrate and washings, and dry the residue on a

water-bath; or determine the amount of alkaline carbo-

nates by standard acid solution in the ordinary process for

alkalimetric estimation (page 258). By the carbonization,

the salts are mostly transformed into carbonates, and dur-

ing the lixiviation the comparatively non-injurious lime

salts remain on the filter in great part, together with sand,

clay, alumina, magnesium, carbonate, and other matters.

Small quantities of caustic lime and other bodies are dis-

solved along with the alkaline carbonates, owing to the re-
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duction of sulphates to sulphides, but by far the greater

portion of the dissolved salts consist of sodium and potas-

sium carbonates, and alkaline chlorides.

Sulphated Ash. Scheibler * has proposed the incinera-

tion of sugars with the addition of concentrated sulphuric

acid. The advantages of this method are (1) that the car-

bonization in the presence of the acid furnishes a porous

coal which burns off rapidly and without much swelling,

while in the ordinary way the charred mass is apt to be-

come hard and graphitic ; (2) that the bases are converted

into sulphates, with the expulsion of chlorine and carbonic

acid, whereby the loss by volatilization is greatly dimin-

ished, as the sulphates are very stable at a red heat com-

pared with chlorides or carbonates. The ash is thus deter-

mined : Two to three grammes of sugar are weighed in a

Fig. 31. small tared platinum dish, as shown

in Fig. 31, 45 mm. in diameter, 14

mm. high, with a flat or convex bot-

tom
;
from fifteen to thirty drops of

pure concentrated sulphuric acid

are added to the sugar in the dish, and the heat applied at

first rather gently, and then to full redness. Nothing is

gained by having too large a flame, as the carbon burns off

most rapidly with a moderate red heat. Scheibler has pro-

posed the use of a platinum muffle, which, when many de-

terminations are to be made, will be found useful. It is

figured at 32. The dimensions of the muffle to hold three

dishes, as described above, are 150 mm. length, 55 mm.

width, and 25 to 30 mm. high. It should slightly taper

towards one end, which is elevated somewhat so as to al-

low the air a good draught through the apparatus. When
* Stammer's Jahreab., iv. 221 ; vii. 267.
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the carbon is completely burned off, the dish is allowed to

cool and reweighed. If the amount of ash is large, or it is

very fusible, it will often happen that the last portions of

carbon are oxidized with difficulty. In such a case the

dish is allowed to cool, one or two drops of sulphuric acid

added, and the dish heated cautiously at first to avoid

spattering, and finally brought to redness for fifteen

minutes.

As the equivalent of sulphuric acid is greater than

. 3 2 -

that of carbonic acid (in proportion of 40 : 22), it is

necessary to reduce the net weight of the sulphated ash to

the figure that represents the carbonated ash. Scheibler

has found that a subtraction of one-tenth from the weight
of the sulphated ash will do this approximately. Though
the discrepancy mentioned above is not constant for all

sugars, yet the results given by the method are near enough
to the truth for all practical purposes.* Example :

Sugar plus dish 12.121

Dish.. 10.110

Sugar taken 2.011

* \
T
iolette (Amer. Chemist, v. 29H) considers that the coefficient -ft should be

used in general, and -$ r for very pure raw sugars.
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Dish plus ash.. 10.120

Dish 10.110

= .44 per cent.

.009

The process with sulphuric acid is preferable to the sim-

ple incineration for accuracy, general agreement of results,

and facility of execution. The soluble ash can also be

made by the sulphuric-acid method. It is to be recom-

mended that with sugars containing much sand, clay, and

other insoluble impurities, the soluble ash be taken, as this

represents the amount of the salts which go into solution

in the operation of refining.

SCHEME FOR THE EXAMINATION OF SUGAR-ASH.

Dissolve 10 grammes of the sugar in water, dilute to 100

c.c., and filter :

A. Dry filter ; ignite
in tared platinum dish ;

subtract filter ash.

Residue =
Sand, Clay, etc.

B. Evaporate 25 c.c.

(=2.5 grammes sugar)
of the filtrate in a tared

dish, add sulphuric
acid, carbonize, burn off

coal, and weigh; sub-
tract ^o from residue.
= Soluble Ash.

C. 50 c.c. ( = 5 grms.
sugar) of filtrate are

evaporated in a plati-
num dish, carbonized,
the coal washed with
hot distilled water, and
the washings, after fil-

tration, evaporated on
water-bath to dryness.

Result =
Alkaline Ash.*

D. The alkaline ash

is titred with standard
acid.

Result =
Alkaline Carbo-

nates.

Alkaline chlorides and carbonates.
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The relation between the sulphated ash and the salts as

they exist in the raw sugar is such, according to Landolt,

that one part of the former is equivalent to two parts of

the latter. This is for beet-sugars.

ESTIMATION OF THE COLOR.

Several instruments have been invented for effecting a

comparison of color between sugar solutions. Of these

Payen's decolorimeter and its modification, Ventzke's, have

for their object the estimating of the decolorizing power of

char. Salleron's, Duboscq's, and Stammer's colorimeters,

and Stammer's chromoscope, are more general in their ap-

plication, and permit the color-comparison of all saccharine

products, solid and liquid, as well as the estimation of the

decolorizing power of animal black. None of these appli-

ances, with the exception of Stammer's colorimeter (Far-

benmdss), have a standard of comparison in the instrument

itself
;
the results are merely comparisons with standard

solutions of caramel, which in practice are found to be

exceedingly difficult to make twice alike by the same

operator. Hence estimations made with such standards

have necessarily a considerable element of uncertainty in

them.

Stammer's Colorimeter (not to be confounded with

his chromoscope) approaches nearest to an absolute stan-

dard, the results obtained by different instruments and

operators by Stammer's process being generally strictly

comparable. The apparatus is shown in Fig. 33. The

solution-tube I is closed at its lower extremity by a glass

plate, and is open above, where it is provided with a lip

by which the sugar solutions may be poured. I is fixed
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F 'g- 33-

to the wooden support by two screws, which, when it

is necessary to clean the instrument, can be easily re-

moved. The measuring-
tube III is closed below

by a glass plate, and moves

freely up and down in the

solution-tube I. II, fas-

tened to III, is open be-

low, and at its upper ex-

tremity is covered by the

colored glasses which form

the standard of compari-

son
;
at the lower portion

of it are two rings with

screws, which are connect-

ed with a slide moving in

a groove cut in the wooden

support shown in the fig-

ure. The slide serves as

an indicator of a milli-

metre scale placed at the

back of the wooden frame,

for the purpose of measur-

ing the perpendicular dis-

tance that the joined tubes,

II and III, may be raised.

The standard consists

of two glasses, and a de-

gree of color equal to them

is called 100. Besides this,

the apparatus is provided with two separate colored glasses,

each equal to one of the plates forming the standard, and
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may be employed in the place of the standard, being equi-

valent to one-half of it in color intensity ;
also one or both

may be used with the standard glasses, when the combina-

tions are equal respectively to one and a half times, and

double the normal standard. The eye-piece Y consists of

an optical arrangement whereby the color due to the so-

lution under examination, and that from the colored

glasses, are made to appear on either side of a vertical

line dividing a circular disk, making a luminous field

similar to that of the Soleil saccharimeter. In this man-

ner an accurate comparison of color may be obtained.

The eye-piece can be fitted on the top of the tubes II

and III after the standard glasses are placed in position in

the upper part of II. A mirror at the bottom reflects the

light upward through the tubes, and a screw behind the

wooden frame attached to the tube II enables the operator

to elevate or depress at will II and III. The whole appa-

ratus is mounted on a wooden stand, as shown in the cut.

The manner of using is as follows : The operator fills the

solution-tube to the proper height with the liquid to be ex-

amined, and then, looking through the ocular, by means of

the large screw attached to the frame elevates gradually

the tubes II and III, until after repeated trials the two

halves of the luminous disk appear of the same intensity

of color. At this point the screw is turned so as it keeps

the apparatus in the position thus obtained, and the read-

ing of the scale taken, which shows the amount of perpen-

dicular elevation. The more III has been raised, the

greater the depth of the column of liquid between the bot-

toms of I and III. The color-intensity of this column is

compared with standard glasses. A solution before use

must be rendered perfectly clear, by filtration if necessary.
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The color of a solution is in inverse ratio to the length of

a column of it necessary to produce a given color. If the

comparative color be expressed by 100, it follows that the

readings in millimetres must be divided into 100 to get the

figure expressing the relative color.

The apparatus may be cleaned by loosening the screws

holding the rings on the bottom of II, when the latter can

be raised out of the solution together with the tube III.

Calculation. The estimation of the color of raw sugar,

Fullmass, or other material can be calculated on one hun-

dred parts of cane-sugar contained, and the result shows

the relation of color to the saccharimetric strength. A so-

lution of the substance to be estimated is made by dissolv-

ing a known weight in water and making the solution up
to 100 c.c. It is convenient to take the normal solution in-

tended for the polariscope. The clear solution is placed in

the colorimeter and the reading taken, which is divided

into 100. If the solution is too dark for use with the

standard, one or both of the extra colored plates may be

put in and the readings (before division into 100) divided

by 1 or 2
;
cr the dark solution may be diluted to twice,

four times, or any desired volume, the reading being di-

vided by 2, 4, etc., to reduce to the standard of the colori-

meter. If, on the other hand, the solution is too light, the

standard glass may be replaced by one of the extra glasses

and the reading multiplied by two. These directions ap-

ply to the use of the colorimeter, whether for solids or

liquids. Example : 15 grammes of a raw sugar polarizing

85 were dissolved in water and the solution filtered, after

making up to 100 c.c. On trial with the colorimeter it was

found to be too dark, and the two extra glasses were put in,

when the reading was 36. The calculation would then be
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Q/ -t s\s\

as follows : -~- = 18 = -^ = 5.55, which is the number

expressing the color corresponding to = 12.75

grammes cane-sugar in 100 c.c. of solution. Now, as

12.75 : 5.55 = 100 : x, x = 43.5
;
which is the color corre-

sponding to one hundred parts of cane-sugar.

Monier's* Method with Standard Colors. For

those not having a colorimeter this process may be found

useful, though in every way less satisfactory than the pre-

ceding. A series of ten standard colors are prepared by

dissolving known weights of caramel in a fixed volume of

water, say 25 c.c., in arithmetical progression, the first

tube containing one part caramel, the second two parts, the

third three parts, and so on. In order to make a compari-

son of raw sugar by this method five grammes are weighed,

dissolved in water, and the solution made up to the bulk of

the standard solutions, after filtration. A comparison is

now made between the raw sugar solution and the stan-

dards, the one it most nearly approaches in color being that

which contains the same amount of coloring matter as the

raw sugar. For preparation of the caramel see page 331.

ESTIMATION OF THE ORGANIC MATTER NOT SUGAR.

In commercial analysis these bodies are determined by

difference, the sum of the sugar, grape-sugar, water, and

ash being subtracted from one hundred, and the remainder

called the organic or undetermined matters. Included in

the above term is a great variety of substances, nitroge-

nous and non-nitrogenous, of which the chief are organic

* Guide pour Tessa i et Tanalyse des sucres. Paris.
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acids combined with bases found in the ash, gum, coloring

matter, albuminous bodies, and insoluble organic matters,

as particles of cane or beet, and cellulose. Some of these

bodies are inert in their action on cane-sugar in the process

of the manufacture or refining of sugar, while others are

very injurious, such as the gummy matters, in hindering or

preventing crystallization, and the protein compounds,

which tend to set up fermentation of various orders in

sugar liquids. Though for most commercial purposes the

estimation by difference is sufficient when all the other de-

terminations are made correctly, yet in some cases it is

desirable to estimate directly the organic substances, and to

discriminate, if possible, between them in regard to their

greater or less injurious action on sugar solutions. The

method by difference is open to the objection that all the

errors of the other determinations fall upon the undeter-

mined matters and make it too high or too low, as the case

may be. This fact greatly lowers the value of the figures

representing the organic substances in many commercial

analyses.

WalkoflPs Method This is based on the fact that

tannin precipitates from raw sugar solutions most of the

nitrogenous matters and some other bodies. Two grammes
of pure dry tannin are dissolved in distilled water, and

the volume made up to one litre; 1 c.c. of this solution

contains .002 gramme tannin. About five grammes of the

sugar to be tested are dissolved in 200 c.c. of water, the so-

lution heated moderately, and the tannin added from a

burette. A flocculent precipitate forms, which gradually

settles. From time to time a small portion of the liquid is

taken out, filtered after the manner described under Esti-

mation of Grape-Sugar, page 197 in connection with Fehl-



ESTIMATION OF ORGANIC MATTER. 335

ing's solution, and a drop of a solution of ferrous sulphate

is added to the filtrate. As soon as a dark color is pro-

duced in contact with the iron salt the tannin is in excess,

and the end point of the reaction is attained. The weight

of tannin employed, calculated from the number of cubic

centimetres used, divided by six, represenst the amount of

organic matters precipitated. The sugar solution should

be perfectly neutral. The relation between the tannin and

the organic matters precipitated by it, given above, was ob-

tained for beet products, and it is probable that for those

of the cane the proportion is different. When the process

is used for the latter, the relation might be determined by

precipitating an impure sugar solution with a known quan-

tity of tannin insufficient to completely throw down the

matters in solution, collecting on a weighed filter, drying

at 100, and calculating the amount of tannin correspond-

ing to the other substances.

WalkofFs process, though somewhat empirical, is capa-

ble of giving good comparative results.*

Subacetate of Lead Method. The basic acetate of

lead, it is well known, precipitates a large portion of the

organic substances present in raw sugars. Besides the

nitrogenous bodies precipitable by tannin, gummy and

coloring matters, and many organic acids, are carried down.

Twenty grammes or more of the sugar are dissolved in a

moderate quantity of warm water, and an excess of solu-

tion of lead subacetate added
;

after heating a few

minutes the solution is filtered, the precipitate thoroughly

washed, diffused in water together with any portions of

* Pellet and Pelton, as the result of an exhaustive examination of the ac-

tion of tannic acid on beet-molasses, consider WalkoflPs process unreliable, as

asparagine is not precipitated.
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the filter from which it is difficult to detach the precipitate,

and treated with gaseous sulphuretted hydrogen until the

lead is all thrown down as sulphide, leaving the organic
substances that were combined with the oxide of lead in

solution. The precipitated plumbic sulphide is filtered

from the solution, washed, and the combined washings
and filtrate evaporated to dryness in a tared dish on a

water-bath, the heating being continued till the mass ceases

to lose weight. This method, though somewhat tedious to

execute, may furnish results of comparative value.

Schrotter and Monier have proposed a volumetric method

with permanganate of potassium, but it is of very doubtful

advantage. For the separate estimation of the organic

matters in raw sugar products see Laugier, Guide pour
Vanalyse des matteres sucrees.*

ESTIMATION OF INSOLUBLE MATTER.

These substances include particles of cane or beet fibre,

accidental organic or inorganic impurity, sand, clay, etc.

20 to 50 grammes of the sugar are taken, dissolved in boiling

water to make a rather dilute solution, which is filtered

through a tared filter, by the aid of a vacuum-pump if ne-

cessary. After washing sufficiently, the filter is dried at

100 C. until it ceases to lose weight, and the final weight,

after the subtraction of that of the filter, gives the amount

of insoluble impurities. To find the proportion of the or-

ganic and inorganic constituents, the filter is burned to an

ash in a weighed crucible
;

after the subtraction of the

weight of crucible and filter ash, the remainder is the inor-

*
Zeit.f. Jtnbenz, xxviii. 805; Stammers Jahresb., xviii. 222; Bittman,

Stammer's Jahresb., xix. 240.
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ganic insoluble impurities (sand, clay, etc.) The diffe-

rence between the latter and the total constitutes the

organic insoluble impurities.

ESTIMATION OF THE YIELD.

It is important to be able to estimate the amount of cane-

sugar obtainable in refining from a given sample of raw su-

gar. The buyer or seller who has no knowledge of chemis-

try finds it very convenient to make use of a single figure

summing up the results of the chemical analysis which,

perhaps, he is able to but imperfectly interpret. It has

long ago been observed that two raw sugars having the

same polarization give quite different results in refining, as

to yield in crystallizable sugar ;
and this is rightly attri-

buted to the varying nature and quantity of the impurities,

which either tend to destroy the cane-sugar by inversion or

to prevent its crystallization.

Method of Coefficients. It is also a well-recognized

fact that saline matters have a particularly injurious effect

on the cane-sugar in refining, and that in the syrups from

which no longer any sugar can be crystallized, there is a

more or less fixed relation between the salts and the un-

crystallizable cane-sugar. These considerations gave rise

to the method of valuing raw sugars that is in extensive

use in France, and, somewhat modified, is adopted in the

French government laboratories for sugar analysis. This

method assumes that for every part of ash in the raw sugar

five parts of cane-sugar are prevented from crystallizing,

and that for each part of glucose or grape-sugar one or two

parts (according to commercial convention) are carried per-

manently into the molasses. Thus, a sugar containing
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Sugar 92.00

Glucose 2.00

Ash 1.00

by the method of the coefficients would give

(1 X 5) + (2.00 X 1) = 7, or (1x5) + (2.00 X 2) = 9,

which, subtracted from the amount of cane-sugar, shows a

yield of 85 or 83. The above is the method in the form

most used, though many have considered the coefficient 5

too high, and figures varying from 3.5 to 5 have been pro-

posed, and to a certain extent adopted. In raw beet-sugars

containing very small quantities of grape-sugar the glucose

factor is neglected.

A commission appointed by the French government,

composed of MM. Aime Girard, De Luynes, and other

chemists, have recommended this mode of valuing raw su-

gars, which has been adopted, and is now the officially

recognized method. The scheme submitted by the above

chemists is as follows : From the percentage of cane-sugar

given by the saccharimeter is subtracted the sum of

(1) Four times the weight of the ash (ash burned with

addition of sulphuric acid, and one-fifth subtracted) ;

(2) Twice the glucose when the titre is 1 per cent, or

above
; the glucose multiplied by 1 when the titre is be-

tween 1 per cent and per cent. ; when the titre is below

i per cent, the glucose is neglected ;

(3) 1 per cent, for waste in refining.

Thus the sugar whose analysis was given above would

show a yield of

(1 X 4) + (2.00 X 2) + 1.50 = 9.50
;
92.00 - 9.5 = 82.5.

The method of coefficients described, and used in France
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for the commercial valuation of raw sugars, though, doubt-

less justified for certain beet and high-grade cane sugars, is

open to serious objection. The results given by it necessa-

rily vary a great deal, approaching near the truth for some,

but falling far short for others, being generally too low.

On this account the system has never obtained outside of

France. The various saline impurities have individually

very unequal injurious effect on cane-sugar, some being

almost inert and others very hurtful
;
besides which the

organic impurities have also an injurious action. The

soluble portion of the ash, the only one that can have any

melassigenic action, in raw cane-sugars is frequently not

more than one-half to three-fourths of the total, while with

raw beet-sugars nearly the whole is soluble, and consists

largely of the most melassigenic salts namely, those of

potassium. Further, the ash in all raw sugars varies with

many circumstances the methods of manufacture, the

soil, manure, etc. and to lay down a hard-and-fast rule

to measure its injurious action is not only empirical, but,

from the nature of the case, must be very unreliable. The

error of the method in giving results that are too low is

much more apparent with raw cane, than with raw beet su-

gars. Take, for example, a number of type analyses of

Cuba sugars :
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It will be readily seen by those who are experienced in

these matters that the above yields for the higher grades,

more closely approximate the actual refining results, while

for the lower grades the calculated yield falls much short

of the actual.

PAYEN'S PROCESS, MODIFIED BY SCHEIBLER.

(Raffinationwertlis Rendements. )

Raw sugar, washed with alcohol of about eighty-five

per cent, saturated with cane-sugar, is deprived of its

syrup. This consists in part of glucose, and partly of cane-

suirnr that has lost the ability to crystallize owing to the

presence of various foreign bodies, together with most of
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the other impurities, as coloring matters, salts, etc. The

residue from this operation is the cane-sugar actually crys-

tallized in the raw product, plus the cane-sugar held dis-

solved in the water present, and precipltable by the wash-

ing solutions.

Payen's original method is executed in the following

way : The wash-liquor is made by saturating one litre of

88 per cent, alcohol to which 50 c.c. of strong acetic acid

is added, with finely-pulverized cane-sugar. The object of

the acid is to decompose sucrates and render the saline

matters more soluble. Ten grammes of the sugar to be ex-

amined is first treated with absolute alcohol to deprive it

of water, and then with 50 c.c. of the alcoholic sugar solu-

tion, the assay being placed in a small tube the solu-

tions poured upon it and allowed to filter through. A
second and third washing is given if necessary, the last

wash-liquor consisting of 96 per cent, alcohol saturated

with sugar. The purified material is then brought on a

tared filter, dried at 100, and weighed.

The method remained in this form for many years and

was but little used. In 1871 Dr. Scheibler, of Berlin, in

competition for a prize offered by the Society of the Beet-

Sugar Industry of the Zollverein, revived the process of

Payen, and so improved the manner of executing it as to

make it a practically useful method.

It cannot be properly claimed that Payen's method gives

the absolute yield that raw sugars will show in refining,

for that depends not only upon the manner of working,

whereby greater or less perfection is attained, but also

upon the fact that the organic or inorganic impurities may
differ in amount or kind independently of the percentage

of crystallizabie sugar present. For example, two raw
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sugars giving a yield by this process of 90, the one con-

taining one per cent, of total impurities of a slightly melas-

sigenic nature, and the other three per cent, of a more in-

jurious character : it is evident that the amount of sugar

obtainable in refining will be very different from the two

sugars. As a relative standard, however, the method,

when properly executed, is capable of giving valuable in-

formation in regard to the worth of raw sugars, as, cwteris

paribus, the more crystallizable sugar present the greater

the yield. The only legitimate interpretation of the results

by Payen's method is to consider the latter as an analytical

process for determining the total cane-sugar present, ex-

clusive of that permanently in the form of syrup.

The following is a description of the manner of making
the estimation with the improvements of Scheibler and

others.* There are four liquids used, viz. :

No. 1, consisting of 85 per cent, alcohol to which 50 c.c. of

acetic acid is added to the litre, and the mixture

allowed to stand in contact with a large excess of

powdered sugar for a day, being shaken at inter-

vals.

No. 2. Alcohol of 92 per cent, saturated, as above, with

sugar.

No. 3. Alcohol of 96 per cent., also saturated with sugar.

No. 4. A mixture of two-thirds absolute alcohol and one-

third ether.

The solutions 1, 2, and 3, after saturation, are preserved

* Stammer's Jahretb. : Scheibler, xii. 179, 195, 211; xiii. 144. 148; xiv.

189; Kohlrausch, xii. 203; xiii. 152; Bodenbender, xii. 196,207; Lot man, xiv.

145. American Chemist, iii. 330; iv. &5.
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'it!

in the two-necked bottles

shown in Fig. 34, provided

witli a syphon delivery-tube,

c, for drawing off the solu-

tion. The bottles are loosely

filled with lumps of pure

white sugar, as is also the sy-

phon ;
b is a chloride of cal-

cium tube to prevent moist

air from entering. The solu-

tions may be saturated with

sugar by allowing them to

stand in contact with a large

excess of the pulverized sub-

stance, and agitating at inter-

vals until the operation is

complete. The bottle for

holding No. 4 is similar to

the above, the syphon being

of much smaller calibre. The washing-liquids should be

placed conveniently for use in a situation as little liable to

changes of temperature as possible.

The washing of the raw sugar takes place in the appara-

tus figured at 35, one-fourth of the natural size. A is a

flask graduated to 50 c.c., which is closed by a rubber

stopper of two perforations, one carrying the tube n,

through which the wash-liquids are added, and another, 0,

which reaches nearly to the bottom of the vessel, and is

enlarged at its lower extremity, as shown in the cut. This

enlargement serves to hold the filtering material, which

consists of little cylinders of the felt used by pianoforte

manufacturers, and which fits tightly in the tubes. B is a
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flask which acts as a reservoir for the solutions after they
have been in contact with the raw sugar in A, and from

which they are drawn off through a rubber tube connect-

ing with the flasks, by a suction applied to B by a small

tube as shown. An ordinary Bunsen water-air pump, or

any other arrangement capable of providing a moderate

exhaust, is suitable for the purpose.

Fig- 35-

Execution of the Test. The sample of raw sugar to

be tested should be ground in a mortar, if necessary, to

break up all small lumps. The half normal quantity of

the Ventzke-Scheibler saccharimeter *
is weighed (13.024

grammes) and transferred to A. In the case of very moist

sugars that would stick to the weighing-dish, it would be

better to weigh directly into A, previously tared. The first

step of the washing is to run from No. 4 a volume of

liquid equal to twice that of the sugar, and allow it to stand

* Or any other quantity to suit the saccharimeter used.
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for ten minutes, with frequent agitation to thoroughly dis-

integrate the mass of sugar and to allow the alcoholic mix-

ture to do its work well. The object of this operation is to

remove the water and at the same time to precipitate any

cane-sugar dissolved in it. If the acid solution (No. 1)

were allowed to act directly on the moist sugar, it would be

so diluted by the water present as to be capable of dissolv-

ing cane-sugar, and hence make the result too low. If the

sugar contains over four per cent, moisture, it is advisable

to partially dry the samples after weighing. When the

alcohol and ether have remained long enough, the tube r is

connected with 0, and by means of the air-pump the liquid

is drawn into B
;
then solutions 2 and 3 are added succes-

sively to A, shaken up with the sugar, and similarly with-

drawn. The object of the last two solutions is to take up
the last traces of alcohol and ether. Solution No. 1 is now
run into A in quantity equal to twice the bulk of the sugar,

and allowed to stand, with frequent shaking, for ten or fif-

teen minutes. After this has been drawn off, a second and

third portion, if necessary, is used, until the solution

ceases to take up anything more, and the sugar under

treatment has reached its maximum purity and whiteness.

The washing with No. 1 solution is the most important in

the process, and the time of washing and volume of wash-

liquor employed must be left to the judgment of the ope-

rator, as they vary a great deal for different kinds of

sugars. After the last portion of No. 1 has been carried

off, successive quantities of Nos. 2, 3, and 4 are syphoned
into A in the order named, and, after being shaken a few

moments with the contents of the flask, removed. Finally

the flask A is gently heated while the pump is still in ope-

ration, to facilitate the removal of the last traces of alco-



246 ANALYSIS OF RAW SUGAR.

hol and ether. When the washings are finished the flasks

are disconnected, the filtering-tube o (Fig. 35) taken out,

carefully washed from any adhering particles of sugar into

the flask by a wash-bottle, sufficient water added to dis-

solve the sugar together with a drop or two of lead solu-

tion, and the contents of the flask finally made up to

50 c.c., filtered, and polarized. The direct reading of

the saccharimeter gives the percentage of crystallizable

sugar.

The method of Payen-Scheibler, though apparently

complicated, is in reality quite simple and easy of execu-

tion. Considerable care and some experience with it are,

however, required to get good and unvarying results. The

chief difficulty with the method one which is especially

prominent in a climate subject to such sudden changes as

that of the United States is that the solutions which at

ordinary temperatures are saturated may become under or

super-saturated, causing sometimes very serious errors un-

less constant care is taken. Even when the solutions are

kept in bottles coated on the inside with sugar and almost

filled with it, it has been known, in consequence of a sud-

den fall in the temperature of the laboratory, that the

liquids, though not actually depositing in the storage bot-

tles, were in a state of supersaturation, and as soon as a

solid body was shaken with them, such as the raw sugar to

be assayed, an immediate deposit of sugar was formed,

sufficient to raise the test from 5 per cent, to 8 per cent.

above the true amount. In case the solution is in this con-

dition, or by a rise in temperature becomes capable of dis-

solving more cane-sugar, the difficulty may be surmounted

by agitating briskly a portion of the solution for five

minutes with a large excess of powdered sugar before
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using. It is important to observe, also, that the contents

of the washing-flask A should remain at the same tempe-

rature, which should be the same as that of the solutions,

throughout the operation ;
direct handling is therefore as

much as possible to be avoided.

In consequence of the time necessary for a reliable de-

termination by this method, or the misleading results of

the estimation made in inexperienced or incompetent hands,

the Payen-Scheibler method has never been generally

used as a guide to the buyer of raw sugars, though it de-

serves to be.*

METHOD OF DUMAS.

M. Dumas found that alcohol of 85 per cent, by volume,

containing fifty grammes of strong acetic acid to the litre,

when saturated with cane-sugar, marked 74 on the alco-

holometer of Gay-Lussac. For testing a sample of sugar,

100 c.c. of the normal liquor, prepared as above, is agitated

with 50 grammes of the sugar to be tested, the solution

filtered, and the areometer floated in it. If it marks 74,
the sugar contains 100 per cent, pure sugar ;

if it descends

to 69, the percentage is 95. Each degree lost by the areo-

meter corresponds to one per cent, less in the titre of the

sugar.

For sugars of 88 per cent, and upward this process may
be made to give good results, but for lower products the

* Lotman (Stammer's Jahresb., xiii. 156) has made an extensive series of

analyses of raw beet and cane sugars, in which he compares the yield according
to Scheibler's method with that by the method of coefficients. The results show

that, with a few exceptions, Scheibler's yield is from .20 per cent, to 10.15 per
cent, higher than by the latter method, the difference increasing as the sugars
become lower in grade by a pretty even ratio.
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results are unreliable. P. Casamajor* has proposed a

modification of Dumas' s method, which he highly recom-

mends as giving good results on all classes of raw sugars

except melados, or those containing a similar amount of

water. He prepares the saturated alcoholic solution by

agitating methylic alcohol of 83 Tralles with powdered

sugar. The solution, when fully saturated, marks 77.1 at

15 C. on the alcoholometer. The process for testing raw

sugars is carried out as follows : 19.8 grammes of the sugar

are weighed, well pulverized, and mixed in a mortar, as

quickly as possible to avoid evaporation, with 50c.c. of the

standard solution
;
the mixture is poured upon a filter, and

the density of the filtrate is taken with the areometer. To

the degree of the alcoholometer, corrected for temperature,

is added the difference between 100 and the alcoholometric

degree of the standard solution. The sum represents the

percentage of cane-sugar sought.

The readings of the Tralles instrument must be reduced

to 15 C.
;
and to do this, for solutions between 60 and 70,

the number of degrees of temperature above 15 C. are

multiplied by .37, and the product subtracted from the ori-

ginal reading of the areometer ;
for solutions above 70 the

factor is .36, and for those below 60 the factor becomes

.38. It is also advisable to make a correction on account

of the volume of the normal solution used : At

15 C. 19.8 grammes of sugar taken for a vol. of 50 c.c.

* Jour, of Amer. Chem. Soc., 1879, vol. i. No. 6.
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For further details the reader is referred to the author's

paper,* which states that the results obtained by this pro-

cess, even on very low grade sugars, agree closely with du-

plicate assays made with the optical saccharimeter.

* Chem. News, xl. 74 et seq.



CHAPTER X.

ANALYSIS OF MOLASSES AND SYRUPS.

UNDER this head may be included all sugar solutions

above a density of 15 or 20 Baume, such as the brown

and filtered liquors of the refinery, and the heavy syrups

and molasses of the cane and beet sugar manufacture.

Estimation of the Cane-Sugar. This estimation is

made with the saccharimeter, as described under RAW

SUGAR. The solutions should be weighed as quickly as

possible to avoid evaporation. Molasses and impure

syrups in general require a rather large quantity of lead

solution and bone-black for decolorization. In some cases

the ordinary method of procedure fails to give a solution

light enough to admit of a saccharimetric reading, and it

becomes necessary to either use the half-normal solution or

the half-tube (100 mm.); the reading in either case must

be multiplied by 2. When these means fail, it is best to

proceed as follows : Weigh three times the normal quanti-

ty, dilute to 300 c.c. after adding lead solution, and filter.

The solution, if still too dark, is submitted to a further fil-

tration through a tube containing well-dried bone-black in

grains, care being taken to reject the first third of the fil-

trate, as some sugar is retained by the char.*

In beet-sugar solutions there are generally impurities

which affect the polarized ray sufficiently to cause the

* If the prepared black described on page 168 is used, the filtration with a

tube is rarely or never necessary.

250
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estimation of sugar with the saccharimeter to be more or

less incorrect. These impurities are :

Malic acid. Polarizing to the left.

Aspartic acid " "

(in alkaline solution).

Invert-sugar.
" "

Metapectic acid.
" "

Beet-gum.
" "

Dextran. " the right.

Asparagine.
u "

Aspartic acid

(in acid solution).

Glutaminic acid.
" "

The dextran and the beet-gum have a very high rotatory

power.

Eissfeldt and Follenius * have published a process (for

beet-juice) whereby these interfering impurities are either

destroyed or precipitated, by warming the solution to be

tested successively with alkaline solution of copper oxide

containing a large excess of alkali, solutions of basic ace-

tate of lead, and ferrocyanide of potassium, filtering, and

polarizing. The results are said to be good.

Sickelfalso weighs 13.024 grammes beet-juice, adds 1

c.c. of lead solution, and makes the liquid up to 50 c.c.

with absolute alcohol, filters, and polarizes. The aspara-

gine, aspartic acid, malic acid, gum, and dextran remain in

the precipitate, while the presence of the alcohol neutral-

izes the rotatory effect of invert sugar.

Tannic acid added to the warmed sugar solution precipi-

* Zeit. f. Rubenz., 1877, 728. f Ibid., 1877, 779.
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tates many of the bodies which are optically active. When
this agent is used, basic lead acetate, in quantity more than

sufficient to precipitate all of the tannic acid, must be add-

ed after the latter. The tannic acid solution is prepared

by dissolving 50 grammes of tannin in 200 c.c. of 90 per

cent, alcohol, and diluting to one litre. On account of the

large precipitate formed when tannin is used in connection

with lead in very low products, the results are apt to be

too high from the influence of the precipitate (page 166).*

Clerget's method is hardly to be recommended to meet the

difficulties in the case of optically-interfering impurities.

Where the sugar is to be estimated with accuracy it will be

advisable to have recourse to the method of inversion and

estimation by Fehling's solution (estimation of cane-sugar,

page 182). When the saccharine material is alkaline from

the presence of caustic lime or alkalies, the solution should

be barely acidified by acetic acid before the addition of the

lead acetate, in order to neutralize the effect which alkalies

have upon the polarized ray.

Estimation of Invert-Sugar. As with raw sugar,

page 217. The solution for titration must be dilute.

Estimation of Ash. As with raw sugar, page 222.

The solution, after the addition of sulphuric acid, ought to

be heated cautiously, for fear of loss by spurting.

Estimation of the Water. For purposes not requir-

ing much accuracy this determination may be made with

the Balling saccharometer, the reading indicating percent-

ages of dry matter, which subtracted from 100 leaves the

* Champion and Pellet (Sucrerie Indigene, xii. 276) add 10 c.c. strong acetic

acid to 100 c.c. of juice, or a proportional quantity to molasses, after the filtra-

tion from the lead precipitate in the ordinary process of decolorizing. This is

said to completely neutralize the optical effect of asparagine.
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water. For an accurate determination of water in sugar

solutions, about twelve grammes of coarse, well-dried sand

are weighed in a suitable dish or a watch-glass, together

with a small rod and a glass bulb. This gives the first

weight. Then allow from one to two grammes of the solu-

tion to drop into the bulb from a pipette, and reweigh.

Finally break the bulb with a gentle pressure, taking care

not to allow any fragment to fall from the dish, and care-

fully mix the syrup with the sand by means of the rod

until a uniform mass is obtained. Dry at 100 C. for four

or six hours. The bulbs can be easily blown over a com-

mon Bunsen lamp, and should have a small projecting neck

and be thin enough to break easily. The diameter is about

12 mm. Example :

Weight of dish, sand, rod, bulb, and syrup. ..22.121 grms.
a a 2Q

Syrup taken 2.017

The ensemble after drying 4 hours 21.120

u

u

6 " ..21.119 "

1 002 X 100
22.121 21.119 = -

2017
- = 49.67 per cent, water.

Estimation of Organic Matter not Sugar. By
difference, or one of the methods given under raw sugar.

Quotient of Purity or Exponent The Direct

Method. The most direct, and in general the most conve-

nient and reliable, way of obtaining this expression is to

divide the percentage of impure sugar, or total solid mat-

ter, into the percentage of pure sugar multiplied by 100.

The former is represented by the degree Balling of the so-
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lution reduced to standard temperature, while the latter is

the polarization. The quotient expresses the percentage of

pure sugar contained in the dry substance i.e., the total

soluble matter if it were deprived of water.

Casamajofs Method. This has the advantage of requir-

ing no weighing ;
but where a balance is at hand the direct

method is preferable both on account of absolute accuracy
as well as the agreement of the results among themselves.

According to the original method,
* the solution to be tested

is diluted so as to stand between 5 to 15 Brix
;
the degree

Brix is taken, corrected for temperature, and the solution,

after proper decolorization, is polarized as it stands, with-

out weighing or dilution. The polarization is multiplied

by a factor corresponding to the percentage of dry matter

by Brix, the product being the quotient sought. The cal-

culation may be made by the formulas

Q = sx (i)

(2)

in which

D is the degree Brix,

P the corresponding specific gravity,

S the polarization,

(1) is intended for use with instruments requiring the nor-

mal weight 16.19 grammes, and (2) with the Soleil-Ventzke.

I have found that the results given by this process ap-

proach nearer those of the direct method, and agree better

among themselves, by having the solution less dilute than

that given above
;
in this case the factor is decreased. The

* Amer. Chemist, vol. iv. 161.
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following table, calculated by Mr. G. S. Eyster, of Boston,

for use with this modification of the method, gives the fac-

tors by which the reading of the saccharimeter is to be in-

creased, for the Soleil-Ventzke instrument. Example :

Reading of saccharimeter 50. 1

Corrected degree Brix 25.7

Then from table-

Factor for 25.7 = .914

50.1 X .914 = 45.79 quotient.

The solutions should be taken as strong as it is conve-

nient, up to 27 Brix.
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The estimation of the quotient of purity is of great value

in the various stages of the manufacturing and refining of

sugar, showing as it does, in a single figure, the proportion

of pure sugar to impurities. It is pre-eminently the test

for the refiner, who in general does not wish to know how

much sugar lie has in a given solution, but how pure it is
;

its value for his purposes is altogether independent of the

amount of water contained. To the buyer or seller, on the

contrary, a knowledge of the percentage of pure sugar in

the sample as it stands, otherwise known as the " direct

test" or the "polarization," is of the greatest importance,

and the percentage of water has a direct bearing upon it.

Calculation of the Results of an Analysis into Equiva-
lents in the Dry Substance. It is often desirable for pur-

poses of comparison to have the results of an analysis

reduced to terms of the dry substance. The reciprocal of

the degree Brix multiplied by 100, is a factor by which the

percentage of sugar, grape-sugar, and ash is increased to

reduce them to the basis of dry mass
;
thus in a syrup hav-

ing the following composition :

55 Brix.

Cane-sugar 45.00

Grape-sugar 3.10

Ash 82

the factor corresponding to 55 is 1.818
;
then in the dry

substance we have :

Sugar 45.00 X 1.818 = 81.81

Grape-sugar. . . 3.10 X 1.818 = 5.63

Organic matter by difference. . . 11.07

Ash 82X1.818= 1.49

100.00
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These figures represent the quotients of purity respec-

tively of the sugar, grape-sugar, organic matter, and ash.

If the dry substance is estimated by drying, instead of the

spindle, the results are, of course, more accurate. The

table on page 193 may be used to obtain the factors neces-

sary in the above calculation.

Estimation of the Color. The determination of the

color in relation to the sugar is made according to direc-

tions given under Haw Sugar, page 229. For sugar solu-

tions, however, it is generally only necessary to estimate

the color reduced to the normal standard of the colori-

meter.

Estimation of the Alkalinity. Products of the beet-

sugar manufacture often contain caustic lime or alkalies.

When these bodies are present in sufficient amount, it be-

comes necessary to determine them. For this purpose a

standard alkaline solution is made by dissolving exactly

53 grammes of pure sodium carbonate, that has been heated

some time to drive off moisture, in water, and diluting to

one litre. A standard acid is also prepared by mixing 140

grammes of nitric acid, sp. gr. 1.385, or an equivalent

amount of any other strength, with water, and diluting to

.about 1,100 c.c. The relation between the acid and alkali is

now found by titration, using litmus or cochineal solution

:as an indicator. Suppose 20 c.c. of acid saturates 22 c.c.

of alkali
;
then to make the acid solution normal that is,

to contain in one litre the number of grammes of the body
dissolved corresponding to its combining weight (such so-

lutions will consequently saturate each other volume for

volume) every 20 c.c. of acid mast be diluted with two

c.c. of water to brin.ir it to the strength of the alkali, or for

one litre 2 X 50 = 100 c.c. To one litre of the acid solu-
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tion is added, accordingly, 100 c.c. of water, and the mix-

ture well shaken.

Molasses and heavy syrups are often too much colored to

allow of the use of litmus or cochineal solutions, so that

the point of saturation has to be determined with delicate

litmus-paper.

Seventy-five grammes of molasses are weighed and di-

luted with water to 250 c.c.; two portions of 100 c.c. each,

equivalent to 30 grammes of the molasses, are taken out

for trial with the acid solution, the first to obtain an ap-

proximation of the alkalinity, and the second for a sepa-

rate and more accurate determination. The alkalinity is

generally calculated in terms of calcic oxide CaO.

1 c.c. of the test acid = .028 gramme CaO.
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Analysis of the Cane and Cane-Juice.

THE CANE.

Estimation of Cane-Sugar. It is difficult to obtain

a sample faithfully representing the whole cane, as the

amount of sugar differs in various parts. This variation is

particularly marked at the joints It is best to take three

portions between the joints from the base, top, and middle

Fig. 36.

of the cane, together with one of the joints ; slice the

pieces and press out the juice in a small metallic roller-

press (Fig. 36), moistening the pressed cane with hot water

two or three times, and renewing the pressure to wash out

the sugar contained as closely as possible. The juice from

the press is diluted to the smallest number of cubic

centimetres that it will be convenient to calculate upon.

For example : Eight times the normal quantity for the

Ventzke-Scheibler instrument, equal to 208.4 grammes of

the cane, is weighed, pressed, and washed until about 380

c.c. of juice is obtained. This, for convenience, is diluted
260
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to 400 c.c. after the addition of lead solution, filtered, and

polarized. If the polarization is 32, then, as eight times
oo

the normal was weighed, = 4, which is multiplied by
8

4, on account of the dilution to 400 c.c. instead of 100 c.c.,

the standard volume gives 16. This is the percentage of

cane-sugar in the sample treated.

The sugar may also be estimated by extraction with alco-

hol (page 180) on the dried assay.

The grape-sugar may be determined in a measured por-

tion of the juice pressed from the cane, before the addition

of lead solution or after its removal by sulphurous acid.

See estimation of invert-sugar.

The ash and water are estimated in the manner already

described in other places. It has only to be remarked that

the slices should be made quite thin to ensure good drying,

which is commenced at a temperature of 80, and gradually

raised to 110.

CANE-JUICE.

The total impure sugar is estimated by the Brix sac-

charometer. Vivien's areometer (page 115) may also be

found useful for this purpose. For hot countries, where

cane-juice has in all cases to be tested, it is well to have

hydrometers standardized at 25 C., instead of 15 or 17,
as is the usual practice.

The Cane-Sugar is estimated by the saccharimeter,

two or three times the normal quantity being weighed.
The sugar can be more quickly determined, however, in

cane-juice or any other weak saccharine solution by
Ventzke's process, which dispenses with the weighing.
This method is carried out by taking the density of the
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juice with the Brix spindle, finding the corresponding spe-

cific gravity from the table on page 116, and calculating the

percentage of sugar according to the following formulas :

= 8 (1)

(3)

in which P is the polarization of the juice as it stands

without weighing ;
D = the density, and S the percentage

of sugar. Formula (1) is for use with the Ventzke-Scheib-

ler saccharimeter, (2) with the Soleil-Duboscq, and (3) for

those instruments of which fifteen grammes is the normal

weight. If the juice needs an addition of lead, it is filled

into a 100 c.c. flask, and a measured volume of the lead so-

lution added from a graduated pipette, the saccharimetric

reading being increased in proportion to the dilution. Ex-

ample : Cane-juice of 10 Brix (sp. gr. 1.04), to which 3 c.c.

of lead solution to 100 c.c. were added, was found to po-

larize 32
;
32 + 3 per cent. = 32.96. According to the for-

mula (1)

32.96 X .2605

-^ Q^
- =8.25 per cent, cane- sugar.

A table is herewith given, reckoned according to formula

(1) for the Soleil-Scheibler saccharimeter, which dispenses

with the calculation. An example will show the manner

of using it : A solution whose corrected per cent, of sugar

by the Brix areometer is 9.5 polarizes 27
;
in the horizontal
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column opposite 9.5, under 2, is found .502, which multi-

plied by 10 gives 5.020

Under 7 in like manner occurs . . 1.757

Percentage of cane-sugar ,
= 6.777

TABLE FOR ESTIMATING THE PERCENTAGE OF SUGAR BY WEIGHT, IN WEAK

SUGAR SOLUTIONS : ABRIDGED FROM ONE CALCULATED BY OSWALD.

Reading of the Saccharimeter.

.042

40

i
.034

.032

024
.022
.020
.CIS

.016

.014

.012

.010

.̂006

.004

.002

.COO

s
994
.952

.976

974
.972

i
3S
954
952
.950 1-425

2-344
2.340
2-335
2.331
326
322
317

S
304

agg
20;

.ifo

.155
I?

I
.146
.142

137

2-52.600

2.595
2.590
2.585
2.580
2.575

2-559
2-554
2-549
2-544
2-539
2-534
2.529
2-524
2.519
2.514
2.509
2.504
2.409
2.494

5:1
2-479
2-474
2.469
2.464
2-459
2-454
2-449
2-444
2-439
2-434
2.429
2.424
2.420
2.415
2.410
2.405
2.400
2-395

2'i
2:380*

2-375

Grape-Sugar. (See chapter x.)

Ash. (See chapter x.)
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Estimation of Water. By the Brix spindle or by dry-

ing, according to the accuracy required (page 252).

The quotient of purity is a very useful determination,

and may be made by the direct method:

Pol. X 100



CHAPTER XII.

Analysis of the Beet and Beet-Juice.

THE BEET.

Preparation of the Sample. The top and small radi-

cles are cut off, and the beet is washed to free from mecha-

nical impurities, being dried with a coarse towel. If de-

sired, the weight before and after this treatment may be

taken. If a single beet is to be operated upon, the whole,

after the above preparation, is reduced to a fine pulp by

grating or any other means. For a sample representing a

quantity of beets or the growth of a field, it is necessary

to take a number of roots differing in size and variety.

Beets taken from the same field, and apparently submitted

to the same conditions, are found to vary a great deal in

their saccharine richness.

By successive slices, made parallel to the axis of the

beet, cut out a square prism, of such thickness as will be

determined by the size of the roots. Fig. 37
Fig< 37<

will illustrate this. The dotted line represents

in projection the prism. The different por-

tions thus obtained from all the roots consti-

tuting the average are reduced to pulp and

mixed together. Champonnois has invented a

boring rape which serves very well to cut out

a portion of the beet as above described, and

which pulps it at the same time (Fig. 38).
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Estimation of Cane-Sugar. About 200 grammes
of the pulp are placed in a small filtering-bag and pressed in

a hand-press slowly until the juice ceases to flow with the

strongest pressure obtainable
;
the marc is then moistened

with boiling water, the pressure renewed, and this opera-

tion repeated until all soluble matter has been extracted

and the residue is dry, care being taken to avoid undue di-

lution of the solution. Three to four cubic centimetres of

tannin solution are added, and about three times that volume

Fig. 38-

of lead solution, and the whole made up to an exact

volume, filtered, and a portion polarized. Any of the

modifications suggested in the case of molasses (page 251)

may be tried. The calculation is in all respects similar to

that for estimating the sugar in the cane.

Scheihler's Method for estimating Sugar in the

Beet.* The estimation, as given above, will show only ap-

proximately the amount of sugar, on account of impurities

present in the juice obtained, which have a considerable

effect upon the polarized ray as well as the generally im-

perfect extraction of the sugar. Scheibler's process,

* German Patent, No. 3573, Stammer's Jahrb., 187fl.



SCHEIBLER'S METHOD.

Fig-
though requiring spe-

cial apparatus, avoids

these errors, and gives

results very near the

truth. It is essentially

an extraction of the

sugar from the finely-

divided beet without

previous drying, by
means of alcohol, in

the heat.

The apparatus is

shown in Fig. 38. D
is an upright glass con-

denser fitted tightly to

A by a rubber cork. A
and B are glass tubes of

the form shown, A be-

ing placed within B,

and making a close

joint at the upper

ends, the lower portion

of A being free and

open. Near the top of

the latter are two or

more openings, five to

six mm. in diameter,

o o, communicating be-

tween the annular

space and the interior

of A. B is fastened with a rubber cork to the flask c,

which is graduated to 50 c.c. The narrowed end of B ex-
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tends some distance into c, in order that none of the boil-

ing sugar solution may be spurted into the former. In the

cylinder A is placed a small filter, a, which may be of cot-

ton, felt, or other suitable material.

For the execution of the test from 20 to 25 grammes

beet-pulp are placed in A, which has been previously tared,

by means of a long-stemmed funnel, so that the mass fills

the tube nearly to o o. A is then reweighed, and the dif-

ference of the two weighings gives the amount of assay
taken. The cylinders A and B are now adjusted as shown

in the cut, and the condenser fixed in position. Now 25

c.c. alcohol of 90 to 94 per cent. Tralles (.8339 to .820 sp.

gr.) are placed in the flask, and by means of a sand or water

bath heated to boiling. It is perhaps better that the alco-

hol should be added through the top of the condenser at

d, through which it passes to the beet-pulp and falls in c.

The vapor from the boiling alcohol, ascending into the

space between A and B, passes through o o, and is liquefied

in the condenser (kept cool by a stream of water), from

which it drops in A, and, coming in contact with the assay,

extracts the sugar, the solution dropping into the flask,

where it parts with its alcohol, which is again made to pass

through the substance to be extracted. The flame should

be so regulated that the drops from A should succeed each

other at regular intervals, and not too quickly. As a rule,

from a half to three-quarters of an hour's boiling is suffi-

cient to complete the operation, after which the apparatus
is allowed to cool, the last drops of the solution from A
being received in the flask, which is filled to the mark with

distilled water, after the addition of a few drops of lead,

filtered, and the sugar estimated with the saccharimeter.

The alcoholic sugar solution, after dilution to 50 c.c.,
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should show about 41 per cent. Tralles. For many varie-

ties of beets the strengths given for the alcohol cannot be

strictly adhered to, as when the latter is too dilute a trou-

blesome frothing takes place on boiling.

According to Scheibler and Tollens (loc. cit.\ the con-

tinued boiling of the alcoholic solution causes no sensible

alteration of the sugar dissolved, even when the beets ope-

rated upon are slightly acid. The method has been ex-

haustively and critically examined by Tollens * and others,

with the result of establishing its substantial accuracy as

showing the absolute amount of sugar in the beet, and its

great superiority over processes previously in use.

Estimation of the Marc and the Amount of Juice.

Twenty grammes of the pulp are made into a thin paste

with boiling water, poured upon a weighed filter, and tho-

roughly washed, with the aid of a vacuum if necessary.

The filter is then dried at 110. Example :

Watch-glasses + filter + marc at 110 = 22.100

" + " at 110 = 21.260

Weight of marc 840

.840 X 100 = 4 3 nt
20

The percentage of marc subtracted from 100 gives the per-

centage of juice, as

100 4.2 = 95.80 per cent, juice.

The amount of juice may be obtained by an indirect

method which gives results agreeing very well with the

above. The water is determined in the pulp by drying,

* Zeit. f. Rubenz., May, 1880 ; Stammer's Lehrbuch, ErgaDzungsband, 102.
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and also in the juice ;
then the percentage of juice is found

o

by the formula -~- X 100, in which s is the percentage of

water in the pulp, and S that in the juice. The marc is ob-

tained by difference.

Seheibler's Method. The percentage of marc, and

from it that of the juice, may be obtained with greater

accuracy than by the methods described, in connection with

Seheibler's process for determining the sugar in the beet

(page 266). The contents of the tube A, after the extrac-

tion of the sugar, are desiccated by passing a stream of dry

air through the latter, after which it is weighed and the

amount of marc calculated. Scheibler claims that the re-

o

suits obtained by the formula
-g-

X 100 are erroneous, as

the direct polarization of the juice is never quite correct,

owing to tlie presence of about five per cent, of sugar-free

water in the beet (colloidal water).

Grape-Sugar is generally present in very small quanti-

ties. To estimate it a weighed portion of the pulp is ex-

tracted with water, and the grape-sugar determined in the

expressed liquor by Fehling's method, with the usual pre-

cautions (see estimation of dextrose).

Water is determined by drying the pulp or the thinly-

sliced beet at 100.

The Estimation of Ash. As in raw sugar (page 222).

ANALYSIS OF BEET-JUICE.

The Baume hydrometer is largely used to afford a rela-

tive comparison as to the value of beet-juice. The Brix

spindle is, however, preferable, in that the readings corre-
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spond, within certain limits of error, to the percentage of

impure sugar in solution.

Estimation of Cane-Sugar. By the saccharimeter,

twice or thrice the normal quantity being taken and di-

luted up to 100 c.c., after the addition of about 2 c.c. tan-

nin and 6 c.c. of lead solutions. The cane-sugar may also

be readily determined by Ventzke's method (page 261).

As with beet- molasses, though in a less degree, this estima-

tion is rendered more or less incorrect by the presence of

optically active impurities in the juice. For modifications

of the usual method to be pursued to meet this source of

error, see the chapter on the analysis of molasses (page

250).

Estimation of Grape-Sugar. As in the case of the

beet.

Estimation of the Ash. With sulphuric acid, as

with the beet. The juice should be carefully evaporated

to avoid loss, before the charring takes place.

Estimation of Water. By drying in sand with bulb

(page 252) for accurate work, by preference in vacuo or

with the Balling spindle.

Quotient of Purity. Divide the degree Balling, cor-

rected for temperature, into the percentage of cane-sugar

by polarization X 100. Stammer gives as the valuation-co-

efficient
( WerthzaTil) of beet-juice, an expression obtained

by multiplying the quotient into the percentage of cane-

sugar, and dividing by 100. This is only useful for compa-
rative purposes.

Estimation of Organic Matter not Sugar. This is

determined by difference or any of the methods given in

chapter ix. Where the water is estimated by the areome-

ter the results are always low, owing to the error of the
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instrument in impure solutions, and consequently the mat-

ters determined by difference are too high. To correct this

error, Stammer has proposed to subtract one-fifth of the

organic matter thus found, and add it to the water. This

correction would equally apply to all impure sugar solu-

tions, whether from the beet or cane.

Estimation of the Alkalinity. On the juice with-

out dilution (page 258).

Estimation of the Color. As with raw sugar and

molasses.

The wet analysis of beet-juice may be reduced to dry

substance, as shown on page 257.

Note. The matter given in relation to the analysis of

cane and beet juice applies equally to any weak sugar solu-

tion, such as the " sweet water" from char-washing, etc.



CHAPTER XIII.

Analysis of Waste Products.

ANALYSIS OF SCUMS AND SOLID KESIDUES.

THESE consist of the refinery scums
;
the marc of the

beet freed from all obtainable sugar ;
the bagass, or residue

from the cane-presses ;
and the precipitates produced in

the process of carbonatation and defecation in the beet-

sugar manufacture. The only estimation commonly made

upon these bodies is that of the sugar. Before these resi-

dues are thrown out in the course of the manufacture, it is

of considerable importance to make sure that there is no

undue proportion of sugar present. They should be test-

ed systematically, and sufficiently often to form a proper

control of the work.

Refinery Scum. This is the matter caught in the

bag-filters when the crude solution of raw sugar is filtered

preparatory to being run upon the char. It consists of the

insoluble matters contained in the raw sugar, as sand,

foreign matters of all kinds, particles of cane-fibre, the

substances precipitated by caustic lime in defecation, and

the coagulated albumen and bodies carried down with it,

when blood is used in the process of defecation.

Estimation of Cane-Sugar. From a large average sam-

ple, a smaller one is prepared by taking out portions and

thoroughly mixing them together. Weigh 13.04 grammes
for the Ventzke-Scheibler, or the normal quantity for other
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saccharimeters, add enough boiling water to make a uni-

form paste, and gradually dilute with the hot water until

the weighing-capsule is nearly full and a uniform thin

magma is obtained free from lumps ; pour this upon a

filter in a funnel provided with a filtering cone, and filter

by the aid of a vacuum into a flask or cylinder graduated

to 100 c.c., until all the liquid has passed through ;
add

small portions of boiling water at a time, stirring up the

insoluble matter on the filter as much as possible with the

stream from the wash-bottle, and continue the washing un-

til the filtrate measures nearly 100 c.c.; if the solution is

alkaline, barely acidify with acetic acid, add a few drops

of lead solution, allow to cool, fill to the mark, shake, add

a little powdered bone-black, filter, and polarize. The

reading (by the Yentzke-Scheibler instrument), multiplied

by two, gives the percentage of cane-sugar. This method

is accurate enough for nearly all purposes ;
but where

greater exactness is required the scum may be extracted

with a larger quantity of hot water, and the sugar deter-

mined in an aliquot part of the filtrate after inversion, by

Fehling's method.

If the grape-sugar is to be determined, the solution is

made to 100 c.c. before the addition of the lead, and an ali-

quot part of it taken for the grape-sugar estimation. From

the remainder a 50 c.c. flask is filled, a measured volume of

lead solution added, the solution filtered and polarized.

The reading must be corrected for the dilution caused by
the addition of the lead.

The water is determined by drying one gramme at 100

to 110 C.

The ash is determined by incineration without the addi-

tion of sulphuric acid.
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Beet Mare. The cane-sugar may be determined in the

same manner as with refinery scums, or better after Schei-

bler's method with alcohol (page 266). Tf the residue is

very poor in sugar, it would be advisable to estimate the

latter by the inversion with hydrochloric acid, and Fehl-

ing's method, after extraction with a large quantity of hot

water. The other estimations may be made as in the case

of refinery scums.

Residues from the Carbonatation Process. These

form the precipitates produced by adding a large excess of

caustic lime to the sugar solutions, and precipitating the

solution of calcic sucrate with a stream of carbonic acid

gas. They are frequently alkaline from imperfect carbona-

tation, and the sugar contained is in the state of sucrate.

The estimation of the cane-sugar may be made similarly

to that of refinery scums, except that it is necessary to

first diffuse the solid matter through water, and pass a

stream of washed carbonic acid gas to break up the combi-

nation of the sugar with the lime
;
filter from the precipi-

tated calcium carbonate, and determine the sugar in the

filtrate by the saccharimeter, or with alkaline copper solu-

tion after inversion.

E. Perrott * gives a method that is equally applicable to

the determination of cane-sugar in all sucrates. One hun-

dred grammes of substance are taken, mixed well with 380

c.c. of water, at the same time breaking up all lumps, and

20 c.c. of carbonate of ammonia solution. The mixture is

allowed to stand ten minutes after agitation, and filtered.

From the filtrate 200 c.c., representing 50 grammes of

assay, are taken, diluted to 400 c.c., and the cane-sugar

determined by Fehling's method after inversion.

* Sucrerie Indigene, ix. 11.
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Bagass. Two hundred grammes are reduced to as fine

a state of division as possible, mixed well with boiling wa-

ter, placed in a small filtering-bag, and pressed with a

hand-press. The washing is repeated with fresh portions

of water, and the pressing renewed until all sugar is ex-

tracted. As the solution is commonly too dilute to test to

advantage with the polariscope, it is best to take an ali-

quot part of that obtained, corresponding to a known

weight of bagass, and to estimate the grape sugar directly,

and the cane-sugar after inversion, by Fehling's method.

WASTE WATERS.

Under this head are included the last washings of the

bag and char filters, and those of the diffusion and macera-

tion processes of the beet-sugar manufacture. It is espe-

cially important to know when the washings no longer

contain enough sugar to make it advantageous to save

them. Ten c.c. of the waste waters are evaporated at a

water-bath heat in tared dishes, and the net residue repre-

sents the amount of solid matter contained, of which from

twenty to seventy-five per cent, may be sugar. If it is

^wished to estimate the amount of sugar, a larger portion

is evaporated with the addition of a few drops of hydro-

chloric acid, and the amount of invert-sugar determined by

Fehling's method.

Estimation of Cane-Sugar in Dilute Solutions.

In testing very dilute solutions for sugar the following

method of procedure may be adopted : Evaporate the solu-

tion after careful neutralization, if necessary, to from one-

fifth to one-twentieth of its bulk, on a water-bath at a low

heat, and determine the grape-sugar directly, and the cane-
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sugar after inversion by Fehling's method. As a rale, for

very dilute solutions, the mere presence of sugar of any
kind is sought to be demonstrated, so that it is only neces-

sary to evaporate with the addition of a little hydrochloric

acid, and determine the invert-sugar found.



CHAPTER XIV.

ANALYSIS OF COMMERCIAL GLUCOSE OR STARCH-SUGAR.

Grape-Sugar Corn-Sugar.

StarkezucJcer, Kornzucker, Gr. Sucre de F'ecule, Fr.

THIS product is prepared from corn-meal or starch,

either by the action of mineral acids at a boiling tempera-

ture, or by means of diastase. It occurs commercially in

three forms viz.
,
in the condition of a dry granular or line

powder ;
as a solid in lumps containing varying amounts of

water
;
and as a thick yellowish or white syrup. The fol-

lowing anal}' ses will show the composition of different va-

rieties :

I. By Steiner.*

* Stammer's Jahrb., 1879, 379 ; Dingier, ccxxxiii. 262.
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The first is of German origin, white and soft
;
the rest are

English, produced by the action of dilute sulphuric acid

on corn-meal at high pressure.

II.

In III., the next series of analyses, by Neubauer, the

sugar is estimated by the fermentation method :

The non-fermentable, or bodies classed as undetermined,

consist of dextrin, unaltered starch, and, according to

Haarstick,* of the amylin of Bechamp. They have a

high dextro-rotation.

The solid varieties of commercial glucose show Mrotation

in a marked degree, while with the syrups this property is

generally absent. The latter differ from the former in that

the conversion of the starch into sugar is not carried so

* Stammer's Jahrb., 1876, 176.
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far, and hence the amount of organic matter not sugar in

them is proportionately large.

ESTIMATION OF THE SUGAR BY FEHLING'S METHOD.

On account of the presence of maltose with the dextrose,

sometimes in large amounts as shown by Steiner's results,

this determination cannot show anything definite as repre-

senting dextrose. The amount of copper oxide reduced

by the two sugars differs very much, 100 parts of maltose

reducing 141.5 parts CuO, while the same quantity of dex-

trose throws down 220 parts CuO. The results of this test

have accordingly only a relative value. As to the action

of dextrin upon the heated copper liquor, Rumpf and

Heinzerling,* as the result of their investigation, state that

solutions of (1) caustic soda and cupric sulphate at the

boiling-point do not act on dextrin entirely free from sugar,

which corrects Gerhardt's observation, who asserted that

dextrin caused a reduction of the oxide in the sulphate ;

(2) solutions of alkaline tartrates, and Fehling's solu-

tion each act upon dextrin, making the results of the

dextrose estimation too high in direct proportion to the

length of time the heating is continued. When the reduc-

tion is quickly effected, and the heating continues only a

few minutes, they have found that the error in the estima-

tion of dextrose in the presence of dextrin in starch-sugars

is too small to sensibly affect the results.

The execution of the test is in all respects according to

directions already given. See chapter viii.

*Zeit. f. Anal. Chemie, ix. 858.
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ESTIMATION OF THE DEXTROSE BY FERMENTATION.*

A solution of the sugar to be examined is made contain-

ing a known amount, and the percentage of dry matter de-

termined. The solution is then submitted to fermentation

with yeast, and, after the expulsion of the alcohol and car-

bonic acid formed, the percentage of dry matter is again

determined, and the difference between the amounts of dry

substance estimated before and after fermentation gives

the sugar originally present. The results are a little low

as compared with those given by Fehling' s method, because

in the vinous fermentation all of the sugar does not break

up into alcohol and carbonic acid, but about five per cent,

is converted into glycerin, succinic acid, and other bodies,

which, being non-volatile at the temperature of boiling

water, remain in the liquid after the evaporation.

iJxample: One hundred grammes of starch-sugar are

dissolved, diluted to one litre, and the specific gravity

taken. Suppose it is 1.03 : we find from Balling's table

(page 116) that this corresponds to a percentage of dry sub-

stance of 7.463, and as 100 c.c. weigh 103 grammes, 100

grammes of the solution contain 9.708 grammes of the ori-

ginal assay, and

9.708 : 7.463 :: 100 : x = 76.87 per cent.

The composition of the solution, then, is

76.87 per cent, dry substance.

23.13 " water.

100.00

For the fermentation 500 c.c. of this solution are taken,

* Neubauer, Wagner's Jahresb., 1875, 806.
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a sufficient quantity of fresh beer-yeast added, and the

whole placed in a fermentation apparatus arranged so that

dried carbonic acid can escape. Compare matter on page
181. The system is then weighed, and allowed to remain at

the proper temperature for three or four days until the ac-

tion is complete. This point may be ascertained by weigh-

ing at intervals. When the apparatus ceases to lose weight

the operation may be considered as finished. The liquid

in the flask is filtered, boiled down to one-third of its

volume to drive off alcohol, and, after cooling, made up to

its original bulk. If the density after fermentation is

1.0082, which corresponds to 2.05 percent, dry matter, 100

c.c. weigh 100.82 grammes and contain 2.068 grammes dry
substance

;
or in 500 c.c., 10.340 grammes. As the 500 c.c.

of solution contained 50 grammes of the original sugar,

10.340 X 100
then KO

= 20.67 per cent, unfermentable mat-

ter
;
76.87 20.67 = 56.20 percent, of fermentable sugar.

ANTHON'S METHOD.

This is based on the fact that the impurities present in

commercial starch-sugar have a greater density than that

of the sugar contained.. The process, though somewhat

empirical, is said to give results accurate enough for most

purposes.

A saturated solution of the sugar to be examined is made

by adding a large excess of it, in as fine a state of division

as possible, to water, and allowing the mixture to stand,

with frequent agitation, for twelve hours, or until fully

saturated. The specific gravity of the clear solution thus

produced is obtained either by the specific-gravity balance
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or by weighing (chapter v.) From this the percentage of

impurities may be found in the accompanying table :

TABLE.

ESTIMATION OF THE WATETC.

Two to three grammes are weighed and dried with sand

(page 219). In the case of solid glucose, the portion to be

tested is placed on the weighing-dish, separated from the

sand, and melted with a gentle heat. When liquefied it is

mixed with the sand in the usual manner.

The dextrin and other matters are estimated by differ-

ence, after the ash is determined by incineration, with

the addition of sulphuric acid.*

* Estimation of the Dextrose optically. This determination cannot be

made by the optical method, on account of the presence of a large and varia-

ble amount of dextrin, maltose, and other bodies, which are optically active,

and whose specific rotatory powers are different from, and much greater than,

that of dextrose. The specific rotatory power of dextrin varies from [a] j= 139

to 212 ; while that of maltose is [a] D = 139 3. If it is desired, for purposes of

comparison, to polarize starch-sugar, the solution before it is placed in the

tube of the saccharimeter for observation, should be heated for five minutes to

100 to get rid of the birotation, and obtain at once the lowest reading.
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THE DETECTION OF DEXTRIN AND STARCH-SUGAR WHEN-

MIXED WITH RAW AND REFINED SUGARS.

I. The Adulteration of Raw Sugar with Dextrin.

Commercial dextrin has been added to raw sugars in

order to give them a higher polarization, and consequently
a greater market value

;
.40 of one per cent, of dextrin

raises the saccharimetric titre about one per cent. Two

qualitative tests are commonly resorted to for detecting

dextrin under these conditions, though neither is entirely

reliable : 1. Alcohol of 95 per cent, added to a concentrat-

ed solution of sugar containing the adulterant gives a

white, thread-like coagulum, while more dilute solutions

show only a cloudiness in a greater or less degree. The

salts present in raw sugar, and particularly sulphate of

lime, give a similar precipitate. 2. A solution of iodine in

iodide of potassium produces with dextrin, according to

the method of manufacture, a wine or violet red, while

some varieties do not give any coloration.* The presence

of dextrin may be detected with certainty by Chandler and

Rickett's method (page 287). For the determination of

cane-sugar the process of inversion and estimation with

copper liquor will have to be resorted to (chap, viii.) f

II. Detection of Starch Sugar or Syrup uohtn mixed

with Raw or Refined Sugars. The presence of these sub-

* Boivin and Loiscau ( Wagner's Jahresb., 1870,399) give the following as

the marks of sugars containing dextrin : L OB burning they give ofl tin- odor of

heated bread. 2. They are very difficult to filter, and the filtrates are apt to

be cloudy. This is particularly the case when lead solution has been used in

clarifying. 8. Owing to imperfect mixture, separate lumps of dextrin maybe
separated and appropriately tested.

f Lactose or milk-sugar in raw sugar may be detected by treating the latter

with twelve times its weight of 80 per cent, alcohol, which dissolves the sugar

and leaves the lactose.
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stances may in general be shown by paying attention to the

following points : 1. Sugars mixed with powdered or granu-

lated corn glucose, on solution in water invariably leave

white particles of the glucose undissolved
;

2. Owing to the

birotation exhibited by solid starch and corn glucose, it

will be observed, on submitting a commercial sugar con-

taining it to the polariscopic test, that the reading does not

remain constant, but gradually becomes less until a point

is reached when the diminution of the reading ceases. If

the solution is observed immediately after it is prepared

(without heat), as little as three to five per cent, of starch-

sugar may be thus detected. This test only applies when

the sugar is mixed with solid glucose, as the syrup does

not show birotation. 3. On account of the high rotatory

power of starch-sugar, a refined sugar mixed with it will

show a larger percentage of cane-sugar by the saccharime-

ter than the true one
;
hence the analysis generally adds up

over one hundred. This will apply whether the material

used for mixing is solid glucose or the syrup.

With these three tests it is easy to determine qualita-

tively the presence of starch or corn glucose in any sample
of sugar, whether raw or refined, in amounts from two per
cent, upwards.

There exists no accurate method for determining the

amount of commercial glucose in any refined or raw sugar
mixed with it. The glucose itself varies greatly in compo-

sition, and the invert-sugar contained in raw and refined

sugars acts toward Fehling's solution precisely as does the

sugar in glucose. The ordinary optical method cannot be

employed, because the reading of the saccharimeter given

by a mixture of cane and starch sugars is a resultant of

the rotations of the two sugars, together with that of the
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impurities present in the latter. The rotation of starch-

sugars from different sources and in different conditions,

whether solid or liquid, varies within exceedingly wide

limits. Clerget's method is equally inapplicable, except as

a qualitative test, for the reasons stated above. The un-

suitableness of this method for the quantitative estimation

is specially prominent on account of the optical properties

of the maltose, dextrose, dextrin, and soluble starch pre-

sent, it being remembered (page 136) that Clerget's process

is intended for solutions of cane-sugar containing no rota-

tory substance other than optically active invert-sugar of

known specific rotatory power.

Casamajor
* recommends the use of methylic alcohol

marking 50 of Gay Lussac's alcoholometer, saturated with

starch-sugar, as a qualitative test for the latter when mixed

with commercial cane-sugars. The suspected sugar, after

drying, is thoroughly washed with the test solution, which

dissolves the cane-sugar and impurities, leaving the glu-

cose in grains and powder. It seems probable, as the author

suggests, that this method might be so modified as to give

fairly good results quantitatively, perhaps better than with

the very unsatisfactory methods hitherto proposed, by col-

lecting the undissolved starch-sugar on a weighed filter,

after all soluble matters have been removed by the alco-

holic sugar solution, and the strongest methylic alcohol

(92f Gay Lussac), applied successively.

Drs. Chandler and Bicketts f have devised a method for

estimating the right-rotating substances in the glucose

added to a commercial sugar.

*Jour. Am. Chem. Soc., ii. 428. \ Ibid., vol. i.
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CHANDLER AND RICKETTS'S METHOD.

This consists in inverting the mixed sugars with acids, as

in Clerget's process (page 137), and observing the rotation

in a water-bath tube at 92 C. (temperature of water-bath).

Invert-sugar at 87.2 C. has no effect upon the polarized

ray, owing to the fact that the rotation of levulose is neu-

tralized by that of the dextrose which is constant for all

temperatures (see invert-sugar, page 89). Hence, when a

mixed sugar of commerce is inverted, the cane-sugar is

converted into invert-sugar, which, with that originally

present, is optically inactive at the temperature named.

The dextrose and other bodies from the starch-sugar pre-

serve their specific rotatory effect. When, therefore, a

pure commercial sugar is inverted, at 87.2 the rotation is

null, while if any corn glucose is present a rotation to the

right will be shown, and in proportion to the amount pre-

sent.

To calculate the results given by this process a standard

starch-sugar was taken which gave "an average rotation to

the right at 92 C. of 87 divisions of the saccharimeter

scale (Ventzke-Scheibler), when the sample tested 63 per

cent, by Fehling's method. Hence, if 26.048 grammes be

26 048 X 6 3

the amount taken for observation, 37 x 100
= ^.864

grammes is the amount of dry substance necessary to read

100 divisions on the scale, or each division is equal to .1886

gramme." 26.048 grammes of the suspected sugar is taken

for the Ventzke-Scheibler instrument, inverted with hydro-
chloric acid, and the solution observed in the tube heated

to 92 C. Each division of the scale read corresponds to

.1886 gramme reducing substances, as shown by the cop-

per test, added to the sugar under examination, in the form
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of corn glucose or starch-sugar. Figs. 39 and 39 a show

39-

the arrangement adopted. The middle portion of the sac-

charimeter is so modified as to admit of the interposition
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of a water-bath in the space ordinarily intended for the

observation-tube alone. This is heated from below by two

or four small spirit-lamps, and an opening is made in the

cover of the water-bath for a thermometer whereby the

temperature of the water is regulated. The form of the

tube is shown in Fig. 39 a, which is merely the ordinary

Fig. 39

one provided with a tubule for the introduction of a ther-

mometer into the tube itself.

This method in many cases is capable of giving useful

results, and though a decided advance over previous meth-

ods for the optical estimation of sugar in the presence of

starch-sugar, yet it must not be forgotten that when the

composition of the adulterant varies considerably from the

above standard, or that of any other standard taken, the

results, considered quantitatively, will be misleading.



CHAPTER XV.

ESTIMATION OF MILK-SUGAR.

I. By Fehling's Method. Milk-sugar reduces the al-

kaline solution of oxide of copper in a different proportion

from dextrose or invert-sugar. One equivalent of milk-

sugar reduces 7.40 to 7.67 eq. (Soxhlet *), 7.40 to 7.44 eq.

(Rodewald and Tollens f). 10 c.c. of the standard copper

liquor is equivalent to .067 gramme sugar.

Copper X .7635 )
I = milk-sugar.

Copper oxide X .6096 (

The estimation is precisely similar to that made for dex-

trose and invert-sugar, except that it is necessary to heat

somewhat longer, as the reaction, though complete, does

not take place so rapidly as with dextrose. Either the

volumetric or gravimetric methods may be used.

To estimate the sugar in milk, it is necessary to coagulate

the caseine with a few drops of hydrochloric or acetic acids,

and filter, before proceeding with the operation.

II. By the Optical Method. When the normal weight

of 32.680 grammes for the Yentzke-Scheibler saccharime-

ter, and 20.50 grammes for the Soleil-Duboscq and other

saccharimeters in which the normal weight is 16.19

grammes for cane-sugar, is taken, each degree of the scale,

when the 200 mm. tube is used, corresponds to one per

* See references for Soxhlet's work, pages 201, 20 1.

f Scheibkr'a Neue ZeiL, iv. 67-86.
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cent, milk-sugar. As milk-sugar exhibits the phenomenon
of birotation, it is necessary to heat the freshly-prepared

solution for a few minutes before taking the reading in the

saccharimeter.

For the estimation of milk-sugar in milk, the fat and

caseine must be first removed, the latter being strongly

levo-rotatory ;
50 c.c. of the milk is mixed in a porcelain

dish with 25 c.c. lead solution of moderate strength, and

the mixture heated to gentle ebullition and allowed to

cool
;

it is then washed into a 100 c.c. flask, which is filled

to the mark, and the solution filtered. The clear filtrate is

then examined, the 200 mm. tube being used. The read-

ings must be doubled on account of the dilution from 50

c.c. to 100 c.c. If the milk exhibits an acid reaction it

must be neutralized with soda solution (Landolt).



CHAPTER XVI.

Estimation of Dextrose in Diabetic Urine.

I. BY THE OPTICAL METHOD.

FOR ordinary cases the mode of proceeding is exactly as

in the case of dilute sugar solutions in chapters xi. and

xii., the urine being decolorized with lead and bone-black

when necessary. Owing to the fact that the specific rota-

tory power of dextrose is considerably lower than that of

cane-sugar, when the various saccharimeters are employed
the normal quantity to be weighed, in order that the read-

ings may indicate percentages, must be greater, and in pro-

portion to the relative specific rotations of the two sugars.

Taking [66.5] D for cane-sugar, and [53] D for dextrose, we

have 66.5 : 53 : : 26.05 : x = 32.683 grammes, which is the

dextrose normal weight for the Soleil-Scheibler instrument.

Calculating similarly for the others, we have, when the

normal quantity for the saccharimeters is weighed and

made to 100 c.c.,

1 of the Laurent and Soleil-Duboscq instruments = 2.031

grammes,
1 of the Soleil-Ventzke instrument = 3.268 grammes,
1 of the Wild instrument (sugar scale) = 1.255 grammes,
1 of the Mitscherlich instrument = 9.410 grammes,

in one litre.

Schmidt and Haensch have made a modification of the

Soleil instrument, so that the scale reads directly the num-
292
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ber of grammes dextrose in 100 c.c.
;
this is called the dia-

betometer.

When the urine contains albumen it must be removed

before the sugar can be estimated, as the former body has

a strong rotation to the left. For this purpose the secre-

tion is heated in a dish, with acetic acid added to acid reac-

tion, until the albumen separates in flocks, which is then fil-

tered off, washed, and the urine with the washings made

up to the initial volume
;
or the urine, acidified with acetic

acid, may be diluted with a concentrated solution of so-

dium sulphate to double its bulk, when the albumen sepa-

rates and may be filtered off.

Biliary acids, though right-rotating, are seldom present

in quantities sufficient to affect the substantial accuracy of

the optical method.

When the urine contains less than 2.00 grammes of sugar

to the litre, or the normal secretion is to be tested, the

above mode of proceeding is unsuitable. Landolt *
gives

the following method for use under these circumstances :

To one or two litres of the urine neutral acetate of lead is

added, and the solution filtered
;
the filtrate is mixed with

basic lead acetate and ammonia, the precipitate formed

containing all the sugar present. This precipitate is dif-

fused in alcohol and treated with sulphuretted hydrogen

gas, the lead sulphide filtered off, the solution decolorized,

if necessary with animal charcoal, evaporated to a known

volume, and tested in the saccharimeter. If biliary acids

are present in the urine, they will be found in the alcoholic

solution, and invalidate the optical test to some extent. To

prove whether these acids are present or not, a portion of

*
Dasoptische Drehungsutrmogen, p. 185.
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the alcoholic solution is evaporated to dryness, the residue

taken up with water, and the solution obtained allowed to

ferment with yeast for two days, or until the sugar is de-

stroyed. If the filtered residual solution shows a right

rotation, biliary acids are present, and a correction for

them must be made.

ii. BY FEHLING'S METHOD.

The Qualitative Test. "Fifteen or twenty drops of

the urine to be tested, previously decolorized with a little

powdered bone-black and diluted with four or five c.c. of

water, are treated with a half cubic centimetre of sodium

or potassium hydrate solution, and then a very dilute solu-

tion of copper sulphate added drop by drop. Too large an

amount of the copper salt should not be added, as in that

case black oxide of copper separates on boiling, obscuring

the red color of the cuprous oxide when only a small

quantity of sugar is present. The clear blue solution is

heated nearly to ebullition, without shaking, when a yel-

low cloud forms on the surface, followed by a precipitation

of red cuprous oxide.

"A second mixture prepared in the same way is allowed

to stand quietly, without previous heating, from six to

twenty-four hours, when, if sugar is present, there will be

a precipitate formed in this case also. This control experi-

ment is of great importance, and ought never to be omit-

ted, since most of the substances which reduce copper so-

lution, like sugar, do so only when heated, or after pro-

longed boiling, and not, like diabetic sugar, in the cold"

(Neubauer).

The Quantitative Estimation. This determination is
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made in all respects according to the ordinary volumetric

method, or, for very accurate work, after the modification

of Soxhlet. See chapter viii., section i. The gravimetric

method is of doubtful accuracy, on account of the possible

precipitation of earthy phosphates or other salts, under

some conditions. It is best to decolorize the urine with a

small quantity of powdered bone-black.

If albumen is present it must be separated by heating to

boiling with a slight excess of acetic acid, filtering, and

washing the precipitate.

Uric acid is probably the only body ordinarily present in

urine which reduces the copper solution. According to

many experiments of Neubaiier, the uric acid in normal

and diabetic urine has no appreciable effect on the results

of the copper test. When uric acid is present to an abnor-

mal amount, it may be removed by treating the solution,

previously diluted to contain per cent, sugar, with a slight

excess of basic lead acetate, filtering, adding a solution of

sulphurous acid until all lead is removed, and again filter-

ing. The clear lead-free filtrate may be used for the sugar
estimation.



CHAPTER XVII.

THE CHEMISTRY OF ANIMAL CHARCOAL.

Bone-Black Bone-Char Animal Char Animal Black

Kiiocherikohle, Gr. Charbon cPOs, Fr.

Composition. Animal charcoal is the carbonaceous

residue left by the distillation of bones in close vessels.

Dr. Wallace gives as the average composition of a good
char :

Carbon* n.oo

Carbonate of lime 8.00

Phosphates of lime and magnesia 80.00

Alkaline salts 40

Sulphate of lime 20

Oxide of iron 10

Silica... 30

100.00

* The carbon is much higher than that of the bone-black made in this

country.

The following analyses give a good idea of the composi-

tion of American chars :

These analyses represent chars of the best quality, in grains of medium
size.

+Alkaline salts, phosphates of lime and MgO, etc.

296
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Historical. The decolorizing power of animal char was

first noticed by Lowitz, but Figuier in 1811 proposed its

use as a decolorizer. In 1812 Derosne introduced it into

the sugar manufacture, and in 1821 Bussy and Payen

thoroughly investigated its properties and mode of action.

It was first used for sugar solutions on the large scale in a

state of fine powder, and consequently after one operation

it became useless for another. Dumont, however, in 1828,

made a great advance in the practical application of animal

black, by employing it in grains and filtering the sugar so-

lution through a column of it. Afterwards, the char was

submitted to a process of revivification by washing and

burning, essentially the same as practised at the present

time.

Mode of Action. The effects of animal charcoal on

sugar solutions may be classed under two heads, though
the physical action is the same in either case viz., the

removal of color, and the absorption of other soluble

matters. The two actions seem to be dependent to some

extent, and the color of the filtered solution is in most

cases a good index of the amount of purification effected,

though not always, for the coloring matter in sugar so-

lutions that have been much heated is entirely removed

with great difficulty, while the absorption of salts and

other matters takes place in a normal degree. Filhol gives

a table showing the decolorizing powers of various sub-

stances as compared with bone-black washed with hydro-

chloric acid, which is called 100 :
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The absorptive power of bone-black is owing to the pre-

sence of carbon in a minute state of division. The phos-

phate of calcium constitutes a framework, as it were, for the

carbon, and, after the calcination of the bones, remains in

a very porous condition
;
hence the lighter the char for a

given bulk the better it absorbs.

Presence of Nitrogen. The carbon contains from one

to one and a half per cent, of nitrogen, which diminishes to

about one-half per cent, when the char has been used some

time. This substance seems necessary for the decolorizing

effect, as no vegetable charcoal destitute of nitrogen has

the same properties. Nitrogenous chars prepared in dif-

ferent ways have the property of absorbing color in va-

rious degrees. A table from Muspratt illustrates this :

Decol. Power.

Ordinary animal black *

" "
treated with hydrochloric acid... 1.6

Absorbing Power of Char. Brimmeyr's experiments,
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confirmed by Schultz, on the absorbing power of animal

charcoal, gave rise to the following conclusions : 1. The

absorptive power does not depend on the mechanical struc-

ture, but upon the amount of carbon contained. 2. Char

which has lost its power for absorbing one substance is

capable of taking up another body of a different chemical

nature. 3. The quantities of matter absorbed by bone-char

of various kinds are, when considered in relation to the

amount of carbon present, really equivalent, and probably

independent of the varying chemical nature of the ab-

sorbed substance. 4. Bone-char acts the quicker and better

the less its capillary structure has been altered by mechani-

cal or chemical means.

The following analyses, taken from actual work in a

sugar refinery, show the absorptive action of char for solu-

ble impurities :

*
43.82 per cent absorbed. t 43-75 per cent, absorbed.

Walkoff *
gives an admirably clear, graphical representa-

tion of the progress of a filtration, showing the absorption

of alkalies and coloring matter, and the progressive purifi-

cation of the sugar solution (Fig. 40). The perpendicular

* Traite Complet, tome ii. 191.
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lines show the hours of filtration, and the others the rela^

tive proportion of sugar in dry substance, alkalinity, and

decolorization during the progress of the operation.

Absorption of Salts and Organic Matters. The

soluble substances taken up by char are either organic or

mineral, the former consisting of gums, coloring matter,

albumen, etc., and the latter of inorganic bases combined

with organic or mineral acids. The organic bodies, nota-

bly albumen, are retained by the char with great tenacity,

so that long washing with hot water, or even steaming,

Fig. 40.

I

fails to remove all of the absorbed material
;
some inor-

ganic salts are also obstinately retained. The soluble mat-

ters submitted to the action of the char are taken up in

varying amount, depending on the nature of the body.
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Walkoff,* working with weak solutions of potash and soda

salts, arrives at the following results, the conditions being

the same in all experiments, and the temperature 15 C. :

Per cent,
absorbed.

Potassium hydrate (at 60 C.).. 13.5
"

(ati5C.).. 16.6

carbonate 25.0

phosphate 30.7

nitrate 6.5

chloride 3.0
"

1-3

citrate 12.2

sulphate 22.4

Per cent,

absorbed.

Sodium carbonate 24.

(at6oC.).. 18.3

phosphate 32.3

28.0

nitrate 5.0

sulphate 20.4

Magnesium sulphate 49.0

Sodium chloride. . I.

Bodenbenderf has also examined the subject and ex-

tended the research so as to include salts of organic acids.

In the table, under I. are included dilute solutions of the

salts, with 5 per cent, of cane-sugar added, and under II.

more concentrated solutions without sugar :

The absorbing powers of char for different alkaline salts

were found to be in the following order, commencing with

the weakest : Potassium chloride, sodium chloride, potas-

Traiti Complet, tome ii. 200. f Slammer's Jahresb., x. 239.



REVIVIFICATION. 303

slum nitrate, sodium nitrate, potassium acetate, sodium

acetate, potassium sulphate, sodium sulphate, magnesium

sulphate, potassium carbonate, sodium carbonate, and so-

dium phosphate.

The amount of purification effected by char in a sugar

solution is directly as the amount of the former used to a

given weight of sugar, as the temperature, and as the time

which the solution is in contact with the coal.

Marks of a Good Char. Good animal charcoal has a

dull black color, without presenting any appearance of in-

cipient fusion on the surface, and does not contain an

undue proportion of cellular particles, which come from

small and inferior bones, and have by no means the deco-

lorizing effect of the char made from the large bones. It

should adhere ptrongly to the tongue, and not contain

much fine powder, but be hard and tough to resist the great

wear to which it is subjected during filtration and revivifi-

cation. The size is regulated by the density and tempera-

ture of the liquor to be filtered.

Revivification. After bone-char has served the pur-

poses of filtration, water as hot as possible is run in at the

top of the filter, which displaces in part the sugar solution

remaining in contact with the char, and at the same time it

mixes with the rest, forming a dilute solution of sugar and

the impurities taken up from the liquor ;
this dilute solu-

tion is known as " sweet water." By the action of the

heated water the char gives up the greater portion of the

absorbed matter, which goes in part to the sweet water and

the remainder to the "waste water" which is the wash-

water that no longer contains sufficient sugar to make it

profitable to save. The "sweet water" is generally boiled

down with one of the lower products, and should on no ac-
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count be used to dissolve comparatively pure raw sugars

for refining.

From the above it follows that the purification of sugar
solutions by bone-black consists in removing the impuri-

ties from the first products, but, instead of eliminating

them entirely, adding a large portion of them to the lower

or half-refined products, where their injurious influence

comes less into play.

The second step in the revivification consists in heating
the washed char in closed retorts, out of contact with the

air, at a sufficiently high temperature to perfectly carbon-

ize any organic matter remaining in it, and to bring the

char back to the physical condition in which its absorbing

properties are exerted to their fullest extent.

Alteration by Use. The following analyses, taken

from actual work, show the progressive changes that have

taken place in bone-black used in a refinery where raw su-

gars from the cane were worked :
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An examination of the table shows that the char by use

undergoes a change, which will be examined seriatim in

relation to the various constituents of the black.

Carbon increases owing to the fact that some organic

matters absorbed are held with great tenacity, and no prac-

tical amount of washing is sufficient to remove all traces of

these bodies. The consequence is that, in the burning in

the process of revivification, the residual organic matter is

carbonized in the pores of the coal, and, instead of increas-

ing the decolorizing effect of the coal, the opposite is the

case, as a quantity of inert non-nitrogenous carbon is de-

posited in the body of the grain, making it more dense and

decreasing the amount of cellular surface. A large per-

centage of carbon in a new char is often a mark of poor

quality, being caused by imperfect and insufficient burning

of the bones. As a rule old and new char may be distin-

guished by the proportion of carbon contained.

Carbonate of Lime. The tenor of this salt is rapidly

reduced when the char is first used for filtration, and then

generally remains stationary for a long time at from 4.50

per cent, to 3.50 per cent., but finally, in very old chars,

the percentage may be lowered to less than the last figure ;

in this case there is too little of the salt for normal work-

ing. Its office is mainly to ensure neutral liquors by satu-

rating any free acid which may exist in the solution, or

may be formed by the lactic-acid fermentation, where the

temperature of filtration is too low. As the solutions ought

always, whether in filtering or washing, to be not lower

than 180 F., there can be no danger of this fermentation

so long as this condition is complied with. By taking

proper care to have the raw liquor sufficiently limed,

and the temperature high enough in the filters, the amount
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of carbonate of lime in the char will remain high enough
almost indefinitely.

In the beet-sugar manufacture, where the liquors and

juices often contain a large excess of caustic and other

lime-salts, the percentage of carbonate is apt to be high

rather than low. It has in that case to be removed by-

treatment with hydrochloric acid. An excess of the car-

bonate is injurious to the char in the same way as is any
other insoluble inert body, which stops up the pores and

reduces the available filtering surface. Hard water con-

taining much carbonate of lime is not suitable for washing

char, as the lime-salt is retained.

Alkaline Sal+s. These consist largely of ammoniacal

compounds, and are only found in considerable quantity in

new char. If suffered to remain they go into the liquor

and act injuriously by their melassigenic properties. On
this account new char should be thoroughly washed and

burned before using.

Sulphate of Lime. This salt acts by filling up the

pores of the coal, and may be derived from the sugar treat-

ed or the water used in washing the char
;

it is strongly re-

tained by the char, but thorough washing is the remedy in

this as in many othex cases.

Iron is a highly injurious body, and is derived from the

sugar treated or from rusted, insufficiently-painted filters

and piping, and also from the retorts of the kilns in which

the black is burned. When existing in the char it is sure

to get into the filtered liquors, and especially the sweet

waters, more particularly when they are a little acid. It

accumulates in the yellow sugars or lower products of the

refiner, giving them an undesirable dull grayish cast which

greatly lowers their marketable value. Such sugars also
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darken tea to which they are added, by the formation of

tannate of iron. All new black purchased for refining pur-

poses should carry very low percentages of iron.

To prevent iron from getting into the char in the course

of manufacture, the filters should be well scraped and paint-

ed as often as is necessarj^ and the liquors should be neu-

tral.

Insoluble matter which resists the solvent action of

strong acids on the char consists partly of quartz, sand, or

clay which in moderate amount is not objectionable and

also of hydrated silica derived from weak sugar solutions

that have soured and precipitated the dissolved silica.

This is caught in the char, and acts in the manner of sul-

phate of lime or other finely-divided matters.

Sulphide of calcium is apt to accumulate in char that

has been used some time and which contains much sul-

phate of lime. The sulphate is reduced in contact with

the organic matter or carbon in the reburning of the char,

forming the soluble sulphide which goes into the liquors.

Sulphide of calcium, coming in contact with the iron in the

liquors, strikes a yellowish green color, which develops,

even after the solution has run off the coal, from the forma-

tion of ferrous sulphide, and very seriously interferes with

the operation of making salable sugars, especially for the

lower products. Calcium sulphide is one of the worst im-

purities that can exist in bone-black used for purposes of

filtration, and any sample containing more than a very small

quantity will fail to give a satisfactory working on the

large scale. In contact with an acid sugar solution sul-

phide of calcium also gives off hydrosulphuric arid, which

at favorable temperatures is believed to predispose the su-

gar solutions to fermentation. In the series of analyses
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given on page 305, the last, showing .41 per cent, of calcium

sulphide, represented char which was rejected as being no

longer fit for filtration, and chiefly owing to presence of the

sulphide.

Nitrogen appears to greatly aid in the decolorizing ac-

tion of the carbon in animal black, and, as a rule, the

higher the amount the better the char.

It is often a question submitted to the chemist as to

whether a given char is so far exhausted as to decolorizing

properties that it would be desirable to replace it with

new. Many things have to be considered in this relation,

the chemical analysis alone not always being a sufficient

guide, as chars which analyze poorly sometimes decolorize

very well. No general rule can be laid down for the mat-

ter, and the chemist will have to rely largely upon the re-

sults obtained in working on the large scale with the black

in question, extending over a sufficient length of time, and

including all the necessary analytical details
;
above all,

reliance should be placed on his general experience gained

in this special department.

There is appended a series of analyses of bone-blacks, I.*

showing both old and new chars, and II. f char of English

and American origin that has been used in filtration :

* Maumene, Traite Complet. \ W. Arnott, Amer. Chemist, i. 216.
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I.

II.



CHAPTER XVIIL

The Analysis of Animal Charcoal.

ESTIMATION OF WATER.

DRY for two hours at 140 C. The sample should not

be powdered.

ESTIMATION OF CARBON.

Dissolve four or five grammes of the finely-powdered

char in about 35 c.c. of pure hydrochloric acid diluted with

its bulk of distilled water
;
heat on a water-bath in a flask

or beaker-glass for half an hour, with frequent agitation,

until the soluble part has all been taken up. Dilute to

about 200 c.c. with hot distilled water, allow to settle, and

pour on a filter that has been previously washed with di-

lute acid dried at 100 and weighed. When
F

.

the liquid has all filtered, add more hot water

to the flask, shake well, allow to subside, and

pour off the clear solution from the undis-

solved matter
;
add water to the flask a third

time, with a little hydrochloric acid, and

transfer the carbon to the filter in the usual

way. Continue the washing on the filter

with hot water, at first acidulated, and final-

ly with pure water, until the washings have no longer an

acid reaction, or a drop, when evaporated on platinum foil,

leaves little or no residue. Dry the filter at 100 until it

311
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ceases to lose weight, the weighing being performed in the

same vessel (watch-glasses or a weighing-flask, Fig. 41) in

which the filter had been previously tared. After the

last weighing, transfer the filter with the carbon to a

weighed crucible, burn off the carbon, and reweigh. The

residue in the crucible, after the subtraction of the fil-

ter ash, constitutes the insoluble residue, which, taken

from the last weight at 100, gives the amount of pure

carbon.

Example :

Amount of char taken 4.500 grammes.
Residue + weighing-flask + filter at 100. 20. 570 "

Weighing flask + filter at 100 20.150 "

Carbon + insoluble matter 420 "

Insoluble matter 019 "

Carbon 401 "

Crucible after ignition 15.140 "

" 15.120 "

.020 "

Filter-ash 001

Insoluble matter 019 "

.401 X 100
.

gQ
= 8.91 per cent, carbon.

01 Q V 100^ =.42 per cent, insoluble matter.
4.50

Note. Char should be weighed in a close vessel for pur-

poses of analysis, either between watch-glasses or in a

weighing-flask, as, according to the state of the atmosphere,

or the amount of water in the char itself, there will be a
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gain or loss during the time necessary to take an accurate

weight.
Fig, 4*.*

ESTIMATION OF CARBONATE OF LIME.

For work where ordinary accuracy is required, this esti-

mation had best be performed according to Scheibler's

* The author is indebted to Messrs. Elmore & Richards, of New York, for

the above engraving.
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process.* The results for low percentages are accurate

enough for all technical purposes. We give Scheibler's

description. The apparatus is represented by Fig. 42, and

consists of the following parts :

1. The evolution-flask A, in which the assay is acted

upon by hydrochloric acid, which is placed in the rubber

tube S. The glass stopper of A is perforated, and carries

a tube, to which is joined a rubber tube, r, connecting A
with B. The latter has a gum stopper fitted with three

glass tubes
;
the one joined to r extends a short distance

into the vessel, and has fastened to it, by the neck, a thin

caoutchouc bag, K, capable of being easily distended by a

slight pressure ; q is closed by a pinchcock while the estima-

tion is being made, and serves to bring B into communica-

tion with the air when necessary. The glass tube u also

passes through the stopper of B and connects with

(2) The graduated tube C, which is divided into twenty-

five equal parts (about 4c.c. each), each division being sub-

divided into tenths. The lower end of this is in communi-

cation with

(3) The straight control-tube D, open at the upper end,

and at the lower having a tube of smaller calibre passing to

the bottom of the two-necked flask E, as shown in the fig-

ure, the connection between the two being regulated by the

pinchcock p. E is the reservoir for the water, and C and

D are filled from it by pressure exerted by the breath of

the operator through #, the cock p preventing the reflux of

the water. C, D, and u are fastened to an upright board

by suitable means, and the bottles are supported on a shelf

fastened to the upright board.

* Stammer's Jahresb., 1861-2, 244.
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In addition to the apparatus, the following requisites are

necessary to the performance of the test :

1. A normal weight of 1.702 grammes.
2. A centigrade thermometer graduated from 12 to 30.

3. Diluted hydrochloric acid of specific gravity 1.120.

4. A solution of chloride of copper.

5. A solution of ammonium carbonate.

For the execution of a test the normal quantity of pulver-

ized char (1.702 grammes) is placed in A, which must be dry,

and the tube S, filled with acid to the mark, is carefully

placed in the bottle. E is then filled with water, and

the operator forces the liquid into D and C until it reaches

a little above the zero-point in C, when it is allowed to flow

out by opening p until the level in C is at 0. Care must

be taken that the water is not caused to overflow into B,

for in that case the apparatus would have to be taken

apart and dried. The stopper being now placed in A, a

connection with B is made by the tube r. If the level of

liquid in D and C are then unequal, the equality may be

restored by opening the cock q for a few seconds, and

which for the rest of the operation remains closed.

The test may now be proceeded with. The vessel A is

held, as shown in the cut, so that the acid may come in con-

tact with the char, and the bottle gently shaken to cause

the acid to thoroughly mix with the assay. The pressure

of the gas evolved distends the rubber bag and depresses

the column of water in C. The cock^> is now opened to let

the water in D flow out, the operator aiming to keep the

level in C and D as near the same as possible during the

progress of the determination. When all the gas has been

given off, and the level of the liquid in C becomes station-

ary, p is closed after bringing the water in D to the same
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level as that in C, and the volume and temperature

read off.

New char sometimes contains a small quantity of caustic

lime. When this is the case the finely-powdered char

before being tested is evaporated on the water-bath, after

being thoroughly moistened with a solution of carbonate

of ammonia.

The presence of sulphide of calcium in char introduces a

slight eiTor in this method, as it is decomposed in contact

with the acid, setting free sulphuretted hydrogen, which

would be reckoned as carbonic acid gas. This difficulty

may be met by the addition of a small quantity of cupric

chloride to the acid used.

The apparatus should be placed in a position where the

temperature is as equable as possible. The estimation is

made in duplicate, and the average taken as the true result.

The following table gives the percentage of carbonate of

lime from the volume and temperature readings :
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An example will show the use of the Jable : A sample of

char gave a volume of 15.4 at 25 C.

15.0 volumes = 14.27 at 25

.4
" == .37 at 25

14.64 per cent, calcium carbonate.

The carbonate of lime in animal black may be estimated

very accurately by several processes depending upon the

expulsion of the gas, determining the weight lost, and cal-

culating the carbonate of lime from the carbonic acid lost :

COa X 2.2727 = carbonate of lime. For details of these

and other methods the reader must be referred to standard

works on analytical chemistry.

Calculation for Removal of Carbonate by Acid.

In the beet-sugar manufacture, and in refining where the

water used for washing the char is very hard, calcic carbo-

nate accumulates in the char to an abnormal extent, and it

is often desirable to remove the excess by washing with

hydrochloric acid. Taking 7 per cent, as the normal

amount, Scheibler has given a table whereby the amount

of hydrochloric acid of any strength required to reduce the

carbonate to the prescribed limit may be calculated :
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Example : A char contains 12.30 per cent, calcic car-

bonate, and the acid at command has a density of 1.166, or

20 B. Now, 12.30 7.00 = 5.30 per cent, carbonate to be

removed. From the table we find

5.0 parts CaCO 3 require 11.40 parts acid,

.3
" " "

.68
"

12.08 parts, of sp. gr. 1.166,

or, in a ton of 2000 Ibs. of char,

2000 X 12.08 per cent, = 241 Ibs. of commercial acid of the

indicated strength.

ESTIMATION OF CALCIC SULPHATE.

For this and the succeeding determination the char

should be very finely pulverized and passed through an 80-

mesh sieve. Twenty grammes are taken, placed in a porce-

lain dish on a water-bath, moistened with distilled water,

80 c.c. of pure concentrated hydrochloric acid added, and

the whole heated for an hour with frequent stirring. At

the end of that time the semi-fluid mass is washed into a

250-c.c. flask, diluted to the mark, and the mixture filtered.

To 200 c.c. of the clear filtrate, corresponding to 16 grammes
of the original substance, is added, in the heat, its bulk of

water, together with a slight excess of barium chloride, and

allowed to stand at rest from six to twelve hours. The

precipitated barium sulphate is now filtered from the clear

solution, and, after washing two or three times with boil-

ing water in the beaker, is treated with about 5 c. c. of a

strongly acid solution of ammonium acetate, heated for five

minutes, diluted with boiling water, and the precipitate and

fluid transferred to the filter. After a further washing, the
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filter is dried and the weight of the barium sulphate deter-

mined in the usual manner.

Barium sulphate X .58324 = calcium sulphate.*

ESTIMATION OF CALCIUM SULPHIDE.

Twenty grammes of the finely-powdered char are treated

in a porcelain dish on a water-bath, after first moistening

with water, with 40 c.c. of fuming nitric acid free from

sulphuric acid, added in small portions at a time to pre-

vent too violent a reaction. The mixture is heated, with

frequent stirring, for half an hour, when 40 c.c. of pure con-

centrated hydrochloric acid are added gradually, and the

whole kept heated, with stirring as before, for twenty min-

utes longer. The contents of the dish are now transferred

to a 250-c.c. flask, and when cold the fluid is diluted to the

mark and filtered
;
200 c.c. of the filtrate, corresponding to

16 grammes of char, after dilution with an equal volume

of water, are treated with a slight excess of barium chlo-

ride, and the amount of sulphate formed determined as in

the estimation of calcium sulphate.

It is of the first importance that, in this and the preced-

ing estimation, the reagents used should be absolutelyfree

from sulphur in anyform.
For the calculation of the results, the amount of the ba-

rium salt found in the determination of calcic sulphate is

subtracted from that as obtained above, and the remainder

* The error owing to the volume occupied by the undissolved carbon has

been experimentally proved to be without sensible effect on the results, and

likewise that from the slight solubility of barium sulphate in a liquid contain-

ing a considerable amount of free hydrochloric or nitric acids.



322 ANALYSIS OF ANIMAL CHARCOAL.

is the barium sulphate corresponding to the calcic sul-

phide :

Barium sulphate X . 3089 = calcic sulphide.

Example: 10 grammes of char containing .50 per cent,

sulphate of lime, when treated for the estimation of sul-

phide, gives .230 gramme BaSO4 . Now, the barium sul-

phate from the calcic sulphate would be

10.000 X .0050 .050 gramme CaSO4 ,
and

05 =. 0857 gramme BaSO4 .

.58324

.2300 .0857 = .1443 gramme BaSO4 ,

furnished by the oxidation of the sulphide ; hence,

/.1443 X .3089

TO
X 100 == .445 per cent. CaS.

lies and Fahlberg's* method, though more tedious in

execution than the above, gives very good results

ESTIMATION OF CALCIC PHOSPHATE.

About one gramme of the powdered char is ignited in a

crucible until the carbon is burned off
;
the residue is then

dissolved in 50 c.c. pure nitric acid, and the solution made

up with water to 100 c.c.
;
25 c.c. of this solution is taken

and treated gravimetrically by precipitation with molyb-

denum solution, or by the volumetric method with ura-

nium acetate. For details of these methods the reader is

referred to Fresenius's or other standard works on analyti-

cal chemistry.

* Ber. Chem. Gesell., 1879, xi. 1187.
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This determination is rarely necessary, except upon the

exhausted char, when it is desired to estimate its value for

fertilizing purposes.

ESTIMATION OF THE IRON.

The iron may be determined in the filtrate from the car-

bon, or from an ignited portion of the char, dissolved in

strong hydrochloric acid. When the tenor of the iron is

very low about 10 grammes should be taken for the assay.

To the strongly acid solution, platinum foil and a piece of

iron-free zinc are added to reduce the sesquioxide to protox-

ide. When the liquid no longer gives a red coloration with

a drop of ammonic sulphocyanate solution, the reduction is

complete. The iron in the ferrous condition is then deter-

mined by a standard solution of potassium permanganate.

Preparation of the Standard Solution. This solu-

tion is prepared by dissolving about 2j- grammes of the

crystallized salt in water and diluting to one litre. To find

the exact amount of iron that the solution is equivalent to,

1.500 grammes pure crystallized oxalate of ammonia are dis-

solved in water, and the solution made to 250 c.c.; 50 c.c.

of this are taken, diluted with the same bulk of water,

about 5 c.c. of pure concentrated sulphuric acid added, and,

after warming to 60, the permanganate solution from a

burette is run in. At first the color does not disappear

rapidly, but this soon alters, and as the liquid to be stan-

dardized is dropped in the color becomes instantly dis-

charged as long as any of the salt remains unoxidized.

As soon as the color becomes permanent, and the solution

is of a very faint rose-color, the end point of the reaction

is attained ;
71 parts of ammonic oxalate are equivalent to

56 parts of iron.
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Example: 1.620 grammes oxalate of ammonia was dis-

solved to 250 c.c., and 50 c.c., equal to .340 gramme of the

salt, taken for the titration, which required 42 c.c. of the

permanganate. Hence 42 c.c. is equivalent to .340 gramme

oxalate, or

71 : 56 : : .340 : x = .2682.

^ = .006385 gramme iron for 1 cubic centimeter of the
42

standard solution. The standardizing should be done in

duplicate.

Pure metallic iron in the form of pianoforte-wire may be

used in the place of the ammonic oxalate, by the solution

of a weighed portion of it in pure sulphuric acid in an at-

mosphere of carbonic acid or steam to prevent oxidation.*

ESTIMATION OF SOLUBLE MATTER,

To 25 grammes of the finely-powdered char are added

200 c.c. of warm water (not above 65), and the mixture

allowed to stand for a half-hour, with frequent agitation.

The insoluble matter is allowed to settle, the clear liquid

poured off through a filter, and about 100 c.c. more of wa-

ter added to the residue, which is treated as before, but for

a shorter time, and, after settling, the supernatant liquid is

filtered. The washing is repeated once more, the undis-

solved residue, together with the liquid, is transferred to

the filter, and the insoluble matter remaining on it is

washed until free from anything soluble. The combined

* Chlorine is set free when permanganate is added to a solution containing

hydrochloric acid, which tends to introduce an error in the results of iron de-

terminations made under such conditions. For the small amounts of iron in

bone-char, however, the influence of this error in the above estimation may be

altogether neglected. (See Fresenius' Quant. Analysis, Am. ed., 198.)
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filtrates are evaporated in a platinum dish over a water-

bath to dryness, with the addition of sufficient hydrochlo-

ric acid to give the solution a faint acid reaction, in order

to prevent the escape of ammonia as carbonate and sul-

phide. The addition of the acid alters the combination of

some of the bodies present, but the error introduced is

slight.

The weight of the dried residue is the total soluble mat-

ter. After the last weighing the dish is ignited only for a

time sufficient to burn off the carbon, and the inorganic re-

sidue constitutes the soluble mineral matter
',
while the dif-

ference between this and the total is the organic soluble

matter.

W. Thorn* determines the organic matter in char by

taking 50 grammes, heating with 25 c.c. soda-lye of 1.4 sp.

gr. and 200 c.c. of water, and washing out the yellow solu-

tion with hot water. The alkaline solution obtained is su-

persaturated with sulphuric acid and titred with solution

of potassium permanganate ;
5 parts of organic matter =

1 part of salt, or 1 c. c. of normal permanganate solution

.158 gramme organic matter. This process may give good

comparative results.

ESTIMATION OF SUGAR.

One hundred grammes of powdered char are heated with

two or three times its weight of hot water for a half-hour,

with occasional shaking ;
the clear solution, after settling,

is filtered and the washing repeated twice
;
and finally the

residue is brought on the filter and further washed until all

soluble matter is removed. The filtrates are evaporated on

*
Wagner's Jnhresb., 1875, 812.
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a water-bath, in a porcelain dish, to about 80 c.c., caustic

alkali being added to very slight alkaline reaction. The

solution, after cooling, is made up to 100 c.c., and polarized

after the free alkali has been saturated by acetic acid. If

the amount of sugar is too small for the saccharimetric test,

resort must be had to the inversion method, which is more

accurate in this case and should be generally preferred.

When this method is used the liquid may be evaporated

with the addition of hydrochloric acid to invert the sugar,

and the invert-sugar formed estimated by Fehling's me-

thod, either gravimetrically or volumetrically. When the

char is properly washed the amount of sugar remaining in

it is extremely small, and cannot be estimated by the po-

larimetric method.

ESTIMATION OF SPECIFIC GRAVITY.

1. Apparent Specific Gravity. This is simply a com-

parison of the weight of equal volumes of water and char.

The determination is made by filling a tared half-litre flask

with char, accompanied with a gentle shaking, and taking

the weight, which, after subtracting that of the flask, gives

that of the half-litre of char. This divided by the weight

of the same volume of water gives the apparent specific

gravity.

This determination is of little use in estimating the

value of char, unless the size of the grains in each sample

compared is the same, and also that all conditions of the

experiments are similar, such as the amount of shaking,

etc. The apparent specific gravity is often expressed in

another form as the weight of one cubic foot of the mate-

rial
;

it may be calculated by the formula
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p== W X 28.315

453.6

in which P equals the avoirdupois pounds in one cubic foot,

and W the weight in grammes of one litre.

2. Absolute or Real Specific Gravity. Place 50

grammes of the char in a tared 100-c.c. flask partially

filled with distilled water, boil for some minutes to free

from air, fill to 100 c.c. after cooling, and weigh. The cal-

culation is illustrated by an example :

Char + flask + water 180 grammes.
Char (50 grammes), flask (55 grammes). 105

Water 75 "

As the flask without char would hold 100 grammes of

water, 25 grammes must have been displaced by char;
hence

g = 2.000 sp. gr.

The sp. gr. thus obtained is independent of the pores in

the coal, and hence the greater the density, other things

being equal, the poorer the quality of the char.

ESTIMATION OF THE ABSORPTIVE POWER.

I. The Absorptive Power for Color and Soluble

Matter tletermiiied on the Large Scale (by Stam-

mer's colorimeter, Fig. 33).

For this purpose the sugar solution is compared before

and after filtration. The color of the liquors referred to the

sugar present, is determined according to directions given
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in chap. ix.
;
the difference in the solutions, before and after

filtration represents the color absorbed. The amount of

organic matter and salts taken up is also determined. It

is essential, in order that these results should be of any

value, that an average sample of each liquor should be ope-

rated upon, and it should be especially assured that no
" sweet water" or syrup foreign to the liquors under ex-

amination be allowed to mix with them. The following is

an example taken from actual working :

An estimation made as the above, if from correct samples,

is of great value in forming an opinion as to the condition

of the char in actual use, and should never be neglected

where ifc is practicable to make it.

II. Estimation of the Decolorizing Power in the

Laboratory. This method has to be resorted to in the

examination of char for purchase, or when a comparatively

small sample is at the disposal of the operator. Dilute any

sample of dark-colored molasses or syrup with five times

its weight of water, and determine the color of the solution

by the colorimeter. Next weigh 1 00 grammes of the coal

to be examined, place it in a flask with 300 c.c. of the dilute
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sugar-liquor, heat on a water-bath to 100 for one hour,

shaking at intervals, filter, allow to cool, make up any
loss by evaporation by adding water, and observe the color

again. The difference before and after this treatment re-

presents the decolorizing power of the char. Example :

Before filtration 28

After "
18

10

= 35.70 per cent, of the original color absorbed.
&0

It is important that the conditions in all respects should

be the same, in this determination, when made at different

times and on different samples. A well-defined method of

procedure should be laid down, not to be varied from in any
case, as the char should always be used of one degree of

fineness, and the sieve used to bring it to that if necessary ;

the dilution and composition of the sugar-liquor should be

as nearly as possible the same, as wrell as the proportion by

weight of char to volume of liquor employed, degree of

heat, time of the experiment, amount of shaking, etc.

ESTIMATION OF THE COLOR WITH DTJBOSCQ'S COLORIMETER.

A A' are two glass cylinders with plane bottoms (Figure

43), one of which is destined to receive the solution to be

examined, and the other the standard liquor. Two tubes,

B B', of small diameter, closed at the lower ends by glass

plates, and capable of upward and downward motion by
means of a rack and pinion, are placed behind the instrument

on the upright support. Each pinion has a pointer, which

measures upon the divided scale the respective distances



330 ANALYSIS OF ANIMAL CHARCOAL.

between the bottoms A A' and B B'. The upper part of

the instrument carries a system of prisms and a small tele-

scope, D, which enables the operator to see the relative color

of the solutions under examination after the manner of

Stammer's colorimeter. A movable mirror placed at E

throws the light through the solutions. In the form of the

F'g- 43-

apparatus shown the light reflected from E had a tendency

to enter the tubes out of the exact centre. To remedy this

Duboscq has lately made an improvement which consists
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in interposing between the mirror and the bottom of the

tnbes a system of two birefrigerent prisms, joined together

at their bases so that the line of contact is exactly between

A A' extended.

The type-liquor is made by dissolving two grammes of

caramel in water and diluting the solution to one litre.

The caramel is prepared by heating refined sugar for one

and a half hours on a paraffin-bath at a temperature not

above 215. A little of the mass should be taken out at

the end of that time, inverted by heating with acid, and

tested with copper-liquor for sugar ;
if any is present the

heating must be continued until all the sugar has been de-

composed. The caramel should be preserved in a tight

bottle.

The use of Duboscq's colorimeter is as follows : Of raw

sugar or syrup a known weight is dissolved in water, and

the solution made to 100 c.c. and observed in the instru-

ment. At the commencement of the experiment B B'

should stand at the same height, A' being filled with the

type liquor and A with the sugar solution to be examined.

If the colors of the luminous field of the apparatus appear

unequal on either side of the vertical line, A is elevated or

depressed by its appropriate pinion until equality of tint is

obtained. The relative heights of the two columns of col-

ored solution is measured in millimetres on the back of the

instrument. The proportion of caramel or coloring matter

is in inverse ratio to the heights of the liquid columns.

Thus the standard caramel solution contains in 100 c.c.

.200 gramme caramel, from which datum the percentage of

coloring matter in a sugar solution of known strength may
be readily calculated. Example : The heights of the liquid

columns as measured on the scale are 20 mm. for the stan-
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dard and 40 mm. for the solution to be compared ; then, as

100 c.c. of the former contain .200 gramme caramel, we have

20 : 40 : : x : .200 = .100 gramme

coloring matter in 100 c.c. of the solution tested, which

divided by the amount of the original substance in 100 c.c.

gives the percentage.

To test the decolorizing power of char by Du-

boscq's Method, a weighed portion of the char is mixed

with a known volume of the type-liquor and heated for a

half or one hour, with the precautions as to the relative

conditions of experiments mentioned on page 329. The

difference in color before and after decolorizing shows, by
a calculation similar to the one above, the actual amount

of caramel removed.

Duboscq's process may be used with Stammer's instru-

ment, and, in as far as it relates to the decolorizing power
of char, Duboscq's is theoretically a better method than

Stammer's, because the type-liquor is of supposed constant

composition in the former, thus approaching an absolute

standard, while with the latter a solution of constant color

or composition cannot always be had. Unfortunately for

the accuracy of Duboscq's process, it is practically exceed-

ingly difficult, if not impossible, to prepare the standard

caramel solution at different times having exactly the same

tinctorial power. This fault in the method does not, how-

ever, affect the general usefulness of the colorimeter as a

measurer of color in sugar solutions.

CORENWINDER'S METHOD FOR ESTIMATING THE ABSORBING

POWER OF CHAR BY A SOLUTION OF CALCIC 8UCRATE.

To prepare the sucrate solution, dissolve 125 grammes of



THE POTASH TEST. 333

sugar in 600 to 800 c.c. of water, add 15 to 20 grammes
caustic lime, boil five minutes, allow to cool, and make to

one litre. To 100 c.c. of this solution 50 grammes of the

char to be examined are added, and the whole left to stand

for an hour, with frequent agitation, and then filtered.

When the operation is finished, a part of the lime salt is

absorbed, and this is to be estimated. By determining the

amount of lime by standard nitric acid in 50 c.c. before and

after the action of the char, the desired result is obtained.

(See estimation of alkalinity, page 258.)

TEST TO DETERMINE THE COMPLETENESS OF WASHING AND
BURNING.

This is by boiling for a few moments small portions of

the char with solutions of sodium or potassium hydrate of

20 B. A yellow or brown color shows the presence of or-

ganic matter, and the greater the amount the greater the

intensity of the color. The char, if properly burned, will

give no reaction by this test, while the simply washed but

unburned article should not give more than a lemon-color

for ordinarily good syrups filtered, or a somewhat darker

color for lower products.

One circumstance may render the indications of the above

test fallacious that is, when iron and sulphide of calcium

are present in the char to a considerable extent, as often

happens in old chars, they act upon each other in the pre-

sence of caustic alkali, producing a yellowish or greenish

tint in the solution, due to the formation of ferrous sul-

phide. This indication may be distinguished from that of

the simple action of alkali on organic matter by the ten-

dency of the solution in the former case to acquire a tint
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of green on standing, and by the fact that the reaction

readily takes place in the cold. Char capable of giving a

decided green color under the above circumstances gene-

rally carries a high percentage of the sulphide, and is en-

tirely unfit for the best uses (page 308).
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NOTE

CONCERNING THE ACTION OF THE ORGANIC MATTER NOT

SUGAR OCCURRING IN CANE AND BEET PRODUCTS, ON

ALKALINE SOLUTION OF COPPER OXIDE.

It has been asserted that the organic matters present in

impure commercial sugars and syrups have a considerable

reductive effect on the copper solution employed in Fehl-

ing's method and its various modifications for the estima-

tion of invert-sugar. To avoid this supposed source of

error, it has accordingly been recommended that sugar

solution before testing, should be treated with excess of

basic lead acetate, filtered, the metallic salt remaining in

solution precipitated with sulphurous acid, and the result-

ing liquid after filtering again, used for the sugar deter-

mination.

In order to prove whether the organic matters acted

as asserted with Fehling's solution, the author has

made some experiments on the most impure saccharine

material obtainable from a variety of sources. The

manner of conducting the experiments was as follows:

The hot solution of the substance operated upon was

treated with excess of basic lead acetate and the pre-

cipitate washed thoroughly with a large excess of hot

water. To be assured that no sugar should remain in the
3C5



336 APPENDIX.

precipitate as lead sucrate, the washed magma, after diffu-

sion through water, was saturated with carbonic acid by

allowing the gas to bubble through the diffused mass for

six or eight hours, or longer. After this treatment the

precipitate was again well washed, and then, after mixing

with water, decomposed by sulphuretted hydrogen, the

lead sulphide filtered off, and the resulting dissolved or-

ganic matters evaporated to dryness at a gentle heat and

weighed. The substance thus separated was heated with

Fehling's solution (Violette' s), near the boiling-point, for

some minutes, the resulting cuprous oxide converted in cu-

pric oxide, and weighed, special correction being made for

the filter-ash (page 203).

The results are given below
;
.100 gramme organic matter

of the different origins given, caused the reduction of the

following amounts of copper oxide :

West India molasses 027 gramme CuO
Residual syrup from sugar-refining . . .030 " "

Beet-molasses 0124 " "

Muscovado raw sugar 0246 " "

Manilla " 0170 " "

.100 gramme invert-sugar reduces. . .2206 " "

In order to test whether any sugar might have been re-

tained in the precipitates before decomposition with lead,

a control experiment was made by adding tartrate of soda

and potash to a solution of pure invert-sugar, and precipi-

tating with basic acetate of lead. This produced a volumi-

nous precipitate similar to that thrown down from impure

sugar solutions. The tartrate of lead was treated in the

same manner as the compounds of lead and organic matter,
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as detailed above, and the tartaric acid obtained after the

decomposition with sulphuretted hydrogen was heated

with the copper solution.

.100 gramme reduced .002 gramme CuO.

From this it may be concluded that little or no sugar
was retained in the organic lead compounds operated

upon.

As a general result ol these experiments, it may be

proved by calculation that organic matters in impure su-

gars have too small an influence upon the results of the

copper test to make it necessary to remove them from the

sugar solutions in most cases. When the saccharine ma-

terial contains a considerable proportion of these com-

pounds, for very accurate work such removal may be

desirable.
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TABLES.

PARTIAL LIST OF THE ATOMIC WEIGHTS.



TABLES. 339

jo J3d 1L

o r o* u-v fi w oo

it till
co f i^txo^o o ci oocvo ? o ^
1 lltf 1 1 1 1111 11

JD Jd 59 lililillS If I

I3.i3d 09

jo jd Sfr

I H i f f * i rf 1 1 f i * f f ! I i S

^p rx. oo 9><>o>co iriw rxw * \o r-^ rx. r^, t>. vo vo MO
ts. ui ^) M o 5rN.tneoooo uSc5 o vo coQ^^^f^ t^^^^^S^-w'cyefcfwcTw'JTcyfPffffw Si S ci

g t I li H III I

I

>n ep O> N *
1 1 f 1 8 1 S * $

jo jad o BBScaffllf

jooadSc j f ? t ^?i Illlllittltll'iMiHiHi-ii-ifc-5OOOC)<5OOOOOOO

v S? flD V PC

ff ? t f i

tcr^o^eovo
M vo o o OVQ MOO M eoco^o i/- M

l^^^is^l?^l?io'ffl?^s

2 2 O H> 9 K V rM>-i2>vO * Hliiifiiisfsfifi

JD jado ooooooooooooooooo
O \n o *r> t*> ui O >^

K. t^ OO OS O>



340 APPENDIX.

III.

TABLE SHOWING THE RELATION OF TEMPERATURE, DENSITY, AND DEGREES

BAUME of SUGAR SOLUTIONS (FLOURENS).
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IV.

TABLE SHOWING THE RELATION OF DENSITY, DEGREES BAUME, AND BOILING-

POINTS OF SUGAR SOLUTIONS (FLOURENS).
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V.

BOILING-POINTS OF SUGAR SOLUTIONS (AFTER GERLACH).

VI.

VOLUMES OF SUGAR SOLUTIONS AT DIFFERENT TEMPERATURES (GERLACH).
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VII.

THE AMOUNT OF LIME CONTAINED IN MILK OF LIME OF VARIOUS DEN-

SITIES (MATEGCZEK).

VIII.

DENSITY OF LIME SUCRATE SOLUTIONS (PELIGOT).
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X.

TABLE SHOWING THE EQUIVALENCE OF THE Centigrade THERMOMETER

SCALE WITH THAT OF Fahrenheit.
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XI.

TABLE SHOWING THE EQUIVALENCE OF THE Fahrenheit THERMOMETER

SCALE WITH THAT OF THE Centigrade.
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XL (Continued. )

XII.

CHANGES IN VOLUME OF SUGAR SOLUTIONS WHEN DILUTED WITH WATER

(AFTER GERLACH).
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Abbott, A. V. The Electrical Transmission of Energy. Svo, *$^ oo

A Treatise on Fuel. (Science Series No. 9.). . i6mo, o 50
-

Testing Machines. (Science Series No. 74.) i6mo, o 50

Abraham, Herbert. Asphalts and Allied Substances Svo, 5 oo

Adam, P. Practical Bookbinding. Trans, by T. E. Maw i2mo, *s oo

Adams, H. Theory and Practice in Designing Svo, *2 50

Adams, H. C. Sewage of Sea Coast Towns Svo, *2 50

Adams, J. W. Sewers and Drains for Populous Districts Svo, 2 50

Adler, A. A. Theory of Engineering Drawing. Svo, *2 oo

Principles of Parallel Projecting-line Drawing Svo, *i oo

Aikman, C. M. Manures and the Principles of Manuring Svo, 2 50

Aitken, W. Manual of the Telephone Svo, *8 o )

d'Albe, E. E. F., Contemporary Chemistry i2mo, *i 25

Alexander, J. H. Elementary Electrical Engineering i2mo, 2 50

Allan, W. Strength of Beams Under Transverse Loads. ( Science Series

No. 19.) i6mo, o 50

* Theory of Arches. (Science Series No. n.) i6mo,

Allen, H. Modern Power Gas Producer Practice and Applications 12 mo, *2 50

Anderson, J. W. Prospector's Handbook 12 mo, i 50

Andes, L. Vegetable Fats and Oils Svo, *j 25

Animal Fats and Oils. Trans, by C. Salter Svo, *s oo

Drying Oils, Boiled Oil, and Solid and Liquid Driers Svo, *7 50
- Iron Corrosion, Anti-fouling and Anti-corrosive Paints. Trans, by

C. Salter Svo,
;: 6 oo

Oil Colors, and Printers' Ink. Trans, by A. Morris and H.

Robson * Svo, 3 oo
- Treatment of Paper for Special Purposes. Trans, by C. Salter.

i2mo, *3 oo

Andrews, E. S. Reinforced Concrete Construction iamo, 2 oo

Theory and Design of Structures Svo, } 50

Further Problems in the Theory and Design of Structures. .. .Svo,
; 2 50

The Strength of Materials Svo, 4 oo

Andrews, E. S., and Heywood, H. B. The Calculus for Engineers. i2mo,

Annual Reports on the Progress of Chemistry. Twelve Volumes now
ready. Vol. I., 190/1, Vol. XII

, 1914 Svo, each,
":: 2 oo
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Argand, M. Imaginary Quantities. Translated from the French by

A. S. Hardy. (Science Secies No. 52.) i6mo, o 50

Armstrong, R., and Idell, B . E. Chimneys for Furnaces and Steam Boilers.

(Science Series No. i.) i6mo, o 50

Arnold, E. Armature Windings of Direct-Current Dynamos. Trans, by

F. B. DeGress 8vo, *2 oo

Asch, W., and Asch, D. The Silicates in Chemistry and Commerce . 8vo, *6 oo

Ashe, S. W., and Keiley, J. D. Electric Railways. Theoretically and

Practically Treated. Vol. I. Rolling Stock i2mo, *2 50

Ashe, S. W. Electric Railways. Vol. II. Engineering Preliminaries and

Direct Current Sub-Stations i2mo, *2 50

Electricity: Experimentally and Practically Applied i2mo, *2 oo

Ashley, R. H. Chemical Calculations izmo, *2 oo

Atkins, W. Common Battery Telephony Simplified i2mo, *i 25

Atkinson, A. A. Electrical and Magnetic Calculations 8vo, *i 50

Atkinson, J. J. Friction of Air in Mines. (Science Series No. 14.) . . i6mo, o 50

Atkinson, J. J., and Williams, Jr., E. H. Gases Met with in Coal Mines.

(Science beries No. 13.) i6mo, o 50

Atkinson, P. The Elements of Electric Lighting I2mo, i oo

The Elements of Dynamic Electricity and Magnetism i2mo, 2 oo

Power Transmitted by Electricity i2mo, 2 oo

Auchincloss, W. S. Link and Valve Motions Simplified 8vo, *i 50

Austin, E. Single Phase Electric Railways 4to, *5 oo

Austin and Cohn. Pocketbook of Radiotelegraphy (In Press.)

Ayrton, H. The Electric Arc 8vo, 5 50

Bacon, F. W. Treatise on the Richards Steam-Engine Indicator . . i2mo, i oo

Bailey, R. D. The Brewers' Analyst Svo, *5 oo

Baker, A. L. Quaternions Svo, *i 25

Thick-Lens Optics i2mo, *i 50
Baker, Benj. Pressure of Earthwork. (Science Series No. 56.)...i6mo |

Baker, G. S. Ship Form, Resistance and Screw Propulsion Svo, *4 50

Baker, I. O. Levelling. (Science Series No. 91.) i6mo, o 50

Baker, M. N. Potable Water. (Science Series No. 61.) i6mo, o 50

Sewerage and Sewage Purification. (Science Series No. i8.)..i6mo, o 50

Baker, T. T. Telegraphic Transmission of Photographs i2mo, *i 25

Bale, G. R. Modern Iron Foundry Practice. Two Volumes. i2mo.
Vol. I. Foundry Equipment, Materials Used *3 oo

Vol. II. Machine Moulding and Moulding Machines

Ball, J. W. Concrete Structures in Railways Svo, *2 50

Ball, R. S. Popular Guide to the Heavens Svo, *5 oo

Natural Sources of Power. (Westminster Series.) Svo, *2 oo

Ball, W. V. Law Affecting Engineers Svo, *3 50

Bankson, Lloyd. Slide Valve Diagrams. (Science Series No. 108.) . i6mo, o 50

Barham, G. B. Development of the Incandescent Electric Lamp. ..Svo, 3 oo

Barker, A. F. Textiles and Their Manufacture. (Westminster Series.) Svo, 2 oo

Barker, A. F., and Midgley, E. Analysis of Woven Fabrics Svo, 4 25

Barker, A. H. Graphic Methods of Engine Design i2ino, 2 oo

Heating and Ventilation 4to, *8 oa
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Barnard, J. H. The Naval Militiaman's Guide i6mo, leather i oo

Barnard, Major J. G. Rotary Motion. (Science Series No. 90.) i6mo, o 50

Barnes, J B. Elements of Military Sketching i6mo, *o 60

Barms, G. H. Engine Tests 8vo, *4 oo

Barwise, S. The Purification of Sewage i2mo, 3 50

Baterden, J. R. Timber. (Westminster Series.) 8\o, *2 oo

Bates, E. L., and Charlesworth, F. Practical Mathematics and

Geometry izmo,

Part I. Preliminary and Elementary Course *i 50
Part II. Advanced Course *i 50
Practical Mathematics i2mo, *2 oo

Practical Geometry and Graphics izmo, 2 oo

Batey, J. The Science of Works Management i2mo, *i 50

Steam Boilers and Combustion i2mo, *i 50

Bayonet Training Manual i6mo, o 30

Beadle, C. Chapters on Papermaking. Five Volumes i2mo, each, *2 oo

Beaumont, R. Color in Woven Design 8vo, *6 oo

Finishing of Textile Fabrics. .'. 8vo, *j 50

Standard Cloths 8vo, *7 50

Beaumont, W. W. The Steam-Engine Indicator 8vo, 2 50

Fechhold, H. Colloids in Biology and Medicine. Trans, by J. G.

Bullowa (In Press.)

Beckwith, A. Pottery 8vo, paper, o 60

Bedell, F., and Pierce, C. A. Direct and Alternating Current Manual.

8vo, 4 oo

Beech, F. Dyeing of Cotton Fabrics 8vo, 7 50

Dyeing of Woolen Fabrics 8vo, *4 25

Begtrup, J. The Slide Valve 8vo, *2 oo

Beggs, G. E. Stresses in Railway Girders and Bridges (In Press.}

Bender, C. E. Continuous Bridges. (Science Series No. 26.) i6mo, o 50

Proportions of Pins used in Bridges. (Science Series No. 4.)

i6mo, o 50

Bengough, G. D. Brass. (Metallurgy Series.) (In Press.)

Bennett, H. G. The Manufacture of Leather 8vo, *5 oo

Bernthsen, A. A Text - book of Organic Chemistry. Trans, by G.

M'Gowan i2mo, *s oo

Bersch, J. Manufacture of Mineral and Lake Pigments. Trans, by A. C.

Wright 8vo,

Bertin, L. E. Marine Boilers. Trans, by L. S. Robertson 8vo, 5 oo

Beveridge, J. Papermaker's Pocket Book i2mo, *4 oo

Binnie, Sir A. Rainfall Reservoirs and Water Supply 8vo, *3 oo

Binns, C. F. Manual of Practical Potting 8vo, *io oo

- The Potter's Craft
; i2mo, *2 oo

Birchmore, W. H. Interpretation of Gas Analysis i2mo, *i 25

Blaine, R. G. The Calculus and Its Applications x2*no, *i 75

Blake, W. H. Brewers' Vade Mecum 8vo, *4 oo

Blasdale, W. C. Quantitative Chemical Analysis. (Van Nostrand's

Textbooks. ) i2mo, *2 50

Bligh, W. G. The Practical Design of Irrigation Works 8vo,
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Bloch, L. Science of Illumination. Trans, by W. C. Clinton 8vo, *2 50
Blok, A. Illumination and Artificial Lighting izmo, 2 25

Bliicher, H. Modern Industrial Chemistry. Trans, by J. P. Millington.

8vo, *7 5

Blyth, A. W. Foods: Their Composition and Analysis 8vo, 7 50
Poisons: Their Effects and Detection .8vo, 8 50

Bb'ckmann, F. Celluloid . . i2mo, *s oo

Bodmer, G. R. Hydraulic Motors and Turbines i2mo, 5 oo

Boileau, J. T. Traverse Tables 8vo, 5 oo

Bonney, G. E. The Electro-platers' Handbook i2rao, i 50
Booth, N. Guide to the Ring-spinning Frame i2mo, *2 oo

Booth, W. H. Water Softening and Treatment 8vo, *2 50

Superheaters and Superheating and Th ir Control 8vo, *i 50

Bottcher, A. Cranes: Their Construction, Mechanical Equipment and

Working. Trans, by A. Tolhausen 4to, *io oo

Bottler, M. Modern Bleaching Agents. Trans, by C. Salter. . . .i2mo, *3 oo

Bottone, S. R. Magnetos for Automobilists i2mo, *i oo

Boulton, S. B. Preservation of Timber. (Science Series No. 82.) . i6mo, o 50
Bourcart, E. Insecticides, Fungicides and Weedkillers 8vo, *7 50

Bourgougnon, A. Physical Problems. (Science Series No. 113.). i6mo, 050
Bourry, E. Treatise on Ceramic Industries. Trans, by A. B. Searle.

8vo, *7 25

Bowie, A. J., Jr. A Practical Treatise on Hydraulic Mining 8vo, 5 oo

Bowles, O. Tables of Common Rocks. (Science Series No. I25.).i6mo, o 50

Bowser, E. A. Elementary Treatise on Analytic Geometry i2mo, i 75

Elementary Treatise on the Differential and Integral Calculus . i2mo, 2 25

Elementary Treatise on Analytic Mechanics i2mo, 3 oo

Elementary Treatise on Hydro-mechanics I2mo, 2 50
A Treatise on Roofs and Bridges i2mo, *2 25

Boycott, G. W. M. Compressed Air Work and Diving 8vo, *4 25
Bradford, G., 2nd. Whys and Wherefores of Navigation i2mo, 2 oo

Sea Teims and Phrases i2mo, fabrikoid (In Press.)

Bragg, E. M. Marine Engine Design i2mo, *2 oo
Design of Marine Engines and Auxiliaries 8vo, *3 oo

Brainard, F. R. The Sextant. (Science Series No. 101.) i6mo,
Brassey's Naval Annual for 1915. War Edition . ...8vo, t oo

Briggs, R., and Wolff, A. R. Steam-Heating. (Science Series No.

68.) : i6mo, o 50
Bright, C. The Life Story of Sir Charles Tilson Bright 8vo, *4 50

Telegraphy, Aeronautics and War 8vo, 6 oo

Brislee, T. J. Introduction to the Study of Fuel. (Outlines of Indus-
trial Chemistry.) 8vo, *3 oo

Broadfoot, S. K. Motors: Secondary Batteries. (Installation Manuals

Series.) i2mo, *o 75

Broughton, H. H. Electric Cranes and Hoists

Brown, G. Healthy Foundations. (Science Series No. 80.) i6mo, o 50
Brown, H. Irrigation 8vo, *5 oo

Brown, H. Rubber 8vo, *2 oo

W. A. Portland Cement Industry 8vo, 3 oo

Brown, Wm. N. Dipping, Burnishing, Lacquering and Bronzing
Brass Ware i2mo, *2 oo

Handbook on Japanning i2mo, *2 50
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Brown, Win. N. The Art of Enamelling on Metal 121110, 2 25
House Decorating and Painting i2mo, 2 25

. History of Decorative Art i2mo, i 25

Workshop Wrinkles 8vo, i 75

Browne, C. L. Fitting and Erecting of Engines 8vo, i 50

Browne, R. E. Water Meters. (Science Series No. 81.) i6mo, o 50

Bruce, E. M. Detection of Common Food Adulterants i2mo, i 25

Bainner, R. Manufacture of Lubricants, Shoe Polishes and Leather

Dressings. Trans, by C. Salter 8vo, *4 50

Buel, R. H. Safety Valves. (Science Series No. 21.) i6mo, o 50
Bunkley, J. W. Military and Naval Recognition Book i6mo, i oc

Burley, G. W. Lathes, Their Construction and Operation i2mo, 2 25
Machine and Fitting Shop Practice i2mo, 2 50

Testing of Machine Tools i2mo, 2 50

Burnside, W. Bridge Foundations i2mo, *i 50

Burstall, F. W. Energy Diagram for Gas. With Text 8vo, i 50

Diagram. Sold separately *i Oo

Burt, W. A. Key to the Solar Compass i6mo, leather, 253
Buskett, E. W. Fire Assaying i2ino, *i 25

Butler, H. J. Motor Bodies and Chassis 8vo, *s oo

Byers, H. G., and Knight, H. G. Notes on Qualitative Analysis .... 8vc, *i 50

Cain, W. Brief Course in the Calculus i2mo, *i 75
Elastic Arches. t Science Series No. 48.) i6mo, o 50

Maximum Stresses. (Science Series No. 38.) i6mo, o 50
Practical Designing Retaining of Walls. (Science Series No. 3.)

i6mo, o 50

Theory of Steel-concrete Arches and of Vaulted Structures.

(Science Series No. 42.) i6mo, o 50
- Theory of Voussoir Arches. (Science Series No. 12.) i6mo, o 50

Symbolic Algebra. (Science Series No. 73.) i6mo, o 50
Calvert, G. T. The Manufacture of Sulphate of Ammonia and

Crude Ammonia i2mo, 4 oo

Carpenter, F. D. Geographical Surveying. (Science Series No. 37.).i6mo,

Carpenter, R. C., and Diederichs, H. Internal Combustion Engines. 8vo, *s oo

Carter, H. A. Ramie ( Rhea ), China Grass i2mo, *3 oo

Carter, H. R. Modern Flax, Hemp, and Jute Spinning 8vo, =4 50

Bleaching, Dyeing and Finishing of Fabrics 8vo, *i 25

Cary, E. R. Solution of Railroad Problems with the Slide Rule. . i6mo, *i oo

Casler, M. D. Simplified Reinforced Concrete Mathematics i2mo, *i oo

Cathcart, W. L. Machine Design. Part I. Fastenings 8vo, *3 oo

Cathcart, W. L., and Chaffee, J. I. Elements of Graphic Statics. . .8vo, *3 oo

Short Course in Graphics i2mo, i 50

Caven, R. M., and Lander, G. D. Systematic Inorganic Chemistry. i2mo, *2 oo

Chalkley, A. P. Diesel Engines 8vo, *4 oo

Chalmers. T. W. The Production and Treatment of Vegetable OiKs,

4to, 7 50

Chambers' Mathematical Tables 8vo, i 75

Chambers, G. F. Astronomy i6mo, *i 50
Chappel, E. Five Figure Mathematical Tables 8vo, *2 oo

Charnock, Mechanical Technology 8vo, *3 oo
(. larpentier, P. Timber 8vo, *j 25

C.iatley, H. Principles and Designs of Aeroplanes. (Science Series

No. 126) i6mo, o 50
How to Use Water Power i2mo, *i 50

. Gyrostatic Balancing 8vo, *i 25
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Child, C. D. Electric Arc Svo, *2 oo

Christian, M. Disinfection and Disinfectants. Trans, by Chas.

Salter i2mo, 300
Christie, W. W. Boiler-waters, Scale, Corrosion, Foaming 8vo, *3 oo

Chimney Design and Theory 8vo< *3 oo

Furnace Draft. (Science Series No. 123.) 16010, 050
Water: Its Purification and Use in the Industries 8vo, *2 oo

Church's Laboratory Guide. Rewritten by Edward Kincn 8vo, *i 50

Clapham, J. H. Woolen and Worsted Industries 8vo, 2 oo

Clapperton, G. Practical Papermaking 8vo, 2 50

Clark, A. G. Motor Car Engineering.

Vol. I. Construction *3 oo
Vol. II. Design Svo, *3 oo

Clark, C. H. Marine Gas Engines New Edition (In Press.)

Clark, J. M. New System of Lr.ying Out Railway Turnouts i2mo, i oo

Clarke, J. W., and Scott, W. Plumbing Practice.

Vol. I. Lead Working and Plumbers' Materials Svo, *4 oo

Vol. II. Sanitary Plumbing and Fittings (In Press.)

Vol. III. Practical Lead Working on Roofs (In Press.)

Clarkson, R. B. Elementary Electrical Engineering (In Press.)

Clausen-Thue, W. A B C Universal Commercial Telegraphic Code.

Sixth Edition (/;/ Press.)

Clerk, D., and Idell, F. E. Theory of the Gas Engine. (Science Series

No. 62.) i6mo, o 50

Clevenger, S. R. Treatise on the Method of Government Surveying.
i6mo, morocco, 2 50

Clouth, F. Rubber, Gutta-Percha, and Balata Svo, *6 oo

Cochran, J. Concrete and Reinforced Concrete Specifications Svo, *2 50
Inspection of Concrete Construction Svo, *4 oo

Treatise on Cement Specifications Svo, *i oo

Cocking, W. C. Calculations for Steel-Frame Structures i2mc, *3 oo

Coffin, J. H. C. Navigation and Nautical Astronomy i2mo, *3 50

Colburn, Z., and Thurston, R. H. Steam Boiler Explosions. (Science

Series No. 2.) i6mo, o 50

Cole, R. S: Treatise on Photographic Optics i2mo, i 50
Coles-Finch, W. Water, Its Origin and Use Svo, *s oo

Collins, C. D. Drafting Room Methods, Standards and Forms Svo, 2 oo

Collins, J. E. Useful Alloys and Memoranda for Goldsmiths, Jewelers.

i6mo, o 50

Collis, A. G. High and Low Tension Switch-Gear Design Svo, *3 50
Switchgear. (Installation Manuals Series.) i2mo, *o 50

Comstock, D. F., and Troland, L. T. The Nature of Electricity and
Matter Svo, *2 oo

Coombs, H. A. Gear Teeth. (Science Series No. 120.) i6mo, o 50

Cooper, W. R. Primary Batteries Svo, *4 oo

Copperthwaite, W. C. Tunnel Shields 4to, *g oo

Corfield, W. H. Dwelling Houses. (Science Series No. 50.) .... i6mo, o 50
Water and Water-Supply. (Science Series No. 17.) i6mo, o 50

Cornwall, H. B. Manual of Blow-oipe Analysis Svo, *2 50
Cowee, G. A. Practical Safety Methods and Devices Svo, *3 oo
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Cowell, W. B. Pure Air, Ozone, and Water i?.mo, *s oo

Craig, J. W., and Woodward, W. P. Questions and Answers About

Electrical Apparatus i2mo, leather, i 50

Craig, T. Motion of a Solid in a Fuel. (Science Series No. 49.) . i6mo, o 50
- Wave and Vortex Motion. (Science Series No. 43.) i6mo, o 50

Cramp, W. Continuous Current Machine Design 8vo, *2 50
Crehore, A. C. Mystery of Matter and Energy 8vo, i oo

Greedy, F. Single Phase Commutator Motors 8vo, *2 oo

Crocker, F. B. Electric Lighting. Two Volumes. 8vo.

Vol. I. The Generating Plant 3 oo

Vol. n. Distributing Systems and Lamps
Crocker, F. B., and Arendt, M. Electric Motors 8vo, *2 50

Crocker, F. B., and Wheeler, S. S. The Management of Electrical Ma-

chinery I2H10, *I 00

Cross, C. F., Sevan, E. J., and Sindall, R. W. Wood Pulp and Its Applica-

tions. (Westminster Series.) 8vo, *2 oo

Crosskey, L. R. Elementary Perspective 8vo, i 25

Crosskey, L. R., and Thaw, J. Advanced Perspective 8vo, i 50

Culley, J. L. Theory of Arches. (Science Series No. 87.) i6mo, o 50
Cushing, H. C., Jr., and Harrison, N. Central Station Management ... *2 oo

Dadourian, H. M. Analytical Mechanics i2mo, *3 oo

Dana, R. T. Handbook of Construction plant i2mo, leather, *s oo

Danby, A. Natural Rock Asphalts and Bitumens 8vo, *2 50
Davenport, C. The Book. (Westminster Series.) 8vo, *2 oo

Davey, N. The Gas Turbine 8vo, *4 oo

Davies, F. H. Electric Power and Traction 8vo, *2 oo

Foundations and Machinery Fixing. (Installation Manual Series.)

i6mo, *i oo

Deerr, N. Sugar Cane 8vo, 9 oo

Deite, C. Manual of Soapmaking. Trans, by S. T. King 410,

De la Coux, H. The Industrial Uses of Water. Trans, by A. Morris. Svo, *6 oo

Del Mar, W. A. Electric Power Conductors Svo, *2 oo

Denny, G. A. Deep-level Mines of the Rand 4to, *io oo

Diamond Drilling for Gold *S oo

De Roos, J. D. C. Linkages. (Science Series No. 47.) i6mo, o 50

Derr, W. L. Block Signal Operation Oblong i2mo, *i 50

Maintenance-of-Way Engineering (In Preparation.)

Desaint, A. Three Hundred Shades and How to Mix Them Svo, *io oo

De Varona, A. Sewer Gases. (Science Series No. 55.) i6mo, o 50

Devey, R. G. Mill and Factory Wiring. (Installation Manuals Series.)

i2mo, *i oo

Dibdin, W. J. Purification of Sewage and Water Svo, 6 50

Dichmann, Carl. Basic Open-Hearth Steel Process i2mo, *3 50
Dieterich, K. Analysis of Resins, Balsams, and Gum Resins. .. .8vo, *3 75

Dilworth, E. C. Steel Railway Bridges 4to. *4 oo

Dinger, Lieut. H. C. Care and Operation of Naval Machinery . i2mo, *2 oo

Dixon, D. B. Machinist's and Steam Engineer's Practical Calculator.

i6mo, morocco, i 25
Dodge, G. F. Diagrams for Designing Reinforced Concrete Structures,

folio, *4 oo
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Dommett, W. E. Motor Car Mechanism i2mo, *2 25

Dorr, B. F. The Surveyor's Guide and Pocket Table-book.

i6mo, morocco, 2 oo

Draper, C. H. Elementary Text-book of Light, Heat and Sound . . i2mo, i oo
Heat and the Principles of Thermo-dynamics i2mo, *a oo

Dron, R. W. Mining Formulas lamo, i oo

Dubbel, H. High Power Gas Engines 8vo, *5 oo

Dumesny, P., and Noyer, J. Wood Products, Distillates, and Extracts.

8vo, *6 25

Duncan, W. G., and Penman, D. The Electrical Equipment of Collieries.

8vo, *6 75

Dunkley, W. G. Design of Machine Elements. Two Volumes. 8vo, each, 2 50

Dunstan, A. E., and Thole, F. B. T. Textbook of Practical Chemistry.

I2mo, *i 40
Durham, H. W. Saws 8vo, 2 50

Duthie, A. L. Decorative Glass Processes. (Westminster Series.) . 8vo, *2 oo

Dwight, H. B. Transmission Line Formulas 8vo, *2 oo

Dyson, S. S. Practical Testing of Raw Materials 8vo, *5 oo

Dyson, S. S., and Clarkson, S. S. Chemical Works 8vo, *n 50

Eccles, W. H. Wireless Telegraphy and Telephony.. i2mo, *8 80

Eck, J. Light, Radiation and Illumination. Trans, by Paul Hogner,
8vo, *2 50

Eddy, H. T. Maximum Stresses under Concentrated Loads 8vo, i 50

Eddy, L. C. Laboratory Manual of Alternating Currents i2mo, o 50

Edelman, P. Inventions and Patents i2mo, *i 50

Edgcumbe, K. Industrial Electrical Measuring Instruments 8vo,

(In Press.)
Edler, R. Switches and Switchgear. Trans, by Ph. Laubach. . .8vo, *4 oo

Eissler, M. The Metallurgy of Gold 8vo, 9 oo

The Metallurgy of Silver 8vo, 4 oo
The Metallurgy of Argentiferous L^ad 8vo, 6 25
A Handbook on Modern Explosives 8vo, 5 oo

Ekin, T. C. Water Pipe and Sewage Discharge Diagrams folio, *3 oo

Electric Light Carbons, Manufacture of 8vo, i oo

Eliot, C. W., and Storer, F. H. Compendious Manual of Qualitative
Chemical Analysis i2mo, *i 25

Ellis, C. Hydrogenation of Oils 8vo, (In Press.)

Ellis, G. Modern Technical Drawing 8vo, *2 oo

Ennis, Wm. D. Linseed Oil and Other Seed Oils 8vo, *4 oo

Applied Thermodynamics 8vo, *4 50

Flying Machines To-day i2mo, *i 50

Vapors for Heat Engines i2mo, *i oo

Ermen, W. F. A. Materials Used in Sizing 8vo, *2 oo

Erwin, M. The Universe and the Atom i2mo, *2 oo

Evans, C. A. Macadamized Roads (In P?vwO

Ewing, A. J. Magnetic Induction in Iron 8vo, *4 oo

Fairie, J. Notes on Lead Ores i2mo, *o 50

Notes on Pottery Clays i2mo, *2 25
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Fairley, W., and Andre, Geo. J. Ventilation of Coal Mines. (Science
Series No. 58.) ..................................... i6mo, o 50

Fairweather, W. C. Foreign and Colonial Patent Laws ........... 8vo, *3 oo
Falk, M. S. Cement Mortars and Concretes .................... 8vo, *2 50

Fanning, J. T. Hydraulic and Water-supply Engineering ......... 8vo, *5 oo

Fay, I. W. The Coal-tar Colors............................... 8vo, *4 oo

Fernbach, R. L. Glue and Gelatine ........................... 8vo, *3 oo
Findlay, A. The Treasures of Coal Tar ......................... iamo, 2 oo

Firth, J. B. Practical Physical Chemistry ...................... xarno, i 25

Fischer, E. The Preparation of Organic Compounds. Trans, by R. V.

Stanford ........................................... i2mo, *i 25

Fish, J. C. L. Lettering of Working Drawings ........... Oblong 8vo, i oo
Mathematics of the Paper Location of a Railroad, .paper, i2mo, *o 25

Fisher, H. K. C., and Darby, W. C. Submarine Cable Testing . .8vo, *3 50

Fleischmann, W. The Book of the Dairy. Trans, by C. M. Aikman.

8vo, 4 50

Fleming, J. A. The Alternate-current Transformer. Two Volumes. 8vo.

Vol. I. The Induction of Electric Currents .................... *5 50
Vol. II. The Utilization of Induced Currents .................... 5 50- Propagation of Electric Currents ............................ 8vo,

:;

3 oo- A Handbook for the Electrical Laboratory and Testing Room. Two
Volumes ....................................... 8vo, each, *5 oo

Fleury, P. Preparation and Uses of White Zinc Paints ........ 8vo, *3 50

Flynn, P. J. Flow of Water. (Science Series No. 84.) ......... i2mo, o 50- Hydraulic Tables. (Science Series No. 66.) .............. i6mo, o 50
Forgie, J. Shield Tunneling ....................... 8vo. ( /// Press.]

Foster, H. A. Electrical Engineers' Pocket-book. (Seventh Edition.}

i2mo, leather, 5 oo

Engineering Valuation of Public Utilities and Factories ....... 8vo, *3 oo

Handbook of Electrical Cost Data ................ 8vo (In

Fowle, F. F. Overhead Transmission Line Crossings ........... i2mo, *i 50- The Solution of Alternating Current Problems ..... 8vo (/// /Vr.s.O

Fox, W. G. Transition Curves. (Science Series No. no.) ...... i6mo, o 50

Fox, W., and Thomas, C. W. Practical Course in Mechanical Draw-

ing ................................................. i2mo, i 25

Foye, J. C. Chemical Problems. (Science Series No. 69.) ...... i6mo, o 50
Handbook of Mineralogy. (Science Series No. 86.) ....... i6mo, o 50

Francis, J. B. Lowell Hydraulic Experiments .................... 410, 15 oo

Franzen, H. Exercises in Gas Analysis ........................ i2mo, *i oo

Freudemacher, P. W. Electrical Mining Installations. (Installation

Manuals Series.) ................................... I2mo, *i oo

Friend, J. N. The Chemistry of Linseed Oil ................... i2mo, i oo

Frith, J. Alternating Current Design ........................... 8vo, *a 50

Fritsch, J. Manufacture of Chemical Manures. Trans, by D. Grant.

8vo, *6 50

Frye, A. I. Civil Engineers' Pocket-book .............. i2mo, leather, *$ oo

Fuller, G. W. Investigations into the Purification of the Ohio River.

4to, *io oo

Furnell, J. Paints, Colors, Oils, and Varnishes .................. 8vo.

Gairdner, J. W. I. Earthwork ....................... 8vo i In Press.)

Gant, L. W. Elements of Electric Traction .................... 8vo, *2 50
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Garcia, A. J. R. V. Spanish-English Railway Terms 8vo, *4 50
Gardner, H. A. Paint Researches, and Their Practical Applications,

8vo, *5 oo

Garforth, W. E. Rules for Recovering Coal Mines after Explosions and

Fires i2mo, leather, i 50
Garrard, C. C. Electric Switch and Controlling Gear 8vo, *6 oo

Gaudard, J. Foundations. (Science Series No. 34.) i6mo, 050
Gear, H. B., and Williams, P. F. Electric Central Station Distribution

Systems 8vo, *3 50

Geerligs, H. Cw P. Cane Sugar and Its Manufacture 8vo, *6 oo
. Chemical Control in Cane Sugar Factories 4to, 5 oo

Geikie, J. Structural and Field Geology 8vo,
*
4 oo

Mountains. Their Growth, Origin and Decay 8vo, *4 oo

The Antiquity of Man in Europe 8vo, *3 oo

Georgi, F., and Schubert, A. Sheet Metal Working. Trans, by C.

Salter 8vo, 4 25

Gerhard, W. P. Sanitation, Watersupply and Sewage Disposal of Country
Houses I2mo, *2 oo

Gas Lighting (Science Series No. in.) i6mo, o 50

Household Wastes. (Science Series No. 97.) i6mo, o 50

House Drainage. (Science Series No. 63.) i6mo, o 50
. Sanitary Drainage of Buildings. (Science Series No. 93.) i6rrD, 050
Gerhardi, C. W. H. Electricity Meters 8vo, *6 oo

Geschwind, L. Manufacture of Alum and Sulphates. Trans, by C.

Salter 8vo, *s oo

Gibbings, A. H. Oil Fuel Equipment for Locomotives 8vo, *2 50

Gibbs, W. E. Lighting by Acetylene i2mo, *i 50

Gibson, A. H. Hydraulics and Its Application 8vo, *5 oo

Water Hammer in Hydraulic Pipe Lines I2mo, *2 oo

Gibson, A. H., and Ritchie, E. G. Circular Arc Bow Girder 4to, *3 50

Gilbreth, F. B. Motion Study , I2mo, *2 oo

Bricklaying System 8vo, *3 oo
Field System i2mo, leather, *3 oo

Primer of Scientific Management i2mo, *r oo

Gillette, H. P. Handbook of Cost Data i2mo, leather, *s oo
Rock Excavation Methods and Cost i2mo, *s oo
and Dana, R. T. Cost Keeping and Management Engineering. 8vo, *3 50

-and Hill, C. S. Concrete Construction, Methods and Cost....8vo, *s oo

Gillmore, Gen. 0. A. Roads, Streets, and Pavements i2mo, i 25

Godfrey, E. Tables for Structural Engineers i6mo, leather,
:; 2 50

Golding, H. A. The Theta-Phi Diagram , i2mo, *2 oo

Goldschmidt, R. Alternating Current Commutator Motor 8vo, *3 oo

Goodchild, W. Precious Stones. (Westminster Series.) 8vo, *2 oo

Goodell, J. M. The Location, Construction and Maintenance of
Roads 8vo, i oo

Goodevs, T. M. Textbook on the Steam-engine. i2mo, 2 oo

Gore, G. Electrolytic Separation of Metals 8vo, *$ 50
Gould, E. S. Arithmetic of the Steam-engine i2mo, i oo

Calculus. (Science Series No. 112.) i6mo, o 50
High Masonry Dams. (Science Series No. 22.) i6mo, o 50

Gould, E- S. Practical Hydrostatics and Hydrostatic Formulas. (Science
Series No. 117.) . . i6mo, o 50
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Gratacap, L. P. A Popular Guide to Minerals 8vo, *2 oo

Gray, J. Electrical Influence Machines i2mo, 2 oo

Marine Boiler Design I2mo, *i ^b

Greenhill, G. Dynamics of Mechanical Flight 8vo, *2 50

Gregorius, R. Mineral Waxes. Trans, by C. Salter i2mo, *3 50

Grierson, R. Some Modern Methods of Ventilation Svo, *3 oo

Griffiths, A. B. A Treatise on Manures i2mo, 3 oo

Dental Metallurgy 8vo, *4 25

Gross, E. Hops 8vo, *6 25

Grossman, J. Ammonia and Its Compounds i2mo, *i 25

Groth, L. A. Welding and Cutting Metals by Gases or Electricity.

(Westminster Series) 8vo, *2 oo

Grover, F. Modern Gas and Oil Engines 8vo, *3 oo

Gruner, A. Power-loom Weaving 8vo, *3 oo

Grunsky, C. E. Topographic Stadia Surveying i6mo, 2 oo

Giildner, Hugo. Internal Combustion Engines. Trans, by H. Diederichs.

4to, *i5 oo

Gunther, C. 0. Integration Svo, *i 25

Gurden, R. L. Traverse Tables folio, half morocco, *7 50

Guyx A. E. Experiments on the Flexure of Beams gvo, *i 25

Haenig, A. Emery and Emery Industry 8vo, *3 oo

Hainbach, R. Pottery Decoration. Trans., by C. Salter i2mo, *4 25

Hale, W. J. Calculations of General Chemistry i2mo, *i 25

Hall, C. H. Chemistry of Paints and Paint Vehicles i2mo, *2 oo

Hall, G. L. Elementary Theory of Alternate Current Working Svo,

Hall, R. H. Governors and Governing Mechanism i2mo, *2 50

Hall, W. S. Elements of the Differential and Integral Calculus Svo, *2 25

Descriptive Geometry Svo volume and a 4to atlas, *3 50

Haller, G. F., and Cunningham, E. T. The Tesla Coil i2mo, *i 25

Halsey, F. A. Slide Valve Gears i2mo, i 50
The Use of the Slide Rule. (Science Series No. 114.) i6mo, o 50
Worm and Spiral Gearing. (Science Series No. 116.) i6ino, o 50

Hancock, H. Textbook of Mechanics and Hydrostatics Svo, i 50

Hancock, W. C. Refractory Materials. (Metallurgy Series.) (In Press.]

Hardy, E. Elementary Principles of Graphic Statics i2mo, *i 50

Haring, H. Engineering Law.

Vol. I. Law of Contract Svo, *4 oo

Harper, J. H. Hydraulic Tables on the Flow of Water i6mo, *2 oo

Harris, S. M. Practical Topographical Surveying (In Press.}

Harrison, W. B. The Mechanics' Tool-book i2mo, i 50

Hart, J. W. External Plumbing Work Svo, *3 25

Hints to Plumbers on Joint Wiping Svo, *4 25

Principles of Hot Water Supply Svo, *4 25

Sanitary Plumbing and Drainage Svo, *4 25

Haskins, C. H. The Galvanometer and Its Uses i6mo, i 50

Hatt, J. A. H. The Colorist square 12010, *i 50

Hausbrand, E. Drying by Means of Air and Steam. Trans, by A. C.

Wright i2mo, *3 oo

Evaporating, Condensing and Cooling Apparatus. Trans, by A. C.

Wright Svo, *7 25
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Hausmann, E. Telegraph Engineering 8vo, *s oo

Hausner, A. Manufacture of Preserved Foods and Sweetmeats. Trans.

by A. Morris and H. Robson 8vo, *4 25
Hawkesworth, J. Graphical Handbook for Reinforced Concrete Design.

4to, *2 50

Hay, A. Continuous Current Engineering 8vo,
;: 2 50

Hayes, H. V. Public Utilities, Their Cost New and Depreciation. . .8vo, *2 oo

Public Utilities, Their Fair Present Value and Return 8vo, *2 oo

Heath, F. H. Chemistry of Photography 8vo. (In Press.)

Heather, H. J. S. Electrical Engineering 8vo, *3 50

Heaviside, O. Electromagnetic Theory. Vols. I and II. .. .8vo, each, *5 oo

Vol. in 8vo, *7 50
Heck, R. C. H. The Steam Engine and Turbine 8vo, *s 50

Steam-Engine and Other Steam Motois. Two Volumes.
Vol. I. Thermodynamics and the Mechanics 8vo, *3 50
Vol. II. Form, Construction, and Working 8vo, *5 oo

Notes on Elementary Kinematics 8vo, boards, *i oo
"

Graphics of Machine Forces 8vo, boards, *i oo

Heermann, P. Dyers' Materials. Trans, by A. C. Wright izmo, *3 oo

Heidenreich, E. L. Engineers' Pocketbook of Reinforced Concrete,

i6mo, leather, *s oo

Hellot, Macquer and D'Apligny. Art of Dyeing Wool, Silk and Cotton. 8vo, *2 oo

Henrici, 0. Skeleton Structures 8vo, i 50

Bering, C., and Getman, F. H. Standard Tables of Electro-Chemical

Equivalents 12010, *2 oo

Bering, D. W. Essentials of Physics for College Students 8vo, *i 75

Hering-Shaw, A. Domestic Sanitation and Plumbing. Two Vols. . . 8vo, *s oo

Hering-Shaw, A. Elementary Science 8vo, *2 oo

Herington, C. F. Powdered Coal as Fuel 8vo, 3 oo

Herrmann, G. The Graphical Statics of Mechanism. Trans, by A. P.

Smith i2mo, 2 oo

Herzfeld, J. Testing of Yarns and Textile Fabrics vo, *6 25
Hildebrandt, A. Airships, Past and Present 8vo,

Hildenbrand, B. W. Cable-Making. (Science Series No. 32.) i6mo, o 50

Hilditch, T. P. A Concise History of Chemistry i2mo, *i 25

Hill, C. S. Concrete Inspection i6mo, *i oo

Hill, J. W. The Purification of Public Water Supplies. New Edition.

(In Press.)

Interpretation of Water Analysis i (/* Press.)

Hill, M. J. M. The Theory of Proportion 8vo, *2 50

Hiroi, I. Plate Girder Construction. (Science Series No. 95.). ..i6mo, o 50
- Statically-Indeterminate Stresses 121110, *2 oo

Hirahfeld, C. F. Engineering Thermodynamics. (Science Series No. 45.)

i6mo, o 50

Hoar, A. The Submarine Torpedo Boat i2mo, *2 oo

Hobart, H. M. Heavy Electrical Engineering ". 8vo
f *^ ^

Design of Static Transformers i2mo, % oo

Electricity , 8yo, *2 oo
Electric 'Trains 8vo, *2 50

Impulsion f Ships 8vo, *2 50,
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Hobart, J. F. Hard Soldering, Soft Soldering and Brazing i2rao, *i oo

Hobbs, W. R. P. The Arithmetic of Electrical Measurements. .. .i2mo, o 75

Hoff, J. N. Paint and Varnish Facts and Formulas i2mo, *i 50

Hole, W. The Distribution of Gas 8vo, *8 50

Holley, A. L. Railway Practice folio, 6 oo

Hopkins, N. M. Model Engines and Small Boats i2mo, i 25

Hopkinson, J., Shoolbred, J. N., and Day, R. E. Dynamic Electricity.

( Science Series No. 71.) i6mo, o 50

Homer, J. Practical Ironfounding 8vo, *2 oo

Gear Cutting, in Theory and Practice 8vo, *s oo

Horniman, Roy. How to Make the Railways Pay For the War. . . .8vo, 3 oo

Houghton, C. E. The Elements of Mechanics of Materials i2mo, *2 oo

Houstoun, R. A. Studies in Light Production i2mo, 2 oo

Hovenden, F. Practical Mathematics for Young Engineers i2mo,
::;

i 50

Howe, G. Mathematics for the Practical Man i2mo, *i 25

Howorth, J. Repairing and Riveting Glass, China and Earthenware.

8vo, paper, *i oo

Hoyt, W. E. Chemistry by Experimentation 8vo, *o 70

Hubbard, E. The Utilization of Wood-waste 8vo, *3 oo

Hiibner, J. Bleaching and Dyeing of Vegetable and Fibrous Materials.

(Outlines of Industrial Chemistry.) 8vo, *$ oo

Hudson, 0. F. Iron and Steel. (Outlines of Industrial Chemistry. ) .8vo, *2 oo

Humphrey, J. C. W. Metallography of Strain. (Metallurgy Series.)

(In Press.)

Humphreys, A. C. The Business Features of Engineering Practice..8vo. *i 25

Hunter, A. Bridge Work 8vo. ( In Press.}

Hurst, G. H. Handbook of the Theory of Color 8vo, *4 25

Dictionary of Chemicals and Raw Products 8vo, *6 25
- Lubricating Oils, Fats and Greases 8vo, *7 25

Soaps 8vo, *7 25

Hurst, G. H., and Simmons, W. H. Textile Soaps and Oils 8vo, 4 25

Hurst, H. E., and Lattey, R. T. Text-book of Physics 8vo, *3 oo
- Also published in three parts.

Part I. Dynamics and Heat *i 25

Part II. Sound and Light *i 25

Part III. Magnetism and Electricity *i 50

Hutchinson, R. W., Jr. Long Distance Electric Power Transmission.

i2mo, *3 oo

Hutchinson, R. W., Jr., and Thomas, W. A. Electricity in Mining. i2mo,

(In Press.)

Hutchinson, W. B. Patents and How to Make Money Out of Them.
1 2 mo, i oo

Button, W. S. The Works' Manager's Handbook 8vo, 6 oo

Hyde, E. W. Skew Arches. (Science Series No. 15.) i6mo, o 50
Hyde, F. S. Solvents, Oils, Gums, Waxes 8vo, *2 oo

Induction Coils. (Science Series No. 53.) i6mo, o 50
Ingham, A. E. Gearing. A nractical treatise 8vo, *2 50

Ingle, H. Manual of Agricultural Chemistry 8vo, *4 25
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Inness, C. H. Problems in Machine Design i2mo, *3 oo

Air Compressors and Blowing Engines i2mo,

Centrifugal Pumps i2mo, *3 oo

The Fan i2mo, *4 oo

Jacob, A., and Gould, E. S. On the Designing and Construction of

Storage Reservoirs. (Science Series No. 6) i6mo, o 50

Jannettaz, E. Guide to the Determination of Rocks. Trans, by G. W.

Plympton i2mo, I 50

Jehl, F. Manufacture of Carbons 8vo, *4 oo

Jennings, A. S. Commercial Paints and Painting. (Westminster Series.)

8vo, *4 oo

Jennison, F. H. The Manufacture of Lake Pigments 8vo, *3 oo

Jepson, G. Cams and the Principles of their Construction 8vo, *i 50

Mechanical Drawing 8vo (In Preparation.)

Jervis-Smith, F. J. Dynamometers . .8vo, *$ 50

Jockin, W. Arithmetic of the Gold and Silversmith i2mo, *i oo

Johnson, J. H. Arc Lamps and Accessory Apparatus. (Installation

Manuals Series.) i2mo, *o 75

Johnson, T. M. Ship Wiring and Fitting. (Installation Manuals Series.)

i2mo, *o 75

Johnson, W. MeA. The Metallurgy of Nickel (In Preparation.)

Johnston, J. F. W., and Cameron, C. Elements of Agricultural Chemistry
and Geology i2mo, 2 60

Joly, J. Radioactivity and Geology. i2mo, ^3 oo

Jones, H. C. Electrical Nature of Matter and Radioactivity i2mo, *2 oo

Nature of Solution .8vo, *s 50

New Era in Chemistry i2mo, *2 oo

Jones, J. H. Tinplate Industry 8vo, *s oo

Jones, M. W. Testing Raw Materials Used in Paint i2mo, *s oo

Jordan, L. C. Practical Railway Spiral 12mo, leather, *i 50

Joynson, F. H. Designing and Construction of Machine Gearing . . 8vo, 2 oo

Jiiptner, H. F, V. Siderology: The Science of Iron 8vo, *6 25

Kapp, G. Alternate Current Machinery. (Science Series No. 96.).i6mo, o 50

Kapper, F. Overhead Transmission Lines 4to, *4 oo

Keim, A. W. Prevention of Dampness in Buildings 8vo, *3 oo

Keller, S. S. Mathematics for Engineering Students. i2mo, half leather.

and Knox, W. E. Analytical Geometry and Calculus *2 oo

Kelsey, W. R. Continuous-current Dynamos and Motors 8vo, *2 50

Kemble, W. T., and Underbill, C. R. The Periodic Law and the Hydrogen
Spectrum 8vo, paper, *o 50

Kemp, J. F. Handbook of Rocks 8vo, *i 50

Kennedy, A. B. W., and Thurston, R. H. Kinematics of Machinery.
'Science Series No. 54.) I6mo, o 50

Kennedy, A. B. W., Unwin, W. C., and Idell, F. E. Compressed Air.

(Science Series No. 106.) ^mo, o 50
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Kennedy, R. Electrical Installations. Five Volumes 4to, 15 oo

Single Volumes each, 3 50
Flying Machines; Practice and Design i2mo, *2 50

Principles of Aeroplane Construction 8vo,
:;: 2 oo

Kennelly, A. E. Electro-dynamic Machinery 8vo, i 50

Kent, W. Strength of Materials. (Science Series No. 41.) i6mo, o 50

Kershaw, J. B. C. Fuel, Water and Gas Analysis 8vo, *2 50

Electrometallurgy. (Westminster Series.) 8vo, *2 oo
- The Electric Furnace in Iron and Steel Production i2mo,
Electro-Thermal Methods of Iron and Steel Production. .. .8vo, *s oo

Kindelan, J. Trackman's Helper izrno, 2 oo

Kinzbrunner, C. Alternate Current Windings 8vo, *i 50

Continuous Current Armatures 8vo, *i 50

Testing of Alternating Current Machines 8vo, *2 oo

Kirkaldy, A.. W., and Evans, A. D. History and Economics of

Transport 8vo, *3 oo

Kirkaldy, W. G. David Kirkaldy's System of Mechanical Testing. .4to, 10 oo

Kirkbride, J. Engraving for Illustration 8vo, *i 75

Kirkham, J. E. Structural Engineering 8vo, *s oo

Kirkwood, J. P. Filtration of River Waters 410, 7 50
Kirschke, A. Gas and Oil Engines i2mo, *i 50

Klein, J. F. Design of a High-speed Steam-engine 8vo, *5 oo

Physical Significance of Entropy 8vo, *i 50
Klingenberg, G. Large Electric Power Stations 4to, *s oo

Knight, R.-Adm. A. M. Modern Seamanship 8vo, *6 50
Pocket Edition i2mo, fabrikoid, 3 oo

Knott, C. G., and Mackay, J. S. Practical Mathematics 8vo, 2 oo

Knox, G. D. Spirit of the Soil i2mo, *i 25

Knox, J. Physico-Chemical Calculations i2mo, *i 25

Fixation of Atmospheric Nitrogen. (Chemical Monographs.) . i2mo, *i oo

Koester, F. Steam-Electric Power Plants 4to, *5 oo

Hydroelectric Developments and Engineering 410, *5 oo

Koller, T. The Utilization of Waste Products 8vo, *6 50
Cosmetics 8vo, *3 oo

Koppe, S. W. Glycerine i2mo, *4 25

Kozmin, P. A. Flour Milling. Trans, by M. Falkner 8vo, 7 50

Kremann, R. Application of the Physico-Chemical Theory to Tech-
nical Processes and Manufacturing Methods. Trans, by H.

E. Potts 8vo, *3 oo

Kretchmar, K. Yarn and Warp Sizing 8vo, *6 25

Laffargue, A. Attack in Trench Warfare i6mo, o 50
Lallier, E. V. Elementary Manual of the Steam Engine i2mo, *2 oo

Lambert, T. Lead and Its Compounds 8vo, *4 25
Bone Products and Manures 8vo, *4 25

Lamborn, L. L. Cottonseed Products 8vo, *3 oo

Modern Soaps, Candles, and Glycerin 8vo, *7 50
Lamprecht, R. Recovery Work After Pit Fires. Trans, by C. Salter.Svo, *6 25

Lancaster, M. Electric Cooking, Heating and Cleaning 8vo, *i oo

Lanchester, F. W. Aerial Flight. Two Volumes. 8vo.

Vol. I. Aerodynamics *6 oo
Vol. II. Aerodonetics. . *6 oo
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Lanchester, F. W. The Flying Machine 8vo, *3 oo
Industrial Engineering: Present and Post-War Outlook. . .i2mo, i oo

Lange, K. R. By-Products of Coal-Gas Manufacture 12010, 3 oo

Lamer, E. T. Principles of Alternating Currents i2mo. *i 25

La Rue, B. F. Swing Bridges. (Science Series No. 107.) i6mo, o 50
Lassar-Cohn. Dr. Modern Scientific Chemistry. Trans, by M. M.

Pattison Muir i2mo, *2 oo

Latimer, L. H., Field, C. J., and Howell, J. W. Incandescent Electric

Lighting. (Science Series No. 57.) i6mo, o 50

Latta, M. N. Handbook of American Gas-Engineering Practice . . . 8vo, *4 50
American Producer Gas Practice 4to, *6 oo

Laws, B. C. Stability and Equilibrium of Floating Bodies 8vo, *s 56

Lawson, W. R. British Railways. / Financial and Commercial
Survey 8vo, 200

Leask, A. R. Breakdowns at Sea i2mo, 2 oo

Refrigerating Machinery i2mo, 2 oo

Lecky, S, T. S. "Wrinkles" in Practical Navigation 8vo, 10 oo

Danger Angle i6mo, 2 50

Le Doux, M. Ice-Making Machines. (Science Series No. 46.) . . i6mo, o 50
Leeds, C. C. Mechanical Drawing for Trade Schools oblong 4to, *2 oo

Mechanical Drawing for High and Vocational Schools 4to, *i 25

Lefevre, L. Architectural Pottery. Trans, by H. K. Bird and W. M.
Binns 4to, *8 50

Lehner, S. Ink Manufacture. Trans, by A. Morris and H. Robson.Svo, *s oo

Lemstrom, S. Electricity in Agriculture and Horticulture 8vo, *i 50

Letts, E. A. Fundamental Problems in Chemistry 8vo, *2 oo

Le Van, W. B. Steam-Engine Indicator. (Science Series No. 78.) i6mo, 050
Lewes, V. B. Liquid and Gaseous Fuels. (Westminster Series.) . .8vo, *2 oo

Carbonization of Coal 8vo, *4 oo

Lewis, L. P. Railway Signal Engineering 8vo, *3 50
Lewis Automatic Machine Rifle

; Operation of i6mo, *o 75

Licks, H. E. Recreations in Mathematics i2mo, *i 25

Lieber, B. F. Lieber*s Five Letter Standard Telegraphic Code...8vo, *io oo

Code. German Edition 8vo, *io oo

Spanish Edition 8vo, *io oo

French Edition 8vo, *io oo
- Terminal Index 8vo, *2 50

Lieber's Appendix folio, *i5 oo

Handy Tables 410, *2 50
Bankers and Stockbrokers' Code and Merchants and Shippers'

Blank Tables 8vo, "15 oo

100,000,000 Combination Code 8vo, *io oo

Engineering Code 8vo, *I2 50

Livennore, V. P., and Williams, J. How to Become a Competent Motor-
man ramo, *i oo

Livingstone, R. Design and Construction of Commutators 8vo, *2 25

Lloyd, S. L. Fertilizer Materials (Tn Press.}

Lobben, P. Machinists' and Draftsmen's Handbook 8vo, 2 50
Lockwood, T. D. Electricity. Magnetism, and Electro-telegraph 8vo, 2 50-

Electrical Measurement and the Galvanometer iamo, o 75
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Lodge, O. J. Elementary Mechanics 12010, i 50

Signalling Across Space without Wires 8vo, *2 oo

Loewenstein, L. C., and Crissey, C. P. Centrifugal Pumps *4 50
Lomax, J. W. Cotton Spinning i2mo, i 50

Lord, R. T. Decorative and Fancy Fabrics 8vo, *4 25

Loring, A. E. A Handbook of the Electromagnetic Telegraph .... i6mo o 50
Handbook. (Science Series No. 39.) i6m, o 50

Lovell, D. H. Practical Switchwork i2mo, *i oo

Lo.w, D. A. Applied Mechanics (Elementary) i6mo, o 80

Lubschez, B. J. Perspective i2mo, *i 50

Lucke, C. E. Gas Engine Design 8vo, *3 oo

Power Plants: Design, Efficiency, and Power*Costs. 2 vols.

(In Preparation.)

Luckiesh, M. Color and Its Application 8vo, *s oo

Light and Shade and Their Applications 8vo, *2 50

Lunge, G. Coal-tar and Ammonia. Three Volumes 8vo, ^25 oo

Technical Gas Analysis 8vo, *4 50

Manufacture of Sulphuric Acid and Alkali. Four Volumes ... 8vo,

Vol. I. Sulphuric Acid. In three parts *i8 oo
Vol. I. Supplement 8vo, 5 oo

Vol. II. Salt Cake, Hydrochloric Acid and Leblanc Soda. In two

parts (In Press.)

Vol. III. Ammonia Soda (In Press.)

Vol. IV. Electrolytic Methods (In Press.)
Technical Chemists' Handbook i2mo, leather, *4 oo

Technical Methods of Chemical Analysis. Trans, by C. A. Keane

in collaboration with the corps of specialists.

Vol. I. In two parts 8vo, "15 oo

Vol. n. In two parts 8vo, *i8 oo
Vol. III. In two parts 8vo, *i8 oo
The set (3 vols. ) complete *5o oo

Luquer, L, M. Minerals in Rock Sections 8vo, *i 5

MacBride, J. D. A Handbook of Practical Shipbuilding,

i2mo, fabrikoid (In Press.)

Macewen, H. A. Food Inspection 8vo, *2 50

Mackenzie, N. F. Notes on Irrigation Works 8vo, *2 50
Mackie, J. How to Make a Woolen Mill Pay 8vo, *2 25

Maguire, Wm. R. Domestic Sanitary Drainage and Plumbing . . . .8vo, 4 oo

Malcolm, C. W. Textbook on Graphic Statics 8vo, *s oo

Malcolm, H. W. Submarine Telegraph Cable ( /// I'rrss.)

Mallet, A. Compound Engines. Trans, by R. R. Buel. (Science Series

No. 10.) i6mo,

Mansfield, A. N. Electro-magnets. (Science Series No. 64.) . . i6mo, o 50

Marks, E. C. R. Construction of Cranes and Lifting Machinery. .i2mo, *2 oo

Construction and Working of Pumps i2mo,
Manufacture of Iron and Steel Tubes i2mo, *2 oo
Mechanical Engineering Materials i2mo, *i 50

Marks, G. C. Hydraulic Power Engineering 8vo, 4 50

Inventions, Patents and Designs i2mo, *i oo

Marlow, T. G. Drying Machinery and Practice 8vo, *5 oo
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Marsh, C. F. Concise Treatise on Reinforced Concrete 8vo, *2 50
Reinforced Concrete Compression Member Diagram. Mounted on

Cloth Boards *i .50

Marsh, C. F., and Dunn, W. Manual of Reinforced Concrete and Con-
crete Block Construction i6mo, fabrikoid (In Press.}

Marshall, W. J., and Sankey, H. R. Gas Engines. (Westminster Series.)

8vo, *2 oo

Martin, G. Triumphs and Wonders of Modern Chemistry 8vo, *2 oo
Modern Chemistry and Its Wonders 8vo, *2 oo

Martin, N. Properties and Design of Reinforced Concrete i2mo, *2 50

Martin, W. D. Hints to Engineers i2mo, *i 50

Massie, W. W., and Underbill, C. R. Wireless Telegraphy and Telephony.

i2mo, *i oo

Mathot, R. E. Internal Combustion Engines 8vo, *4 oo

Maurice, W. Electric Blasting Apparatus and Explosives 8vo, *3 50

Shot Firer's Guide 8vo, *i 50

Maxwell, F. Sulphitation in White Sugar Manufacture izmo, 3 75

Maxwell, J. C. Matter and Motion. (Science Series No. 36.).

i6mo, o 50

Maxwell, W. H., and Brown, J. T. Encyclopedia of Municipal and Sani-

tary Engineering 4to, *io oo

Mayer, A. M. Lecture Notes on Physics 8vo, 2 oo

Mayer, C., and Slippy, J. C. Telephone Line Construction....

McCullough, E. Practical Surveying i2mo,

Reinforced Concrete iamo, *i 50

McCullough, R. S. Mechanical Theory of Heat 8vo, 3 50

Marine Engineers' Drawing Book.

McGibbon, W. C. Marine Engineers Pocketbook lamo, *4 oo

Mclntosh, J. G. Technology of Sugar 8vo, *y 25
Industrial Alcohol 8vo, *4 25

Manufacture of Varnishes and Kindred Industries. Three Volumes.

8vo.

Vol. I. Oil Crushing, Refining and Boiling
Vol. II. Varnish Materials and Oil Varnish Making *6 25
Vol. III. Spirit Varnishes and Materials *7 25

McKay, C. W. Fundamental Principles of the Telephone Business.

8vo. (In Press.}

McKillop, M., and McKillop, A. D. Efficiency Methods i2mo, i 50
McKmght, J. D., and Brown, A. W. Marine Multitubular Boilers *2 50

McMaster, J. B. Bridge and Tunnel Centres. (Science Series No. 20.)

i6mo, o 50

McMechen, F. L. Tests for Ores, Minerals and Metals i2mo, *i co

McPherson, J. A. Water-works Distribution 8vo, 2 50

Meade, A. Modern Gas Works Practice 8vo, *8 50

Meade, R. K. Design and Equipment of Small Chemical Laboratories,

8vo,

Melick, C. W. Dairy Laboratory Guide i2mo, *i 25
Mensch, L. J. Reinforced Concrete Pocket Book i6mo, leather, *4 oo

Merck, E. Chemical Reagents ; Their Purity and Tests. Trans, by
H. E. Schenck 8vo, i oo

Merivale, J. H. Notes and Formulae for Mining Students lamo, i 50

Merritt, Wm. H. Field Testing for Gold and Silver. .. .i6mo, leather, 2 oo
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Mertens. Tactics and Technique of River Crossings. Translated by
W. Kruger 8vo, 2 50

Mierzinski, S. Waterproofing of Fabrics. Trans, by A. Morris and H.
Robson 8vo, *3 oo

Miessner, B. F. Radio Dynamics 1 21110, *2 oo

Miller, G. A. Determinants. (Science Series No 105.) i6mo,
Miller, W. J. Introduction to Historical Geology lamo, *2 oo

Milroy, M. E. W. Home Lace-making i2mo, *i oo

Mills, C. N. Elementary Mechanics for Engineers 8vo, *i oo

Mitchell, C. A. Mineral and Aerated Waters 8vo, *3 oe

Mitchell, C. A., and Prideaux, R. M. Fibres Used in Textile and Allied

Industries 8vo, *3 oo

Mitchell, C. F., and G. A. Building Construction and Drawing. i2mo.

Elementary Course *i 50
Advanced Course *2 50

Monckton, C. C. F. Radiotelegraphy. (Westminster Series.) 8vo, *2 oo

Monteverde, R. D. Vest Pocket Glossary of English-Spanish, Spanish-

English Technical Terms 64010, leather, *i oo

Montgomery, J. H. Electric Wiring Specifications i6mo, *i oo

Moore, E. C. S. New Tables for the Complete Solution of Ganguillet and

Kutter's Formula 8vo, *5 oo

Moore, Harold. Liquid Fuel for Internal Combustion Engines. . .8vo, 5 oo

Morecroft, J. H., and Hehre, F. W. Short Course in Electrical Testing.

8vo, *i 50

Morgan, A. P. Wireless Telegraph Apparatus for Amateurs i2mo, *i 50.

Morgan, C. E. Practical Seamanship for the Merchant Marine,
i2mo, fabrikoid (In Press.)

Moses, A. J. The Characters of Crystals 8vo, *2 oo
and Parsons, C. L. Elements of Mineralogy 8vo, *s oo

Moss, S.A. Elements of Gas Engine Design. (Science Series No. 121.)i6mo, o 50
- The Lay-out of Corliss Valve Gears. (Science Series No. H9.)i6mo, o 50;

Mulford, A. C. Boundaries and Landmarks i2mo, *i oo

Mullin, J. P. Modern Moulding and Pattern-making i2mo, 2 50
Munby, A. E. Chemistry and Physics of Building Materials. (West-

minster Series.) 8vo, *2 oo

Murphy, J. G. Practical Mining i6mo, i oo

Murray, J. A. Soils and Manures. (Westminster Series.) 8vo, *2 oo

Nasmith, J. The Student's Cotton Spinning 8vo, 3 oo
Recent Cotton Mill Construction i2mo, 2 50

Neave, G. B., and Heilbron, I. M. Identification of Organic Compounds.

i2mo, *i 25

Neilson, R. M. Aeroplane Patents 8vo, *2 oo

Nerz, F. Searchlights. Trans, by C. Rodgers 8vo, *3 oo

Neuberger, H., and Noalhat, H. Technology of Petroleum. Trans, by

J. G. Mclntosh 8vo, *io oo

Newall, J. W. Drawing, Sizing and Cutting Bevel-gears 8vo, i 50
Newbigin, M. I., and Flett, J. S. James Geikie, the Man and the

Geologist 8vo, 3 50
Newbeging, T. Handbook for Gas Engineers and Managers 8vo, *6 50
Newell, F. H., and Drayer, C. E. Engineering as a Career. .i2mo, cloth, *i oo

paper, o 75
Nicol, G. Ship Construction and Calculations 8vo, *5 oo

Nipher, F. E. Theory of Magnetic Measurements i2mo, i oo



D. VAN NOSTRAND CO.'S SHORT TITLE CATALOG 21

Nisbet, H. Grammar of Textile Design 8vo,

Nolan, H. The Telescope. (Science Series No. 51.) i6mo, o 50

Norie, J. W. Epitome of Navigation (2 Vols.) octavo, 15 oo

A Complete Set of Nautical Tables with Explanations of Their

Use octavo, 6 50

North, H. B. Laboratory Experiments in General Chemistry i2mo, *i oo

Nugent, E. Treatise on Optics i2mo, i 50

O'Connor, H. The Gas Engineer's ^ocketbook i2mo, leather, 3 50

Ohin, G. S., and Lockwood, T. D. Galvanic Circuit. Translated by
William Francis. (Science Series. No. 102.) i6mo, o 50

Olsen, J. C. Text-book of Quantitative Chemical Analysis 8vo, 3 50

Olsson, A. Motor Control, in Turret Turning and Gun Elevating. (U. S.

Navy Electrical Series, No. i.) i2mo, paper, *o 50
Ormsby, M. T. M. Surveying i2mo 2 50

Oudin, M. A. Standard Polyphase Apparatus and Systems 8vo, *3 oo

Owen, D. Recent Physical Research 8vo,

Pakes, W. C. C., and Nankivell, A. T. The Science of Hygiene . .8vo, *i 75

Palaz, A. Industrial Photometry. Trans, by G. W. Patterson, Jr . . 8vo, *4 oo

Pamely, C. Colliery Manager's Handbook 8vo, *io oo

Parker, P. A. M. The Control of Water 8vo, *5 oo

Parr, G. D. A. Electrical Engineering Measuring Instruments 8vo, *3 50

Parry, E. J. Chemistry of Essential Oils and Artificial Perfumes. ... 10 oo

Foods and Drugs. Two Volumes.
Vol. I. Chemical and Microscopical Analysis of Foods and Drugs. *io oo

Vol. II. Sale of Food and Drugs Act *4 25
and Coste, J. H. Chemistry of Pigments 8vo, *6 50

Parry, L. Notes on Alloys 8vo, *3 50
Metalliferous Wastes 8vo, *2 50

Analysis of Ashes and Alloys 8vo, *2 50
Parry, L. A. Risk and Dangers of Various Occupations 8vo, *4 25

Parshall, H. F., and Hobart, H. M. Armature Windings 4to, *7 50
Electric Railway Engineering 4to, *io oo

Parsons, J. L. Land Drainage 8vo, *i 50

Parsons, S. J Malleable Cast Iron 8vo, *2 50

Partington, J. R. Higher Mathematics for Chemical Students. .i2mo, *2 oo
Textbook of Thermodynamics 8vo, *4 oo

Passmore, A. C. Technical Terms Used in Architecture 8vo, *4 25

Patchell, W. H. Electric Power in Mines 8vo, *4 oo

Paterson, G. W. L. Wiring Calculations i2mo, *3 oo
Electric Mine Signalling Installations i2mo, *i 50

Patterson, D. The Color Printing of Carpet Yarns 8vo, *4 25
Color Matching on Textiles 8vo, *4 25
Textile Color Mixing 8vo, *4 25

Paulding, C. P. Condensation of Steam in Covered and Bare Pipes . 8vo, *2 oo
- Transmission of Heat through Cold-storage Insulation i2mo, *i oo

Payne, D. W. Iron Founders' Handbook 8vo, *4 oo

Peckham, S. F. Solid Bitumens 8vo, *$ oo

Peddle, R. A. Engineering and Metallurgical Books 1 2010, *i 50
Peirce, B. System of Analytic Mechanics 4to, 10 oo

Linnear Associative Algebra 4to, 3 oo

Pendred, V. The Railway Locomotive. (Westminster Series.) 8vo, *2 oo
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Perkin, F. M. Practical Msthods of Inorganic Chemistry ........ i2mo, *i oo

Penin, J. Atoms ............................................... 8vo, *2 50
and Jaggers, E. M. Elementary Chemistry ................ i2mo,

:::

i oo

Perrine, F. A. C. Conductors for Electrical Distribution ............ 8vo, *3 50

Petit, G. White Lead and Zinc White Paints ................... 8vo, *2 50

Petit, R. How to Build an Aeroplane. Trans, by T. O'B. Hubbard, and

J. H. Ledeboer ...................................... 8vo, *i 50

Pettit, Lieut. J. S. Graphic Processes. (Science Series No. 76.) . . . i6mo, o 50

Philbrick, P. H. Beams and Girders. (Science Series No. 88.) . . . i6mo,

Phillips, J. Gold Assaying ................................... . .8vo, *3 75-- Dangerous Goods......................................... 8vo, 3 50

Phin, J. Seven Follies of Science ............................ i2mo, *i 25

Pickworth, C. N. The Indicator Handbook. Two Volumes. . 12010, each, i 50
-- Logarithms for Beginners ........................ I2mo. boards, o 50

The Slide Rule ........................................... i2mo, i 25

Pilcher, R. B., and Butler-Jones, F. What Industry Owes to Chemical
Science ............................................. i2mo, i 50

Plattner's Manual of Blow-pipe Analysis. Eighth Edition, revised. Trans.

by H. B. Cornwall ......................... ........... 8vo, *4 oo

Plympton, G. W. The Aneroid Barometer. (Science Series No. 35.) i6mo, o 50-- How to become an Engineer. (Science Series No. 100.) ...... i6mo, o 50- Van Nostrand's Table Book. (Science Series No. 104.) ....... i6mo, 050
Pochet, M. L. Steam Injectors. Translated from the French. (Science

Series No. 29.) ...................................... i6mo, o 50

Pocket Logarithms to Four Places. (Science Series No. 65.) ...... i6mo, o 50

leather, r oo

Polleyn, F. Dressings and Finishings for Textile Fabrics............ 8vo, *3 oo

Pope, F. G. Organic Chemistry ................................ i2mo, 2 50

Pope, F. L. Modern Practice of the Electric Telegraph ............ 8vo, i 50

Popplewell, W. C. Prevention of Smoke ........................ 8vo, *4 25

Strength of Materials ...................................... 8vo, *2 50

Porritt, B. D. The Chemistry of Rubber. (Chemical Monographs,
NO. 3.) ............................................... I2H10, *I 00

Porter, J. R. Helicopter Flying Machine ..................... i2mo, i 50

Potts, H. E. Chemistry of the Rubber Industry. (Outlines of Indus-
trial Chemistry) ........................................ 8vo, *2 50

Practical Compounding cf Oils, Tallow and Grease ............. 8vo,
::

4 25

Pratt, K. Boiler Draught .................................. i 2mo, *i 25
High Speed Steam Engines ................................ 8vo, *2 oo

Pray, T., Jr. Twenty Years with the Indicator .................... 8vo, 2 50
Steam Tables and Engine Constant .......................... 8vo, 2 oo

Prelini, C. Earth and Rock Excavation .......................... 8vo, *3 oo

Graphical Determination of Earth Slopes .................... 8vo, *2 oo

Tunneling. New Edition ............................... 8vo, *3 oo-- Dredging. A Practical Treatise .......................... 8vo, *3 oo

Prescott, A. B. Organic Analysis. ....................... 8vo, 5 oo

Prescott, A. B., and Johnson, O. C. Qualitative Chemical Analysis 8vo, *3 50

Prescott, A. B., and Sullivan, E. C. First Book in Qualitative Chemistry.

*

Prideaux, E B. R. Problems in Physical Chemistry ............. 8vo, *2 oo
The Theory and Use of Indicators ........................ vo, 5 oo

Primrose, G. S. C, Zinc. (Metallurgy Series.) .......... (In Prrss.)
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Prince, G. T. Flow of Water i2mo, *2 oo

Pullen, W. W. F. Application of Graphic Methods to the Design of

Structures i2mo, *2 50

Injectors: Theory, Construction and Working i2mo, *2 60

Indicator Diagrams 8vo, *2 50

Engine Testing 8vo, *5 50

Putsch, A. Gas and Coal-dust Firing 8vo, *3 oo

Pynchon, T. R. Introduction to Chemical Physics 8vo, 3 oo

Rafter G. W. Mechanics of Ventilation. (Science Series No. 33.) . i6mo, o 50
Potable Water. (Science Series No. 103.) i6rno, o 50

Treatment of Septic Sewage. (Science Series No. 118.) . . . i6mo, o 50

Rafter, G. W., and Baker, M. N. Sewage Disposal in the United States.

4to, *6 oo

Raikes, H. P. Sewage Disposal Works 8vo, *4 oo

Randau, P. Enamels and Enamelling 8vo, *y 25

Rankine, W. J. M. Applied Mechanics 8vo, 5 oo

Civil Engineering 8vo, 6 50

Machinery and Millwork 8vo, 5 oo

The Steam-engine and Other Prime Movers 8vo, 5 oo

Rankine, W. J. M., and Bamber, E. F. A Mechanical Text-book 8vo, 3 50

Ransome, W. R. Freshman Mathematics lamo, *i 35

Raphael, F. C. Localization of Faults in Electric Light and Power Mains.

8vo, 3 50

Rasch, E. Electric Arc Phenomena. Trans, by K. Tornberg 8vo, *2 oo

Rathbone, R. L. B. Simple Jewellery 8vo, *2 oo

Rateau, A. Flow of Steam through Nozzles and Orifices. Trans, by H.

B. Brydon 8vo *i 50

Rausenberger, F. The Theory of the Recoil Guns 8vo, *5 oo

Rautenstrauch, W. Notes on the Elements of Machine Design. 8vo, boards, *i 50

Rautenstrauch, W., and Williams, J. T. Machine Drafting and Empirical

Design.

Part I. Machine Drafting 8vo, *i 25
Part II. Empirical Design (In Preparation.)

Raymond, E. B. Alternating Current Engineering i2mo, *2 50

Rayner, H. Silk Throwing and Waste Silk Spinning 8vo,

Recipes for the Color, Paint, Varnish, Oil, Soap and Drysaltery Trades,
8vo, *6 50

Recipes for Flint Glass Making i2mo, "5 25

Redfern, J. B., and Savin, J. Bells, Telephones (Installation Manuals

Series.) i6mo, *o 50
Redgrove, H. S. Experimental Mensuration i2mo, *i 25

Redwood, B. Petroleum. (Science Series No. 92.) i6mo, o So

Reed, S. Turbines Applied to Marine Propulsion *5 oo

Reed's Engineers' Handbook 8vo, *g oo

Key to the Nineteenth Edition of Reed's Engineers' Handbook. .8vo, 4 oo

Useful Hints to Sea-going Engineers i2mo, 3 oo

Reid, E. E. Introduction to Research in Organic Chemistry. (In Press.")

Reid, H. A. Concrete and Reinforced Concrete Cocstruction 8vo, *5 oo

Reinhardt, C. W. Lettering for Draftsmen, Engineers, and Students.

oblong 4to, boards, i oo
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Reinhardt, C. W. The Technic of Mechanical Drafting,

oblong, 410, boards, *i oo

Reiser, F. Hardening and Tempering of Steel. Trans, by A. Morris and

H. Robson i2mo, *3 oo

Reiser, N. Faults in the Manufacture of Woolen Goods. Trans, by A.

Morris and H. Robson 8vo, *s oo

Spinning and Weaving Calculations 8vo, *6 25

Renwick, W. G. Marble and Marble Working 8vo, 5 oo

Reuleaux, F. The Constructor. Trans, by H. H. Suplee 4to, *4 oo

Reuterdahl, A. Theory and Design of Reinforced Concrete Arches. 8vo, *2 oo

Rey, Jean. The Range of Electric Searchlight Projectors 8vo, *4 50

Reynolds, 0., and Idell, F. E. Triple Expansion Engines. (Science

Series No. 99.) i6mo, o 50

Rhead, G. F. Simple Structural Woodwork i2mo, *i 25

Rhodes, H. J. Art of Lithography 8vo, 6 50

Rice, J. M., and Johnson, W. W. A New Method of Obtaining the Differ-

ential of Functions -

i2mo, o 50

Richards, W. A. Forging of Iron and Steel i2mo, i 50

Richards, W. A., and North, H. B. Manual of Cement Testing. . . . izmo, *i 50
Richardson, J. The Modern Steam Engine 8vo, *3 50

Richardson, S. S. Magnetism and Electricity i2mo, *2 oo

Rideal, S. Glue and Glue Testing 8vo, *6 50
Riesenberg, F. The Men on Deck i2mo, 3 oo

Rimmer, E. J. Boiler Explosions, Collapses and Mishaps 8vo, *i 75

Rings, F. Concrete in Theory and Practice I2mo, *2 50

Reinforced Concrete Bridges 4to, *5 oo

Ripper, W. Course of Instruction in Machine Drawing folio, *6 oo

Roberts, F. C. Figure of the Earth. (Science Series No. 79.) i6mo, o 50

Roberts, J., Jr. Laboratory Work in Electrical Engineering 8vo, *2 oo

Robertson, L. S. Water-tube Boilers 8vo, 2 oo

Robinson, J. B. Architectural Composition 8vo, *2 50

Robinson, S. W. Practical Treatise on the Teeth of Wheels. (Science

Series No. 24.) i6mo, o 50

Railroad Economics. (Science Series No. 59.) i6mo, o 50

Wrought Iron Bridge Members. (Science Series No. 60.) i6mo, o 50
Robson, J. H. Machine Drawing and Sketching 8vo, *2 oo

Roebling, J. A. Long and Short Span Railway Bridges folio. 25 oo

Rogers, A. A Laboratory Guide of Industrial Chemistry 8vo, 2 oo
Elements of Industrial Chemistry i2mo, *3 oo
Manual of Industrial Chemistry 8vo, *g oo

Rogers, F. Magnetism of Iron Vessels. (Science Series No. 30.) i6mo, o 5o

Rohland, P. Colloidal and Crystalloidal State of Matter. Trans, by
W. J. Britland and H. E. Potts i2mo, *i 25

Rollinson, C. Alphabets Oblong, i2mo, *i oo

Rose, J. The Pattern-makers' Assistant 8vo, 2 50

Key to Engines and Engine-running i2mo, 2 50

Rose, T. K. The Precious Metals. (Westminster Series.) 8vo, *2 oo

Rosenhain, W. Glass Manufacture. (Westminster Series.) 8vo. *2 oo

Physical Metallurgy, An Introduction to. (Metallurgy Series.)

8vo, *3 50

Roth, W. A. Physical Chemistry 8vo, *2 oo
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Rowan, F. J. Practical Physics of the Modern Steam-boiler 8vo, *3 oo

and Idell, F. E. Boiler Incrustation and Corrosion. (Science

Series No. 27.) i6mo, 050
Roxburgh, W. General Foundry Practice. (Westminster Series.) .8vo, *2 oo

Ruhmer, E. Wireless Telephony. Trans, by J. Erskine-Murray. .8vo, *4 50

Russell, A. Theory of Electric Cables and Networks 8vo, *3 oo

Rutley, F. Elements of Mineralogy i2mo, *i 25

Sandeman, E. A. Notes on the Manufacture of Earthenware. ..i2mo, 3 50

Sanford, P. G. Nitro-explosives 8vo, *4 oo

Saunders, C. H. Handbook of Practical Mechanics i6mo, i oo

leather, i 25

Sayers, H. M. Brakes for Tram Cars 8vo, *i 25

Scheele, C. W. Chemical Essays 8vo, *2 oo

Scheithauer, W. Shale Oils and Tars 8vo, *s oo

Scherer, R. Casein. Trans, by C. Salter 8vo, *4 25

Schidrowitz, P. Rubber, Its Production and Industrial Uses 8vo, *6 oo

Schindler, K. Iron and Steel Construction Works i2mo, *2 25

Schmall, C. N. First Course in Analytic Geometry, Plane and Solid.

i2mo, half leather, *i 75

Schmeer, L. Flow of Water 8vo, *3 oo

Schumann, F. A Manual of Heating and Ventilation. .. .i2mo, leather, i 50

Schwarz, E. H. L. Causal Geology 8vo, *3 oo

Schweizer, V. Distillation of Resins 8vo, 4 50

Scott, W. W. Qualitative Analysis. A Laboratory Manual. New
Edition 2 50

Standard Methods of Chemical Analysis 8vo, *6 oo

Scribner, J. M. Engineers' and Mechanics' Companion. .i6mo, leather, i 50

Scudder, H. Electrical Conductivity and lonization Constants of

Organic Compounds 8vo, *3 oo

Searle, A. B. Modern Brickmaking 8vo, *7 25

Cement, Concrete and Bricks 8vo, *6 50

Searle, G. M. "Sumners' Method." Condensed and Improved.

(Science Series No. 124.) i6mo, o 50

Seaton, A. E. Manual of Marine Engineering 8vo 8 oo

Seaton, A. E., and Rounthwaite, H. M. Pocket-book of Marine Engi-

neering i6mo, leather, 3 50

SeeJigmann, T., Torrilhon, G. L., and Falconnet, H. India Rubber and

Gutta Percha. Trans, by J. G. Mclntosh 8vo, *5 oo

Seidell, A. Solubilities of Inorganic and Organic Substances. .. .8vo, 300
Seligman, R. Aluminum. (Metallurgy Series.) (In Press.)

Sellew, W. H. Steel Rails 4to, *io oo

Railway Maintenance Engineering i2mo, *2 50

Senter, G. Outlines of Physical Chemistry i2mo, *2 oo

Text-book of Inorganic Chemistry 12010, *2 oo

Sever, G. F. Electric Engineering Experiments 8vo, boards, *i oo

Sever, G. F., and Townsend, F. Laboratory and Factory Tests in Elec-

trical Engineering 8vo, *2 50

Sewall,. C. H. Wireless Telegraphy 8vo, *2 oo

Lessons in Telegraphy i2mo, *i oo
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SewelJ, T. The Construction of Dynamos 8vo, *s oo

Sexton, A. H. Fuel and Refractory Materials i2mo, *2 50
-- Chemistry of the Materials of Engineering i2mo, *2 50
- - Alloys (Non -Ferrous) 8vo, *s oo

Sexton, A. H., and Primrose, J. S. G. The Metallurgy of Iron and Steel.

8vo, *6 50

Seymour, A. Modern Printing Inks 8vo, *3 oo

Shaw, Henry S. H. Mechanical Integrators. (Science Series No. 83.)

i6mo, o 50

Shaw, S. History of the Staffordshire Potteries 8vo, 3 oo

Chemistry of Compounds Used in Porcelain Manufacture. .. .8vo, *6 oo

Shaw, T. R. Driving of Machine Tools i2mo, *2 50
Precision Grinding Machines i2mo, 5 50

Shaw. W. N. Forecasting Weather 8vo, *3 50

Sheldon, S., and Hausmann, E. Direct Current Machines i2mo, *2 50

Alternating Current Machines i2mo, *2 50
Sheldon, S., and Hausmann, E. Electric Traction and Transmission

Engineering i2mo, *2 50

Physical Laboratory Experiments, for Engineering Students. .8vo, *i 25

Shields, J. E. Notes on Engineering Construction i2mo, i 50

Shreve, S. H. Strength of Bridges and Roofs 8vo, 3 50

Shunk, W. F. The Field Engineer i2mo, fabrikoid, 2 50

Simmons, W. H., and Appleton, H. A. Handbook of Soap Manufacture,
8vo, *5 oo

Simmons, W. H., and Mitchell, C. A. Edible Fats and Oils 8vo, *4 50

Simpson, G. The Naval Constructor i2mo, fabrikoid, *s oo

Simpson, W. Foundations 8vo. ( In I'rcss. )

Sinclair, A. Development of the Locomotive Engine. . . 8vo, half leather, 5 oo

Sindall, R. W. Manufacture of Paper. (Westminster Series.) . . . .8vo, *2 oo

Sindall, R. W., and Bacon, W. N. The Testing of Wood Pulp 8vo, *2 50

Sloane, T. O'C. Elementary Electrical Calculations i2mo, *2 oo

Smallwood, J. C. Mechanical Laboratory Methods. ( Van Nostrand's

Textbooks.) i2mo, fabrikoid, *3 oo

Smith, C. A. M. Handbook of Testing, MATERIALS 8vo, *2 50

Smith, C. A. M., and Warren, A. G. New Steam Tables 8vo,

Smith, C. F. Practical Alternating Currents and Testing 8vo,
Practical Testing of Dynamos and Motors 8vo,

Smith, F. A. Railway Curves i2mo,
Standard Turnouts on American Railroads i2mo,
Maintenance of Way Standards i2mo,

i 25

3 50

3 oo

i oo

I OO

I 50

Smith, F. E. Handbook of General Instruction for Mechanics . . i2mo, i 50

Smith, G. C. Trinitrotoluenes and Mono- and Dinitrotoluenes, Their
Manufacture and Properties i2mo, 2 oo

Smith, H. G. Minerals and the Microscope i2mo, *i 25

Smith, J. C. Manufacture of Paint 8vc, *3 50

Smith, R. H. Principles of Machine Work i2mo,
Advanced Machine Work i2mo, *3 oo

Smith, W. Chemistry of Hat Manufacturing T2mo, *4 50

Snell, A. T. Electric Motive Power . .8vo, *4 oo

Snow, W. G. Pocketbook of Steam Heating and Ventilation, (h, /Vx.O

Snow, W. G., and Nolan, T. Ventilation of Buildings. (Science Series

No. 5.) i6mo, o 50

Soddy, F. Radioactivity 8vo, *3 oo
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Solomon, M. Electric Lamps. (Westminster Series.) 8vo, *2 oo

Somerscales, A. N. Mechanics for Marine Engineers i2mo, *2 oo

Mechanical and Marine Engineering Science 8vo, *5 oo

Sothern, J. W. The Marine Steam Turbine 8vo, *6 oo

Verbal Notes and Sketches for Marine Engineers 8vo, *g oo

Sothern, J. W., and Sothern, R. M. Elementary Mathematics for

Marine Engineers 12010, *i 50

Simple Problems in Marine Engineering Design i2mo,

Southcombe, J. E. Chemistry of the Oil Industries (Outlines of In-

dustrial Chemistry.) 8vo, *3 oo

Soxhlet, D. H. Dyeing and Staining Marble. Trans, by A. Morris and
H. Robson 8vo, *s oo

Spangenburg, L. Fatigue of Metals. Translated by S. H. Shreve.

(Science Series No. 23.) i6mo, o 50

Specht, G. J., Hardy, A. S., McMaster, J. B., and Walling. Topographical

Surveying. (Science Series No. 72.) i6mo, o 50
Spencer, A. S. Design of Steel-Framed Sheds 8vo, *3 50

Speyers, C. L. Text-book of Physical Chemistry 8vo, *i 50

Spiegel, L. Chemical Constitution and Physiological Action. ( Trans.

by C. Luedeking and A. C. Boylston. ) i2mo,
:;:

i 25

Sprague, E. H. Hydraulics i2mo, i 50
- Elements of Graphic Statics 8vo, 2 50

Stability of Masonry i2mo, i 50

Elementary Mathematics for Engineers i2mo, *2 50

Stability of Arches i2mo, i 50

Strength of Structural Elements i2mo, 2 oo

Stahl, A. W. Transmission of Power. (Science Series No. 28.) . i6mo,

Stahl, A. W., and Woods, A. T. Elementary Mechanism i2mo, *2 oo

Staley, C., and Pierson, G. S. The Separate System of Sewerage.. .8vo, *3 oo

Standage, H. C. Leatherworkers' Manual 8vo, *3 50
Sealing Waxes, Wafers, and Other Adhesives 8vo, -'2 50

Agglutinants of all Kinds for all Purposes i2mo, *3 50
Stanley, H. Practical Applied Physics ( In Press.}

Stansbie, J. H. Iron and Steel. (Westminster Series.) 8vo, *2 oo

Steadman, F. M. Unit Photography i2mo, *2 oo

Stecher, G. E. Cork. Its Origin and Industrial Uses i2mo, i oo

Steinman, D. B. Suspension Bridges and Cantilevers. (Science Series

No. 127.) o 50
Melan's Steel Arches and Suspension Bridges 8vo, *3 oo

Stevens, E. J. Field Telephones and Telegraphs i oo

Stevens, H. P. Paper Mill Chemist i6mo, *4 25

Stevens, J. S. Theory of Measurements i2mo, *i 25

Stevenson, J. L. Blast-Furnace Calculations 12010, leather, *2 oo

Stewart, G. Modern Steam Traps i2mo, *x 75

Stiles, A. Tables for Field Engineers i2mo, i oo

Stodola, A. Steam Turbines. Trans, by L. C. Loewenstein 8vo, *5 oo

Stone, H. The Timbers of Commerce 8vo, 3 50

Stopes, M. Ancient Plants 8vo, *2 oo
- The Study of Plant Life 8vo, *2 oo

Sudborough, J. J., and James, T. C. Practical Organic Chemistry. . i2mo, *2 oo
Suffling, E. R. Treatise on the Art of Glass Painting 8vo, *4 25

Sullivan. T. V., and Underwood, N. Testing and Valuation of Build-

ing and Engineering Materials (In Press.}
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Sur, F. J. S. Oil Prospecting and Extracting 8vo, *i oo

Svenson, C. L. Handbook on Piping 8vo, 4 oo

Essentials of Drafting 8vo, i 50

Swan, K. Patents, Designs and Trade Marks. (Westminster Series.).

8vo, *2 oo

Swinburne, J., Wordingham, C. H., and Martin, T. C. Electric Currents.

(Science Series No. 109.) i6mo, o 50

Swoope, C. W. Lessons in Practical Electricity i2mo, *2 oo

Tailfer, L. Bleaching Linen and Cotton Yarn and Fabrics 8vo, 8 50

Tate, J. S. Surcharged and Different Forms of Retaining-walls. (Science

Series No. 7.) i6mo, o 50
Taylor, F. N. Small Water Supplies i2mo, *2 50

Masonry in Civil Engineering 8vo, *2 50

Taylor, T. U. Surveyor's Handbook i2mo, leather, *2 oo
Backbone of Perspective i2mo, *i oo

Taylor, W. P. Practical Cement Testing 8vo, *3 oo

Templeton, W. Practical Mechanic's Workshop Companion.

i2mo, morocco, 2 oo

Tenney, E. H. Test Methods for Steam Power Plants. (Van
Nostrand's Textbooks.) i2mo, *2 50

Terry, H. L. India Rubber and its Manufacture. (Westminster Series. )

8vo, *2 oo

Thayer, H. R. Structural Design. 8vo.

Vol. I. Elements of Structural Design *2 oo
Vol. II. Design of Simple Structures *4 oo

Vol. HI. Design of Advanced Structures (In Preparation.)
Foundations and Masonry (In Preparation.}

Thiess, J. B., and Joy, G. A. Toll Telephone Practice 8vo, *3 50

Thorn, C., and Jones, W. H. Telegraphic Connections. .. .oblong, i2mo, i 50

Thomas, C. W. Paper-makers' Handbook (In Press.)

Thomas, J. B. Strength of Ships 8vo, 3 oo

Thomas, Robt. G. Applied Calculus i2mo (In Press.)

Thompson, A. B. Oil Fields of Russia 4to, *7 50
Oil Field Development 7 50

Thompson, S. P. Dynamo Electric Machines. (Science Series No. 75.)

i6mo, o 50

Thompson, W. P. Handbook of Patent Law of All Countries i6mo, i 50
Thomson, G. Modern Sanitary Engineering i2mo, *3 oo

Thomson, G. S. Milk and Cream Testing i2mo, *2 25

Modem Sanitary Engineering, House Drainage, etc 8vo, *3 oo

Thornley, T. Cotton Combing Machines 8vo, *3 oo
Cotton Waste 8vo, *4 50

Cotton Spinning. 8vo.

First Year *2 oo
Second Year *4 25
Third Year *3 50

Thurso, J. W. Modern Turbine Practice 8vo, *4 oo

Tidy, C. Meymott. Treatment of Sewage. (Science Series No. 94.) i6mo, o 50

Tillmans, J. Water Purification and Sewage Disposal. Trans, by
Hugh S. Taylor 8vo, *2 oo

Tinney, W. H. Gold-mining Machinery 8vo, *3 oo

Titherley, A. W. Laboratory Course of Organic Chemistry 8vo, *2 oo
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Tizard, H. T. Indicators (In Press.}

Toch, M. Chemistry and Technology of Paints 8vo, *4 oo

Materials for Permanent Painting i2mo, *2 oo

Tod, J., and McGibbon, W. C. Marine Engineers' Board of Trade
Examinations 8vo, *2 oo

Todd, J., and Whall, W. B. Practical Seamanskip 8vo, 8 oo

Tonge, J. Coal. (Westminster Series.) 8vo, *2 oo

Townsend, F. Alternating Current Engineering 8vo, boards, *o 75
Townsend, J. S. lonization of Gases by Collision 8vo, *i 25

Transactions of the American Institute of Chemical Engineers, 8vo.

Eight volumes now ready. Vol. I. to IX., 1908-1916. Vol.

X. In Press 8vo, each, 6 oo

Traverse Tables. (Science Series No. 115.) i6mo, o 50

morocco, i oo

Treiber, E. Foundry Machinery. Trans, by C. Salter i2mo, i 50

Trinks, W., and Housum, C. Shaft Governors. (Science Series No. 122.)

i6mo, o 50

Trowbridge, W. P. Turbine Wheels. (Science Series No. 44.) . . i6mo, o 50

Tucker, J. H. A Manual of Sugar Analysis 8vo, 3 50

Tunner, P. A. Treatise on Roll-turning. Trans, by J. B. Pearse.

8vo, text and folio atlas, 10 oo

Turnbull, Jr., J., and Robinson, S. W. A Treatise on the Compound
Steam-engine. (Science Series No. 8.) i6mo,

Turner, H. Worsted Spinners' Handbook lamo, *3 50

Turrill, S. M. Elementary Course in Perspective i2mo, *i 25

Twyford, H. B. Purchasing 8vo, *3 oo

Storing, Its Economic Aspects and Proper Methods 8vo, 3 50

Tyrrell, H. G. Design and Construction of Mill Buildings 8vo, *4 oo

Concrete Bridges and Culverts i6mo, leather, *3 oo
Artistic Bridge Design 8vo, *3 oo

Underbill, C. R. Solenoids, Electromagnets and Electromagnetic Wind-

ings i2mo, *2 oo

Underwood, N., and Sullivan, T. V. Chemistry and Technology of

Printing Inks 8vo, *3 oo

Urquhart, J. W. Electro-plating i2mo, 2 oo

Electrotyping i2mo, 2 oo

Usborne, P. O. G. Design of Simple Steel Bridges 8vo, *4 oo

Vacher, F. Food Inspector's Handbook i2mo,
Van Nostrand's Chemical Annual. Fourth issue igiS.fabrikoid, i2mo, *3 oo

Year Book of Mechanical Engineering Data (In Press.}

Van Wagenen, T. F. Manual of Hydraulic Mining i6mo, i oo

Vega, Baron Von. Logarithmic Tables 8vo, 2 50

Vincent, C. Ammonia and its Compounds. Trans, by M. J. Salter. 8vo, *s oo

Volk, C. Haulage and Winding Appliances 8vo, *4 oo

Von Georgievics, G. Chemical Technology of Textile Fibres. Trans.

by C. Salter 8vo,
- Chemistry of Dyestuffs. Trans, by C. Salter 8vo, *4 50

Vose, G. L. Graphic Method for Solving Certain Questions in Arithmetic

and Algebra (Science Series No. 16.) i6mo, o 50
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Vosmaer, A. Ozone 8vo, *2 50

Wabner, R. Ventilation in Mines. Trans, by C. Salter 8vo, *6 50

Wade, E. J. Secondary Batteries 8vo, *4 o<>

Wadmore, T. M. Elementary Chemical Theory i2mo, *i 50

Wagner, E. Preserving Fruits, Vegetables, and Meat... i2mo, *3 oo

Wagner, J. B. A Treatise on the Natural and Artificial Processes of

Wood Seasoning 8vo, 3 oo

Waldram, P. J. Principles of Structural Mechanics i2mo, *3 oo

Walker, F. Dynamo Building. (Science Series No. 98.) i6mo, o 50

Walker, J. Organic Chemistry for Students of Medicine 8vo, "3 oo

Walker, S. F. Steam Boilers, Engines and Turbines 8vo, 3 oo

Refrigeration, Heating and Ventilation on Shipboard i2mo, *2 oo

Electricity in Mining 8vo, *4 50

Wallis-Tayler, A. J. Bearings and Lubrication 8vo, *x 50

Aerial or Wire Ropeways 8vo, *3 oo
Preservation of Wood 8vo, 4 oo

Refrigeration, Cold Storage and Ice Making 8vo, 5 50
Sugar Machinery i2mo, *2 50

Walsh, J. J. Chemistry and Physics of Mining and Mine Ventilation,

i2mo, *2 oo

Wanklyn, J. A. Water Analysis i2mo, 2 oo

Wansbrough, W. D. The A B C of the Differential Calculus i2mo, *2 50
Slide Valves i2mo,

'

:

2 oo

Waring, Jr., G. E. Sanitary Conditions. (Science Series No. 31.) .i6mo, o 50

Sewerage and Land Drainage :; 6 oo

Modern Methods of Sewage Disposal i2mo, 2 oo

How to Drain a House i2mo, i 25

Warnes, A. R. Coal Tar Distillation 8vo, *$ oo

Warren, F. D. Handbook on Reinforced Concrete i2mo, *2 50

Watkins, A. Photography. (Westminster Series.) 8vo, *z oo

Watson, E. P. Small Engines and Boilers i2mo, i 25

Watt, A. Electro-plating and Electro-refining of Metals 8vo, *4 50

Electro-metallurgy i2tno, i oo

The Art of Soap Making 8vo, 3 oo

Leather Manufacture 8vo, *4 oo

Paper-Making 8vo, 3 oo

Webb, H. L. Guide to the Testing of Insulated Wires and Cables. i2mo, i oo

Webber, W. H. Y. Town Gas. (Westminster Series.) 8vo, *2 oo

Wegmann, Edward. Conveyance and Distribution of Water for

Water Supply 8vo, 5 oo

Weisbach, J. A Manual of Theoretical Mechanics 8vo, *6 oo

sheep, *7 50
Weisbach, J., and Herrmann, G. Mechanics of Air Machinery. .. .8vo, *3 75

Wells, M. B. Steel Bridge Designing 8vo, *2 50
Wells, Robt. Ornamental Confectionery i2mo, 3 oo

Weston, E. B. Loss of Head Due to Friction of Water in Pipes. .i2mo, *i 50

Wheatley, 0. Ornamental Cement Work 8vo, *2 25

Whipple, S. An Elementary and Practical Treatise on Bridge Building.

8vo, 3 oo

White, C. H. Methods of Metallurgical Analysis. (Van Nostrand's

Textbooks.) i2mo, a 50
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White, G. F. Qualitative Chemical Analysis izmo, *i 25

White, G. T. .toothed Gearing i2mo, *2 25

White, H. J. Oil Tank Steamers i2mo, i 50
Whitelaw, John. Surveying 8vo, 4 50
Widmer, E. J. Military Balloons 8vo, 3 oo

Wilcox, R. M. Cantilever Bridges. (Science Series No. 25.). .. .i6mo, o 50

Wilda, H. Steam Turbines. Trans, by C. Salter i2mo, 2 50
Cranes and Hoists. Trans, by C. Salter i2mo, 2 50

Wilkinson, H. D. Submarine Cable Laying and Repairing 8vo, *6 oo

Williamson, J. Surveying 8vo, *3 oo

Williamson, R. S. On the Use of the Barometer 4to, 15 oo

Practical Tables in Meteorology and Hypsometery 4to, 2 50

Wilson, F. J., and Heilbron, I. M. Chemical Theory and Calculations.

i2mo, *i oo

Wilson, J. F. Essentials of Electrical Engineering 8vo, 2 50

Wimperis, H. E. Internal Combustion Engine 8vo, *3 oo

Application of Power to Road Transport i2mo, *i 50
Primer of Internal Combustion Engine i2mo, *i oo

Winchell, N. H., and A. N. Elements of Optical Mineralogy 8vo, *3 50

Winslow, A. Stadia Surveying. (Science Series No. 77.) i6mo, o 50

\Visser, Lieut. J. P. Explosive Materials. (Science Series No. 70.)

i6mo, o 50

Wisser, Lieut. J. P. Modern Gun Cotton. (Science Series No. 89.) .i6mo, o 50

Wolff, C. E. Modern Locomotive Practice 8vo, *4 20

Wood, De V. Luminiferous Aether. (Science Series No. 85)...i6mo, o 50

Wood, J. K. Chemistry of Dyeing. (Chemical Monographs No. 2.)

i2mo, *i oo

Worden, E. C. The Nitrocellulose Industry. Two Volumes 8vo, *io oo

Technology of Cellulose Esters. In 10 volumes. 8vo.

Vol. VIII. Cellulose Acetate *5 oo

Wren, H. Organometallic Compounds of Zinc and Magnesium. (Chem-
ical Monographs No. i.) laino, *i oo

Wright, A. C. Analysis of Oils and Allied Substances 8vo, *3 50

Wright, F. W. Design of a Condensing Plant i2mo, *i 50

Wright, H. E. Handy Book for Brewers 8vo, . *6 oo

Wright, J. Testing, Fault Finding, etc., for Wiremen. (Installation
Manuals Series. ) i6mo, *o 50

Wright, T. W. Elements of Mechanics 8vo, *2 50
Wright, T. W., and Hayford, J. F. Adjustment of Observations. ..8vo, *3 oo

Wynne, W. E., and Sparagen, W. Handbook of Engineering Mathe-
matics 8vo, *2 oo

Yoder, J. H., and Wharen, G. B. Locomotive Valves and Valve Gears,

8vo, *3 oo

Young, J. E. Electrical Testing for Telegraph Engineers 8vo, *4 oo

Youngson. Slide Valve and Valve Gears 8vo, 2 50

Zahner, R. Transmission of Power. (Science Series No. 4O.)..i6mo,
Zeidler, J., and Lustgarten, J. Electric Arc Lamps 8vo, *2 oo

Zeuner, A. Technical Thermodynamics. Trans, by J. F. Klein. Two
Volumes 8vo, *8 oo

Zimmer, G. F. Mechanical Handling and Storing of Materials. .. .4to, *i2 50
Mechanical Handling of Material -and Its National Importance

During and After the War 4to, 4 oo

Zipser, .T. Textile Raw Materials. Trans, by C. Salter 8vo, *6 25
Zur Nedden, F. Engineering Workshop Machines and Processes. Trans.

by J. A. Davenport 8vo, *2 oo
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