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§20] FRACTIONAL DISTILLATION. 23

tion as complete as possible, the fraction 100°-110° is returned
to the fractionation-flask and distilled till the thermometer reaches
110°, the fraction 110°-120° then mixed with the residue in the
fractionation-flask, and the distillation then continued till the
thermometer again stands at 110°. The receiver is changed, and
the distillation renewed till the thermometer reaches 120°, The
fraction 120°-130° is then added to the liquid in the distillation-

Young. HEespeL. Wunrsz, LassteMan.
Fi1a. 13.—FRACTIONATING-COLUMNS.

flask, and the distillate collected in the same receiver, until the ther-
mometer again indicates 120°. The portion distilling subse-
quently is collected separately. By several repetitions of this process
it is possible often to effect an almost complete separation, it being
usually advantageous to collect the fractions between narrower
limits of temperature, and thus to increase their number.

20. The separation is much facilitated by using a fractionating-
column (Fig. 13) connected to the neck of the boiling-flask;












§ 22] STEAM-DISTILLATION., 27

the total pressure, which is equal to that of the atmosphere. The

same result is therefore attained as by distillation at diminished

pressure; that is, the volatilization of the substance at a tem-
perature lower than its boiling-point under ordinary pressure.

Whether a substance distils quickly or slowly with steam de-

= pends on its partial pressure and on ts vapour-density, together with

F1a. 17.—STEAM-DISTILLATION.

the values of these physical econstants for water. If the pressures
are py and ps, and the vapour-densities d, and d;, the quantities dis-
tilling simultaneously are pid, (substanee) and p.ds (water). If the
ratio pyd, : ped, i large, the substance distils with a small quantity of
water, the distillation being quickly ecompleted. The reverse takes
place when the ratio p.d, : p.d, is small.

At a pressure of 760 mm. a mixture of nitrobenzene and water
boils at 99°, The steam exerts a pressure of 733 mm., so that
the tension of the nitrobenzene-vapour is 27 mm. Since the vapour:
densities of water and nitrobenzene are in the ratio of their
respective molecular weights, 18 and 123, the proportion of water
to nitrobenzene in the distillate should be as 733 x18 : 27 x123;
that is, approximately as 4 : 1. Notwithstanding its small vapour-
tension at the boiling-point of the mixture, the quantity of nitro-
benzene which passes over is about one-fifth of the total distillate,
the rapid volatilization of the nitrobenzene being due to the fact
that it has a large, and water a small, molecular weight. Even


















POLARIMETRY, 33

the length of the tube into the specific gravity of the liquid. This
value is denoted by [e] so that

[e] =35

where [ is the length of the tube, and d the specific gravity of the
liquid. Under these conditions, [a] expresses the rotatory power of
a substance per unit length of the tube (1 decimetre), and for unit
weight of the substance divided into the unit of volume.

Fig. 22.—LavrEST'S POLARIMETER.

The extent of the rotation is dependent on the colour of the
light. The measurement is often earried out with sodium-light,
which gives a yellow line in the spectroscope, denoted by D. This
is expressed by the symbol [a]p,

When the rotatory power of a substance is small, or when, on
account of its slight solubility, it can only be obtained in dilute solu-
tion, the rotation can often be increased by adding a solution of
borie acid, molybdic acid, uranium salts, or other substances.
These bodies combine with the organic substances to form com-
pounds of much higher rotatory power.

The determination of the refractive power or refraction of liquid
compounds is of great importanece in organic research. A deserip-
tion of the apparatus employed is given in text-books of physics.
The index of refraction, n, depends on the colour of the light




































§ 36] CARBON CHAINS. 45

pied by the iodine atom in the molecule, because the arrangement
of the atoms in propane is known, and the propyl iodides only
differ from propane in having one of the hydrogen atoms in the
latter replaced by iodine. isoPropyl iodide must therefore have
the structure
H
CHy-C-CHj,

I

if the constitution of normal propyl iodide is CHy-CHz-CH,l.
The hexane boiling at 58° is produced by the action of sodium
on tsopropyl iodide, and consequently must have the structure

CH4-CH.CHgy CHg CH
CH.CH < O3,
CH,-CH.CH;, . CHz” CHj

Hence it is called diisopropyl.

Carbon Chains.

36. The foregoing facts evidently make it reasonable to assume
the existence of a bond between carbon atoms in the molecules
of organic compounds. This bond is a very strong one, since the
saturated hydroearbons resist the aetion of powerful chemiecal
reagents (29). The property possessed by earbon atoms of com-
bining to form a series of many atoms, a carbon chain, like that
in the hexanes above described, furnishes a marked distinction
between them and the atoms of all the other elements which
either have not this power, or have it only in a very inferior de-
gree. The faet that the number of carbon compounds is so
enormous is due to this property, in conjunetion with the quadri-
valency of the carbon atom.

A carbon chain like that in dipropyl is said to be normal.
On the other hand, an example of a branched chain is fur-
nished by diisopropyl. Each carbon atom in the normal chain
is linked directly to not more than two others: in branched
chains there are earbon atoms directly linked to three or four
others. A normal-chain compound is usually denoted by putting
n before its name; branched-chain compounds are often dis-
tinguished by the prefix ise,






























§ 43 ETHYL ALCOHOL. 55

The enzyme employed in the technical manufacture of maltose
from starch is called diastase, and is present in malt. The reaction
it induces is called sac-
charification. When po-

tatoes are used, they are -

first made into a thin, %
homogeneous pulp by L=
treatment with steam —

under pressure at 140° to
150°, malt being added
after cooling. At a tem-
perature of 60° to 62°,
the decomposition into
maltose is completed in
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twenty minutes. =_§
Yeast is then added N —
to the maltose solution, — il

|

and the fermentation car-
ried on between 23° and
25°. To separate the re-
sulting aleohol from the FiG. 23, —FRACTIONATING-COLUMN,
other substances present,

the product is submitted to distillation; and by using a fraction-
ating-column (Fig. 23), alecohol of 90 per cent. strength can be
obtained, although the concentration of the aleohol in the
fermented liquid does not exceed 18 per cent.

The thin liquid residue remaining in the still is called spent
wash, and is used for feeding cattle. It contains, amongst other
produets, almost all the proteins present in the material from which
the spirit has been manufactured.

The erude spirit (low wines) so prepared is again carefully
fractionated, when alcohol of 96 per eent. by volume (spirits) is
obtained. The fractions of higher boiling-point consist of an oily
liquid of unpleasant odour, called fusel-edl: it contains chiefly
amyl aleohols and other homologues. The residue is called spent
lees, ;

Alcoholic beverages are classified into those that have been dis-
tilled, and those that have not.






§ 44] ETHYL ALCOHOL. 57

the copper sulphate develops a light-blue colour after several hours.
The specific gravity, a physical constant often employed to
ascertain the purity of liquid compounds, can also be employed
for the same purpost. A method of detecting and estimating
very slight traces of water in aleohol is described in 67.

A simple and rapid method for the estimation of alcohol in
mixtures with water is very necessary for industrial and fiscal
purposes, and a practical method, due to von BaumuaUER,
MexpeLEEFF, and others, consists in the determination of the
specific gravity and temperature of such a mixture. A table has
been prepared with great accuracy, showing the specific gravities
of mixtures of alcohol and water from 0 to 100 per cent., at
temperatures between 0° and 30°. When the specific gravity
and temperature of a given mixture have been determined, the
percentage of aleohol may be found by reference to the table. In
practice the specific gravity is usually determined with a delicate
hvdrometer. ;

In commerce and in the arts, the amount of aleohol is usually
expressed on the Continent of Europe in volume-percentage, or the
number of litres of absolute aleohol contained in 100 litres of the
aqueous solution. In Great Britain the standard is proof-sprit.
This name is derived from the old method of testing spirit by moisten-
ing gunpowder with it, and then bringing the mixture into contact
with a lighted mateh. If the alcohol were “under proof,” the
powder did not take fire, but if there were sufficient aleohol present,
the application of the light ignited the gunpowder, the spirit being
then “over proof.” When the proportions of aleohol and water
were such that it was just possible to set fire to the powder, the
sample was deseribed as “proof-spirit.”” When the spirit is weaker
than proof-spirit it is said to be under proof, and when stronger
than proof-spirit is said to be erer proof; for example, a spirit 5°
under proof would contain in each 100 volumes the same quantity
of aleohol as 95 volumes of proof-spirit, and a spirit 5° over proof
would need 5 volumes of water added to each 100 volumes to con-
vert it into proof-spirit. By Act of Parliament “proof-spirit”’ is
defined as “such a spirit as shall at a temperature of 51° F. weigh
exactly 1§ of an equal measure of distilled water,” corresponding
with a spirit containing 57.1 per cent. of aleohol by volume, or
49.3 per cent by weight.

For scientific purposes the amount of aleohol is usually ex-
pressed in percentage by weight, or the number of grammes of












§ 46] BUTYL ALCOHOLS., 61

solid at ordinary temperatures, melting at 25.5° and boiling at
83°, since three of the theoretically possible structural formuls
have been assigned to the other isomerides, there remains only the
fourth structure, that of a tertiary aleohol. This structure for the
alcohol melting at 25.5°, thus arrived at by elimination, is in
accordance with its chemical behaviour. On oxidation, for exam-
ple, it yields neither an acid nor a ketone with four carbon atoms,
but the molecule is at once decomposed into substances containing
a smaller number of carbon atoms. Since to yield on oxidation
an acid with the same number of carbon atoms, an aleohol must
contain the group —CH,0H, and to produce a ketone with the

same number of carbon atoms, it must contain the group H*(l}- OH,
1

it is evident that neither of these can be obtained from a tertiary
alcohol. If the oxidation takes place in this, as in every other
ecase, at the carbon atom already linked to oxygen, it must result
in the decomposition of the molecule.

The foregoing holds for tertiary alcohols in general, so that
oxidation affords a means of distinguishing between primary,
secondary, and tertiary aleohols. The experimental proof can be
summed up as follows,

A primary alcohol wields on oridation an acid with the same
number of carbon atoms: a secondary alcohol yields on oxidation a
ketone with the same number of carbon atoms: whereas orxidation
of a lertiary alcohol at once decomposes the molecule, yielding com-
pounds with a smaller number of carbon atoms,

Many other methods of ascertaining whether an aleohol is
primary, secondary, or tertiary are available, one of the simplest
being based on the effects of heat. Primary aleohols are stable
at 360°, the boiling-point of mercury. At this temperature,
secondary aleohols decompose, yielding chiefly hydrocarbons of
the series C,Hyp, (112) and water; but they are stable at 2182,
the boiling-point of naphthalene. At the last temperature tertiary
alcohols are decomposed, yielding similar produects to those formed
from secondary aleohols at 360°. In practice, the constitution of
any aleohol is ascertainable by determining its vapour-density at
both these temperatures with Vicror Mever's apparatus (11),
the decision being based on the normal or abnormal character of
the results obtained. z
























§ 52] ALKYL HALIDES. | 69

Reactions between ions usually take place instantaneously,
those between molecules slowly.

Many bases can lose water, with formation of anhydrides or
oxides: alcohols behave similarly. By the abstraction of one
molecule of water from two molecules of an aleohol, compounds
called ethers with the general formula C,Hy, ,,—O—C,Hs, ,; are
formed. By elimination of water from two different alecohols, com-
pounds called mized ethers with the general formula

CaHzy 41— O0—CHop 41
are produced.

Alkyl Halides.

52. The alkyl halides may be regarded as the hydrogen-halide
esters of the alcohols, as their formation from aleohol and a hydro-
gen halide shows:

CyHzg i [OH+HIX = C,Hgy i X +H;0.

In preparing alkyl halides by this method, the alecohol is first
saturated with the dry hydrogen halide, and then heated in a
sealed tube or under a reflux-conden=er. The reaction may also be
carried out by heating the alcohol with sulphuric acid and sodium
or potassium halide:

CQHEDH+H:'80.|! +KBr = CQH,EBI' +KHSD.4 + H,0.

Two other methods of formation for alkyl halides are men-
tioned in 28 and 39: they are more fully treated below.

Action of Phosphorus Halides on Alcohols.—These sometimes
react together very energetically., In preparing alkyl bromides
and iodides, it is usual to employ phosphorus with bromine or
indine instead of the bromide or iodide of phosphorus itself. For
example, in the preparation of ethyl bromide, red phosphorus is
added to strong aleohol, in which it is insoluble. Bromine is then
added drop by drop, the temperature of the liquid being kept
from rising by a cooling agent. Each drop of bromine unites with
phosphorus to form phosphorus tribromide, and it reacts with the
aleohol, producing ethyl bromide:

PBr; +3C.H;0H = PO3H; +3C.H;Br.

The ecareful addition of bromine is continued until a quantity cor-
responding to that required by the equation has been used. Thz




























































































































































§ 91] ESTERS. 121

They are also formed by direct treatment of the alcohol with the
acid, although extremely slowly at ordinary temperatures:

CHj3-COOH+HOC;Hz = CHg-COOC2H 5+ H30.

The velocity of the reaction is much increased by a rise of tem-
perature. Esters are also obtained by the action of the silver salt
of an acid upon an alkyl iodide.

The following is a characteristic method frequently used for
the preparation of these compounds. Dry hydrochloric-acid gas
is passed through a mixture of absolute aleohol and the anhydrous
organic acid. After some time the reaction-mixture is poured into
water, whereupon the ester separates out, owing to its slight solu-
bility. The formation of esters in this manner may be explained
on the assumption that a very small quantity of the hydrochlorie
acid unites with the organic acid, water being eliminated, and a
minute quantity of the acid chloride formed:

CH;-COOH +HCl = CH,.COCI + H,0.

It is true that for each molecule of acid chloride formed in accord-
ance with this equation an equivalent quantity of water is pro-
duced, sufficient to reconvert the chloride into the acid and hydro-
chloric acid. There is, however, such an infinitely greater number
of molecules of aleohol than of water with which the chloride can
react, that the probability of the formation of an ester is very
much greater than the probability of the regeneration of the acid,
The preponderance continues so long as the proportion of aleohol
present greatly exceeds that of the water formed; so that when
the object is to obtain the maximum yield of ester, the organie acid
should be dissolved in a large excess of alcohol. The formation of
esters is called esterification.

The esters are colourless liquids of neutral reaction, and do not
mix with water in all proportions. They are lighter than water,
most of them having a specific gravity between 0.8 and 0.9,
Many of them are characterized by their agreeable odour, resem-
bling that of fruits, a property which finds practical application in
their employment in ‘the manufacture of artifieial fruit-essences.
For example, isoamyl isovalerate (b.p. 196°) has an odour of
apples, ethyl butyrate (b.p. 121°) of pineapples, isoamyl acetate
(b.p. 145°) of pears, and so on.






§ 03] ESTERS. 123

The equation of equilibrium deduced in Ibid., 49-51, may
be applied to the formation and decomposition of esters. It is

k(p—2)(g—2) =k'z%, or (p—2)(q—1) =Kz,

where p is the initial concentration of the alcohol and g that of the
acid, while r represents the quantities of water and of ester re-
spectively present when the equilibrium is attained. All these are
expressed in gramme-molecules, and K is a constant. There are
here two opposing reactions taking place simultaneously, so that
all the statements referred to above (loc. cil.) are applicable to the
present instance. Given p, ¢, and K, the unknown quantity =z
can be calculated. '

Numerous observations have proved that K is equal to 0-25 for
the system ethyl aleohol +acetic actd. When one gramme-molecule
of aleohol (46 g.) and one gramme-molecule of acetic acid (60 g.)
are brought into contact, both p and g are equal to 1, and the equa-
tion is

(1-z)*=0-25z%, or z'-jz+§=0,
so that
=14
It follows that this system in equilibrium contains § gramme-moleculs
aleohol + % gramme-molecule acetic acid +% gramme-molecule water +
§ gramme-molecule ester,

93. Several deductions can be drawn from the equation
(p—z)(qg—=) = K2

These deductions had been established by experiment long before
the development of the theory. :

1. The esterification is approximately quantitative only when
either the acid or the aleohol is largely in excess,

Putting the equation in the form

it is evident that when the quantity of alcohol (p) is infinitely
great, the left-hand side=co. This is true of the right-hand side
when g =z, that is, when all the acid has been converted into ester.










































§ 104] ALDEHYDES. 137
NH

that the struct < -

e structure R,C N-CH,

more evident by the fact that only phenylhydrazines containing
an unsubstituted amino-group can form hydrazones.

is excluded. This is rendered even

ALDEHYDES.

104. In addition to the properties common to both aldehydes
and ketones (1or-103), aldehydes have their own special pro-
| perties. .

1. Aldehydeammonia.—Acetaldehydeammonia is produced from
ammonia and acetaldehyde:

CoH,04 NHg = CoH,ONH3.
Acetaldehyde Acetaldehydeammonia

It is precipitated in the form of white crystals when dry ammonia-
gas is passed into a solution of acetaldehyde in anhydrous ether,
and is very soluble in water. Acids decompose the aldehyde-
ammonias into an aldehyde and ammonia; caustic potash is unable
to effect this decomposition.

At ordinary temperatures the molecular formula of acetaldehyde-
ammonia is three times its empirical formula, When dried over
sulphurie acid, it loses water and is converted into (CH,-CHNH),,
(105) a polymeride of ethylidene-imine.

2. Acetals.—An aldehyde combines with two molecules of an
alcohol, with elimination of water, and production of an acetal:

B[ H|OC,H; OCyH
CH, G[lﬂ' +loc, & CHa-CH< o %+ HuO.

Acetals are readily obtained by addition of the aldehyde to a one
per cent. solution of anhydrous hydrochloric acid in the aleohol.
The reaction is not complete; it is limited by the reverse one, since
water acts on acetal, regenerating aldehyde and alcohol, Both the
formation and decomposition of acetal are considerably accelerated
by the presence of a small quantity of a strong mineral acid, which
acts as a powerful catalyst. The acetals are liquids of aromatic
odour, and distil without decomposition. They are not attacked
by alkalis, but are resolved by acids into the compounds from which



















§ 100] ACETALDEHYDE, 143

The oxime of formaldehyde also polymerizes readily. For-
maldehyde and its derivatives display a much greater tendency
towards polymerization than the other aldehydes and their deriva-
tives, and differ from them in their behaviour with ammonia and
with caustie potash.

An aqueous solution eontaining 40 per cent. of formaldehyde
is a commercial product, and is called “*formalin.” After dilution,
it is employed as a disinfectant, and in the preservation of ana-
tomical specimens. It possesses the remarkable property of con-
verting protein substances into a hard, elastic mass, quite insol-
uble in water. The contents of a hen's egg, for example, undergo
this transformation through contact with formalin for half-an-
hour; brain-substance attains the consistoney of india-rubber;
and a solution of gelatin is eonverted into a hard, transparent, in-
soluble, odourless mass, reducible to a fine powder. Before
development, photographic films with a basis of g-latin are
immersed in a dilute solution of formaldehyde for a short time
to render the gelatin insoluble.

The condensation of formaldehyde is discussed in 206.

The concentration of a formalin solution is determined by adding
excess of a solution of twice normal sodium hydroxide, and then
hydrogen peroxide, the formaldehyde being converted completely
into formic acid. The excess of alkali is estimated by titration, and
from the result the amount of formaldehyde can be ealeulated,
since one molecule of the aldehyde yields one molecule of the acid.

Acetaldehyde, CH;-C< [,

109. Acetaldehyde is the typical aldehyde of this series, since
it has all the properties characteristic of aldehydes as a class, It
is obtained by the oxidation of ethyl aleohol by means of potassium
dichromate and sulphurie acid, and is a liquid with a disagreeable
odour, at least in the dilute state: it boils at 22° and solidifies at
—120.6° It readily polymerizes to paracetaldehyde, CgH,;204
(105), or to metacelaldehyde. The molecular weight of this
- product is not known with certainty, but eryoscopic determina-
tions point to the formula (C:H40O)y, or a polymerie multi ple of
it. Metacetaldehyde forms well-developed, acicular ecrystals,






























§ 118] THE NATURE OF THE DOUBLE CARBON BOND. 153

hvde. Similarly, propylene chloride, C3HgCly, formed by the
addition of chlorine to propylene, is not identical with the reaction-
product obtained by treating acetone with phosphorus penta-
chloride, CHy-CCly-CHy (chloroacetone), nor with that from pro-
pionaldehyde, CHgz.CHg-CHCly (propylidene chloride). Fthylene

IT
therefore cannot have either the formula CI—IS-RH or CHz-CH.

nor propylene any of the formule GH;-E-CI—I;, UHE-EHyRH,

CH;-C-CH, or CHy -CH, -CH.

118. A further insight into the structure of the unsaturated com-
pounds is derived from other considerations. Propylene is obtained
by the elimination of HI from n-propyl iodide, CHz-CHg-CIH,l,
The same compound is produced by the removal of HI from iso-
propyl iodide, CH3-CHI-CH;. Hence, it follows that propylene

CH;—CHg
eannot have either the formula GI{g-CPIg-{'IJH;; or \) / , and

I
therefore the remaining possibilities are CHy-CH.CH,,

CHj-CH.CH,, and CHy-CH:CH,.
isoButylene, C4Hg, is similarly formed by the elimination of
HI from both isobutyl iodide, {CHg}gﬁ]‘H[GHgiIL and tertiary butyl

iodide, {GHE),cili *GHJH]. Thus, tsohutylene can only have one of
the formule {CHa}g([}-t;Hg, (CHg)a(}-CHa, and (CHy)sC:CH,.
Both these examples indicate that the removal of hydrogen halide
from an alkyl halide necessitates the elimination of a halogen atom
and a hydrogen alom respeclively in union with two carbon atoms

directly linked together.
Other examplesserve as further illustrations of this prineiple. If

II be removed from a pentyl iodide, GEHE >CH-CHal, the result-
ing amylene, CgH,q, should, in accordance with the prineiple, have
the constitution CEE“ }C-CH; That it actually has is proved hy

the fuet that the addmun-pmduct obtained by the action of hydri-
odie acid on this amylene is not the original pentyl iodide, but one






§120] THE NATURE OF THE DOUBLE CARBON BOND. 155

C,Hay .2, come in order of the number of hydrogen atoms, C,H,,
CoHay_a, ete. Hydrocarbons, C,Hay 4y, Colgn -, ete., with one or
three free bonds, or tervalent carbon atoms, are unknown, all
attempts to isolate methyl CHg, ethyl CoI;, ete., having failed. The
facts afford no support for the assumption of either free bonds or
of tervalent carbon atoms. On the other hand, in forming a double
linking hydrogen halide must be eliminated from adjoining carbon
atoms in direct union, thus excluding the possibility of the forma-
tion of such compounds as C,Hg,,,. Only the existence of the
double bond, therefore, explains the observed facts.

The non-existence of free bonds in the unsaturated hydro-
carbons has led by analogy to the conclusion that they are also
absent from other compounds containing atoms doubly linked,
trebly linked, etc., such as nitrogen in the nitriles, oxygen in the
ketones, and so on.

120. The assumption of the existence of multiple bonds pre-
sents at first sight, however, certain difficulties when the power
of forming addition-produets possessed by all such compounds is
considered. As has been stated several times, carbon bonds are
only severed with difficulty (36), but the double carbon hond is
very readily converted into a single one by formation of an addi-
tion-product. It is still more remarkable that when a substance
containing a double carbon bond is oxidized, the chain is alwayvs
severed at the double bond. A satisfactory explanation is afforded
by the faet that when substances containing a double carbon bond
are oxidized, it is often possible to prove that there is no direct
rupture of the earbon chain at the double bond, but that an addi-
tion-product is first formed by the taking up-of two OH-groups:

\CHOH
é becomes /é
H HOH

Such derivatives can often be isolated. Since oxidation always
takes place at a point where it has already begun (45), it follows
that further oxidation of such a compound must result in a sever-
ance of the carbon chain at the position previously occupied by the
double bond. The breaking of the unsaturated chain by oxidation
therefore depends on the formation of an intermediate addition-












§§124,125] HYDROCARBONS WITH TRIPLE BONDS. 159

124. Some of the hydrocarbons prepared by the foregoing
methods exhibit a charaeteristic behaviour towards an ammoniacal
solution of euprouschloride or of a silversalt, which affords a ready
means of recognizing them, By replacement of hydrogen, they yield
metallic derivatives, insoluble in the ammoniacal solution or in
water, which separate out as a voluminous preeipitate. These
compounds are explosive, the copper yellow or red, and the silver
white. Acetylene, and of its higher homologues, those derived
from the dihalogen compounds of the aldehydes, yield these metallic
compounds. The method of formation of these humnlogu&a shows
that they contain the group =CH:

CnHzp41:CH2-CHO — C,Hgy 4y «CH2 -CHClz — CHay, 4y -C=CH.

From this it may be concluded that the presence of the group =CH
18 essential to the yielding of metallhe derwatwes: 1t is the hydrogen
of this group which is replaced by metals. In support of this view
is the fact that only the dichloro-derivatives of the methylketones
(ro1) can be transformed into hydrocarbons yielding metallie

compounds:
CaHgp 41 -CO-CHy — CpHgp 4y -CClga- ('Ha"*CnH:anH -C=CH;

Yields metallic -:lzr-vnuv-.

C:Hj5-CO-CaHg — CaHg-CCly-CHy-CH3 — CoH 5 -C=C.CHs3.
Dioes na&i}uvl:lur:;tdﬁu

The isomeric hydrocarbons containing two double bonds (127) are
also incapable of forming metallic compounds.

The hydrocarbons are readily liberated from their metallic
derivatives by the action of dilute hydrochloric acid. This affords
a means of isolating from mixtures the members of the series
CuHzn-2 which yield such derivatives, and of obtaining them in
the pure state,

125. The hydrocarbons of this series can add on four halogen
atoms or two molecules of a hydrogen halide. In presence of
mercury salts they ean take up water, forming aldehydes or ketones:

CH=CH+ H,0 = CH;3-CHO.
CH;3-C=CH+H,0 = GH;-GD-GH;;.

Mercury cnmpuunds are first formed by addition: thus, when
allvlene, C3H,, is passed into a solution of mercuric chiandr_- there
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which yields a red precipitate of copper acetylene evea from
traces of acetylene mixed with other gases. Acetylene is also
obtained as a product of the incomplete combustion of many
organic substances. It is prepared on the large scale by the action
of water on caleium carbide, or calcium acetylene, CaCs:

CaCz+2H0 = Ca(OH)z+ CHa.

The reaction is somewhat violent, and is attended with the evolu-
tion of a considerable quantity of heat. Calcium carbide is pre-
pared by heating carbon with quicklime, CaO, in an electric furnace.
Under the influence of the high temperature, the calcium liberated
by the action of the earbon on the quicklime enters into combina-
tion with the excess of carbon, forming calcium earbide: when
pure, it is white, but has usually a dark reddish-brown colour, due
to the presence of small quantities of iron.

Various applications of acetylene have been facilitated by the
cheap and simple method available for its preparation from eal-
cium ecarbide. A solution in acetone is usually employed in the
arts and manufactures, the gas being compressed at twelve atmos-
pheres into steel eylinders containing this solvent., At this pressure,
one volume of aeetone dissolves about three hundred volumes of
acetylene. When the gas evolved from this solution is allowed to
issue from a fine orifice and ignited, it burns with a smokeless, bright
luminous flame, and is employed as an illuminant in railway-car-
ringes, motor-car lamps, gas-buoys, and so on. Another important
application is exemplified by aufogenous welding, sufficient heat
being generated by an oxy-acetylene blowpipe to melt iron readily.
Steel plates for safes, rails for railway or tramway use, and other
iron or steel material can be readily welded by its aid.

Acetylene must be handled carefully, since a mixture with air
explodes with extreme violenee, and is much more dangerous than
a mixture of ordinary ebal-gas and air. This is due to the fact
that much heat is taken up in the formation of acetylene: it is
strongly endothermie (" Inorganic Chemistry,” 97). Moreover,
the limits of explosion are much wider than for any other gas, an
explosive mixture being formed with air by the admixture of
3-82 per cent. of acetylene, while for coal-gas the limits are only
5-28 per cent. The velocity of propagation of combustion is also
much greater for acetylene, and this augments considerably the
force of the explosion,
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triles from chloroform, alcoholic potash, and primary amines, has
been already mentioned (77).

Exposure to dark electric discharge converts chloroform into
a series of highly chlorinated products, such as CyCly, CoHCI;,
CyClg, C3HCly, and others of similar type.

Methylene chloride, CH,Cl,, is obtained from chloroform by redue-

tion with zine and hydrochlorie acid in aleoholic solution. It is a

liquid, boils at 40°, and has a specific gravity of 1-337.

Tetrachloromethane, or carbon (tetrachloride, CCl,, produced by

the action of chlorine on chloroform or carbon disulphide, is also a

liquid, and boils at 76°. When heated with excess of water at 250°

it yields HCl and CO,. Its specific gravity is 1-593 at 20°: the
high specific gravities of these polyehloro-compounds is noteworthy,

The bromine and iodine compounds are specifically mueh heavier

than the corresponding chlorine compounds.

Bromofjorm, CHBr,, is obtained by methods analogous to the
preparation of chloroform. 1t melts at 7-5° baoils at 151°, and has

a specific gravity of 2.904 at 15° It is used for therapeutic pur-

poses.

Iodoform, CHI;.

146. Todoform is a substance of great importance, and is ob-
tained from alecohol by the action of potassium carbonate and
iodine. The intermediate product ifodal, Clz-CHO, anzlogous to
chloral, has not been isolated. On the manufacturing scale scetone,
being less expensive than aleohol, is often employed.

Iodoform ecan also be prepared by the electrolysis of a solution
containing 60 g. of potassium iodide, 20 g. of sodium carbonate, and
80 c.c. of alcohol per 400 e.c., the temperature being kept between
60° and 65° Todine is liberated at the anode, so that the alcohol,
potassium earbonate, and iodine necessary to the formation of
iodoform are all present in the mixture. By this method about 80
per cent. of the potassium iodide is converted into iodoform, the
remainder of the iodine being obtained as potassium iodate. The
formation of iodate can be avoided to a great extent by surrounding
with parchment the cathode, at which caustic potash is formed:

this prevents contact of the potassium carbonate with the iodine set
free at the anode.

Todoform is a solid, and erystallizes in yellow hexagonal plates,
well-developed erystals about a centimetre in length being obtained
by the slow evaporation of a solution in anhydrous acetone. It
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ac’sformula. It is a liquid, boiling at 165°, and has a specific gravity
of 1-974 at 17°.
- Pentamethylene dibromide is mentioned in 388.

III. POLYHYDRIC ALCOHOLS.

149. When more than one h:,rdrugen atom of a saturated hydro-
earbon is replaced by hydroxyl, it is theoretically possible to have
more than one hydroxyl-group in union with a single carbon atom,
or to have each attached to a different one. 1t should be pussib]e
to obtain compounds of the first class by replacement of halogen
by hydroxyl in the halogen derivatives R-CHX;, R-CXj3, and
R-CX,-R’. Silver acetate converts halogen compounds of this

type into stable acetates, such as CHE{GC’“'H"O On saponifica-

tion, however, dihydric alcohols like CH2(OH)g are not obtained,
but aldehydes result by elimination of one molecule of water. When
compounds of the type RCCly are treated with sodium ethoxide,
substances with the general formula R-C(OC;Hg)z, called ortho-
esters, are obtained. On saponification R-C(OH)3 does not result,
the corresponding acid being formed instead, through loss of water.

Ethers of dihydrie aleohols, such as CH;;*GH{CHE:E:, are known,

and are called acetals (104, 2). The saponification of these sub-
stances does not yield R«CH(OH),, but an aldehyde. It follows
from these facts that compounds with more than one hydroxyl-group
altached to the same carbon atom are unstable, although 1t is some-
times possible to obtain such compounds (201, 230, and 234).

Many compounds are known contaiming several hydroxyl-
groups, of which not more than one is in union with each carbon
atom.

1. Glycols or Dihydric Alcohols.

150. The glycols arve obtained from the corresponding halogen
compounds analogously to the monohydrie aleohols (39):

CH,-[Br+Ag-0-0C-CHy CH,-[0-0C-CHz +H|-OH CH,.-OH
J‘-Ha -—}éHg ——b}fﬂ-z £

| |
CHs+|Br+Ag/-0-0C-CHzy CHs,- U'DC'CH:‘-FH «OH J:HE-GH

Trimethylene Trimethyleneglycol Trimethylene-
bromide dincetate glyeol
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When distilled with dilute sulphuric acid, pinacone undergoes a
remarkable intramolecular transformation, explicable on the assump-
tion that a hydroxyl-group changes place with a methyl-group:

_OH O
tGH.],G-:DH}-ﬂ;:gH — (CH,).C- G—I‘G_H H,0 = n:CH,I;.c CO-CH,,

The constitution of pinacolin may be de:iuL‘Ed from its synthesis by
the action of zine methide on trimethylacetyl chloride, (CH,),C-COCI,
and in other ways.

Most of the glyeols are colourless, viscous liquids of sweet taste,
whence the series derives its name. Their boiling-points and speci-
fic gravities are considerably higher than those of the monohydrie
aleohols with the same number of carbon atomns. Thus, glyeol boils
at 197-5°, and ethyl alecohol at 78°: at 0° the specific gravity of
glyeol is 1-128, and of ethyl alecohol 0-806. The nature of the
hydroxyl-groups in glycol and that in the monohydrie aleohols is
perfectly analogous: exchange of OH for halogen, the formation of
ethers, esters, and alkoxides, and the oxidation of primary glycols
to aldehydes and acids, may take place in connection with one or
both of the hydroxyl-groups. For instance, the compounds
CH,OH.CH,CI, glycolchlorohydrin; CHL0C:Hz.CH20H, glycol-
monoethyl ether; CHaOCHz.CH0CHy, glycol diethyl ether; ete.;
are known. The glycols possess, however, one property due to the
presence of two hydroxyl-groups, the power of forming anhydrides.
The first member of the series, glycol, CH,OH -CH-,OH, does not
yield an anhydride by the direct elimination of water, but a com-
pound of the formula C:H,40 is obtained by first replacing one
hydroxyl-group by Cl and then eliminating HCI:

CH,CI CH
| ~HO=] 0.
CH,OH CH,

Glyeolchlorohydrin Ethylene oxide

This compound, ethylene oxide, boils at 14°, and is therefore gas-
eous at ordinary temperatures: it readily takes up water, forming
glyeol; or hydrochloric acid, forming glyeolehlorohydrin, To
ethylene oxide is assigned the constitutional formula indicated,
because it yields ethylene chloride when treated with phosphorus
pentachloride, the oxygen atom being replaced by two chlorine
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and since it must have the same constitution in the molecule
of glycerol, the structure of the latter is proved to be
CH,OH-CHOH -CH,OH.

3. A further proof of the constitution given above is the forma-
tion of glycerol from tribromohydrin (147).

152. Glycerol is a eolourless, oily liquid of sweet taste, is very
hygroscopic, and miscible in all proportions with water and
alecohol, but insoluble in ether. When cooled to a low tempera-
ture for some time, it solidifies, but the erystals thus formed do
not melt below 17°. It boils at 290°, and has a specific gravity of
1:265 at 15°. lts chemical behaviour accords completely with
the constitution of a trihydriec aleohol. Thus, it yields three
esters, by replacement of one, two, or three hydroxyl-groups.
When borax is dissolved in glycerol or in a solution of this sub-
stance and the mixture introduced into the flame, the green colour
characteristic of free borie acid is observed: on this reaction is
based SEn1ER’s te t for glyeerol.

Since glycerol is a substance which plays a very important part in
the economy of nature as a constituent of the fats (154), its synthesia
from its elements is of great interest. This was effected by Frieper
and SiLva, the starting-point being acetic acid. This substance can
be synthesized from its elements in several ways, for example by

°  the oxidation of acetaldehyde obtained by the action of water on
acetylene (r25). The dry distillation of caleium acetate gave ace-
" tone, which was reduced to isopropyl alcohol. On elimination of
water from this aleohol, propylene was formed, and on addition of
chlorine, was converted into propylene chloride, from which tri-
chlorohydrin was obtained by treatment with jodine chloride. Tri-
chlorohydrin was converted into glycerol by heating with water at
170°;

CH,-COOH — CH,-CO.CH, — CH,-CHOH.CH, — CH,.CH:CH, —»

Acetic acid Aretone taePropyl aleohol FPropylene
— CH,.CHCI.CH,Cl — CH,CI.CHCI.CH,Cl — CH,0H.CHOH -CH,OH.
FPropylena chloride Trichlorohydrin Glyeerol

153. Several compounds, difficult to prepare otherwise, can be
obtained from glycerol. Among them are allyl aleohol, allyl
iodide, acraldehyde, and isopropyl iodide.

Allyl alcohol, CHy:CH-CH20H, can be prepared from glyeerol
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Nitroglycerine is prepared by bringing glycerol into contact
with a mixture of concentrated sulphurie acid and nitric acid, rise
of temperature being prevented. Other polyhydrie alcohols
are converted analogously into nitrates. After a time, the reac-
tion-mixture is poured into water, whereupon the nitrate separates
in the form of an oily, very explosive liquid of faint, headache-
producing odour. It can be purified by washing with water;
when perfectly pure it does not explode spontaneously.

The specific gravity of nitroglycerine is 1.6, Its metastable
form solidifies at 2-2°, and its stable modification at 12.2°,

Nitroglycerine is a liquid, and as its use in this form for technical
purposes would be attended with difficulties, it is mixed with infu-
sorial earth (“kieselguhr'), which absorbs it, forming a soft, plastic
mass, dynamite, containing usually 75 per cent. of nitroglyeerine and
25 per vent. of the earth. Nitroglycerine can also be obtained in
the solid form by dissolving in it a small amount of gunecotton (228),
which converts it into an elastic solid resembling jujubes in con-
gistence, called “ blasting gelatine.” This substance has the zdvan-
tage over dynamite of not leaving any solid residue after explosion.
Dynamite cannot be used as ammunition, its veloecity of explosion
being so great as to produce an impulse too violent for a gun to
resist without bursting: that is, it exerts a “brisant” or detonating
effect.

3. Tetrahydric and Polyhydric Alcohols,
156. Among the tetrahydric alcohols is erythritol,
CH,OH -CHOH-CHOH .CH,0OH,

which is a natural product. It contains a normal carbon chain,
since reduction with hydriodie acid converts it into n-secondary
but:,*l iﬂ-d.:lde, LH;-LHI'UHz'mz.

Examples of pentahydric alcohols are arabitol and zylitol,
CsH 1205, which are stereoisomerides, as are also the hexahydrie
alcohols duleitol and mannitol, CgH, 404, both of which are found in
nature. These all have normal carbon chains, since, like erythritol,
they yield n-secondary iodides on reduction with hydriodic acid:
thus, mannitol is converted into

CHy-CH,-CHI-CH,-CH, CHa,
















































§ 168] ANHYDRIDES OF DIBASIC ACIDS. 23)

These anhydrides are reconverted into the corresponding dibasie
acids by dissolving them in water.
CH,-CO
A derivative of suecinie acid, succinimide, | >NH, has
CH,-CO

a ring of four carbon atoms and one nitrogen atom: it is formed
by the rapid distillation of ammonium succinate, The atoms situ-
ated at the extremities of a carbon chain of four or five C-atoms
interact very readily: those in shorter chains only interact with
difficulty, or not at all. Analogous phenomena are the elimina-
tion of one molecule of water from aa'-glycols (150),- and of
ammonia from aa’-diamines (159), both very readily effected
from a carbon chain of four or five C-atoms, but impossible, or
~ leading to the formation of very unstable compounds, when the
chain is shorter. A satisfactory explanation of these phenomena,
and others of the same type, may be attained by a consideration
of the direction of the bonds in space. It was assumed (48)
that the four affinities of the earbon atom are directed towards
the angles of a regular tetrahedron with the carbon atom at
the centre. For a single bond between two carbon atoms it is
assumed that one affinity of each of these atoms is linked to one
affinity of the other (Fig. 33). The position in space of the C-atoms
in a chain of three or more members, and the direction of their
affinities, are represented in the fizure.

1t is evident that in a normal ehain of four C-atoms the affinities
at the extremities approach one another closely, and in a chain of
five C-atoms still more closely, so that they can interact readily.

A few instances of compounds with a closed chain containing

C'Hy-("Hy

only two C-atoms, such as ethylene oxide, \G/ , are known,

The figure indicates that for two C-atoms the direction of the affin-
ities must undergo a considerable change to render the formation of
a ring possible. Such compounds are unstable, the closed chain
being very readily opened, as is indicated by the “strain-theory ”
of vox BAEYER (120).
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means. In presence of an organized ferment, called the “lactic-acid
bacillus,” certain sugars, such as lactose, sucrose, and dextrose,
undergo ‘“lactic fermentation,” the principal product being lactic
acid. These bacilli are present, for example, in decaying cheese,
and cannot live in a solution of lactic acid of more than a certain
concentration: to make fermentation possible, chalk is added to
neutralize the lactic acid formed. Laectic acid can also be prepared
by heating dextrose or invert-sugar with eaustic soda.

Lactic acid derives its name from its presence in sour milk,
as a result of the fermentation of the lactose present. The faint
aeid odour possessed by sour milk is due, not to lactie acid, but to
traces of volatile fatty aecids simultaneously formed: lactic acid
itself is odourless. Lactie acid is also present in other fermented
substances, such as “Sauerkraut”; and in large quantities in
ensilage, a caftle-food prepared by submitting piles of grass or
clover to pressure.

Lactic acid is purified by distilling the aqueous acid at very
low pressures (1 mm.), when it is obtained as a erystalline solid
melting at 18°. The commercial product is a colourless, syrupy
liquid of strongly acid taste, and contains water. When heated
under ordinary pressure, with the object of removing water, it is
partially converted into the anhydride (180) even before dehydra-
tion is complete: this can be detected by the diminution of the
acid-equivalent on titration. Its racemie zine salt forms well-
defined erystals with three molecules of water.

The constitution of lactie acid is deduced from its formation
from acetaldehyde by the eyanohydrin-synthesis (179, 5), and by
the oxidation of propyleneglycol. When lactic acid is heated
alone, or with dilute sulphuric aecid, it yields acetaldehyde and
formie acid:

CHy-CHO[H-COOH] — CHy-CH + H.COOH.

This decomposition may beregarded asareversal of the eyanohydrin-
synthesis, and is characteristic of many a-hydroxy-acids,
H
Lactic acid, CH;-C-COOH, contains one asymmetric carbon
OH
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the action of mould-fungi (Penicillium glaucum), or of bacteria.
Thus, when racemic lactic acid in very dilute solution is treated
with the Baeillus acidi lwvolactici, after addition of the necessary
nutriment for the bacteria, the optically inactive solution becomes
lsevo-rotatory, since only the dextro-rotatory acid is converted by
the bacilli into other substances. A dilute solution of racemic acid,
into which traces of the mould-fungus Penicillium glaucum have
been introduced, becomes levo-rotatory, the fungus propagating
itself with decomposition of the dextro-rotatory acid.

The second and third methods of resolution are alike in prin-
ciple. During their growth the bacteria and fungi develop sub-
stances called enzymes (222), which decompose compounds by
means hitherto unexplained. These enzymes are optically active;
hence, a difference in their action on the optical isomerides, analo-
gous to that described in the previous paragraph, is to be expected.

196. When a racemic substance is liquid or gaseous, it consists
only of a mixture of the two enantiomorphie isomerides: an ex-
ample of this is afforded by racemie acid in solution and in the
form of esters (192). If the substance is crystalline, there are three
possibilities,

First, the individual erystals may be dextro-rotatory or levo-
rotatory, so that the two modifications can be mechanically
separated. This is expressed by the statement that the racemic
substance is a conglomerale of the isomerides.

Second, it may be a true compound of the dextro-modification
and levo-modification, a racemic compound or racemoid, its forma-
tion being comparable to that of a double salt, when a solution
containing two salts is allowed to erystallize under certain conditions.

The third possibility is also analogous to the erystallization of
salt-solutions, whereby crystals are sometimes obtained containing
both salts, but in proportions varying in different crystals. It
sometimes happens that the salts erystallize together in all propor-
tions, but usually these can vary only between certain limits, This
gimultaneous erystallization of salts yields the so-called mired crys-
tals; and optical isomerides produce pseudoracemic mixed erystals.

The variety of erystals obtained from a given solution or fused
mass of a racemic substance—a conglomerate, a racemic compound,
or pseudoracemic mixed erystals—depends upon the temperature
of crystallization, and upon other conditions. An example of this
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molecule of phenylhydrazine being decomposed into ammonia and
aniline:

H:-NH-NH, = «NH.+NH,.
CsHs e CaEgmm 2+NHj
4+ HH

The elimination of two hydrogen atoms from the group —CHOH—
converts it into a earbonyl-zroup, —CO—, with which a third
molecule of phenvlhvdrazine reacts, forming a hydrazone, so that

|
CHOH s =N-NHCgHj;
the grou is conve into . This grou
g éﬁo (l}=N-NHCSH5 2

is characteristic of the osazones.

The osazones dissolve in water with difficulty. This property
makes them of service in the separation of the monoses, which are
very soluble in water, and erystallize with great difficulty, especially
in presence of salts, and hence often cannot be purified by crystal-
lization. By means of the sparingly soluble osazones, however, they
can be separated: the osazones are readily obtained in the pure
state by erystallization from a dilute solution of pyridine (387).
Moreover, the identity of the monose ean be established by a deter-
mination of the melting-point of the osazone obtained from it.

Constitution of the Monoses.

204. It is shown later that the constitution of all the monoses
follows from that of the aldohexoses, the structure of which can be
arrived at as follows:

1. The aldohexoses have the molecular formula CgH, .04,

2, The aldohexoses are aldehydes, and, therefore, contain a
earbonyl-group in the molecule. This follows from the facts that
they show the reactions characteristic of aldehydes; that they are
converted by oxidation into acids containing the same number of
C-atoms, and by reduction into an aleohol; and that they form
addition-produets with hydrocyanic acid.

3. All known hexoses eontain a normal chain of six earbon
atoms, since they can be reduced to a hexahydric alcohol, which,
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must take place at the doubly-linked oxygen atom, since the carbon
chain remains unbroken. If the hexose contains two hydroxyl-
groups attached to one carbon atom, so must also the hexahydric
- aleohol derived from it. Compounds eontaining a C-atom linked
to two OH-zroups readily lose water, with formation of aldehydes
or ketones: they also possess most of the properties characteristic
of these substances (z01). The hexahydric aleohols, however,
have an exclusively aleoholic character, and do not exhibit any
of the reactions of aldehydes and ketones. It follows that the
hexahydric alcohols, and hence the hexoses, cannot contain two
hydroxyl-groups linked to a single carbon atom.

The possibility of the attachment of three hydroxyl-groups to
one carbon atom is also excluded, since, when the production of
a compound with such a grouping might be expected, water is
always eliminated, with formation of an acid (79):

0O
—CO[H.
OH

The monoses have none of the properties which distinguish acids:
their aqueous solutions do not conduct the electric current; whereas
the dissociation-constant «for an acid containing so many OH-
groups should be considerably higher than for a saturated fatty
acid, such as acetic acid (180).’

With ealeium and strontium hydroxides, and other bases, the
carbohydrates form compounds ealled saecharates, which are, there-
fore, to be looked upon as alkoxides (50).

It follows from these considerations that the constitution of the
aldohexoses cannot be other than that given above, and, since the
same method of proof is applicable to each member, they must all
have the same constitutional formula, and are therefore stereoiso-
merides. This is due to the presence in the molecule of asymmetric

carbon atoms: an aldohexose has four such atoms, indicated by
asterisks in the formula -

#* >
CH,OH -CHOH-CHOH - 1O {HoH. 1.
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Fermentation and the Action of Enzymes.

221. The alcoholic fermentation of liquids is one of the longest
known reactions. During the nineteenth century a number of
other reactions were identified as fermentation-processes, such as
the lactic fermentation and butyric fermentation of sugar, putre-
factive fermentation, and others. Fermentation-processes include
a number of reactions which take place slowly and at ordinary
temperatures: they are usually attended by the evolution of a gas
and of heat, and depend upon the action of miero-organisms, such
as veast-cells, bacteria, and schizomycetes,

The part played by these micro-organisms in fermentation.
processes has been the subject of mueh diversity of opinion. Liesia
thought that yeast contained certain easily decomposed ferments,
and that it was their decomposition which, as it were, induced the
fermentation of the substance. Pasteur, however, after a series
of brilliant researches, became convineed that fermentation can
only be brought about by living yeast-cells, and that the process
is, therefore, a physiological phenomenon; that is, a complicated
biological funetion of these cells, Thus, he concluded that there
eould be no fermentation without living yeast-cells, a theory which
was universally accepted, Liepic’s supposition that the part played
by the cells is only a secondary one being abandoned. 3

In accordance with PasTeUur's theory, the process of fermenta-
tion is inseparable from the presence and propagation of yeast-
cells. If it were found possible to bring about fermentation with-
out their presence, his theory would fall to the ground. Epuarp
Bocnyer has effected this. He triturated fresh yeast with sand,
wherehy the cell-walls were destroyed. The dough-like mass was
submitted to great pressure, which expressed a liquid (German,
Presssaft): this expressed yeast-juice was separated by filtration
from the cells still floating in it. BucrNER proved in various ways
that this yeast-juice contains neither living cells nor living proto-
plasm: for instance, the yeast may be first killed by the action of
acetone; the extract from it can nevertheless set up active fermen-
tation in a solution of sugar similarly to that obtained from living
yeast. The fermentation is caused by a dissolved substance, which,
on aceount of its properties, such as coagulation on warming, must
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acid, and the solution boiled, after dilution with water, it is
completely hydrolyzed. Cellulose from cotton-wool, paper, ete.,
yields exclusively dextmﬁp, from coffee-beans, cocoa-nibs, ete.,
d-mannose, Cellulose is converted by treatment with sulphurie
acid containing half its volume of water into a colloidal modifica-
tion, amyloid, which gives a blue coloration with iodine: this
reaction furnishes a test for cellulose. The latter is soluble
in an ammoniacal solution of copper oxide (SCHWEITZER'S reagent) :
from this solution it is precipitated chemiecally unchanged by
acids and salts, and forms an amorphous powder when dried.

The action of acetic anhydride and concentrated sulphuric
acid on the cellulose of filter-paper, cotton-wool, and other mate-
rials, yields the octoacetyl-compound of a diose, named cellose,
obtained by saponification of the acetyl-derivative with alcoholic
potash. Inversion converts cellose into dextrose. It is the
simplest polyose obtained from cellulose, just as maltose is the
simplest polyose formed from starch. This fact furnishes an
important argument from the chemical standpoint, supported
by observations in vegetable physiology, in favour of the view
that cellulose and starch are essentially different substances,
and against the theory that cellulose is a higher polymeric form
of starch.

Technical Applications of Cellulose; Nitrocelluloses; Artificial
Silk.

228. Linen is prepared from the stalk of the flax-plant. The
linen fibres ean be obtained from the flax, cellulose being very
stable towards chemical reagents. For example, the flax is steeped
in water for from ten days to a fortnight. The consequent deeay of
the external fibre gives rise to an unpleasant smell. The material is
then dried by spreading it out, and passed between corrugated rollers.
This loosens the external woody fibre, which is then stripped off by
revolving wooden arms named “wipers,” a process ecalled “seutch-
ing."" The linen-fibres have a grey colour, and are bleached by either
being spread out in the open or by means of bleaching-powder.

Paper was formerly prepared almost exclusively from linen-rags,
but is now largely manufactured from wood and straw, which must
be divided into fibres; the fibres are then separated as much as
possible from the other, so-called inerusting, substances present.
This is effected either by the sulphite-method, in which the wood is
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composition as those obtained from the albumins. It is insol-
uble in dilute acids and eaustie alkalis.

The collagens are the principal sclero-proteins of the animal
body, and the main constituent of connective tissue, such as bone
and white fibrous tissue. In several respeets they differ from
the albumins: they contain 17.9 per cent. of nitrogen; they
have not an aromatic nucleus; on hydrolysis, they do not yield
tyrosine (352), their chief decomposition-product being glycine,
which is accompanied by leucine, aspartic acid, and glutamic
acid.

When boiled with water, the collagens are transformed into
gelatin. ‘This substance is not precipitated from solution by
nitric acid or other mineral aeids, but it is precipitated by
~mercuric chloride in presence of hydrochloric acid and by tan-
nic acid.

Chondrin is obtained by extracting eartilage with boiling water,
the solution gelatinating as it cools. Acetic aeid precipitates
chondrin from solution. When boiled with dilute acids, chondrin
yields a decomposition-product, chondrosin, which reduces Fen-
ring's solution. Chondrin is a derivative of gelatin and chon-
droitinsulphuric acid,

In the inferior orders of animal life a series of substances
has been discovered approximating more or less closely in chemical
properties to the collagens and to elastin. Among them is spongin,
the principal constituent of sponges, which is much more stable
towards caustic soda and baryta-water than collagen. When
completely hydrolyzed by boiling with dilute sulphurie acid, it
yields leucine and glycine, but no tyrosine, proving it to be a
collagen.

On prolonged boiling with water, silk is converted into fibroin,
which is not decomposed by water even at 200°, and sericin, or
stlk-um.

Cornein is the organic constituent of eoral. On hydrolysis,
it yields leucine and an aromatic substance of unknown com-
position.

250. Nearly related to the albumins are the coujugated proteins,
compounds of proteins with other substances, usually of a very
complex nature. Like the albumins, they are insoluble in aleohol,
by which most of them are coagulated.
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