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PREFACE.

NoOTWITHSTANDING 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 1.
THE CHEMISTRY OF THE SUGARS AS A CLASS.

Tue 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
9



10 CHEMISTRY OF THE SUGARS AS A CLASS.

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 to40 ¢ S

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 C,H,,0,, 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,(H,0);
the compound, from this point of view, may be considered as
a hydrate of carbon. Bodies thus constituted are called
carbolydrates, 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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nCH,O,; cellulose, nCH,0,; gum, C,H,O0, ; and dex-
trin, C,H,,0,.

Most sugars belong to the class of the kexalomic alco-
kols 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 HOj; thus, propenyl alcohol or glycerin
(C,H,)”(HO),, is derived from the hydrocarbon propane
C.,H, 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.H,,O,, may be consi-
dered as derived from the saturated hydrocarbon CH,, by
replacing six atoms of hydrogen with an equal number
of hydroxyl atoms, and the formula may be written
(CH,)"(HO)", which represents a hexatomic alcohol.

Mannite and dulcite are important representatives of the
sugars having the composition of alcohols.

Sugars of the formnla C H,,0,, 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,H,,0,, 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,H,0, = (2C,H,,0, — OH,); these are called
diglucosic alcohols. 'The carbohydrates starch, cellu-
lose, and a few others, having the formula CH,0,, or












FORMATION IN PLANTS. 1o

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 Précis 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. Jacksont considers, in the case of the sugar mil-
let, that cane is derived from invert-sugar at the period of
maturity. To this Icery,t from the result of his exami-
nation of the growing sugar-canc, assents, but claims an
important rdle 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-
piartment of research. Honig and Rosenfeld (Ber. Chem.
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
C,H,0,, whence

* Compt. Rend., li. 1094. t Ann. Chim. Phys., [4] v. 850.
t 1bid., xlvi. 55. & Jour, Pk. Chem., 1xxxii. 148.
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CQCHQOOII + QHQO 3 2CHHS'IOH'

As the nature of assamar, however, is entirely unknown,
the equation has no theoretical value. Lowig* obtained
a fermentable syrup from oxalic ether, and Renardt has
found, among the products of the action of electrolytic
oxygen on giycerin and dilute sulphuric acid, a body
C,H,,0, 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,H,,0,, and crystallizes in largc 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. Pk. Chem., 1xxxiii. 129. 4 Compt. Rend., 1xxxii. 562.
$ 1bid., 1xxxix, 918 ; xe, 1141,

§ Later investigations of Scheibler (Neue-Zeits, v. 261) lead him to assign the
formula C¢H,,0s; see also Kolli and Vachovic (1bid., v. 170) on the synthesis
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,.H,,0,, 4+ 13H,0 = 12C,,H,,0,, 4+ 24C,H, O, + 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,t 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 aleohol 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 nitrie
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. + Journ. Pharm., xxvi. 248.
t See Phil. Mag., 1846, 28 ; Scheibler (Zeit. f. Rubenz, 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) CH,0, = 2C.HO..

Dextrose. Lactic acid.
@ C,H,0, + HO0 = 4CH,0..
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 Béchamp, 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. Phys., b2.
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20° te 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:

2C,HO, = CH,0, + 2C0, 4+ H..
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 (Blondeaun). According to Boutroux (Compt.
Rend., 1878, No. 9), the lactic ferment, and the fungus
Mycoder ma 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 mhinly, together with traces of several other bodies.
The formation of these products may be roughly represented
by the following equations :

CH,0, = 20,10 + 200, (1)

Dextrose. Aleohol.
and
49C,H,,0,4 30H,0 = 12C,H,0, 4 72C,H,0, + 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
Maumené,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 affected
(Proust and Ventzke ). When a solution contains less than

* Anm. Chim. Phys., 58. t Jour. Pk. Chemie, xxv. 81.
t Tradte.
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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
Saccharomyces cerevisie 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

(8% Filo]o) o it bl ST R S Al Oy 43.90
3070 100,30 RGO B0 Gl S ot P03 8.40
NitrGgenv. 8 h st tsts, e (s At aTersts 6.00
OGP TENV). AR R« 8% S1s o e 08 o7 (afot 41.47
SULDHAIT L b B i e YornSie o g Fe 1ok Sioe .63

See also Hoppe-Seyler (Ber. Chem. Gesell., iv. 810), Gun-
ning (Ibid., v. 821), and Donath (/did., 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.H,0,+ HO = CH,O0, + CH,O,
or that the relative proportion of the glucoses formed varies
from the above ; the inversion is not due to the presence of
suceinic 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—
51.11 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. Maumen¢ *
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', sodium", magnesium”, calcinm®, zinc”, copper®,

* Traité, vol. i.
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aluminium® ; chlorides of potassium', calcium®, stron-
tium™ ; phosphates of potassium’, calcium®, ammonium™,
sodium™ ; potassium formiate® ; potassium tartrate” and bi-
tartrate” ; sodium lactate”.

2. Fermentation more or less retarded.—Sulphates of
iron™ and manganese’; sodium sulphite’; nitrates of po-
tassium® and ammonium" ; chloride of barium" ; iodide of
potassium* ; arseniate® and butyrate of potassium®; borate
of sodium’, Rochelle salt’. (The figures refer to the rela-
tive order of activity.)

3. Inversion increased without fermentalion being
affected.—Potassium nitrite, chromate, bichromate; so-
dium chloride, nitrite, acetate ; ammonium chloride ; mer-
curic cyanide.*®

The Cellulosic Fermentation.—According to E. Du-
rin,t 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,H,0, = CH,O, + CH,O,.

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 priuci-
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, Lae
Sucrerie Indigéne, xii.; Dumas, Mon. Scientif., 1872; Kolbe and Meyer, J. Pk.
Ch., ix. 133.

t 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,H,,0, — H,O0 = CH,0,.
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, li(iuid 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 Ahydrated 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 dextrose,
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:

CGHI‘IOG + OB = HQO + CGHIOOB

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 :

100 parts will give Parts of [
Tartaric. Racemic.
JLaCtOSE: als A\ Luneratlois a3 Kors s SENEBYE oD 55.4 44.6
(€173 e =g o it e RS R (e 37.0 |
Sacchatodel. o $ilw e g et oor od 59.7 40.3 |
Statchl:5s o st b o e 100.0
Dextrose.... ... F 006300 00 Bo el s 100.0
| Leyuloseis, hx e 2 e b evy s o 100.0
Saceharic: acidid et P Il o I8s 72.6 27.4
Mucic S Tie s B SRt o ? 100.0

Under the influence of cklorine and bromine some sugars
yield two acids containing six atoms of carbon—isodi-
glycoethylenic acid CH,0, and gluconic acid CH,O,.

* Jour. Prak. Chemie, 1xxxix. 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 NO, takes the place of an atom of hydrogen.
Thus, in the case of saccharose, the product has the com-
position C,H,(NO,)'0,,. With inosite, kez-nitro inosite is
produced, CH,(NO,)’O,. 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 C, H,SO,, = 4C,H,0,.S0,, 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, stearie,

* Ann. Chivm. Phys., liv. 78,



ACTION OF ACIDS AND ALKALIES. 29

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) CH,O0, + 2CH,0, = CH,(CH,0)0, + 2H,0.

Dextrose.  Butyric acid. Dibutyric glucose.

2 CH,0, + 2CH,0, = CH,(CH,Oy0, + 3H,0.
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 Acids—Inversion.—When cane-
sugar is heated with dilute sulphuric acid or hydrochloric
it is converted into dextrose and levulose :

ClﬁHﬂﬂoll + II?O = CGIIIQOG + CGHlioé

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
numus-like bodies. Dextrose thus treated gives glucic
acid as the first product of the reaction. The sucroses
C,H,,0, are not attacked by dilute alkalies in the cold,
and but slowly on heating ; they are decomposed by boiling






CHAPTER IL

" JANE-SUGAR OR SACCHAROSE C,H,0,.

Common Sugar—Crystallizable Sugar—=Sucrose—Sucre
de Canne, Fr.—Rohrzucker, 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 officinarwm, conte ns often more than twenty
per cent. of sugar, unmixed, 1t is claimed, with any other
sugar, when the plant is perfectly ripe. The following
analyses of the cane are by O. Popp*: ‘

i
From Martinique and . From
Guadaloupe. From Cairo. Upper Egypt.

Waters. : b S Preke 72.22 72.15 72.13
Cane-sugar.... .... .. 17.80 ; 16.00 18.10
Reducing do oode .28 2.20 .25
Cellulose: S iRan : 9.30 9.20 9.10
Salts: . et Ay 40 - .35 42
100.00 100.00 100.00

The stems of Sorghum saccharatum and S. 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. Colliert has found in the

* Zeit. fiir Chemie, 1870, 328.

t Report to the Commissioner of Agriculfure, 1879, and Aug. 1, 1880.
Washington, U.S.A.
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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 archangelica, Beta
vulgaris, Cherophyllum bulbosum, Chicorium inlybus,
Daucus carota, Helianthus tuberosus, Leontodon laraz-
acum, and others. The common beet (Befa 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,t 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 saccharinuwm, the sycamore,
some species of Befula,in the vernal juice of Juglans
alba, Tilia Europea, and in several palms, especially
Saguerus Rumphii, 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, Compt. Rend., xX1. 769 ; Schmidt, Ann. der Chemue, lxxxiii. 325.
t Journ. far 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-
sugar. 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:

|
{ Cane-Sugar. Fruit-Sugar. Acid.
A Pricots . e e Ex=tr= ey 6.04 2.74 1.864
Pineapples sl it i e et 11.33 1.98 .547
English Cherries..cocvav... SYeTepe o © .00 10.00 .661
Lemons: . 5 i ot rvel e e et g 41 1.06 4.706
Figsi . .0 0o 300 S S e SRR N e .00 I1.55 .057
Strawberries.... ... Badh Lohs Sacaor 6.33 4.98 .550
Ralspberries: e s e e TR 2,01 5.22 1.380
Go0Seherries: : .« inr el .00 6.40 1.574
Oranges. (zhic - 2uii i ot oo S s 4.22 4.36 .448
PeacheS! (groen) i ity ey .92 1.07 3.900
Pears (Madeleine). . 536 8.42 115
A pples: a o e Rt e . i ers foLev 5.28 8i72 1.148
R R 16 06 0.0 0o Eo g0 00 a0 L 2.19 5.45 .633
Prunes. . 3o 00 B ARama S e 5.24 3.43 1.288
Grapes (hothouse)......cocovuuens .00 17.26 .345
g (24 (0 WO Sers o s A g .00 1.60 2.485

The formation of cane-sugar in fruits is not prevented
by the presence of acids (Buignet, loc. ci.) Cane-sugar is
also found in melons and dates. Walnuts, hazel-nuts,
bitter and sweet almonds contain only cane-sugar (Pe-
louze 1), 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] 1xi. 233. t Compt. Rend., x1. 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 Tamarixz mannifera) shows,
according to Berthelot : *

55 per cent. cane-sugar,

25 B invert-sugar,

20 o dextrin.
And that from Kurdistan:

61 per cent. cane-sugar,

16.6 invert-sugar,

¢35 ¢ 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 + 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-sugar present. Filter, wash the precipitate well with
water, diffuse it in water, and decompose with a stream of

* Compt. Rend., liii. 583. t Ann. Cham. Phys., 1xi. 233.
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carbonic-acid gas. The solution filtered from the éar-
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 filtrate with
sulph-hydric acid gas.

Physieal Properties.—Cane-sngar 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.
Fig. 1.

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

Axes: a:b:c =G 2 e )
Angle of axes b and ¢ = 76° 44",
Angles p 7' =330

m m (on the side) = 101° 32"

e'e¢’ (above p) =

a'k’ = 64° 30",
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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:

¢ [2]1D
Arndtsen. sttt 77-394 67.02° | Ann. Ckim. Phys.[3),54, 403.
N o i o 47.276 67.33° S & &

Stefan. bt Sl el 33.762 66.37° Wiener Akad., 52, ii. 486.

B A s b B Bk 21.608 66.75° b v &
Wild.x i s R A e P e 30.276 66.42° | Polaristrobom, 1865,
Tuochschmidsii SaRETir 27.441 66.48° F. Pk. Chem. [2], ii. 235.
Calderon ; $5 LR T sy 19.971 67.08° Compt. Rend., 83, 393.

Mo S0 S B B 0 b oo 9986 67.12° o e
Girard and Luynes...... 16.350 67.31° Compt. Rend., 80, 1354.
WelSS, il it AT 14 570 66.04° Wiener Akad., 69, iii. 162.
Oudemans]. oy SN 5.877 66.90° Pogg. Ann., 148, 350.

¢ = 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 ¢ = 85.68 to 10.40 :

[a] D = 66.453 — .00123621¢ — .000117037¢" ;
and for more dilute solutions :

[@] D = 66.639 — .0208195¢ -+ .00034603¢".

According to Tollens, + when ¢ = 0 to 18, and ¢ = 18 to 69,
the formulas are respectively :

[@] D = 66.8102 — .0155563¢ — .00005246¢°.

[a] D =66.386 - .015035¢ — .0003986¢".

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. Gesell., 1877, 14 4. t 1bid., 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]j = 1.13061 [a] D for quartz (Broch), and
[a]j = 1.129 [a] D (Montgolfier *),

1.0961,

1.034 (Weiss, Wiener Akad., 1xix. 157),

for sugar solutions.
. Tollens (Ber. Chem. 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°.
“ 4 ethylic alcohol, 66.827°.
“ 4+ methylic ‘  66.628°.
“ 4 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. Kreusler+t 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 } and Motteu (Ber. Belg. Akad., 1877).

* Bull. Soc. Chim., xxii. 489, t Jour. Fabr. Sucre, 19, 5.
t Zeit. f. Anal. Chem., xiv. 197.
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Per cent.
absolute At o° C. At 14° C. At 40° C
{ alcohol.
| %
Sp. G G Sp.Gr.at | G Sp. G
|By volume| “PL | inTen e e. '! e 2 Py Bl e A g e
|
‘ -
| o 1.3248 85.8 1.3258 87.5 105.2
10 | 1.2991 80.7 1.3000 81.5 95.2
20 1.2360 74.2 1.2662 74.5 Grioo 0.0
30 1.2293 65.5 1.2327 67.9 TSN 82.2
40 1.1823 56.7 1.1848 58.0 o5l 74.9
50 1.1204 45.9 1.1305 47.1 63.4
6o 1.0500 32.9 1.0582 33.9 cees 49.9
70 .9721 18.2 .9746 18.8 soan 31.4
80 .8931 6.4 -8953 6.6 SBLY 13.3
90 .8369 27 .8376 .90 3,3 2.3
97.4 .8062 .08 .8082 .36 S .5

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 fine 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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CIQH”OH =" COHIQOb + CHHIROG'

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.t
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,H,,0,, 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. t Ann. Chim, Phys., 1xxvii. 154,
t J. Pk. Chem., 1xxxii. 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.

CIQHQQOII + H!O = CGHIQOG + CQHIROG

Dextrose. Levulose.

According to Gayon,* sugar solutions in sealed tubes in-
vert in the cold, but much more rapidly when heated.
See also Heintz (Zeil. f. Rubenz., xxiv. 232), Berthelot
(Ann. Chim. Phys., 1xxxiii. 106), and Pillitz (F'res. Zeit.,
x. 4566). A series of experiments made by Pellett+ 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 :

Sugar in 100 c. c. At 25° C. At s0° C. At 75° C.
10 grm. .5975 grm. 3.,0216 grm. 8.8100 grm.
30 5275, £f 2.9200 ‘¢ 7.1825 ¢
60 s .1025 “ .6450 a 5.490 "
g0 3 Trace. 1500 “* 3.9776 ¢

Maumene,t 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. + Journ. Fabr. Suere, xix. 10.
} Traité de la Fabrication du Sucre, tome 1i. 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 (isome-
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 Maumené, 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, Maumené allows that if strict attention is paid to
the conditions laid down for the method (see page 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 { 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., x1. 486. t Journ. Prak. Chemie, ciii. 449.
t 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 19°C. 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 (loc. 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. fir 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 7 vacuo (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 oxalie, racemic, tartarie, citric, or saccharic
acids, and sixteen parts of phosphorie, arsenious, arsenie,
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. :

1. 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
acid 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.

I1. 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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II1. Effect of time.—Probably the time dnring 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,H,. 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°-927°C., © 115
8 25°-21°C.,, ¢ 178 ¢

Inversion, per cent. Inversitﬁx rel:ti:'so.to HCl;
I 2 3t 1 2 S

Acetic Novetus vttt .88 .97 1.29 it2 1.3 1.6

[ Butyric ............ 3302, 1.49 1.98 o 1.9 2.5
[ Isobutyric.....c..... T 1.56 2.08 ST 22 2.5
| Succinie 3. Sk st o 3 2075 3.19 e 35 4.0
i Malic. (o5 ionk et g 6.32 7.07 0 8.1 8.8
Citnichh, e e 5.9 7.14 8.21 8.2 9.2 10.2
FOrmiCh s siomselotes ar e o¥e 7.14 7.76 S 9.2 9.6

| EactietN it acvesrtre 7.38 8.10 7.99 10.2 10.4 9.9
i Tartaric & . rdfua:p 8.19 10.41 11.1I0 11.4 13.4 13.8
Phosphoric ........ 17.42 20.07 21.67 24.2 25.8 26.9

| Oxalicitis St ouf 35.79 41.34 43.95 49.6 53.1 54.5
Sul phuriciEEer e 60.52 64.68 67.91 83.9 83.1 84.2
Hydrochloric. ...... 72.10 77-84 80.68 100.0 100.0 100.0
NIHEI o SRR 72.18 78.14 80.75 l 100.1 100.4 100.1

In the above experiments the inversion was estimated
optically, the invert-sugar formed being calculated by the
200 (100 — D)

W=7 in which

formula p =
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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 tle reaction proceed more
actively ; all monobasic acids modify sugar in the same
degree. Dubrunfautt 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

1—y=K.f(a)—g,

in which K is a coefficient depending on the temperature
and the nature of the acid, and () 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 aunthority also found the invertive action
to be considerably increased by pressure, a solution at 100°,

* Journ. Prak. Chemie, Ixxxv. 321. t Compt. Rend., 1xxxi. 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, espeeially in the heat, with the
formation of suiphuric 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-
bauer t). 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
yvields a dark-brown residue containing sulphur (Bracon-
not§). Mulder, | on heating cane-sngar with dilute sul-
phuric acid, found that glucic acid C,H,,0, and apoglucic
acid C H,.0,, were formed. See also Richard (Zeit. f. Ru-
benz., xx. 529).

By the action of sulphuric acid on sugar Grothe and
Tollens 9 have produced a compound which they call Zevu-
linic acid ; this acid has the formnla CH,O,, 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,. 0, = CH,0, + CH, O, 4+ CH,O,.

Dextrose. Levulinic acid. Formie acid.

* Zeit. . Rubenz., xxiii. 21. § 4Ann. Chim. Phys., xii. 189.
t Fres. Zeitschrift, xv 188, | Ann. der Chemie, xxxvi. 243.
t Jour. Fabr. Sucre, xviii. No. 33. I Ithd , clxxv. No. 1, 2.
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In the heat sulphuric acid acts powerfully on cane-sugar,
decomposing it, with evolution of sulphurous acid, and
leaving a voluminous porous coal.

Hydrochsoric 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
ulmie 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 Zumin of Mulder (Van
Kerckhoff, Journ. Pk. Chemie, 1xix. 48). Tartaric 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-
rie, butyrie, acetic, and benzoic, heated with cane-sugar,
furnish products resembling those obtained from dextrose
under similar circnumstances.

Action of Oxidizing Agents.—Nitric acid, or a mix-
ture of nitric and sulphuric acids, acting on sugar, pro-
duces a nitro-substitution compound, zyloidin, 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 :

CnHuOu + Oo o= QCoHloOa + H,O.

* Mulder, Journ. Pk. Chem , xxi. 203 ; xxxii. 331.
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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 perozide of manganese and sulphuric acid cane-
sugar yields formic acid and a strongly-smelling oil. Boil-
ing with perozide of lead or acid potassium‘ chromate
gives formic and carbonic acids. Mixed with cklorate of po-
tassinm, and struck sharply or touched with a drop of oil of
vitriol, cane sugar explodes. PERMANGANATE OF POTAS-
s1uM oxidizes sugar readily in acid solution, resolving it
into carbonic acid and water. Maumené has obtained two
acids, kexepic CH,,0, and (rijienic C,H.O,, 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. Maumené 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 unecrystallizable 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 Chem., cxiii. 1.
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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-sngar solution and a little caustic al-
kali, the colorless liquid filtered from the precipitated
cuprous oxide contains oxalie, carbonic, and acetic acids.
Sugar boiled with aqueous cupric sulphate throws down
metallic copper, while a quantity of cuprous salt remains
dissolved (Vogel). 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 (Vogel 1).

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. Pharm., xxxix. 360. t 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 swucrafes, in which the sugar acts
the part of an acid.

AMMoNTA.—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.t

Sopa AND Porasn.—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 , 1xxviii. 82.
{ Schutzenberger, Ann. Chim. Phys., iv. 63.
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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).

Cavustic 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.t-—C,H, KO,, ? 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.

+ Authorities : Peligot (Ann. Chim. Phys., [2] 1xvii. 113 ; ibid., 1xxiii. 103 ;
thid. [3] liv. 877). 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, Chem. News, xliii. 110).

Sodium Sucrate (C,H, NaO,, 9)—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 qnantity 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 additional quantity of lime,
greater in proportion as the solution is more concentrat-
ed. Cane-sugar solutions of 40 per cent. dissolve 26.57

* Authoritics : Soubeiran(Journ. de Pharm., i. 469). Peligot (Compt. Rend.,
xxxii, 333 ; Ann. Chim. Phys., [3] liv. 877 ; Compt. Rend., lix. 930). Berthelot
(Ann. Chim. Phys, [3] xlvi. 173). Pelouze (Compt. Rend., lix. 1073). Boivinet,
Loiseau (Compt. Rend., lix. 1073 : ibid., 1x. 164, 454 ; Ann. Chim. Phys, [4] vi.
203). Horsin-Deon (Buwll. Soc. Chim., 1871, xvi. 28 ; #b¢d., xvii. 153).
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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 page176). 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 sncrate 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:

A. B. C.
Grammes. .30 .24 522
5 1.35 .32 .19
(4 6.26 4.71 3.08
£ .50 53] k32
e 1.07 .56 .20
L 1.56 1.00 .59
© .29 st SO
b G, Foor .24
L .22 0, L .48
1 10.26 5.68 3.47

‘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,H,0, 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,H,,0,, CaO) = C,H,,0,, 3Ca0 + 2C,,H,,0,
(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,.H,,Ca0,, ; dried in a vacuum at ordinary temperatures,
two molecules of water are retained.

Bibasic Sucrate. C,H,,0, 2Ca0.—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 0°; (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 'me and sugar, and boiling.
Water decomposes this suerate into the tribasic salt and
cane-sugar. The compound C,,H,,0,, 2Ca0 31H,0 is said to
be obtained by precipitating a solution of sugar-lime by
alcohol.

Sesquibasic Sucrate. 2C,H,,0, 8Ca0.—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,H,,0, 3Ca0. C,H,0,, 3Ca0.3H,0.*
—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, Zoc.
cit)

Sexbasic Sucrate. C,H,0,, 6Ca0.—According to Horsin-
Deon, a salt of the above composition is obtained by treat-
ing the tribasie 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. Neue Zeit., iv. 148,
+ Dubrunfaut, Compt. Rend., xxxii. 498 ; Boivin-Loiseau, Bull. Soc. Chim.,
xi. 345 ; Horsin-Deon, tbid., xv. 22 ; xix. 65.



50 CANE-SUGAR OR SACCHAROSE.

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 3CO,Ca.C, H,,0,,
3Ca0 2H,0, is the Aydrosucro-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 3C0O,Ca.C H,,0, CaO 2H,0 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_,H,0, BaO.—Prepared by add-
ing to sugar solution, baric hydrate or sulphide:

C.H,,0, + 2BaS 4+ H,0 = BaOC,_H,,0,, + 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,H,,0,,
2Ba0O has been assigned to this compound by Peligot,
Stein, and others.

Sucrates of Lead.t (a) BibasicC,,H,Pb,0,.—This com-
pound is formed when finely-divided litharge is boiled with

* Bull. Soc. Chim., xxiii 8.
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) 7ribasic C H,Pb,0,,.
—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 Strontia is formed by adding the hydrate
to sugar-water.

Ferrous Sucrate C_,H, 0O, 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
avaporation a double salt of the following composition is

ybtained :
Fe02CaO C_H,,0,, 3H,0.

Suerates 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 SO,Cu C,H,,0,, 4H,0.

The Double Sucrate of Lime and Copper, CuO
CaO C,H,,0,, 3H,0, 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
zine in contact with iron is dissolved readily; but very
small quantities of pure tin, zine, mercury, or silver are
dissolved under the same circumstances (Gladstone*).

COMBINATIONS OF CANE-SUGAR WITH NEUTRAL SALTS.'f'

With Sodium Chloride, (C,H,,0,)" NaCl'(H*O) (Mau-
mene), C,H,,0,, 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,H,,-
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:

C,H,,0, NaCl 2H,0 (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. Soec., vii. 195. t Gill, Journ. Chem. Soc., [2] ix. 2069.
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were always of variable composition. He obtained a few
crystals having the composition :

2C,H.,,0,, 3Na(Cl 4H,0.

With Ammonium Chloride a crystalline compound
of cane-sugar may be formed containing NH,Cl, but the
composition is not invariable.

With Petassium Chloride, C H,,0,, KCI| crystallizes
isomorphous with cane-sugar, and is not deliquescent.
Gill and Maumené were not able to obtain this combination
of invariable composition.

With Bromide of Sodium, C,H,,0,, BrNa 13H,0, crys-
tallizes with difficulty and contains varying amounts of
water.

With Iodide of Sodium, C, H,0O, 3Nal.3H,0, 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,H,,0,, Na,B,0,.5H,0.—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, Archiv. 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, diffeient 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 acids or forming acid salts, or by a
specific agency. Béchamp* 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, Béchamp 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
Béchamp’s results: Aqueous solutions of sugar mixed
with zinc sulphate, plumbic nitrate, monophosphate, or

* Ann. Chim. Phys., 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-
Iy 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 zine 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 Bé-
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

*Journ. f. Prak. Chemdie, ciii. 449; American Chemist, iv. £9.
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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 Béchamp that some salts, through their ‘ person-
al 7’ influence, can convert cane-sugar into invert-sugar
without formation of monld, seems to be just.

According to Berthelot,* dry cane-sugar is not altered by
being heated to 100° for several hours with NaCl, SrCl, or
BaCl, ; 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 flnor-spar do
not seem to have the same effect.

The researches of Pellet,t upon the invertive action of
glucose and salts, made under different conditions as re-
gards time and temperature, give the following results: As
regards Ztime, glucose forms quicker the more dilute the
solutions ; Zeaf 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 ni#l in saturated solutions;
salts—the inorganic salts have a much greater action at
50° to 60° than at ordinary temperatures ; it is also greater

- e e

* Ann. Chim. Phys., xxxviii 57. t Journ. des Fabricants, xviii. No. 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 Leat-
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.t

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.

t 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 :

| |
Beet-molasses | Cane-molasses.
[}

Cane=Sugar-. 1 et s ersrers : 55.00 25.00
Organic matters not sugar..... 13.00 10.00
T L T ey e 1 e T N, ‘ 20.00 20.00
Glucose 3. Ao r sl e ot i « Trace. 30.00
{PAShEerd S R S ‘I 12.00 5.00
I 100.00 | 100.00

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 solubilily
of the cane-sugar.

2. On its influence wpon the boiling-point of the solu-
tion.

* Sucrerie Indigéine, 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 + 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. t Journ. Chem. Soc., [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 :

(¢) 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.

. (0) 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.

(¢) 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 :

MgSO, causes to crystallize 10 times its weight of sugar.

LIgCl, 113 19 17 49 43 ¢
Ca(NO’)’ (19 113 4 [ 113 <
CaCl, (19 13 7.5 113 113 <6

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 Indigéne, 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 :

Yield in Yield in
cane-sugar Coeff. - sugar Coeff.
per 100 K. per 100 K.
Normal syrup.| 54 K o K @Oy 20T 5 A7 KS 3.50
NaCl .2 o0 B e 54 K o KNOs: <5 waos 43 K. 5.50
KCl e i ey 2Se 48 K. 3.00 || NaNOj....... 41 K. 6.50
CaCly e rr. 53 K. .56 || PONag...... 44 K. 5.00
NajSOH st 50 K. 2.00
K3SO; .. 47 K 3.50
N2sCOzn Sntods i 47 K 3.50

Champion and Pellet * give the saline coefficient for a
mixture of —

(1) 2% grammes potassium nitrate and 14 grammes

potassium chloride as..................... i
(2) Of the organic bodies separated by subacetate

of lead and sulphuretted hydrogen as...... 1.42
(8) 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 coeflicient of potassium

chloridenins s I I T o o e & .9 to 1.0
Organic substances separated as above.......... .86
Invert-ongan § XIS SR o e b Sy, a0 - 1256

The authors assume that potassium chloride is 25 per

* La Sucrerie Indigéne, 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 Maumené consider that chlorides in general,
and especially chloride of sodium, have no melassigenic
action. See also Grobert (Journ. d. Fabr. Sucre, xx. No.
5; Zeil. f. Riibenz., xxix. 806).

Various Reactions of Cane-Sugar.
carbonate, and basic phosphate of calciwm 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. Sulplydrate 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. Zefra-
chloride of carbon heated to 100° with sugar is gradually
colored brown and black, while dextrose is not altered.
Oil of sesaime, 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 s5lsy 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.

>arasaecharose.—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-

Ozxalate, citrate,







CHAPTER III

Dextrose, Levulose, and Invert-Sugar.
pEXTROSE CH,O,.

Glucose—Grape-Sugar—Right-handed Sugar—Sucre de
Rasin, Fr.—Krumelzucker, Traubenzucker, Gr.;
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 Kirekhoff, and from linen by Bra-
connot. Its combinations with bases have been chiefly
studied by Peligot,* and with organic acids by Berthelot.t
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] 1xvii. 136. t Ibid., (3] liv. 74; 1x. 95.
t Ibid., [3] liii, 73 ; xxi. 169, 178; Compt. Rend., xxiii. 88; xxv. 808; xxix,
51; xxxii, 249 ; xlii. 228, 739.
74
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Formation.—By the transformation of carbohydrates

with the assumption of water—as

3CH, 0, + HO = CH,O, + 2CH,O,.
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. Zunicin, 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:

2C,H,0, + O, = C.H,,0, + 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:
C,H,NO,, + 2H,0 = 2CH,0, + CHO + CHN.

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

Preparation.—FroM STARCH BY THE AcTION OF DI-
LUTE AcIps.—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 {4 to {15 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.

PrepPARATION 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),

PrepPARATION FROM DIaBETIC URINE.—Add excess of
sodium chloride, when the glucosate is formed, which
easily erystallizes 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, Dingler, cev, 427; Muspratt-Kerl, Handbuch, vi. 2078;
Neubauer, Zett. Ribenz., 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 eane-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 173° 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*3

* Wien. Akad. Ber., ii. 664,
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Density of solution.
Dafference in
Per cent. sugar. | - density.
Cane-Sugar. Grape-Sugar,
e 1.0080 1.0072 — 8
5 1.0201 I 0200 — I
= 1.0281 1.0275 — 6
10 1.0405 1.0406 + I
12 1.0487 1.0480 —_ 7
15 1.0616 1.0616 + o
17 1.0704 1.0693 — 11
20 1.0838 1.0831 — 7
22 1.0929 1.0909 — 20
25 1.1068 1.1021 — 47

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  « AT, TR

5.21 (48 (13 43 .910 <

2.07 < 43 49 .950 (13

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 [¢]] =
52.5°, Clerget ; 53.2°, Dubrunfaut ; 55.1°, Pasteur ; 56°, Ber-
thelot ; 57°, Schmidt ; 57.4°, Béchamp; 57.7°, Jodin. Tol-
lens, as the result of later investigations,t gives the follow-
ing general formulas:

For the hydrate when the solution contains 8 to 91 per
cent. of active substance:

* Dingler, Polyt. Journal, clv. 386. t Ber. Chem. Gesell., ix. 1531,
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[a]D = 47.925 + .015534 p + .0003883 p* ;
for the anhydrous »p = 7 to 83.
[a] D = 52.718 + .017087 p + .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); ¢ = 14 to 29 grm.

See also Hesse.t

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. Dubrunfant has called the sugar having this pro-
perty birotatory dextrose; and the phenomenon itself,
birotation.

Composition.—
Centesimally. | In equivalents.
Carbony . il ewte S 1ot 1 trone 40.00 72
Hydrogen .5 1. o il 6.67 12
OXYGEn: 1o - Buvelols St ters 53.33 96
; 100.00 180

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 (Gelis}) ; 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. Zeitschrift, xiv, 803, t Compt. Rend., li. 331.
t Ann. der Chem., clxxvi. 102,
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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 nov
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 ozalic acids are formed, but no fartaric acid. Warmed
with one molecule of acid carbonate of potassium and one
of iodine, iodoform is produced (1illon). Bromineheated
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-sulphuric acid C,H,,;SO,,. 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,H, 0, and melassic
acid C,H,,0,. E. Feltz * gives the products of decomposi-
tion by heating with caustic alkalies, as saccharie, glucic,
and apoglucie acids, of which the first two reduce the oxide
of copper in alkaline solution in small quantity. Alkaline
carbonates and agqueous ammonia produce the same effect
as potash lye.

Lime distilled with a thick syrap 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 C,H,0, 2H,0 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 ; +
this may serve as a qualitative reaction in the presence of
cane-sugar and in urine. Ozide 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 Indigcne, vii 163. 1 Boettger. Journ Pk. Chemie, 1. 431.
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glucose prevents the appearance of the violet-blue preci-
pitate with cane-sugar in this reaction.

When cupric sulphale in solution is mixed with aqueous
dextrose and potash lye, the cupric hydrate, which at first
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, starchh, 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-
mer *); compare Guibourt.t 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 ¢ndigo 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. + NVitrate of silver boiled with dextrose throws
down metallic silver as a black precipitate. An aqueous
solution of one part ferricyanide of potassiwm, mixed with
a half part of caustic pofash 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 oz-ga’l, until the pre-
cipitate first formed is redissolved, the liqnid assumes a
violet-red color, similar to that of potassium permanganate,
on the addition of cane-sugar, dextrose, or starch (Petten-
kofer) ; according to Van Brock, the extractive matter of

* Ann. Pharm., xxxix. 361. + Neues Journ. Pharm., xii. 263.
t Mulder. Neubauer, Zeit. f. Anal. Chemde, i, 377.



COMBINATIONS, 83

healthy urine 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 formie, oxalic, and tar-
tronic acids and aldehyde (page 185).

COMBINATIONS.

With Water.—Dextrose forms two hydrates :

(a) HEMI-HYDRATED DEXTROSE 2C H,,0, H,O (Anthon’s
hard crystallized glucose). Prepared by a secret process.*

() MoxNo-uHYDRATED DEXTROSE CH,,0, H,O. Obtained
in white, granular, hemispherical or cauliflower shaped
masses with occasional shining faces. It loses some water
at 65°-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, caleiwm, and strontiwm, 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 i¢n wvacuo, 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,H, NaO, is precipi-
tated in white flocks.+

* Chem. Centblatt, 1859, 289. t Dingler's Journal, cexxxvii. 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 vacuo. It is a nearly white, loose
powder of caustic taste, and is easily soluble in water.

With Lime.* CH, CaO, 4 Aq (Peligot),

2(C,H,,0,)Ca0(H,0)’ (Maumene).
Prepared by adding alcohol to a freshly-made mixture of
the sugar with calcic hydrate. Insoluble precipitate, diffi-
cult to dry.

With Plumbice 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.

(@) C,H,Pb,0,.
) C,H,.0, 3PbO.

With Cupriec Oxide.—Salkowskit 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.

(@) CH,0, 2NaCl (nearly). Obtained by evaporating
sodium chloride with diabetic urine (Staedeler).

() 2CH,,0, 2NaCl H,0. Also obtained by evaporating
diabetic urine with sodium chloride.

* Ann. Chim. Pharm., 1xxxiii. 138, t Zeits. f. Anal. Chemie, xii. 98.
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(¢) 2C,H,,0, NaC1H,0. This is most well-defined of all
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 sngar. 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(CH,.0,).

With Sodium Jodide.—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.t

Borax behaves with dextrose similarly to what it
does with cane-sugar. By the action of ckloracetyl on
dextrose there is produced a body having the composition
C.H,(C,H,0),0,Cl. 1t 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 FOR DEXTROSE.

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).
+ Berthelot (Jahresb. der Chem., 1855, 157, 507, 678).
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duced. Dextrin, milk, or cane-sugar do not act. .01 per
cent. may be thus detected.*

Schmitt’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.t See also E. Pollacci.}

Picric Acid Test (Braun §).—Dextrose reduces picric
acid C,H,(NO,),0 to picraminic acid C,H,(NO,),NH,0, 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.

P ArapEXTROSE.—This substance is produced with para-
saccharose by spontaneoﬁs 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. Zevtschrift, xii. 27. § Fres. Zeitschrift, iv. 187,
t Gazzetta Chim. Ital., 1878, ii. and iii. | Chem. News, xxxviii. 145.

$ Ivid.
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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 4 40°.

LEVULOSE * C,H,,0..

Honigzucker, Linksfruchtzucker, Schleimzucker. Gr.—
Chylariose, Fr.—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 ‘nulin
with acids is levulose, according to Dubrunfaut.

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, 1b/d., xxix.
51, xl. 201, xlii. 808; Ann. Chim. Phys., [8] xxi. 169; Journ. Pk. Chem., 1xix.
438, 208, xlii. 418,



88 DEXTROSE, LEVULOSE, AND INVERT-SUGAR.

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 CH,O, 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]lj = — 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 CH,O, (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,t with silver oxide,
acting on levuloqe, forms not glucomc but glycollic acid.

* Ann. Pharm., cxxiii. 136; Ber. Chem. Gesell., ix. 1465: Ann. Chim.
Phys., [5] x. 559. t Ber. Chem. Gesell., iii. 436.
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The produects 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 basie 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
(Dubrunfautt). Peligot gives the formula CH,0,3Ca0.
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.H, NaO,.

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° — 138.383° 0° (Dubrunfaut §).

According to Tuchscmid,| 87.2° is the temperature of in-

* Peligot, Compt. Rend., No. 4, 1880. § Compt. Rend., xlii. 901.
+ Ibid., 1xix. 1366. | Journ. Pk. Chemdie, [2] ii. 285.
$ Ber. Chem. Gesell., xii. 45.
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activity. The latter gives the general formula when ¢ =
17.2 grm. in 100 c.c., as [a]D, = — (27.9 — .82¢), when ¢ =
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 0° C.

Chancel + 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.

Density. ! Density.
Per cent. of Per cent. of
sugar. sugar.
Cane-sugar. | Invert-sugar. Cane-sugar. | Invert-sugar.

2 1.0080 1.0082 15 1.0630 1.0634

5 1.0203 1.0206 174 1.0718 1.0722

7 1.0286 1.02Gg0 20 1.0854 1.0856
10 1.0413 1.0417 | 22 1.0946 1.0947
12 1.0499 1.0503 | 25 1.1086 1.1086

|

General references on invert-sugar : Bouchardat, Compt.
Rend., xxv. 274 ; Dubrunfaut, V. Ann. Chim. Phys., xxi.
169 ; Compt. Rend., xxix. b1, ibid., xlii. 901, 803; Lipp-
man, Scheibler’s Neue Zeit., iv. 304.

* Jodin, Compt. Rend., lviii. 613. t Compt. Rend., 1xxiv, 356.
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Schmoeger * gives [a] D = 52.53° for a 36 per cent. solution
at 20° C.

The freshly-prepared solution shows birotation. Alkalies
alter the rotatory power.

Hydrated Lactose (crystallized lactose). C,H,0, H,0. .
—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.
Anhydrous. Hydrous.
(617001115 oo CR RSy o S 42.11 40.00
Hiydrogent Jo i igeet ot 6.43 6.66
OXYgem. . ol wrstonmisefe e 51.46 53.34
100.00 100.00

Solubilities.—Milk-sugar is slightly hygroscopie, 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 aleohol and ether (Dubrunfaut t).

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 lacfo-caramel and a sub-

* Ber. Chem. Gesell., xvi. 1922, t Jahresber. der Chemie, 1858, 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°.

Sulphurie 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,t 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 birotatory.}

Nitric Aecid diluted, heated with milk-sugar, gives
mucie, saccharie, tartaric, oxalie, and carbonic acids. The
production of mucic acid in this way is particularly cha-
racteristic of lactose. Nitric acid may act on lactose in

* Jahresber. der Chemie, 1856, 643. t Zeits. Anal. Chem., [2] iii. 32.
t 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 mueic 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 Aydrochloric acid turns lactose brown,
while glacial phosphoric acid forms a red color, but does
not carbonize it; oxidized by potassium chlorate and
todic acid. Distilled with pofassium dichromate 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 CH,O, and C,H,0,, and considers them to be
glucosides.

Lactose forms more or less well-defined compounds with
potassium, sodium, calcium, barium, and lead oxides.t

* Journ. Prak. Chemie, neue folge, xv. 348,
4 Honig and Rosenfeld, Ber. Chem. Gesell., 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

C,.H,(C.H,0),0, [a]j = 31°

and quadriacetylated lactose
CuHxa(CaHsO)AOu [a]j - 50.10.

See also Herzfeld.t

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 alecohol 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.

Erythrozyme, a substance obtained from madder, causes
milk-sugar to ferment, giving rise to carbonie, formic,
acetic, and succinic acids, hydrogen, and alcohol.}

* Ann. Chem. Pharm., clx. 91. t Scheibler’s Neue Zeit., iii. 155.
t 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
96
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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.

W= ' L
J ‘ b T U S SR S N R i )y 1.000
— 1

=" o ]

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 wiil 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
ko 100
3 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 specific gravities, the weight of 100 c.c. of any
liquid, divided by 100, being its specific gravity.

AREOMETRY.

The Areometer (Ardometer, Senkwage, Gr.; Aréo-
meétre, 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 lignid 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 regard 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 g_g_ = 1.000 as the

specific gravity; 50 grammes syrup of specific gravity

1.261

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° Baumé 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

1.261 would occupy a volume of 39.6 c.c.( g ) Accord-
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to any degree may be calculated. Such data,and tables
based on them, 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 Baumé's hydrometers
called acidometers, salinometers, alcoholometers, saccha-
rometers, ete., 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—
Baumé s hydrometer (even scale).
IV. When the scale indicates percentages of substance in
solution—Balling’s saccharometer (even scale).

GAY LUSSAC’S VOLUMETER.

This areometér 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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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 {35 of the
total volume below the 100° mark.
As the volumeter is more exact the
larger the divisions of the scale, it is
—%7 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.
038 In order to obtain the specific gra-
vity of aliquid it is simply necessary
120 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 1§§, 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

Fig.
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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:

votimates, | Demsity. || DR O | Densicy.
50. 2.000 ‘ go.go ~ 1.T000
52.63 1.g00 100.00 1.0000
55.55 1.800 105 26 9500
58.82 1.700 IIL.IX .g000
62.50 1.600 117.64 .8500
66.66 1.500 125 0O .8000
71.43 I.400 133.33 7500
76.92 1.300 142.85 .7000
83.33 1.200

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.

Ventzke's Areometer is a densimeter with a bulb enor-
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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 Ventzke’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.

Baumé’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 Baumé hydrometers, gradu-
ated on different principles, the divisions of their scales
not being directly convertible into each other. They are
the Aydromajor and the hydrominor spindles. For the
hydromajor instrument (pése sel, pése acide) the point
marked 15° on the scale was fixed by Baumé 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 (pése 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 0° 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 Baumé
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 Baumé 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 Baumé&'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-
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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 156° 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 Baumé 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 Francceur:

152
=mm—a ©
in which P = the density; d = the degree Baumé.
This is the correct formula when the graduation is effected
by the original method of Baumé 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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p_ _ 1443

T 1443 —d @)

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 +d %

The following table given by Bourgougnon * shows the
specific gravities corresponding to degrees Baumé for
liquids heavier than water, at 15° C., calculated according
to formula (2) :

Deg.B.| Sp.Gr. | Deg.B.| Sp.Gr. |[Deg.B. Sp.Gr. |[Deg.B. Sp.Gr

)

|
o | 1.0000 || 1I9 1.I15I6 38 1.3574 57 ' 1.6527
T 1.0069 20 1.1608 39 1.3703 58 1.6719
2 { 10140 || 21 1.1702 40 1.3834 59 1.6915
3 1.0212 22 1.1798 41 1.3968 60 1.7115
4 1.0285 || 23 1.1895 42 1.4104 61 1.7321
5 1.0358 24 1.1994 43 1.4244 62 1.7531
6 1.0433 25 1.2095 44 1.4386 63 1.7748
7 1.0509 26 1.2197 45 1.4530 64 1.7968
8 1.0586 27 1.2301 46 1.4678 65 1.8194
9 1.0665 28 1.2407 47 1.4829 66 1.8427
10 1.0744 29 1.2514 48 1.4983 67 1.8665
II 1.0825 30 1.2624 49 1.5140 68 1.8909
12 1.0906 31 1.2735 50 1.5301 69 1.9161

14 1.1074 33 1.2964 52 1.5632 71 1.9683
15 1.1159 34 I.308z 53 1.5802 72 1.9955
16 1.1246 35 1.3201 54 1.5978 78 2.0235
17 1.1335 36 1.3323 S0 1.6157 74 2.0523
18 1.1424 37 1.3447 56 1.6340 75 2.0819

|
|
|

13 1.0989 l 32 1 2849 51 1.5465 70 1.9418

* Proc. Am. Chem. Soc., vol. i., No. 5, p. 55.



110 DETERMINATION OF SPECIFIC GRAVITY,

The table for liquids lighter than water is calculated by
formula (8):

Deg. B.| Sp. Gr. ]Deg. B. Sp.Gr. |[Deg.B.| Sp.Gr. | Deg. B.| Sp. Gr.

|

|
10 1.000 23 .918 36 .849 49 789
11 993 | 24 | .o13 37 844 50 l .785
12 986 25 .907 38 839 || 51 | .781
13 .980 26 .QoI1 39 .834 B2l Tihe 1o
13 | .973 27 | .896 a0 | .83 53 | 173
15 .967 28 .890 41 825 54t 768
16 .960 29 .88s 32 .820 S
17 054 30 .880 43 .816 56 ' 760
18 | .18 31 874 41 | .Bux i D
19 .942 32 .869 45 .807 58 I .753
20 .936 33 .864 46 .802 59 .749
21 .930 34 .859 47 .798 60 | .745
22 -924 35 .854 48 .794 !

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 subfracted ; or
the correction of {; degree Baumé for each difference of
two degrees Centigrade may be used.

BALLING'S AREOMETER.

The reédings 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 whole 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 de‘erminations of the specific gra-
vities of sugar solutions corresponding to various percent-
ages of sugar dissolver, as did also Nieman and Gerlach.

successively to different temperatures, and the readings of the hydrometer care-
fully taken and averaged.

1. Molasses stood :

At 11° C. — 34.3° B,
40° C. — 32.9° B.
56° C. — 32.2° B.
79° C. — 31.2° B.

Average for
1° C. = a difference of
.0456° B.
2. Molasses :
At 13° C. — 15.6° B. Average

39°C. — 147 B. 14 0, — 5 difference of
69° C. — 13.3° B. 0413 B,

87° C. — 12.1° B.
8. A syrup of cane-sugar stood :

At 12° C. — 33.25° B. Average
48° C. — 81.20° B. +1° C. = a difference of
7 C. — 30.10° B. .0484° B.
Average of the three estimations :

) A
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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:

0
20 per cent. 25 per cent.
solution, solution.
BRI BT AL % cre f4 o o MeTo ol atiehe w¥e s lakaforaol 1o 4 1.0833 1.10607
Grape |[° 7 e a ki Sl 1.0831 1.10210
Calcium acetate......cceesee 5 1.0874 1.1130
7 BRIt Sae el erere e JSOOBD0 cadgo 1.1736 1.2220
Sodium sulphate......ccccceeeneeen .. 1.0807 1.101I7
e R TIETRICE W o P o St e B e o lors e 1.1418 1.1832
Potagsinm NitTALC e cis.aias s o7 o oie/ sl amie /s lodle L oy A

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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Sp. Gr. " | Per cent Balling. |
Potassium: carbonate.. . . .ueliees seoaenins oo « 1.0086 2.15
[ 5 hiyd rafer R R o S ok 1.0088 2.20
¥ ‘“  neut. with PO,Hs...... 1.0156 3.90
! = Diftirate SNl DU SRR R 1.0062 1.55
' o hydrate neut. with citric acid .. 1.0110 2095
Sodium carbonate ........c..chiiinn.... 1.0084 2.10
I sulphate o el STFMHRRL T s s 1.0044 1.10
4 ()53 31 (SEn AR MO calte e fNSRa ¥ E 1.0070 7S
v pROSPHREESIET . S e e LT RS - 1.0040 1.00
‘“  oxalate 1.0036 .go
O ETRRA i o A A R L S 1.0036 .90

‘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, thongh there can be no
doubt of its great value for ordinary technical work, even
on the lower products of the fabricant 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 npon is lower than 173° C. (633° F.),
the correction is to be subtracted from the reading of the
areometer ; when above 173° it is to be added. If the
saccharometer is graduated at 15° C. instead of 171°, the
difference made by using the table given below is too small
to be considered in ordinary work :

* Lehrbuch der Zuckerfabrikation ; Erginzungband, page 60.
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CORRECTION FOR THE READINGS OF BALLING’S SACCHAROMETER, ON
ACCOUNT OF TEMPERATURE.

!
Temp. | Per cent. of sugar in solution.

C.| F.  o| 5 |10|15|20]|25]30] 35 50 70 | 75

To be subtracted from the degree read.

.I7] .30 41| .52 .62} .72} .82 .92! .98 [I.1I |1.22(1.25 [1.29
5 | 41 .23| .30 .37| .44| .52| .59| .65| .72| .75| .80| .88| .91 | .04
10 | 51 .20} .26| .29| .33| .36] .39| .42| .45| .48| .50| .54| .58 .61j
I | 52 .18 .23| .26] .28 .31| .34| .36| .39 | .4I| .43| .47]| .50| .53
12 | 53.6| .16| .20| .22| .24 .26 .29} .31| .33 .34] .36| .40| .42 | .46
13 | 554 .14 .18] .19] .21 .22 .24] .26 .27 .28| .29| .33| .35] .39
14 | 57.0] .12{ .15} .16| .17| .18( .19 | .21| .22 .22 .23| .26| .28 ] .32
15 | 590( .09 .11| .12| .14} .14| .15] 16| .17] .16] .17| .19| .21 .25
16 | 61.0( .06| .07| .08| .09| .10| .10| .X1| .I2]| .X2| .12| .I4| .16] .18
17 | 62.5| .02 .02| .03| .03| .03| .04| .04| .04| .04| .04| .05| .05 .06

70 be added to the degree read.

18 | 64.4| .02| .03| .03| .03| .03| .03} .03| .03| .03| .03| .03| .03 | .02
19 | 66.2| .06| .08| .08 .09| .09| .10| .10| .I0| .IO| .10| .10| .08 | .06
20 | 68.0| .xx| .14} .15} .17] .17 .18} .18 | .18( .19| .19| .18 .15 .11
21 | 70.0| .16| .20{ .22| .24| .24| .25{ .25| .25]| .26 .26 .25 .22 | .18
22 | 71.6| .21| .26| .29| .31{ .37| .32} .32 .32] .33]| .34| .32 29| .25
23 | 73.4| .27| .32| .35] .37{ -38| .39| .39 .39| .40| 42| .39 .36 .33
24 | 7501 .32} .38]| 41| .43| .44| .46| .46| .47| .47! 50| 46| 43| .40
25 | 77.0| .37| -44| -47| .49} .51 53 54| .55( .55( .58 .54 | .51} .48
26 | 790! .43]| .50]| .54| .56| .58 .61 .62 .62 66| .62| .58} .55
27 | 806 | .49| .57| .61| .63| .65 68 68| .69| .70! .74 | .70| .65 .62
28 | 82.4| .56| .64| .68] .70| .72| .76! 76| .78 .78| .82| 78] .72| .70
29 | 840/ .63 .71{ .75| .78| .79| 84| .84 | .86| .86| 90| .86 .80 .78
30 | 86.0| .70; .78{ .82| .87| .87 .92| 92| .94| .94| .98 .94 | .88 .86
35 | 95.0 1.I0 1.17(I.22|1.24 1.30/1.32(1.33 |1.35|I.36|1.39 [1.34 |1.27 [1.25
40 |104.0 1. 50‘1 .6111.67 |1.71 (1.73|1. 79|x 79 {1.80 |1.82(1.83 |1.78 |1 69 |1.65
50 |122 |....|2.65 2.71(2.74(2.78 |2. 80/ 12.80 |2.80|2.80(2.79 [2.70 2.56 |2.51
60 [140 |....[3.87|3.88{3.88 388 3.88 |3.88 |3.88 3.90|3.82 [3 70 [3.43 |3.41
70 |158 .......5:8520514|513 5 10 |5.08 5,06 |4 9O |4 72!447 4.35
80 ‘176 san)e e ojOsGR 6.5916.54|6 .46 6 38 |£.30(6.26 6.06|5 82 5 50 |5.33
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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 sngar 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 Baumé. It was calculated by
Mategezek, Scheibler, and Stammer.*

* Zeitschrift fiir Zuckerindustrie des Deutschen Reiches, xv, 583, xx. 269 ;
Stammer, Zuckerfabrikation, 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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