Introduction to the study of organic chemistry : the chemistry of carbon
and its compounds / by Henry E. Armstrong.

Contributors
Armstrong, Henry Edward, 1848-1937.

Publication/Creation

London : Longmans, Green, 1874.

Persistent URL

https://wellcomecollection.org/works/uhnau72j

License and attribution

This work has been identified as being free of known restrictions under
copyright law, including all related and neighbouring rights and is being made
available under the Creative Commons, Public Domain Mark.

You can copy, modify, distribute and perform the work, even for commercial
purposes, without asking permission.

Wellcome Collection

183 Euston Road

London NW1 2BE UK

T +44 (0)20 7611 8722

E library@wellcomecollection.org
https://wellcomecollection.org



http://creativecommons.org/publicdomain/mark/1.0/

.+._._._. -

¥ ...Tf " m.___‘. -

e




LTI L.

22101450452 k%







Digitized by the Internet Archive
in 2015

https://archive.org/details/b2149728x









TEXT-BOOKS OF ' SCIENCE

ADAPTED FOR THE UBE OF

ARTISANS AND STUDENTS IN PUBLIC AND OTHER SCHOOLS.

ORGANIC CHEMISTRY.



#
LONDON : PRINTED BY

SPOTTISWOODE AND CO., NEW-STREET SQUARE
AND PARLIAMEXNT STREET




WL .R.2 3516y

INTROBUCTEION TO THE STUDY

OF

BRGANIC CHEMIS TR

— = mar——— —

THE CHEMISTRY

oF

CARBON AND ITS COMPOUNDS.

BY
HENRY E. ARMSTRONG, PRD, F.CS,

Professor of Chemistry tn the London Instiiution.

: LONDON :
LONGMANS, GREEN, AND CO.
1874.




WELLCOME INSTITUTE
LIBRARY

Coll.

welMOmec |

Call
No.

!
]




PREFALCE.

THE first part of this work deals with the methods
employed in ascertaining the composition of Carbon
Compounds ; the representation of carbon compounds
by empirical formula, and by formula which not only
express their composition, but also to a certain extent
picture their nature, is then briefly discussed. After
a short description of the action of various reagents
on carbon compounds, the compounds of carbon with
oxygen, with sulphur, and with nitrogen, are briefly
considered. The great family of hydrocarbons are
next described ; and the remaining families of carbon
compounds are then considered in the order of their
relation to the hydrocarbons, which are regarded as
forming the parent series.

A very large number of substances have necessarily
remained unnoticeq; in fact, with few exceptions, only
those compounds have been described of which the
relations to other well understood bodies Lave been
satisfactorily established, the object of this work being
to assist the systematic study of carbon compounds,
and to draw attention to the intimate relations which



vi Preface.

exist amongst them, rather than to enumerate and
describe individual compounds.

The division of carbon compounds into two great
groups of fatty and aromatic substances, which has
found favour of late years, has not been adopted. It
appears to have arisen from the comparison of single
substances, and cannot be sustained, I belicve, if whole
series are contrasted. It is now placed beyond doubt
that in each homologous series of carbon compounds
the properties (physical and chemical) of the succes-
sive terms undergo from first to last a progressive
modification, and there is every reason to believe that
in like manner the successive terms in each isologous
series undergo a progressive modification. At pre-
sent we are not acquainted with a single complete
homologous or isologous series, so that it is difficult
to draw conclusions ; but, to judge from the evidence
at our disposal, it appears highly probable that the
modification in properties from term to term of each
homologous and isologous series is of so gradual a
character that continuity may be said to exist
throughout. If so, it is as little possible to divide
carbon compounds into two great groups as it is
to draw a line which shall sharply divide so-called
inorganic and organic compounds; that such a divi-
sion appears possible at present is simply the conse-
quence of the number of links which are still missing

in the chain of facts.
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ORGANIC CHEMISTRY.

CHAPTER L

INTRODUCTION.

" CHEMISTRY being defined as the study of the nature and
properties of the various elements; of the laws according to
which these elements enter into combination with each
other ; and of the nature and properties of the compounds
formed by their union ; organic chemistry may be generally
defined as the chemistry of carbon and its compounds, since
carbon 1s the one essenfza/ element in all organic com-
pounds.

The separation of chemical science into the two branches
of inorganic and organic chemistry is in reality arbitrary,
but it i1s convenient, simply on account of the enormous
number, and special importance, of the compounds in-
cluded in the latter division ; not that they are in any way
subject to different laws from those which govern inorganic
compounds.

By the older definition, only such bodies as were formed
within the animal or plant were included in the category of
organic compounds. It was generally held that the interposi-
tion of the so-called zifal force was absolutely essential to
their formation, and their artificial production was therefore
regarded as impossible. This idea, however, was disproved

B




2 Organic Chemistry.

by the synthesis?! of wrea, a crystalline substance secreted in
the urine of man and mammiferous animals, effected by
Woehler in the year 1828, and since that time many other
organic bodies which occur naturally have been artificially
produced.

The most important organic substances met with in
nature are those in which carbon is associated in various
multiple proportions with the elements hydrogen and
oxygen ; next in importance are those containing nitrogen
in addition to these ; sulphur and phosphorus also are
present in some few. A very large number have been ob-
tained artificially, containing either chlorine or bromine,
iodine, silicon, or one or other of the metals ; in fact, there
is little doubt that any of the known elements may enter
into the composition of carbon compounds.

DETERMINATION OF THE COMPOSITION OF CARBON
COMPOUNDS.

1. Estimation of Carbon and Hydrogen.—All organic sub-
stances, when burnt under favourable conditions with a
sufficiency of oxygen, yield the whole of their carbon in the
form of carbonic anhydride (CO,), and their hydrogen in
the form of water. In order therefore to determine quali-
tatively the presence of carbon and hydrogen, the substance
is heated to redness either in oxygen gas, or mixed with an
easily reducible metallic oxide, such as cupric oxide (CuO),
and the gaseous products are passed first through a cold dry
tube, and then inte lime or baryta water. Provided that
all the materials employed, and all parts of the apparatus,
were in the first instance perfectly dry, the deposition of
water in the cold tube, and the formation of a white preci-
pitate (caleic or baric carbonate) in the lime or baryta water.
would afford conclusive proof that the substance examined
contained both carbon and hydrogen,

I Synthesis : putting together.



Determination of Carbon and Hydrogen. 3

The quantitative estimation of these two elements is in
principle the same, and simply consists in determining the
amounts of carbonic anhydride, and water, yielded by a
known weight of substance. In the following an outline of
the method usually employed is given :—

The combustion, as the operation is termed, is performed in
a tube of hard Bohemian glass, drawn out at one end to a fine
point and closed (fig. 1). This tube must be perfectly dry.
A length of about five inches at the closed end is filled with
granulated, freshly-ignited cupric oxide, and if the substance
to be analysed is solid,' a weighed quantity of it (‘3—'5 grm.), in
as finely-divided a state as possible, is then introduced, rinsed
down the sides of the tube by fresh cupric oxide, and intimately
mixed therewith by means of a long polished brass wire ter-
minating in a spiral (fig. 2). The tube is afterwards filled to
within about two inches of the open end with cupric oxide, and
the tared apparatus for collecting the water is attached by
means of a well-fitting, dry cork; it is then placed in the
furnace, and the tared bulbs in which the carbonic anhydride
is to be absorbed are attached to the drying tube by a short
length of caoutchouc tubing. The disposition of the entire
apparatus will be evident from fig. 3.

The drying tube A contains porous pieces of calcic chloride,
which readily absorbs water, but does not retain carbonic anhy-
dride ; or pieces of pumice soaked in concentrated sulphuric
acid ; the latter being preferable owing to its superior desic-
cating powers. The bulb apparatus B, in which the carbonic
anhydride is retained, is filled with a solution of potassic
hydrate, prepared by dissolving one part of the solid in two
parts of water.

The tightness of the various junctions having been ascer-
tained, the fore part of the tube containing only cupric oxide
is heated to redness; when red hot, the mixture of substance

' If the substance is liquid it must be sealed up in a small weighed
glass bulb with a narrow stem drawn out to a fine point ; this is again
weighed, the fine point is broken off, and the bulb is dropped into the
tube. Oily or fatty bodies are placed in a porcelain or platinum boat,
which is pushed down the tube

B2
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Determination of Carbon and Hydrogen. 5

and cupric oxide is carefully heated, commencing at the
end of the tube most distant from the absorption apparatus.
The vapours of the substance then become entirely burnt to
carbonic anhydride and water, in their passage over the red-hot
cupric oxide: the water collects in the drying tube, and the
carbonic anhydride is retained in the potash bulbs. The
heat must be so regulated that a slow, uniform stream of
gas bubbles passes into the bulbs. So soon as the tube is
heated to redness from end to end; and gas ceases to be
evolved, the fine point of the combustion tube is broken off, and,
by means of an aspirator attached to the potash bulbs, a slow
stream of air is drawn through the apparatus in order to carry
over the carbonic anhydride and aqueous vapour remaining in
the tube into the absorption apparatus.

A better plan, however, is to connect the point of the tube
with a gasholder filled with oxygen, and, after breaking off the
point, to force a current of that gas through the tube. The
oxygen must be previously passed through several tubes filled
with pieces of solid potassic hydrate, and through concentrated
sulphuric acid, in order to free it from all traces of carbonic anhy-
dride and moisture. Inthis way, not only is the carbonic anhy-
dride remaining in the tube swept over into the potash bulbs, but
any portions of carbon which may have escaped combustion by
the cupric oxide—and when difficultly combustible substances
are burnt, this often occurs—are also converted into carbonic
anhydride.

The potash bulbs and drying tube are then detached, allowed
to cool down to the temperature of the balance case, and
weighed. The increase of weight represents the amounts of
carbonic anhydride, and water, yielded by the combustion of
the weight of substance employed. From these data it is easy
to calculate the percentage composition of the body analysed.

Since every 44 parts of carbonic anhydride contain 12 parts
of carbon, or every 11 parts s, the amount of carbon in the
weight of substance burnt is obtained by multiplying the weight
of carbonic anhydride formed by 3 and dividing the product by
1. Similarly, by dividing the weight of water by 9, we obtain
the weight of hydrogen.

L €08y HO
It 3 9




6 Organic Chemistry.

By simple rule of three—multiplying the amounts of carbon
and hydrogen obtained by 100, and dividing the products by the
weight of substance taken—we then ascertain the number of
parts of carbon and hydrogen of which every 100 parts of the
substance consist.

For example, the following numbers were obtained by com-
bustion of turpentine-oil :

*2500 grm. gave ‘8085 grm, CO,, and *2655 grm. OH..

Now 8085 grm. CO, = *2205grm. C ; and 2655 grm. OH, =
‘0295 grm. H ; hence every 100 parts of turpentine-oil consist of :

Carbon 8820
Hydrogen 11-80
100°00

When substances containing nitrogen are bumt with
cupric oxide, the greater part of the nitrogen is evolved as
such, but a portion 1s always oxidised, and if nitric oxide
1s formed, it becomes converted into nitric peroxide on
meeting with air 1n the potash bulbs, which is absorbed by
the potassic hydrate, thus rendering the carbon determi-
nation inexact. This source of error, however, is readily
eliminated by placing a roll of metallic copper in the fore
part of the tube in front of the cupric oxide. If kept at a
bright red heat during the combustion, this decomposes
any oxide of nitrogen, itself absorbing the oxygen and
setting free the nmitrogen.

It 1s often necessary to substitute plumbic chromate for
cupric oxide : compounds containing chlorine or bromine
yield, when burnt with cupric oxide, volatile cupric chloride,
or bromide, which condense in the drying tube ; sulphur
compounds yield sulphurous anhydride, which is absorbed
in the potash bulbs, and salts of the alkali metals yield a
residue of metallic carbonate, which is not decomposed In
contact with cupric oxide, so that too little carbonic anhy-
dride is obtained. '

If such substances are burnt with plumbic chromate,
however, non-volatile plumbic chloride, bromide, and sul-
phate are formed, and the alkal salts are entirely decom-
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posed. The use of plumbic chromate is also advisable in
the case of difficultly combustible substances.

Determinations thus made are of course never absolutely
correct—there is always a certain amount of -experimental
error. The carbon determination is usually from one to
two-tenths per cent. too low, owing chiefly to incomplete
combustion ; the hydrogen about the same amount too
high, in consequence of the imperfect removal of adherent
moisture from the combustion tube and other matenals
employed.

Determination of Nitrogen—The majority of nitrogenous
organic substances, when strongly heated with potassic, or
sodic hydrate, give off the whole or part of the nitrogen
which they contain in the form of ammonia, but the follow-
ing is the only test which permits the detection of nitrogen
in all cases :

The suspected substance is heated with a small piece of
potassium or sodium, when violent reaction usually takes place;
the mass is dissolved in water, the solution filtered, a few drops
of ferrous sulphate and ferric chloride solutions are added, and
then an excess of hydrochloric acid. If a blue precipitate
(Prussian blue) remain, or is deposited from the greenish solu-
tion on standing, nitrogen is present. (For explanation of the
reactions which occur, see p. 62.)

Nitrogen may be readily estimated in compounds from
which the whole of the nitrogen is evolved as ammonia on
heating with caustic alkali, by igniting an intimate mixture
of 2 known weight of the substance with soda-llime! in a
glass tube, and collecting the ammonia in a bulb apparatus
containing hydrochloric acid (fig. 4).

Ammonic chloride is then formed, which is estimated as
ammonic-platinic chloride as follows.:—

The hydrochloric solution is mixed with an excess of platinic
' ' Soda-lime is a mixture of sodic hydrate and calcic oxide (quick
lime) ; it is infusible at a red heat, and is easily powdered, whereas sodic

h;.'r!ra:_e 15 easily fusible and extremely hygroscopic, and cannot therefore
be intimately mixed with the substance.
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chloride, and evaporatad to dryness on the water-bath ; the
residue is treated with a mixture of alcohol and ether, which
dissolves the excess of platinic chloride, leaving the ammonic-
platinic chloride (NH,),PtCl;, which is collected on a tared
filter, dried at 100°% and weighed ; or the salt and its filter are
carefully ignited in a crucible, and the amount of metallic
platinum remaining determined

Since (NH,),PtCl, : N, = 436 : 26
or Pt : M

Il
=
W
|
)
s

then, if x or y be respectively the weight of double salt, or of
metallic platinum, obtained, the weight of nitrogen, N, contained
in the weight of substance (w) taken for analysis, is obtained
by the following proportions :

438 :28 = »r: N

197 : 28 = ¥ I N
and the number of parts of nitrogen (Np) contained in every
100 parts of the substance analysed by the proportion :

N : 100 = : Np.

The amount of ammonia formed may also be determined by
conducting it into a measured volume of sulphuric acid of
known strength, and determining after the combustion by titra-
tion the amount of acid still unneutralised.

To determine nitrogen in compounds which do not
evolve the whole of the nitrogen they contain as ammonia,
when heated with alkali (nitro-compounds, &c.), Dumas’
volumetric method, which indeed is applicable in all cases,
is employed.

The substance is intimately mixed with cupric oxide, as in
the determination of carbon and hydrogen, and a roll of
metallic copper is placed in the fore part of the tube; but
before filling in the cupric oxide, a quantity of hydric sodic
carbonate, NaHCO,, or of a mixture of dry sodic carbonate and
potassic dichromate, sufficient to occupy about six inches at the
sealed end of the tube, is introduced. The tube is provided
with a delivery tube, dipping under mercury (fig. 5). Before
commencing the combustion, a portion of the hydric sodic car-




Determination of Nitrogen. 9

FiG. 4.—c, Combustion tube. F, Charcoal combustion furnace. B, Bulbs
containing h;-.rdruchlunc acid.

cuniZoi kPR i rune| curric oxioe | corses

FiG. 5.—c, Combustion tube. 8, Delivery
tube. 1, Mercury bath. 4, Graduated
glass tube.

T, Thermometer.

thod, p. 19.—F, Glass

H, holder. - nete
s,Saucepan containing heated liquid.

mas me

by Du

Fic. 6. Vapour-density determination
flask.
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bonate, or of the chromate mixture, is heated : carbonic an-
hydride is evolved,! and expels the air from the tube. When
the escaping gas is found, on testing, to be entirely absorbed
by potassic hydrate solution, a graduated glass vessel, two-
thirds filled with mercury, and one-third with potassic hydrate
solution, is inverted over the delivery tube, and the metallic
copper and cupric oxide, and afterwards the mixture of sub-
stance and oxide, ‘are heated to redness. The products of
combustion, viz. carbenic anhydride and nitrogen, pass over
into the graduated tube, where the former is absorbed by the
potassic hydrate. At the close of the combustion, the remaining
sodic carbonate is heated,and'the whole of the nitrogen in the tube
swept over by the current of carbonic anhydride. The tube is
then transferred to a vessel o water, and the mercury and
potassic hydrate solution are allowed to fall out and become
replaced by water; it is then raised perpendicularly until the
water in and outside are on a level, and the volume of nitrogen
is read off, the temperature and pressure under which it 1s mea-
sured are also noted, and from these data the weight of nitrogen
w, is calculated by the formula :

W = ‘0012566 V : B
3 I + '00367£° 760

in which v is the volume read off in cubic centimetres, #° the
temperature of the gas, B the height of the barometer in milli-
metres, and fthe tension of aqueous vapour at the tempera-
ture #°, expressed in millimetres of mercury. The constant
0012566 i1s the weight in grammes of one cubic centimetre of
nitrogen at 0°C. and under 760 mm. pressure.

Determination of Oxygen.—No simple method of esti-
mating oxygen has been devised. It is usually estimated
by difference, that is, by determining all the other elements
present in the compound, and deducting the sum of their
percentages from 1oo:

Determination of Chilorine, Bromine, lodine, Suiphur,
and Phosphorus.—These elements can seldom be detected

1 2NaHCO3=CO, + OH, + Na,CO,.
Na,CO, + K,Cr,0;=C0, + Na,CrO, + K,CrO,.
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in organic bodies by the ordinary tests, but only after
destroying the compound by ignition with an alkali or a
metallic oxide, or by heating with concentrated nitric acid.

A variety of methods for determining these elements
have been proposed, but one of the simplest is that devised
by Carius.

A weighed quantity of the substance ('2-'3 grm.) is intro-
duced, together with about 5 grms. of nitric acid (Sp. gr. 1'5)—
and if the substance contain chlorine, bromine, or iodine, a few
crystals of argentic nitrate—into a piece ‘of combustion tube
15-18 inches long, securely sealed at one end. The open end
is next drawn out to a point. and sealed, and the tube is then
heated in an oil-bath for 2-4 howrs, at a temperature of 150°-
300°% according to the nature of the substance. When cool,
the point of the tube is carefully opened in the blow-pipe flame,
the gas is allowed to escape, the top of the tube is cut off, and
the contents washed into a beaker. Supposing the substance to
have contained chlorine, bromine, or iodine and sulphur, or
phosphorus, the argentic chloride, bromide, or iodide, is filtered
off and weighed ; the excess of silver in solution is precipitated
by hydrochloric acid, the precipitate is removed by filtration,
and the sulphur or phosphorus, present in the filtrate as sul-
phuric or phosphoric acid, may then be determined in the usual
manner by precipitation as baric sulphate, or ammonic magnesic
phosphate respectively.

Chlorine (bromine or iodine) may also be estimated by
heating the substance to redness in a tube with pure quick-
lime, whereby calcic chloride (bromide, iodide) is formed.
The contents of the tube are afterwards dissolved in dilute
nitric acid, and the chlorine (bromine or iodine) precipi-
tated as argentic chloride (bromide or iodide). Again,
sulphur and phosphorus may be determined by fusing the
organic substance with pure sodic hydrate and potassic
nitrate, or by heating in a tube with sodic carbonate, or
potassic chlorate. In all these cases a sulphate, or phos-
phate, is formed by the oxidation of the sulphur, or phos-
phorus, which is then estimated in the usual manner.
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All other elements occasionally met with in organic
compounds are determined by the ordinary methods, but
usually after the organic character of the substance has been
destroyed by ignition or oxidation.

EMPIRICAL FORMULZE.

Having determined the percentage composition of an
organic substance, it is easy to deduce the empirical formula,
or simplest expression of the results of analysis in terms of
the values represented by the symbols of the elements
present in the compﬂund

The method 1s to divide the percentage numbers b}r the
combining weights of the elements to which they refer, and
afterwards to reduce the quotients to their simplest expres-
sion. The following examples may serve as illustrations :—

By analysis of acetic acid, it is found that 1oo parts
consist of

Carbon . ; : : , . 39796
Hydrogen : : . S
Oxygen (by dlﬁ'erence) : . . 5330

100°00

By dividing these numbers respectively by the combining
weights of carbon, hydrogen, and oxygen, thus—

‘06 6
399 = 674 ; &3_ = 333,
12 1 16

=035

numbers are obtained as quotients which, bearing in mind"
the unavoidable errors of experiment, evidently are in the
proportion of 1:2:1; the empirical formula (CH,O) 1s
therefore assigned to acetic acid.

Again, 100 parts of turpentine-oil contain

Carbon . : : : . 8820
Hydrogen . . . : - 2T
100°'00
88-20 11-80
now - = 7'35; —— = 11'80.

12 I
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Dividing the quotient 11'80 by the quotient 7°35

(1;‘;850 = 1'6), it is found that for every unit weight of
o

carbon, turpentine contains 1'6 unit weights of hydrogen,

or 1o of carbon and 16 of hydrogen ; consequently the

simplest expression of the composition of a substance con-

taining 88-20 per cent. of carbon and 11'80 per cent. of

hydrogen 1s given by the formula C;Hsg.

If the numbers obtained by analysis were rigidly exact,
there would evidently be no difficulty in determining the
empirical formula of any compound, but since this is not
the case, 1t is often necessary, in order to arrive at the
true expression, not only to analyse the substance itself,
but also to examine its behaviour under various con-
ditions, and to prepare from it if possible, and analyse, a
series of derivatives. In all cases, to ascertain how far the
empirical formula calculated 1s admissible, the percentage
composition of a body having the formula deduced must be
calculated and compared with the percentage numbers ob-
tained by actual analysis ; if the two agree within the limits
of usual error of experiment, the formula may be accepted.
For example, the percentage composition of narcotine as
found by analysis is :

Carbon . . : . 6378 per cent.

Hydrogen | . . o RAMGE e

Nitrogen . . . o A Rl

Oxygen . : : S g
100°00

from which the formula C,,H,;NO, has been deduced.
Calculating the percentages required by that formula as
follows :—

Carbon . ; ; . 22 % 12 = 264
Hydrogen : g a3 T =rtn
Nitrogen . ‘ , R -
Oxygen . : : s T.X% 3160= 31z

e

413
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413 :-264.= 100 ! 6302
413 . 23 = 100 §5'57
413 . I4 = 100 3°39
AT3: IT2 = 100, 27712

100°00

it is evident that there is a fair agreement between the
calculated and experimental numbers ; as is usual, the
analysis shows a slight excess of hydrogen, and a slight
deficiency of carbon.

MOLECULAR OR TWO-VOLUME FORMULZ.

The formule generally employed to represent chemical
compounds are what are termed molecular formule : on the
atomic hypothesis they are regarded as expressing the abso-
lute number of atoms of the various elements contained in the
molecules, or least quantities capable of existing in the free
state, of the compounds to which they refer.

Apart from this hypothesis, however, the so-called mole-
cular formula of a compound i1s, as a matter of fact, that
formula which expresses the relative number of unit weights
of the elements of which it is composed present in a volume
of its vapour equal to the volume occupied by two unit
weights of hydrogen under the same conditions as to tempera-
Zure and pressure. .

All formule constructed on this understanding therefore
represent comparable quantities of the substances to which
they refer taken in the gaseous state.

Thus the formula C,H,0O,, for acetic acid, represents that
it is a compound of two unit weights, or 12 x 2 parts, of
carbon ; of 4 unit weights, or 4 x 1 parts, of hydrogen ;
and of 2 unit weights, or 2 x 16 parts, of oxygen, the
which 6o parts (24 + 4 + 32) of acetic acid occupy In
a gaseous condition the same volume as two parts of
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hydrogen at the same temperature and under the same
pressure.

If then it be agreed to consider the volume occupied by
two parts by weight of hydrogen at any temperature and
under any pressure as two volumes, the formule which re-
present the number of parts by weight of the substances to
which they refer, which occupy in the gaseous state the
volume of two parts by weight of hydrogen under like con-
ditions as to temperature and pressure, may conveniently
be termed two-volume formule. It is obvious that the
equations in which these formule are made use of represent
not only the number of parts by weight, but also the number
of volumes in the gaseous state, of the agents and resultants.
Thus the equation representing the combustion of marsh
gas in oxygen :

CH,; + 202 - C03 -+ EOHE

conveys the information that sixteen parts by weight of
marsh gas, or two volumes, burnt with sixty-four parts by
weight, or four volumes, of oxygen, yield forty-four parts by
weight, or two volumes, of carbonic anhydride, and thirty-
six parts by weight, or four volumes, of water (gas).

The two-volume formula may be either identical with, or
some simple multiple of, the empirical formula. For example,
the empirical formula of turpentine (p. 13) 1s C;H,, but a
determination of its vapour density shows that the number of
parts by weight expressed by this formula only occupy the
same volume as one part by weight of hydrogen ; therefore,
in order that the formula may represent the quantity of tur-
pentine which occupies two volumes, the empirical formula
must be doubled, and thus it becomes C,,H,.

Similarly the empirical formula deduced from the analysis
of benzene is CH, but according to the vapour density

- determination, C;H; is the two-volume formula of benzene.

It is not always possible to determine directly the vo-

Jume which any particular weight of a given compound will
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occupy 1n the gaseous state, since many substances either
cannot be volatilised, or suffer decomposition when con-
verted into vapour. In such cases a variety of physical and
chemical considerations have to be taken into account in
determining the formula, such as the specific heat, specific
gravity, and more especially the mode of formation of the
compound; its behaviour under the influence of reagents ;
and 1ts conversion into substitution derivatives. The
acceptance of formulae thus deduced, therefore, necessarily
involves the assumption, that, could the substances be vola-
tilised unchanged, the number of parts represented by the
respective formule would occupy, in the gaseous condition,
the same volume as two parts by weight of hydrogen at the
same temperature and pressure.

Moreover, 1t 1s not always the formula deduced from the
ascertained vapour density of the substance which is ac-
cepted as the true two-volume formula.

The compounds phosphorus pentachloride, sulphuric
acid, and isoamylic iodide, for example, are always repre-
sented respectively by the formule PCl;, H,SO,, and
C,H,,I, whereas according to experiment the amounts
represented by each of these formula occupy in the gaseous
state a greater volume than two parts of hydrogen at the
same temperature and under the same pressure. But exami-
nation shows that when these bodies are converted into
vapour, and heated above their boiling points, they are de-
composed : thus PCl; is converted into PCly; + Cl;
H,SO, into SO; + OH,; C;H,I into C;H,, + HIL

The term disassociation, or dissocitation, has been aptly
applied to this decomposition of bodies by heat. Dissocia-
tion usually commences at, or a few degrees above, the
boiling point of the compound ; it is then only partial,
however, but becomes more and more perfect as the tem-
perature is raised, until finally the whole of the compound is
decomposed. In the case of bodies, such as the above-
mentioned, which split up into two others on heating, the
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vapour then occupies double the space which it would fill
if the compound volatilised without undergoing decomposi-
tion.!

It is not to be supposed that the vapour of a sub-
stance undergoing dissociation is In a quiescent state, or
that the phenomenon consists merely in the simple pro-
gressive resolution of the compound into simpler bodies.
There 1s little doubt that whilst portions of the compound
are decomposed, a certain proportion of the products of
decomposition recombine and reproduce the original com-
pound ; so that at any particular temperature below that
at which decomposition 1s complete, the vapour consists of
a mixture of the original compound with its products of
decomposition, and it is only when the temperature has
nisen so high as entirely to overcome this tendency of the
decomposition products to recombine—or, more strictly
speaking, that the extent to which recomposition takes place
1s exactly equalled by the extent to which decomposition
1s effected—that dissociation is complete.

' The following table shows the rate at which, according to experi-
ment, phosphorus pentachloride is decomposed. Its boiling point is
about 160°-165° ; and the calculated density of its vapour referred to

hydrogen as unity is 10425 (“ +5%35'5 ) , whilst the density of a
2

mixture of equal volumes of phosphorus terchloride and chlorine is half
as great, or 52123,

Temperature. Vapour Density. ]-iir:;l::}?ﬁﬁ:: '
| - |
f 182° 762 AF°F :

190° 72'0 44°3 |
200° 70°0 48°5 |
230° 620 674 |
| 250° 7Y 800
| 2747 55°4 87°8 |
| 288° 529 96°2 :
- 300° 52 6 97°'3 4

r
.r
I
i
|
i
i
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It is evident that the decomposition products of a com-
pound can only be present in the vapour in such propor-
tions that the amount of the one is exactly sufficient to
reproduce the original compound if combined with the
whole of the other; neither being in excess, the attraction
between them is a minimum one. By increasing the pro-
portion of the one to the other, it may be expected, however,
that the tendency to recombine will be increased, and,
indeed, that if a sufficient excess of the one be present, the
original compound will be reproduced as rapidly as it is
decomposed ; so that practically the vapour would possess
the same density as if the substance volatilised unchanged.

Conditions such as are required by these considerations
are obtained when a mixture of phosphorus penta- and
ter-chlorides, for example, 1s converted into vapour, and
it i1s found that the density of the pentachloride thus
determined closely corresponds to that required by the
formula PCl;. In this case, no doubt the chlorine momen-
tarily set free by the decomposition of the pentachloride
by heat, being in presence of a considerable excess of phos-
phorus terchloride, 1s able at once entirely to combine with
it and to re-form the pentachlonde.

The extension of this method of observation to those
other compounds which dissociate, will probably in most,
if not in all cases lead to like results.

This fact with regard to the behaviour of phosphorus
pentachloride, added to the evidence afforded by its
chemical behaviour, appears then thoroughly to justify the
assumption that the observed vapour densities of such
compounds as the above-quoted are abnormal, or, in other
words, that the formule PCl;, H,SO,, C,;H,,I, &c., are
really those which denote the relative weights of these
substances which would form two volumes of vapour, could
they be volatilised unchanged.
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DETERMINATION OF VAPOUR DENSITY. .

From the foregoing it is evident that the determination
of the vapour density, or specific gravity of the vapour, of
a compound is a most important operation. Two methods
are in use—Dumas’ and Gay Lussac’s. By the first the
weight of a given volume of the vapour is determined ; by
the second the volume which a given weight of the sub-
stance occupies in the gaseous state is ascertained.

Dumas method.—The neck of a light glass flask, from 50 to
300 cubic centimetres in capacity, according to the nature of
the substance, and the amount at the disposal of the operator,
is softened in the blow-pipe flame and drawn out to a fine point,
as represented in fig. 6. After the weight of the perfectly
clean drv flask has been ascertained—the atmospheric tempe-
rature, and the height of the barometer at the moment of weigh-
ing are carefully noted—from 5 to 10 grms. of the substance
are introduced by warming the flask, and then plunging the
point into the liquid,® which is forced upwards as the vessel
cools. The flask is then plunged, point upwards, into a bath
of water, ail, or fusible metal, heated to the required tempera-
ture. The liquid is rapidly converted into vapour, which, if
sufficient substance be employed, expels the whole of the air
from the flask ; so soon as vapour ceases to issue, and the tem-
perature of the bath is constant, the fine point is hermetically
sealed by the application of a blow-pipe flame, and simulta-
neously the temperature of the bath and the height of the baro-
meter are noted. After cooling, the flask is cleansed externally,
and again weighed—the operator noting at the same time the
temperature and the height of the barometer ; the point of the
neck is then broken off under mercury, or water recently
boiled and allowed to cool out of contact with the air; the
mercury, or water, rushes into the globe, owing to the vapour
being condensed, and, if all the air have been expelled, com-
pletely fills the flask. By measuring or weighing afterwards
the amount of mercury or water which thus enters, the capacity

' Solids are introduced before the neck of the flask is drawn out.
o2
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of the flask is ascertained. If the flask contain air, it will not
be entirely filled ; the volume of the air which remains is then
determined by refilling the flask entirely with mercury or water,
after the amount which first enters has been ascertained. and
again weighing or measuring. The difference between the two
measurements represents the volume of air retained in the
flask.

It 1s 1n all cases advisable to heat the vapour to a temperature
considerably above the boiling point of the substance, since the
vapours of most compounds act only as perfect gases at tem-
peratures some distance from their condensing points. For
example, acetic acid, which boils at 117° has at temperatures
near to its boiling point a vapour density one and a half times as
great as at 250° and upwards, as is evident from the following
table :

Temperature 125° 130° 140° 160° 190° 280° 300°
Vapour density 46'1 45'0 41'8 35'7 33°'I 3001 30'0I.
Few compounds, however, are so exceptionally abnormal in

this respect as acetic acid.

The data obtained in the above manner, from which the
density (D) 1s calculated are :

(1) The weight (w) of the flask filled with air at the
temperature ¢° and pressure g.

(2) The weight (w’') of the flask filled with the vapour of
the substance at the temperature 7’ and pressure 2'.

(3) The capacity (v) of the flask in cubic centimetres.

In order to ascertain the weight (Ww°) of the vacuous flask,
the weight of air (@) which it contains must be deducted
from the weight of the flask filled with air :

Wwi=w —

now 1 c.c. of air at o°C. and 760 mm. weighs ‘co1293 grm. ;
hence :
V % ﬂ}*3 X 760

o) 2 Or 70/ ="0012
93 5

2?3 + £ x 760

according as p is greater or less than 760 mm.
Deducting the weight of the vacuous flask (w°) from

W = '001203 ——
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FF:‘- 7. Vapour-density determination Fi6. 8. Vapour-density determination by
by Gay-Lus<ac’s method.—n, Tube- Hofmann's method. — A, Graduated
holder. 1, Thermometer. s, Stirrer. glasstube. B, Glass jacket. €, Vessel

containing boiling alcohol, water, or
aniline. D, Tube leading to condenser.
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the weight of the flask filled with vapour (w’), the weight
of substance (s), which in the state of vapour at the tem-
perature #°" and pressure ¢’ occupies the volume v, is ascer-

tained.
s=Ww — w°

Since the density referred to hydrogen is required, the
weight (H) of an equal volume (v) of hydrogen at the same
- temperature (¢°’) and pressure (') must then be ascer-
tained : now 1 c.c. of hydrogen at o® and 760 mm. weighs
‘0008936 grm. ; therefore :

VX273+ x 2
273 x 760
(1) (2)

according as p' is greater or less than 760 ; hence :

VX 27342 x 760

‘0008936
or ‘000893 P

H="0008936

g

B

fos

In accurate experiments a correction must be made for
the expansion on heating, and consequent change of capa-
city, of the flask ; also for the errors of the mercunal ther-
mometer, and moreover, allowance must be made if the
temperature and pressure at the second weighing are
different from the temperature and pressure at the time
of first weighing the flask filled with air.

If the air be not wholly expelled from the flask by the
vapour, the volume () of this residual air at the temperature
7°’ and pressure p’ must be deducted from the capacity of the
flask (v), and v-z substituted for v in the last of the above
formulze, in calculating the weight of the volume of hydrogen
which occupies the same space as the vapour of the sub-
stance, which, in such a case, of course has the volume v-z.

It was usual formerly to refer the vapour density to air
as unity. To convert the density referred to air into the
density referred to hydrogen, divide by ‘0693, the specific
gravity of hydrogen referred to air as unity.
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Dumas’ method is not only applicable to all compounds
whose boiling points are within the range of the mercurial
thermometer, but to volatile compounds generally, whatever -
the boiling point. In these cases the flask is heated in the
vapour of a substance of known boiling point, such as
mercury, (B.P. 350°), sulphur (B.P. 440°), cadmium (B.P.
860°), or zinc, (B.P. 1040°). Glass flasks may be employed
with the two former, but in the other cases flasks of porce-
lain. must be used. With such vessels Deville and Troost
have even made determinations at the high temperature of
a wind furnace ; placing in the furnace, in order to deter-
mine the temperature, a second flask containing ilodine.
After the experiment the amount of iodine remaining in the
flask was estimated, and the rate of expansion of iodine
vapour, and the capacity of the flask, and the rate of
expansion of its substance, being known, it was easy to
calculate from these data the temperature to which the
flasks had been exposed.

Gay Lussac’'s method.—The weighed quantity of substance

enclosed in a thin glass bulb is introduced into a short gradu-
ated tube filled with mercury, which is supported in an iron cup
containing mercury, and plunged into a cylindrical glass bath
filled with heated water, oil, or paraffin (fig. 7); the glass bulb
15 soon burst by the expansion of the contained substance,
and the tube becomes partly filled with vapour. When the
temperature is sufficiently high and constant, the volume of
the vapour and the temperature to which it is heated are
noted, as well as the height of the column of mercury in the
tube, the height of the column of water, or oil, pressing on the
base of the column of mercury, and the atmospheric pressure as
registered by the barometer. From these data the vapour
density may be readily calculated.

Gay Lussac’s method is only available for substances whose
boiling points are considerably below that of mercury. It has
the advantage over Dumas’, however, of requiring but a small
quantity of substance.

A most valuable modification of this method has lately
been devised by Professor Hofmann, who employs (hg. 8) a
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graduated glass tube closed at one end, about 1,000 mm. in
length and 15-20 mm. in width, which is filled with mercury,
and the open end inverted in a vessel containing mercury.
It is surrounded by a cylindrical glass jacket, through
which, according to the temperature at which the deter-
mination is to be made, a current of the vapour of boiling
alcohol, water, aniline, or some other substance of constant
boiling point, is urged, whereby the substance previously in-
troduced into the tube in a minute stoppered glass bottle
1s converted into vapour. The volume which the vapour
occupies, the temperature to which it 1s heated, the height
of the mercury column in the tube, and the atmospheric
pressure! are noted ; the weight of a quantity of hydrogen
which at the same temperature and under the same pressure
would occupy the same volume as the vapour of the amount
of substance taken 1s then calculated, and by dividing this
weight of hydrogen into the weight of substance taken, the
vapour density of the substance in question is ascertained.

The boiling points of all substances are considerably
lowered by a reduction of pressure, and not only so, but the
tendency to decompose which many exhibit at temperatures
close to the boiling point, under ordinary pressures, Is
greatly lessened. Now it 1s evident that when the tube 1s
inverted as above described, there will be a considerable
empty space at the top ; into this the substance volatilises,
and is converted into vapour under reduced pressure, and
therefore at a temperature much lower than its boiling point
under ordinary conditions ; for example, the vapour density
of aniline, which boils at 182° under a pressure of 760 mm.
of mercury, may be in this way determined by heating the
tube by the vapour of boiling water (100°; hence the
great value of this method and its superiority over Gay
Lussac’s.

| The mercury column in the tube balances a certain proportion of

the atmospheric pressure, hence the pressure on the vapour is equal to
the difference between these two measurements.
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RATIONAL FORMULZE.

By common consent, the arrangement of the elementary
symbols composing the two-volume formule of chemical
compounds In certain ways is understood to imply certain
facts with regard to the nature and properties of the
compounds represented, and more especially with regard to
the modes in which they are formed, and in which they
undergo decomposition. Formule which fulfil these con-
ditions are termed rational formule ; they constitute, in fact,
the chemist’s shorthand, and it behoves the student therefore
early to become acquainted with the meaning attached to
the various arrangements of symbols in common use.

The following instances will serve to render the functions
of rational formule more intelligible, and also to show that
several rational formule may be employed to represent one
and the same compound, according to the amount of infor-
mation It 1s desired to convey.

1. Thus we write acetic acid, whose two-volume formula
s C,H,0,,

H'CEHEOE:

and mean to express thereby that it i1s a mwnobasic acid,
or one in which one unit weight of hydrogen is replaceable
by the equivalent quantity of a metal, such as sodium, silver,
&c., to form such salts as sodic acetate, NaC,H,0,, or ar-
gentic acetate, AgC,H;0, This convention of placing one
or more units of hydrogen apart on the left of the formula
is generally applied to the acids, it being agreed to denote
the basicity of an acid, i.e. the number of units of hydrogen
replaceable by metals which it contains, by the number of
units of hydrogen written to the left of the point.

2. A second more developed rational formula for acetic
acid 1s

C,H;0.0H

which has reference to such reactions as that which occurs
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between this acid and phosphorus pentachloride, repre-
sented by the following equation :

C,H,0.0H + PCl, = C,H,0.Cl + HCl +POCl,

and one of the meanings to be attached to any formula in
which the (OH) or hydroxyl-group, asit is termed, figures is
that when the body represented is acted upon by PCI; it
will exchange (OH) for Cl.

3. By certain means one proportion of hydrogen in marsh
gas (methane), CH,, may be replaced by iodine, forming
1odomethane, CH,I, which, by the action of potassic cyanide,
1s converted into cyanomethane, CH4(CN) ; if this body
be heated with water in presence either of acids or alkalies,
it 1s resolved into acetic acid and ammonia. Conformably
to this mode of formation of acetic acid, its formula may be

written
CH,;.CO,H

and the reaction is expressed by the equation :
CH,;.CN + 20H, = CH;.CO,H 4+ NH,.

4. Lastly, by reason of the reaction with phosphorus
pentachloride, the group CO,H 1is resolved into CO (OH),
so that the formula becomes

CH; CO(OH)
and it is found that all the various reactions in which
acetic acid takes part are capable of representation by this
formula.
Then we write sodic acetate :

CH,.CO(ONa), or CH;.CO,Na, but not CH,Na.CO(OH),
because it is found that when acted upon by PCl; (ONa)
is removed and replaced by chlorine, just as (OH) is in
acetic acid :

CH,CO(OH) + PCl, = CH,.COCl 4+ POCl, + HC],
CH, CO(ONa) + PCl, = CH,COCl + POCl; + NaCl




Rational Formiule. 27

And since the other salts of acetic acid exhibit a precisely
similar behaviour, they are represented generally by such
formule as CH; CO,M’ and (CH,;.CO,),M", &c., in which
M’ and M” denote monad and dyad metals respectively.

Again, monochloracetic acid, the first product of the
action of chlorine on acetic acid, is written:

CH,CLCO(OH), and not CH 3. CO(OCI)

because we find that it exchanges (OH) for Cl when acted E
rupon by PCl;; thus:

| CH,CLCO(OH) + PCl, = CH,CLCOCI + POCl,+HCI i

In short, the employment of such a group of symbols as
(CO.OH) as part of a formula denotes that the compound
irepresented will, when treated by certain reagents, be
:affected in certain ways: that it will form metallic salts ;
i that it will exchange OH for Cl when acted upon by PCl; ;
: that it may be obtained probably from a body bearing to 1t
:the same relation that acetic acid, CH,.CO,H, bears to
rmethane, CH,, by replacing hydrogen in that body by
.1odine, this in turn by cyanogen, (CN), and heating the
1 product with water, &c.

Raftional formule, such as the above, are frequently termed
¢ constitutional formule, and by some structural formule.
The use of these terms seems to 1mply, however, that such
‘formulz express the constitution, or structure, of the bodies
'to which they refer ; but we must guard ourselves most
carefully against this impression, since, hypothesis aside,
"we possess no real knowledge as to the internal constitution
of chermnical compounds, or of the mode of arrangement of
‘the atoms of which bodies are presumed to be made up, and
‘although rational formule may represent the proximate con-
stitution of chemical compounds, yet in the present state of
our knowledge it 1s advisable to regard them simply as con-
‘densed symbolic expressions of the chemical nature and
mode of formation of the compounds represented : they
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enable us, so to speak, to decipher at a glance the chemical
history of compounds.

Graphic formule are a still more developed form of
rational formule. For example, the graphic formula for
acetic acid 1s

H 0
| <o
H—(|:—C—O—H
H

Here the fact that tetrad carbon is capable of uniting with
four unit weights of monad hydrogen (as in marsh gas, CH ),
or with two unit weights of dyad oxygen (as in carbonic
anhydride, CO,), is represented by the four lines proceeding
from the elementary symbol C ; similarly dyad oxygen is
represented by the elementary symbol O, with two lines ;
monad hydrogen by H, with one line. This formula, there-
fore, to a certain extent necessarily assumes that in acetic
acid one atom of tetrad carbon is directly united with
three atoms of monad hydrogen, and also to a second
atom of carbon, with which one atom of dyad oxygen 1s
wholly, the second atom partially united, the latter being in
union with an atom of hydrogen.

POLYMERISM, METAMERISM, ISOMERISM.

1. Bodies of the same percentage composition, but of dif
ferent vapour densities, are termed polymcric. Thus aldelyac,
C,H,0, is polymeric with paraldeiyde, CgH,,05—forty-
four parts of aldehyde vapour and 132 (44 x 3) parts of
paraldehyde vapour each occupy the same volume as two
parts of hydrogen under like conditions of temperature
and pressure. The unit weights of polymeric compounds
are always different simple multiples of the same empirical
formula, the unit weight of a compound being the sum
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of the unit weights of its constituents, each multiplied
by the suffix which indicates the number of unit weights
p}esent in two volumes of vapour. Thus the unit weight
of acetic acid, C,H O,, is sixty (12 x2+4+1 X 4+16 X 2),
and it is always in that proportion, or some simple multiple
thereof, that acetic acid enters into reaction with other sub-
stances.

2. Bodies of the same percentage composition and same
vapour density, which exhibit differences, more or less
marked, in physical properties, but which behave 1n nearly
all cases dissimilarly when acted upon by the same reagents,
are said to be metameric. The three compounds, allylic
alcohol, propionic aldehyde, and acetone, each represented
by the undeveloped rational formula C,HgO, are thus
related : the first is entirely decomposed on oxidation ; the
second ylelds propionic acid, C,H O, when similarly
treated ; whilst the third is resolved into formic and acetic
acids.

The developed rational®ormule which we are led to
assign to these compounds are also, as a comparison will
show, very different ; thus :

C,H.OH C,H..COH CO(CH,),

Allylic aleohol Propionic aldehyde Acetone

3. Two or more bodies of the same percentage composi-
tion and same vapour density, which differ to a greater or less
extent in physical properties (boiling point, specific gravity,
&c.), and which either exhibit a similar behaviour under the
influence of certain reagents, or, by their immediate formation
from, or conversion into, the same compound, are shown to
be members of the same series of compounds, are termed
isomerte. 'The products obtained from isomeric bodies by
various reactions are themselves frequently isomeric ; thus
the four isomeric butylic alcohols, C,H,(OH), yield four
isomeric butylic chlorides, bromides, or iodides when
acted upon by hydrochloric, hydrobromic, or hydriodic
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acid; the differences in boiling point and specific gravity
which these derivatives exhibit among themselves are in
the same sense as those which exist among the isomeric
alcohols ; thus the butylic alcohol of highest boiling point
ylelds a chloride, bromide, or iodide of higher boiling point
than either of the corresponding derivatives from the iso-
meric alcohols.

Isomeric compounds, however, do not always give rise
to similar reactions under the influence of all reagents;
thus the 1someric alcohols above cited behave very dif-
ferently on oxidation: for example, one is converted into
butyric acid, C;Hz0,; a second into isobutyric acid,
C4HgO,; a third into ethylmethylketone, C,H O ; the
fourth into a mixture of acetic and formic acids. Even in
those reactions in which they are similarly affected, 1someric
compounds exhibit differences more or less marked, more
especially in the relative degrees of ease with which they
enter into reaction : the one 1s ‘wvariably acted upon more
readily than the other.

On the hypothesis that chemical compounds are com-
posed of small indivisible particles, or atoms, it may be
assumed that two or more bodies are isomeric or metameric,
because certain of the atoms in the one occupy relatively
different positions to those they occupy in the other, and
this 1s the explanation usually given of 1somerism and
metamerism. Thus the two metameric compounds 7r0-
ethane, and ehylic nitrite, represented by reason of their
chemical behaviour by the formulae

Nitroethane, C,H,(NO,) ; Ethylic nitrite, (C,H,0)ON

may be supposed to differ owing to the circumstance that
in the one the nitrogen 1s in direct union with the carbon,
whereas in the other the carbon and nitrogen are held to-
gether, as it were, by oxygen, as expressed by the following
graphic formule :
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- L ) H I|-I
B o2 |
H—C—C—N H—-C—-C—0—N=0
o B
1 [ - H H
Nitroethane Ethylic nitrite

The extreme readiness with which the nitrogen may be
separated from the latter compound, and the difficulty of
removing it from the former, 1s generally regarded as
strong evidence In favour of this assumption as to the
probable cause of the difference which exists between the
two bodies.

Although such an apparently satisfactory explanation of
the phenomena in question may thus be given, yet there
are a considerable number of facts which tend to show that
this explanation must be regarded with more or less mistrust.

The phenomenon of isomerism—and of metamerism—
is unquestionably intimately connected with the amount of
heat evolved in the reactions giving rise to the forma-
tion of isomendes. Whatever the ultimate constitution of
chemical compounds may be, it is a fact that their forma-
tion 1s invariably accompanied by the evolution (in a limited
number of cases by the absorption) of heat, which to our
senses is evidence that there has been a transformation of
energy, until then potential, into actual energy. More-
over, there is little doubt that in the formation of isomeric
bodies from the same parent compound different amounts
of heat are evolved; if so, the energies of the resulting
compounds are assuredly different.

The production of isomerides by different series of reac-
tions is, then, probably to be accounted for by the cir-
' cumstance that different amounts of heat are evolved
in the several series of reactions, so that finally bodies
possessing different energies are formed. This supposition,
‘that isomeric (and metameric!) compounds are bodies

! The difference between isomeric and metameric compounds is
probably one of degree only, and not of kind, as usually assumed,
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which, having the same composition, yet possess differ-
ent energies, would also serve to explain their different
behaviour under the influence of reagents. There is reason
to belhieve that, of two 1somendes, that of higher energy
would in most cases enter into reaction more readily
than that of lower energy, just as chlorine, an element of
high energy—which in combining with hydrogen liberates
a far greater amount of heat than do either bromine or
1odine—is a far more energetic reagent than either of these.

Hitherto but little attention has been paid to this field
of enquiry, which-the study of the thermic phenomena
accompanying chemical reactions affords. In it, however,
undoubtedly lies hidden the explanation of many at pre-
sent obscure problems in chemical science.

CHAPTER 1L

CLASSIFICATION OF CARBON COMPOUNDS.

THE unit weight (twelve parts) of carbon is capable of uniting
with at most four unit weights of hydrogen or other monad
elements. The simplest known hydride of carbon has the
composition CHy, and is incapable of combining with chlo-
rine, bromine, &c., being what is termed a safurafed com-
pound, but may exchange the whole or part of its hydrogen
for an equivalent quantity of another element. Carbonic
anhydride, C""0",, hydrocyanic acid, H'C"'N"/, and cyano-
gen'chloride,- CI'C'"'N'", are compounds which may be thus
regarded as substitution-derivatives of the first hydnde of
carbon.

In the following, certain of these simpler compounds, which
may thus be regarded as derived from the first hydride of
carbon, will be shortly described before proceeding to the
consideration of the hydrides themselves.
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While the number of unit weights of any of the elements
other than carbon, associated together in their various com-
pounds, 1s, as a rule, extremely limited, seldom exceeding
five, the number of unit weights of carbon contained in
carbon compounds is often very great. It is this funda-
mental property of uniting with itself, so to speak, in a large
number of different multiple proportions, which sharply dis-
tinguishes carbon from the other elements, and which ap-
pears to be the cause of the great multiplicity of its deriva-
tives. With regard to the maximum combining power of
these aggregates consisting of several unit weights of carbon,
it is found that two unit weights are never associated with
more than six, three with more than eight, or four with
more than ten unit weights of hydrogen or other monads ; in
short, that each addition of one unit weight of carbon raises
the combining power by at most two monad units, so that
the maximum combining power of an aggregate of z-units
of carbon with monad elements i1s equal to 272 4+ 2. The
composition of the compounds of carbon and hydrogen
containing the greatest possible amount of the latter element
is therefore expressed by the general formula, C H,, , ,.
It 1s from the Aydrocarbons, as such compounds of carbon
and hydrogen are termed, of this composition that more
or less directly, as will be shown in the following pages, the
remaining families of organic compounds may be built up ;
they are therefore of paramount importance.

Besides these saturated hydrocarbons others are known
containing proportionately less hydrogen ; these are capable
of existing in the free state, and are termed non-saturated
hydrocarbons, owing to their possessing the property of
uniting directly, more or less readily, with certain elements,
to form either saturated compounds of the C,H,, ., »
type, or intermediate compounds. They invariably differ
from the corresponding terms of the C,H,, . a2 series by
an even number of unit weights of hydrogen, and are
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obtained from the members of that series by withdrawing
from them one or more pairs of unit weights of hydrogen.
This withdrawal of hydrogen may be effected in a large
number of cases by the simple action of heat, the tendency
thus to part with hydrogen becoming greater the higher up
we go 1n the series.

Hydrocarbons differing from those of the C,H,, , , series
by an uneven number of unit weights of hydrogen are not
known ; in all cases where their production might be ex-
pected, compounds are obtained which may be regarded as
formed by the umion of two such hydrocarbons. For
example, if 1odomethane, CH,I, be treated with metallic
sodium, lodine 1s withdrawn from it; we do not obtain
methyl, CH,, however, but the hydrocarbon, C,H (ethane),
thus :

Similarly a mixture of the two iodides, CH3l and CzH I,
yields the hydrocarbon butylene, C,H.

The general terms of the series of hydrocarbons of which
up to the present time members have been obtained and
investigated are as follows :—

anﬂn + 2 CnHEI:e.— 14
L. Hse oS s
CnHin - CHH?I'I — 18
CnH'In—ll CnHﬂn--'Z‘.‘
CHHEn-—-ﬁ CnHin — 24
CnHﬂn = CHH?I'l =y
CnHﬂn —10 CHHEH 32
CnH:en —.]13

Each of these groups differs from the group next below,
in that it contains two units of hydrogen more. Series thus
related are termed #sologous series. The members of each
group form a Jomologous series, the successive terms of
which differ by CH, (see p. 70).

The various families of organic compounds ccrnmdered in
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their relations to the above-mentioned hydrocarbons may
conveniently be arranged in the following classes :—

1. Hydrocarbons and their haloid Derivatives.—One or
more unit weights of chlorine, bromine, or iodine may be
substituted either directly or indirectly for the equivalent
quantity of hydrogen in the various hydrocarbons. For
example, methane, CH,, and ethane, C,Hg, yleld the fol-
lowing series of chlorinated derivatives :—

CH,; CH,O; <CH.Cl;; <CHCl; . CCL.

Methane. Monochloro- Dichloro- Trichloro- Tetrachloro-
methane. methane. methane. methane,
CEHE 3 CEH5C1} CEH4C12 3 .CEH_;C];& 3 CEHECI‘I 3 CEHClﬁ 3
C.CL. -

Similarly we have :

C.HBr: C.H,.Bro s C.HoBr, » &c
CH.d: 6.0,

All such hydrocarbon derivatives are termed haloid deri-
vatives. Closely allied to them are several series of com-
pounds which are conveniently regarded as derived from the
hydrocarbons by the replacement of hydrogen by the mo-
nad groups (CN)’; (SCN)'; (NO,)'; or (NH,)'; e.g. :

CH,4(CN); C,H,(SCN); CgH;(NO,y); CgH;(NH,).

Cyanomethane. Sulphocyanoethane. Nitrobenzene, Amidobenzene.
(Methylic cyanide.) (Ethylic sulpho- '
cyanate. )}

All of these are formed from the haloid derivatives of the

hydrocarbons by double decomposition ; for example, cya-

' nomethane is obtained by the action of potassic cyanide on
10domethane :

CHE. 4+ KON'= CH,CN + KL

I1. Alewhols.—The alcohols may be regarded as the
- hydroxyl (OHY substitution derivatives of the hydrocar-

D2

|




| 36 " Organic Chemistry.

bons, and are in all respects the organic analogues of the
metallic hydrates ; thus we have :

CoH;(OH) ; C.H,(OH), ; C;Hs(OH), ;

Ethylic hydrate. Ethylenic hydrate. Glycerines
analogues of :

Na(OH); Ca(OH),; Bi(OH),

The modes of formation of the alcohols from the corre-
sponding haloid derivatives of the hydrocarbons are, as will
be seen later on, strictly analogous to the methods by which
the metallic hydrates are obtained from the metallic
chlorides, &ec.

Closely related to the alcohols, and corresponding to the
metallic sulphydrates, are a class of bodies termed #4io-
alcohols, or mercaptans ; e.g. :

C,H;(SH) ; C,H,(SH), ; C3H5(SH);.

Ethylic sulphydrate.  Ethylenic sulphydrate. Glycerylic sulphydrate.
corresponding to :
Na(SH); Ca(SH),, &c.

I11. Ethers.—The ethers are the an/iydrides of the alcohols,
to which they bear the same relation as the metallic oxides to
the corresponding hydrates ; e.g. :

(CoH ;)10 ; C,H,O; (C3H;)503.
Ethylic oxide. Ethylenic oxide. Glycerylic oxide,
Nﬂﬂo 3 Ca0O 3 Bigo;;.

" The ethers are more or less readily converted into
alcohols by heating with water or alkalies, just as, under
similar conditions, the metallic oxides are converted into
hydrates :
(C,H;),0 + OH, = ,C,H;(OH).
Na,O0 + OH, = ;NaOH.

Analogues of the metallic sulphides are also included 1n
this class ; for example: g™
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(C.H5)sS 5 CoH,S ;

analogous to

Na,S;  CaS.

And also polysulphides such as
(C2H5)ESE and (CEHﬁ)ESE
corresponding to
Na,S, and Na,S,.

IV. Aldehydes.—The aldehydes are a class of bodies in-
termediate between the alcohols and the acids. They may
be conveniently formulated as hydrocarbon derivatives in
which the group (C¥O"H)' replaces hydrogen ; thus we
have :

CH,(COH) from CH, ; C;H;(COH) from CzHjg ;
C,0H;(COH) from C,,Hg ; &c.

The aldehydes are formed by the oxidation of the corre-

sponding alcohols, thus :

Ethylic alcohol Aldehyde.

and on further oxidation are converted into acids containing
the same number of unit weights of carbon :

CH,.COH +0 = CH,.CO.OH.

Aldehyde. Acetic acid,

On the other hand the aldehydes are readily transformed
into alcohols by the action of nascent hydrogen :

CHE-COH + HE et CH3.CH2-OH.

V. Ketones.—These compounds are closely related to the
aldehydes, and may be regarded as derived from them by
the replacement of hydrogen in the (COH) group by monad
hydrocarbon groups ; thus we have :

CH,.CO.CH; derived from CH,;COH.

Dimethylketone. Aldehyde.
(:F‘]-IJ-CO-CHJ 1 3 CﬁHﬁ-COH-
Methylphenylketone. Benzaldehyde.
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The ketones do not yield acids containing the same
number of unit weights of carbon on oxidation ; hence they
are readily distinguished from the aldehydes.

VI. Acds.—The acids are formed from the hydrocarbons
by a series of operations, the final result of which may be
said to be the substitution of hydrogen in the latter by the
monad carboxyl ! group (CO,H = CO.OH) ; thus we have
succinic acid, LEHd((,O H),, formed frc}m ethane, C,H,,
by the following series of reactions :

C,H,Br, + 2KCN = C,H,(CN), + 2KBr.

C,H,(CN),+40H, + 2HCl = C,H,(CO,H), + 2NH,Cl.

The acids furnish a numerous series of characteristic
dervatives, namely : metallic salts, haloid salls, ethereal salls,
acid chlorides (bromides, iodides, &), amides, and haloid
derivatives and allied compounds.

The metallic salts are the characteristic products of the
action of metalhc oxides, h}rdrates and carbonates on the

acids ; e.g. :
2CH,.CO.0H + K,CO,; = 2CH;.CO.0K + CO, + OH,.

Acetié acid. Potassic acetate.

The /aloid salts may be regarded as derived from the
metallic salts by the replacement of the metal by chlorine,
bromine, &c. ; thus the following haloid salts of acetic acid
are known : _

CH, CO,Cl: CH,.CO,Br; (CH CO T

These compounds are all extremely unstable, and are

never obtained by the direct action of the halogens on the

acids (infra).
Ethereal salts, or compound ethers, are formed when the

acids are acted upon by the analogues of the metallic
hydrates, the alcohols ; thus:
CH,.CO(OH) + C,H;OH = CH,.CO{OC,H;) + OH,.

Acetic acid. Ethylic hydrate. Ethylic acetate.
: (Acetic ether.)

! From carbonyl (CO), hydroxyl (OH).
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The acid chlos ides (bromides, iodides) are the products
of the action of the haloid phosphorus compounds on the
acids, or their metallic salts :

3CH,.CO.0H + PCl, = 3CH,.COCl + PO,H,.

The amides are formed by the action of ammonia on the
acid chlorides, or on the ethereal salts, or by distillation
of the ammonium salts of the acids :

CH,.COCl + 2NH, = CH,.CO.NH, + NH,ClL
CHE.CO-OCEH;_. + NH3 = CHE.CO-NHE + CEH{)OH-
CHTCO-ONH,‘ — CH3-CO-NH2 + OHE.

The /aloid derivatives, which are mostly compounds of
considerable stability, are formed by the direct action of
chlorine, or bromine on the acids ; thus:

CH,.CO,H + Cl, = CH;CLCO,H + HCL
CH,.COH + 2€Cl; = CHCL!CO, 4 aBICL
CH,.CO,H + 3Cl, = CCl,.CO,H + 3HCL

From many of the haloid derivatives a series of closely
allied compounds may be obtained by double decomposi-
tions, such as :

CH.L.CO,H; CH,(CN).CO,H; CH,(OH).CO,H ;'

lodacetic acid. Cyanacetic acid. Oxyacetic acid.
CHE(KHJ)-COEH 3 CHQ{SH).COEH 3 &ec.
Amido-acetic acid. Sulphacetic acid.

VII. Anhydrides.—These compounds bear the same re-
lation to the acids that the ethers bear to the alcohols :

e - - CH3C0 F C‘Hﬁ
CH,.CO.0H ; CH,,.CO}O‘ C,H,.0H ; C;Hﬁ}o.

Acetic acid. Acetic anhydride. Alcobol. Ether.

They are reconverted into acids by the action of water.
VIII. Amines.—The amines are a class of bodies which
are generally regarded as derived from ammonia by the
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sub?,titutinn of hydrocarbon groups for hydrogen ; the fol-
lowing are examples of, such compounds :—

(Monamines.)
Primary. Secondary. Tertiary.
C2H5 CEHE CQH!’ CEH;.
N< H s el N O e N< C,H..
H H H C,H;.
Fthylamine. Phenylamine. Diethylamine. Triethylamine.

(Amidobenzene.)

(Diamines.)
N, %ﬂHd N {CEH4 = CeH (NHy),.

Ethylenediamine, Phenylenediamine.
(Diamidobenzene.)

e m

(Zriamines.)

H
Nx{%ﬁﬁs. N, %fﬁ 3 = C,Hy(NH,),.

Vinyltﬁa mine, Triamidobenzene.

L]

It 1s evident, however, that the primary amines may
equally well be regarded as derived from the hydrocarbons
by the substitution of #(NH,) for »H.

These organic ammonias closely resemble ammonia in
their properties : they combine directly with acids, forming
substituted ammonium salts :

C,H; NH, + HCl = C,H; NH,Cl

Ethylamine. Ethylammonic chloride.
CEH'I'NEH-i + EHI e CEHJ‘NEHEIE; &C-

By treating these salts with moist argentic oxide the cor-
responding hydrates are obtained :
2C,H;.NH,Cl+Ag,0+OH, = 2C,H; NH;.OH + 2AgClL
Ethylammonic chloride. Ethylammonic hydrate.

These hydrates are highly caustic bodles, and indeed

exhibit thmugh{}ut the behaviour of their inorganic ana-
logues, the caustic alkalies, precipitating metals from their

solution as hydrates, &c.
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The analogues of ammonia, phosphine, PHy; stibine; SbH
and arsine, AsH,, also yield derivatives corresponding to
the primary, secondary, and tertiary monamines ; e.g. :

CEH-E CEHE CEHﬂ
H H C.H,
Ethylphosphine. Diethylphosphine. Triethylphosphine.

IX. Organo-metallic Compounds.—These may be re-
garded as compounds of the metals with monad hydro-
carbon groups ; thus the following bodies are known among
others :

Zn(CH,), ;5 Hy(CH,)y; H(C,Hj;), ;3 Bi(CyHj), s

Zincic methide. Mercuric Mercuric Bismuthic
methide. ethide. ethide.

Pb(CoH;), 5 Sn(CyHj)y; Sny(CyHj)e; Sn(CoHj),.

Plumbic tetrethide. Stannous ethide. Distannic hexethide. Stannic ethide.

A large number of carbon compounds are known, how-
ever, which cannot at present be included in either of the
above series, as we are entirely unacquainted with their
genetic relations to the hydrocarbons.

CHAPTER III.

GENERAL ACTION OF REAGENTS ON CARBON COMPOUNDS.

TH1s chapter contains an outline description of the action
of the more important reagents which the chemist employs
in the study and elucidation of the chemical nature of
carbon compounds.

Action of Chlorine, Bromine, and lodine.—There is merely
a difference of degree between the action exerted by
chlorine and by bromine, chlorine being the more energetic
reagent—because, we usually say, of its superior affinity for
hydrogen. The behaviour of iodine is in many cases pecu-
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liar. The following modes of action of chlorine and bro-
mine are to be distinguished.

1. Hydrogen is removed in the form of haloid acid and
replaced by the halogen. In this way, 1, 2, 3 or » units
of hydrogen may be removed and replaced by 1, 2, 3 or
n units of halogen, with formation of 1, 2, 3 or # weights
of haloid acid; consequently to-effect the replacement of
72 units of hydrogen, 22 units of chlorine or bromine are
requisite. The number of units of hydrogen replaced
depends mainly on the nature of the body operated upon,
and on the temperature, but often other conditions also
intervene. The following examples will serve to illustrate
the mode of action :

Methane. Chloromethane. Methane. Dichloromethane.
Methane. Trichloromethane. Methane. Tetrachloromethane.

2. Hydrogen is simply removed in the form of haloid,
acid, without replacement by ‘the equivalent quantity of;
chlorine or bromine ; thus:

C,H,O + Cl, = C;H,O + 2HCL
Alcohol. Aldehyde.

3. Certain ¢ unsaturated’ compounds unite directly with
chlorine or bromine ; for example :

C,H, + Bry = C,H Br,, CiHg+ 3Cl; = CsHCls.

Ethylene. Ethylene EBenzene. Benzene
dibromide. hexachloride.

4. Under ordinary conditions, chlorine and bromine
only decompose water very slowly, setting free oxygen
(OH, + Cl, = O + 2HCI), but in the presence of a third
body possessing a tendency to combine with oxygen this
decomposition occurs far more readily ; hence in many cases
chlorine and bromine in presence of water act as powerful
oxidising agents ;! e.g. :

' A class of reactions analogous to this is often met with in the
studw of the so-called inorganic compounds. Thus chlorine is without
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CTHEO + OHE + C].g - C?HEOE + 2HCL

Berzoic aldehyde. Benzoic acid.

A point of great interest with regard to the action of
chlorine, especially on organic bodies, i1s the influence of
light on the course of the reaction. We know that chlorne
and hydrogen do not combine in the dark, and only slowly
in diffused light, but that they unite immediately under the
influence of a bright light. Similarly chlorine 1s entirely
without action on benzene in the dark, or even in diffused
light, whilst direct union occurs readily when a mixture of
these bodies 1s exposed to bnght sunlight (C,H; + 3Cl,
= C4H;Clg). More remarkable still, if monockioropropylene,
C4H;Cl, be acted upon by chlorne in the dark, it is con-
verted into the substitution derivative dickloropropylenc
(CH,Cl + Cl, = C;H,Cl, + HCI), but in bright sunlight
under otherwise similar conditions the additive! compound,
C;3H;Cl,, 1s formed (C,H;Cl + Cl, = C;H;Cl;).

Bromine exhibits, though in a less marked degree, a
similar behaviour: combining directly with benzene to
form the additive compound, C4HgBrg, in bright sunlight,
but yielding substitution dervatives, such as CyH,Br,
C.H Br,, &c., when the action 1s carried on in diffused
hght.

A further point of interest is the simultaneous formation of
isomeric products by the action of chlorine, Thus, on treating

action on silicic anhydride at a red heat, but in presence of carbon it
readily converts it into silicic tetrachloride :

Si0, + 2C + 2Cl, = SiCl, +2CO.

In this case the tendency of the carbon to unite with the oxygen, added
to the tendency of the chlorine to unite with the silicium, is sufficient to
overcome the tendency of the silicium to remain combined with the
oxygen, which the chlorine alone is not able to overcome

' Compounds formed by the replacemaent of one element by the
equivalent quantity of another element are termed ‘substitution’ deriva-
tives, and compounds formed by the direct union of two bodies are often
termed ‘additive’ compounds,
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[3-chloropropane: (isopropylic chloride), C,H,Cl, with chlorine,
a mixture of two bodies, each of the composition C,H,Cl,,
1s obtained ; one of these boils at 70°, the other at g6°,
and they differ also in many other respects. Several simi-
lar cases might be quoted.

Iodine combines directly with certain unsaturated com-
pounds, ethylene for example (C,H, + I, = C,H,I,), and
sometimes also in presence of water acts as an oxidising
agent, but both classes of reaction are effected far less
readily than by bromine or chlorine. Iodo-substitution
derivatives are never formed by the direct action of iodine
on hydrogenised compounds, unless the hydriodic acid pro-
duced be immediately withdrawn from the sphere of action.
To effect this, mercuric oxide, or iodic acid, is simulta-
neously added, which reacts with the haloid acid to form,
in the one case, mercuric 1odide and water (HgO 4+ 2HI
= Hgl, + OH,), in the other free iodine and water
(HIO; + sHI = 31, + 30H,). To prepare iodophenol,
for example, from phenol, we add iodine and the requisite
quantity of mercuric oxide to an alcoholic solution of
phenol : iodophenol and hydriodic acid are formed
(C¢HO + I, = C4H,;1I0 + HI), but the latter immediately
enters into reaction with the mercuric oxide and is con-
verted into insoluble mercuric iodide.

Todo-substitution derivatives are often obtained from the
corresponding chlorinated or brominated compounds, by
double decomposition with potassic iodide ; e.g.:

C,H,BrO, + KI = C,H;10, + KBr.
Bromacetic acid. lodacetic acid.
Action of Hydrochloric, Hydrobromic, and Hydriodic Acids.
A variety of modes of action are to be distinguished. ‘
1. These acids unite readily and at once in the cold with
basic compounds such as the so-called ¢compound am-
monias,” the alkaloids, &c., forming salts ; e.g. :

Ethylamine. Ethylammonic chloride.
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2, They combine with many ‘unsaturated’ compounds ;
thus ethylene and hydriodic acid form monoiodoethane,
HI + C,H; = C,H,I ; fumaric acid and hydrobromic acid
form bromosuccinic acid, C{H,O, + HBr = C,H;BrO,.
In such cases 1t 1s usually necessary to heat the mixture
during a shorter or longer period, and if the combination
occur 1n the cold, a considerable time is required to render
it complete ; hydriodic acid lends itself far more readily to
reactions of this class than either hydrobromic or hydro-
chloric acid, and hydrobromic more readily than hydro-
chloric acid. The nature of the products depends very
much on the conditions of experiment, on the temperature
to which the mixture is heated, and the degree of concen-
tration of the aqueous solution of haloid acid, and isomeric
compounds are often obtained. Thus hydrobromic acid, by
its action on dromethylene, CoH,Br, produces under one
set of conditions ethylene dibromide, CoH (Bry, which boils
at 129°; under other conditions an i1someric body boiling
at 110°  Similarly, dromopropylene, C;H Br, yields either
propylene dibromide, C;HgBry (B.P. 140°-143°), or the 1so-
meric compound boiling at 122° Often, and indeed usually,
a mixture of the isomeric compounds is produced, since
it is difficult precisely to maintain the exact conditions
necessary to the formation of the one or the other alone.
The compounds with high boiling-points are principally
formed at the ordinary temperature by the action of a very
concentrated hydrobromic acid solution ; the isomeric
bodies by the action of a less concentrated solution at a
temperature of 100°.

3. Certain bodies exchange (OHY, Zydroxyl, for chlorine,
bromine, or iodine, when acted upon by the haloid acids.
This mode of action is peculiarly characteristic of the so-
called ‘alcohols’ and ‘oxacids.” The following examples
may serve in illustration :—

C,H,(0OH) + HI = OH, + C,H,L

Alcohol. Ethylic iodide.
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CaH;j{OH)a + ZHCI — EOHE + CaH:;Clg(OH).

Glycerine, Dichlorhydrin.
G4, (OH)0,: 4 ‘HBr = OH,, +.C5H,Bros
Oxypropionic acid. Bromopropionic acid.

The majority of iodine substitution compounds, however,
are at once decomposed in contact with hydriodic acid,
with separation of iodine and replacement of the iodine by
the equivalent amount of hydrogen ; thus:

CQHEIOE + HI -— CEH-!-OE +IE;

so that by acting upon oxypropionic acid, for example, with
hydriodic acid, we obtain, not 1odopropionic, but propionic
acid ; the former is doubtless produced in the first instance
(C3H;(OH)O, + HI = OH, + C3H;I10,), it has but an
ephemeral existence, however, being at once converted by
the remaining hydriodic acid into propionic acid and iodine
(C3H;510, + HI = C3HO, + I,).

This peculiar behaviour of iodo-derivatives towards hy-
driodic acid at once gives a clue to the non-formation of
10do-substitution derivatives, by the action of 1odine, in those
cases 1n which the hydriodic acid first formed by the action
of the iodine on the hydrogenised compound is not at once
removed from the sphere of action.

In virtue of this property, possessed by hydnodic acid to
so marked an extent, of removing oxygen from bodies and
replacing it by hydrogen, it is one of the most powerful
reducing agents known ; in fact, by the action of a very
concentrated solution at high temperatures, most oxygenated
compounds may ultimately be converted into the correspon-
ding hydrogemsed substances: thus acetic acid, C,H,0,,
for example, is converted into ethane, C,H,, &c.

Action of Oxidising Agents—1. Hydrogen is eliminated in
the form of water and replaced by an eguivalent quantity of
oxygen ; thus:

CEHEO + Oj = OHﬂ + CQH,;O-;.

Alcohol. Acetic acid.
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2. Hydrogen is eliminated in the form of water and re-
placed by faice the equivalent quantily of oxygen, as in the
formation of the quinones, e.g. :

CioHg + O3 = OH;y + C,(HO,.

Naphthalene, Naphthoquinone.
3. Oxygen is simply added on to the compound :

CEH{O + O - C?H.]Og-

Aldehyde. Acetic acid.
CaHS = 05 =€ HS80,
Ethylic sulphydrate. Ethylsulphonic acid.

4. Hydrogen is simply eliminated :

C,H,O + O = OH, + C,H,O.
Alcohol. Aldehyde.

5. The compound acted upon is split up and yields two
or more oxidised bodies, each containing fewer units of
carbon 1n its formula than the original substance, e.g. :

C;H,s0 + 30, = OH, + C3;HO, + 2C,H,0,.

Triethylearbinol. Propionic acid. Acetic acid.

These reactions are the results of * moderated ’ oxidation,
and are obtained by employing, at most, a slight excess of
the oxidising agent ; by a large excess, assisted by a high
temperature, the majority of carbon compounds are ulti-
mately resolved more or less readily into carbonic anhy-
dride and water, just as by combustion with oxygen.
Although in all the above cases the reactions are repre-
sented as occasioned by free oxygen, yet, as a matter of fact,
they are seldom realised by employing free oxygen, but
usually by evolving the oxygen in the immediate presence
of the body to be acted upon, or, as it is termed, by nascent
oxygen. The reagent most commonly employed 1s a mix-
ture of potassic dichromate and sulphuric acid in aqueous

solution, which enter into reaction according to the equa-
tion :

K,Cr,0; + H;80, + H,0 = 2H,CrO,; + K,SO,.
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The chromic acid so produced, if in presence of a body
possessing a tendency to take up oxygen, and ‘an excess of
sulphuric acid, readily parts with a portion of its oxygen,
yielding chromic sulphate and water :

2H,CrO4 + 3H,SO4 = O3 + Cry3504 + 50H,.

Action of ‘nascent’ Hydrogen.—We scarcely know an
instance in which free hydrogen is able to act upon carbon
compounds ; in the nascent state, however, ie. at the
moment of liberation from a state of combination, it is one
of the most active and useful agents at the chemist’s
disposal. It is usual to add the compound, which it is
desired to submit to the action of hydrogen, to a mixture of
substances evolving hydrogen, such as sodium amalgam and
water, zinc and sulphuric acid, or tin and hydrochloric acid.
‘Hydriodic acid, sulphurous acid, and hydric sulphide, are
also powerful reducing agents ; the first and last of these,
although stable in the pure state, readily part with their
hydrogen to bodies possessing a strong tendency to combine
with, or take up hydrogen. Sulphurous acid acts by de-
composing water and setting free the hydrogen, itself com-
bining with the oxygen to form sulphuric acid ; this decom-
position of water by sulphurous acid only takes place,
however, in presence of a third body which has a strong
tendency to take up hydrogen. The following are the
modes of action of nascent hydrogen :—

1. It combines directly with certain unsaturated com-
pounds ; e.g. :

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

Acetylene. Ethylene. Fumaric acid. Succinic acid.

2. It removes oxygen without replacing it ; thus:
C,H,OH + H, = CsH;, + OH.,.

Cinnamic alcohol. Allylbenzene.

3. Oxygen, chlorine, bromine, or iodine are removed, but
replaced by the equivalent quantity-of hydrogen :
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CgchlOE <+ Hg - C2H402 + HCL.

Chloracetic acid. Acetic acid.
CIHEOE + EHg — CTHEO + HEO'
Benzoic acid. Benzylic alcohol.

4. Oxygen is removed and replaced by half the equivalent
quantity of hydrogen, in the reduction of nztro-compounds to
amido-compounds :

CEH;]{NOQ) -+ 3H2 = CEHE(NHE} - EHEO.

Nitrobenzene. Amidobenzene.

Acdtion of Nitric Acid.—The concentrated acid acts most

violently on many organic bodies, often completely destroy-

ing them, but the action may be moderated by the addition
of water.

1. Nitric acid unites with basic substances forming salts.

2. It acts as an oxidising agent.

3. A ‘mnitric-ether,’ or ethereal salt of mitric acid, is
formed :

. C,H,(OH) + HNO, = C,H,(NO,} + H,0.

Ethylic hydrate. Ethylic nitrate.
C;H;(OH); + 3HNO,; = C,H,(NO,); + 3H,0.
Glycerine. Glyceric nitrate.

(Nitroglycerine).
4. Nitro-substitution compounds are produced :
CEHE + HN03 - HEO + CﬁHﬁ(NOE);

Benzene. Nitrobenzene,
CeHgO + 3HNO3; = C;H;0(NO,); + 3H,O0.
Phenol. Trinitrophenol.

Apparently in cases 3 and 4 the two operations, if repre-
sented by empirical formule, are of the same order, and
consist in the removal of z units of hydrogen from the
compound in the form of water, and the addition of
times NO, ; but the two classes of derivatives thus formed
exhibit very dissimilar properties. The nitric ethers are
readily decomposed by nascent hydrogen, and by heating
them with water they are reconverted into their genera-
tors ; eg:
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50 Organic Chemistry.
C,H4(NO;) + OH, = C,H;(OH) 4 HNO,,

Ethylic nitrate. Ethylic hydrate.
C;H(NO,); + 9H = C;H,(OH); + 3NO + 30H,.
Glyceric nitrate., Glycerine,

The nitro-compounds, on the other hand, are not affected
by water or dilute alkaline solutions, but are readily reduced
by nascent hydrogen and converted into amido-derivatives :

C H;(NO,) + 3H, = C,H,(NH,) + 2H,0.

By the reduction of nitro-derivatives, therefore, products
are obtained which still contain nitrogen, whilst the nitrogen
is entirely removed from the nitric ethers by the action of
reducing agents.

It is interesting to note, that experiment shows, that far
less heat 1s evolved in the formation of the nitric ethers than
in the formation of nitro-compounds, and to contrast this
with the fact that the nitric ethers are, as a class, bodies of
low stability, being readily decomposed by alkalies, and all
highly explosive, whilst the majority of nitro-derivatives are
far more stable substances and far less explosive. There 1s
thus an evident relation between the amount of heat evolved
and the nature of the product in the two cases, and we have
a clear illustration of the circumstance that the less the
amount of the chemical energy which 1s concerned in the
production of a reaction between given substances, the less
will be the amount of force necessary to cause the products
of that reaction to exert the contrary action, and to re-form
the parent substances, or otherwise to undergo alteration.

Action of the haloid Phosphorus Compounds.—1. These
bodies either rentove oxygen alone from the compound, re-
placing it by the equivalent quantity of halogen :

C,H,0 + PCl; = C;HCl, + POCl,;

Acetone. Dichloropropane.
{Methylchloracetol.)

2. Or oxygen and hydrﬂgen, one unit of halogen entering
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into the compound for every one unit of oxygen plus one
of hydrogen removed ; thus :

C2H402 + PCL} — CEH:;OC]. + POCIE + HCL

Acetic acid. Acetic chlonde.

ECEH*OE -+ PC13 =3CQH3OCI + HEPOE"
3C2H402 -+ POC13 — SCEHEO{:l “+ H3P04+

3. In some instances phosphoric chloride (PCl;) behaves
as a mixture of phosphorus chloride and chlorine (PCl;+
Cl,), and simply chlorinates :

C,H.0, + PCl; = C,H,ClQ, + PCl, 4+ HCI

Coumarin. Chlorocoumarin.

Action of Dehydrating Agents.—Phosphoric anhydride,
hydric potassic sulphate, sulphuric acid, hydrochloric acid,
zincic chloride, &c., when heated with many oxygenised
bodies, cause the separation of the elements of water from
them. Either the products contain:— 1. Fewer units of
carbon than the original compound ; 2, the same number
of units ; 3, or a larger number. For example :

CH202 — OHE — CO, CEHgo.i — OHE ='{1) + COE

Formic acid. Oxalic acid.
CEHEO — OHE = CEHI'
Alcohol. Ethylene.
ECQH,;O e OHE = C_iHEO.
Aldehyde. Crotonic aldehyde.

Action of Alkalies.—Potassic and sodic hydrates may act in
a variety of ways:

1. With acids they form metallic salts by double decom-
position :

C,H,0, + NaHO = C,H,NaO, + OH,,.

Acetic acid Sodic acetate.

2. They act as oxydising agents, but at the same time
E 2
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hydrogen 1s always evolved, so that in the end a mixed
result is often obtained :

CgHﬁO + KHO R C?H.’iKDE + EHE"

Alcohol. Potassic acetate.
2C7H50 '*' KHO = CTHEIKOE + C7HEO-
Benzoic aldehyde. Potassic benzoate. Benzylic alcohol.

In the latter case two phases in the reaction are to be
distinguished :

X, CTHED + KHO — CTHEKOE + HE}
2. CTHEO + HE — CTHEO'
3. The action of the alkalies on chlorine, bromine, and

iodine-substitution compounds leads in some cases to the
replacement of the halogen by (OH) ; thus :

But more often the whole or part of the halogen is re-
moved together with an equivalent quantity of hydrogen :

C,H,Cl; + KHO = KGl.4 0H, 4+ C,H,0L

Ethylene dichloride. Chlorethylene.
C,H,Br + KHO = KBr + OH, + C,H..
Bromethylene. Acetylene.

4. On fusion of the potassic or sodic salts of the sulpho-
acids with potassic hydrate the corresponding oxy-deriva-
tives are produced ; e.g. :

CEH"J(SOEK) + KHO -_— CEHE.(OH) + SOEKE‘

Potassic benzenesulphonate. Oxvhbenzene. Potassic
(Phenol.) sulphite.

Hydration of Organic Compounds.—Under this heading 1s
included a series of reactions which depend on the direct
assumption of the elements of water by organic bodies ; this
being sometimes, but by no means always, attended by the
splitting up of the compound into simpler substances. An
especial degree of interest attaches to them, inasmuch as
they undoubtedly play a most important part in the pro-
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cesses which occur in the economy of plants and animals,
This direct assumption of water takes place in some cases
spontaneously at ordinary temperatures ; in others more or
less prolonged heating is requisite ; in others, again, the
presence of third bodies assists the action to a remarkable
extent. An instructive example of this mode of action is
furnished by the conversion of cane sugar into a mixture of
dextrose and levulose (C;,H4,0,, + OH, = C;H,,04 +
C¢H,,04), which takes place slowly when sugar is heated
with water, and rapidly when a small proportion of hydro-
chloric, or sulphuric acid is added.

Hydration and oxidation very frequently occur simul-
taneously ; thus acetylene and oxygen in presence of water
furnish acetic acid :

CEHE + O + OHE — CEH.]OE;
and similarly allylene, oxygen, and water yield propionic
acid :
C;H; + O + OH, = C;H;0..

This form of action is doubtless also of very great impor-
tance in the operations of plant and animal life.

Action of Heat.——The majority of organic bodies are de-
composed under the influence of heat. In many cases the
reactions which occur are perfectly definite and simple, as,
for example, in the decomposition of gallic acid by heat :

C?H505 = C5H503 + COE.

Gallic acid. Pyrogallol.

But as a rule, especially if the temperature employed be

at all elevated, a complex series of products are obtained
having no simple relation to the parent compound. Heat
tends both to simplify and to complicate organic bodies, but
the more complex the body the more easily does it undergo
decomposition as a rule : thus the higher hydrocarbons yield
simpler products when their vapour is passed through a red-
hot tube ; e.g.
CigHg = CgHg + 2C,H, ;

Naphthalene. Benzene,  Acetylene.
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54 Organic Chemistry.

but many simple hydrocarbons are converted into more
complex bodies by heat ; e.g:
SCEHE = CEHE'

Acetylene. Benzene.

CHAPTER 1V,

CARBON.

SINCE this element has already been treated of at consider-
able length in a previous volume of this series, only a few
points there unnoticed need be here referred to.

The combustion of the several modifications of carbon
with an excess of oxygen furnishes different amounts of heat.
The figures in the following table represent the number of
heat-units! disengaged on combustion of 12 grammes of each

variety :
Diamond : : ] { . 93,240 units
Iron graphite . . > . . 93,144
Natural graphites & San  Ge . 03 EGR -
Gas carbon . : : ; . 96,564 ,,
Wood charcoal ; : : . 906,960

Corresponding differences are observed in their behaviour
with reagents ; thus a mixture of potassic chlorate and con-
centrated nitric acid is entirely without action on diamond,
even in the finest state of division ; by its action on the
various sorts of graphite, grqphitic acid 1s formed, whilst
amorphous carbon is entirely dissolved by the mixture with
formation of humus-like products,

Graphitic Acid.—The formula of this body, according to
Brodie, is C,;H,O;; according to Gottschalk, C4,H,,0,,. The
product from natural graphite is obtained in yellow microscopic
crystals of the rhombic or monoclinic system. When heated,
it decomposes with explosion, incandescence, and evolution of

' The heat-unit here employed is the amount of heat necessary to
raise the temperature of 1 gramme of water 1° C.
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gas, leaving a finely-divided black residue, which still contains
oxygen and hydrogen.

Carbon is slowly attacked by many oxidising agents,
carbonic anhydride being always the main product. Thus
chromic acid solution produces a small quantity of oxalic
acid, H,C,0,. Potassic permanganate has been found to
yield traces of formic acid, CH,0,, and it is stated that by
the action of this reagent under certain conditions, Mellitic
acid, C1,Hg0,s, is obtained. Mellitic acid 1s the chief con-
stituent of the so-called honey-stone which is found 1n the
coal measures ; hence its formation by the direct oxidation
of carbon is of very great interest.

Pure amorphous carbon is not attacked when heated
with a concentrated aqueous solution of hydriodic acid, but
wood charcoal and coal are more or less acted upon and
converted into hydrocarbons (paraffins).

The different forms of amorphous carbon ordinarily met
with are more or less impure. Even the carbon obtained
by heating pure organic substances, such as sugar, is not
pure, but retains small quantities of hydrogen and oxygen ;
these may be removed by heating it intensely for some time
in a current of dry chlorine. Pure amorphous carbon may
also be prepared by heating potassium or sodium in carbonic
anhydride.

Carbonic Oxide (Carbon monoxide, Carbonous oxide),
CO.—The mode of preparation and main properties of this
gas are already known to the student.

»Carbonic oxide is decomposed by strongly-heated potas-
sium or sodium with separation of carbon, but it is absorbed
by potassium heated to about 80°, forming a highly explosive
compound of the formula C K, O,.

The product thus obtained is decomposed with explosive
violence by water, but may be preserved unchanged under dry
petroleum oil. If exposed to moist air, it rapidly changes

colour, and, it is said, then contains, according to the stage of
decomposition, the potassium salt of one of the following acids:
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Trilydrocarboxylic acid, C,;H,,0,,; Dihydrocarboxylic acid,
C10010Hg ; Hydrocarboxylic acid, C,,0,,H, ; or Carboxylic acid,
Ci000H,. By direct decomposition of the fresh mass with
water, the potassium salt either of Croconic acid, C,O.H,, or of
Rhodizonic acid, C,O,H,, or a mixture of the two, is obtained.
All these compounds are extremely unstable,

Carbonic oxide combines directly with platinous chloride
to form the following series of crystalline compounds :

COPT.C.‘{E 3 CQOEPICIE 3 CaOaPthl,!.

On passing chlorine and carbonic oxide simultaneously over
finely-divided metallic platinum, heated to about 240° a mix-
ture of C,0,PtCl, and C,0,Pt,Cl, is obtained, which may be
separated by boiling the mass with carbonic tetrachloride ; this
dissolves, chiefly the latter, leaving a residue consisting of the
compound C,0,PtCl,. Either of these bodies splits up, when
heated, into carbonic oxide and the compound COPtCI, ; con-
versely, the latter yields a mixture of C,0,PtCl, and C,0,Pt,Cl,
when heated in an atmosphere of carbonic oxide. Water
decomposes these substances ; thus:

C,0,PtCl, + OH, = CO + CO, + Pt + 2HCL

" Carbonic Oxychloride (Carbonyl chloride; Phosgene ; Chlo-
rocarbonic acid), COCl,.—Carbonic oxide and chlorine do
not unite in the dark, but combine readily when the mixture
is exposed to bright light (sunlight). Combination also
ensues on passing the mixed gases ‘over heated platinum-
black, or into boiling antimonic pentachloride. Carbonic
oxychloride may also be obtained by the action of sulphuric
anhydride on carbonic tetrachloride :

2503 + CC]{ = CDC]g + SEOECIE'

It is a colourless gas possessing an extremely suffocating,
tear-exciting odour. It may be condensed, by passing it
through a U tube surrounded by a mixture of ice and salt,
to a colourless, mobile liquid boiling constantly at 8-2° It
is immediately decomposed by water.

Carbonic Anhvdride (Carbon dioxide ; carbonic acid),
CO,—The union of carbon and oxygen is accompanied by
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the evolution of much heat ; but it is a noteworthy circum-
stance that far less is evolved in the conversion of carbon
into carbonic oxide, than in the conversion of the latter into
carbonic anhydride. Thus the union of 12 grammes of
carbon with 16 grammes of oxygen gives rise to the dis-
engagement of about 25,000 heat-units, but the conversion
of these 12 + 16 = 28 grammes of carbonic oxide into
carbonic anhydride, that is to say, the fixation of a further
16 grammes of oxygen by the 12 grammes of carbon, 1s
attended by the evolution of no less than 69,000 heat-units.
The probable explanation of this remarkable difference is,
that heat is absorbed in converting the solid carbon into
gaseous carbon, in which latter condition it doubtless exists in
carbonic oxide and anhydride. This view is supported by the
fact that sensibly equal quantities of heat are evolved in the fixa-
tion of each successive 16 grammes of oxygen in the formation
of the two oxides of tin, of copper, and of phosphorus, in all of
which cases the products are solid. Thus, the oxidation of tin
to stannous oxide (Sn to SnO) is accompanied by the dis-
engagement of 34,900 heat-units, and to stannic oxide (Sn to
Sn0O,) by the disengagement of 68,900 units, or about double ; in
the formation of cuprous oxide, the union of 63 x 2 grammes
of copper with 16 grammes of oxygen (Cu, to Cu,O) evolves
18,000 units, whilst the combination of 63 grammes of copper

with 16 grammes of oxygen, to form cupric oxide (Cu to CuO),
furnishes 38,000 units.

Carbonic  Disulphide (Carbonic sulphanhydride; Bisul-
phide of carbon) CS,.—Carbon and sulphur do not combine
when simply heated together in the solid state, owing to the
volatilisation of the sulphur at a temperature below that at
which combustion can take place ; their union may be
readily effected, however, by passing sulphur vapour over
red-hot carbon.

It is noteworthy that the formation of carbonic disulphide
is attended by an absorption of heat ; this will be evident
from the following comparison of its heat of combustion
with the heats of combustion of its constituents :—
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B ; . A X : . 04,000
Sy . . ) . " . 142,000

;36,000
CS, . s A : : . 258,000

The union of 64 grammes of sulphur with 12 grammes of
carbon thus requires the absorption of no less than 22,000
heat-units, and this fact explains how it is that in order to
combine carbon with sulphur it is necessary to apply heat
throughout the whole course of the operation, whereas the
combustion of carbon in oxygen, when once commenced,
proceeds spontaneously, owing to the large amount of heat
evolved in the process.

Pure carbonic disulphide is a mobile, colourless, strongly-
refracting liquid, almost insoluble in water, possessing a
faint unpleasant odour, of sp. gr. 1'29 at o°. It boils at
46° and 1s extremely volatile and inflammable ; its vapour
when mixed with air is highly explosive :

CS; + 20, = €0, < 50,

It dissolves sulphur, phosphorus, iodine, oils, &c., and is
largely used in the arts and manufactures on account of its
solvent power.

Action of Chlorine on CS,.—The ultimate product of the
action of dry chlorine in presence of iodine or antimonic
pentachloride is carbonic tetrachloride :

CS,+3CL,=5,Cl, + CCls

Two intermediate products of the composition, CSCI, (perchior-
methyl mercaptan) and C,S,Cl,, may be isolated if the action of
chlorine in presence of iodine be not carried too far; the latter
is a magnificently crystalline body, the former an oily liquid.
Moist chlorine exercises simultaneously both a chlorinating and
an oxidising action, and gives rise to the following products:
CSCl,, sulphocarbonyl chloride; CSCl,, perchlormethyl mer-
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captan ;and CSCL,0,, tricklormethyl sulphurous chioride. By the
prolonged action of bromine and antimonic pentabromide on CS,
at high temperatures, carbonic tetrabromide, CBr,, is formed.

Carbonic disulphide enters into combination with the 'l
metallic sulphides to form swlphocarbonates, in exactly the ‘
same way that carbonic anhydride unites with the metallic
oxides, forming metallic carbonates : -

| OB, & B8 = KCS: . ‘}
Sulphocarbonic acid is readily obtained as a yellow, easily !
|

decomposable oily liquid on treating a sulphocarbonate with
dilute hydrochloric acid :

Carbonic Oxysulphide, COS, is obtained by the action of '
moderately dilute sulphuric acid on potassic sulphocyanate :

2KSCN +250,H, 4+ 20H,=2C0S + SO,(NH,),+S0,K,.

:
|
Also on gently heating a mixture of carbonic disulphide and ‘

sulphuric anhydride :
CS; + SO3 = COS + SO, + S.
It is a colourless gas, easily decomposed by heat into 1
carbonic oxide and sulphur, possessing a faint, not un-
pleasant, odour. It 1s completely absorbed, though less i

rapidly than carbonic anhydride, by potassic hydrate solu-
tion, and is at the same time decomposed : i

COS + 4KHO = K,CO; + K,S + 20H,,

S T

CYANOGEN COMPOUNDS.

Hydrocyanic Acidy HCN.—The most direct synthesis of i
this compound is effected by passing electric sparks through |
a mixture of acetylene and nitrogen gases : '

CEHQ + N'Z == EHCN.

It is not necessary, in order to realise this synthesis, to pre- |
pare pure acetylene, but the experiment may be shown by |
passing the electric sparks through nitrogen saturated with ben-
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zene vapour : the latter is partially decomposed into acetylene
(C¢Hg=3C,H,), which then enters into union with the nitrogen.
A current of nitrogen is therefore transmitted first through a
flask containing benzene and then into a glass globe provided
with platinum wire poles, between which electric sparks are
constantly passing ; the issuing gas is washed by water, which
dissolves the hydrocyanic acid, and the latter may afterwards
be shown to be present by the application of the ordinary cha-
racteristic tests to the solution.

Hydrocyanic acid 1s also formed : 1. By the action of
heat on ammonic formate :

HCO,NH, = HCN + 20H,.

2. By the action of ammonia on chloroform, the reaction
being greatly facilitated by the addition of a small quantity
of an alcoholic solution of potassic hydrate :

CHCI, + NH, = HCN + sHCI.

3. By the action of acids on metallic cyanides:
HCl + KCN = HCN + KCL

The anhydrous acid 1s prepared by decomposing argentic
or mercuric cyanide by dry gaseous hydrochloric acid,
or hydric sulphide. It is a colourless liquid of scarcely
acid reaction, which boils at 26-5° and solidifies at —15°.
Specific gravity *705 at 7° It is soluble in water and
alcohol in all proportions ; both the anhydrous and strong
aqueous acid are inflammable, and possess an odour resem-
bling that of bitter almonds. 1t is a moest violent poison, so
that the greatest caution must be exercised when dealing
with it.

An aqueous solution of the acid is most conveniently ob-
tained by distilling potassic ferrocyanide with dilute sulphuric

acid :
2K, Fe(CN), + 3SO,H,= 6HCN + K,Fe,(CN)[']+ 350K

! This product is identical with the precipitate which is produced on
adding a ferrous salt to a solution of potassic ferrocyanide :—

FeSO, + K,Fe(CN) =K,SO, + K,Fe, (CN),.
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If a concentrated acid be required, a mixture of 10 parts coarsely-
powdered ferrocyanide, 6 parts ordinary sulphuric acid, and 14
parts of water is employed ; if a sweaker acid, 30-40 parts of
water are added. The mixture is placed in a flask connected
with a condenser and receiver, the latter being provided with
a tube to carry any uncondensed vapour away from the operator
into the open air, or chimney of the laboratory. The flask is
carefully heated on a sand bath and shaken from time to time,
otherwise the contents of the flask are liable to bump violently
and endanger its breaking.

The pure acid is very unstable, decomposing sponta-
neously with formation of a brown amorphous product and
ammonia. The aqueous acid behaves similarly, ammonic
formate being one of its decomposition-products. The
presence of a trace of a mineral acid, however, increases
the stability of the aqueous acid in a remarkable manner,
although if the solution be heated with a mineral acid, or an
alkali, it is rapidly decomposed according to the equation :

HCN + 20H, + HCl= HCO,H + NH,Cl; or

Formic acid.
HCN + OH, + KHO = HCO,K + NH,,

These reactions, by which the conversion of the (CN)’ group
into the (CO,H=CO.0OH) group is effected, are of great im-
| portance, as they afford a general method of synthesising acids,
and of converting acids of lower into acids of higher basicity ;

 for example, ordinary alcohol may be converted into propionic
- acid by the following series of reactions :

C,H,OH + HI = C,H,I + OH,;
C,H,I + KCN = C,H_..CN + KI;
C,H,.CN + 20H, + HCl = C;H,CO,H + NH,C]

Similarly, monobasic acetic is transformed into dibasic malonic
cacid .

CH,CO,H + Cl, = CH,CL.CO,H + HCI;

Acetic acid. Chlo-acetic acid.

CH,CLCO,H + KCN = CH,(CN).CO,H + KCl;

Chloracetic acid. Cyanacetic acid.

CH,(CN).CO,H + 20H, + 2KHO = CH,(CO,K), + 2NH,

Cyanacetic acid. Potassic malonate.
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Hydrocyanic acid unites directly with hydrochloric,
hydrobromic, and hydriodic acids, forming white, crystalline,
easily decomposable compounds: HCN + HCl = CH,NCL

Metallic cyanides are formed by the action of the metallic
oxides and hydrates on hydrocyani: acid :

HCN 4+ KHO = KCN + OH..
2HCN + HgO = Hg(CN), + OH,.

Potassic cyanide is also formed on passing nitrogen over
a mixture of potassic carbonate and carbon heated to red-

ness .
K,CO, + 4C + 2N = 2KCN + 3CO.

It 1s often found in the iron blast-furnaces, formed in
virtue of this reaction from the potassic salts present in the
materials smelted, and the carbon and nitrogen in the fuel.

Detection and Estimation of Hydrocyanic Acid.—The solution
suspected to contain hydrocyanic acid is rendered alkaline by
potassic hydrate, small quantities of ferrous sulphate and ferric
chloride solutions are then added, and finally, sufficient hydro-
chloric acid to redissolve the precipitated ferrous and ferric
hydrates. If a dark blue precipitate remain, or if the solution
be of a green colour and deposit a blue precipitate on standing,
it is evidence of the presence of hydrocyanic acid or a cyanide in
the solution tested. The explanation of this test is as follows :
supposing the solution to have contained free hydrocyanic acid,
on the addition of potassic hydrate this becomes potassic
cyanide, which reacts on the ferrous salt subsequently added
to form potassic ferrocyanide :

FeSO, + 6KCN = K,Fe(CN), + K,SO,.

The blue precipitate is produced by the action of the ferric salt
on the ferrocyanide :

3K, Fe(CN), + 2Fe,Cl; = 2Fe,3Fe(CN), + 12KCl,

and the hydrochloric acid is added to dissolve the ferrous and

ferric hydrates precipitated by the excess of potassic hydrate.
The quantitative determination of hydrocyanic acid depends

on the fact that potassic and argentic cyanides unite to form a
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soluble double cyanide, KCN,AgCN : the hydrocyanic acid is
therefore first converted into potassic cyanide by the addition
of potassic hydrate, a solution of argentic nitrate of Anown
strengtl is then dropped in, until the precipitate which first
forms no longer disappears on shaking ; at this point the whole
of the cyanide is converted into the double salt, consequently,
the amount of silver solution added being known, it is easy to
calculate the amount of hydrocyanic acid present from the
equation :

AgNO, + 2KCN = AgCNKCN + KNO,,

which tells us that every 170 parts of argentic nitrate correspcnd
to 130 parts of potassic cyanide, or 54 parts of hydrocyanig acid.

Double Cyanides.—A large number of metallic cyanides
combine with each other to form so-called double cyanides.
Most of these when acted upon by mineral acids evolve
hydrocyanic acid and produce the corresponding salts of
both metals, thus :

KCN,AgCN + 2HCl = 2HCN + AgCl + KCL.

The double cyanides of iron, cobalt, and chromium,
however, behave differently : when treated with acids no
hydrocyanic acid is evolved, and only one of the metals is
replaced by hydrogen, thus:

K,Fe(CN); + 4HCl = H,Fe(CN); + 4KCl.
Potassic ferrocyanide. Hydroferrocyanic acid.

Hydroferrocyanic acid thus prepared is a white crystalline
powder which rapidly becomes blue on exposure to the
air. It is a strong acid, decomposing carbonates and ace-
tates readily.

Pure cyanides of iron have never yet been obtained, so

- great is the tendency on the part of iron to form double
Cyanides. Even metallic iron is dissolved by potassic

Cyanide : if the air have access, the reaction takes place
as represented by-the equation :

6KCN + Fe + OH, + O = K,Fe(CN); + 2KOH ;
* but if oxygen be carefully excluded, hydrogen is evolved :
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6KCN + Fe + 20H, = K,Fe(CN)s + 2KOH + H,.

Potassic ferrocyanide, K ,Fe(CN),, is prepared on the
large scale by fusing dry refuse animal matter, such as horn- .
parings, leather scraps, &c., with crude potassic carbonate
and iron filings or turnings in large iron vessels. The
cooled mass is subsequently exhausted with hot water, the
solution 1s evaporated to crystallisation, and the crude salt
thus obtained purified by recrystallisation. A number of
reactions occur during this process : in the first place, po-
tassic cyanide 1s formed by the union of the potassium of
the potassic carbonate with the nitrogen and carbon of the
animal matters ; on subsequent treatment of the fused mass
with water, the potassic cyanide is dissolved, but imme-
diately reacts on the metallic iron and ferrous sulphide! to
form potassic ferrocyanide. The ferrous sulphide is derived
partly from the sulphur in the animal matter, and partly
from the potassic sulphate present in the crude carbonate.

The pure salt crystallises in large, pale yellow tetragonal
pyramids of the composition K ;Fe(CN); + 30H,; 1t 1s
readily soluble in water, and is not poisonous.

Potassic ferrocyanide (yellow prussiate of potash) is
largely employed in the manufacture of prussian blue for
dyeing purposes; this is formed by mixing solutions of
potassic ferrocyanide and ferric chloride, and is, in fact,
ferric ferrocyanide :

2Fe,Cl; + 3K Fe(CN)g = 2Fe,.3Fe(CN)g + 12KCl

At a red heat potassic ferrocyanide is decomposed into
potassic cyanide, nitrogen, and so-called carbide of iron.

Potassic Ferricyanide.—By the action of oxidising agents
on potassic ferrocyanide, this salt loses a portion of its
potassium and is ccnverted into potassic ferricyanide.
The latter is usually prepared by the action of chlorine
either on the dry salt, or on an aqueous solution, the con-

r FeS + 6KCN = K,S+ K ;Fe(CN),.
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version of the ferrocyanide being complete when on the
addition of ferric chloride a blue precipitate 1s no longer
produced :

2K Fe(CN)g + Cl, = 2KCl + K Fey(CN)y,.

Potassic ferricyanide (red prussiate of potash) forms large
ruby-red prismatic crystals, readily soluble mn water. In
the presence of compounds capable of undergoing oxidation
(i.e. of giving up hydrogen, or of taking up oxygen), and
in alkaline solution, it acts as a powerful oxidising agent,
being reconverted into ferrocyanide :

K Fey(CN),5 + 2KHO = O + OH, +2K,Fe(CN),.

Soluble ferricyanides yield a dark blue precipitate! of
ferrous ferricyanide (Turnbull’s blue) with ferrous salts ; a
brown coloration with ferric salts.

Cyanogen, CoN, = (CN),.—Cyanogen cannot be formed,
except perhaps in very minute quantities, by direct union of
its elements. The combination of carbon and nitrogen to
form cyanogen would, it is ascertained, be attended by the
absorption of a large amount of heat.

It may be obtained :

1. By the decomposition of the cyanides of mercury,
silver, and gold by heat : —Hg(CN), = C,N, + Hg.

A certain quantity of a brown amorphous substance (so-
called ﬁamrymmgm}, having the same composition as cyanogen,
and which is doubtless a polymeric modification, is always pro-
duced mmultanenusl} This paracyanogen is completely con-
verted into gaseous cyanogen by heating to 860°,

2. By the dry distillation of oxamide, ¢ 202(NH,),, or
' ammonic oxalate, CED4{ NH,),:

C}anﬂgen 15 2 culour]esq, extremely poisonous gas, pos-
sessing a characteristic odour resembling that of bitter

' KeFey(CN)y, + 3FeSO, = 3K,S0, + (Fe,) Fey(CN)y,.
F
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almonds. It is readily condensed by the application of
pressure, or cold, to a mobile liquid, which solidifies a few
degrees below — 30° to a crystalline solid. It burnsin oxygen
or air with a violet flame.

In its chemical behaviour cyanogen exhibits the closest
relations to the monad elements chlorine, bromine, and
lodine, entering into combination with, and replacing, monad
elements, and forming derivatives which in many respects
closely resemble those yielded by these elements under -
similar conditions. For example, the action of cyanogen
on a solution of potassic hydrate, which yields a mixture of
potassic cyanide and cyanate :

C,N, + 2KHO = KCN + KCNO + oHE

1s the precise analogue of that which occurs when chlorine
acts upon potassic hydrate :

Cl, + 2KHO = KCl + KCIO + OH,

It was the discovery of this peculiar property of this
body which first gave rise to the assumption of compound
organic radicles,! or groups ofi elements capable of being
transferred unaltered from compound to compound: the
molecule of cyanogen being assumed to contain twice the
monad compound radicle (CYN"')/, just as the molecules of
hydrogen, of chlorine, &c., are assumed to be constituted as
represented by the formule H,, Cl,.

Both aqueous and alcoholic solutions of cyanogen decom-
pose spontaneously, depositing a brown powder (azulmic
" acid). The main product of decomposition in aqueous solu-
tion is ammonic oxalate :

C,N, + 40H, = C,0,(NH,),.

' An element is regarded as a simple radicle, and in the same way
that we speak of monad, dyad, or triad elements so we speak of monad,
dyad, or triad compound radicles, meaning thereby that these are
equivalent in combining or replacing power to one, two, or three unit-
weights of hydrogen.
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At the same time, however, small quantities of ammonic
carbonate, hydrocyanic acid, and urea are produced, thus :

Cyanogen Hydrocyanic Cyanic acid.
acid.

but the cyanic acid in presence of water is at once converted
partly into hydric ammonic carbonate, partly into urea,
CO(NH,),
CNOH + 20H,; = NH HCO,.
2CNOH + OH, = CO(NH,), + CO..

The presence of aldehyde, or of hydrochloric acid, in the
aqueous solution has a remarkable effect in retarding the
assimilation of water ; in this case. oxamide 1s produced in
place of ammonic oxalate :

CENE k- EOHE E— CEOE(NHE)E#

Cyanogen is similarly, although more rapidly converted
mto oxalic acid by digestion with a solution of potassic
hydrate, or of a mineral acid.

Chlorides of Cyanogen.—By the action of chlorine on
hydrocyanic acid, or on metallic cyanides, the hydrogen or
metal 1s replaced by chlorine, and a chlonide of cyanogen
15 produced, thus :

HEN -+ Cls = HC 4+ CION ;
Hg(CN), + 2Cl, = HgCl, 4+ 2CICN.

Three such compounds have been described : one is
gaseous ; the second is a liquid boiling at 12'6° ; the third
1s a crystalline solid boiling at 19o®. It is probable, how-

« ever, that the gaseous chlornde 1s simply the vapour of the
' liquid chloride.

Liquid cyanogen chloride (CNCI) is obtained by passing
chlorine into a solution of 1 part of hydrocyanic acid in g
parts of water cooled by a mixture of ice and salt until the
liquid assumes a green colour ; it separates as an oily layer
at the bottom of the liquid mass.

F 2
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Solid cyanogen chloride (C,N,Cl,), which is polymeric
with the liquid chloride, is prepared by passing chlorine into
a well-cooled solution of 1 part hydrocyanic acid in 4 parts
anhydrous ether, and separates in the crystalline form after
some time. |

Similarly, two bromides of cyanogen of the composition
represented by the formulee CNBr and C,N,Br, respectively,
and a crystalline iodide, CNI, are known.

Hydrates of Cyanogen.—These may be regarded as de- -
rived from the above chlorides by the replacement of
chlorine by hydroxyl (OH). The following are known :—

Cyanic acid, CNOH ; Cyanuric acid, C;N,0;H; ; and
Cyamelide, n(CNOH), a compound of the same percentage
composition as these, the unit-weight of which is yet un-
known.

The compound intermediate between the first’and second
of the above, Dicyanic acid, C,N,0,H,, does not appear
to have been obtained in a pure state.

These bodies are chiefly interesting on account of the
remarkable manner in which they pass from one condi-
tion to the other: thus if acetic acid be added to a cyanate
in insufficient quantity to decompose it entirely, it is con-
verted into cyanurate ; cyanuric acid i1s converted by heat
into cyanic acid, which changes spontaneously into cyame-
lide ; cyamelide is converted by heat into cyanic acid, and
by the action of alkalies into cyanuric acid. Another of
the most interesting changes occurring in this series 1s the
spontaneous conversion of ammonic cyanate, CNO(NH,),
into #rea, CO(NH,),, the amide of carbonic acid. :

Cyanic Acid, CNOH.—The sole method of preparation
is by distillation of dry cyanuric acid. Cyanates are readl!y 1.
obtained by the direct oxidation of cyanides : thus‘putasg.lc 7
cyanide is converted into potassic cyanate, by fusion with :
manganic peroxide, or plumbic oxide :

CNK + PbO = CNOK + Pb.

£
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The formation of potassic cyanate by the action of cyano-
gen on a solution of potassic hydrate has been previously
described.

Cyanic acid cannot be prepared by the double decom.
position of cyanates by acids, since it is rapidly converted
in presence of water into ammonic carbonate and urea.
Pure cyanic acid is a colourless, strongly acid liquid, of
extremely pungent odour ; at o® C. it changes spdntaneously
in an hour into white crystalline cyamelide.

Cyanuric Acid, CgN3O3Hj,, 1s obtained by the action of
heat, or of chlorine, on urea ; also by double decomposition
of solid cyanogen chlonde by water. It is only completely
converted into ammonic carbonate after long-continued
boiling with water. It yields solid cyanogen chloride when
submitted to the action of phosphorus pentachloride :

C3N;0;H; + 3PCl; = C3N,Cly + 3POCI; + 3HCL

Sulphocyanic Acid, CNSH.—The most important salt of
this acid, potassic sulphocyanate, is readily formed by
heating a mixture of potassic cyanide and sulphur in equiva-
lent proportions for some time to fusion. Potassic sulpho-
cyanate crystallises in long white, highly deliquescent pris-
matic needles. Sulphocyanic acid, like cyanic acid, is ex-
tremely unstable, and is readily converted in presence ot
water into carbonic oxysulphide (p. 59) and ammonia :

CNSH + OH, = COS + NH,.

Cyanamide, CN(H,N), is obtained by the action of
gaseous chloride of cyanogen on ammonia. It is a white
' crystalline body, which melts at 40° If an aqueous solu-
- tion of it be left to itself for some time; it deposits a spar-
ingly soluble crystalline substance, which is probably dicy-
anamide, C,N,H,. When heated to 150°% cyanamide solidi-
- fies with considerable evolution of heat, and is converted
Into cyanuramide or melamine, C4N H,. By the action
of strong acids (sulphuric acid) cyanuramide is finally con-
verted into cyanuric acid, but a series of intermediate
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products are obtained, each derived from the preceding by
the addition of OH, and elimination of NH; :(—

CENEHE + OHE o NHH — C3N5H50.

Cyanuramide. Ammeline.
Ammeline. Ammelide.
CﬁNgHgOE =+ DHQ — NHJ — 2C3N4H402.
Ammelide. Melanurenic acid.
C3N4H.103 -+ OHE — NH3 = CEN 3H303.
Melanurenic acid. Cyanuric acid.

CHAPTER V.

HYDROCARBONS.

C,Hgy 49, OR MARSH GAS SERIES. PARAFFINS.

Tux name ¢ paraffin ! has long been applied to a mixture of
the solid hydrocarbons of this series, and many of the
liquid members are known coramercially as ¢ paraffin ols” ;
hence it has been proposed by Mr. Watts to employ 1t as
a generic term indicating the chemical indifference which,
indeed, is especially characteristic of the entire group now
under consideration.

A large number of these paraffins are known ; they con-
stitute, in fact, a complete Jiomologous series, each term of
which, from CHy,, the first member, upwards differs from the
term next below in the series by CH,. The first three mem-
bers of the series are gaseous; those following are liquid, but
become more and more viscid and less volatile as the Series
is ascended ; whilst the highest terms are crystalline solids.
There is also a gradual increase in specific gravity from
term to term. These gradual alterations in physical pro-
perties are attended Dby shght alterations 1n chemical

1 From parum, afjinis.
i
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behaviour, although the members exhibit the same general
behaviour throughout the entire series.
The following are the names and formule of the first ten

members of the series :—

Methane. . . CH, Hexane . : . CgHy,
Ethane- . % C.H, 'Heptane. % . C.Hi;
Propane . ; . C;Hg Octane . Y b 5 £3
Tetrane . : « C;Hig Nonane . ; . CoHgyy
Pentane . . . CsHE iy Decane. . . R B 5

The whole series may be built up by progressive conden-
sation, with simultaneous elimination of hydrogen, from the
first term, Methane, CH, ; thus:

CH,+CH,=C,Hs+H, ; C,H¢+CH,=C;Hy+H,; &c.
This condensation may be effected either directly by the
agency of heat, or indirectly by the so-called method of
addition, which consists, so to speak, in setting free, by
appropriate means, two hydrocarbon residues of two mono-

substitution-derivatives of C,H,, , » hydrocarbons in pre-
sence of each other, when they combine, thus:

CH,I = CHy
CH,I + Zn = Znl, + CH.= C.H,.

The first of these methods is not generally available, inas-
much as the C,H,,,, hydrocarbons themselves lose hydro-
gen under the influence of heat. Various modifications of
the second are therefore employed for their preparation.

GENERAL METHODS OF PREPARATION.

1. From the C,H,,,,.OH series of alcohols. These
are converted by the action of the haloid acids, or haloid
phosphorus compounds, into the corresponding mono-
chlorinated, monobrominated, or moniodated paraffin, which
1s then submitted to the action of nascent hydrogen :

Gy O 4 HOLE C,Hy, €l + OHy)
CnHEﬂﬁ-ICl + H, = C,Hyuyo + HCL
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This is probably the only really general metnod of pre-
paration ; those following all cease to be available at certain
stages in the series.

2. By the action of water on the zinc organo-metallic
compounds of the general formula Zn(C,Hgy, , ;) :

ZH(CEHEn + 1)2 T EOHE‘ s ZH(OH)E ) ECHHEﬂ + 2*

A modification of this method, whereby the previous pre-
paration of the zinc organo-metallic compound in the pure
state 1s avoided, consists in heating a mixture of the mon-
iodo-derivative of the paraffin required with zinc and
water :
2C,Hopy 14 2Zn+20H, = Znl, + Zn(OH), 4+ 2C,H,,,,.

3. By heating the moniodo-derivatives of the paraffins
with zinc :

ZCHHEE; II + zn _ Zl’lIg + CEHI_I'ID + o

The paraffin thus formed is resolved partly, however, into
the paraffin containing half as much carbon and the olefine!
corresponding to it :

CEuH-in g = CnHﬂn 4+ 2 = CuHﬂn'

4. By the action of sodium on the moniodo-derivatives of

the paraffins :
2Cl:ll:[_Iﬂn + lI =t Naﬂ E.ENRI + CEann + 2

5. By the electrolysis of the acids of the C,H,, , ,.CO,H

(or acetic) series :
2Cn.I-IEn + I*COEH — CEnH-ln +g T ECOE o HE'

6. By the dry distillation of a mixture of sodic hydrate
with the sodic salt of an acid of the C ,Hy,,,.CO;H (or
acetic), or of the C,H,,(CO,H), (or succinic) series :

CnH2n+ liCDENﬂ. - NE.OH — NRECOE -+ CnHﬂn+2'

CuHﬂu(COENa)E + ZNH.OH = ENH.ECO;; -+ CnHEn-I-E'

) The hydrocarbons of the CpHy, series are termed generically
Olefines,
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It is usual to regard the C,H,,,, series of hydrocarbons
as derived from the first term, methane, by the substitution
of so-called radicles of the C,H,,,, series for hydrogen.
For example, ethane is regarded as formed from methane
by the replacement of H in the latter by methyl (CH?};
and the reaction whereby ethane is formed on treating
iodomethane (methylic iodide) with sodium, viz. : 2CH,I +
Na, = 2Nal + C,Hg, may evidently be thus interpreted.
On this view the names wethylmethane and diomnethyl are
often applied to ethane, and have reference to the mode of
formation indicated by the above equation. But these radicles
of the C,H,,,, series, which are simply residues of C,H,,,,
hydrocarbons, have no existence in the free state ; in point of
fact they are convenient fictions, which nevertheless render us
great service in our system of symbolic notation. They are
generally designated by names ending in 3/, formed from
the names of the hydrocarbons to which they correspond by
changing the terminal aze into yZ

Methane and its homologues are also often regarded as
compounds of C,H,,, radicles with hydrogen, 1.e. as hy-
drides of these radicles: thus methane is termed metylic
hydride ; ethane ethylic hydride, &c. This method of nomen-
clature, however, appears to suggest that a portion of the
hydrogen 1n methane has a different value or function to
that of the remaining hydrogen ; now although this 1s not
absolutely disproved by experiment, there is the strongest
reason to believe that it is not the case, and 1t therefore
appears unadvisable to regard these hydrocarbons as
hydrides of hypothetical radicles. The names dimethyl
and methylmethane, again, appear to suggest that ethane
-actually contains the radicle methyl, or that, in fact,
when the two methyl groups liberated from 2CHjlI by the
action of Na, coalesce to form C,H,, these groups still
| preserve their individuality in the new compound. If so,
we should expect by the action of chlorine, for example,
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on C,Hy, to obtain 2CH,CI ; this, however, is not the case,
but chlorinated derivatives of C,Hyg, such as C,H,Cl, &c.,
are always produced. Again, the hydrocarbon C,Hg, ob-
tained by the action of sodium on a mixture of iodo-
methane and iodethane :

C,H,I + CH,I + Na, = 2Nal + C,H,,

does not yield a mixture of C,H;Cl and CH,Cl when acted
upon by chlorine, but such derivatives as C,H,Cl and
C3;HgCly.  Other reagents act similarly, and do not resolve .
the hydrocarbons into products bearing any simple relation
to those from which they were originally built up.

We are thus led to conclude that these hydrocarbons
are, so to speak, perfectly homogeneous compounds ; that
the so-called radicles from which they may conveniently be
regarded as formed have on coalescing lost their individu-
ality ; 1n fact, that they have no real existence in the new
compounds. From these considerations the name ethane
appears therefore the most appropriate for the hydrocarbon
obtained from iodomethane by the action of sodium ; such
names as methylmethane or dimethyl may still be usefully
employed, in order to recall the operation whereby the
compound is produced, although not as in any way ex-
pressing the actual constitution. Employed in this sense,
such a system of symbolic nomenclature is of the greatest
service, especially in the higher terms of the series, as a
means of recalling the methods of formation of the com-
pounds represented, and also of distinguishing between the
numerous 1somerides.

No isomeric modifications of the first three members of
the series—methane, CH, ; ethane, C,H;; or propane,,
C,Hgz—have been obtained, but two modifications of the
fourth member, tetrane, C4H,,, are known, and each higher
term of the series, so far as at present investigated, has been
found capable of existing in a still greater number of
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isomeric forms, the number of isomerides increasing more
and more rapidly as the series 1s ascended.

Now according to the above view, which leads us to regard
ethane as the mono-methyl-derivative of methane, no
isomeric modifications of ethane are possible if the four
units of hydrogen in methane are of exactly equal value,
and, as a matter of fact, none have been obtained.

The next higher homologue, propane, C;Hg may be
regarded as formed from methane by the substitution of
hydrogen by ethyl, C,Hj;, the hypothetical radicle derived
from ethane by the withdrawal of one unit-weight of hydro-
gen, and may be written CH,.C,H; or CH,.CH,.CH, since
C.H; equals CH;.CH; — H = CH,;.CH,. Propane is there-
fore ethylmethane, or, which is the same, methylethane,
No other arrangement of the symbols being possible than
that which obtains in the formula CH, CH,.CHj, there
should be only one propane according to this theory, which
is really the case. By replacing hydrogen in propane by
methyl, the next higher homologue, methylpropane or
tetrane, C,H,,, 1s produced ; but it will be evident that the
formula of this hydrocarbon may be written in two ways:
either H in one of the end CH; groups may be supposed
to be replaced by CH,, as represented by the formula
CH,.CH,.CH,.CH,, or the CH; group may replace H in the
centre CH, group, whence the formula CH,.CH(CH,).CHj;
and as a matter of fact two isomeric hydrocarbons of the
composition C H,, are known. Similarly three isomeric
pentanes, C;H,,, have been prepared, and we find that the
formula of this hydrocarbon may on the above theory be
written in three ways, viz. :

2 CH.CH,.CH CH..CH..
2. CH4CH,.CH(CH;).CH,.
3. C(CH,),-

All other modes of arrangement appear on inspection to
be identical with one or other of these.

i ey Wy o o iy M
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Similarly it may be shown that the formula of Hexane,!
C¢H,4, may be written in four, that of Heptane,? in six, dif-
ferent ways; and since three Hexanes and three Heptanes
only are known, we anticipate that a fourth modification of
the former and three modifications of the latter remain to be
discovered.

The operations whereby these isomeric hydrocarbons are
produced are different, hence the isomerism ; and they are
accordingly symbolised by differently constructed rational
formulee. It is in this sense, therefore, that the formule
must be interpreted ; they are not to be regarded as repre-
sentations of the actual constitution of the hydrocarbons.

The known paraffins may be classified in four series, ac-
cording to their modes of formation and chemical behaviour.
- Those arranged in vertical columns in the accompanying
table are Jomologous, those on the same horizontal line are
isomeric.

The members of the first series are termed normal primary
paraffins : they alone can be directly converted into normal
primary monohydric alcohols. The boiling-point (and spe-
cific gravity in the liquid state) of each normal paraffin is,
as a rule, higher than that of either of the corresponding 1so-
meric hydrocarbons, and it is especially noteworthy that the
normal paraffin is the term of greatest stability in each iso-
meric series ; it may be noticed also, that in their deve-
loped rational formula no one unit of carbon is represented

1 1. CH,.CH,.CH,.CH,.CH,.CH,
2. CH,;.CH(CH,).CH,.CH,.CH4
3. CH,.CH(CH,).CH(CH,).CH,4
4. CH,.C(CH,);.CH,.CH, : (unknown)

CH,.CH,.CH,.CH,.CH,.CH,.CH,4
CH,.CH(CH,).CH,.CH,.CH,.CH,4
CH,.CH(CHg).CH,. CH(CH,).CH; (unknown)
CHE.C{CHE}TCHE.CHE.CII,, (unknown)
l‘C‘HE.'I:l:l:]-I:,,']“.CI-I|[TCI-13].'CH:il (unknown)
CH,.CH,.C(CHj)s. CH,.CH,
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Boiling-points of Homologous Paraffins. 77

as directly united with more than two other units of
carbon, or, to use symbolic language, ‘the carbon atoms
are united in a single chamn.” It will be seen that the differ-
ence, at first 37°, between the boiling-point of the homologous
terms 1n this series decreases regularly by about 4° ; there 1s
reason to believe that after octane the difference becbmes a
constant one of 19°, since the boiling-points of dodecane and
hexdecane, the only two members of the series after octane
with which we are well acquainted, are in agreement with
this assumption. Doubtless similar relations obtain between
the boiling-points of the homologues in the second, third,
and fourth series. Thus in the second division, each addi-
tion of CH; to the formula corresponds to a rise of about
31° in boiling-point ; in the third, there is a mean difference
of about 25°; whilst in the fourth, the difference would
seem to be much greater, viz., about 38°. QOur knowledge
of the paraffins of these three series is, however, extremely
deficient, and probably but few of the boiling-points quoted
are exact, since the observations have been made by various
chemists using different instruments, and often very small
quantities of substance.

The normal paraffins are contained in petroleum oil and
in the paraffin oils obtained by distilling coal, Boghead
cannel, &c. They have also been obtained synthetically
by the above-mentioned general methods of preparation :
especially by .the first general method from the normal
primary and normal secondary monohydric alcohols, and
by the fourth method by the action of sodium on a pure
1odide, or mixture of two iodides (moniodoparaffins) derived
from the normal primary monohydric alcohols of the
C.H,, ; .OH series.!

' Having regard to the formation of normal paraffins from both
normal primary and normal secondary monohydric alcohols, it is a re-
markable fact that the normal paraffins (pentane, hexane, and heptane,
and probably their homologues also) yield a mixture of two isomeric
monochlorinated derivatives when acted upon by chlorine, one of
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78 Organic Cremistry.

Some at least of the paraffins of the second series are
present in petroleum oil, but our chief knowledge of this
group has been derived from the study of the various mem-
bers obtained by synthetic methods.

In the preparation of the members of the third and fourth
series, synthetic methods alone have been employed.

In each homologous series a diminution in stability is
observed as the boiling-point rises; the higher hydrocarbons
exhibit, especially in their mono-haloid derivatives and
corresponding alcohols, a gradually increasing tendency to
split up into the corresponding olefine (C,H,,) and hydrogen,
haloid acid, or water. In each isomeric series, however, the
alteration in stability is in the contrary direction : the iso-
meride of lower boiling-point being far more readily decom
posed than that of higher boiling-point, and this behaviour
1s equally characteristic of the derivatives.

As already stated, it appears that in each isomeric (hori-
zontal) series, the normal paraffin possesses relatively the
highest specific gravity and boiling-point. Now Berthelot
has pointed out that in the case of compounds of 1dentical
composition, but of different specific gravity and boiling-
point, more heat is evolved in the formation of the com-
pound of higher, than in the formation of the compound of
lower specific gravity and boiling-point. Thus, on com-
bustion of 6o grammes of methylic formate, which boils
at 33% and at 15° has a specific gravity of 977, 252,000
units of heat are evolved ; whereas on combustion of the
same quantity of acetic acid, which has the same composition,
but the specific gravity 1°063 at 15°, and which boilsat 117°,
only 210,000 heat-units are set free, showing that consider-
ably less heat must be evolved in the formation of methylic
formate than in the formation of the metameric body, acetic

acid.
Hence, although the necessary data for the calculation of

which is convertible into the corresponding normal primary, the other
into the normal secondary monohydric alcohol.




Preparation of Methane. 79

the amount of heat evolved in the formation, or on combus-
tion, of the isomeric paraffins have not yet been obtained,
there is on this account reason to believe that more heat is
evolved in the formation of the primary paraffin than in the
formation of either of the isomerides. This conclusion is
strongly supported by the difference in chemical behaviour
which the 1someric paraffins exhibit, inasmuch as it at once
suffices to explain the superior stability of the normal paraf-
fins and their derivatives.

The paraffins are for the most part an extremely inert
series of bodies ; they are not acted upon by sulphuric acid,
nor by cold concentrated nitric acid, but are oxidised by
prolonged boiling with the latter acid. Other oxidising
agents have also little or no action on the paraffins in the
cold ; on heating they slowly determine their conversion
for the greater part into carbonic anhydride and water,
whilst at the same time relatively small quantities of acids
of the C,H,, , ,(CO;H) and C,H,,(CO,H), series are pro-
duced.

MEeTHANE (methylic hydride ; marsh-gas; light carbu-
retted hydrogen ; fire-damp), CH,.

Occurrence—1. As a product of the decomposition of
organic substances out of contact with air. 2. In coal
mines. 3. In volcano gases ; the gas of the mud volcano
at Bulganak in the Crimea is nearly pure methane.

Preparation.—1. By passing carbonic disulphide vapour
and hydric sulphide (or steam) over red-hot copper :

CS; + 2SH, 4+ 4Cu = CH, + 4CuS.
2. By the action of water on zincic methide :

ZH(CHs)E + 20H2 = ZCH,_‘ —+ anEHE'

3. By the action of nascent hydrogen on carbonic tetra-
chloride (CCly), chloroform (CHCly), or iodoform (CHI,) :

CCL, 4 4H, ='CH, 4 4HCL

= '-‘*—_".-".'T'- TR Ty o h——— s T
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80 Organic Chem istry.

4. By heating a mixture of sodic acetate and soda-lime :
CH,CO,Na + NaHO = CH, + Na,CO,.

The mixture of one part sodic acetate and two parts soda
lime is carefully heated in a hard glass retort or tube, or copper
flask, and the evolved gas passed through a solution of sodic
hydrate and afterwards through concentrated sulphuric acid.
The gas thus obtained is not pure methane, but contains traces
of higher hydrocarbons, of acetone, &c.; in fact, pure methane
is only obtained by method 2.

5. By the destructive distillation of organic substances such as wood,
coal, &c., but together with a variety of other hydrocarbons ; hence it
is a constituent of coal-gas.

Properties.—Methane 1s a colourless, odourless, inflam-
mable, uncondensable gas, sparingly soluble in water, more
soluble in alcohol ; it burns with a scarcely luminous flame,
and a mixture of it with oxygen or air explodes violently
on ignition. A mixture of methane and chlorine explodes
on exposure to direct sunlight, or on passing an electric
spark through it—CH*+42Cl, = C+4HCI ; but in diffused
light the action of chlorine gives rise to the formation of
mono-, di-, tri-, and tetra-chloromethane, CH;Cl, CH,Cl,,
EHCI,, CClL,. |

ErHANE (ethylic hydride ; dimethyl), CoHsg.

Preparation.—1. By the action of water on zincic ethide :

ZH(CEHE}E + EOHE — ZCEHE + ZHOEHEa
2. By the electrolysis of acetic acid :
ECHa.COﬂH = CﬂHﬁ -+ ECOQ + HE'

The hydrogen is evolved at the negative pole, the ethane and
carbonic anhydride together at the positive pole. The apparatus
is therefore so arranged that the gaseous products can be col-
lected separately. The positive pole consists of a platinum plate
suspended in a cylinder of porous earthenware, the open end
of which is closed by a cork perforated by the pole wire affixed
to the platinum plate and by a narrow glass tube; the porous
cylinder stands in a glass cell and is surrounded by a sheet of
copper, serving as negative pole. The cylinder and glass cell are
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filled with a solution of potassic acetate, ' The zinc terminal of a
battery of 4 or 6 powerful Bunsen or Grove cells is then con-
nected with the copper plate, and the carbon or platinum termi-
nal with the platinum plate. The gas evolved in the porous cell
is passed through a bulb apparatus containing potassic hydrate
solution, to remove carbonic anhydride; afterwards through
fuming sulphuric acid, to free it from traces of ethylene; then
through potassic hydrate solution and concentrated sulphunc
acid, and is finally collected over mercury.

Properties., — Ethane 1s a colourless, inodorous gas,
scarcely soluble in water, but dissolved by alcohol to the
extent of 1-22 of the volume of the latter (at 8-8°). - It
‘does not liquefy at —18° or even under a pressure of- 20
atmospheres. By the action of chlorine in diffused light it
is converted into chlorinated dernvatives, C,H;Cl, C,H,Cl;,
&c. Bromine is without action on it even in bright sun.
light.

Propang, C;Hg may be obtained by the action of
nascent hydrogen either on a-chloropropane (propylic
chloride), CH,;.CH,.CH,Cl, or on £-chloropropane (isopro-
pylic chloride), CH,.CHCLCHj; ; and also by the fourth,
 fifth, and sixth general methods of preparation.

Terrang, C H,(—As already stated, two modifications
(of this paraffin exist, viz, :—

Normal Tetrane, or Dighyl, CH,,CH,.CH,.CH,.—Pre-
|paration :—By general methods. A remarkable special
rmethod consists in exposing iodethane (ethylic iodide) over
‘mercury to the influence of bright sunlight :

2C,H;I + Hg = C,H,, + Hgl,.

Normal tetrane boils at 1°.

Isopropylmethane, or Trimethylmethane, CH, CH(CH,).
‘CH,, is obtained by the action of nascent hydrogen on the
iodotetrane formed from trimethylcarbinol (tertiary butylic
:alcohol) :

C(CH,)l + H, = CH(CH,), + HL
G

v
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The boiling-point of this hydrocarbon is —15°,
PENTANE, C;H,,.—The first of the three modifications of
this hydrocarbon, zormal pentane, CH,; CH,.CH,.CH,.CH,,
1s obtained from petroleum oil ; the second, isopropylethane,
CH,.CH(CH,;).CH,.CH,, 1s prepared by the action of
nascent hydrogen on f$-iodopentane prepared from fermenta-
tion amylic alcohol, or by the action of sodium on a mixture
of iodethane and [-lodopropane (isopropylic 1odide) :
CH,;.CH,I + CH,; CHI.CH; + Na, = 2Nal +-
CH ;. CH4.CH(CH,).CH.,-

Normal pentane boils at 38° ; isopropylethane at 3c°.

Tetramethylmethane, C(CHg)y, the third modification of =

pentane, has been obtained by the action of zincic methide
on the 1odotetrane formed from trimethylcarbinol :

It is a colourless liquid, which boils at 9°:5 and solidifies
at —20° to a white crystalline mass.

By oft-repeated fractional distillation, members of the
paraffin series up to C,;Hj, have been isolated from petro-
leum oil, which doubtless contains terms of a still higher
order. Mixtures of the liquid hydrocarbons of the series—
known 1n commerce as paraffin oil, photogene, solar oil, &c.
—are extensively used as illuminating agents, and the higher
terms, which are of an oily or buttery consistency, for lubn-
cating machinery ; such mixtures are now largely manufac-
tured by destructive distillation of Boghead and cannel coal,
lignite, asphalte, &c.

Paraffin.—The white solid substance known under this

name is probably a mixture of several members of the

C,H,, . o series, in which the value of # has not been
satisfactorily determined. It is produced, together with the
lower liquid terms of the series, by the destructive distillation
of Boghead or cannel coal, &c.  The purification of the
crude distillate is a matter of considerable difficulty, the fol-
lowing being an outline of one of the processes employed :—

- —— ————




Paraffin. 83
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The crude tar resulting from the first distillation is separated ,
from the water produced simultaneously, and redistilled ; the f
distillate is then placed in large closed cast-iron vessels, and
thoroughly agitated with a solution of sodic hydrate, in order
to remove the acid substances which it contains. After stand-
ing some time the oil is separated, washed with water, and
then treated with concentrated sulphuric acid in the same
manner, in order to free it from all basic substances, naphthalene,
&c. ; it is next separated from the acid, washed, first with water,
then with weak soda-lye, then distilled, and the portion of the
distillate which becomes solid on cooling collected apart. This
crude product is placed in a centrifugal machine, whereby a
quantity of thick oil is expressed ; then cast into cakes, and sub-
jected to hydraulic pressure, first in the cold and afterwards at
35°—40°% in order to remove all hydrocarbons melting below 40°.
The pressed paraffin is next heated with a small quantity of
concentrated sulphuric acid at 150° whereby the hydrocarbons
other than paraffins are carbonised, the paraffin remaining un-
altered ; it is then carefully washed, dissolved in the oils of low _
boiling-point, the hot solution filtered through animal charcoal i
to remove colouring matter, and the volatile oil distilled off.

Thus prepared, it is colourless and translucent, melting
at 40°-60° according to the source from which it is ob-
tained ; it boils at about 370°.

It has recently been shown ! that when such paraffin is
heated for some time to a high temperature under pressure,
it is resolved into a complex mixture of liquid hydrocarbons,
 members of the C,H,, , » and C H,, series.

Heated for several days with a mixture of sulphuric acid
and potassic dichromate solution, itis converted mainly into
eerotic acid, Cy;H ;,0,, whilst on oxidation with nitric acid |
it yields a mixture of solid and liquid fatty acids (acids of
‘the C .H,, ,.CO,H or acetic series), together with succinic
and, perhaps, anchoic acid.

The minerals known as fossil wax, ozokerit, &c., found in
- the coal measures, contain paraffins of high melting-point.

' Thorpe and Young, Proceedings of the Royal Secicty, vol. xx. pP. 488,
G2
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HALOID DERIVATIVES OF THE PARAFFINS.

The paraffins are all acted upon by chlorine, and con-
verted into substitution-derivatives, more especially under
the influence of sunlight; the presence of a small quantity
of iodine also often facilitates the action of chlorine.
Bromine, in most cases, acts similarly, though less energe-
tically. Iodine, so far as is known, has no direct action on
them.

In the preparation of the mono-substitution derivatives
higher substituted products are always formed simul-
taneously, even when chlorne (or bromine) and the hydro-

carbon are employed exactly in the proportions required by
the equation :

C.Hg 42 + Cl; = C H,, . ,Cl 4+ HCL

Thus, when a mixture of equal volumes of chlorine and
methane 1s exposed to diffused light, together with CH,Cl,
more or less CH,Cl,, CHCl,, and CCl,, according to the
conditions of experiment, are always obtained; a certain
quantity of methane, therefore, necessarily remains unat-
tacked. On this account the pure mono-haloid denvatives
are most conveniently prepared from the corresponding
‘monohydric alcohols by the action of the haloid phosphorus
compounds, or of the haloid acids, according to such
.general reactions as the following equations express :(—

3C|:.H2n+ I-DH + PC]3 == 3Canﬂ+ IC]' -+ PHEOS‘
Cillani1:OH + HI C.Hgqp 411 + OH,.
" Pure di-derivatives of the paraffins are obtained from

the C,H,, series of hydrocarbons, which combine directly
with the halogens, thus :

Cqun -+ Brg == CnHﬂnBrﬂ'
The compounds so produced are sometimes identical,

sometimes isomeric with those obtained by the direct action
of the halogens on the paraffins from which the olefines ein-

|




-ployed are derived : thus, dichlorethane, C,H,Cl,, from
|.ethane, is isomeric with the body formed by the direct ad-
l«dition of chlorine to Ethylene C,H, ; but dichloropropane,
(C3H;Cl,, from propane, is identical with the body obtained
iby the direct combination of propylene, C3Hg, with chlorine.

The higher haloid derivatives of the paraffins, excepting
‘those derived from methane and ethane, have been little
sstudied.

As already stated, two isomeric mono-haloid derivatives
:are formed simultaneously by the action of chlorine on the
mormal primary paraffins (pentane, hexane, and heptane '),

ithe latter the [-derivative.? In the following tables the
Iboiling-points and specific gravities in the liquid state of the
iknown a- and 3-monochloro-, monobromo-, and moniodo-

Haloid Derivatives of Paraffins. 850

cconvertible respectively into a normal primary and a normal
:secondary monohydric alcohol ; the derivative yielding the |
iformer may be termed the a-derivative, and that yielding .

(derivatives of the first eight normal primary paraffins are

L L L

. given :—
Botling-ponts.
Formula !a-deﬁvs.!_ﬂ-deri\rs.i: Formula |a-derivs. lﬂ-derivﬁ.l Fﬂrmuja. a-derivs. |B-derivs.
f f |
o o | o |. o ' o o
il | lemelas e G 2 ] doe [ =
BH.CL| 125 | — [ CH,Br| 42 — leme |t
bea-Cl | 465! 390 ||C;H,Br| 71 61 CiHsE 102 89-
beaiioCl | 77'5 | 70 || C,HgBr |100°5 i go'5 || C,H,I |129°5 |120°
'ﬁHn(-i 106°5 = 101 CsHy Bri129 121 CsH,,I|155'5 | 147
LogH ,Cl — — | CgH,3Br| — — || CeHial | 179°5 | 167
":TI-{I..'-C] — e C HIJI:}T | —— CTI_I].!JI e LT
vall;7Cli 180 I78 | € H”Br|lgg ]I =]l CeH,r1 221 21

' It appears probable that all the homologous normal primary
paraffins from propane inclusive upwards exhibit a similar behaviour.
The behaviour of their isomerides with chlorine has been little studied
as yet, but it may be expected that in many cases it will be found that
1someric derivatives are also formed simultaneously from them.

* The action of chlorine on these paraffins is thus complementary to

' that of haloid acids on the isomeric normal primary and secondary

E -
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Spectfic Gravities.

Formula a-derivatives B-derivatives
CH,Cl — zas
C,H.Cl ‘920 at o° e
C,H,Cl 42 1 £ ER ‘874 at 10°
GH:Cl 907  ,, ‘895 ,, ©
C,H,,Cl gor ‘886 ,, ©
2 = —_ —
CH,Br - 2
CoH;Br 1:47 at ©° —
C;H,Br 135 ,, 16 I=32 at i3
5 18 2 1'30,, O 124 . J0
C:H;Br 22, 20 121 ,, 10
CaH,;4Br, — —_—

@ B 2'I1g at © —
CQHEI 1'97 ,, O i
C.H:1 176 ,, 16 I'70 at 15§
CH.T 164, O 163 ,, o
EE LT 5 e 146, o
C,E_H]_ 1 I1°'41 ,, 17 1'44,, ©

Inspection of these tables shows that the relations be-
tween the isomeric mono-haloid derivatives of the paraffins
are of the same nature as those observed to exist between
the isomeric paraffins. The a-derivative has a higher boil-
ing-point and in most (probably in all) cases also a higher
specific gravity than the corresponding [3-derivative ; and it
will be noticed (more especially in the case of the iodo-
derivatives) that the difference in boiling-point between every
two successive homologues diminishes steadily as the series
is ascended. It appears probable ! that when the difference
has sunk to about 19° it becomes constant.

alcohols, which yield mono-haloid derivatives—isomeric among them-
selves, but convertible by the action of nascent hydrogen into the same

normal primary paraffin.
' Schorlemmer, Memoirs of the Manchester FPhilosophical Society,

1871-2, p. 115
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Only two monochloro- (bromo- and 1odo-) derivatives of
propane are known, but a far greater number of mono-
haloid derivatives of the homologous paraffins are obtain-
able : thus, for example, four isomeric moniodotetranes are
known. In the case of all such isomeric derivatives, hbw-
ever, the relations are of precisely the same character as
above indicated for ‘the «- and f[-derivatives: the com-
pounds of highest and lowest boiling-point in each isomeric
series possess respectively the highest and lowest specific
gravity, the boiling-points and specific gravities of the inter-
mediate compounds being similarly related. But it 1s a
most noteworthy circumstance, illustrating clearly the corre-
lation which undoubtedly exists between the physical and
chemical properties of compounds, that as the boiling-point
and specific gravity of the successive terms in the isomeric
series fall, so does the stability appear to diminish, for
whereas the members of lowest boiling-point are split up
with comparative ease (even by a moderate degree of heat
alone 1n some cases) into the olefine and haloid acid, thus :

CH,: ., =GR, + HI

those of highest boiling-point (the a-derivatives) undergo
this decomposition far less readily ; and apparently also in
reactions of double decomposition the haloid derivatives of
high boiling-point enter into reaction less readily than their
isomerides of lower boiling-point : a higher temperature, or
more prolonged contact between the substances, being
usually required to effect the chemical change.

In the following several of the more important haloid deri-
vatives of the paraffin methane are specially described :—

Monochioromethane (Methyite Chioride), CH3Cl. — This
compound 1s the first product of the action of chlorine on
methane in diffused light, but it is best prepared by saturat-
ing well-cooled methylic alcohol (CH 5. OH) with hydrochloric
acid gas ; on gently heating the product chloromethane is
evolved as a colourless gas.
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Dichlorometiane ( Metlhylene Chloride), CH,Cl,,—This is the
first product of the action of chlorine in sunshine on mono-
chloromethane. It is a colourless liquid of sp. gr. 136,
boiling at 40°-42°.

Trichloromethane ( Chloroform), CHCl;.—Though it may be
obtained by the action of chlorine on methane, chloroform
1s never prepared on the large scale by that method, but by
the action of the so-called bleaching powder (chloride of
lime) on alcohol.

Preparation.—About 8o lbs. of the strongest chloride of -

lime are introduced, together with about 8 lbs. of slaked lime
and 22 gallons of water, at a temperature of 80°-go° into a
wooden cask or large leaden vessel; the whole having been
. thoroughly mixed, 2 lbs. of alcohol are poured in. The heat
evolved in the reaction is usually sufficient to cause the chloro-
form to distil over after a short time, but if not, a current of
steam is passed into the vessel. The precise reaction which
occurs in this process is not known.

Chloroform is also obtained by the action of alkalies on

chloral and several other highly-chlorinated compounds :
C,HCl;0 4+ NaOH = CHCl; 4+ CHNaO..
Chloral. Chloroform. Sodic formate.

It is a colourless, mobile liquid, of peculiarly sweet taste
and smell ; sp. gr. 1'5; boiling-point 62° It 1s largely
employed as an anesthetic, but is also a very valuable
solvent. When heated with concentrated nitric acid for
some time at 100° it is converted into chloropicrin (mitro-
trichloromethane) C(NO,)Cl; :

CHCl; + HNOz; = C(NO,)Cl; + OH,.

Chloropicrin is also a constant product of the action of
bleaching powder on organic nitro-compounds, and is most
readily obtained by distilling trinitrophenol with that sub-
stance and water. It is a colourless, mobile, heavy liquid
(sp. gr. 1°66), which boils at 112° It has a most powerful
and irritating odour, mere traces of its vapour exciting a
copious flow of tears. -
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Triiodomethane (lodoform), CHIj3, is a product of the action
of iodine, in presence of potassic hydrate, on various organic’
substances, such as alcohol, acetone, sugar, &c. It crystal-
lises in pale yellow six-sided plates, easily soluble in alcohol
and ether. It is converted into cyanoform (tricyanomethane)
by heating with mercuric cyanide :

2CHI,; + 3Hg(CN), = 2CH(CN),; + 3HgI,.

The cyanoform, however, enters into combination with
the mercuric iodide, and cannot be separated therefrom
unchanged without difficulty. -

Tetrachloromethane (Carbonic Tetrachloride), CCly—This.
body may be obtained by the action of chlorine in
sunlight on chloroform, but it is most easily prepared by
passing a current of dry chlorine into gently-heated carbonic
disulphide, to which a small quantity of iodine or antimonic
pentachloride has previously been added :

CCl,; + 3Cl, =S,Cl, 4+ CCl,.

It is a colourless, heavy, mobile liquid, much resembling
«chloroform, and, like it, possesses anaesthetic properties ;
:sp. gr. 1°6 ; boiling-point 78°. By the action of nascent
lhydrogen (from sodium amalgam and water), tetrachloro-
imethane may successively be reduced to tri-, di-, and mono-
(chloromethane, and finally to methane itself. '

NITRO-DERIVATIVES OF THE PARAFFINS,

These derivatives cannot be obtained by the direct action
of nitric acid on the lower paraffins, but are readily pre-
ipared by the action of their moniodo-derivatives on argen-
‘tic nitrite. - It is said, however, that the higher terms of the
'series are acted upon by nitric acid, and converted into
‘mitro-derivatives, octane, for example, yielding nitro-octane,
' C4H,;(NO,), but this requires confirmation.

- Nitromethane, CH4(NO,).—Iodomethane (methyliciodide)
‘Teacts with great violence on argentic nitrite, and is en-
‘tirely converted into nitromethane :

CH,I + AgNO, = Agl 4+ CH,NO.,.
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Nitromethane is also obtained by the action of potassic
nitrite on monochloracetic acid. In this case, probably, a
mononitroacetic acid is first formed, but at once decomposed
into carbonic anhydride and nitromethane :

CH,CLCO,H + KNO, = KCl 4+ CHy4(NO,).CO,H ;

CH,(NO,).CO,H = CO, + CH;3NO.,.

Nitromethane is a heavy, oily iquid of peculiar odour,
which boils at 99°; the metameric compound, methylic
nitrite,! boils at —12°. If mixed with an alcoholic solution
of sodic hydrate, it is converted into a white crystalline
sodium-derivative of the formula CH,NaNQO,. Chlorine
has no action on it even in bright sunlight, but if distilled
with chloride of lime it i1s converted into chloronitromethaie,
CH,CINO,, a heavy liquid, closely resembling chloropicrin
in odour. Nitroethane, Co,HNQO,,1s obtained by the action
of 1odethane (ethylic iodide) on argentic nitrite, but at the
same time a quantity of the metameric ethylic nitrite (B.p.
16°) is produced. Itis a colourless, highly-refractive liquid,
insoluble in water, boiling at 111°-x13°. By the action of
sodium, or of an alcoholic solution of sodic hydrate, it 1s
converted into C,H ,NaNO.,.
~ By the action of nascent hydrogen nitroethane is con-
verted into amidoethane (ethylamine) :

C.H;NO, + 3H, = C,H,;NH, + 20H,,
identical with the product of the action of ammonia on
1odethane :

_ C,H;I + NH; = HI + C,H;NH,.

Nitro-derivatives of several of the higher paraffins have
been obtained by similar means.

CYANO-DERIVATIVES OF THE PARAFFINS.

When iodethane and potassic cyanide are heated together,
double decomposition occurs (C,H;I + KCN = KI +
C,H,.CN), but the product is a mixture of two liquid sub-

! Obtained by the action of nitrous acid on methylic alcohol.
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stances of like composition, possessing totally distinct pro-
perties, however ; the one of which has a slight alliaceous
odour and boils at 88-5°, whilst the other has a most
intolerable odour and boils at 78°-79°.

A similar result is obtained when argentic cyanide’is
employed, but the product then consists in the main of the
compound of lower boiling-point : in the first place, a double
compound of argentic cyanide with the cyano-derivative is
formed, thus :

C,H;I + 2AgCN = Agl + C,H;(CN),AgCN,

from which the latter may be liberated by distillation with a
strong aqueous solution of potassic cyanide :

C.H,(CN),AgCN + KCN = C,H,.CN + KCN,AgCN.

Also by distilling a dry mixture of potassic cyamide (or ferro-
cyanide) with potassic ethylic sulphate (potassic sulpho-
vinate) a mixed product is obtained, but in this case the
derivative of higher boiling-point constitutes the major
portion :

CgH;j.KSOq + KCN —_ CgHﬁ.CN ‘{" K2504.

Again, it will be remembered that when trichloromethane
acts upon ammonia in presence of potassic hydrate (p. 60),
hydrocyanic acid is formed ; if, in place of ammonia, a
primary amine (zZe. a compound derived from ammonia by
the replacement of H by a monad radicle) of the
C.H., . ,.H,N series be taken, a compound is obtained
bearing to hydrocyanic acid the same relation that the
ammne bears to ammonia. Thus, in the case of ethylamine
(amidoethane) the following reaction occurs :

C,H;.H,N+CHCIl;+3KHO=C,H,.CN 4+ 3KCl+ 30H..

The product of this reaction consists wholly of the cyan-
ethane of lower boiling-point.

Finally, the cyanethane of higher boiling-point may be
obtained in the pure state by distillation of the acid amide

=T i
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of propionic acid (propionamide) with phosphoric anhy-
dnde :

C!HE-CO(NHE) fr— OHE — CEHE'CN'

= All these methods may be generalised, and thus a homo-
logous series of compounds produced bearing to methane
and its homologues the same relations that the two cyano-
derivatives of ethane bear to ethane. The derivatives of
higher boiling-point are usually termed alcoholic cyanides
or nitriles : thus, ethylic cyanide is also called propionitrile,
in allusion to its formation from propionic acid ; those of
lower boiling-point are known as alcoholic isocyanides or;
carbamines, on account of their relation to the amines.

The nitriles are ultimately converted on heating with
water into the acid of the acetic series containing the same
number of units of carbon and ammonia, thus :

CHHETI + I-CN + EOHE — CHH!‘I'I + I‘COIH "'!' NHE-

An intermediate product may be obtained, however, viz,
the acid amide containing the same number of units of
carbon :

CnHm + I'CN + OHQ — CnHi'n + I-CO(NHE)-

The decomposition is greatly facilitated by the addition
either of a mineral acid (HCI or H,SO,), or of an alkali.

The carbamines are converted by the action of water into
formic acid and an amine containing one unit of carbon less
than the carbamine :

C.H,, . .NC + 20H, = HCO,H + C,H,, , ;.H,N.

This reaction takes place slowly when pure water, or an
alkaling solution, is employed, but is very rapidly Eﬂ'ecte_d
in presence of a mineral acid. An intermediate product 1s
also obtained from the carbamines, viz., the substituted acid

amide of formic acid :
CHH_-;|1_+ 1+NC == OHg =‘ HCO(CnHm + 'i-I-IN);
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In virtue of these decompositions, the two classes of
cyanides are represented by the following rational formule :

{EFFW + 1 Nf:f{EﬁHﬂn + 1°
Nitriles, Carbamines.

¥

Hence, according to the definition given on p. 29, the two
series are metameric.’

The carbamines possess pungent, nauseous odours, and are
highly poisonous ; they invariably boil at lower temperatures
than the nitriles, and their chemical activity 1s also far
greater : thus, they combine immediately, with great evolu-
tion of heat, with the haloid acids and the inorganic oxacids ;
they combine readily with the moniodo-derivatives of the
paraffins ; they react most violently with argentic and
mercuric oxide, and are converted into cyanates (carbi-
mides): C.H,, ,  NC+HgO = C H,, , .NCO+ Hg.-«Fhe
nitriles, on the other hand, apparently are not poisonous,
and their odours are not unpleasant ; they unite far less
. readily than the carbamines with the haloid acids, and not
at all with the inorganic oxacids or moniodo-paraffins ; and
they are not oxidised on treatment with Ag,0O or HgO.
The carbamines undergo change when heated in closed
vessels above their boiling-points, but the nature of the
products has not yet been satisfactonly ascertained ; there
is little doubt, however, that a portion of the carbamine 1s
converted into the corresponding nitrile.

C.H,,, OR OLEFINE SERIES OF HYDROCARBONS.

The same general relations exist among the members
of this series as among the paraffins. The chemical be-

! Each of these metameric series, however, includes isomerides ;
thus, for example, the a-cyanopropane (a-propionitrile) and a-isocyano-
propane (a-propylic carbamine) obtained by the agency of a-iodopropane
(propylic iodide), C,H.I, are isomeric respectively with the B-cyano-
propane and B-isocyanopropane yielded by B-iodopropane (isopropylic
iodide),

g




94 " Organic Chemistry.

haviour of the first member of the series, éthylene, C.H,,
has alone been studied with any considerable degree of
thoroughness, The following olefines have been obtained :—

Name Formula | B.P. I Name Formula B.P.
H
e | o

Ethylene G H, — || Octylene (&5 3 fo 120
Propylene G —18 ! Nonylene Gl 140
Butylene Gt I || Diamylene | C,;,H,, 160
Isobutylene | C,H, —6 ! Triamylene | C,;H,,| 240-250
Ethylallyl C.H,, | 32-39 | Cetene CygHae 275
Amylene CoE 28 Tetramylene | C,,H,,| 390-400
Hexylene L [ 65 Cerotene Canc, ?
Heptylene | C;H,, 96 Melene CioHao 375 (N

General Methods of P?'.{;ﬂfl?"{sz{?f;.-—l. By the action of
potassic hydrate in aqueous or alcoholic solution on the
mono-haloid derivatives of the paraffins, e.g. :

Cann_‘_ II + KHO —_ C“Hgn + KI + OHﬂf

2. By the abstraction of the elements of water from the
monohydric alcohols of the C,H,,, ;.OH series of alcohols,
by the action of sulphuric acid, phosphoric anhydride, or
zincic chlornide :

CDHED 4 I.GH = CDHEn + OHE;

3. By the electrolysis of the acids of the C,H,,(CO,H),
series :
anﬂn(CoﬂH)E — CnHﬂﬂ -+ ECOE + Ht_:.

4. By the action of sodium on a mixture of a moniodo-
paraffin with a moniodo-olefine :

CRHED + lI "I‘ Cann e II + Naz = ENHI + CEHHIH"

5. By the action of the sodium organo-metallic com-
pounds of the C,Hjy, ,;Na series on the moniodo-paraffins :

C:IHEn'I- lNﬂ. = Cann.'. 1I — NJI + Cann+ 9 -+ CnHﬂn*
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6. By the action -of heat on the organic analogues of
ammonic hydrate, of the general formula N(C,H,,,,).OH:

N(Cann.p 1):4-01_]; - N(CnHﬂn-t- 1)3 “It CnHﬂn = OHE 3

and in many cases of destructive distillation.

General Reactions—1. The olefines unite directly with
the haloid acids (most readily with hydriodic acid), forming
mono-haloid substitution-dernvatives of the parathns, e.g. :

CDHEH 7 HI = C:lHﬂu+ lI'

2: All olefines combine directly with chlorine and
bromine, some with iodine ; and also with iodine and bro-
mine chlorides, ICl and BrCl, and give rise to the forma-
tion of di-haloid substitution derivatives of the paraffins,

EE. -
C,H,, + Cl, = C,H,,Cly ; C,H,y, + Bry = C,Hy,Br,.

These di-derivatives may be converted into mono-haloid
substitution-derivatives of the olefines by the action of an
alcoholic solution of potassic hydrate, thus :

C.H, CL EKHO=C.H,. ,Cl 4 EC1+0H,

The mono-substituted olefines so produced combine
directly with chlorine or bromine to form trichlorinated,
or tribrominated paraffins, from which dichlorinated, or

dibrominated olefines may be obtained by treatment with
potassic hydrate, e.g. :

CDHEH—ICI + Clﬂ — CHHEI'I— 'EC]'E" ;

C.Hs,-Cl; + KHO = C H,,_,Cl, + KCl + OH,.

By repeating these two operations olefines may be pro-
duced in which the whole of the hydrogen is replaced by

chlorine or bromine ; these compounds also combine directly
with chlorine or bromine, forming ¢ per-substituted’ paraf-

fins. In this manner, for example, the following series of °

brominated derivatives have been obtained from ethylene :—

e L P




s

06 o Organic Chemistry,

Ethylene . - . : ; A b £ 4l 01 5
Bromethylene . §T 95 : ' - » C,H,Br
Dibromethylene . ’ : 3 ) ; . CoH,Br,
Tribromethylena ., . * . Sy . CyHBr,
Tetrabromethylene :  CaBr;
Ethylene dibromide (n lermmethane) g . C.H Br,
Bromethylene dibromide (a-Tribromethane) . CoH . Br,

Dibromethylene dibromide (a-Tetrabromethane). C,H,Br,
Tribromethylene dibromide (Pentabromethane) . C,HBr,
Tetrabromethylene dibromide (Hexabromethane) C,Br,

3. The olefines combine with hypochlorous acid, forming
‘monochlorinated monohydric alcohols, convertible into the
corresponding alcohols by the action of nascent hydrogen :

CDHEE + CIOH — CannC].OH
C.HL.CLOR: I =0 I O A" HEl.

4. The olefines also unite directly with sulphuric acid to
form ‘acid ethereal salts’; these are converted, on distilla-
‘tion with water, into sulphuric acid and the monohydnc
alcohol containing the same number of unit-weights of car-
bon as the olefine :

CnHﬂn -+ SO{HE — SO-lH*CnHEn +1
SO;H.CHHQH_..] + OHE — SO{Hg + Cann+ l.OH.

The olefines do not combine directly with nascent hydro-
gen under ordinary conditions to reproduce the correspond-
ing paraffins, but by heating ethylene iodide (diiodethane)
with water in hermetically closed tubes for some hours at
275°, it is partially converted into ethane. The formation
of ethane is in this case due to the action of the hydrogen
“set free by the decomposition of a portion of the diiode-
thane, on the remaining portion of the latter, as expressed
by the following equations :—

a. C2H412 + 4OH2 = 6H2 + ECOQ + IE;
l").. CEHdIﬂ + H2 — CEH!} -4 I‘E‘
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ETHYLENE (Ethene), C,H —Preparation.—1. By the
action of nascent hydrogen on acetylene :

C,H, + H, = C,H,.

Acetylene is the only hydrocarbon which can be obtained
by the direct union of its elements ; and since ethylene may
be readily converted into ordinary alcohol (see 4th general

' reaction), peculiar interest attaches to this mode of formation
of ethylene, as it is thus possible, by a connected series of
simple reactions, to build up alcohol from its constituent
elements, carbon, hydrogen, and oxygen.

2. Ethylene may be obtained by all of the above general
'methods, but is best prepared by the action of sulphuric
;acid on alcohol at a temperature of about 165° :—

A mixture of three parts of water and ten parts of concen-
itrated sulphuric acid is heated in a flask to about 160°-165°;
rordinary alcohol is then slowly dropped in, and the evolved gas
jpassed through wash-bottles containing respectively sodic hy-
tdrate solution and concentrated sulphuric acid; in the first it
:1s freed from carbonic and sulphurous anhydrides, in the second
ifrom ether, alcohol, and water vapour carried over mechanically.

The first reaction in this process consists in the formation
cof hydric ethylic sulphate (su/p/hovinic acid), as expressed by
tthe equation :

C.H;.0H + SO,H, = SO,H.C,H; + OH,;

tbut at the temperature to which the mixture is heated this

13s 2 highly unstable compound, and is rapidly resolved into
¢ethylene and sulphuric acid :

SO.;H-CEHE' = SOIHE + C2H4-

If the temperature be so adjusted that the amount of
water distilling over with the gas is about equal to the
amount of water formed in the reaction, a relatively small
quantity of acid suffices to convert a very considerable
quantity of alcohol into ethylene and water.

H
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. Properties—Ethylene is a colourless, odourless gas, but
1s condensable, under the combined influence of pressure
and extreme cold, to a liquid. It is almost insoluble in
water. It burns with a bright white flame. Ethylene is
decomposed into carbon and methane by passing through a
red-hot tube: C;H, = CH, 4 C; at a somewhat lower tem-
perature, acetylene (C,H,) and hydrogen are the products.

a-Dichlorethane (Ethylene Chloride; Dutch Liguid),C,H (Cl,.
Ethylene and chlorine combine directly and with moderate
rapidity in diffused daylight in the proportion of equal
volumes. If the mixture be exposed to bright sunlight,
substitution-derivatives of a-dichlorethane are also produced.
Ethylene chloride 1s a colourless liquid of agreeable ethereal
odour ; sp. gr. 1°256 at 12° It boils at 84° and 1s 1someric
with the f3-dichlorethane obtained by the action of chlorine
on monochlorethane (ethylic chloride) ; this modification,
which is commonly known as ethylidene chloride, boils at
60°; its sp. gr.is 1'174 at 17°. Both, however, yield the
same monochlorethylene (vinylic chloride), C,H;Cl, on
treatment with an alcoholic solution of potassic hydrate.
Monochlorethylene is gaseous at ordinary temperatures, but
may be condensed to a liquid, which boils at —18°; it com-
bines with chlorine forming a-trichlorethane.

The mono- and di-derivative obtained by the action of
chlorine on ethylene chloride are respectively isomeric
with the mono- and di-chlorinated derivative of ethylidene
chloride, but identical penta- and hexa-chlorethanes are
obtained from ethylene and ethylidene chlorides. The
following list comprises the known chlorinated derivatives

of ethane:—
Monochlorethane (Ethylic chloride).

CH,;.CH,Cl
RP, TR,
(Evhylene chlonde) (Ethylidene chioride)
CH,Cl.CH,CI CH,;.CHCl,

B.P. 84°; s.G. 1°256 at 12°. B.P. 57'5°; 5.G. 1'174 at 17%
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a-Trichlorethane B-Trichlorethane.
CH,CLCHC - CHLCCl;

BP IIS; SG. T2z @b 1] .. BP. 75" 5806 T'gy2 ato’
a-Tetrachlorethane. B-Tetrachlorethane.
CHEL CHEL CH,CILCCI,

BP. 147°; s.G. 1614 at o°. BiP 275" ; SlG T
Pentachlorethane. Hexachlorethane.
CHRCL.CCl CCl,.CCl,

B:p. 158" Melis at 226°; B.P. 332°%

a-Dibromethane (Ethylene Bromide), CoH Bry.—On pass-
ing ethylene into liquid bromine it is at once absorbed, with
considerable evolution of heat. Pure a-dibromethane thus
prepared 1s a colourless liquid of ethereal odour, boiling
at 129° ; treatment with an alcoholic solution of potassic
hydrate converts it into bromethylene, C,H Br, which is
gaseous at ordinary temperatures, but is readily condensed by
a refrigerating mixture of ice and salt to a colourless liquid.
B-Dibromethane ( Ethylidene Bromide), which boils at 110°-
112° 1s obtained by heating monobromethane with bromine,
- or by treatment of aldehyde with phosphorus pentabromide :

CHECOH + PBI';; - CHE-CHBT! - POBIE.

Both monochlor- and monobrom-ethylene undergo a re-
1markable spontaneous change when preserved in the liquid
'state, and are converted into white, solid, amorphous poly-
1 merides.

Diiodethane (Ethylene Iodide), C,H,I,, 1is obtained on
| passing ethylene into a pasty mixture of 1odine with absolute

alcohol. It is a white crystalline substance.

PropYLENE (Propene), Cy;Hg—A remarkable special
‘method of preparation may be here referred to, namely, the
‘formation of propylene by passing a mixture of methane and
“carbonic oxide through a red-hot tube:

ECH,‘ 4+ CO p— CEHE + OHE"

H2

s e (L
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BurvLENE, C,Hg, is obtained by the action of potassic
hydrate on y-iodotetrane from secondary butylic alcohol ; it
1s probably identical with met/iylallyl, prepared by the
action of sodium on a mixture of methylic with allylic iodide.

IsoeuryLENE, C Hjg, i1s obtained by dehydration of fer-
mentation butylic alcohol, or its isomeride trimethylcarbinoly
or by the action of an alcoholic solution of potassic hydrate
on f3- and é-iodotetrane prepared from these alcohols.

AMYLENE (Pentene), C;H,,.—This olefine is usually pre-
pared by heating an aqueous solution of zincic chloride with
an equal volume of amylic alcohol (from fusel oil) for some
time at 130° ; the product 1s distilled off on the water-bath,
dried over potassic hydrate, and purified by rectification.

Amylene is a colour]ess, very mobile liquid, of faint, un-
pleasant odour, boiling at about 35°.

Di1aAMYLENE (Decene), C,yH,p.—One of the most note-
worthy circumstances in connection with the higher olefines
1s the facility with which these hydrocarbons undergo poly-
merisation. Thus if concentrated sulphuric acid be slowly
added to amylene, the two liquids at first mix perfectly, and
sufficient heat is evolved to cause ebullition ; after some
time, however, the mixture separates into two layers, the upper
of which consists almost entirely of diamylene, C, Hj,.

Doubtless the heat evolved on the combination of a
portion of the amylene with sulphuric acid is the active
cause of the conversion of another portion of the amylene
into diamylene ; this change, however, is also attended by
an evolution of heat, by which the polymerisation of a further
quantity of amylene is induced, and the compound of
amylene and sulphuric acid first formed again broken up
into its constituents, so that finally almost the whole of the
sulphuric acid originally employed is obtained as such, mere
traces remaining combined with amylene, the latter being
for the greater part converted into diamylene.

Triamylene, C,;Hap, and tetramylene, CyoHyg, have also
been obtained by the action of sulphuric acid on amylene.
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C,H,,_s, OR ACETYLENE SERIES OF HYDROCARBONS,

The following are members of this group :—

Acetylene . : é : o Ko Ho
Allylene : ; ; . o CaHy
Crotonylene . : : : e Mg
Valerylene . : : ; s Gkl
Propylacetylene . : ; . CiH,
Dlall}'l . . . . . . CEHID
 Batvleher &, 0000 L0 L s ekl

Isomeric modifications of several of these are known.

Preparation.—Two general methods are employed. The
first of these consists in acting upon a mono-haloid deriva-
tive of an olefine with an alcoholic solution of potassic
hydrate :

CDHEE—IBI 'l" KHO = CHHEH—E + KRI’ + OHE.

The second method of preparation is the electrolysis of
the acids of the C,H,, _o(CO,H),, or maleic series:

CEHQH_E(COQH}Q - Cann_g + 2C02 + Hﬂ.

General Reactions.—The hydrocarbons of the acetyiene
series all combine directly with the halogens, and yield with
bromine, for example, either saturated compounds of the
form C,H,,_,Br, (tetra-brominated paraffins), or inter-
mediate compounds of the form C,H,, _ ,Br, (di-brominated

elefines). They also unite directly in two proportions with |

the haloid acids, to form either mono-substituted olefines,
or di-substituted paraffins, e.g. :

CnHﬂn....‘E + HBr == Canu_ ]Br H
CnHEn_E + 2HBr = CnHEHBrE*

Especially characteristic of many of the hydrocarbons of
this series is the formation of metallic substitution-derivatives ;
thus if acetylene be passed into an ammoniacal solution of
cuprous chloride, a red-brown precipitate, said to have the

— e e S —— = 2
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composition C,H,Cu, 4+ Cu,0,'! is obtained; the corre-
sponding argentic compound is produced if an ammoniacal
solution of argentic nitrate be employed. All the members
of the series do not yield such products, however ; thufs several
1someric allylenes are known (see citraconic acid), one of
which yields a white crystalline argentic derivative, C;H Ag,
and corresponding copper and mercury compounds, but the
others are incapable of furnishing metallic derivatives. These
derivatives are readily decomposed by hydrochloric acid,
with re-formation of the hydrocarbon and metallic chloride.

ACETYLENE, CoH,. Preparation.—1. The direct formation
of acetylene from its elements may be effected by passing
hydrogen over intensely-heated carbon. The electric arc
from a powerful voltaic battery is caused to pass between
poles of hard carbon arranged in a glass globe, through
which a current of hydrogen 1s transmitted, and the issuing
gas is washed by an ammoniacal solution of cuprous chloride.
By no other means i1s it possible to raise the temperature of
the carbon sufficiently high to effect the combination.

2. By the action of an alcoholic solution of potassic
hydrate on bromethylene, C,H,Br.

3. By the electrolysis of fumaric and maleic acids :

CEHE(COEH}E —_— CQHE + ECOﬂ + HE'

4. By passing a mixture of methane and carbonic oxide
through a red-hot tube : CH, + CO = C,H, + OH.,.

5. By passing trichloromethane vapour over ignited
copper : 2CHCI; + 6Cu = 3Cu,Cl, + C,H,.

6. By passing induction-sparks through methane ; by the
action of heat on ethylene, or the vapours of alcohol, ether,
&c. ; by the incomplete combustion of bodies containing
carbon and hydrogen ; in fact, acetylene is a constant pro-

! It appears not improbable that the true composition of this com-
pound is represented by the formula 2C,(Cu)”y + OH,; i.e., that it
may be regarded as acetylene, in which the whole of the hydrogen s
replaced by copper.
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duct of the decomposition by heat, or incomplete combustion,
of most organic compounds.

To purify the crude acetylene obtained by any of these
methods it is passed into an ammoniacal solution of cu-
prous chloride, whereby the charactenistic red precipitate
of cuprous acetylide is produced ; the liquid containing the
precipitate is next heated to boiling, in order to decompose
a derivative which ethylene forms with copper, and the pre-
cipitate is then collected on a filter, washed, and dried over
sulphuric acid in vacuo. Cuprous acetylide explodes readily
by percussion, and also when heated slightly below 100°;
on boiling it with hydrochloric acid pure acetylene is evolved.

Acetylene is a colourless, incondensable gas, moderately
soluble 1n water ; it possesses a peculiar, unpleasant, highly
characteristic odour, and burns with a luminous smoky flame.

By the action of nascent hydrogen on cuprous acetylide
ethylene 1s obtained. For this purpose the acetylide 1s
mixed with zinc and dilute ammonia solution, and the
mixture gently warmed. The hydrogen liberated by the
action of the zinc on the ammonia, acting upon the copper
compound, sets free acetylene, which, it may be supposed,
at the moment of liberation unites with the nascent hydrogen
to form ethylene.

Acetylene unites with bromine to form acetylene di-
bromide (dibromethylene), CoH,Br,, and acetylene tetra-
bromide (tetrabromethane), C,H,Br,. The action of chlorine
on acetylene 1s so violent that explosion with separation of
carbon usually ensues on mixing the gases; by the action
of antimonic pentachloride, however, the two compounds,
C,H,Cl, (acetylene dichloride, dichlorethylene), and C,H,Cl,
(acetylene tetrachloride, a-tetrachlorethane) are obtained.

When passed through a red-hot tube, acetylene is partly
converted into benzene: 3C,H, = C4H;. At the same time
a number of higher condensation-products are obtained.
Similarly, by heating acetylene tetrachloride with water to
300°, hexachlorobenzene is formed. In this case probably,

»
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the chloride is first resolved into hydrochloric acid and
dichloracetylene, which at once undergoes condensation :

Diariyr (Sextine), C¢H,,. Preparation.—1. By the action
of sodium on allylic iodide :

ECEHSI -+ Nﬂ.ﬂ — CEHIU + 2Nal.

Diallyl is a colourless liquid, boiling at §8°-59° ; it com-
bines directly with bromine, iodine, nitric peroxide, the
haloid acids, &c., to form the compounds :

CeH,oBry ; CeH,oly 5 CoH o(NOy)y; CoHyoly 5 CeH 5Cls.

Intermediate compounds, such as CoH,,I = C;H,, + HI,
may also be obtained. Diallyl is not known to yield metallic
derivatives.

RUTYLENE (Decine), C,yH,g, obtained by the action of an

alcoholic solution of potassic hydrate on diamylene bromide,
C,oHBrs, is a colourless liquid, boiling at about 150°.

C,H,, _ 4, OR TERPENE SERIES OF HYDROCARBONS.

Only two members of this series have been prepared
synthetically, viz. :

Quintone or Valylene . .  C;H;
Pecone . .. o» & me CgHge

Valylene is obtained by the action of potassic hydrate on
valerylene dibromide, C;HgBr,. It boils at about 60°;
combines directly with bromine, forming a crystalline hex-
bromide, C;H;Br;; and yields a precipitate of the com-
position (C;H;),Cuy, when mixed with an ammoniacal
solution of cuprous chloride, from which the hydrocarbon
is again obtained on treatment with hydrochloric acid.

Decone 1s similarly prepared from rutylene dibromide,
CioH,(Br,. It boils at 156°-160°% has a strong odour of
turpentine, absorbs oxygen on exposure to the air, combines
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directly with hydrochloric acid, forming the compound
C,H33Cl = 2C,H,s + HCI, and is violently acted upon by
chlorine, bromine, nitric acid, &c. It yields some tereph-
thalic acid on oxidation, and its discoverers are inclined to
believe that it is identical with Zerebene from turpentine oil.
. Terpenes.—Certain volatile oils of the empirical composi-
tion C;H,, generically called terpenes, which exist ready
formed in plants chiefly of the coniferous and aurantiaceous
orders, also belong to this senes.

One of the best known members of the group is ordinary
turpentine vi/, which is contained in the wood, bark, leaves,
.and other parts of pines, firs, and other conifere, but is
‘usually extracted by distilling the oleo-resinous juice
‘which exudes from the bark of the trees either alone
vor with water. The group is especially remarkable on
:account of the very large number of isomeric hydrocarbons
.of the composition C,,H, which it includes, obtained
| from the essential oils of various plants, scarcely any two of
iwhich appear, according to present knowledge, to contain
:identical bodies ; it is probable, however, that further in-
vestigation will reduce the number of supposed isomeric
ccompounds of this group, and prove many products,
thitherto supposed pure, to be but mixtures. These
iisomeric terpenes differ generally in physical, more es-
ipecially in optical properties, but in many cases exhibit
ceither no recognisable difference, or a very slight one only,
‘in chemical behaviour. These hydrocarbons are especially
characterised by the tendency which they exhibit to undergo
tchange and to become converted into isomeric compounds,
or into resin-like products.

Terpenes have been obtained from the essential oils of
lemon, sweet-orange, bergamot, lime, neroli, caraway, camo-
mile, coriander, juniper, hop, parsley, wintergreen, cloves,
‘thyme, valerian, copaiba, cubebs, &c. In many cases these
oils also contain oxidised bodies, such as are represented
by the formule C,oH,,0; C,(H0; C;oH,30; C,,H,,0:

|
i
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These are doubtless closely related to the terpenes, but the
nature of the relation is, in most cases, at present unknown.
The oils are extracted from the plants yielding them in
some few cases by pressure, but usually by distilling the
leaves or other parts with water, the oil being then carried
over mechanically and condensed with the steam. The
milky or turbid distillate obtained separates, when left at
~ rest, Into oil and water, the former floating at the top, or
sinking to the bottom, according to its specific gravity.

Most volatile essential oils are colourless when pure—
those of camomile and wormwood are blue—and usually
possess a pronounced characteristic odour ; they mix in all
proportions with fat oils, and dissolve readily in alcohol and
ether ; when exposed to the air they frequently become
altered by slow absorption of oxygen, and assume the cha-
racter of resins.

Nearly all the known terpenes have the composition
represented by the formula C,; H,s; several polymeric
with these, of the composition CyoH 3,—such are the oils of
copaiba and cubebs—have been obtained. A third inter-
mediate group of hydrocarbons of the form C,;H,, may
also be conveniently noticed in connection with the ter-
penes, since they are closely related to them in properties
and occur in plants of the same orders—the oils of patchouli
and calamus contain members of this group—although not
by composition members of the C,H,,_; series.

The boiling-points of the isomeric members of the C,,H,g
group range between 160° and 176°; they are mluyrless,
mobile liquids, which are polymerised by the action of
sulphuric acid, and combine with hydrochloric acid to form
well-characterised compounds of the formula C,,H,;Cl and
C,,H,sCl,. Those of the C,;Hj, group boil between 249°
and 260° ; they are viscid, and of higher specific gra‘vity and
less soluble in aqueous alcohol than the preceding, z{nd
unite with proportionately less hydrochloric acid, forming
compounds of the formula C,sH26Cly. The CyoHas hydro-




Terebenthene— A ustratercbentiiene. 107

carbons are very viscid, insoluble in aqueous alcohol, bolil
above 300° and probably do not unite directly with hydro-
chloric acid.

The changeability of the terpenes under the influence of
reagents will be evident from the following description of
the behaviour of the so-called French and English turpentine
oils, which are the best studied members of the group. The
former 1s obtained from the French or Bordeaux turpentine
extracted from FPinus marifima ; the latter from the crude
turpentine collected in the Southern States of America from
Finus australis and Pinus Twda. The French oil consists
mainly of Zerebentiene ; the English of awstralerébenthene ;
which are obtained in the pure state from the commercial
oils by neutralising with an alkaline carbonate and then care-
fully distilling under reduced pressure. Terebenthene boils
at 161°, and turns the plane of polarisation of a ray of light
to the left ; austraterebenthene has the same specific gravity
and boiling-point, but rotates the plane of polansation Zo
the right. Each of these combines with hydrochloric acid
to form simultaneously #zwe 1someric additive compounds of
the formula C, H,,Cl, the one crystalline, the other liquid,
corresponding respectively in their action on polarised light
to the parent compounds. On treating these ¢ hydrochlo-
ndes’ with alkali, a liquid C,,H,¢ 1s reproduced, which
usually, however, unless special precaution have been
taken, i1s a mixture of isomeric hydrocarbons ; but on heat-
ing the crystalline hydrochlorides! with potassic stearate
‘two crystalline C,,H,; hydrocarbons are obtained—iere-
 camphene and austracamphene. These are identical in all
‘respects but one, viz.,, whereas the former is strongly
levorotatory, the latter is dextrorotatory ; they combine
' with hydrochloric acid, and each furnishes as sole product
a solid hydrochloride, C,,H,,Cl, which in the case of tere-
' camphene is dextrorotatory, and, moreover, to an exactly

' The behaviour of the liquid hydrochlorides has not been so well
studied.

- T R e

s’ ke

i




108 Organic Chemistry.

equal, though opposite extent, to the terebenthene hydro-
chloride from which it is derived ; austracamphene hydro-
chloride is levorotatory. From these hydrochlorides, un-
altered terecamphene and austracamphene respectively
may be readily separated by appropriate treatment. On
now heating tere- and austra-camphene hydrochlorides with
sodic benzoate, one and the same body is obtained from both
sources, namely, camphene, C o Hs a crystalline, optically
inactive hydrocarbon, which forms a crystalline inactive
hydrochloride, C;,H,,Cl. Finally, if camphene be treated
with concentrated sulphuric acid it i1s partially- converted
into the isomeric Zerebene, which is liquid, optically inactive,
and forms a liquid hydrochloride, CyqH33Cl. Terebene is
the ultimate product of the action of energetic reagents on
the terpenes, and may be easily obtained directly from tur-
pentine oil by treating it with 5% of its weight of strong
sulphuric acid.

The terpenes are. also modified by heat alone. Thus on
exposing terebenthene or austraterebenthene to a tempera-
ture of 250° for some hours, isomeric products of altered
boiling-point and diminished action on the polarised ray are

obtained, together with a polymeric body, CyoHj, (colo-:

phene), boiling at about 360°.

The most remarkable effect, however, 1s produced by
gaseous boric fluoride, BF;. On adding an equal volume
of this gas to terebenthene, confined in a glass tube over
mercury, a great rise of temperature is observed, and the
terebenthene is found, on examination, to be entirely con-
verted into polymeric, optically inactive modifications, boiling
above 300° The explanation of this action is doubtless
the same as in the case of the conversion of amylene into
diamylene. The heat evolved by the combination of the
boric fluoride with a small portion of the terebenthene
induces the conversion of another portion of the latter into
polymerides, whereby again heat is evolved, which in turn
becomes instrumental in causing the polymerisation of a
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further quantity, with evolution of heat, -until finally the
transformation of the whole is complete.
Terebenthene is capable, under certain conditions, of
combining with water to form the following compounds :
CioH2003 5 CioH,50; CooH 340 ;
Terpin. Terpentin hydrate. Terpinol.
A crystalline hydrate of terpin is also known : C,¢H O, +

OH,. These compounds obviously correspond to the hydro-
chlorides above mentioned, namely, to

CioH 5Clg; C,oH, ':Cli CzuHaaCI :

and may be regarded as derived from them by the substitu-
tion of chlorine by hydroxyl (OHY)', thus :

C1oH15(OH),; C,H,7(OH); CyoH;3(OH).

In fact, terpin may be converted by the action of hydro-
chloric acid, or phosphorus terchloride, into the correspond-
ing chloride, C;,H,4Cl,, 1dentical with the product obtained
by the direct action of hydrochloric acid on terebenthene :

CIUHIE(OH)E -+ EHC] — EOHE -+ C]ﬂHlECIE'

This behaviour renders it probable that the three bodies,
terpin, terpentin hydrate, and terpinol, belong to the class
of compounds known as alcohols.

The action of bromine on terebenthene is excessively
violent ; a dibromide may be obtained, however, by slowly
adding the requisite quantity of bromine to the well-cooled
oil, and also by the action of bromine on terpin :

ClDHEﬂGE + Brﬂ = ZOHE -+ CmH]ﬁBrgt

On carefully heating the compound so formed with aniline it
is resolved into hydrobromic acid and cymene :

C“_-,HNBTE + ECEH?N == ZC.«;HENBI’ + C“]th'

Terebenthene dibromide.  Aniline. Aniline hydrobromide. Cymene.

Cymene has also been obtained by the decomposition by
heat of the dibromides of the terpenes contained in nutmeg,
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lemon, and orange-peel oils ; and since cymene is the fifth
member of the C,H,, g series of hydrocarbons, the relation
of the terpenes to that series is thus directly established. It
has recently been observed! that cymene is precontained in
ordinary turpentine and orange-peel oil (and probably in
other essential oils containing terpenes); obviously great
interest attaches to this observation from a physiological
pomnt of view on account of the close relationship of
cymene and the terpenes.

Oxidised Oils.—As already remarked, the true nature of
the relation which these compounds bear to the terpenes
1s at present but little understood, and even the position
which they hold in the series of carbon compounds has not
yet been definitively established ; a brief reference to one or
two of the more important may therefore suffice.

The best known representative of the C,;,H,;0 group
is ordinary camp/hior, a crystalline body obtained from Lawurus
camphora, and certain other plants, in which 1t exists ready
formed. * This camphor is dextrorotatory; a second modi-
fication which has a precisely equal action, but in the op-
posite direction, on the polarised ray, is contained in the oil
of feverfew (Matricaria parthenium); an optically inactive
camphor is present in the essential oils of many labiate
plants, such as lavender, rosemary, and sage. Camphor, or
a body isomeric therewith, is said to have been produced in
small quantity by oxidising terecamphene.

On distillation of camphor with pentasulphide of phos-
phorus, cymene is obtained in considerable quantity :

5C1oH 60 + PoS; = 5CoH14 + P2O5 + 55H,.
It is acted upon by phosphorus pentachloride, thus :
CIUHIEO + PC]E- -— Clﬂ- lﬁClﬂ + POC]E.

The compound C;oH;sCl; is split up, on distillation, into
cymene and hydrochloric acid. Camphor yields a variety

' Wright, Fournal of the Chemical Sociely, vol. Xi. Pp. 549, 686.
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of oxidation products when acted upon by nitric acid, the
best known of which 1s a dibasic acid, camphoric acid,
C,oH,;04 The acid from the dextrorotatory camphor is
dextrorotatory, that from the laevorotatory modification 1s
levorotatory ; the two acids, when mixed in equal pro-
portions, yield optically inactive camphoric acid.

Camphor is scarcely acted upon by chlorine, but combines
with bromine, forming C,,H,Br,O, which 1s split up on
heating into hydrobromic acid and monobromocamphor.

Borneol—The best-known representative of the C,,H,,O
group 1s dorneol, a crystalline substance found in cavities
in the bark of Dryabalonops camphora, a tree grown in
Bormmeo and Sumatra. By the action of sodium on a
solution of ordinary camphor in toluene a borneol i1s pro-
duced,' having a more powerful dextrorotatory action than
the dryabalonops borneol, but on the other hand the latter
yields ordinary camphor on oxidation by nitric acid.

Borneol furnishes the compound C,,H,;Cl, when acted
upon by HCI or PCl;, hence it is probably an alcohol,
camphor being, in all probability, a Zefone.

C.Hj,_4 OR BENZENE SERIES OF HYDROCARBONS.

These hydrocarbons differ greatly in chemical behaviour
from the series previously considered : whereas the mem-
bers of the C,H,,, C,Hj,_s, and C H,,_, series all tend,
as has been shown, to form additive compounds, and are
not directly convertible into substitution-derivatives, the
members of the benzene series comport themselves in
the majonty of cases as saturated hydrocarbons, and
yield preferably substitution-derivatives, additive compounds

! The formation of bomeol is doubtless due to the action of the
hydrogen liberated by the conversion of a portion of the camphor into
sodium camphor, thus:

2'::101'1150 + ng = ZCIEI{IBNO“' + Hﬂ;'
CII}HIEG + I'Ig = CIQ}ILEO'
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being formed from them only under certain peculiar con-
ditions. They are, moreover, characterised by their extreme
stability, and by the multitude of well-marked substitution-
derivatives to which they give rise. They are often termed
aromatic hydrocarbons, on account of the aromatic odour
which some of their derivatives—benzoic acid, for example—
possess. The series has been particularly well investigated,
and is especially interesting to the chemist, owing to the
numerous instances of isomerism which it affords.

The hydrocarbons of the benzene series occur, in small
quantity, in petroleum oil, together with the paraffins; but the
chief source from which they are obtained is coal-tar oil, one
of the products of the destructive distillation of coal as
practised in the manufacture of coal gas. The majority
have been obtained by synthetic processes.

Hitherto no member of the group has been obtained from
the corresponding paraffin by a purely chemical and con-
nected series of reactions, in the same manner that olefines
or members of the acetylene series have been obtained
from the corresponding paraffins, so that we are unable at
present to judge whether a hydrocarbon, by composition
a member of the C,H,, g series, thus produced, would
possess the peculiar properties characteristic of the series
exhibited by the members already known.

No hydrocarbon of the series containing less than six
unit-weights of carbon has hitherto been discovered. In
fact, the first member, denzene, CgHg, 1s to the aromatic
series what methane is to the paraffin series, and we may,
therefore, conveniently regard the homologues of benzene
as derived from it by the substitution of hydrogen by
C,H,,. groups, just as the higher paraffins are regarded as
formed from methane by the introduction of radicles of the
C,H,,,, series in place of hydrogen. The system of rational
nomenclature adopted in the series is throughout in ac-
cordance with this view : thus, Zofuene, the first homologue
of benzene, is termed methyl-benzene, because it is obtained

SR P ——
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by the action of sodium on a mixture of bromobenzene with
iodomethane (methylic iodide) :

CﬁHﬁBr -+ CHEI - Nﬂ.g — CEHE-'CHE + NﬂBr -I" NH.I.

The next homologue, xy/ene, of which several modifications
exist, is termed ethylbenzene when prepared by the action
of sodium on bromobenzene and iodethane (ethylic iodide):

CeH,Br + C,H,I + Na, = C;H,.C,H; + NaBr + Nal;

and dimethylbenzene when formed by treating dibromo-
benzene and 1odomethane with sodium :

CsH,Br,+2CH3I+2Na, = C;H,(CH;), 4+ 2NaBr 4 2Nal.

As a matter of fact, no i1somerides of toluene, the mono-
methyl-derivative of benzene, have been discovered. Similarly,
only one ethylbenzene is known, but no less than three iso-
meric modifications of dimethylbenzene have been obtained.
In the present state of our knowledge, we are therefore
led to assume that isomerism may exist in this series:—
1. Between compounds which may be regarded as containing
the same groups, as in the case of the three 1someric dimethyl-
benzenes ; 2. between compounds containing isomeric modi-

fications of the same group, as between propyl- and isopropyl-
' benzene ; and 3. between compounds into whose constitution
1different groups may be assumed to enter, as examples of
'which ethylbenzene and dimethylbenzene may be cited.
:Strictly speaking, according to the definition given on page
:29, the compounds included in this third division are meta-
rmeric, and not isomeric.

Conformably to this view, the nature of the hydrocarbons
‘of the series may be inferred in two ways :—1. By preparing
‘them synthetically ; 2. by noting their behaviour on oxida-
tion.

The following is a list of the known hydrocarbons of the
C.H,,_; series, together with their boiling-points :—
I




114 Organic Chemistry.
' f
E. P,
CqsH,; | Benzene . 5 C.H, 81
C;Hg | Methylbenzene (toluene) . H;(CH,) 111
Ethylbenzene . g H;(C,Hy) 135
: Dimethylbenzenes :—

B S Paraxylene . | EsHACH )2 136
Metaxylene . ; - | CaH(CHg)a 137-138
Orthoxylene . CeH 4{CH3}, 140-142

Propylbenzene . CeH: {C H;)a 1 157
Isopropylbenzene CEH (C,H,)B 151
C.H Ethylmethylbenzene . CeH(CH,)(C,H;) |159-160
87712 | Trimethylbenzenes :—
Mesitylene . CeHs(CH,)5 163
Pseudocumene ECsHi(CHa)a 1L6
Isobutylbenzene CaHg(C,Hy)p 159-161
Propylmethylbenzene CeH,(CH,)(C,H)e | 178-179
Isopropylmethylbenzene
s (? a-cymene) . CsH JCHJ{C H;)B| 176
| “10tl14 Diethylbenzene ; (_.H H.)s 178-179
Ethyldimethylbenzene @ Hi{_C I—I_E_:‘r{fJHa:l2 183-184
Tetramethylbenzene
(durene) CeHy(CH,), 189-191
Isoamylbenzene : C HE{C H,,)8 193
C. H Isopropyldimethyll Jenzene
e (laurene) ; CHHH[CHR}E{CEHT].ﬂt 188
Dleth}lmeth}rlhenzene | CeH s (CH(CH ) s 178
C,.H,g | Isoamylmethylbenzene CeH(CHNCsH,y,)8 | 213
C,aH,, | Isoamyldimethylbenzene . H.‘{CHE} (Cs Hu}ﬁ 232-233

General Methods of Formation.—The one general method
of ascending the series consists in acting upon a mixture of
a moniodated paraffin with a brominated derivative of ben-
zene, or one of the homologous hydrocarbons, with sodium :

Eoble ¢al CoHg yBred Na, = CnHEn—?*CuHEn+i
+ Nal 4 NaBr.

i'C:II-IEt'ﬁ lI + CnHEn—EBrE i ENHE = CuHﬂn— !(CnH2n+ 1)2
+ 2Nal 4 2NaBr. :
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Thus monobromobenzene and iodomethane yield toluene
(methylbenzene) ; dibromobenzene, or bromotoluene, and
iodomethane yield xylene (dimethylbenzene); bromodi-
methylbenzene and iodomethane yield trimethylbenzene ;
bromotrimethylbenzene and iodomethane yield tetramethyl-
benzene. Penta- and hexamethylbenzenes have not yet
been synthesised. If instead of bromobenzene and iodo-
methane, bromobenzene and iodethane, 1odopropane, or
iodotetrane are acted upon by sodium, so-called ethyl-,
propyl-, or butylbenzenes are obtained. Similarly, bromo-
toluene, iodethane, and sodium yield ethylmethylbenzene ;
so that a great variety of compounds may be prepared in
this way. The isobutyl- and isoamyl-derivatives included
in the above table have all been prepared with the aid of
p-10odotetrane and [-iodopentane, obtained from fermenta-
tion butylic and amylic alcohol respectively. [3-1odopropane
cannot be employed in the preparation of (- (so-called iso)
propyl-denivatives, which are either natural products, or are
obtained by indirect methods.

Behaviour on Oxidation.—The first member of the series,
benzene, is either unaffected by oxidising agents or is entirely
burnt to carbonic anhydride and water ; under no conditions
hitherto discovered does it yield oxidation products con-
taining the same number of unit-weights of carbon as itself.
It may be directly converted, however, under the influence
of certain oxidising agents, into benzoic (C;H;.CO,H) and
phthalic (C¢H (CO3H),) acids ; this change occurs when
benzene is acted upon by a mixture of manganic oxide
(MnO,) and sulphuric acid : in this case a portion of the
benzene is undoubtedly oxidised to formic acid (HCO,H)
and water, and the acids mentioned are formed by the simul-
taneous oxidation of this formic acid and further portions of
the benzene, as expressed by the following equations :

CF:I"{;, + EHCUEH + (Jg — CGPI,-l(COEI_I)E + ZOHE-
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This is confirmed by the fact that increased quantities of
benzoic and phthalic acids are obtained by oxidising a
mixture of formic acid with benzene.

All the homologous hydrocarbons which are formed from
benzene by a single operation, 1.e., which are formed from it
by the introduction of a single C ,H,, , , group in the place
of hydrogen, invariably yield the monobasic acid, denzoic acid,
on oxidation ; thus:

CsH,.CH; + 30 = C;H;.CO,H + OH,.

Methylbenzene. Benzoic acid.

“The oxidation of the hydrocarbons which may be regarded
as di-derivatives of benzene, i.e., which are formed from it
by the introduction of two C,H,, ,, groups, may occur in
two stages: in the first, a monobasic acid of the benzoic
o C;H,(C.H, ., ,)CO;H series is formed, one of the€
C,H,, ., groups remaining intact,! the other being oxidised
to CO,H ; in the second, the remaining C,H,, , ; group is
also similarly oxidised, and a dibasic acid? of the composition
Ce¢H,(CO,H), produced. For example :

C¢H,(CHj), + 30 = Ce¢H,(CH;).CO,H + OH,;

Dimethylbenzene. Methylbenzoic or Toluic acid.
CeH,(CH,).CO,H + 30 = C4H,(CO,H), + OH,.
Toluic acid. Terephthalic acid. -

I On oxidation of the hydrocarbons derived from benzene by the in-
troduction of two or more dissimilar C,H,y, ., groups in place of hydro-
gen, it appears that the more complex—Iless stable—group is always
the first to undergo oxidation ; thus C;H,(CH,)C,H;, propylmethyl-
benzene, yields methylbenzoic (toluic) acid, C,H,(CH,)CO,H, and not
propylbenzoic acid, C;H,(C,H,)CO,H. |

2 One important exception to the latter part of this rule is to be
noted. It appears that three isomeric modifications of each hydro-
carbon of the form CgH,(CyHan4,): may exist, and that each of these
yields the corresponding monobasic acid of the CaH,(CyHops,)COH |
series, but of the three isomeric acids thus formed, two only yield the
corresponding dibasic acid on oxidation, the third is completely oxidised
to water and carbonic anhydride (see xylenc).
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Similarly, the oxidation of the hydrocarbons which may
be regarded as tri-derivatives of benzene, all of which appear
to yield a tribasic acid of the composition CaHz(CO,H),,
~as their final product, may occur in three stages. For
. example :

CsH;(CH;); + 30 = C¢H;3(CH,;)..COH + OH,.

Mesitylene. Mesitylenic acid.

'CEH3(CH3)2.COEH + 30 = CGHH(CI{E}(COEH)E + OHE.

Mesitylenic acid. Mesidic acid.

CsH,(CH,)(CO,H), + 30 = CgH4(CO,H); + OH.,.

Mesidic acid. Mesitic acid.

In short, the characteristic final oxidation product of a
I hydrocarbon of the benzene series of the general formula
(CeHg_.(C.Hs, 4 1)m however complex the C,H,,,; con-
s stituent, is always an acid of the form C;H,_,, (CO,H),.
I Hitherto too little attention has been paid to the products
{formed simultaneously with this acid, but it appears that in
i the case of the hydrocarbons formed by the aid of moniodo-
iparaffins derived from primary monohydric alcohols,! an
:acid of the acetic series, containing one unit of carbon less
tthan the C,H,, ., constituent, and water are produced, as
trepresented by the following general equations :

CﬁHh(CnHEu + l) + 50 — CEH.E'COEH +

CeH,(CoHap 4 1)2 + 100 = C;H((CO,H), +
2C, _1Hy@_102 + 20H,.

As a special instance, the oxidation of isoamylbenzene
'may be quoted ; thus:

CEI-I-G'CF}Hl] + SD o CEHﬁ'COEH + C-lHROE + DHE'

Iscamylbenzene. Benzoic acid. Isobutyric acid.

! Moniodoparaffins, other than those derived from primary mono-
hydric alcohols, have hitherto never been successfully employed in the
Preparation of hydrocarbons of the benzene series,
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Behaviour with Reagents— Formation of Substitution Deri-
vatives.—Chlorine acts readily on benzene in presence of

1odine or antimonic chloride, and gives rise to the following
derivatives :

CEH5CI5 CsH,Cl, ; CeHj3Cl; ; CaH,Cly ; CEHCIE-.; CsCls.

" Bromine acts similarly, though less energetically. Todo-
derivatives are only obtained when the action of iodine
takes place in presence of some substance capable of at
once withdrawing the hydriedic acid, as it is formed, from the
sphere of action; such a substance is iodic acid. If the
hydriodic acid be not withdrawn, it reacts on the iodo-deriva-
tive first formed and removes the iodine from it, replacing it
by hydrogen: C¢Hg + I, = CgH,I + HI; CsHSI + HI=
C¢H; + I,; but in presence of iodic acid it is at once
reduced : HIO; + sHI = 31, + 30H,. Moro-,di-, and
tri-lodobenzéne have thus been prepared by heating ben-
zene in closed tubes with iodine and iodic acid.

The haloid substitution-denvatives of benzene are charac-
terised by their extreme stability and chemical indifference:
thus nascent hydrogen (from sodium amalgam and water) is
entirely without action on chloro- and bromobenzene, and
these bodies even remain unaffected when fused with potassic
hydrate. It is in this respect especially that these derivatives
differ from the haloid derivatives of the paraffin and other
intermediate series of hydrocarbons, all of which are acted
upon by nascent hydrogen, alkalies, &c., with comparative
readiness.

The homologues of benzene exhibit a remarkable be-
haviour with chlorine (and bromine). The first product of
the action of chlorine on toluene #: #/e eld is chlorotoluene,!
C,H.Cl, a body which, like chlorobenzene, is in no way
amenable to the action of ordinary reagents ; and by further =
similar treatment with chlorine, di- and trichlorotoluene, &c.,

! This chlorotoluene is a mixture of two isomeric bodies,
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are formed, which are equally stable and indifferent com-
pounds. If, however, chlorine be passed into deoz/ing toluene,
bodies of the same composition, but entirely different proper-
ties, are obtained : thus the first of these, benzylic chloride,
C,H,Cl, is reconverted into toluene by the action of nascent
hydrogen ; readily exchanges its Cl for (CN), (SCN), (SH),
&c., when acted upon by KCN, KSCN, or*KHS ; and 1s
readily decomposed by alkalies. The second and third
products of the composition C,HiCl, and C,H;Cl; ob-
tained under the same conditions, exhibit analogous proper-
ties:

In explanation of this remarkable difference in the be-
haviour of the two series of products, the assumption is made
that in the case of the stable compounds hydrogen in the
so-called aromatic group is replaced by chlorine, whereas
those formed by the action of chlorine at a high temperature
contain the halogen in the C H,,,, group, and the two series
of derivatives of toluene are accordingly formulated as
follows :

CEHE'CHE,; CGH,;C]-Cng CHH3CIE.CH3; CﬁHgC]a-CHa,

Toluene. Chlorotoluene. Dichlorotoluene. Trichlorotoluene.
CEH}_-,.CHEC]._; CEHE..CHCIE ; CﬁHﬁ.CC]E.
Benzylic chloride.  Benzylene chloride. Benzotrichloride.

Moreover, an intermediate series of bodies can be obtained
which it 1s generally assumed contain the chlorine partly in
the aromatic and partly in the C H,,,, group. Thus, if
chlorotoluene be treated with chlorine at its boiling-point,
or 1f benzylic chloride be acted upon by chlorine in the cold,
a dichlorinated product is obtained, half the chlorine in
which may be readily removed and replaced, the other half
cannot. Hence this body is represented by the formula:
C¢H,CL.CH,Cl. By the continued action of chlorine on
this compound, at an elevated temperature, tri- and tetra-
chlorinated derivatives are produced—CgH,CLCHCI, and
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CsH,CLCCl;, in which respectively two-thirds and three-
fourths of the chlorine may be readily removed and replaced.

So far as our observations go, the higher homologues of
benzene comport themselves similarly.

Most remarkable, however, 1s the fact that if the action of
chlorine on toluene take place in presence of a small quan-
tity of iodine, bodies of the first class on/y are obtained, no
matter what the conditions of temperature.

Concentrated nitric acid converts benzene, with great
evolution of heat, into nitrobenzene, which is converted by
prolonged heating with the acid, or more readily if a mixture
of concentrated nitric and sulphuric acids be employed, into
dinitrobenzene, CgH,(NO,), :

CEHG + HNO3_ - OHE + CEHﬁ.NOE.

Similar nitro-derivatives are obtained from the homologous
hydrocarbons. A weaker acid, however, exercises simply
an oxidising action : thus diethylbenzene, for example, yields
ethylbenzoic acid when boiled with diluted nitric acid.

By the action of concentrated sulphuric acid on benzene
and its homologues, these hydrocarbons are converted into
sulphonic acids ; e.g. :

C.H,. 4 SOH, = OH, 1 CH(SO,H)
CEHE =+ 2504H2 = EOHE + CEH,;(SOEH)E.

The haloid substitution-derivatives of benzene and its
homologues, excepting those formed from the latter by the
action of chlorine or bromine on the boiling hydrocarbons,
are similarly acted upon ; thus :

C;H;Br + SO,H, = OH, + C;H,Br(SO,H).

Bromobenzene. Bromobenzenesulphonic acid.

When heated with a large excess of a concentrated hydrio-
dic acid solution, for some hours, at 270°~-280°, the aromatic
hydrocarbons are converted into the corresponding paraf-
fins (Berthelot). Baeyer finds, however, that dry hydriodic




Preparation of Benzene. 121

acid! has no action on benzene, even at 350° but that it
converts toluene into the hydrocarbon C;H,; ; xylene into
CsH,4; and mesitylene (trimethylbenzene) into CoH .
BENZENE (Benzol ; Phenylic Hydride®), CsH g.—Fformation.
—1. By the action of heat on acetylene: 3C,H, = CgH,.
2. The higher homologues of benzene and a number of
other hydrocarbons (naphthalene, anthracene, &c.), yield
benzene among other products when strongly heated by
passing through a red-hot tube, either alone or mixed with
hydrogen. .
3. Pure benzene is obtained by carefully distilling benzoic
acid with calcic hydrate (slaked lime) at a dull red heat:

C,H,.CO,H 4 CaH,0, = CaCO; + OH, + C,H,.

4. By passing phenol over strongly heated zinc dust :
CEHﬁO + Zn = Zn() + CEHE'

On the large scale benzene is always prepared from the
portion of coal-tar oil boiling below 100° This is first shaken
up with diluted sulphuric acid, then with water, and finally
with soda solution, in order to remove all the substances of
basic or acid properties it may contain. It is then fractionally
«distilled, and if required perfectly free from homologous 3 hydro-
icarbons and from hydrocarbons of the C,H,, ,,, C,H,,, and
| CuH,, —, series, with which it is always more or less contami-
inated and which cannot be separated by mere distillation, it
liis cooled to a low temperature by a refrigerating mixture of
\1ice and salt; the benzene then crystallises out, whilst the other
lhydrocarbons remain liquid, and may for the greater part be
rremoved by draining the crystals, which are afterwards melted
zand again caused to crystallise, and drained. The last traces
\cof admixed hydrocarbons are removed by adding bromine until

' The hydrocarbon was enclosed in glass tubes with phosphonic
wiodide, PH,I, which is split up on heating into PII, + HIL

? The hypothetical radicle C4H,, derived from benzene, is termed
\ phenyl.
. * Commercial benzene always contains large quantities of toluene.
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a permanent colouration is produced—the benzene being scarcely
attacked by it, whereas the other hydrocarbons are acted
upon and converted into brominated derivatives—then washing
with alkali, drying over solid potassic hydrate, and rectifying,
when pure benzene boiling constantly at 81° is obtained.

Benzene is a colourless, limpid, strongly refracting, highly
inflammable liquid of peculiar odour ; specific gravity ‘899
at o°. It solidifies, on cooling, to a brilliant white mass of
fern-like tufts, which melt at 5°'5 ; it is scarcely soluble in
water, but is a solvent of a very large number of bodies.

Derivatives of Benzene.—Chlorine is without action on
benzene in the dark, or in diffused light; the action of
chlorine or bromine in bright sunlight, however, gives rise to
the formation of additive compounds of the formula C;H;Cl;
(benzene hexachloride) and CgHgBrg (benzene hexabro-
mide). These are white crystalline substances, which are
converted into trichloro- and tribromobenzene respectively,
by the action of potassic hydrate, thus :

C.H,Cls + 3KHO = 3KCl + 30H, + Cg¢H,Cl,.

By passing chlorine into benzene in which some iodine is
dissolved and heating gently meanwhile, the following series

of derivatives are obtained :—
Formula. Boiling-point. Melting-point.

Monochlorobenzene . CzH,Cl 133° — 40°
Dichlorobenzene . CeH/Clg ajy1® £3°
Trichlorobenzene . CgHClg 206" 17°
Tetrachlorobenzene . CgH,Cl; 240° 130"
Pentachlorobenzene . CgH Cl; 272° 8z°
Hexachlorobenzene . CgClg 326° 226°

]

The action of iodine in assisting the formation of chloro-
benzenes is at once explained by the fact that iodine
chloride reacts readily on benzene : the first action appears
to consist in the formation of moniodobenzene—CgHg +
Cll = CzH;I 4+ HC], but in contact with a further portion
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of iodine chloride, this is converted into chlorobenzene—
C:H;l + CH = CgH; Cl + I,. The iodine thus set free
is again converted into chloride by the chlorine, and thus
acts, as it were, simply as carrier of the chlorne.

Mono-, di-, and trichlorobenzene also combine directly with
chlorine in sunlight ; thus, according to Jungfleisch, mono-
chlorobenzene is converted successively into :

Monochlorobenzene dichloride : C:H,Cl,s
-+ tetrachloride . CeH;Cls

i hexachloride .  CgH;Cl,

s octochloride . C:H,CL,.

These bodies, when treated with an alcoholic solution
of potassic hydrate, yield chlorobenzenes, which, it is said,
are isomeric with those obtained by the direct action of

chlorine on benzene, thus :
Melting-point.

CeH;Cl; — HCl = C;H,Cl; hqud
CsH;Cl; — 2HCl = C;H,Cl; 60°
CiH:Cly — gHCl = C,H Ll 357
CeH;Cly — 4HCl = C4HCI, 8c9(%)

Bromine acts slowly on benzene in the cold, converting
it into monobromobenzene. The dibromobenzene obtained
by gently heating monobromobenzene with bromine is a
mixture of two isomeric substances : the one being crystalline
and melting at 89°, the other being liquid at ordinary tem-
peratures, but solid below 0°. The major portion of the pro-
duct consists of the solid modification, which i1s converted
by nitration into nitrodibromobenzene, CgH;3Bry(NOsy),
melting at 84°; whilst the liquid modification is converted
Into an isomeric nitrodibromobenzene, melting at 58°.
A third dibromobenzene has been obtained from dibrom-
aniline (dibromamidobenzene), C;H,Br, (NH,), by re-
Placing the NH, group by H, b}r the action of ethylic

I T - ¥ . L3 - u &
I'he existence of this isomeric pentachlorobenzene is disputed.
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nitrite (see Aniline). This third modification is still liquid
at —28° and furmishes a nitrodibromobenzene melting at
60°-61°.

‘Monochloro- and monobromobenzene also each furnishes
two 1someric mononitro- and two isomeric dinitro-derivatives
when acted upon by concentrated nitric acid.

It 1s especially noteworthy that in no case have isomeric
modifications of mono-derivatives of benzene been obtained;
thus we only know one methylbenzene (toluene), one chloro-
benzene, one bromobenzene, one nitrobenzene. The greatest
number of isomeric modifications of di-derivatives of benzene
which have been obtained 1s three ; whilst of many of the
tri-derivatives no less than six isomeric forms have been
prepared. We have little knowledge of the higher denivatives.

Benzene unites directly with hypochlorous acid : CiHg +
3CIOH = CzHCl;0;. The additive compound thus
formed is converted by the action of water (in presence of
sodic carbonate) into phenose: CgHyCl;0; 4+ 30H, =
C¢H,,0; + 3HC], a saccharine body of the same com-
position as grape sugar, but not fermentable. Phenose
yields (-iodohexane (3-hexylic iodide) when submitted to
the action of hydriodic acid :

CEHIEOE + ISHI = CEHIEI + GOHE + GIE'

This transformation of benzene is especially remarkable,
since it affords the first instance of the artificial formation of
a compound of the glucose group.

ToLvENE (Methylbenzene), C;Hg = CgH;.CH,, may be
produced by treating a mixture of monobromobenzene and
iodomethane with sodium, but it is usually obtained by the
fractional distillation of that portion of coal-tar oil which
boils at 100°-120° It is a mobile colourless liquid, boiling
at 111°. Toluene yields benzoic acid, C4H;.CO,H, and
water on oxidation. |

In nearly every instance two isomeric derivatives are
formed simultaneously by the action of various reagents on
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toluene. Thus two monobromotoluenes are produced by
the action of bromine #z #/%e cold : one of these 1s a crystal-
line solid, and yields parabromobenzoic acidd, CgH,Br.CO,H,
on oxidation ; the other is liquid and is entirely decomposed
on oxidation. Similarly, two isomeric monechlorotoluenes are
formed by the action of chlorine in the cold, and treatment
of toluene with nitric acid gives rise to two mononitro-
toluenes : the one being crystalline and convertible into
paranitrobenzoic acid, CgH,(NO,).CO,H ; the other liquid
and entirely decomposed by oxidising agents. Again, two
isomeric toluenesulphonic acids, readily distinguishable by
the different crystalline forms, &c., of their potassic salts, are
formed on dissolving toluene in concentrated sulphuric acid.

XYLENE, CgH | o.—Ethylbenzene, CgH ;. CoH;, prepared by
the action of sodium on a mixture of monobromobenzene with
iodethane, boils at 135° it yields benzoic acid, carbonic
anhydnde and water on oxidation.

Three isomeric modifications of the metameric compound
dimethylbenzene, C¢H,(CH,),, have been obtained, namely,
Fara-, Meta-, and Ortho-xylene. These are probably all pre-
sent in coal-tar oil.

Paraxylene 1s prepared synthetically by the action of
sodium on a mixture of ilodomethane with the crystalline
modification of monobromotoluene ; it forms white crystals,
which melt at 15° and boil at 136°; it is converted into
paratoluic acid, CgH,(CH,).CO,H, on oxidation, which, on
further oxidation, yields Zerepiithalic acid, C4H (CO,H),.

Metaxylene, which appears to be the chief constituent of
coal-tar oil xylene, is obtained by distilling mesitylenic acid
with lime : CzH,(CH,),.CO,H + CaO = C4H,(CH;), +
CaCO,;. Metaxylene boils at 137°=138°; it yields mefatoluic
acid on-oxidation, which in turn yields Zsopithalic acid.

Orthoxylene—By the action of sodium on a mixture of
1odomethane with the monobrominated derivative of either
para- or metaxylene, the same modification of trimethyl-
benzene is obtained. By digestion with dilute nitric acid
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this pseudocimene, as it is termed, is converted into a mixture
of two isomeric acids, known as xy/ic and paraxylic acids.
Xylic acid, C¢H3(CH,),.CO,H, furnishes metaxylene on
distillation with lime, whilst paraxylic acid yields orthoxylene
when similarly treated. Orthoxylene boils at 140°-141°;
on oxidation by dilute nitric acid it yields orthotoluic acid,
which cannot, however, be oxidised to the corresponding
phthalic acid. These three isomeric xylenes differ also
considerably with respect to their behaviour with bromine,
concentrated nitric acid, &c., furnishing substitution-deriva-
tives differing in appearance, melting-point, &c.

~ CumeNEg, CyH ,3.—The modification of this hydrocarbon,
termed mesitylene, which occurs in coal-tar oil, is obtained
synthetically by a remarkable reaction, by heating acetone
with sulphuric acid : 3C;HO = CH,, + 30H.,.

Coal-tar cumene appears to contain three isomeric tri-
methylbenzenes, namely : mesitylene, pseudocumene, and a
third hydrocarbon not yet isolated in the pure state.
Roman cumin oil, from the seeds of Cuminum cyminum,
contains ready formed a cumene which yields benzoic acid
on oxidation ; it is either pgropy/ or isepropylbensene.

CyMENE, C, H,,.—Excepting a-cymene, the various modi-
fications of this hydrocarbon are obtained by synthetic
methods. «-Cymene from camphor, &c. (p. 109), 1s either
pPropyl- or isopropyl-methylbenzene ; it yields acetic and para-
tolute, respectively Zereplithalic, acid on oxidation.

D1proPARGYL, CsHg.—This hydrocarbon, the properties
of which have only been made known within the last few
weeks, 1s isomeric with benzene, but differs from it in
chemical behaviour to an enormous extent. It is obtained
by the action of potassic hydrate on diallyltetrabromide (p.
104): C4H,Br;, + 4KHO = CgHs + 4KBr + 40H,.

Dipropargyl is a mobile liquid boiling at about 85°; it
combines with bromine with explosive violence to form first
an oily tetrabromide, C4HBr,, which appears capable of
combining with more bromine to form an octobromide,
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C:;H;Br,; it produces an amorphous white precipitate,
C.H,Ag, + 20H,, in a solution of argentic nitrate, and a
greenish-yellow precipitate, C¢H,(Cu,) + 20H,, In an am-
moniacal solution of cuprous chloride.

C,H,, _g SERIES OF HYDROCARBONS.

Three hydrocarbons of this series are known :—

Cinnamene . ! ‘ . o ACgEle
Allylbenzene . ; : .« CgH,yy
Phenylbutylene ; . ; o EioHgs

Hydrocarbons bearing to benzene and toluene the same
relation that ethylene bears to ethane are not known.

CinNAMENE, CiHg, 1s produced on passing (@) the vapour
of ethylbenzene through a red-hot tube, CgH;, = CgH; +
H,; (¢) a mixture of benzene vapour with ethylene,
C¢H¢ + C,H, = C3gH; + H,; (¢) a mixture of benzene
vapour with acetylene, CiHg + CyH, = C3Hy; and (@) on
strongly heating acetylene, 4C,H, = CiH,.

2. By treatment of the first product of the action of
bromine on boiling ethylbenzene by potassic hydrate :

CsH,q + Br, = CgH,Br + HBr;
CBH"JBT + KHO = CEHH -+ KBI‘ + OHE;

3. By distilling cinnamic acid with baric hydrate :
CBHEOE - BHHEOE = CEHE -+ BEI.CO:;; + OHE-

Cinnamene is present ready formed in liquid storax, and
may be separated by distilling the balsam with water,
when it passes over with the steam. It is a colourless,
mobile, strongly refracting liquid, boiling at 145°. Cinna-
mene combines directly with chlorine and bromine to form
the additive compounds cinnamene dichloride, CgH,Cl,, and
cinnamene dibromide, C,H4Br,, the analogues of ethylene-
dichloride and dibromide. If heated to 200° in a closed
tule, it is converted into a white transparent resinoidal sub-
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stance, melacinnamene, which liquefies when more strongly
heated, and 1s reconverted into liquid cinnamene, of which
it is undoubtedly a polymeric modification.

ALLYLBENZENE, CoH,, = C;H;.C3H;.—All attempts to
prepare this hydrocarbon by the action of sodium on a
mixture of bromobenzene with allylic iodide have been
unsuccessful. It is obtained by the action of nascent hy-
drogen (sodium amalgam and water) on cinnamic alcohol :
CoH,OH + Hy, = C;H,, + OH.,.

Allylbenzene 1s a colourless liquid boiling at 165°-170°;
it forms with bromine a crystalline dibromide : CgH,Brs,.

Phenylbutylene : C,,H;,. See Naphthalene.

C,H,,_10 SERIES OF HYDROCARBONS.

ACETENYLBENZENE, CgHg, the only known hydrocarbon
of the series, 1s obtained—i1. By the action of an alcoholic
solution of potassic hydrate on cinnamene dibromide :

CgHyBr, +2KHO = CgHg 4+ 2KBr + 20H,.

2. By distilling methylphenylketone with phosphorus
pentachloride and treatment of the resulting compound with
potassic hydrate :

CH,;.CO.C¢H; 4+ PCl; = POCl; + CH,.CCl,.CsH; ;
CH,.CCl,.C¢H; 4+ 2KHO = CH.C.CgH; 4+ 2KCl1 + 20H,.

3. By heating phenylpropiolic acid with water at 120°:
CgHﬁOg — COE + CBHE'

Acetenylbenzene is a colourless, strongly refracting liquid,
of peculiar aromatic odour ; it boils at 139°. It has the
property so characteristic of acetylene and some of its homo-
logues, of precipitating metallic solutions : thus it produces
a yellow precipitate of the composition (CgH;),Cu,, in an
ammoniacal solution of cuprous chloride ; and the compound
C.H;Na is produced with evolution of hydrogen on the
addition of sodium to an ethereal solution of acetenyl-
benzene. This sodium derivative unites readily with car-
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bonic anhydride to form the sodic salt of phenylpropiolic
acid: CgH;Na 4+ CO, = CqH;NaO,. On agitating the
copper derivative suspended in ammonia with oxygen, the
following reaction occurs: (CgH;),Cuy + O = CjH,y +
Cu,0. The new hydrocarbon, diacetenylbenzene, crystal-
lises in long white needles, which melt at ¢7°.

CHei 390 Colen g AND ICoHo - op “SERIES OF
HYDROCARBONS.

Naphthalene, C,\Hg ; Anthracene, C, \H,,’; and Chrysene,
' C,sH;a, which are respectively the representatives of the
:above three series, may be regarded as the successive terms
rof a homologous series, of which benzene, C¢Hg, 1s the first
imember, and in which there is a difference of C,H, between
tthe homologues. In fact, great analogy in chemical be-
'haviour exists between these four bodies, and they also differ
.greatly in chemical behaviour from most other series. Espe-
(cially charactenistic of these hydrocarbons is the property of
‘forming so-called guinones. 'These quinones are invariably
products of oxidation, but whereas in all ordinary cases of
coxidation the reaction consists in the replacement of H, by
(O, as 1n the formation of acetic acid from alcohol, for
¢cexample : C,H,O + 20 = C;H,0, + OH,, in the forma-
ttion of the quinones no less than two units of oxygen are
rmtroduced into the compound for every two units of hydro-
ggen removed, e.g. :
CiH,o + 30 = C,;H0, + OH,.
Anthracene. Anthraquinone.

These quinones are neutral bodies ; they are readily con-
vverted by the action of nascent hydrogen into the correspond-
sing /iydrogquinones, which are the dioxy-derivatives of the
“hydrocarbons from which the quinones are produced, e.g.:
CﬂH.lOE + Hg = CEH-I (OH}Q.
Quinone. Hydroquinone,
Benzene cannot be directly oxidised to the corresponding
K
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quinone, but chlorinated quinones may readily be obtained
directly : thus chlorochromic anhydride, CrO,Cl,, a reagent
which exercises simultaneously an oxidising and a chlori-
nating action, converts benzene into #richloroguinone :

CﬁHﬁ =+ 4CTOQC12 = CEHCIEOE + ECIEOS -+ SHCL

NAPHTHALENE, C,,Hg the primary member of the
C.H;,_ 2 series, is one of the principal by-products in the
manufacture of coal gas. It 1s a constant product of the
- decomposition of many hydrocarbons by a red heat, and it
i1s also formed when a mixture of benzene, cinnamene, o1
anthracene vapour with ethylene gas is passed through a red-
hot tube ; in fact, it 1s generally produced when organic bodses
are distilled out of contact with air at very high temperatures.

The synthesis of naphthalene has recently been effected
in the following manner : a mixture of benzylic chloride
with allylic iodide when acted upon by sodium yields the
hydrocarbon C, H,, (phenylbutylene), thus :

C,H,Cl + C;H,I + Na, = C;¢H,, + NaCl + Nal.

This hydrocarbon combines directly with bromine, and the
resulting dibromide is resolved into naphthalene, hydrogen,
and hydrobromic acid on passing its vapour over quicklime
heated to redness: C,,H,,Bry, = C,(Hs + H, + 2HBr.

Naphthalene crystallises in brilliant white scales ; it melts
at 79° and boils at 2i6°. It possesses a peculiar unpleasant
odour, is insoluble in water, but dissolves readily in alcohol,
ether, fatty and essential oils, and in acetic acid.

Naphthalene closely resembles benzene in chemical be-
haviour. Bromine converts 1t, according to the proportions
used, and to the temperature to which the mixture is heated,
into one or other of the following compounds :

CyoH;Br; C,(HgBr; ; C,oH;Bry; C)oH Bry; C,H;Br;.

By the action of chlorine both substitution-derivatives
and additive compounds are obtained, namely :
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~ (Monochloronaphthalene . . . CyoH;Cl

5§ | Dichloronaphthalene . : : ., CyoHgCly
EE'E'\ Trichloronaphthalene . : - o (CraHCly
=35 | Tetrachloronaphthalene . . . C,H,Cl,
% \Pentachloronaphthalene . : . C,oH3Cls
o2 (Naphthalenetetrachloride . : o G Cly
2 2 { Monochloronaphthalenetetrachloride . C, H,Cl,
< 5 ( Dichloronaphthalenetetrachloride . C;oHgCl;

By the action of chlorine in presence of antimonic chloride
it is finally converted into octochloronaphthalene, C,,Cls.

Nitric acid converts naphthalene into nitronaphthalene,
C,,H;NO,, and by continued treatment into di-, tri-, and
finally tetranitronaphthalene; of these latter several isomeric
modifications are produced simultaneously.

Treated with chromic anhydride in acetic acid solution, it
1s oxidised to naphthoquinone :

CioHs + 30 = C,(HO, + OH,.

On oxidation with potassic dichromate and sulphuric acid,
it yields dinaphtiyl: 2C,(Hg + O = Cy;0H,y + OH, ;
and at the same time phthalic acid is formed : C,,Hg + 9O
= C3H:O, + 2CO, + OH,.

An isomeride of dinaphthyl, of higher melting-point, is
obtained on passing naphthalene vapour through a tube
heated to bnght redness : 2C,;H, = C;0H;q + H,;
dinaphthyl melts at 154°, isodinaphthyl at 204°.

Naphthalene dissolves readily in warm concentrated sul-
phuric acid with formation of two isomeric (a and f3)
naphthalenesulphonic acids :

ClﬂHg =z HESD.; = C|{}HT-HSO:] + OHE-

Naphthalene combines directly with hypochlorous acid:
CH}HE + ECIOH — CIUHBCIE(OH)E.;

the product being acted upon by alkalies thus :
CioH Cl,(OH), + 2KOH = C,H,(OH), + 2KClL

K 2
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Only two homologues of naphthalene are known : methyl-
naphthalene, C,\H,, = C, H;.CH,, and ethylnaphthalene,
CioH,s = C, H,;.CsH;, obtained respectively by the action
of sodium on mixtures of bromonaphthalene with iodome-
thane, or 1odethane. The former boils at 231° the latter
at 251° ; both are liquid even at —14°; they are entirely
decomposed on oxidation, and do not seem capable of
furnishing any well-characterised derivatives.

ANTHRACENE, C,,H,, the primary member of the
C,H,, .5 series of hydrocarbons, has lately attained to
great importance, owing to its forming the starting-point for
the artificial production of a/zzarin, the colouring matter
contained in madder root (Rubia tinctorum), one of the most
valuable dyeing materials with which we are acquainted.

Anthracene 1s obtained on the large scale from the portion
of the solid product of the distillation of coal-tar which
passes over at about 340°-400°. It may be produced arti-
ficially—r1. By heating benzylic chloride with water to 200°,
together with the hydrocarbon benzyltoluene, C,,H ,:

4C,H,Cl = C, H,, + C, H\4 + 4HCL

2. By the action of heat on various hydrocarbons, or
mixtures of hydrocarbons: thus benzyltoluene is resolved
into anthracene and hydrogen when passed through a red-
hot tube ; and some anthracene i1s obtained when toluene
vapour 1s similarly treated, its production being doubtless
preceded by that of benzyltoluene. A mixture of benzene
vapour with ethylene also yields anthracene when passed
through a red-hot tube.

3. By heating alizarin with zinc-dust, the necessary hy-
drogen being probably furnished by the entire decomposition
of a portion of the alizarin :

C,,HsO4 + Hy + 4Zn = C H,, + 4Zn0.

4. A number of other vegetable products, such as cry-
sophanic acid—C, HQ,, aloin, frangulic acd—C,H,,Op,
&c., also yield anthracene on distillation with zinc-dust.
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Anthracene forms dazzling white four- or six-sided tables,
which exhibit a magnificent violet fluorescence ; it melts at
213° and boils at about 360°. By prolonged exposure to
sunlight it undergoes a remarkable physical alteration, being
converted into so-called parant/iracene, which melts at 244°
and differs in many respects from ordinary anthracene, but
is reconverted into anthracene on fusion. :

Anthracene combines with nascent hydrogen (from sodium
amalgam and alcohol), forming anthracene dihydride, and
if heated with hydriodic acid and phosphorus to 200°—220°,
it is converted into anthracene hexhydride, C,,H,,. Ata
red heat the latter is resolved into anthracene and hydrogen.

The products of the action of bromine on anthracene are
di-, tri-, and tetrabromanthracene, and dibromanthracene-
tetrabromide, C,;HgBr,.

Anthracene is readily oxidised to anthraquinone by tne
action of nitric acid, or of a mixture of potassic dichromate
with sulphunc acid: C,,H,4 + 30 = C;;H,0, + OH..

Anthraquinone 1s also obtained by oxidising dichlor- or
dibromanthracene : C,;H;Cl, + O, = C,;H;0, + Cl,.

Anthraquinone 1s readily converted by the action of
bromine into dibromanthraquinone ; if this body be carefully
fused with potassic hydrate, the mass assumes a violet colour,
and then contains the potassium derivative of alizarin (dioxy-
anthraquinone) ; thus:

Cy,HgBr,0, + 2KHO = C,,H,0,(0K), + 2KBr + 20H,.

On the addition of an acid to the aqueous solution of the
fused mass, the crude alizarin is thrown down as a yellow
precipitate, and may be obtained pure by carefully subliming
the dry precipitate, in the form of beautiful red prisms,
Alizarin dissolves readily in alkalies or alkaline carbonates
forming deep purple-coloured solutions, which are decolor-
1sed by acids, owing to the precipitation of the alizarin.

A more economical method of preparing alizarin is the fol-
lowing :—Dichloranthracene, prepared by acting on anthracene
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with chlorine, is gently heated with an excess of concentrated
sulphuric acid, whereby it is converted into dickloranthracese-
disulphonic acid:

C H,Cly, + 2H,50, = C, H,CL(HSO,); + 20H,.

By the action of oxidising agents, or by heating with strong
sulphuric acid, this acid is readily converted into antkraguinone-
disulphonic acid:

C, HLCL(HSO,), +0,=C, H,0,(HS0,), + CL.

C,.H,CL,(HSO,),+H,S0,=C, H,0,(HSO,), + 2HCl + SO,

Finally, by heating this acid (or one of its salts) with potassic
hydrate, at a temperature of about 180° it is resolved into the
potassium derivative of alizarin and potassic sulphite :

C, H,0,(HSO,), + 6KHO = C, ,H,0,(0K), + 2K,SO, + 40H..

By heating anthracene with nitric acid, anthraquinone is
first formed, but 1s converted, on further heating, into dini-
troanthraquinone.  This body has the property of com-
bining with all the solid hydrocarbons present in coal-tar,
forming crystalline compounds, which are readily decom-
posed by alkalies ; thus it unites with anthracene to form the
compound C,4H,(,C Hg(NO,),0,.

Coal-tar oil also contains an isomeride of anthracene termed
plenanthrene, which closely resembles anthracene in appear-
ance, but melts at 100° and boils at 340° and 1s further
characterised and distinguished from anthracene by its
behaviour on oxidation, whereby it is first converted into
the quinone, C;;H3O,, isomeric with anthraquinone, which,
on further oxidation, yields a dibasic acid of the formula
C,4H,0, (diphenic acid). Anthraquinone cannot be further
oxidised. On distillation over soda-lime, heated to redness,
phenanthraquinone yields diphenyl, C,,H,,, thus:

C:(Hg0; + 4NaOH = C,,H,; + 2Na,CO; + H,,

whilst anthraquinone, when similarly treated, yields benzene :
C,.H:.0, + 4NaOH = 2C¢H¢ + 2Na,CO;.
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Phenanthrene forms with bromine a crystalline dibromide—
C,:H,Br..

A second i1someride of anthracene has been obtained
by the following remarkable reaction. It is found that
on treating an alcoholic solution of anthracene with nitric
acid, two isomeric mononitroanthracenes are produced; one
of these is red in colour, and 1s converted by the action
of nascent hydrogen into a hydrocarbon of the same com-
position as anthracene, but perfectly distinct properties, and
melting at 247°.! With bromine it forms a crystalline com-
pound, CygH,4Br; = 2C,,H,, 4+ 2Br, — HBr.

A fourth hydrocarbon, Z/ane, 1someric with anthracene, is
also known (p. 138).

The only known homologue of anthracene, dimethyl-
anthracene, C,;sH,;, has been produced by a reaction
analogous to that whereby anthracene is obtained from
benzylic chloride, namely, by heating xylylic chloride (the
first product of the action of chlorine on boiling xylene) with
water 1n closed tubes at 210°:

4CsHCl = C;4H 4 + Cy¢H,ys + 4HCL

The hydrocarbon C,¢H, 1s resolved by a red heat into
hydrogen and dimethylanthracene. Dimethylanthracene is
a crystalline substance, closely resembling anthracene.

CHrYSENE, C,3H,,, the only known hydrocarbon of the
C,H;,_, series, has been isolated from among the solid
products of the distillation of coal. It crystallises in small
yellow scales, which melt at 245°-248°, and is converted on
oxidation into chrysoquinone, C,;H,,0,.

C.Hs,_ 14 SERIES OF HYDROCARBONS.
The following hydrocarbons of this series are known :—

! The quinone of this hydrocarbon crystallises in red needles, which
melt at 235%, whereas the isomeric anthraquinone crystallises in pale
yellow needles which melt at 273°. Phenanthraquinone crystallises in
orange-yellow needles, and melts at about 200°,
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Melting-point.  Boiling-point.

Diphenyl C.H, 60° 240°
Acenaphthene C,2H,, 95° 268°
Diphenylmethane CisHia 26°g 261°
a-Ditolyl r21°

{3-Ditolyl C.Hy, liquid

Dibenzyl 52° 284°
Benzyltoluene liquid 277°
Benzylethylbenzene liquid 294°
Benzylmetaxylene }r CysHyg  lhqud 295°
Benzylparaxylene liquid 294°

Excepting acenaphthene all these act as saturated com-
pounds, yielding substitution-derivatives when acted upon by
bromine, nitric acid, &c., and not forming additive com-
pounds.

Dreuenvr, C,H,, = C;H,;.C;H,, is produced—i1. By
passing benzene vapour through a red-hot tube » 2C;H,; =
CioH,y + H,. 2. By the action of sodium on monobromo-
benzene : 2C{H Br + Na, = zNaBr 4+ C,,H,,. Diphenyl
crystallises in beautiful white iridescent nacreous scales which
melt at 70° ; it 1s converted into benzoic acid on oxidation.

Ditoryr, C, H,, = CH;.C;H,.C;H,.CH;.—The two
1someric modifications are obtained by the action of sodium
on the two isomeric monobromotoluenes (p. 125), the a-modi-
fication being formed from the crystalline bromotoluene.

DisENzYL, Ci Hiy = CsH,.CH,;.CH,.C;H,, metamené¢
with ditolyl, is prepared by acting upon benzylic chlonde
with sodium.

DI1PHENYLMETHANE (Bensylbenzene), CeH;.CHy.CgH; =
C,;H,,.—Benzylic chloride has but slight action on benzene
at temperatures below 100° but if finely divided zinc or
copper be added, and the mixture gently heated, reaction
takes place readily, hydrochloric acid is evolved, and
diphenylmethane is formed, together with products of higher
boiling-point not yet examined. The reaction which occurs
may be formulated thus: C¢Hg + C;H;Cl = HCl + C,3H,,.
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Tt is difficult to account for the influence exercised by the
metal, inasmuch as little metallic chloride is formed, the
greater part of the hydrochloric acid being evolved as such ;
it appears simply to impart the first impetus to change, since
if the reaction be once started, the metal may be removed
by filtration, or otherwise, without affecting the progress of
the reaction or hindering its completion (Zincke),

Diphenylmethane is also obtained by the action of sul-
phuric acid on a mixture of benzene with benzylic alcohol
or formic aldehyde ;!

CﬁHE + C5H5-CH2(OH) == CHE(CEH5}2 + OHE-
2CsHs + CH,0 = CHy(CgH;), + OH,.

The homologues of diphenylmethane—benzyltoluene,?ben-
zylethylbenzene, benzylmeta- and paraxylene—are similarly
produced by the action of benzylic chloride on toluene,
ethylbenzene, metaxylene and paraxylene in presence of zinc.

Diphenylmethane is converted on oxidation into the
ketone, denzophenone : |

CEH5+CHE-CEH5 -+ 02 — CEH5.CO.CEH5 + OHE_;
the homologous benzyltoluene yields mefhylbenzophenone :
CEHﬁ.CHE.CEHd.CH3-+ 02=C5H5.CO,CEHJ.CH3 "I" OHE,

which on further oxidation yields denzoylbenzoic acid :
C¢H,;.CO.C;H.CH;3+30=C¢H,.CO.C¢H,.CO,H + OH,.

AceNAPHTENE, C,,H,,.—This hydrocarbon is contained

! The various methods of obtaining diphenylmethane (and its homo-
logues) afford most striking examples of the fact that a reaction possible
between two bodies often does not take place until a third is introduced
having a tendency to combine with, or be acted upon by, one of the
products of that reaction. Thus no change occurs when benzene and
benzylic alcohol are mixed until sulphuric is added, which then induces
reaction apparently in virtue of the tendency which it has to enter into
combination with water—a product of the reaction.

* The benzyltoluene thus formed is a mixture of two isomerides.
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in heavy coal-tar oils, and separates from the portion boiling
between 270°-300° in large transparent prisms which melt at
95° In chemical behaviour it differs entirely from the other
members of the series. Thus it unites directly with bromine
to form a crystalline hexbromide, C,,H,,Bry ; it also com-
bines with trinitrophenol forming the compound C,,H,,,
C¢H3(NO,);0, which crystallises in orange-yellow needles.

Acenaphtene 1s formed on passing naphthalene vapour
and ethylene gas through a heated porcelain tube: C,,Hgq
+ C,H, = C,,H,, + H,. Also by strongly heating ethyl-
naphthalene, C,,H,, = C,,H,, + H, ; or by the action of
potassic hydrate on the first product of the action of bromine
at 180° on ethylnaphthalene :

CIEHIE + BTE = C]éHllBT o} HBI';
CLEH“BI + KHO = ClﬂHlﬂ + KBr + OHE'

These reactions show that acenaphthene bears somewhat
the same relation to ethylnaphthalene that cinnamene bears
to ethylbenzene, or ethylene to ethane. On oxidation it is
converted into naphthalic acid: C,,H;O4 = C,,H;z(COsH),,
which on distillation with lime yields naphthalene :

C]nHﬁ(COEH)g -+ Cal) = CI{JHB + CﬂCOg

C,H,,_ 16 SERIES OF HYDROCARBONS.

STILBENE or Zoluyene, C,,H,,, the only known member of
the series, is produced on passing the vapour of dibenzyl
through a red-hot tube, C, H,, = C,;H,, + H,.

Stilbene crystallises in colourless plates which melt above
100° and boil at 292°. It combines directly with bromine,
forming stilbene dibromide, C,,H,;,Br,, which 1s converted
into tolane, C,H,,, by the action of potassic hydrate :

C|4H12Br2 -+ 2KHO = CI-iHlﬂ' == 2K Br -+ EOHE.

Tolane crystallises in prisms which melt at 60° ; it combines
with bromine to form a crystalline dibromide, C,;H,,Br,.
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Stilbene vapour passed through a red-hot tube is partly
resolved into phenanthrene and hydrogen.

C,H,,_ 59 SERIES OF HYDROCARBONS.

Two hydrocarbons of the composition C,¢H;, namely
diacetenylbenzene (p. 129) and pyrene, are known. They
are chiefly remarkable on account of the very large pro-
portion of carbon which they contain, viz. 95 per cent.
Pyrene has been isolated from among the solid hydrocarbons
contained in coal-tar oil ; it crystallises in colourless plates,
much resembling anthracene, which melt at 142° It
forms a highly characteristic compound with trinitrophenol,
crystallising in red needles. In chemical behaviour pyrene
approximates closely to anthracene and chrysene, and 1is
converted into pyroquinone, C,;H;O,, on oxidation.

The third hydrocarbon of the series, diphenylbenzene,
CsH,(CgHj;)s, 1s one of the products obtained on passing
benzene vapour through red-hot tubes. It is a white
crystalline substance melting at 205°; on oxidation it yields
phenylbenzoic acild — CgH ;. .C4H,(CO,H), which on further
oxidation 1s converted into Zerephthalic acid—CgH (CO,H ).

The remaining member of the series, Zriphenylmethane,
CH(C4H;),, 1s formed on heating a mixture of benzylene
-chloride—CHCI,.C4H ;—with mercury phenyl—Hg(C:H;),
—in closed tubes to 150° It is a white crystalline body
melting at 9z-5°.

Cann_ 32 SERIES.

TETRAPHENYLETHYLENE, Co(C¢H;),, the representative of
this series, has been obtained by heating the product of the
action of phosphorus pentachloride on benzophenone—di-
phenylketone—with finely divided silver :

(C¢H;),CO 4+ PCl; = (CgH;),CCl, + POCI, ;
2(CsH;),CCl; + 4Ag = (CeH;)Ca + 4AgCl.

It 1s crystalline and melts at about 220°,



140 Organic Chemistry.

General Review of the Hydrocarbons.—Careful considera-
tion of the properties and general chemical behaviour of the
members of the various isologous series of hydrocarbons will
have shown that certain of the series may be grouped together
as possessing properties in common which mark them as
derivatives of a single parent series,

The three series denoted by the general formule C,H,, .,
-C.H,, and C H,, o, form the first group : the two latter are
obtained from the former by similar operations, and the
amount of chlorine or bromine, or other elements, with which
‘they unite directly is equivalent to the amount of hydrogen
removed in their formation from the paraffins; in fact, they
are raised again to compounds of the type of the parent
series, the paraffins. Thus acetylene, for example, is
ultimately converted by the action of chlorine into tetra-
chlorethane, a substitution-derivative of the paraffin ethane.
From the mono-haloid substitution-derivatives of these three
series the halogen may be removed and replaced by an
equivalent quantity of other elements, or groups of elements
(so-called compound radicles), with comparative facility by
double decomposition. Apparently but few, if any, of the
hydrocarbons of these series are convertible into z:#ro-deriva-
tives by the direct action of nitric acid, and they are not
converted into sw/plonic acids by the action of sulphuric acid.

As to the fourth or C,.H,,_, senes, if regard only be
had to the first term (Quintone), obtained synthetically, it
also may be grouped together with the C,H,,, 5, C,H,,
and C,H,,_. series, since quintone combines readily with
bromine to form the substituted paraffin, C;HgzBrg. Decone,
however, and the natural terpenes differ very considerably
in chemical behaviour, and cannot, moreover, be raised to
compounds of the paraffin or C,Ho, + 5 type. But 1t must be
remembered that our knowledge of the chemical behaviour
of the C,H,, o CuHan and C,Hy,_, series is almost con-
fined to the lower terms ; little 1s known of the terms con-
. taining 8, 9, 10, and more units of carbon, especially in
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the case of the two latter series, and the question therefore
presents itself whether as the series is ascended the proper-
ties do not become considerably modified, and whether the
members cf the C,H,,_, series containing ten or more
units of carbon, derived directly from the corresponding
paraffins by the removal of hydrogen by chemical means
would not differ in behaviour from the lower terms which we
know, and would not in this respect more closely resemble,
if they are not actually identical with, the natural terpenes, &c,

The terpenes, although by composition intermediate
between the C,H,, ¢ and C,H,, _, series of hydrocarbons,
are in some respects more nearly related to the former : they
combine with at the most four units of monad elements,
being two less than might be expected were they derived
immediately from the C,H,, o series, but exactly the pro-
portion required on the assumption that they are derived
from the C,H,, _, series—the members of which combine
with six units of monad elements—by the addition of two
units of hydrogen. On the other hand, the members of the
terpene series combine very readily with bromine, hydro-
chloric acid, &c., and in this respect resemble the ethylene
and acetylene series, and moreover do. not yield nitro-
derivatives or sulphonic acids. The terpenes are especially
characterised by their extreme alterability and the peculiar
action which many of them exercise on polarised light.

The fifth, C,H,, _, (benzene or aromatic) series, forms,
after the paraffins, the second great or parent series of hydro-
carbons, and with it are associated the C,H,,_g and
C.H., _,, series, which bear to it somewhat the same relation
as that which exists between the paraffin and the ethylene
and acetylene series. The C ,H,,_, series is particularly
characterised by the tendency which all its members exhibit,
although they are by composition eminently unsaturated
compounds, preferably to form substitution-derivatives, only
yielding additive compounds under peculiar conditions, and
then only combining at the most with such a proportion of
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monad elements as to become compounds of the C,H,, type
(benzene, for example, combines slowly with bromine under
the influence of sunlight to form CzH4Brg). It should be
mentioned, moreover, that from none of the terms excepting
benzene have additive compounds with other elements than
hydrogen been obtained. The formation of nitro-derivatives
and sulphonic acids from the C,H,, _ ¢ hydrocarbons by the
direct action of nitric and sulphuric acids respectively is also
characteristic, and serves to distinguish them from all the
foregoing series, though not from those containing propor-
tionately less hydrogen. Their haloid derivatives—those
obtained from toluene and its homologues by the action of
chlorine or bromine at the boiling-points of the hydrocarbons
excepted—are highly stable compounds from which the
halogen can only be removed with difficulty ; the splitting
off of haloid acid by the action of potassic hydrate is never
observed, and they are even able entirely to withstand the
operation of fusing with potassic hydrate.

The discovery of dipropargyl, the isomeride of benzene,
lends support to the view that a series of hydrocarbons
1someric with the aromatic hydrocarbons, but of higher
energy and consequently more closely allied to the C,Hjy,
and C,H,, _, series in chemical behaviour may exist.

The hydrocarbons of the C ,H,, gand C,H,,_,, series
are so related to those of the C,H,, _, series that they unite
with bromine, &ec., to form additive compounds of the
C,H,,_ ¢ type, which appear to be incapable of further
uniting with bromine, &c., and act as saturated compounds
yielding substitution-derivatives, &c. These additive com-
pounds differ, however, from those got from benzene, and
those got from its homologues by the action of the halogens
in the cold or in presence of iodine, inasmuch as the halogen
may be removed from them without any great difficulty.

Naphthalene, anthracene, and chrysene may be regarded
as representatives of the third, fourth, and fifth parent series,
and doubtless ere long Subsidiary series will be discovered
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related to these in the same way as are the C,H,, and
C.H,,_ . series to the paraffins and the C,H,, 4 and
C.H,,_ o series to the benzene series. It will have been
observed that each of these series 1s more or less character-
ised by special properties, and it is especially noticeable
that all the series from the naphthalene series upwards
combine, if they form additive compounds at all, with much
less bromine, &c., than will convert them into bodies of the
C.Hsn 4 o type.

Peculiar to several of these series (naphthalene, anthracene,
chrysene, pyrene, &c.) is that when oxidised under certain
conditions they yield quinones, which are bodies formed by
the removal of two units of hydrogen and its replacement
by twice the equivalent amount, or two units, of oxygen
~ Less interest attaches at the moment to the hydrocarbons
isologous with the benzene series, simply by reason of the
fact that, until recently, they have shared the attention of
chemists to a far less extent. It may be expected, however,
that in the course of the next few years a rich harvest of
results will be reaped by their investigation.

CHAPTER VI
ALCOHOLS,

By virtue of their modes of formation, the alcohols may be
regarded as a class of bodies derived from the hydrocarbons
by the substitution of hydrogen in the latter by the monad
radicle hydroxyl, (OH). They may be termed monolydric,
dihydric, trilydric, &c., according to the number of units of
hydrogen thus supposed replaced in the parent hydrocarbon.

C.H;,,,.OH, OR ETHYLIC SERIES OF MONOHYDRIC ALCOHOLS.

The alcohols of this series are derivatives of the paraffins ;
the following terms are known :—
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Methylic alcohol . g , . CH,;.0H
Ethylic P } : : . C,H;.0H
Propylic ,, : . CsH,.OH
Tetrylic or butylic aicc-hol : G H . OH
Pentylic or amylic % : . C;H,,.0H
Hexylic alcohol - : : . CeH . OH
Heptylic ,, ; : ; . C;H,;.0H
Octylic 5 : A : . CeH,4».OH
Nonylic 0 . . ; . CoH,,.0H
Cetylic & - L . . CieHssOH -
Cerotic 5 ; . . . Co-H .. OH
Melissic  ,, . . . . C30Hg.OH

The i1someric alcohols of the series, of which a consider-
able number exist, are divisible into the three groups of
primary, secondary, and fertiary alcohols. Each of these
groups is especially characterised and distinguished from the
others by the behaviour on oxidation ; moreover the boiling
points of the primary alcohols are always higher than those
of the corresponding secondary, and the boiling points of
the latter higher than those of the corresponding tertiary
alcohols.

A systematic descriptive nomenclature for these alcohols
has been proposed by Professor Kolbe, who applies to them
the generic name of carbinols. 'The first term, methylic
alcohol, is called cardinol, and the homologous alcohols are
regarded as derived from it by the replacement of hydrogen
by monad radicles of the form C,H,,,,; thus ethylic
alcohol 1s methylcarbinol—CH ,.CH,.OH, propyiic alcohol
is ethylcarbinol — C,H,;.CH,OH, &c. Those alcohols
which, by reason of their modes of formation, may be re-
garded as derived from carbinol by the substitution of only
one unit of hydrogen in 1t, by a monad group of the form
C,H,, ., are termed primary alcohols ; if the replacement
occur twice, a secondary alcohol is produced ; finally, if all
three units of hydrogen in carbinol are replaced by three
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such groups, a tertiary alcohol results. The three classes
»f monohydric alcohols of the ethylic series may thus be
represented by the following general expressions :

CH,.OH.
Carbinol.
CHE(CnHﬂni-l}‘ OH 3 CH{CnHﬂn+1) EOH ) C(CHHED+I) 3 OH.
Primary Carbinol. Secondary Carbinol. Tertiary Carbinol.

GENERAL METHODS OF FORMATION OF THE ALCOHOLS
ofF THE C,H,, , ,.OH SERIES.

. Normal Primary Alcokols, C(C,Hs, +)Ho.OH.—1. The
normal primary paraffins are converted by the action of chlo-
rine into monochlorinated derivatives ; the monochlorinated
paraffins thus produced are acted upon by argentic or potassic
acetate, and the ethereal salts so formed then saponified by

potassic hydrate, whereby the required alcohols and potassic
acetate are produced :

Cann.i.g S C12 - CnHEn+ |C]. + H‘Cl;
CaHogn +1Cl + AgCoH30 = C Hy, 4 1.CoH305 + AgCl
CnHEn—i— I.'CEHEOE + KHO _ CnH2n+ IOH + KCEHHOE'

It is to be remembered, however, that two isomeric mono-
chlorinated paraffins are usually produced simultaneously
by the action of chlorine on a normal primary paraffin
(p- 85). Only one of these—that of higher boiling-point—
yields a normal primary alcohol ; that of lower boiling-point
yields a normal secondary alcohol.

2. The action of nascent hydrogen (sodium amalgam)
on the normal primary aldehydes of the acetic series :

CEHEII-F l.COH + HE —_— Cann,!_ I-CHE.OH..

This method affords the means of ascending the series of
normal primary alcohols. Thus methylic alcohol may be ob-
tained from formic aldehyde: HCOH + H,=CH,OH, and
may then be converted into iodomethane, CH,I, by the action
of hydriodic acid, from which, by the action of potassic «

L
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.j.:yanide, cyanomethane, CH,.CN, is obtained. Cyanomethane
1s converted by digestion with sodic hydrate into sodic acetate:

CH,.CN + NaOH + OH, = CH,.CO,Na + NH,,

which on distillation with sodic formate yields acetic aldehyde:
CH,CO,Na + HCO,Na = CH,.COH + Na,CO,.

Finally, by the action of nascent hydrogen on acetic aldehyde,
ethylic alcohol is obtained : CH,.COH + H,=CH,.CH,.OH.
In like manner, ethylic alcohol may be converted into primary
propylic alcohol, and this again into primary butylic alcohol, &c.

3. The action of nascent hydrogen on the anhydrides of
the normal primary acids of the acetic series :

6.1, 1.CO

CH GO0 + 4Hy = 2C,Hy 4, CHyOH + OH,.

Isoprimary Alcohols.—These are isomeric with the nor-
mal-primary alcohols, than which they invariably possess
lower boiling-points. They are produced by the action of
nascent hydrogen on the isoprimary aldehydes of the
C,H,,;,COH series. Several are gbtained as by-products
in the manufacture of ordinary alcohol by fermentation.

Normal Secondary Alcokols, C(C,Hgny,)sH.OH.—These
are prepared by the action of nascent hydrogen on the
normal primary ketones of the form CO(C,Hggny1)s:

CO(C.Hgny1): + He = C(C.Hgn4) . H.OH.

The ketones isomeric with the normal primary ketones
yield isosecondary alcohols. Normal secondary alcohols

are also formed from the normal primary paraffins (p. 145).

Tertiary Alcohols, C(C,Hg,yy )3 OH.—These are obtained
by the action of the zinc organo-metallic compounds on the
acid chlorides of the form C,H,,,,.COCI, the product being
allowed to stand some time and then treated with water. A
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series of reactions occur, the first of which appears to consist
in the formation of a ketone, thus:

CuH2n+1CDC1 == zn(cnl_:[gn.{-l)z == CD(CEH?n+l)2 =
ZnClC Hq. 15

which then unites with a further portion of the zinc compound:

CO(CHHEJ:L-H)E T zn(CnHﬂn+I. )2 5= C(CDH2n+I}3(OannH2n+l}i

and in the last stage the compound thus formed is converted
by the water into a tertiary alcohol, a paraffin, and zincic
hydrate :

C(CuHou41)3(0ZnC Hy,4y) + 20H, = C(CyHgny4)3.OH
+ CoHyyys + Zn(OH),.

According to the nature of the zinc compound and of the acic
chloride, either normal or iso-tertiary alcohols are obtained.

Other general methods of preparing alcohols of the
C,Ha,1.OH series, but which sometimes give rise to the
formation of primary, sometimes to the formation of $econd-
ary or tertiary alcohols, are the following :—

1. The action of nascent hydrogen on the chlorinated
alcohols formed by the direct union of the olefines with
hypochlorous acid :

C.H,. + CIOH = C,H,,Cl.OH;
C,H,,CLOH + H, = C,H,..,.0H + HCL

2. The action of water on the products of the direct union
of the olefines with concentrated sulphuric acid :

CnH‘Zn + H2504 —_ CI‘IHE:I-]-I'HSO“;
CDH2n+[.H804 + OHE = CuHEﬂ.i-l*OH <+ HQSO.-P

3. The action of potassic or argentic acetate on the
moniodo-paraffins obtained by the union of the olefines with
hydriodic acid, and subsequent saponification of the ethereal
salts thus formed by potassic hydrate.

A
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4. The decomposition of the nitrites of the amine bases
by application of heat to their slightly acidulated solutions :

CoHon 1 NH3(NO,) = C,Hyppy-OH + N, + OH,.

GENERAL PROPERTIES OF THE ALCOHOLS OF THE
' C.Hgpy1.OH SERIES.

The first nine members of the series are colourless liquids

at ordinary temperatures ;! methylic, ethylic, and propylic
alcohols are extremely mobile fluids, soluble in water in all
proportions, but the higher members are more or less oily,
the viscidity increasing, and the solubility in water rapidly
decreasing as the series is ascended ; the specific gravity
also increases as the alcohols become more complex. They
all possess more or less characteristic odours. '
- Behaviour on Oxidation.—Primary Alcokols.—The oxida-
tion of the primary alcohols occurs at two stages: at the first,
an aldehyde is produced, which on further oxidation is con-
verted into an acid of the acetic series containing Zke same
number of units of carbon as the alcohol oxidised :

C,H,.;,.CH,;0OH + O = C,H,,,,.COH + OH,.

Primary alcohol. Aldehyde.
C.Hgn41-COH + O = C,H,,,,.CO,H.
Aldehyde. Acid.

In most cases also a portion of the acid reacts at the
moment of formation on the alcohol under oxidation, to
form an ethereal salt (a so-called compound ether), thus :

CDHEn_!..].COgH + CDHEH—FI*OH — OH? -[-
Acid. Alcohol.

CnH2u+l'C02{CnHEn+I)-

Ethereal salt.

The primary alcohols therefore may furnish three distinct

! Trimethylcarbinol, and a few other tertiary alcohols are crystalline
solids.
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products on oxidation ; the relative proportions in which
these are obtained depends entirely on the conditions of
experiment : on the temperature, on the nature of the
oxidiser employed, on the amount of water present, and
also probably on the nature of the alcohol.

Secondary Alcohols.—Secondary alcohols are invariably
converted into ketones, and by the continued action of the
oxidiser, these latter are resolved into one or more acids of
the acetic series, containing fewer units of carbon than the
alcohol oxidised (see ketones) :

C(C,Hjp41):H.OH-+ O = OH; + CO(C,Hyy4y)s-

Secondary alcohol. Ketone.
CO(CnH2n+I)2 =+ 03 - CuH2n+l‘COEH T CnHEnOE-
Ketone. Acid. Acid.

Tertiary Alcokols.—A number of these are resolved on
oxidation into a ketone and an acid of the acetic series :

C(CuHﬂn+l)3'OH + 03 — CD(CnHEn+1)2 i CnHEnOE*

Tertiary alcohol. Ketone, Acid.

This is in all probability the normal reaction, although
the formation of a ketone as first product has not been
demonstrated in all cases ; but that this should have some-
times escaped obgervation 1s not surprising, since the ketones
are themselves readily oxidised. The sole products ob-
tained from certain of the tertiary alcohols have been, in
fact, a mixture of acids of the acetic series (compare p. 216).

The three classes of 1someric alcohols are therefore readily |
distinguished by the behaviour on oxidation, for whilst the !
primary alcohols yield an aldehyde, and (as final product)
an acid containing the same number of units of carbon as
the parent alcohol, the secondary alcohols yield a ketone
containing the same number of units of carbon as the
alcohol oxidised, which is resolved, on further oxidation, into
an acid (or mixture of acids) containing fewer units of
carbon than itself, and the tertiary alcohols either furnish
a ketone plus an acid, or a mixture of acids, of the acetic series,
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Other Reactions of the Alcokols of the C,H,,,,.OH Series.—
They are readily attacked by potassium or sodium with
evolution of hydrogen and formation of metallic derivatives :

2C.Ho, 1. OH 4+ Na, = 2C,H,,;,.ONa 4+ H.,.

These bodies are decomposed by water: the alcohol is
reproduced, and a metallic hydrate is formed :

CnH2n+1-0Na + OHE — CHHEH+I'OH + NHHO-

2. They react with nearly all the oxacids to form ethereal
salts (compound ethers), e.g. : ‘

Cqun+1-0H -+ HNO3 = C11H2n+]-N03 + OHE.

3. By the action of various dehydrating agents, such as
zincic chloride, sulphuric acid, &c., at moderate tempe-
ratures on these alcohols, the elements of water are with-
drawn, and the corresponding olefines obtained :

CnH2n+l'OH = OHE T CDHEn'

4. They are invariably converted by the action of the
haloid acids, or of the haloid phosphorus compounds, into
mono-haloid derivatives of the corresponding paraffins :

CnH2u+1*OH + HI = ICuI_IE‘lHlI o OHE
S0°H.. . ,OH 4 PBr, — 3C.He, {Br -+ PH;O,
CUF. . . OF + PCl,—C,H,. .+ Cl.L PO, ECl.
SCLE- . .OH <+ POCl; — 30, Hy:,CF 3 BH0,

5. On distilling them with phosphoric pentasulphide, the
corresponding thio-alcohols (mercaptans) are produced :

SCEH2n+]'OH i g P?SS = SCDHEE+I'SH £ PEOE‘

MEeTHYLIC ALCOHOL 07 CARBINOL (Wood or Pyroxylic
Spirit), CH,0 = CH; OH.—No isomeric modifications of
this, the first member of the series, are known. It has been
prepared by the first and second general methods from
methane and formic aldehyde, and by the following special
methods.
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1. Hydrocyanic acid is converted by the action of nascent
hydrogen into methylamine :

v HCN + EHE —_— HEC-H-JN,

and the nitrite of this base is decomposed by boiling its
acidulated aqueous solution :

CHa.H3N(NOE) —_ CHa-OH + Ng + OHE.

2. By saponification of wintergreen oil (the essential oil
of Gauwltheria procumbens) with potassic hydrate:

Methylic salicylate. Potassic salicylate.
CH,(OH).CO,CH; + KHO = CH,(OH).CO.,K +
CH,.OH.

The chief source of methylic alcohol, however, is crude
wood vinegar, the watery liquid obtained by destructive
distillation of wood. Hence the name wood or pyroxylic
spirtt, which 1s often applied to this alcohol.

The watery liquid is distilled, and the more volatile portion
which first passes over is collected apart ; this distillate is
neutralised with slaked lime, the clear liquid is separated from
the excess of lime, and from the oil which floats on its surface,
and {s redistilled, and the product several times rectified over
quicklime, at the heat of the water-bath. @ Pure alcohol is
obtained from this comparatively crude product, by dissolving
calcic chloride in it, with which it unites to form a crystalline
compound, CaCl,,2CH,0. After pouring off any oily liquid
from the solid cake which forms, the latter is heated for some
time on the water-bath, in a current of carbonic anhydride, or is
strongly pressed between folds of bibulous paper ; finally, water
1s added (which decomposes the compound CaCl,, 2CH,O) and
the alcohol distilled off ; if necessary, this is again converted
into the solid compound, &c. The aqueous alcohol thus obtained
15 rendered anhydrous by rectifying, first over quick lime, and
then over dehydrated cupric sulphate. The pure alcohol may
also be obtained by converting the crude alcohol into methylic
oxalate, C,0,(CH,),, a solid substance which is readily purified



152 Organic Chemistry.

by recrystallisation, by distilling a mixture of equal parts of the
alcohol, sulphuric acid and oxalic acid ; the purified oxalate is
then decomposed by water, the alcohol distilled off, &c.

Pure methylic alcohol closely resembles ordinary or ethylic
alcohol in odour and taste, but the crude aicohol has an
extremely offensive smell and taste. It possesses all the
solvent properties of ordinary alcohol, and is therefore
largely substituted for it in various industrial processes.
It boils at about 66°.

Methylated spirit is a mixture of go per cent. ethylic alcohol
(sp. gr. about ‘83) with 10 per cent. partially purified wood spirit ;
this mixture may be employed for the greater number of purposes
for which alcohol is ordinarily used, at the same time it cannot
be separated into its constituents by distillation, and it is ren-
dered quite unfit for consumption by the small admixture of
impure wood spirit, in consequence of which it is allowed by the
legislature to pass duty free.

EtHyLIC ALCOHOL, 0# METHYLCARBINOL (Aleokol, Spirit
of Wine): C;H;O=C,H;.OH=CH,;.CH,.OH.—JIsomerides
of this alcohol are also unknown. It has been prepared by
the general methods from ethane, acetic aldehyde, and acetic
anhydride, and by the four additional methods referred to on
pp- 147-148. The greatest interest attaches to the formation
of alcohol from ethylene, since ethylene maybe prepared from
acetylene, which 1s the only known hydrocarbon that can be
obtained by the direct union of its elements. The synthesis is
effected by combining the ethylene with sulphuric acid, and
subsequently distilling the product—hydric ethylic sulphate,
sulphovinic acid—with water :

CEHJ + H2804 B CEH&.HSO{_;
C,H, HSO, + OH, = C,H;.OH + H,SO0,.

The combination of ethylene with sulphuric acid takes place
very slowly, it is therefore necessary to enclose the former,
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together with a sufficiency of thé latter, in a capacious glass flask,
and to agitate violently for a considerable time.

On the large scale alcohol is always prepared by the fer-
mentation of sugar, When a solution of cane-sugar, or
grape-sugar (glucose—C¢H,,0;) 1s mixed with beer yeast, a
peculiar change, technically called fermentation, is induced,
whereby the glucose is resolved into alcohol and carbonic
anhydride : C4H,,04 = 2C0O; + 2C,H¢O. Cane-sugar is
first converted into glucose by the assumption of water:
- C,,H,.,0,, + OH,; = 2CH,,04

The spirit first obtained by distilling a fermented saccharine
liquid 1s still largely diluted with water ; by redistilling and
collecting apart the first portions which pass over, a stronger
spirit may be obtained, but, practically, one containing less than
13 or 14 per cent. of water is never prepared by rectification
alone. Reclified spirit of wine of commerce (sp. gr. ‘835) has
about this strength; proof spirit has a specific gravity of ‘9198
at 15°5° C, (60° F.), and contains 494 per cent. of real alcohol.
Pure or absolute alcohol may be obtained from spirit of wine by
allowing it to remain for some days in contact with freshly
burnt lime, and then distilling it off by the heat of a water-bath ;
or the dehydration may be more rapidly effected by digesting the
spirit, at its boiling-point, with the lime, in a retort connected
with a condenser to prevent volatilisation and loss of alcohol.

Pure alcohol is a colourless, highly mobile liquid of pungent
and agreeable taste and odour ; it has a specific gravity of
7938 at 15°5° C. Itis very inflammable and burns with a
pale-bluish, scarcely luminous, smokeless flame. Alcohol
boils at 78°'4 under a pressure of 760 mm. of mercury ; it
has never yet been frozen, hence its employment in the manu-
facture of thermometers to indicate very low temperatures.
It 1s an extremely hygroscopic substance, attracting moisture
with great avidity ; it is miscible with water in all proportions,
and 1n the act of dilution heat is evolved, and contraction of
volume occurs.
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ﬂf. very careful series of determinations of the specific gravity, at
various temperatures, of solutions containing known quantities
of alcohol and water, both by volume and by weight, have been
made, and from these tables have been constructed, which are
to be found in all the larger works on chemistry. In practice,
the percentage of alcohol in a given aqueous solution is always
thus ascertained by determining its specific gravity at a known
temperature, and then referring to such a table of strengths.
Hydrometers are also constructed with scales marking directly
the percentage of alcohol by volume, and sometimes also by
weight, of the spirit in which they are immersed. Such instru-
‘ments are known as alcokolometers. '

Alcohol enters into combination with certain salts to form
crystalline compounds termed a/cokolates, which are salts
containing alcohol in the place of water of crystallisation.
Such are the following :

ZHCIE,ECEH{;D; CECIE,L}CEHEO; Mg{NOE)E,'ﬁCgHEO. 3

These alcoholates are decomposed by water.

Potassium and sodium dissolve in alcohol with evolu-
tion of hydrogen : 2C,H;,OH + Na, = 2C,H; ONa + H,.
By employing an excess of alcohol, sodic ethylate may be
obtained crystallised combined with alcohol in the propor-
tions indicated by the formula, C;H;.ONa,3C,H;O.

On oxidation alcohol 1s converted into aldehyde, CoH,O,
and finally into acetic acid, C,H0O,.

Chlorine is rapidly absorbed by anhydrous alcohol with
considerable evolution of heat ; the chief end-product is
chloral alcohotate, but a number of intermediate and also of
secondary products are obtained, the formation of which

may be traced as follows :—

By the first action of the chlorine, a portion of the alcohol is
converted into al/defiyde, and probably this conversion occurs at
two stages, as represented by the following equations :

1)CH,.CH,.OH + Cl, = CH,CH,.0Cl + HC],
2)CH,.CH,.OCl = CH,COH + HCL
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The aldehyde thus formed unites, partially at least, with a
further portion of alcohol, forming acetal :

CH,.COH +2C,H,.OH = CH,CH(OC,H,),,

which by the continued action of the chlorine is successively
converted into mono-, di-, and frichloracetal :
CH,.CH(OC,H,), + 3Cl, =CCl;.CH(OC,H,). + 3HCL
Acetal. Trichloracetal.
Finally, the latter is acted upon by the hydrochloric acid
cgenerated in the previous reactions, (or in part perhaps by water)
and converted into chloral alcoholate and monochlorethane :

CCl,.CH(OC,H,), + HCl= CCl,.CH.0H.OC,H, + C,H,CL

Simultaneously with these occur the following reactions.
The hydrochloric acid which results from the first action of the
chlorine on the alcohol partially converts the latter into mono-
chlorethane : C;H,.OH + HC1=C,H,Cl + OH,, and this at the
moment of formation combines with a portion of the aldehyde
produced, and yields monochlorinated ethylic ether :

CH,.COH + C,H,Cl=CH,CHCLOC,H,,

which, by the continued action of the chlorine, is ultimately con-
verted into tetrachlorinated ether, CCl,.CCL.OC,H, The pro-
duct of the action of chlorine on alcohol also contains some
chloral hydrate, CCl,.CH(OH),, formed either by the action of
hydrochloric acid or water (or more probably of both) on the
chloral alcoholate, or by the action of water [which is itself
produced in the reaction] on the tetrachlorinated ether.

The secondary products consist mainly of chlorinated deriva-
tives of monochlorethane, C,H,.CL

The product obtained in the preparation of chloral hydrate
by the action of chlorine on alcohol containing more or less
water, is therefore extremely complex, but since chloral alco-
holate and tetrachlorinated ether are readily resolved into
chloral and alcohol, or chloral and monochlorethane, by the
action of concentrated sulphuric acid, pure chloral hydrate is
readily obtained by first thus separating the chloral, and sub-
sequently converting it into the hydrate by mixing it with
water. It is necessary at first to cool the alcohol, but after-
wards the action must be assisted by the application of heat,
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ProryrLic ALconoL CzH,;.OH.—Two isomeric modifica-
tions of this alcohol are known, distinguished as normal
propylic alecohol or ethylcarbinol, C,Hy;CH,.OH, and iso-
propylic aleohol or dimethylecarbinol, C(CH,);H.OH. The
former of these is a primary and the latter a secondary alcohol.

Normal propylic alcokol has been isolated from the mixture
of alcohols produced on fermentation of various kinds of
grain, and it is especially abundant in the spint obtained on
distillation of cider. It has been synthesised by all the
general methods mentioned on PP- 145- —146.

It 1s converted into propionic aldehyde and pmpmmc
acid on oxidation :

C,H,.CH,.OH + O, = OH, + C,H;.COH ;
C,H,.COH + O = C,H,.CO,H

Isopropylic aleokol is also produced, it is said, on fermenta-
tion of grain. It is obtained from acetone by the action of
nascent hydrogen : CO(CHj;), + H; = C(CH,),H.OH ;
from propylene, C3Hg, by combining it with sulphuric acid
and distilling the resulting compound with water :

C,H; + H,S0, = C;H, HSO,

and by the action of nascent hydrogen on dicklorkydrin, a
product of the action of hydrochloric acid on glycerin :

C(CH,.OH),H.OH + 2HCl = C(CH,Cl);H.OH + 20H,;
C(CH,Cl),H.OH + 2H, = C(CH;),H.OH + 2HCL

Isopropylic alcohol is converted into acetone on oxidation:
C(CH,),H.OH + O = CO(CH;); + OH,,

which by the' continued action of the oxidiser is resolved
into acetic acid, carbonic anhydride, and water :

CO(CH:;)E -+ 202 = CHEICOEH + COE + OHE.
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Isopropylic alcohol forms with water several hydrates of
considerable stability ; it is impossible, for instance, to dehy-
drate it with anhydrous cupric sulphate, one of the most powerful
desiccating agents at the chemist’s disposal. One of these
hydrates, 2C,H,O,0H,, has the same percentage composition
and very nearly the same boiling-point as ethylic alcohol,

Relation of Propylic to Isopropylic Alcokol.—On the one
hand the primary alcohol is convertible into propylene,
C,H, from which, it has been shown, isopropylic alcohol is
obtainable ; on the other the (-lodopropane formed on
treating 1sopropylic alcohol with hydriodic acid is converted
into propane by the action of nascent hydrogen, and this
propane may be changed by the first general method (p. 145)
into normal propylic alcohol.

TETRYLIC 0 ButyLic ArcoHoL, C;H, OH.—Four iso-
meric modifications of this alcohol exist, namely :—
Normal primary butylic alcohol, B.-P.

Propylcarbinol CH, CH,.CH,.CH,(OH) 116°

Iso-primary butylic alcohol.

Isopropylcarbinol CH(CH,),.CH,(OH) 109°

-Secnndar}r butylic aleohol
Methylethylcarbinol C(CH,)(C,H;).CH,(OH) g9°

Tertiary butylic alcohol.

Trimethylcarbinol C(CHj),(OH) . . 82°%¢

The normal primary alcohol has been obtained by the
three general methods (pp. 145-146). It yields normal
butyric acid on oxidation : '

C,H;.CH,(OH) + 0, = C,H,.CO(0H) + OH,,.

Isoprimary butylic alcohol is present in considerable quan-
tity in the fermentation-product of sugar-beet molasses, from
which it may be isolated by careful fractional distillation.
It 1s converted into isobutyric acid on oxidation :

CH(CH,),.CH,(OH) + O, = CH(CHj,),.CO(OH).
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Secondary butylic alcohol has been obtained by saponi-
lying the acetate formed from the iodotetrane which is pro-
duced by distilling ery#/irite with hydriodic acid :

C,H4(O0H), + 7HI = C,H,I + 40H, + 3L,.
C,ngI + AgCgHEOE = C4H9.C2HEOQ - ﬂgI.
C-IHQ*CEHEOE + KHD —_— CiHB'OH + KCHHEOE'

On oxidation it is converted into methylethylketone, which
on continued oxidation yields acetic acid :

C(CH,)(C,H;)H.OH + O = CO(CH,)(C,H;) + OH;;
CO(CHH){CEHE) + 03 = 2C2H402.

Tertiary butylic alcohol is prepared by slowly adding
acetic chloride to well-cooled zincic methide, and adding
water to the product affer it has stood several days. The
first action evidently takes place in two stages, thus :

CH,COCl + Zn(CH,);, = CO(CH,); + ZnCH,CI],
CO(CHj); + Zn(CH;), = C(CH;)3(0ZnCHy) ;

since if the water be added immediately the whole of the
chloride is introduced, acetone alone is obtained. The
subsequent action of water 1s represented by the equation :

C(CH,),(0ZnCH,) + 20H, = C(CH,),,OH + CH, +
Zn(HO),.

The oxidation-products of trimethylcarbinol are Zsebutyric,
acetic, and formic acid, acetone, isobutylene, carbonic
anhydride, and water.

The primary reaction doubtless consists in the formation of
acetone and formic acid :

C(CH,),.OH + O,=CO(CH,), + CH,0, + OH,,

The former is rapidly further oxidised to acetic acid, &c., and
the latter to carbonic anhydride and water. The isobutylene is
the product of a secondary reaction, wherehy the alcohol is
resolved into isobutylene and water: C,H,,OH = OH, + C,Hg,
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and which is probably the result of the dehydrating action ex-
ercised by the sulphuric acid employed in the oxidising mixture.
It is difficult to account satisfactorily for the formation of iso-
butyric acid ; it must be regarded as the product of an isomeric

change which cannot at present be traced.

Relations of the Isomeric Butylic Alcokols.

1. If normal primary butylic alcofwl be converted into
butylamine, C,H,.H,N, and the nitrite of this base be de-
composed by boiling its acidulated aqueous solution, iso-
primary butylic alcokol 1s obtained.

2. By a repetition of this process on the alcohol thus
formed, it is converted into Zertiary butylic alcokol.

3. a-Iodotetrane obtained by the action of hydriodic
acid on wmormal butylic alcokol yields on treatment with an
alcoholic solution of potassic hydrate, a butylene which com-
bines readily with hydriodic acid, but the product (y-iodo-
tetrane)! is 1someric with the iodotetrane used at starting,
being convertible by the ordinary method into secondary
butylic alcohol.

4. Isoprimary butylic alcohol may be converted into the
tertiary alcohol by a variety of methods ; thus, for example,
the -lodotetrane obtained from it by the action of hydriodic
acid ylelds a butylene on treatment with an alcoholic
solution of potassic hydrate which combines readily with
concentrated sulphuric acid and with hydriodic acid ; if the
product with sulphuric acid be distilled with water, or if the
product with hydriodic acid be caused to act upon argentic
acetate, and the resulting acetate be saponified by potassic.
hydrate, tertiary butylic alcohol results.

5. The butylene obtained by heating tertiary butylic
alcohol with hydriodic acid, and decomposing the resulting
¢-lodotetrane by potassic hydrate, combines directly with

! a-Todotetrane boils at 129°'5; B iodotetrane at 122°‘5; ¢-iodo-
tetrane at 116°-120° ; 3-iodotetrane at g8°-gg°,
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hypochlorous acid ; the resulting monochlorinated butylic
alcohol 1s converted into isoprimary butylic alcohol by the
action of nascent hydrogen.

PeNTVYLIC, 0 AMYLIC ALcOoHOL, C;H,;.OH.—We are at
present acquainted with six isomeric modifications of this
alcohol, four of which are obtained by purely svnthetic
methods, and are comparatively little known.

Isoprimary amylic alcokol or isobutylcarbinol is the chief
constituent of the fusel oil! obtained in the manufacture
of spirit by fermentation of grain and potatoes. Ordinary
fusel oil, however, contains two i1someric modifications,
which scarcely differ (if at all) in chemical properties, but
are distinguished by their behaviour towards polarised light,
the one having no action, the other rotating the ray con-
siderably to the left. The boiling-points of these two alcohols
differ by at most 2° that of the inactive being 129°-130°,
that of the active about 128°.

They are separated by acting upon the mixture with con-
centrated sulphuric acid, and converting the hydric amylic sul-
phates produced (C,H,,.OH + H,SO,=C,H,,.HSO, + OH,) into
baric salts. The baric salt of the product from the active alcohol
being about 2} times more soluble in water than the correspond-
ing inactive derivative, the mixed salts may be separated by
repeated recrystallisation, and the pure alcohols then obtained
bv distilling the pure baric salts with dilute sulphuric acid, &c. :

(CsH,,S0,),Ba +20H,=2C;H,,.0OH + BaSO, + H,SO,.
It is said that the active alcohol becomes optically inactive

when repeatedly distilled over sodic hydrate.
Both modifications yield a zaleric acid on oxidation :

C‘ng.CHg(OH) "l"' 02 —_ C*HQ.CO(OH) + OHE'

The acid from the inactive alcohol is optically inactive;
that from the active alcohol is strongly dextrorotary. The |,

1 Fusel oil is the portion, of higher boiling-point than ethylic alcohel,
separated from the crude product of fermentation by distillation.
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two acids are further distinguished by the fact that the
former yields a crystalline baric salt, whereas the baric salt
prepared from the active acid cannot be obtained in the
crystalline condition.

The inactive alcohol 1s undoubtedly correctly represented
by the formula CH(CH,),.CH,.CH,(OH), since the valeric
acid which it yields on oxidation may be obtamned from
isopropylcarbinol (see valeric acid). The nature of the *
active alcohol has not yet been established.

Cetylic Alcokol, C H, . OH ; Cerolic or Cerylic Alcohol,
C,.H,..OH : and Melissic Alcohol, CiHg,.OH, which are re-
spectively obtained by saponifying spermaceti (cetylic palmi-
tate), Chinese-wax (cerylic cerotate), and myricin (melissic
palmitate)—the portion of common bees’-wax insoluble in boiling
alcohol, are white crystalline substances. They exchange.(OH)
for Cl when acted upon by PCl, and yield the corresponding
acids of the C,H,, + ,.CO,H series on oxidation; on distillation

they are partially resolved into water and the corresponding
olefine.

C.H,, ;.OH, OR VINYLIC SERIES OF MONOHYDRIC
ALCOHOLS.

The alcohols of this series bear the same relation to the
olefines that the alcohols of the ethylic series bear to the
paraffins. Two only are known : vinylic alcohol, C,H,;. OH,
and allylic alcohol, C;H;.OH.

VinvLic ArcoHoL is said to be produced by combining
acetylene with sulphuric acid, and distilling the product
with water. We are not acquainted with its properties.

Arrvric Arconor, C;H;.OH = CH,.CH.CH,(OH).—
FPreparation.—1. From allylic iodide, C,H;I, the product of
the action of phosphorus iodide on glycerin (see glycerin).

The iodide is converted into allylic oxalate, (C,H,),C,O,, by
acting upon it with argentic oxalate, Ag,C,0,, and the oxalate
decomposed by ammonia, whereby allylic alcohol and oxamide
are produced : (C,H,),C,0,+2NH,=2C,;H,.OH + C,0,N,H .

M
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2. By heating glycerin with oxalic acid. In the first place
the oxalic acid, H,C,O,, is resolved on heating into carbonic
anhydride and formic acid ; the latter then reacts on the
glycerin to produce monoformin :

C&H&(OH)s + HCOEH — OHE + C3H5(DH)2(O.HCO},

_ which, on further heating, splits up into water, carbonic
anhydride, and allylic alcohol:

C;H,(OH),(0.HCO) = OH, + €O, + C,H,.OH.

The mixture of four parts of glycerin and one part of oxalic
acid is heated in a retort provided with a thermometer and
connected with a condenser, the receiver being changed when
the temperature rises to 195°, and the distillation continued
from that point to 260°. When ordinary commercial oxalic acid
is employed, a small quantity (about one per cent.) of ammonic
chloride is added.  The distillate, a mixture of aqueous allylic
alcohol and other products, is rectified, digested with potassic
hydrate, distilled, dried over potassic carbonate, again digested
with potassic hydrate, redistilled, and freed from the last traces
of water by rectification over anhydrous baryta. A fair yield of
the alcohol is obtained by this method.

Allylic alcohol is a colourless liquid of sharp, irritating
odour, miscible in all proportions with water ; sp. gr. ‘8709
at o°; boiling-point g6°. It is not affected by nascent hy-
drogen (from sodium amalgam and water), but yields normal
propylic alcohol, together with oxidation-products, when
heated to 150° with potassic hydrate. On oxidation, allylic
alcohol yields acrolein, Co,H,.COH, formic acid, and carbonic
anhydride. It exchanges (OH) for Cl, Br, I, &c.,' when
acted upon by the haloid acids, or haloid phosphorus
compounds, and reacts with sulphuric acid to form hydric

1 The haloid derivatives so produced unite directly with the halogens
and haloid acids te form haloid substitution-derivatives of the paraffin

propans,
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allylic sulphate, C;H;.HSO,, thus resembling tne alcohols
of the ethylic series, from which it differs, however, in that
it combines directly with chlorine and bromine, &c., to form
such compounds as CyH,Cl;(OH),C;H;Bry(OH), from
which allylic alcohol is again obtained on submitting them
to the action of nascent hydrogen.

Mustard and Gariic Oils.—Black mustard seed contains the
potassic salt of an acid termed myronic acid, which is decom-
posed when the bruised seed is macerated for some hours with
water, and on distilling the water an oil passes over with it.
The volatile oil thus obtained has the composition of allylic sul-
phocyanate, C,H,(NCS). Garlic, on the other hand, contains an
offensive smelling oil of the composition of allylic sulphide,
(C,H,),S. The substances of this composition prepared by the
following synthetic reactions from allylic iodide :

C,H,I + KNCS=KI + C;H,(NCS)
2C . H,I + K;S = 2KI + (C,H,),5

are found identical in every respect with the natural products.

C.Hyn 3. OH SERIES OF MONOHYDRIC ALCOHOLS.

Only one member of this series, Propargylic alcohol,
C,H;3(OH), is known. It has been obtained by the action
of potassic hydrate on monobromallylic alcohol :

C;H,Br.OH + KHO = C;H;.OH + KBr + OH..

Monobromallylic alcohol is obtained by the following series
of reactions :—Allylic tribromide, C,H,Br,, the product of the
union of allylic bromide with bromine, is converted into dibro-
moglycid, C,H,Br,, by the action of potassic hydrate; this
compound on treatment with potassic acetate is readily con-
verted into monobromallylic acetate, C,;H ,Br.C,H,0,, which
yields monobromallylic alcohol and potassic acetate on saponi-
fication by potassic hydrate.

Propargylic alcohol is a colourless mobile liquid, of
M 2
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pleasant odour, specific gravity ‘9628 at 21°; boiling-point
_Im‘“—x 15° It produces a white precipitate, CgH,Ag(OH),
In an ammoniacal solution of argentic nitrate, and a yellowish
precipitate, (C3H, OH),Cu,, in an ammoniacal solution of
cuprous chloride ; it combines directly with bromine and
hydrobromic acid.

C.H,, ;. OH SERIES OF ALCOHOLS.

Probably some of the oxidised oils of the composition
C,oH,;0, which occur together with terpenes in various
plants, are members of this series.

C,H,,_»OH SERIES OF MONOHYDRIC ALCOHOLS.
PHENOLS AND ALCOHOLS OF THE BENZYLIC SERIES.

These alcohols are the derivatives of the hydrocarbons of
the C,H,,_g series. It has been pointed out already that
these hydrocarbons act in the majority of cases as saturated
compounds ; the alcohols derived from them exhibit this
behaviour, however, in a still more pronounced degree, in
fact, they invariably give rise to the formation of substitution-
derivatives, and never form additive compounds.

The most important and best investigated (first) member
of the series 1s Phenol, which is the alcohol of benzene :

Benzene, C.H, ; Phenol, C;H;.OH.

No isomerides of phenol are known, but three isomeric
modifications of the next term, Cresol, C;H,;OH, exist,
besides the metameric benzylic alewhol, which bears the same
relation to the isomeric cresols that the monochlorinated
compound formed by the action of chlorine on boiling
toluene bears to the isomeric compounds obtained when
the action of chlorine on toluene takes place in the cold
or in presence of iodine. Hence two, classes of alcohols are
to be distinguished in this series :—1. The phenols, repre-
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sented by the general formula, CiH;_n(OH)(C,Hony1)m;

and 2. The alcohols of the densylic series, represented by
1

the general formula CﬁHﬁ_m{g-_‘:'%;E?ﬁj-

General Methods of Formation.—The phenols cannot be
obtained from the corresponding mono-haloid substitution-
derivatives of the C,H,, ¢ hydrocarbons, since potassic
hydrate, argentic acetate, &c., are without action on these
derivatives. The following are the two general methods
usually employed in their preparation. 1. The hydrocarbon
of the C,H.,, ; series, corresponding to the phenol required,
is converted by the action of concentrated sulphuric acid
into the monosulphonic acid, and the potassic salt of this
product 1s fused with potassic hydrate :

CﬁHﬁ_m(CnHﬂnﬂ)m + H,50, = OHE -+
C.ﬁHﬁ+m(HSOE){CnH2n+])m 3

CEHS_m(KSDS)(CnH2n+l}m =+ KHO = KESOE St
CeH:_n(OH)YC Hapsi e

2. The hydrocarbon of the C,H,,_g series, corresponding
to the phenol required, is converted info the mononitro-
derivative by the action of nitric acid (a) ; this 1s reduced
by nascent hydrogen to the amido-dervative (¢), and an alco-

! These expressions are employed in order to include the formation
of these alcohols from all the hydrocarbons of the benzene series, In
the first term_of the phenol series the value of n and m in the expression
CeH; _m(0H)(CoH,p 4 1)m 15 zero ; the highest possible value of m is
doubtless 5, the limits within which n may vary cannot yet be determined,
but it is to be borne in mind that in phenols derived from hydrocarbons
formed by the introduction of several C,H,, 4 , groups in place of hydro-
gen in benzene, n may have the same or a different value in each of the
groups, as in the case of Xylenol (Dimethylphenol), C4H,4(CH,),.OH,

and Thymol (Methylpropylphenol), C,H (OH) {Ef%i‘ , the highest
akly

known term of the series, respectively. The same may be said of the
alcohols of the benzylic series, in which, however, the lowest value of n
in the C,H,_,(oH) group is 1 ; m in the first term equals zero.
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holic solution of a salt (usually the nitrate) of this derivative
1s then acted upon by nitrous acid (¢) ; the diazo-salt produced
1s converted into the corresponding sulphate by treatment
with sulphuric acid ; and finally this salt is decomposed by
boiling with water (<) :

(@) (CiHgny1)uCsHg_m + HNC; = OH, +
(CaHon41)uCsHs _n(NOs) ;

(‘&} (CuHini-l}mCGH&—m(NOE) T SHE = EOHE =
(CDHEH-F l)mCﬁHa_m(NHﬂ} I

(¢) (CaHgp41)uCsHs_n(NHNO,)» + HNO, = 20H, +
(CnHﬂn+ l)mCEH-ﬁ —m(N-ENOE}E 3

':d) (CnHEn+l)mCﬁHE—m{NE'HSO.g) + 0OH; = H.50; +
Ny + (CaHon 4 1)nCeHs _m(OH).

The alcohols of the benzylic series are obtained by the
following methods :—1. By saponifying the acetates formed
by the action of potassic acetate on the mono-haloid deriva-
tives of the hydrocarbons of the benzene series, prepared by
the action of chlorine on the boiling hydrocarbons :

CilL . o C.H,.Cl
CeHi | (GHo ), + Co=HCL+ CﬁHﬁ—m{(Cthﬂ) '

Cu.H,,(OH)
i, . GHn(OF)
CE 2 (CI'IHEI:-I-])'III
2. By the action of an alcoholic solution of potassic
hydrate on the corresponding aldehydes, together with the
corresponding acid of the benzoic series :

1 Nitrate of amido-derivative. % Nitrate of diazo-derivative.
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C.H.,(COH)
CEH& 1 { (CnH2n+ l)’m
Aldehyde.

C.H(COOK)..

CEHﬁ_m{(CnH2u+l)m d

Potassic salt of acid.

(C,H,,(COH) & C,H,.(CH,.0H)
CﬁHﬁ._m 1l. (CnHEn+ l)m } + HE#CEH&_m{(CnHEH*F I)Iu*

}+ KHO=— H -+

Primary alcohols alone are obtained by this method.
3. By the action of nascent hydrogen on the ketones of
th'E form CnHEn—TCO(CDHED-i- l) :

CHHEH_?CO(C,|H2n+ 1:] o H2 —_— CDHED—TC(CEHEE+ 1‘!HOH-

By this method secondary alcohols are obtained.

PHENOL (Oxybenzene, Carbolic Acd), C;H,.OH, is ob-
tained by the above general methods, also by distilling the
three isomeric oxybenzoic acids, either alone or mixed with
powdered glass, or caustic lime :

CEH_;(OH)-COEH — COE -+ CEH5.OH.

The chief source of phenol is coal-tar, from which it is
prepared by submitting the coal-tar oil to distillation, and
collecting apart the portion which distils over between 150°
and 200°. This 1s mixed with a solution of sodic hydrate,
the solution separated from the undissolved portion, decom-
posed by hydrochloric acid, and the o1l thus obtained placed
in contact with calcic chloride to render it anhydrous, and
then purified by fractional distillation. It is then exposed to
a low temperature, and the crystals which form are drained
from the mother liquor, and again distilled.

Phenol crystallises at ordinary temperatures in long
colourless needles, which melt at 34°-35° and boil at 184°.
It is sparingly soluble in water, but dissolves readily in
alcohol, ether, and acetic acid. It has a peculiar, not un-
pleasant odour, and acts as a powerful caustic when applied
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to the skin. By far the most valuable property of phenol is
that of preventing putrefaction, and of preserving animal
substances from decomposition ; it even removes the fetid
odour from meat and other substances already in a state of
decomposition, hence it is largely employed as a disinfectant.

Phenol is scarcely altered by passing through a red-hot
tube. It yields benzene when distilled over heated zinc-
dust: CsHO 4+ Zn = Zn0O + C H,.

Phenol dissolves in sulphuric acid with evolution of heat
and production of two isomeric monosulphonic acids of the
formula C¢H,(OH).SO;H (phenolmeta- and phenolpara-
sulphonic acid), which are converted by the continued action
of the acid into one and the same phenoldisulphonic acid,
Ce¢H3. OH(SO3H),. On fusion of the potassic salts of these
two 1someric phenolmonosulphonic acids with potassic hy-
drate, two 1someric dioxybenzenes are produced :

C¢H,(OH)(SO,K) + KHO = C4H,(OH), + K,SO0,.

Chlorine acts readily upon phenol, and finally converts it
into pentachlorophenol, C;Cl;,OH. The first product is a
mixture of two 1someric monochloraphenols ; the second is also
a mixture of two dichlorophenols ; the third product appears
to consist of a single #rickiorophenol. Bromine exerts a pre-
cisely similar action. Iodophenols have been prepared by
the action of iodine on phenol in presence of iodic acid or
mercuric oxide. Three 1someric moniodophenols have thus
been obtained, which are distinguished by the prefixes para-,
meta-, and ortho- ; these exhibit different physical properties,
and are especially characterised by their behaviour on fusion
with potassic hydrate (p. 176).

Nitric acid acts violently upon phenol ; the first product
is a mixture of two isomeric mononitrophenols, one of which
is insnluble in water, extremely volatile in a current of steam,
yellow in colour, has a peculiar aromatic odour, and melts
at 42°, whilst the other 1s soluble in water, and crystallises
in long white inodorous needles melting at 112°% The
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latter of these is converted into «-dinitrophenol melting at
114° on further nitration ; the former, when similarly treated,
also yields «-dinitrophenol, but together with an isomeric (/3)
dinitrophenol melting at 69°, The final product of the action
of nitric acid on phenol is trinitrophenol, CgH,(NO),OH,
(picric acid), of which no isomeric modifications are known.

Phenol is converted by potassic hydrate into a metallic
derivative C;H;.OK, but it does not decompose potassic
carbonate. The above nitro-derivatives, however, have far
more pronounced acid properties ; they readily decompose
the metallic carbonates, and yield a series of crystalline yel-
low or red metallic dervatives, such as C4H,(NO,).0OK, &c.

Trintrophenol has the property of forming erystalline
compounds with hydrocarbons such as benzene, naphthalene,
anthracene, &c.

Phenol and its homologues are not attacked by the haloid
acids, except perhaps when heated therewith under pressure
at relatively very high temperatures (200°~300°). The haloid
phosphorus compounds acting upon phenol and its homo-
logues convert them mnto the corresponding mono-haloid de-
nvatives of the C H,, _; series of hydrocarbons.

Phenol exhibits a peculiar behaviour on exidation with
chromic acid, whereby it is converted into plenoguinone.
Probably the first oxidation-product is Aydroguinone .

CEH;,-GH o 0 + OHQ = Cﬁ,H.t(OH}E -+ OHE,

the phenoguinone being the product of the simultaneous
oxidation of this hydroquinone and phenol ; thus:
CeHy(OH), + 2C;H;.OH + 0, = 20H, +
CoH,(0.0CH,)s.

CresoL (Cresylic Acid), C.H..OH = CsH,(CH,).OH.—
The three known modifications are distinguished by the .
vrefixes para-, meta-, and ortho-. Para- and orthocresol are
respectively obtained by fusing the pure potassic salts of the
two 1someric sulphonic acids produced on heating toluene
with sulphuric acid with potassic hydrate. Paracresal is
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also obtained from crystalline nitrotoluene (p. 125) by the
second general method of preparation. Metacresol has
been produced by heating thymol, C,;¢H,,O (a crystalline
phenol which exists in the volatile oils of thyme and horse-
mint), with phosphoric anhydride, when propylene and cresol-
. phosphoric acid are produced ; the latter yields metacresol
and potassic phosphate on fusion with potassic hydrate.
Coal-tar oil contains paracresol and (probably) orthocresol.

Paracresol 1s a solid crystalline body at ordinary tempera-
tures, which boils at 198°-200°; it yields potassic paroxy-
benzoate, C4H (OH).CO,K, on fusion with potassic hydrate.

Metacresol is liquid and boils between 195°-200°; oxi-
dised by fusion with potassic hydrate, it yields potassic
metoxybenzoate,

Orthocresol is also liquid, but boils at about 189°; potassic
salicylate (orthoxybenzoate), isomeric with potassic met- and
par-oxybenzoates, is formed from it on oxidation by fusion
with potassic hydrate.

Heated with sulphuric acid the three isomeric cresols
yield three isomeric cresolsulphonic acids :

C.H,.OH + SO,H, = C,H (OH)SO,H) + OH,.

BenzvLic Arconor, CgH; CH,.(OH), metameric with
cresol, is produced simultaneously with potassic benzoate by
the action of an alcoholiz solution of potassic hydrate on
benzoic aldehyde :

C¢H, COH 4+ KHO = C;H;.CO,K + H,;
C¢H;.COH+H, = C4H;.CH,(OH).

Also by saponification of benzylic acetate, prepared by
heating benzylic chloride (p. 119) with potassic acetate. It
is a colourless, strongly refracting, oily liquid, which bolils
at 206°. On treatment with nitric acid 1t i1s oxidised to
benzoic aldehyde, C;H,COH. Hydrochloric acid converts
it readily into benzylic chloride, C¢H;.CH,Cl. Concen-
trated sulphuric acid converts it into a resin-like substance.

It is thus evident that there is an enormous difference in
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chemical behaviour between benzylic alcohol, which in all
respects is a compound analogous to the alcohols of the
ethylic series, and the corresponding phenol, cresol. A pre-
cisely similar relation obtains between the homologues of
the phenols and of benzylic alcohol.

Summary.—The phenols differ, it will have been observed,
from the alcohols of the preceding series in somewhat the
same way that the hydrocarbons of the C H,,_g series, ex-
cepting dipropargyl, differ from those of the isologous series
richer in hydrogen. They are formed by special methods,
behave as saturated compounds, are pecularly stable, and
vield well-characterised substitution-derivatives when acted
upon by chlorine, nitric acid, &c., whereas the alcohols of the
preceding (and benzylic) series do not yield such derivatives
under similar conditions ; the phenols behave differently on
oxidation, they are not acted upon by the haloid acids, and,
finally, they are especially characterised by yielding sulphonic
acids when acted upon by sulphuric acid, which are con-
vertible into dihydric alcohols (dioxy-derivatives of the
C,H,,_s hydrocarbons) by fusion with potassic hydrate,
whereas the isologous monohydric alcohols, proportionately
richer in hydrogen, yleld acid ethereal salts when similarly
treated, which readily undergo reconversion into the alcohol
and sulphuric acid, even when heated with water.

C.H,, oOH SERIES OF MONOHYDRIC ALCOHOLS.

Only two alcohols of this series are known.

CinNamic ArcoHor, CoH,OH = C(C¢H;)H.CH.CH,
(OH), is obtained by heating styracin, CoH,0,.CoH, (a
constituent of liquid storax and Peru balsam), with potassic
hydrate solution. Cinnamic alcohol crystallises in silky
needles, which melt at 33° ; on oxidation it is converted into
cinnamic aldehyde, CqH,O ; it forms with bromine a dibro-
_mi'dr:t CyHgBry.OH ; and by the action of nascent hydrogen
it 1s in part converted into allylbenzene, in part converted
into phenylpropylic alcohol, C(C4H;)H,.CH,.CH,(OH).
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CHOLESTERIN, C,;H,;.OH, is a crystalline substance
present In various parts of the animal system, in biliary cal-
culi, and in the fat extracted from the fleece of sheep. On
treatment with PCI; it yields cholesterylic chloride, C,H ,,Cl;
on oxidation by chromic acid it is converted in oxycholic
E.Cid, CEEHWOE.

'C,H,,_3:OH SERIES OF MONOHYDRIC ALCOHOLS.

a- and -naphtiol, C,,H,. OH, two crystalline compounds
which are In every respect analogues of the phenols, ob-
tained by fusing the potassic salts of a- and [3-naphthalene-
sulphonic acids with potassic hydrate, are the only known
alcohols of the series.

C.H,,(OH), SERIES OF DIHYDRIC ALCOHOLS. GLYCOLS.

The glycols bear the same relation to the monohydric
alcohols of the series C,H,,,,.OH that the dichlorinated
paraffins bear to the monochlorinated paraffins ; in other
words, they may be regarded as the #-kydroxy! derivatives
of the parafiins. The following have been obtained, but our
knowledge of most of them is extremely imperfect :—

Isoprimary, Second-
Primary. ary, or Tertiary.

B.-P. B.-P.

Ethylene glycol C,H,(OH), 197°5 -
Propylene ,, (2 mods.) CzHg(OH), 208°-218° 188°-189°

Tetrylene or butylene

glycol C;Hg4(OH), — 183°-184"
Pentylene or amylene

glycol C;Hyo(OH), — & i
Hexylene glycol C¢H,,(OH), — 207°
Octylene ,, C;H,;((OH);, — 235°-240°

Our experience of the chemical behaviour of these com-
pounds is chiefly derived from the study of the first member
of the series, to which the simple name of géyco/ 1s apphed.
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In most text-books attention is drawn to the fact that the differ-
ence between the boiling-points of the successive terms of this
series appears to be in a contrary direction to that observed in
other homologous series, i.e., that the lower members have higher
boiling-points than the more complex terms of the series. At
present slight weight attaches to this observation, however, since
the known glycols are not strictly homologous; in other words,
they do not all belong to the same isomeric series : some are

primary, othersare isoprimary, secondary, perhaps tertiary glycols,
and the comparison of their boiling-points is therefore nugatory.

Preparation—The one general method consists in acting
upon the di-haloid derivatives (usually the bromo-denvatives)
of the paraffins with potassic or argentic acetate, the resulting
acetate being then saponified with potassic hydrate :

C.H,Bry, + 2AgC,H;30, = 2AgBr 4+ C H,,(C,H;30,),
CEHED(CEHEOE)E + EKHO = EKCQHJOE + CDHEB(OH)EP

Properties—The glycols are colourless, more or less viscid
liquids, easily soluble in water and alcohol.

The oxidation of the glycols takes place at two stages:
the first product 1s usually an oxyacid of the lactic series
(general formula C H,,(OH).CO,H); thus glycol yields
glycollic acid (monoxyacetic acid) :

CH,(OH).CH,(OH) + O, = CH,(OH).CO(OH) + OH,.

The second product varies according to the nature of the
glycol oxidised : in the case of the primary glycols, to
which the general formula CH,(OH).C,H,,.CH,{OH) may
be assigned, a dibasic acid of the C,H,,(CO,H), series is
always produced; thus glycol yields oxalic acid :

CH,(OH).CH,(OH) 4+ 20, = CO(OH).CO(OH) + 20H,;
whereas the 1so-glycols, represented by the general formula

C(C,H,, . )H(OH).CH,(OH), yield so-called Aefonic acids
as final oxidation-products, e.g. ;
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C(CoHy,4,)H(OH).CH,(OH) + O, =
C(CEHED+|)0.CO{OH) + EOH2+

Little is known of glycols of other isomeric series.
The glycols are readily acted upon by the haloid acids,
in the first place according to the equation :

C.H,,(OH), + HCl = C,H,,CI(OH),

and by the continued action of these acids, or more readily
under the influence of the haloid phosphorus compounds,
they are converted into di-haloid derivatives of the corre-
sponding paraffins :

C,Hoo(OH), + 2PCl; = 2POCl; + 2HCI + C,H,.Cl,.

By heating the glycols with acetic acid or its homologues
in closed vessels, ethereal salts of these acids (compound
ethers) are produced, e.g. :

C.H,,(OH), + HC,H;0, = C,H,,(OHXC,H;0y) + OH,.
C . H..(OH), 4+ 2HC;H;04 = CnHEn(CEHEOE)E + 20H.,.

Pdtassium and sodium act upon the glycols with evolu-
tion of hydrogen and formation of metallic derivatives :

zanﬂu(OH)ﬂ s o Nag — HE 25 ECEHE:](OH)(ON'H'};
C,H,,(OH), + Na, = Hy; + C,H,(ONa),.

Polyethylenic glycols are formed from glycol by progressive
condensation with elimination of the elements of water.
The following are known :(—

Diethylenic glycol CH,;,04 =2C,H (OH),— OH,
Triethylenic ,, C.H..Q, =3C.H (OH).—20H,
Tetrethylenic ,, C;H,,0, =4C,H (OH),-30H,
Pentethylenic ,, C,oH4,0,=5C,H,(OH),—40H,

Hexethylenic ,, C,.Hy0,=6C,H, (OH),-50H,,.

There is a difference in boiling-point of about 45° between
each of these; they are viscid liquids, becoming continually
more viscid as they increase in complexity, and as the boiling-
point rises,
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One of the best general methods of preparation consists in
heating glycol with ethylenic dibromide in closed tubes, for
some hours, at 110°-120° The nature of the product then
depends on the proportions employed of these two bodies, and
on the length of time during which they are heated together.

The first reaction which occurs probabl- consists in the

formation of ethylenic-bromohydrate, thus :
C,H,(OH),+ C,H Br,=2C,H Br(OH),

which reacts upon the glycol (employed in excess) to form
diethylenic glycol and hydrobromic acid :

C,H,Br(OH) + C,H,(OH),=C,H,0(0H), + HBr.

By the action of this hydrobromic acid upon a further quantity
of glycol, water and ethylenic bromohydrate are produced, and
the latter reacting upon the diethylenic glycol converts it into
triethylenic glycol and hydrobromic acid :

C,H,0(0H), + C,H,Br(OH) = C,H,,0,(0H), + HBr,

and by a similar cycle of operations, tetrethylenic glycol is
produced from triethylenic glycol, &c.

C.Hj,_s(OH), SERIES OF DIHYDRIC ALCOHOLS— ORCINS,
AROMATIC GLYCOLS, AND ALCOHOLS OF THE SALIGENIN SERIES.

These are derived from the hydrocarbons of the C,H,,
series, by methods in principle the same as those which give
rise to the monohydric alcohols of the C,H,, _ ,(OH) series.

The series includes three classes of metameric compounds :
the orcins, the aromatic glycols, and the aleokols of the saligenin
series. 'The manner in which the members of these three
classes are related will be evident on inspection of the fol-
lowing formulz :

(OH | o . (CH,.OH
CeHa(CH)a{ops CoHls {CHE.OH i Colle) opr, OFE
Orcin, Saligenin. Xylene Glycol.

Preparation of the Orcins.—1. By fusion of the potassic salts
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of+the: disulphonic acids obtained by the action of sulphuric
acid on the hydrocarbons of the C,H,, _ series with potassic
hydrate :

CaH, ¢+ 2H SO, = C.H,, _§(SO3H), + 20H,;
CoHa, _5(SO3K); + 2KHO = C H,,_OH), + 2K,SO,.

2. Similarly from the monosulphonic acids derived from
the phenols.

3. By fusion of the mono-haloid derivatives of the phenols
with potassic hydrate, e.g. :

C.H,, _sCI(OH) 4+ KHO = C,H,,_4OH), + KCL

The first term of the series of the composition CgH,(OH),
includes three isomenides, Resorcin, Pyrocatechin, and Hydro-
GUINONE.

RESORCIN is obtained by the action of potassic hydrate on
benzenedisulphonic acid, C{H,(SO;H), ; on phenolparasul-
phonic acid, C4H,(OH)(SO3H) ; and on paraiodophenol,
CeH,I(OH); but is best prepared by fusing galbanum resin
with potassic hydrate. It crystallises from water in tabular
crystals, or prisms, which melt at 99°. It forms a dark
violet-coloured liquid with ferric chloride, and reduces an
ammoniacal solution of argentic nitrate at the boiling-heat.

PYROCATECHIN 1s obtained by the action of potassic hy-
drate on phenolmetasulphonic acid, or on metaiodophenol,
and by the dry distillation of catechin and a number of other
allied vegetable substances. It crystallises from water in
laminz which melt at 116°; it yields a dark green colour-
ation with solutions of ferric salts, and is further distinguished
from resorcin by forming a white precipitate on the addition
of plumbic acetate to its aqueous solution.

HyproqQuINONE 1s a product of the dry distillation of
quinic acid, and is also obtained by fusion of orthoiodophenol
with potassic hydrate. It crystallises in rhombic crystals,
and melts at 177°. It is readily distinguished from resorcin
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and pyrocatechin by its conversion into quinone on oxida-
tion: CgH,(OH), + O = CgHO, + OH,. Quinone is
readily reconverted into hydroquinone by the action of
nascent hydrogen.

OrciN, C4H,;(CH,)(OH),, appears to exist ready formed
in all the lichens used for the preparation of archil, cudbear,
and litmus. It has been prepared synthetically by fusing
the potassic salt of the sulphonic acid obtained by the action
of sulphuric acid on monochlorotoluene with potassic hy-
drate

C,H,CI(SO3K) + 2KHO = C,H4(OH), + KCl + K,SO,.

It crystallises from water in colourless six-sided prisms
which melt at 86°. By the combined action of oxygen and
ammonia it is converted into orcein, C,H;NO,, an uncrys-
tallisable substance, which dissolves in alcohol, forming a
deep scarlet solution, and 1n aqueous alkalies with violet-
red colour. Orcein is present among other colouring mat-
ters In commercial archil. A number of isomerides of orcin
have been prepared, but little is known of them.

Both resorcin and orcin yield well-characterised haloid
and nitro-derivatives when acted upon by the halogens and
nitric acid. Haloid denvatives of pyrocatechin are not known.
Haloid derivatives of hydroquinone are formed by the action
of nascent hydrogen on the corresponding derivatives of
quinone, thus tetrachloroquinone 1s converted by the action
of aqueous sulphurous acid into tetrachlorhydroquinone ;

C,C1,0, + H,S0; + OH, = C,Cl,(HO), + H,S0,.

SaLicyLic ALCOHOL (Saligenin) is obtained from salicin, a
crystalline substance contained in the leaves of poplar,
willow, and several other trees. On heating with diluted
sulphuric acid, or on digestion with synaptase, or saliva,
salicin 1s resolved into saligenin and glucose .

CgH,(OH).CH,(OCeH,,0;) + OH, = C4H,,0, +
C,H,(OH).CH,(OH).
- :
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Saligenin crystallises in colourless nacreous scales ; it melts
at 82°; on oxidation it is converted into salicylic aldehyde,
CsH,(OH).COH.

XYLENE Grycor, CsH,(CH,.OH),, is prepared by digest-

ing the dichlorinated derivative of paraxylene, obtained by the -

action of chlorine on the boiling xylene, with water at 170,
It forms crystalline needles which melt at 1r2°; on oxida-
tion it is converted into terephthalic acid, C;H,(CO.OH),.

C.H,,_(OH); SERIES OF TRIHYDRIC ALCOHOLS.

These may be regarded as the trihydroxyl substitution-
derivatives of the paraffins. Two members of the series are
known, viz. :

Glycerin . : ‘ : ; Cz;H;(OH),
Amylglycerin . : . : C,H,(OH)s,.

GryceriN, CzHz;(OH); = C(CH,.OH),H.OH.—Maost
animal and vegetable fats and fixed oils! are mixtures of
ethereal salts formed from glycerin and acids of the acetic and
oleic series. Thus mutton and beef fat consists mainly of
stearin or stearic glyceride ; palm oil is chiefly palmitic gly-
ceride (palmitin); olive oil 1s an oleic glyceride (olein).
These glycerides are decomposed by heating with water,
yielding glycerin and an acid, thus :

C3H;(C13H350,)5 + 30H,; = C3H(OH); + 3C,4H;360,.

Stearin. Glycerin. Stearic acid.
Glycerin is largely obtained as a by-product in the manu-
facture of soap, from the fats and fixed oils : the oil or fat is heated

with an alkaline solution, whereby glycerin and an alkaline salt,
or soap, as it is termed, are produced, thus :*

CsHa(CmHasDﬁ:‘a +3NaHO =C;H (OH), + 3C15H3xN301-

1 These oils (palm oil, olive oil, &c.) are termed fixed, because they
cannot be distilled without undergoing decomposition, in contradistinc-

tion to the turpentine oils, which volatilise unchanged.
2 The decomposition of ethereal salts by caustic alkalies, whereby an

alcohol and a metallic salt are formed, is commonly designated by the
general term ‘saponification.’
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The soap is separated from the solution by the addition of
common salt and the solution of sodic chloride (in which the
soaps are insoluble) and glycerin is drawn off ; this spent-lye, as
it is termed, is then submitted to distillation in a current of
superheated steam. The glycerin passes over with a certain
proportion of water, the greater part of which may be removed
from it by evaporation, and the whole may be driven off by
heating in vacuo to a temperaturée below the boiling-point of
glycerin.

Ordinary hard soap is a mixture of sodic stearate, palmitate,
and oleate; soft soap consists of the corresponding potassic
salts ; lead plaster is a plumbic oleate obtained by heating olive
oil with plumbic oxide. Lime soap is obtained by saponifying
the fats with slaked lime; lime soaps are insoluble in water, and
the heavy curd formed on adding soap solution to hard waler
is a precipitate of lime soap formed by double decomposition
from the calcic salts dissolved in the water and the soda soap ;

2C, ,H, NaO, + CaCO,=(C,,H,,0,),Ca + Na,CO,.

Bodic stearate, {aleic stearate,

Glycerin is now prepared on the large scale by the decom-
position of the fats and oils by distillation in an atmosphere
of superheated steam. The fats or oils are placed in a still,
heated to a temperature between 290“-310% and superheated
stearn passed up through them ; the glycernin then distils
over with the steam, and the acids remain in the still.

The synthesis of glycerin has been effected by digesting
trichlorhydrin, one of the several isomeric trichloropropanes
formed on heating propylene chloride (dichloropropane) with

‘1odine chloride, with water in closed tubes at 170° :

CgHﬁCl; + E(JHE o CEH&(OH)E - SHCL

Properties.—Glycerin cannot be distilled under the ordi-
tnary atmospheric pressure without undergoing decomposition,
tbut passes over undecomposed under a pressure of 50 mm.,
of mercury at about 210% 1t also distils without decom-

position in an atmosphere of steam. It 15 a syrupy, colour-
N 2
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less, inodorous liquid, sweet to the taste, and neutral to test-
paper, which is soluble in water in all proportions.

Keactions.—1, Glycerin is converted by careful oxidation
by nitric acid into glyceric acid, but at the same time much
oxalic acid 1s produced : C;H O, + O, = C;H,O, + OH.,.
Glyceric acid cannot be further oxidised without under-
going decomposition into acids containing fewer units of
carbon, the chief among which is oxalic acid, H,C,0,.

2. Glycerin 1s converted by the action of hydrochloric or
hydrobromic acid, or of the corresponding haloid phos-
phorus compounds, into so-called chlor- or bromhydrins.
The action of the haloid acids takes place by two stages : at
the first, monochior- or wmonobromiydrin, at the second,
dichior- or dibrom/iydrin, 1s produced :

1. C,H,(OH), 4+ HCl = C,H,CI(OH), + OH,;
2. C;H,CI(OH), + HCl = C,H,Cl,.0H + OH,.

Phosphorus pentachloride and bromide have the same
action, but also give rise to the formation of a third product,
trichlor- or fribromiydrin :

CEHEC]E'OH es PC].& — C3H5C13 + POCEE + HCL

The second product of the action of hydrochloric acid on
glycerin is a mixture of two isomeric dichlorhydrins, which
boil respectively at 174° and 182° The latter of these is iden-
tical with the product of the action of chlorine on allylic alcohol.
Trichlorhydrin and tribromhydrin are respectively identical
with allylic trichloride and tribromide ; the former is among the
products of the action of iodine chloride on propylene chloride.
The chlor- and bromhydrins lose the elements of hydrochloric or
hydrobromic acid when submitted to the action of potassic or
sodic hydrate ; thus monochlorhydrin, C;H,CI(OH),,1s converted
into Glycide,C,H,0.0H ; and dichlorhydrin, C;H,Cl,.OH, yields
epichlorhydrin, C,H.C10. Epichlorhydrin behaves as an unsatu-
rated compound, and combines with water to form monochlor-
hydrin, when heated with it under pressure; it unites with hydro-
chloric acid to form the dichlorhydrin boiling at 174°, and since
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both the above-mentioned dichlorhydrins yield the same epichlor-
hydrin on treatment with potassic hydrate, pure dichlorhydrin
(B.P. 174°) may be obtained from glycerin by converting the
mixture of dichlorhydrins into epichlorhydrin, and acting upon
this with hydrochloric acid.

Monochlorhydrin is converted by the action of nascent hydro-
gen into propylene glycol, C;H,(OH),; dichlorhydrin from
epichlorhydrin similarly treated yields isopropylic alcohol :

C(CH,C]),H.OH +2H,=C(CH,),H.OH +2HCI ;
whilst the isomeride from allylic alcohol yields propylic alcohol.

3. Hydriodic acid and phosphorus iodide convert glycerin
into allylic 1odide, besides which propylene and isopropylic
1odide are also obtained.

The formation of allylic iodide is represented by the equation:
CH,(OH),+3HI=CH,I +1,+30H,.

At the same time, by the action of the hydriodic acid on the
primary product, allylic iodide, the above-mentioned secondary
products are formed, thus :

CH,I+HI=1,+CH,; CH,JI+2HI=I,+CH.I.

The primary product of the action of phosphorus iodide is
also allylic iodide : 2C;H,(OH), + P,I,=2C,H.I +2H,PO, + I, ;
more or less hydriodic acid, however, is also produced, which
reacts on the allylic iodide, as above explained.

It is said that, under certain conditions, the action of hy-
driedic acid on glycerin forms a complex product of the for-
mula: C,;H,, 10, = 2C,;H,0, — 30H, + HI, and it is suggested
that this product is possibly identical with a compound containing
lodine, present in cod-liver oil.

4. When heated alone or with dehydrating agents, gly-
cerin is decomposed with formation of acrolein, C,H,O,
recognised by its intensely irritating acrid odour, and other
products : C;H,0, = 20H, + C,H,0.

5. By heating glycerin with the organic acids in closed
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vessels, so-called glycerides or glyceric ethers are produced.
‘The proportions in which the acid and glycerin enter
Into reaction vary according to the proportions in which
they are mixed, the temperature to which the mixture is
subjected, and the time during which the heating is con-
tinued. Thus acetic acid and glycerin yield monacetin,
CyH;(OH)y(C,H30,) 5 diacetin, CyH;(OH)(C,H;0,), ;
and Zriacetin, Ca3H4(C,H30,); ; which are formed in the
manner indicated by the equation :—

C3H;(0H); + HC,H,0, = C3H;(OH),(C,H,0,) + OH.,.

In this way Berthelot has succeeded in preparing 77i-
stearin, Tripalmitin, and Triolein, from stearic, palmitic, and
oleic acids and glycerin, the bodies thus obtained being found
identical in all respects with stearin, palmitin, and olein
from natural fats.

6. Glyceric ethereal salts are also obtained by the action
of the mineral oxyacids on glycerin. Thus glycerin 1s
converted into the so-called nitroglycerin by adding it to a
carefully cooled mixture of nitric and sulphuric acids. The
formation of this compound from glycerin and nitric acid is
analogous to that of triacetin from glycerin and acetic acid :

CHHE}(OH)J + 3HC,H;0, = 30H, + CEH-S(CEHEOE}E*
C3H;(OH); + 3HNO; = 30H, + C3H;(NO;);.

Nitroglycerin, or glycerotrinitrin, as it is more cor-
rectly termed, is a light yellow, violently explosive, oily
liquid, of sp. gr. 16 at 15°. By the action of potassic hy-
drate, it is converted into glycerin and potassic nitrate, just
as triacetin is converted into glycerin and potassic acetate.

7. It is said that an aqueous solution of glycerin in con-
tact with beer-yeast is gradually converted into propionic
acid ; this change is represented empirically by the equation :

C3H303 = C:;HEOQ + OHE,

but is undoubtedly the result of a series of changes.
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C,H,, _((OH); SERIES OF TRIHYDRIC ALCOHOLS.

The only known members of this series are the so-called
pyrogallic acid, or pyrogallol, as it 1s more appropriately
termed, C;H4(OH),, and its 1someride phloroglucin.

Pyrogallol is obtained by dry distillation of gallic acid :

CEHE(OH};;COEH — CEHE{OH)E + COE.

The relation of pyrogallol to benzene is evident from the
fact that it yields that hydrocarbon when distilled at a red
heat over zinc-dust, and that gallic acid is obtained by
fusing dilodosalicylic acid with potassic hydrate :

CoH,I,(OH)CO,H 4 2KHO = C4H,(OH);CO,H +2KI.

Pyrogallol crystallises in long white flattened prisms; it
melts at 115°. The aqueous solution slowly absorbs oxygen
on exposure to the air, becoming brown ; this change occurs
very rapidly in presence of alkalies, hence a solution of
pyrogallol and potassic hydrate 1s employed as an absorbent
of oxygen in gas analysis. By the action of acetic chloride it is
converted into triacetopyrogallol, C4H4(C,H;O,); ; on treat-
ment with bromine it yields tribromopyrogallol, C¢Bry(OH)s,.

Phloroglucin 1s obtained on fusion of phloretin, catechin,
kino, dragon’s blood, quercitin, and a number of similar
substances with potassic hydrate. Phloroglucin crystallises in
large colourless prisms of the composition C{H¢O,.20H, ;
in the anhydrous condition it melts at 220° Triaceto-
phloroglucin, C;H4(C,H30,),, is obtained from it on treat-
ment with acetic chloride, and tribromophloroglucin on
treatment with bromine.

By the action of chlorine on an aqueous solution of
phloroglucin, dichloracetic acid is produced :

CsHgO; + 30H, + 6Cl, = 3C,Cl,H,0, + 6HCL
Although phloroglucin is regarded as a trioxy-derivative

of benzene, this relation has never yet been e¢stablished
experimentally, and appears doubtful.
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C.H,, _5(OH), SERIES OF TETRAHYDRIC ALCOHOLS

The only alcohol of this series at present known is Zry-
thrite (erythromannite, phycte), C,;Hz(OH),, a saccharine
substance which exists ready formed in Profococcus vulgaris,
and which may also be obtained from any of the varieties of
Rocella tinctoria by boiling with excess of lime or baryta.

It forms largs colourless transparent crystals, easily soluble
in water. It is converted into a moniodo-derivative of the
paraffin tetrane by distillation with hydriodic acid :

C,H4(OH), + yHI = C,H,I + 40H, + 31,

The iodotetrane thus obtained is convertible into secon-
dary butylic alcohol (p. 158). Nitric acid converts erythrite
into erythrotetranitrin (so-called nitroerythrite):

CdHE(OH}Ji '+' 4HN03 = 4OH2 "l' C.‘HE(N03)4.

C.H,,_(OH)s SERIES OF HEXHYDRIC ALCOHOLS.

Mannite and Dulcite, two of the natural sugars, are mem-
bers of this series.

MANNITE, C¢Hg(OH)g, is the chief component of Manna,
the dried sap of Fraxinus ornus, from which it may be ex-
tracted by boiling alcohol. It is also present in the sap of
the apple, cherry, larch, and lime, in many seaweeds, and n
mushrooms. It may be produced by the action of nascent
hydrogen (sodium amalgam) on an agueous solution of cane
sugar! inverted by boiling with a small quantity of sulphuric
H.C.id: C5H|EOE + Hg = CEHHUE'

Mannite crystallises in colourless four-sided prisms, or
fine needles, easily soluble in water and alcohol, insoluble
in ether ; it is slightly sweet; mannite does not ferment n
contact with yeast, nor does it reduce an alkaline solution

I Such a solution contains a mixture of dextrose and lavulose, both
of which apparently yield mannite.
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of cupric hydrate on boiling (distinction from the glucoses) ;
it has no action on polarised light.

Hydriodic acid converts mannite into an iodohexane
(3-hexylic iodide), from which normal secondary hexylic
alcohol may be obtained :

CEHHOE "i‘ IIHI = CEH“;I + 60H2 + SIE

It yields various ethereal salts when heated with acids
such as acetic acid, &c.; concentrated nitric acid, for ex-
ample, converts it into so-called mitromannite (mannito-
hexanitrin), CgHg(NOj)g, a crystalline substance which de-
tonates violently by percussion, and is reconverted into
mannite by the action of reducing agents. Mannite also
forms metallic derivatives : thus a crystalline precipitate of
the composition CgH, Pb,O; is produced on adding man-
nite to an ammoniacal solution of plumbic acetate.

Mannite yields two characteristic oxidation-products :
mannitic acid, CgH,,0,, obtained by moistening platinum
black with mannite solution;! and saccharic acid, C4H Oy,
the product of the action of dilute nitric acid.

DuLCITE (dulcin, didlcose, melampyrite), CegH(OH)g, the
isomeride of mannite, has been produced artificially by the
action of nascent hydrogen on inverted milk-sugar (see
lactose). Dulcite was first obtained from a substance of
unknown origin, imported from Madagascar ; it may be ex-
tracted from the expressed juice of Melampyrum nemorosum
and other Melampyrum species.

- Dulcite closely resembles mannite in properties, but crys-
tallises in monoclinic prisms (mannite in triclinic prisms)
and melts at 182° (mannite at 165°). When oxidised by
nitric acid, it 1s converted into ucic acid, 1someric with
saccharic acid. It yields the same 1odohexane as mannite
when heated with hydriodic acid, and is converted by con-
centrated nitric acid into dwlcitohexanitrin: CgHg(NO;)g.

' Mannitose, C,H,,0,, an isomeride of glucose, is obtained simul-
taneously with mannitic acid.
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CARBOHYDRATES.

Closely related to the above-described hexhydric alcohols
are a class of compounds to which great interest attaches on
account of their wide distribution, especially in the vegetable
kingdom, which includes the sugars, starch, gum, cellulose,
&c. The precise nature of the relation has not yet been
satisfactorily ascertained, however, and even the formule
assigned to many of these compounds are but the empirical
expressions of their composition.

The more important carbohydrates may conveniently be
arranged in three groups, according to their composition. :—

I. Group (glucoses).

[ Dextrose (Grape-sugar).
Leevulose.

a- and 3-Galactose.
Arabinose.

_ Sorbin. Eucalyn. Inosite.

I1. Group (saccharoses).
[ Saccharose (Cane-sugar).
Maltose.
Lactose (Milk-sugar).
Arabin (Gum Arabic).
_ Melitose. Melizitose. Trehalose.

s

CEHIEOE

A

CIEHEEDH

111. Group. ‘
r Starch. Inulin.
(C,H O) Dextrin.
6111057 1 Glycogen.

| Cellulose.

Our knowledge of the chemical behaviour of the various
carbohydrates is too limited to enable us to explain the
relations which exist between the isomeric members of these
several groups.

The glucoses partake of the nature both-of aldehydes and
of alcohols ; they may be regarded, in fact, as pentahydric
alcohols, and as the first aldehydes of the hexhydric alcohols
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of the C,H,,_(OH)q series derived from the paraffins.
This relation will be evident on comparing the formula of
the normal primary paraffin hexane with the formule which
are assigned to mannite and to dextrose :—

SCHL, CEL OH  CHO5
CH, | cron CH.OH
|\CH, | CH.OH J CH.OH
| cH, CH.OH CH.OH
CH, CH.OH CH.OH
\CH, \ CH,.0H \COH
Hexane, Mannite (dulcite). Dextrose (leevulose).

I. Group.—DEXTROSE (Dextro-giucose, Ordinary Glucose,
Grape-sugar), CeH,,04—This sugar 1s widely distributed
throughout the vegetable kingdom ; it 1s present in the juice
of nipe grapes and in fact of all ripe fruits, and it constitutes
the solid crystalline portion of honey ; but in these cases it
always occurs together with leevulose, and usually also with
cane-sugar. Itis present in considerable quantity (even to the
extent of ten per cent.) in diabetic urine, and 1s found in small
quantities in nearly all animal fluids, such as blood, chyle, in
the liver, and in normal healthy urine, but unaccompanied by
levulose. It i1s obtained from starch by boiling with dilute
acids :

nC¢H,,05; + nOH, = nC;H,,04.

Starch. Dextrose.

Cellulose 1s also converted into dextrose by prolonged
digestion with dilute acids. Dextrose is also a product
of the action of dilute acids on many glucosides.!

Dextrose is excessively soluble in water, and crystallises
from a concentrated solution in cauliflower-like masses of
the composition CgH,,04H,0 ; from hot absolute alcohol

! The glucosides are a class of natural products of frequent occur-
rence in plants, which on decomposition by water always furnish glu-
cose, or a corresponding product, and a second body (see amygdalin,
salicin, and tannin).
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it crystallises in white anhydrous needles. It is less sweet
than cane-sugar. Its solution turns a ray of polarised light
to the right, hence the name dextro-glucose and dextrose.

Dextrose unites with sodic chloride, forming a crys-
taline body of the composition (CzH;,04),.NaCLOH,.
Highly unstable metallic derivatives of dextrose may be
obtained Dby dissolving lime, baryta, or oxide of lead in an
aqueous solution of dextrose and precipitating by alcohol ;
the baric dernvative has the composition (C¢H,,04),Ba.

On heating dextrose it melts, and at about 170° water is
given off and glucosan, CgH, ,O;, formed; on further heating
more water is produced and caramel results.

Dextrose 1s slowly altered, even in the cold, by aqueous
solutions of the alkalies or alkaline earths, and rapidly on
heating, the liquid becoming first yellow and afterwards
brown. It is readily oxidised, and therefore quickly reduces
alkaline solutions of silver and copper salts, causing the
precipitation of metallic silver or cuprous oxide. On boiling
it with dilute sulphuric or hydrochloric acid, brown humus-
like substances are formed.

A dilute solution of dextrose mixed with yeast rapidly
undergoes fermentation at a temperature of 20°-25°.

Dilute nitric acid oxidises dextrose to saccharic acid,
CgH,,05 Heated with acetic anhydride in an open vessel
it forms triacetodextrose, CgHgO4(CyH30,);; but if a
large excess of anhydride be employed and the mixture
heated to 160° for some hours, an octaceto-derivative of the
composition C,H,,05(CyH30,)g is obtained, which is either
isomeric or identical with the compound got by heating
cane sugar with acetic anhydride.

Lzvurose, C¢H,,0g, occurs, as already mentioned, to-
gether with dextrose in the juice of ripe fruits, honey, &c.
It is obtained, together with an equal quantity of dextrose, on
heating a solution of cane-sugar with dilute acids :

C,,Hs:0,; + OH, = CgH,906 + CeH, 204,

and may be separated from it by mixing the solution of zz-
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zerted sugar, as the product is termed, with slaked lime. A solid
calcium-derivative of levuiose 1s formed which is separated
by pressure from the solution containing the dextrose, then
suspended in water, and decomposed by carbonic anhydride.
On concentration of the filtered liquid, the levulose 1s ob-
tained as a colourless uncrystallisable syrup, sweeter than
dextrose. A solution of leevulose turns the polarised ray to the
left and to a greater extent than dextrose turns the ray to
the right; hence fruit sugar, or inverted sugar, which 1s a
mixture of equal proportions of dextrose and laevulose, is
leevorotatory. The rotatory power of levulose diminishes
as the temperature of the solution rises, which 1s not the
case with dextrose. Lavulose is converted into levulosan,
C:H,,0;, isomeric with glucosan, on heating ; it is more
easily acted upon by acids than dextrose, and readily re-
duces an alkaline solution of cupric hydrate. It ferments
in contact with yeast, though somewhat less readily than dex-
trose. Like dextrose it yields saccharic acid on oxidation.!
GaLacTtosg, CgH,;304—On boiling an aqueous solution
of milk-sugar to which a small quantity of sulphuric acid has
been added, the lactose is converted into a mixture of a-
and [3-galactose. These two 1someric glucoses have not
both been separately examined, but apparently «-galactose
ylelds saccharic acid on oxidation, and is converted into
mannite by the action of nascent hydrogen, (3-galactose yield-
ing mucic acid on oxidation and dulcite on reduction. Both
are dextrorotatory, a-galactose to a greater extent than
dextrose, and reduce an alkaline solution of cupric hydrate.
InosiTE, CgH, 40, 1s a variety of sugar which occurs in the

1 If an aqueous solution of dextrose is satwmiated in the cold with
chlorine and argentic oxide then added until the liquid is neutral, the
dextrose is converted into gluconic acid : C;H,,0,+ Cl,=C,H ,,Cl,0;;
CsH,,CLOz+ Ag,0=C,H,,0,+2AgCl. Levulose and sorbin, how-
ever, when similarly treated are converted into glycollic acid, C,H,0,.
Ey heating a solution of lactose with bromine, and subsequently treating
with argentic oxide, it is converted into lactonic acid, CeH,,04, whilst
dextrin is converted into dextronic acid isomeric with gluconic acid.
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muscular substance of the heart, and in the lungs, kidneys,
and lver ; it has also been extracted from green beans and
the unripe fruit of Phaseolus wvulgaris. 1t crystallises in
large rhombic plates of the composition C4H,,04.H,0 ; it
1s optically inactive, it does not reduce an alkaline solution
of cupric hydrate, and it is not affected even by boiling with
acids or alkalies. Anaqueous solution of inosite does not fer-
ment in contact with yeast, but when mixed with chalk and
sour cheese it undergoes the lactic fermentation and is con-
verted into lactic and butyric acids.

Little 1s known of Sorbin, Eucalyn, and Inosite ; they are
distinguished, however, from the remaining members of the
group by the circumstance that they do not undergo fer-
mentation when mixed with yeast.

II. Group.—The members of this group are doubtless
the anhydrides of those of the first group above deseribed,
and bear to them the same relation that the polyethylenic
glycols bear to the glycols. Hitherto, however, chemists
have not succeeded in obtaining them from the glucoses,
although they may readily be converted by the action of
water into glucoses.

SACCHAROSE or Cane-sugar, C,.H;,0,,,—This sugar is
very widely distributed throughout the vegetable kingdom, but
the two chief sources from which it is obtained are the sugar-
cane (Saccharum gfficinarum), cultivated in various tropical
countries, and the sugar-beet, which 1s largely cultivated in
Europe, more especially in Germany and France.

Cane-sugar 1s exceedingly soluble in water, but sparingly
soluble in alcohol ; it exercises a dextro-rotatory action on
the polarised ray. It crystallises from an aqueous solution
on slow evaporation in anhydrous monochnic prisms. If
heated for some time at about 160°, it is converted, without
loss of weight, into a mixture of dextrose and laevulosan ; if
the heating be continued, water separates and caramel is
produced, which on further heating yields a number of
gaseous and liquid decomposition-products and a carbo-
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naceous mass. Cane-sugar is at once decomposed by con-
centrated sulphuric acid, with separation of carbon ; this
behaviour serves to distinguish it from dextrose, which is not
so rapidly affected. Cane-sugar is less readily decomposed
than glucose on boiling with caustic alkalies ; and it only
slowly and imperfectly reduces an alkaline solution of cupric
hydrate on boiling. Cane-sugar 1s not directly fermentable,
but is first resolved, when its dilute aqueous solution is mixed
with yeast and allowed to stand some time, into a mixture of
dextrose and levulose, which then undergo the vinous fer-
mentation. This inversion of sugar 1s effected even by
prolonged boiling with water, but the change occurs more
rapidly in the presence of acids, which, however, at the same
time, convert a portion of the sugar into humus-like products.

Various metallic derivatives have been obtained from cane-
sugar ; it also yields a number of ethereal salts : thus, by
heating with a large excess of acetic anhydride, it is con-
verted into octacetosaccharose, C;,H,,0,,(C,H,0),.

It yields saccharic acid on oxidation.

MaALTOSE, C,3,Hs50,,.—This sugar is the end-product of
the action of diastase on starch. It is crystallisable and dex-
trorotatory, but differs from saccharose by reducing an alka-
line solution of cupric hydrate, from which it precipitates
about two-thirds as much cuprous oxide as dextrose. By
prolonged warming with dilute acids maltose is converted
into dextrose.

Lacrosg, or Milk-sugar, C,3H,,0,,.—This sugar is an
important constituent of milk, from which it may be ob-
tained by evaporating the‘w/ey which remains after the
separation of the casein, either by the addition of rennet
or of a small quantity of acid, to a syrup, and purifying the
lactose which slowly crystallises out by recrystallisation.
Lactose is far less soluble in water than cane-sugar, and has
only a faint, sweet taste ; it rotates the polarised ray to the
right to a somewhat less extent than cane-sugar. On boiling
with an alkaline solution of cupric hydrate, it precipitates
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about seven-tenths as much cuprous oxide as dextrose.
It yields both mucic and saccharic acid on oxidation. Like
cane-sugar, it only enters into vinous fermentation after its
aqueous solution, mixed with yeast, has stood for some time,
and 1s probably first converted into galactose. If decaying
cheese and chalk be added to an aqueous solution of lactose,
large quantities of lactic acid are formed, but at the same time
alcohol 1s always produced, especially if no chalk be added
to neutralise the lactic acid as it forms. In other respects
lactose closely resembles cane-sugar, but 1s on the whole a
far more stable body.

Gums.—The gums are a class of substances of vegetable
origin, more or less closely related to the sugars ; many of them
dissolve 1n water, but are precipitated on the addition of
alcohol, others merely swell up owing to the absorption
of water and do not dissolve. Some are of the same
percentage composition as cane-sugar, and others appear to
be of the same composition as starch ; but we possess little
certain knowledge on this point, owing to the difficulty which
exists of obtaining pure substances, most of the gums being
more or less complex mixtures.

The best known of the gums is gum arabic, the dried exu-
dation from various species of acacia growing in Arabia and
Egypt, which 1s usually met with in the form of colourless or
yellowish non-crystalline brittle masses, soluble in water.
Gum-' arabic is not a pure substance, however, since on 1In-
cineration it yields 3—4 per cent. of ash consisting chiefly of
potassic, magnesic, and calcic carbonate ; moreover, specl-
mens from different sources, when dissolved in water, do not
affect a ray of polarised light to the same degree, some
causing a rotation more or less to the left, others a rotation
to the right. The main constituent of gum arabic is an iso-
meride of cane-sugar termed arabin—C,,H,0,,. The gum
which oozes from chinks in the bark of cherry and plum trees
contains, together with arabin, a considerable proportion of
an insoluble modification termed mefarabin, which merely
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swells up to a jellylike mass when placed in water, but on
treatment with alkalies is rapidly rendered soluble and con-
verted into arabin. Arabin and metarabin appear to be
normal constituents ¢f most plants, the latter being especially
plentiful in the sugar-beet, which in some seasons also con-
tains a considerable proportion of arabin in its sap. Arabin
is soluble in water so long as it 1s kept moist, but when once
dried 1t ceases to dissolve, and merely swells up in water;
basic plumbic acetate produces in the aqueous solution to
which ammonia has been added a white precipitate of the
composition C,,H,,PbO,

ARABINOSE.—On heating arahin with diluted sulphuric
acid a crystalline sugar, arabinose, CgH,,04, isomeric with
dextrose, 1s obtamned. Arabinose has a more powerful dex-
trorotatory action on a polarised ray of light than dextrose,
although it has about the same amount of action on an
alkaline solution of cupric hydrate ; it does not enter into
the vinous fermentation in contact with yeast. Together
with arabinose, a non-crystalline, apparently fermentable
sugar, having dextrorotatory action, is obtained. On treat-
ment of different specimens of gum arabic with diluted sul-
phuric acid, arabinose and the non-crystalline sugar are
obtained 1n varying proportions ; the arabin separated from
the sugar-beet yields on inversion a proportionately larger
quantity of arabinose, so that it 1s probable that gum arabic
and arabin from sugar-beet are mixtures in different propor-
tions of the same two compounds, one of which is strongly
levorotatory and convertible into arabinose, the other being
dextrorotatory and convertible into a non-crystalline sugar,
this latter being predominant in most specimens of gum
arabic.

The roots of the mallow and of various species of orchis,
linseed, and in fact most plants, contain mucilaginous sub-
stances, all of which yield mucic acid on oxidation, and which
are apparently closely related to gum and the natural sugars.

IT1. Group.—Starch, nCgH,,05;.—This substance i1s met

0
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with in more or less abundance in every plant. It is non-
crystalline, but on examination under the microscope it
appears to possess a kind of organised structure, being made
up of a series of rings of varying degrees of transparency.
The starch granules obtained from various plants-differ both
in form and size. Starch may easily be separated from such
substances as potato, rice, or grain, by washing these in a
state of fine division, on a sieve, with cold water ; whilst the
cellular tissue remains on the sieve, the starch passes through
with the liquid, and eventually settles down as a soft white
powder, which may be collected, washed with cold water,
and dried at a gentle heat.

Starch is nearly insoluble in cold water, and in alcohol and
most other liquids. If water containing starch in suspension
be boiled, the granules burst and disappear, and a thick
gelatinous mass is obtained if the proportion of starch is
considerable ; with much water a limpid liquid, which will
pass through filter-paper, is obtained, but it is probable that
even in this case the starch 1s for the greater part suspended
in the liquid in the form of a colourless jelly, and that only
a small proportion is in solution. Characteristic of such a
freshly-prepared so-called starch solution 1s the magnificent
violet-blue colour which is communicated to it on the ad-
dition of even traces of iodine. Chemical change rapidly
takes place in such a liquid however : after a few days it is
coloured brown by iodine, and eventually ceases altogether
to yield a colour with iodine. Starch dissolves in very con-
centrated nitric acid and is converted into so-called ayloidin,
C,H404(NO3)?.

DexTRIN, C4H,,0;.—By boiling starch-paste for a short
time with dilute acids, or by the action of diastase (malit
extract), it is converted into an isomeric non-crystalline solid
substance called dextrin, on account of its dextrorotatory
power. Dextrin dissolves in water, and may be separated
by the addition of alcohol, but combined with water as
Ce¢H,,0;.H,0. In the pure state it probably does not
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reduce an alkaline copper solution, nor does it ferment when
placed in contact with yeast. By the continued action of
diastase it is converted into maltose, and by boiling with
dilute acids it is eventually converted into dextrose. Its
aqueous solution is either coloured brown or not at all
by iodine according to the mode of preparation.

InvLiN, nC4H,,0,;.—This substance 1s found in the root
of Inula helenium, Helianthus tuberosus, Dahlia, and several
other roots, and may be obtained by washing the rasped
root with water, and allowing the inulin to settle down
from the liquid. It is white, amorphous, and tasteless ;
msoluble, or nearly so, in cold water, but readily soluble 1n
boiling water. The solution is not precipitated by tannic
acid, and is coloured brown by iodine.

Inulin apparently bears the same relation to leevulose that
starch bears to dextrose, since it is converted by prolonged
beiling with dilute acids into levulose.

GLvcoceN, nCzH,,0;, 1s a substance of the same per-
centage composition as starch, which occurs chiefly in the
liver of various animals. It may be extracted by boiling
with water and precipitated by the addition of alcohol. Gly-
"cogen i1s a2 white amorphous tasteless body ; it dissolves in
water forming an opalescent solution, which is coloured vio-
let or brown-red by 1odine ; 1t does not reduce an alkaline
solution of cupric hydrate, nor does it ferment in contact
with yeast, but it i1s converted into dextrose on boiling with
diluted sulphuric acid, or when placed in contact with dia-
stase, saliva, or pancreatic fluid.

CELLULOSE, o7 Lignin, nC4H, 05 —Cellulose is the main
constituent of the cells of which all vegetable structures are
built up ; thus cotton is almost pure cellulose. Cellulose
1s colourless and transparent; it is insoluble in water and
alcohol, but is dissolved by an ammoniacal solution of cupric
oxide, from.which it is reprecipitated on the addition of acids
‘in the form of white flocculi. lodine does not colour it.

If cellulose be placed in cold concentrated sulphuric acid, it
0 2
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is at first converted into a jelly-like substance which after a
time dissolves ; if much water be then added, and the solu-
tion heated for some hours, care being taken to replace the
water as it evaporates, the cellulose is ultimately .entirely
converted into dextrose. Linen rags, for example, thus
treated, furnish more than their own weight of dextrose.

Nitric acid oxidises cellulose to oxalic acid, which is also
produced when cellulose 1s heated with potassic hydrate.

When acted upon by a mixture of concentrated nitric and
sulphuric acids, cellulose yields a variety of nitration-products
(cellulonityins), all more or less explosive, the nature of which
depends on the strength of the acids employed and the
length of time during which the cellulose 1s in contact with
the acid mixture. Thus, if purified cotton-wool be steeped
for some hours in a mixture of one velume nitric acid (sp.
gr. 1'5) with three volumes concentrated sulphuric acid, 1t
increases greatly in weight, and is converted, without under-
going any change of form or in appearance, into pyroxylin,
or gun-cotton (cellulotrinitrin), the reaction which occurs
being represented by the equation :

The compound so produced bears to cellulose exactly the
same relation that ethylic nitrate bears to ethylic alcohol,
or that glycerotrinitrin (nitroglycerin) bears to glycerin :

C,H;(OH), C,H;(NOy); C3Hy(OH); CyH(NO3);;

Ethylic alcohol. Ethylic nitrate. Glycerin. Glycerotrinitrin.

cellulose being a trihydric alcohol, of which pyroxylin is the
nitric ether :
CsH;05(0OH);; CeH;05(NOjz)s.
Cellulose. Cellulotrinitrin.
Pyroxylin is insoluble in water, alcohol, and ether, but by

employing less concentrated nitric acid, less highly nitrated
compounds are produced, which are soluble in a mixture of
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alcohol and ether. A solution of these compounds in alcohol-
ether constitutes the well-known codlodzon.
The cellulonitrins thus formed are all reconverted into

cellulose by the action of reducing agents :
CsH;0,4(NO,); + 3H; = CsH,0,05 + 3HNO;.

Pectin—NMost plants, and especially unripe fleshy fruits
and roots, such as that of the beet, carrot, turnip, &c., con-
tain a substance termed pecfose, insoluble ‘in water, which
cannot be separated unaltered from the cellulose on account
of the extreme readiness with which i1t undergoes change.
By the action of a ferment (pectase) present in fruits, or by
warming with diluted acids or alkalies, pectose 1s in the first
place converted into a soluble substance, pectin, which is
largely contained in ripe fruits, and imparts to their juice the
property of gelatinising when boiled. Pectin, however,
readily undergoes further modification and yields a number
of products, all of which are classed as pectous substances
on account of their gelatinous character. These pectous
substances are colourless and amorphous ; they are partly
soluble, partly insoluble i1 water, but all insoluble in al-
cobol ; they have no action on a polarised ray of light.
Their composition cannot be considered as established ;
and no direct relation between them and the members
of the sugar group is at present traceable, although it
can scarcely be doubted that the two groups are gereti-
cally related, especially as mucic acid has been obtained by
oxidation of some of the pectous substances. It is probable
that the relation between the various transformation-products
of pectose is of a simple kind, and that the change consists
in most cases merely in the assumption or elimination of the
elements of water.

Pectin 1s precipitated by alcohol as a jelly from dilute
solution, in long threads from concentrated solutions. The
aqueous solution, which 1s of a gummy consistence, 1s
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neutral to test-paper, and is not precipitated by plumbic
acetate, but on boiling it loses its gummy consistence and
yields a precipitate with plumbic acetate, the pectin having
undergone conversion into parapectin—a substance which is
always present together with pectin in ripe fruit. Parapectin
i1s converted on boiling with diluted acids into mefapectin,
the aqueous solution of which reddens litmus-paper and is
precipitated by baric chloride, whereby it is distinguished
from pectin and parapectin. Metapectin is a constituent of
over-ripe fruits. The composition of these three substances
1s approximately represented by the formula C,,H 3O ,.

The end-product of the action of pectase on pectose is the
so-called metapectic acid ; and it is said that all pectous sub-
stances may be converted by the action of acids or alkalies
either directly into this acid, or into products which yield
this acid after further treatment. The formula C H,,0,4
has been provisionally assigned to 1t, but this cannot be con-
sidered as definitely established.

FERMENTATION.

Frequent allusion has heen made to the peculiar decomposi-
tion, technically termed fermentation, which most of the carbo-
hydrates of the composition C;H,,0, undergo when in contact
in dilute aqueous solution with beer-yeast. Cane-sugar and its
isomerides do not undergo fermentation,but are rapidly converted,
in contact with yeast, into compounds of the C;H,,0, group.

In the case of glucose and its isomerides, the change which
occurs during the vinous fermentation induced by yeast con-
sists in the main in the resolution of the sugar into ethylic
alcohol and carbonic anhydride!: C,H,,0, = 2C,H,0O + 2CO,,
but these are not the only products. The gas evolved invariably
contains a small proportion of hydrogen, and apparently also
traces of a hydrocarbon of the C,H,, 4 , series, and homologues
of ethylic alcohol (Z.e. propylic, tetrylic, pentylic, and hexylic

' On an average, about 95 per cent. of the sugar appears to undergo
this change.
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alcohols), glycerin,! mannite, acetic and succinic acid are also
produced in small quantities. The progress of fermentation and
the ratio between the products appear to be influenced both by
temperature and by pressure. The limit of temperature within
which fermentation takes place most readily is about 20°-40°;
at lower temperatures it proceeds very slowly, and ceases
altogether at 0°. Fermentation appears to be retarded, accord-
ing to recent observations,? by a reduction of pressure, and at
the same time the ratio between the carbonic anhydride and
alcohol produced is not the same as when the fermentation
occurs under ordinary pressures, a relatively larger proportion
of carbonic anhydride being formed ; also the amount of hydro-
gen evolved is greater, and proportionately more acetic acid is
produced, when the fermentation is conducted in vacuo than
when it is conducted under ordinary pressures.

[t is indispensable that the solution of sugar be not too con-
centrated, otherwise fermentation takes place but imperfectly,
owing probably to the action exercised by the resulting alcohol
on the yeast; on the other hand, it must not be too dilute, since
if this be the case the fermentation is extremely slow and irregular.

The nature of the process of vinous fermentation and of the
part played by the yeast has long been a matter of speculation,
Yeast consists of round or egg-shaped cells, about ;1= of a milli-
metre in diameter, which are formed of an outer wall of cellulose
enclosing a liquid often containing what appear to be minute
granules. In ordinary beer-yeast there are usually present,
together with these cells of Zorula cerevisie, cells of a second
organism, Penicillium glaucum, which are smaller and of a some-
what different form. These latter may be roughly separated
from the torula cells by filtering a quantity of water in which
some yeast has been shaken up ; the penicillium cells then pass
through with the liquid, whilst the larger torula cells remain
in great part on the filter. It is found that whereas vinous
fermentation ensues when the residue on the filter is added to a
sugar solution, the addition of the filtered liquid to a similar
solution causes it to undergo the lactic fermentation.

} According to Pasteur, glycerin is formed to the amount of about
3 per cent. of the sugar decomposed.
* H. Brown, Fournal of the Chemical Sociely, vol. x. p. §70, xi. p. §73.
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The yeast-cells grow and multiply in a fermenting liquid, but
the presence of nitrogen, phosphorus, sulphur, potassium, and
magnesium in the combined form (as ammonia, phosphate, sul-
phate, &c.) appears to be absolutely essential to their growth,
since otherwise the yeast after a time becomes inactive and
incapable of inducing fermentation ; atmospheric oxygen is not
required, however. Washed yeast suspended in water rapidly
enters into fermentation at a temperature of 30°-35° the cell-
contents undergoing change with formation of alcohol and
evolution of carbonic anhydride ; finally, inactive yeast-remains
containing proportionately less nitrogen than the original yeast,
a portion of the nitrogen having gone into solution. Active cells
contain a certain proportion of soluble nitrogenous constituerits,
but the nitrogenous substance in those which have become
inactive is insoluble. The ash (7-8 per cent.) which is left on
incineration of dry yeast consists chiefly of phosphates of the
alkali and alkaline earthy metals.

Pasteur, to whom we are indebted for a mass of most valu-
able observations on the phenomena of fermentation, considers
that the development of the yeast-cells is an essential part of
the process of fermentation, and that they live at the expense of
the sugar, withdrawing from it a portion of the substance neces-
sary to their continued growth and propagation, this withdrawal
of a portion of its constituent matter causing the sugar to break
up into simpler substances.

According to Liebig, on the other hand, the decomposition of
sugar on fermentation is not the result of the withdrawal from it
of matter necessary to the growth of the yeast-cells, but is due
to the impetus to change which is imparted to it by the chemical
changes continuously occurring in its immediate neighbourhood
in some unstable substance generated in the yeast-cells,! the
state of vibration set up within the latter being propagated to
the sugar particles and determining the breaking apart and re-
arrangement of their constituent elements. According to this
view, the continued growth of the yeast-cells is necessary
simply in order that there may be a supply of the unstable sub-

I An aqueous extract of yeast, prepared by shaking up yeast with
cold water, rapidly converts cane-sugar into dextrose and laevulose, but
it cannot induce any further change.
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stance, and to this extent only is it an essential part of the
process.

Several of the by-products of vinous fermentation are doubt-
less the result of secondary action, and are not formed by the
mere splitting up of the sugar, but at present a decision on this
point can scarcely be arrived at, on account of the want of
experimental evidence. Thus mannite and glycerin are in all
probability products of the action of nascent hydrogen, as are
perhaps the homologues of ethylic alcohol which are produced,’
whilst succinic acid is doubtless an oxidation-product. The
source of the nascent hydrogen and oxygen is not far to seek,
since there is reason to believe that water is decomposed into
its elements during fermentation, .

Yeast is capable of inducing change in substances other than
members of the sugar group. Thus when a mixture of calcic
malate with water and yeast is set aside in a warm place, car-
bonic anhydride is evolved, and the malate is gradually converted
into calcic succinate, acetate, and carbonate. Thischange may
be empirically represented as follows :

3C,H,0, = 2C,H,0, + C,H,0, + 2CO, + OH,.

Malic acid. Succinic acid. Acetic acid.

If the mixture become too hot, however, hydrogen is also
evolved and comparatively little succinic acid is produced, but
a large quantity of butyric acid, C, H,O,. "It is evident that in
this case a complex series of changes occur : Malic acid being
monoxysuccinic acid, C,H,(OH)(CO,H),, its conversion into
succinic acid, C,H,(CO,H),, is doubtless due to reduction :
C,H,(OH) (CO,H),+ H,=C,H (CO,H), + OH,, the formation
of butyric acid being the result of continued reduction :
C,H,(CO,H),+;H, = C;H,(CO,H) + 20H, ; whilst the acetic
acid and carbonic anhydride are possibly oxidation-products.
Other plant acids behave similarly, but in none of these cases
has it been observed that the yeast-cells multiply.

I It has recently been shown (Bouchardat, Comptes Rendus, lxxiii.
1008) that by the action of nascent hydrogen (sodium amalgam) on a,
solution of glucose, there are produced together with mannite, isopro-
pylic, amylic, and hexylic alcohols ; a solution of inverted mill-:-sugar
similarly treated yielding dulcite in addition to these products.
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A number of ferment-like substances exist in various plants
which are capable of producing changes similar to those which
occur when starch, or saccharose and its isomerides, are acted
upon by saliva, malt-extract, yeast-water, &c. Thus the bitter
almond contains, together with amygdalin, a peculiar unstable
nitrogenous substance termed emw/sin, which converts amyg-
dalin into benzoic aldehyde, glucose, and hydrocyanic acid ;! and
the seeds of black and white mustard contain a nitrogenous
substance mzyrosin, which is capable of converting the potassic
salt of myronic acid, a constituent of the black mustard seed,
into glucose, allylic sulphocyanate and hydric potassic sulphate.?
The active matters in saliva, malt and yeast extract, &c., appear
to be highly alterable nitrogenous compounds; in common
with emulsin and amygdalin they entirely lose their power of
causing the various changes which have been mentioned when
heated in aqueous solution, even to a temperature considerably
below that of boiling water, doubtless owing to their having
undergone alteration.

Lactous and Butyrous Fermentation.—If a solution of cane or
milk sugar be mixed with putrefying cheese, or milk, and chalk,
and the mixture allowed to stand some days at a temperature of
30°-35°% the sugar is gradually converted into lactic acid :
C¢H,,0,=2C,H,;0,. The function of the chalk is to neutralize
the acid as it is formed, which would otherwise’ prevent thé
continuance of fermentation.

If, after the conversion into lactic acid is complete, the action
be allowed to continue, the calcic lactate gradually disappears
and is ultimately in great part converted into calcic butyrate
with evolution of hydrogen and carbonic anhydride ; acetic acid
(C,H,0,) and caproic acid (C;H,,0,) are also produced simulta-
neously, and less hydrogen than is required by the equation
2C,H,0,=C,H;0, +2CO, + 2H,, which assumes the entire con-
version of the lactic into butyric acid, is evolved; sometimes
even pure carbonic anhydride is generated. This is perhaps in
part explained by the fact that a portion of the butyric acid is
reduced to butylic alcohol, which appears to be a constant pro-
duct of butyrous fermentation : C,H,O,+2H,=CH,,0 + OH,.

! CyoHyyNOy, + 20H, = C;H O + 2CH,,0, + HCN.
2 C,oH;sNKS,0,, = CeH1204 + C,H;NS + KHSO,,
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The active cause of both the lactous and butyrous fermentation
is apparently the Penicillinm glaucum.

Mucous Fermentation.— This i1s a peculiar decomposition
undergone by sugar when in presence of certain nitrogenous
substances. Thus the juice expressed from sugar beet when
kept assumes a gummy consistence, but after a time again
becomes liquid ; hydrogen and carbonic anhydride are evolved,
and at the close of the fermentation the solution contains man-
nite, a gum isomeric with arabin, a non-crystallisable sugar, and
lactic acid.

Acetous Fermentation.—The conversion of alcohol into acetic
acid (vinegar manufacture) which takes place under the influence
of the so-called acetous ferment (Mycoderma acetr), is doubtless
a simple process of oxidation. At most the mycoderm acts asa
carrier of atmospheric oxygen, which it absorbs within its pores,
thereby bringing it into intimate contact with the alcohol. In
this respect the action of the mycoderm is perfectly comparable
with that of finely-divided platinum, which at once determines
the union with explosion of oxygen and hydrogen owing to the
gases being brought into intimate contact within the pores of
the platinum, and the oxidation of alcohol to aldehyde and
acetic acid.

MERCAPTANS OR THIO-ALCOHOLS.

The relation which these compounds bear to the alcohols is
of precisely the same character as the relation which exists
between the metallic sulphydrates and the metallic hydrates:

Ethylic hydrate.  Ethylic sulphydrate. Seodic hydrate. Sodic sulphydrate.

Mercaptans corresponding to the monohydric alcohols of
the C,.H,,.,.0OH, C;H,, ,.OH,and C H,,,..OH! series; to

! This series includes compounds of two classes, which correspond
respectively to the phenols and to benzylic alcohol and its homologues,
The mercaptans of the former class (¢higp/enols) cannot be prepared by
the action of metallic sulphydrates on the haloid derivatives of the
corresponding hydrocarbons ; but those of the latter class are readily
obtained from the mono-haloid derivatives formed by the action of
chlorine or bromine on the boiling hydrocarbons homologous with
| benzene.
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the dihydric alcohols of the C,H,,(OH), and C,H,, _s(OH),
series ; and to the trihydric alcohols of the C,H,, (OH),
series, are known. Several compounds, intermediate between
the alcohols and mercaptans have been obtained ; such as

(OH (SH

OH . : 2
C,H, { SH, intermediate between C,H, OH and C,H, {SH,

OH OH
and C;H, {OH and C,H; { SH, intermediate between
SH SH
OH {SH
‘C3H;{OH and C;H;{SH
(OH SH.

General Methods of Formation.—1. By the action of potassic
sulphydrate on haloid derivatives of the hydrocarbons of the
C.H,,., and C H,, senes, thus :

C.H,. 6l 4+ BSH =G0y 1 SH 4 BCL
C.H.Cl; 4 2KSH = C.H,(cH); 4 4KCL
CIIH‘EE—ICIE -+ SKSH = Cann_](SH):; - 3KCL

2. By distillation of the corresponding alcohols with phos-
phorus pentasulphide, e.g. :

5CoiHons1-OH + PS; = 5C,Hy 1 .SH + Py0;.

This method has hitherto only been applied to the pre-
paration of mercaptans corresponding to monohydric alcohols
of the C,Ho, +;.OH and C,H,, _;. OH series, but 1s doubtless
of general application.

3. By the action of nascent hydrogen on the acid chlorides
derived from the sulphonic acids, for example :

C,H,(S0,,0H) + PCl; = CzH;(SO,Cl) 4+ POCI; + HCI;

Benzenesulphonic acid. Benzenesulphonic chloride.
C.H,(S0,Cl) + 3H, = C¢HySH + HCl + 20H,,

This method appears to be generally available.
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4. The mode of preparing the compounds intermediate
between the alcohols and mercaptans will be evident from

the following examples :

Monochlorhydrin

C,H;(OH)Cl, 4+ 2KSH = C;H,(OH)SH), + 2KCL.
Dichlorhydrin.

Propertics.—The mercaptans of the C ,H,,;,.SH! and
C,H,,_,.SH series are mobile colourless liquids ; those of
the C,H,,(SH), and C,H,,_,(SH), are viscid liquids which
undergo alteration on distillation ; the first term of the
C.H.,,_+.SH series (Z/iophenol, CgH;.SH) 1s a hiquid, butits
homologues are mostly crystalline. The only known mem-
ber of the C,H,, _(SH), series (Z/%ioresorcin, CcH (SH),) 15
a crystalline solid. Nearly all the mercaptans possess
offensive alliaceous odours. The mercaptans yield metallic
derivatives analogous to those obtained from the alcohols.
These derivatives are bodies of considerable stability, and
many of them are readily obtained in a crystalline condition ;
they are formed from the mercaptans by the action of metals,
such as sodium and potassium, or of metallic oxides, such
as mercuric oxide,? or by the addition of metallic salts, such

! The following mercaptans of the C,H,,4,.SH series have been
obtained :

B.-P.
Methylic sulphydrate CH,.SH v
Ethylic i C,H,.SH 36°
Isopropylic ,, C.H..SH 57°-60°
Isobutylic* ,, B .. 5H 88°
Isoamylic* ,, C;H,,.SH about 120°

* These are derived from the alcohols of fermentation.

? The name mercaptan (from corpus mercurio aptum), which has now
become generic, was originally applied to the first-discovered member
of the class (ethylic sulphydrate, C,H;.SH) on account of the energetic
reaction which occurs when it is brought in contact with mercuric oxide.
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as plumbic acetate and mercuric chloride, to their alcoholic
solutions.

Most characteristic of the mercaptans, however, is their
behaviour on oxidation by nitric acid, whereby they are
ultimately converted into sulphonic acids, thus :

ECHHEH+1'SH + 302 —_— zangn_l,l.SOaH-
CEHEH(SH)E + 302 CnHEE{SOJH)E'

[

CHAPTER VIL

ETHERS.

THE ethers are a class of compounds bearing to the alco-
hols precisely the same relation that the metallic oxides bear
to the metallic hydrates ; they may, in fact, conveniently be
regarded as oxides of radicles of which the alcohols may be
considered to be the hydrates, thus:

C.H, , Na) A .
C:H;}O, C,H,.OH. Na}o, Na.OH.

Ethylic oxide  Ethylic hydrate Sodicoxide. Sodic hydrate.
(ethylic ether). (ethylic alcohol).

CquO; CEH_; {8% BaO H B&{gg‘

Ethylenic oxide. Ethylenic hydrate.  Baric oxide. Baric hydrate.

General Methods of LPreparation. — The ethers of the
(C.H ;. 41)20, (CiHy, . 1):0 and (C.Hg,_ 5)i0 senes, corre-
sponding to the monohydric alcohols of the ethylic, allylic,
and benzylic series, are obtained by the action of the mono-

haloid derivatives' of the corresponding hydrocarbons on the
i :

1 Only such mono-haloid derivatives as are convertible into, or are
derived from, corresponding alcohols are available, however. For
example, the monochloropropylene (allylic chloride) derived from allylic
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sodium or potassium derivatives of the corresponding al-
cohols, e.g. :
BRI + RLONa = R.O.R 4+ Nalt

If the mono-haloid derivative taken 1s derived from, or
convertible into, an alcohol identical with that from which
the metallic derivative employed 1is formed, so-called simple
ethers are obtained ; if it is derived from, or convertible
into, an isomeric, homologous, or 1sologous alcohol, so-
called mixed ethers are produced. Thus by the action
of ethylic iodide (iodethane) on sodic ethylate (CoH;I +
C,H..ONa=Nal+C,H;.0.C,H;) the simple ether, eZylic
oxide is obtained, which is metameric with the mixed ether,
propylic methylic oxide,(C3H,)*O.CH,, formed by the action of
propylic iodide (a-iodopropane) on sodic methylate, and with
the isomeric ether Zsopropylic methylic oxide, (C,H,)PO.CH,,
from isopropylic iodide ($3-iodopropane). Similarly, by the
action of the mono-haloid derivatives of the paraffins on the
metallic derivatives of allylic alcohol, or by the action
of allylic chloride, bromide, or iodide on the sodium or
potassium derivatives of the monohydric alcohols derived
from the paraffins, a series of mixed ethers of the form
C.H,,..0.C3H; are obtained. Other series of mixed ethers
are produced by the action of the mono-haloid derivatives
corresponding to the alcohols of the ethylic, allylic, and
benzylic series on the sodium dernivatives of the phenols, e.g.:

CGH;,.ON& + CEH;-,I jm— CuHﬁ.D.CEHﬁ + N{'].I.
€, H..ONa 't C.B,Cl=¢.H,0.C.H, 4 NacCi

A second general method of preparing simple and mixed

alcohol readily lends itself to this reaction, but the isomeric monochlero-
propylene which is the first product of the action of potassic hydrate on
dichloropropane, and which cannot be converted into a corresponding
taleohol, is resolved into allylene and hydrochloric acid.

! In this equation R denotes a radicle of the CyHp41,CaHan—;, or
(CpHyp - ¢ series,
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ethers corresponding to the alcohols of the ethylic and
allylic series consists in acting upon the acid ethereal salts
formed from the alcohols and sulphuric acid with the alcohols
of these series, thus :

CnHEn+1*OH -+ HgSOq = Cann+1~Han -+ OHQ;
G OF 4 CHyy HS0, = € Fp /00 H ut
4 H.50,

Neither of the above methods is available for the prepara-
tion of ethers corresponding to the phenols. Only one such
compound 1s known, phenylic ether, obtained by fusing
phenol with diazobenzene sulphate : :

CﬁHﬁ(NEHSO‘II) + CﬁHﬁ-OH — (CEH5)20 + Ndz + HESOJ.

The ethers corresponding to the dihydric alcohols, the
glycols, are prepared by the withdrawal of hydrochloric acid,
by the action of potassic hydrate, from the chlorhydrins
formed from these alcohols by the action of hydrochloric
acid :

C“Hgn(OH}g + HC] = DHL: + CHHEH(OH)CI;
C.H, CI(OH) + KHO = KCl + OH, 4+ C.H,.0:

Numerous mixed ethers are obtained by the action of
mono-haloid hydrocarbon derivatives on the sodium deriva-
tives of the glycols, e.g. :

CEH*(DNQ}E —— ECHEI = CEHJ(OCHE)E "l“ ﬂNﬁIr

The ether of the trihydric alcohol glycerin is obtained,
together with other products, on heating glycerin with calcic
chlornde :

ECEHﬁ(OH)E — 30H2 - {CEHEI)EO.E'

It is a colourless somewhat thick liquid. A compound inter-
mediate between this glyceric ether and glycerin, bearing to
them the same relation that bismuthous hydrate, BIO(OH),
bears to bismuthic oxide, B1,03, and to bismuthic hydrate,
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Bi(OH),, is produced by acting upon the mnnachlorhydnn
of glycerin with potassic hydrate :

C,H,Cl(OH), + KHO = C;H,0(0H) + KCI + OH,,

Numerous mixed ethers have been obtained by the action
of the chlorhydrins of glycerin on the sodium-derivatives of
the alcohols of the ethylic and allylic series.

Little is known of the ethers of other series than the above-
mentioned.

General Properties of the Ethers.—The simple and mixed
ethers derived from the monohydric alcohols of the ethylic
and allylic series are colourless mobile liquids. By pro-
longed heating with water they are resolved into their gene-
rators, the alcohols :

ROR 4 OH.= ROH 4 ROH.

On digesting them with concentrated sulphuric acid the cor-
responding acid ethereal sulphates are produced :

R.O.R + H,S50, = R.OH + RHSO, ;
R.OH + H,SO, = RHSO, + OH,.

They are similarly decomposed on heating with concentrated
aqueous solutions of the haloid acids :

R.O.R + HCl = RCI + R.OH;
R.OH + HCl = RCl + OH,;

and by the action of phosphoric chloride :
R.O.R 4+ PCl; = RCl + RCl1 4+ POCI,.

The mixed ethers of the form C H,,_,.O.C,H,,.,! de-
rived from the phenols behave somewhat differently. They
are decomposed by the haloid acids (most readily by hy-
driodic acid) in the manner represented by the equation :

s +0.C Hyy, 1+ BI == C.H;, v OH + C.H,. il

' These are generically termed anisols, the first member of the series,
CH,.0.C,H., having received the name aniso/ on account of its
formation from anisic acid.,

P
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and on treating with concentrated sulphuric acid are con-
verted 1nto sulphonic acids :

CaHpn_1:0.CoHyoy, + H;SO, = OH, + CuH,,_,(HSO,).0.C,H

2n+41°

The ethers derived from the phenols appear to be still
more stable compounds. Thus phenylic ether (a crystalline
compound melting at 28° and distilling at 248°) is not
affected by heating with a concentrated aqueous solution of
hydriodic acid to 250° ; concentrated sulphuric acid converts
it into the disulphonic acid (CzH,.HSO,),0.

The ethers derived from the glycols are far less inert com-
pounds than the ethers denived from the monohydric alco-
hols ; they combine with water (to reproduce the glycols),
the haloid acids, acetic anhydride, &c., thus :

CnHEnD =t OHE = CnH‘En(OH)E;
C,H;,0 + HCl = C,H,,Cl (OH);
CoH2,O + (C3H30),0 = C,H,y(0.C,H,0),.

These changes are readily effected by gently heating the
ethers with the respective reagents in closed vessels.

EtnyLiC OXIDE (E#iylic Ether, Ether), C,\H,,0 =
(C3H;)0O0.—Preparation.—On the large scale ether is always
prepared by the so-called continuous process :(—

A mixture of 5 parts of go per cent. alcohol with g parts of
concentrated sulphuric agid is heated to a temperature of 140°-
145° in a vessel provided with an efficient condenser, and a
constant stream of alcohol allowed to flow in, the rate of
flow being so regulated as to maintain the temperature at about
140°. Water and ether distil over together, the formation of
the latter being the result of two separate and successive
changes : the alcohol is in the first instance converted into
hydric ethylic sulphate (sulphovinic acid), which by the action
of a further quantity of alcohol is converted into ether and sul-
phuric acid, thus :

1. CGHOH + H;80 = 0H, + C,HHSO,;
2. C,H.OH + C;H, ,HSO, = (C;H,),0 + H,S50,.
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The acid thus liberated again enters into reaction with alco-
hol, and is again liberated, and this cycle of changes is repeated
over and over again. Theoretically the same quantity of acid
should convert an unlimited quantity of alcohol into ether ;
practically, however, this is not the case,” partly in consequence
of the retention of water by the acid which thus becomes too
dilute to etherify the alcohol, partly in consequence of the
occurrence of carbonisation and oxidation at the expense of the
sulphuric acid. If, in the first place, a mixture of some other
alcohol than the ethylic with sulphuric acid be taken and ethylic
alcohol be then added gradually, a mixed ether is produced; thus,
supposing amylic alcohol be taken, ethylic amylic ether is
obtained :

C.,H,,.OH + H,S0O, = OH, + C,H,.HSO,;
C,H,OH + C,H,.HSO, = C,H,.0.C;H,, + H,SO,.

Properties.—Ethylic oxide 1s a colourless very mobile
liquid, having a peculiar exhilarating odour; it is very vo-
latile, boiling at 35°.5—the vapour forms a highly explosive
mixture with air; it is somewhat soluble in water, and mis-
cible in all proportions with alcohol. Ethylic oxide combines
with bromine, with evolution of heat, forming a crystalline
compound (C,H,,0OBr;),, which 1s decomposed by water
into its generators. By the action of chlorine on ethylic
oxide a series of substitution-products 1s obtained, namely :

C,H,CLO.C,H. G HCE ©iC,
C H.CL.0.C F, C.CL..0.C.H;.
C.H.Cl;,0.C.H,

By the prolonged action of chlorine in sunshine it is ultimately
converted into the perchlorinated derivative, C,Cl;.0.C,Cl,.
The homologous ethers 2 closely resemble ethylic oxide.

' The g parts of acid suffice to convert about 35 parts of alcohol
into ether,

? The following ethers derived from normal primary alcohols of the
ethylic series are known :(—

P 2
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THIO-ETHERS.

Whereas the ethers are the amalogues of the metallic
oxides, the thio-ethers are the analogues of the metallic
sulphides : they bear the same relation to the mercaptans or
thio-alcohols that the ethers bear to the alcohols :

CEHE-SH; CEHE.S.CQH;], p CEH‘:}.OH . CgHﬁ-O-CgHE.

Thio-ethers have been obtained by the following general
methods :(—

1. By the action of mono-haloid derivatives of the hydro-
carbons of the C,H,. 10, C,;Hgs and C,Hg, ' series on
potassic or sodic sulphide, e.g. :

2C,Hoy 41 Br + KyS = (CoHyppyy)oS + 2KBr.

2. By the action of mono-haloid denvatives of the hydro-
carbons of the C,H,, .9, C,Hj,, and C . H,, ! series on th2
sodic or potassic derivatives of the mercaptans, e.g !

CIIH'.]IJ—II + CDH211+ I-SNH — NElI + CnHED-i‘ I‘S'CEHE:II—.'I'

This method is applicable to the formation of mixed thio-
ethers corresponding to the anisols from thiophenols.

3. By distillation of the lead derivatives of the mer-
captans :

(CnHEn+IS)EPb = {CnHEn+1}ES + PDbS.

B.-P.
Methylic ether , GC,H,0 =CH,. 0.CHg —21°
Methylic ethylic ether . C,H,0O = CH,.0.C,H; +11°
Ethylic ether C.H,,0=CH;.0.C.H, NN
Methylic propylic ether CsHy,0=CH,.0.CH; 49—52°
Ethylic propylic ether . CzH,,0 =C,H,.0.C;H, 68—70°
Propylic ether . CH,,0=C4 JH,.0.C HT 85 —86°
Butylic ether , , . CaH;,0=C_H,.0.C,H, 141°

! The chlorinated and brominated derivatives of toluene and its
homologues obtained by the action of chlorine or bromine on the
boiling hydrocarbons are alone available.




Thio-Ethers. 213

This method is available for the preparation of simple
thio-ethers from the thiophenols; in fact, it i1s generally
applicable whenever the thio-ether to be produced is capable
of being distilled unchanged.

General Properties—With few exceptions the thio-ethers
are colourless or yellow liquid bodies, possessing character-
1stic offensive odours. The thio<ethers of the (C ,H,, 4 ,)sS
and (C,H,, ,),S series unite directly with the moniodo-
paraffins and olefines obtained by the action of hydriodic
acid on the alcohols of the ethylic and allylic series, to
form a remarkable series of crystalline compounds ; e.g. :

(CoaHgny1)eS" + CiHy I = (ChHgu44)3S"L

These compounds are converted by the action of moist
argentic oxide into the corresponding hydrates :

2(CoHu 4 1)sSI +Age0 + OH, = 2(C.Hy, 41 )5S.OH + 2AgL

These hydrates closely resemble the metallic hydrates ; their
aqueous solutions are strongly caustic, exhibit an alkaline
reaction, and precipitate metallic hydrates from solutions of
metallic salts, thus:

2(CyHop44)35.0H 4+ ZnSO, =
Zn(OH), + 2[(C.Hgy41):S]S0;.

The corresponding chlorides form crystalline double salts
with platinic chloride :

E(CnH2n+ [}38(:1 -+ PtCl_l = E(CHHQH.{_])ESCI, PtCl,I.

On oxidation the thio-ethers are directly converted into
compounds of the form R,SO, or R,S0, ; the ethers of the
(C.Hs,41):S and (C,H,,_,),S series yielding compounds
of both classes, whilst the ethers of the (C,H,,_4)sS series
derived from the thiophenols appear to yield only com-
pounds of the latter class.

Analogues of the metallic disulphides R',S, are obtained
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by the action of the halogens on the metallic derivatives of
the mercaptans, e.g. :

ECHHED_?.SNE + Ig = 2Nal -+ (CHHEH—T)ESE;
and by careful oxidation of the mercaptans :

2C,Hyp41.SH + O = OH, + (CHyp44),S,.

These sulphides are reconverted into mercaptans by the
action of nascent hydrogen :

(CHH2n+1)ESE - Hg = 2Cann+]-SH,

CHAPTER VIIL
ALDFEHYDES.

THE aldehydes are a class of compounds intermediate
between the primary alcohols and the corresponding acids,
and are formed from the alcohols by the simple withdrawal
of hydrogen—hence the name aldehyde, which is an abbre-
viation of aleokol dehydrogenatum. The monohydric primary
alcohols are converted into the corresponding aldehydes by
the withdrawal of two units of hydrogen ; the dihydnc by
the withdrawal of four units ; in short, a.primary alcohol
which is z-hydric is converted into the corresponding alde-
hyde by the withdrawal of 27 units of hydrogen. The
aldehydes are the first products of the oxidation of the
primary alcohols ; they are characterised and distinguished
from the ketones, which are similarly related to the secondary
alcohols, by the fact that they are converted on oxidation
into acids containing the same number of units of carbon,
the change consisting in the assumption of an amount of
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oxygen equivalent to the amount of hydrogen withdrawn in
the formation of the aldehyde from the primary alcohol :
CEHEO—HE = CgH,lO 3 CQH.iO + L — CEH-IOEE'

Alcohol. Aldehyde. Aldehyde. Acetic acid.

The methods employed in the formation of the primary
monohydric alcohols, and their behaviour with reagents,
have led to their representation by the general expression
R.CH,(OH), R being a monad hydrocarbon group or
radicle ; in other words, the group (CH,.OH) is regarded
as common to the monohydric primary alcohols ; similarly,
the polyhydric primary alcohols, which are #z-hydric, are
formulated as containing the group (CH,.OH) 7 times.
On the other hand, a consideration of the reactions giving
rise to the formation of aldehydes and their chemical beha-
viour, has led to the assumption that in the conversion of
the primary alcohols into aldehydes, the group (CH,.OH)
1s alone affected, and 1s converted into the group (COH).
Hence the aldehydes derived from monohydric alcohols are
generally represented by the expression R.COH, and the
monobasic acids formed from them by oxidation by the for-
mula R’.CO(OH); the relation between the three series
of compounds, as a comparison of the following general for-
mulz will show, 1s thus of an extremely simple character :

i [o lo

Civ / H2 : Civ OH‘ : Civ OH
((0RY (H ((OHY

Monchydric aleohol Aldehyde. Monobasic acid.

At present we are only acquainted with aldehydes derived
from monohydric and dihydric alcohols ; those correspond-
ing to the more important lower terms of the C,H,, , ,.OH,
C,H,,_,.OH,and C,H,,_..OH series of monohydric al-
cohols have been chiefly studied, and we have little or no
knowledge of the higher terms of the series.
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ALDEHYDES OF THE coMposITION R'.COH.

General Methods of Formation.—1. By the oxidation of
the primary alcohols :

2R'.CH,(OH) 4+ O, = 2R".COH + 20H.,.!

! 1t is usually supposed that the change which occurs on oxidation
of the alcohols consists simply in the withdrawal of H, from the
CH,(OH) group and the simultaneous resolution of the monad (OH)
group into its constituents, thus :

R.CH,(OH) + O = OH, + R.C(OH) = R.COH.

There is some probability, however, attaching to the assumption fhat
the formation of the aldehyde is the result of two distinct changes, the
first of which consists in the production of a compound of the form
R/.CH(OH)(OH), which is subsequently broken up into the aldehyde
and water, the former of these changes being brought about either (a)
by the direct addition of oxygen to the alcohol, or (#) by the combined
influence of the nascent oxygen and water, or (¢) perhaps by the agency
of Lydroxyl (hydric peroxide, (OH),) itself, thus :

(@) R.CH,(OH)+O=R".CH(OH),.

{¢) R'.CH,(OH)+0O + OH,=R".CH(OH), + OH,.

(¢) R.CH,(OH) + (OH),=R’.CH(OH), + OH,.
R’.CH(OH), =R.COH + OH,.

In support of this hypothesis is the fact that the aldehydes are known to
form unstable compounds with water of the composition R’.CH(OH),,
which are readily broken up into the aldehyde and water.

The same applies to the secondary alcohols which yield ketones on
oxidation (see p. 149, and ketones), thus:

R,.CH(OH)+ O+ OH,=R',.C(OH), + OH, ;
R C(OH), =R:CO30H,.

In the case of the tertiary alcohols, R';.C{(OH) (see p. 149), the
first change possibly consists in the resolution of the alcohol into a com-
pound of the form R',. C(OH),, which is subsequently resolved into a
ketone and water, and an alcohol of the form R'’.OH which at once
undergoes further oxidation. Thus in the case of dimethylisopropyl-
carbinol, which yields acetone and acetic acid on oxidation, the reaction
may be resolved into the following phases:
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2. By dry distillation of an intimate mixture of calcic,
potassic, or sodic formate and the corresponding metallic
salt of a monobasic acid :

HCO(ONa) + R.CO(Na) = R.COH + Na,CO3.

General Properties—1. The aldehydes exhibit a remark-
able tendency to suffer change, and, as a rule, can only be pre-
served unaltered for any length of time if perfectly pure ; the
presence of mere traces of impurity often suffices to ensure
their gradual conversion, either into polymeric substances,
or condensation-products (see acefic aldehyde).

2. The aldehydes are readily converted by oxidation into
corresponding acids, often by mere exposure to the air. In
all cases this change i1s rapidly effected on warming with
argentic oxide and water : metallic silver is deposited, the
silver salt of the acid remaining in solution :

R.COH + Ag,0 = R.CO(OH) +Ag,;
2R".CO(OH) + Ag,0 = 2R’.CO(OAg) + OH,.

3. By the action of nascent hydrogen! the aldehydes are
converted mnto the corresponding monohydric alcohols :

R.COH + H, = R.CH,(OH).

JCH [CHE
Ho _ ~CH, )
[1OH}| (OH)

CH(CH,),.OH + O + OH, = C(CH,),(OH), + OH, ;
2C(CH,),(OH),=20H, + 2C D{i.,.H:m

The acetic acid produced results from the oxidation of the acetone.

This example, moreover, is a striking illustration of the law which
appears to govern these changes, viz.: that if the tertiary alcohol which
is oxidised contain dissimilar groups, the ketone which is formed always
contains the two most stable—usually the least complex—groups, the
least stable—usually the most complex—group being split off and at
once further oxidised.

' The hydrogen evolved by the action of metals on diluted acids is
not generally available for this purpose ; usually sodium amalgam is
added to a solution of the aldehyde in water,
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then the fixation of hydrogen is accompanied by condensa-
tion, and a dihydric alcohol is also produced, thus :

2R.COH + H, = {ggg-gg

4. When heated with fused potassic hydrate, the alde-
hydes are converted into the potassic salts of the corre-
sponding acids :

R.COH + KHO = R’.CO(OK) + H,.

In many cases the hydrogen thus set free reacts at the
moment of liberation on a portion of the aldehyde, and
converts it into the corresponding alcohol (see p. 170).

5. By the action of phosphorus pentachloride or bromide,
the oxygen of aldehydes may be replaced by the equivalent
amount of chlorine or bromine, thus :

R.COH + PCl; = R.CHC], + POCL.

6. By the action of chlorine, when certain precautions
are observed, the aldehydes are converted into the corre-
sponding acid chlorides (see acetic aldeliyde)

RIUCOH + Cl; = R.COCI + HCL

7. The aldehydes combine directly with the acid sul-
phites of the alkali metals, forming crystalline compounds,
from which the aldehydes may be again obtained on treat-
ment with a mineral acid or an alkaline carbonate :

R.COH + HNaSO, = R.CH(OH)(NaSOy).

These compounds afford a ready means of purifying alde-
hydes.

8. The aldehydes of the acetic or C,H,, ,,.COH senes
combine directly with ammonia, forming crystalline com-
pounds, the so-called aldeiyde-ammonias :

C,H,..;.COH + NH; = C,H,,,,.CH(OH)(NH,).
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The aldehydes of the acrylic or C,H,,_,.COH series
appear to behave differently—thus acrolein yields the com-
pﬂ'llnd CEHQNO .

ECEH,IO + NHH pu— OHE + CEHQNO'

By the action of ammonia on the aldehydes of the benzoic
and allied series, the whole of the oxygen of the aldehyde is
at once eliminated in the form of water, and so-called
hydramides are produced :

3C,H,,_;COH + 2NH; = 30H, + (C,H,,_+.CH),"N,.

The aldehyde-ammonias - are mostly resolved into the
.aldehyde and an ammonic salt on treatment with acids;
von heating, either alone or with dehydrating agents, the
roxygen they contain is partially or wholly removed in the
| form of water, and ammonia also split off, and a series of
| basic condensation-products,exa/dines and aldines, is formed.!

9- By the action of aniline on the aldehydes, numerous
1phenylated-aldines are produced, the oxygen of the aldehyde
Ibeing eliminated in the form of water; thus in the case of
¢acetic aldehyde :

:2}:(C5H5)H3 + C2H4O —_ OH2 '+' N‘E(CEH?I)E_{CEHJ}HE'
:EK(CE,HQ}HE + 2C2H4O = EOHE -+ Nz(CﬁHﬁ}g{CgH_i)g.

Considerable interest attaches to many of the products thus obtained.
1Thus Schiff has recently shown that on digesting normal butyric alde-
thyde with an alcoholic solution of ammonia, it is converted into
dibutyraldine, CsH,sNO=2C,H,O + NH,—OH, ; and that on dry dis-
utillation this product is converted into a substance of the same compnsi-
stion as conine, C,H, N, the poisonous alkaloid contained in hemlock.
[IThis artificial conine possesses almost all the properties of natural
conine, with which, however, it appears to be isomeric and not identi-
cal, natural conine being probably a der’ ..tive of isobutyric aldehyde.
Similarly, Baeyer has shown that by submitting acrolein-ammonia—
CsH NO—to dry distillation, it is converted into picolin—C H, N—
4 basic substance formed by the destructive distillation of animal
tters, &c.
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The aldehydes behave similarly with urea: by their
action on a concentrated aqueous or alcoholic solution of
urea so-called diureides are produced, thus :

ECONEH_i 9 CnHmOI == OI{E =+ CuHm(CONEHEI)E s

whilst by their action on dry urea #riureides are formed :

CON,Hy) 0 gy
3CON,H, + 2C,H_.O = 20H, + CON,H,' ™™
CON,H,} CoHn ;

and similarly even still more complex compounds may be
obtained. The ureides are readily resolved by the action of
boiling water, or diluted acids, into the aldehydes and urea.

10. The aldehydes combine directly with hydrocyanic acid;
on heating the compounds formed with dilute hydrochloric
acid, oxy-acids containing one unit of carbon more than the
aldehyde employed are produced (see Zactic acid) :

R.COH + HCN = R.CH(OH)(CN) ;
R’.CH(OH)(CN) + 20H, = R.CH(OH)(CO.0OH)+NH,

Corresponding amido-acids are obtained on digesting the
aldehyde-ammonias (p. 218) with hydrocyanic acid, and
subsequently heating the product with dilute hydrochloric
acid :

R’.CH(OH)(NH,) + HCN = R.CH(CN)(NH,) + OH,;
R.CH(NH,)(CN) + HCl + 20H, =
NH,Cl + R.CH(NH,)CO.OH).

11. Many of the aldehydes also combine with such com-
pounds as monochlorethane (ethylic chloride)—C,H;Cl,
acetic chloride—C,H;OCI, acetic anhydride—(C,H;0),0,
alcohol, hydrochloric acid, and water. All these additive’
compounds are highly unstable, however, and are readily
resolved into their components.

This expression denotes generally an aldehyde derived from &
monohydric alcohol.
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C,H., ;. ;.COH OR ACETIC SERIES OF ALDEHYDES.

The following members of the series are known ! :—

D.-P.
Formic or methylic aldehyde H.COH gaseous.
*Acetic or ethylic i CH;.COH 22°
*Propionic or propylic o EaH CGCHH 48°.5
*Butyric or tetrylic o CaH2.COH 7E°
Isobutyric or isotetrylic ,, C,H,A.COH 60°-62°
*Valeric or pentylic s CoHLCOH - 102°
tIsovaleric or isopentylic ,, C,H,".COH 93°
+Caproic or hexylic 5 EsH £COH 123°
*(Enanthylic or heptylic ,, CcH,32COH  152°
Caprylic or octylic? 3 C¢H,,O 171°-178°
Palmitic or hexdecylic ,, CisH3,0 melts at 52°.

Foraric or MeTHYLIC ALDEHYDE, CH,O = HCOH.—

1 Doubtless every alcohol R".OH is convertible into a correspond-
ing acid R.CO(OH)—(see acids, preparation of, p. 242)—capable in
turn of yielding a corresponding aldehyde R'.COH. The aldehydes
derived from primary alcohols may be termed primary, those derived
from secondary termed secondary, those derived from tertiary termed
tertiary ; and the aldehydes derived from isoprimary, isosecondary, or
isotertiary alcohols termed isoprimary, &c. Thus:—

C{CaH,p4,)H;.0H ; C(CyHjpyy) . H.OH ; C(CHypy,)s. OH.

Primary carbinol Secondary carbinol. Tertiary carbinol.
C(CaHyn+y)H,.COH ; C(CyHyny,).H.COH ; C(CyHyny4y)s. OH.
Primary aldehyde. Secondary aldehyde. Tertiary aldebsyde.

The aldehydes marked thus * in the above list are normal primary
aldehydes, being derived from normal primary alcohols; those marked
T are isoprimary and are derived from the isoprimary alcohols of fer-
mentation.  Isobutyric aldehyde, obtained by oxidising isoprimary
butylic alcohol, may be regarded as the first term of the series of nor-
mal secondary aldehydes of the acetic series. It will be noticed that
the rise in boiling-point in the series of normal primary aldehydes
eorresponding to each addition of CH,, is about 26°,

* From castor-oil (see ricinoleic acid).
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Until recently all attempts to prepare this aldehyde by the
ordinary methods had proved unsuccessful, but Hofmann
has shown that if certain precautions are observed it may be
obtamed by oxidation of methylic alcohol.

A current of air charged with vapour of the alcohol is directed
upon an incandescent spiral of platinum wire suspended in a
tubulated glass bottle, and afterwards passed through tubes
surrounded by a refrigerating mixture. The heat generated by
the oxidation of the alcohol is sufficient to keep the wire in a
state of glow if the air-current be properly regulated. Theliquid
which condenses in the tubes is a solution of formic aldehyde in
methylic alcohol which at once reduces an ammoniacal solution
of argentic nitrate, the aldehyde being oxidised to formic acid.
It is not possible, however, to isolate the aldehyde from this
.solution : if the alcohol be evaporated by exposure of the
liquid over sulphuric acid zz vacuo, a yellowish-white amorplious
substance remains, which is a polymeride of formic aldehyde.

This polymeride probably has the composition C;H;0,
= 3CH,0, and is identical with the so-called dioxymet/iryicne,
obtained by Butlerow by treating methylene 1odide (diiodo-
methane) with argentic oxide : *CH,I, +2Ag,0 =2CH,0
+ 2xAgl. On heating, under reduced pressure (in Hof-
mann’s vapour-density apparatus, p. 22), it is converted mnto
the gaseous normal aldehyde, CH,O0, which, however, on
cooling is slowly reconverted into the polymeride, so that it
appears to have but an ephemeral existence. On passing
sulphuretted hydrogen into the above-mentioned alcoholic
solution, the aldehyde is converted into the corresponding
thialdehyde, C;H,y S, (2 ¥=3), a white crystalline substance,
melting at 216° ; the same compound is obtained by the
action of nascent hydrogen on carbonic disulphide: xCS,
+2xH, = C,H,,S, + #SH,. By the action of ammonia
on dioxymethylene (formic aldehyde) a crystalline compound
(hexmethylenamine) of the formula CegH, N, = 2C,HO,
+ 4NH,— 60H, is obtained. On boiling dioxymethylene
with a solution of baric hydrate, it is converted into
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methylenitan and formic acid. Methylenitan is said to
have the composition C;H;,Og, but this does not appear
to have been satisfactorily established ; in many respects
it closely resembles the natural sugars, and on this account
a renewed investigation of the reaction is much to be
desired.

The liquid product of the dry distillation of calcic formate
[(HCO.0),Ca] contains a considerable proportion of me-
thylic alcohol ; it appears probable that formic aldehyde i1s
first formed, but is converted by the action of hydrogen,
simultaneously evolved, into methylic alcohol, thus :

(HCO.0),Ca = H, + CO + CaCOj.
(HCO.0),Ca = HCOH + CaCOj ;
HCOH + H, = CH,OH.

According to recent researches of Baeyer, formic aldehyde
is a body capable of entering into reaction with a very large
number of compounds of various classes. In the case of the
hydrocarbons of the aromatic series, the primary reaction ap-
pears always to be of the character indicated by the equation :

CHEO T ZCnHi‘n..E — OHE e CHE (CuHEn_T}E ;1

the product thus obtained, however, may, and indeed often
does, in turn react with a further portion of the aldehyde in
a similar manner. The phenols, resorcin, pyrogallol, and
the oxy-acids, such as salicylic acid, gallic acid, &c., are also
attacked by formic aldehyde : water is eliminated, and new
complex compounds result.? Reactions of this kind, which

V' See diphenylmethane,

* To effect these changes Baeyer employs either a solution of the
aldehyde in acetic acid prepared by heating methylene iodide (CH.L,)
with acetic acid and argentic acetate at 100° and subsequently digesting
the portion of the product which passes over on distillation at 130°-
170° with an equal weight of water in closed tubes at 100°, or methylal,
CH,(OCH,), (p. 230). The acetic solution, or the methylal, is
dissolved together with the substance to be acted.upon in glacial
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appear moreover to be specially characteristic of the alde-
hydes as a class,! claim the attention of the vegetable physi-
ologist. There can be little doubt that formic aldehyde is
one of the first substances generated in the plant from the
carbonic anhydride and water which are absorbed and de-
composed within the plant, apparently under the combined
influence of the chlorophyl and sunlight : it may be supposed
that carbonic anhydride is reduced to carbonic oxide, and
water simultaneously resolved into its elements oxygen and
hydrogen, and that the latter and carbonic oxide unite
to produce formic aldehyde? :

€0, =0 +CO ;' 0H, =04 H,; CO 4 H,=CH,0.

Acetic or Eravric Avpenypg, C;H,O = CH, COH,
commonly known as alde/iyde, 1s the first product of the
action of nearly every oxidising agent on ethylic alcohol ; it

acetic acid, and concentrated sulphuric acid then cautiously added;
the product is usually extracted from the mixture by shaking with
ether. Mesitylene (p. 126) treated in this manner yields a crystal-
line hydrocarbon, dimesitylmethane—CH,(CgH,,);—which is formed
with such readiness that the reaction may be employed as a means of
detecting either formic aldehyde or mesitylene ; thus dimesitylmethane
is even obtained with the aid of a mixture of cold solutions of chromic
anhydride and methylic alcohol in glacial acetic acid, proving that under
these circumstances methylic alcohol is normally oxidised to formic
aldehyde, although the latter cannot be isolated by ordinary means.

! All aldehydes which can be mixed with concentrated sulphuric
acid without undergoing alteration appear to react in the manner indi-
cated with aromatic hydrocarbons; but the various changes which take
place rapidly on heating, or which are induced and hastened by the
employment of dehydrating agents such as sulphuric acid, &c., doubtless
can occur at ordinary temperatures, and without such extraneous aid,
Z.e. under conditions similar to those which obtain in plants, although
necessarily in a slow and gradual manner.

? Recent experimentstof Sir B. Brodie and the brothers Thenard
tend to show that formic aldehyde is produced when a mixture of car-
bonic oxide and hydrogen gas is submitted to the action of the silent

electric discharge.
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is most conveniently prepared with the aid of a mixture of
potassic dichromate solution and sulphuric acid.

The product is in all cases more or less contaminated with
alcohol and acetic acid ; it is therefore allowed to remain for
some hours in contact with about its own weight of calcic chlo-
ride and then distilled ; the distillate is mixed with thrice the
volume of ether and saturated with ammonia gas, the crystalline
aldehyde-ammonia which forms is collected, washed with ether,
pressed between folds of bibulous paper, and decomposed by
distillation with diluted sulphuric acid on the water bath ; finally
the distillate is digested with calcic chloride and rectified.

Aldehyde is a colourless mobile liquid, possessing a pe-
culiar characteristic ethereal, but suffocating odour ; it boils
at 22° and at o° has the specific gravity ‘805°. Aldehyde
is soluble in all proportions in water and alcohol ; it 15
neutral to test paper, but gradually becomes acid on exposure
to the air. All oxidising agents rapidly convert aldehyde
into acetic acid ; on warming an aqueous solution to which
argentic nitrate and a drop of ammonia has been added, a
brilliant film of metallic silver is deposited on the inner
surface of the vessel. On heating aldehyde with an aqueous
or alcoholic solution of potassic hydrate, a brown resinous
substance, the so-called aldehyde-resin, is produced ; similar
products are obtained from all the homologous aldehydes of
the acetic series. Aldehyde dropped upon molten potassic
hydrate is converted into potassic acetate. On passing
sulphuretted hydrogen into an aqueous solution of aldehyde,
a heavy oil is thrown down, which is a compound of aldehyde
with thialdehyde, and is resolved by treatment with acids
into these two bodies. Thialdehyde crystallises in white
needles having an alliaceous odour; the determination of
its vapour-density has shown that it has the composition
CgH .S, so that it does not correspond to aldehyde C,H,O,
but to the polymeride of aldehyde, C;H,,0.,.

Polymertdes of Aldelyde.—Pure aldehyde may be preserved
unchanged in closed vessels, but on the addition of mere

Q
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traces of hydrochloric, sulphurous, or sulphuric acid, or of
zincic chloride, &c., &c., it is noticed that the liquid soon
becomes spontaneously heated, and to such a degree that it
even enters into ebullition, the aldehyde being almost entirely
converted into paraldeiyde, CiH,,0; = 3C,H,O. Paralde-
hyde is a clear colourless liquid at ordinary temperatures,
boiling at 124°, but if cooled to below 10° it solidifies to a
white crystalline mass ; on distillation with a small quantity
of sulphuric acid it is reconverted into aldehyde.

A second polymeride, metaldehyde, C,,H,,0,, is obtained
if, on the addition of either of the above-mentioned substances,
the aldehyde be carefully cooled by a refrigerating mixture ;
after some time white crystalline needles of metaldehyde
separate from the liquid. The relation of metaldehyde to
aldehyde has not yet been ascertained ; it i1s reconverted
into aldehyde on heating.

Condensation Products of Aldeiyde.—1. The main product
of the action of sodium amalgam upon an aqueous solution
of aldehyde is ethylic alcohol, but if the solution be main-
tained slightly acid by repeated additions of hydrochloric
acid, a small quantity of butylene-glycol (C,H,,0,) is also
produced : 2C,H,O + H, = C,H,,0,.

2. If a mixture of aldehyde, water, and hydrochloric
acid, which has stood about fourteen days, be neutralised
with sodic carbonate, and shaken up with ether, the latter
extracts a viscid colourless liquid of the composition
C,HO,. The reaction which gives rise to the formation of
aldol, as this product is termed, probably includes the phases :

CH,.COH + HCl = CH,;.CHCI(OH) ;

CH,.CHCI(OH) + CH,.COH =
CH, CH(OH).CH,.COH + HCL

Aldol is the aldehyde of an oxybutyric acid ; it 1s con-
verted into butylene-glycol by the action of nascent hydrogen,
and into oxybutyric acid on oxidation by argentic oxide ; on
distillation it is split up into water and crotonic aldehyde.
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3. If pure aldehyde is heated with a very small quantity of
zincic chloride and a few drops of water in closed vessels,
during one to two days, at 100°% it Is In a great measure con-
verted into crotonic aldehyde, C;HzO = 2C,H,0—-0H,,
a colourless mobile liquid boiling at 104° ; higher condensa-
tion products, of which little is known, are also formed
simultaneously. Small quantities of numerous other sub-
stances (sulphuric and sulphurous acid, carbonic chloride,
many salts, &c.) are ca.pable of thus converting aldehyde
into crotonic aldehyde ; moreover, the change may be
effected, although slowly, at ordinary atmospheric tempera-
tures, and in presence of large quantities of water. The for-
mation of crotonic aldehyde is probably preceded by that
of aldol. The relation of aldehyde to butylene glycol, aldol,
and crotonic aldehyde is indicated by the following formule :

(CH, ( CH, CH, CH,
{COH _ |CH(OH) CH(OH) = |CH
fCH, ¥ 1CH CE; . ricH
\COH CH,(OH) |COH LCOH
Aldehyde. Butylene-glycol.! Aldol. Crotonic aldehyde.

Action of Chlorine on Aldeliyyde.—The products of the
action of chlorine vary greatly, according. to the conditions
of expeniment. If aldehyde be introduced into a large
flask filled with chlorine, violent reaction ensues, and acetic
chloride 1s produced : CH,;.COH + Cl, = CH;COCl +
HCl. The same result obtains on passing chlorine nto a
well-cooled solution of aldehyde in carbonic tetrachloride
exposed to sunshine. In both cases a certain quantity of
-a compound of aldehyde and acetic chloride, C,H,0,
r'CgHaffJCl = CH;.CHCI(O.Cy,H;0), 1s prodirced.

L —

' Butylene-glycol is probably formed in the manner indicated by the
! following equations :

2CH,.CH(OH), = CH,.CH(OH).CH,.CH(OH), + OH,;
CH,.CH(OH).CH,.CH(OH), + H, =
CH,.CH(OH).CH,.CH,(OH) + OH,,

l '”
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If, however, chlorine be passed into aldehyde, which at
first 1s well cooled, but afterwards heated to 100° until it
ceases to be absorbed, the product consists of #ricklorocro-
tonic aldefwyde, C{H3Cl;0. In this case, by the first action
of the chlorine, hydrochloric acid is produced, whereby the
aldehyde is converted into crotonic aldehyde, and by the
continued action of chlorine the latter is transformed into
trichlorocrotonic aldehyde.

If aldehyde be mixed with water, or a moderately dilute
aqueous solution of hydmchlaric acid, a considerable nse of

temperature occurs, proving, it can scarcely be duubted that
chemical combination has taken place, thus:

CH&COH + OHE — CHTCH(OH)E.
CH, COH + HCl = CH,.CHCI(OH).

If either of these solutions, placed in a retort, and cooled to
— 10°% be acted upon by chlorine, and after the action has
continued some time at the low temperature, the mixture be
gradually heated in the water-bath, and the current of chlo-
rine still passed in, a considerable quantity of an oily liquid
distils over, which is a mixture of the hydrates of di- and
trichloraldehyde (chloral), thus :

CH,.CH(0OH), + 3Cl,.= CCl,,CH(OH); 4 2HCL

Aldehyde-hydrate. Trichloraldehyde-hydrate.

TRICHLORALDEHYDE (Chloral), C;HCl;0 = CCl;.COH.
The formation of chloral from alcohol and aldehyde has
already been fuily dwelt upon. Chloral is a colourless,
heavy liquid (sp. gr. 1.5), which boils at 94°; when kept it
undergoes spontaneous modification, being converted into
a white, insoluble, amorphous polymeride—so called mefa-
chloral, which is reconverted into chloral on distillation.
On mixing chloral with water, much heat i1s evolved, and
it is converted into -chloral-hiydrate, CCl,,CH(OH),, a
white crystalline substance which distils unchanged, but is
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broken up into its generators when heated a few degrees
above its boiling-point (95°). Chloral also combines with
ethylic alcohol, and its homologues, and the correspond-
ing mercaptans to form crystalline compounds, such as
CCl;.CH(OH)(OC,H;) and CCl;.CH(OH)(SC,H;); all
these when heated a few degrees above their boiling-points
are resolved into their generators. The compounds of chloral
with water and the alcohols are also decomposed on treat-
ment with concentrated sulphuric acid, chloral being liber-
ated. On oxidation chloral is converted into trichloracetic
acid. CCl;.CO(OH). Chloral i1s readily decomposed by
alkalies, trichloromethane (chloroform) and a formate being
produced : CCl;.COH + KHO = CCl;H + HCO(OK).
Chloral-hydrate introduced under the skin, or administered
internally, is similarly resolved into chloroform and formic
acid ; the physiological action of chloroform thus generated
within the system, as it were, 1s to produce deep sleep, but
not insensibility to pain as when inhaled. By the action of
nascent hydrogen chloral is reduced to aldehyde. Chlorine
1s without action on chloral, even in presence of antimonic
chlonde ; phosphorus pentachloride converts chloral into
pentachlorethane, C,LHCl;. In presence of concentrated
sulphuric acid chloral readily acts upon benzene and the
homologous hydrocarbons ; thus: 2C;H; + C,HCl;0 =
OH, + C,HCIy(CsHj;),.

Acetals.—The aldehydes of the acetic series are isomeric
with the ethers derived from the glycols containing the
same number of units of carbon ; thus acetic aldehyde
(B.-P. 22°) is isomeric with ethylene oxide (B.-P. 13°.5), the
ether of glycol.! Similarly, the mixed ethers of the form
C.H,,(0.C,H,,,.,)s derived from the glycols (p. 208) are
isomeric with the acetals, which' are a class of compounds

! _rCH:,_ .  CH, E s jCHE.DH
\COH’ 1o, 19 |CH,.OH.
Aldehyde. Ethylene oxide. Glycol.
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formed by the union of the aldehydes of the acetic series
with the alcohols of the ethylic series with simultaneous
elimination of the elements of water ; thus:

CnHEn+1.COH + 2 CmH2m+1*(—-}H —
OHE + CnHﬂn+ ]'CH(O'CMHEN-I-I)E ;

or more probably :

CnH2n+l'CH(OH)2 = ECmH2m+1*OH —
Aldehyde-hydrate. Alecohol.

EOHQ + Cann+1-CH(O.CmH?m+I}2.
Acetal.
The acetals are decomposed by concentrated sulphuric
acid, probably in the manner indicated by the equations -

CoHont 1. CH(O.CHon 1) + 2H,S0, =
CnHEn+I'CH(OH_}E + 2Cn‘n‘-‘-—:[f.."l:l:l-l-l'flsc'll-ll .!
CDHED-E—I*CH{OH)E == OHE -+ C11H2n+i‘COH*

Methylal, CHo(OCH,),, the first term of the series, is
obtained by distilling a mixture of methylic alcohol, man-
ganic peroxide, and sulphuric acid : the alcohol is doubtless
in part oxidised to formic aldehyde, which at the moment of
formation reacts on a further portion of the alcohol, producing
methylal. It is a white crystalline substance.

Acetal, CH 3, CH(OC,Hj),, 1someric with the mixed ether
C,H,(OC,H;), derived from glycol, is similarly prepared
by partially oxidising ethylic alcohol. It 1s also one of
the main products at first formed by the action of chlorine
on alcohol. When gaseous hydrochloric acid is passed into
a solution of aldehyde in anhydrous 2lcohol, the monochlor-
ethane (ethylic chloride) formed by the action of the hydre-
chloric acid on the alcohol unites with the aldehyde, producing
the compound CH ;. CHCI(OC,;Hj;), which is 1dentical with
the first product of the action of chlorine on ethylic ether ;
on heating this compound with sodic ethylaie, acetal 1s
formed, thus :

CH,.CHCI(OC,H;) + C,H;.ONa = |
NaCl + CH3CH(OC,;H;)qe
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Acetal is a colourless liquid of agreeable ethereal odour, boil-
ing at 104° ; the isomeric ether from glycol boils at 123°.5.

Comparatively little is known of the higher homologues of
acetic aldehyde.

C,H.,_,.COH OR ACRYLIC SERIES OF ALDEHYDES.

Two aldehydes of this series are known, namely :—

B.-P.
Acrylic aldehyde or acrolein . C;H,O 52°5
Crotonic aldehyde . g . JCHO 104°5R

AcryLic ALDEHYDE (Acrolein), CZH,O = CH,.CH.COH,
is formed on oxidation of allylic alcohol by chromic acid,
but the greater portion is at once further oxidised ; it 1s best
prepared by distilling glycerin with a dehydrating agent,
such as phosphoric anhydride, or hydric potassic sulphate :
C,H;0, = 20H, + C,H,0. Acrolein 1s a constant pro-
duct of the destructive distillation of all fats containing
glycerides.

Acrolein is a colourless mobile liquid ; the vapour has an
indescribably irritating action on the eyes and nose, a few
drops sufficing to render the atmosphere of a large room
absolutely unbearable. Acrolein is readily oxidised by
argentic oxide to acrylic acid, CgH;O,; more powerful
oxidising agents, such as chromic acid, convert it into formic
acid, carbonic anhydride, and water. Nascent hydrogen
(sodium amalgam and water) reduces acrolein to allylic
alcohol. It combines with chlorine, bromine, the haloid
acids, &c., thus:

C.H,,_ ;. COH SERIES OF ALDEHYDES.

Aldehydes of the C,H,,_,,COH and C,H,, _;.COH series
have not hitherto been obtained, but two isomeric bodies, fur-
Jurol and fucusol, are known, which appear to be monoxy-
derivatives of an aldehyde (C;H;O) of the latter series,

il i AT T
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Furruroy, Fucusor, C;H,0, = C,H,(OH).COH.—The
former is obtained by carefully distilling wheat bran with
diluted sulphuric acid ; the latter by similar treatment of
several varieties of fucus. When freshly prepared both
are colourless oils, but rapidly become yellow ; furfurcl
boils at 162° fucusol at 171°-172°; on oxidation by
argentic oxide they are respectively converted into a- and
B-pyromicic acid. Furfurol combines with hydric sodic sul-
phite ; by the action of sulphuretted hydrogen it is con-
verted into #Ziofurol, C;H,0OS ; fucusol similarly treated
yields #higfucusol. By the action of ammonia furfurol and
fucusol are converted into isomeric crystalline compounds
[3C;Hs(OH)O + 2NH, = 30H, + (C;H,OH),N,]
Sfurfuramide and fucusamide: these are perfectly neutral
substances, but on boiling with potassic hydrate solution they
undergo a remarkable change and are converted into the
isomeric, powerfully basic compounds furfurine and fu-
cusine, each of which furnishes well-crystallised salts, such as
€ H g NOpHCL, &e

C.H,,_;.COH OR BENZOIC SERIES OF ALDEHYDES.

The series includes two classes of metameric aldehydes,
corresponding to the two classes of monohydric alcohols
derived from the aromatic hydrocarbons, and represented
respectively by the general expressions :

COH ) [CyH,,(COH)
C“Hﬁ_m{(CnH2n+1}m i Colly = UCiHon g )m

The following members of the series are known :—

B.-P.
Benzoic aldehyde . CgH;.COH o 180°
Paratoluic ,, ¢ GH(CH,).COH . 204°
Alpha-toluic ,, . EH. CHy(COH) —
Cumic " ; GeH (CH ). COH « 2367

Sycocerylic ,, . C1sHasO . —
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Bexzoic ALDEHYDE (Bitter-Almond Oil, Benzaldehyde),
C,H¢O = C;H;.COH.—This aldehyde may be produced
by oxidation of benzylic alcohol, CzH;CH,(OH), by
distillation of an intimate mixture of calcic benzoate and
formate ; by passing a mixture of hydrogen gas and benzoic
chloride vapour over heated finely-divided palladium :
C;H,.COCl + H, = C;H;.COH + HCl; and by treating
benzylene chloride with concentrated sulphuric acid, and
subsequently distilling the product with water :

CEHE"CHC]'E —I— EHESO_l f—t CEH5+CH(HSO4}E + 2HC1J
CEH;:,-CH(HSO_])H ‘I‘ OH2 —_ CEH5-COH + EHESO4.

Benzoic aldehyde is usually prepared by digesting bitter
almond meal with water during five to six hours at 30°-40°
(whereby the amygdalin becomes converted underthe influence
of the synaptase present into benzoic aldehyde, hydrocyanic
acid, and glucose), and subsequently distilling the liquid.
Small quantities of benzoic aldehyde are obtained, together
with numerous other products, by the oxidation of albumin,
fibrin, casein, and gelatin.

Benzoic aldehyde is a colourless mobile liquid of high
refractive power and agreeable aromatic odour ; sp. gr. 17063
at o°; i1t i1s soluble in about 30 parts of cold water, and
dissolves in-all proportions in alcohol and ether, On ex-
posure to the air, benzoic aldehyde rapidly absorbs oxygen
and 1s converted into crystalline benzoic acid, C¢H;.CO(OH);
by very concentrated nitric acid 1t is converted into nitro-
benzoic aldehyde, C;H(NO,).COH ; bya less concentrated
acid it is oxidised to benzoic acid. It forms crystalline com-
pounds with the acid sulphites of the alkali metals, such
as C;H;O,NaHSO;, &c. By the action of fused potassic
hydrate, benzoic aldehyde is converted into potassic benzoate,
and hydrogen is evolved ; with an alcoholic solution of po-
tassic hydrate it yields benzylic alcohol and potassic benzoate.
By the action of sodium amalgam on a solution of benzoic
aldehyde in aqueous alcohol, benzylic alcohol and two
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isomeric crystalline compounds (a- and f-hydrobenzoin') are
produced, thus:

C¢H;.COH + H, = C¢H;.CH,(OH);
2C;H¢O + H, = C,;H,,0,.

The action of ammonia on benzoic aldehyde gives rise to
the formation of Aydrobenzamide: 3C,H,O + 2NH, =
30H,; + (C;Hg);N,, a white crystalline neutral body, which
1s converted into an isomeric basic compound, amarine, on
boiling with potassic hydrate solution.

By the action of chlorine, benzoic aldehyde is converted
into benzoic chloride :

G H, . COH 4 Cl, = HC1 4 € H..COCL

Benzoic aldehyde combines with hydrocyanic acid form-
ing Zydrocyanbenzaldeliyde, which yields mandelic acid® on
digestion with an aqueous solution ef hydrochloric acid :

! a-Hydrobenzoin crystallises in large glistening anhydrous plates and
melts at 132°:'5; B- (iso-) hydrobenzoin crystallises in thin glistening
four-sided prisms, which contain water of crystallisation—in the anhy-
drous state it melts at 119°-5; it is more soluble in alcohol than
a-hydrobenzoin. A relatively larger quantity of B-hydrobenzoin is
formed by the action of sodium amalgam on a heated mixture of ben-
zoic aldehyde and water, and a relatively larger quantity of a-hydro-
benzoin by acting upon an alcoholic solution of the aldehyde at ordinary
temperatures, the amount obtained increasing with the concentration of
the alcohol. a-Hydrobenzoin was originally obtained by Zinin by the
action of zinc and hydrochloric acid on benzoic aldehyde. a- and B-
hydrobenzoin yield chlorinated derivatives, C, ,H,,Cl,, on treatment
with PCl,, which are converted into tolane, C,,H,,, by the action of
an alcoholic solution of potassic hydrate.

2 Mandelic acid is also obtained by boiling amygdalin from bitter
almonds with an aqueous solution of baric hydrate, until ammonia
ceases to be evolved. Amygdalin is a glucoside of hydrocyanbenzal-
dehyde, which may be represented by the formula

C.GI_I;".-CH[CN}{D'CIQHEIDIG}I

The decomposition which amygdalin undergoes under the influence of
synaptase may be explained as follows : it is in the first place resolved
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CeH;.CH(OH)(CO.O0H) + NH,CI.

Cumic ALpeHYDE, CgH,(C,H,).COH, exists together

with a-cymene in the essential oil of cumin, and in that of

water-hemlock ( Cicuta viresa). Itis separated from cymene
either by fractional distillation, or by agitating the oil with
a moderately concentrated aqueous solution of hydric sodic
sulphite, which forms a crystalline compound with the alde-
hyde, which may be separated, and the aldehyde liberated
by potassic hydrate. Cumic aldehyde closely resembles
benzoic acid in all its reactions.

SALICYLIC ALDEHYDE ; ANISIC ALDEHYDE.—These two
.aldehydes, which are closely related to benzoic aldehyde,

may be conveniently described here. The relation which they
“bear to benzoic aldehyde will be evident on comparing their
formule :

C.H;:COH ; C;H,(0H).COH C.H(OCH;.COH.

Benzoic aldehyde. Salicylic (oxybenzoic) Anisic (methoxybenzoic)

aldehyde, aldehyde.

Salicylic Aldehyde (Salicylol) exists ready formed in the
iflowers of meadow-sweet (Spir@a wilmaria), and may be
robtained, together with a terpene, by distilling them
iwith water. It is produced by oxidising the correspond-
iiing alcohol, saligenin, C;H,(OH).CH,(OH), or salicin,
{CsH(OH).CH,(O.C;H,,0;). Salicylol is a mobile, colour-
lless fragrant oil, slightly soluble in water, boiling at 196°.5 ;

I by assumption of the elements of water into hydrocyanbenzaldehyde
1and a sugar (saccharose ?) :
E;}_Hs.o CEI{CN} ED'CIH}IEIDIG'} "l' DH.E:{:EPIS.CH(CN}(OH}
+C1.H,,04; 5

‘the latter is in turn converted into glucose (C12H,,0,, + OH,
= 2C,H,,0,), whilst the hydrocyanbenzaldehyde, which is a highly

sunstable substance, is resolved into hydrocyanic acid and benzoic
:aldehyde,

I -
e e
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it is converted by oxidation into salicylic acid, by nas-
cent hydrogen into saligenin, and by ammonia into /Aydro-
salicylamide (oxyhydrobenzanide), (C,H; OH);N,. Chlo-
rine, bromine, and concentrated nitric acid act readily
upon salicylol, forming chlorosalicylol, C;H,CI(OH).COH,
bromosalicylol, C4H;Br(OH).COH, and nstrosalicylol,
CsH3(NO,)(OH).COH. Salicylol and all its substitution-
derivatives unite with the acid sulphites of the alkali metals,
forming crystalline compounds.

Salicylol dissolves in solutions of caustic alkalies, and even
decomposes alkaline carbonates, producing crystalline metal-
lic denvatives, such as sodium-salicylol, C;H(ONa).COH,
&c. On treating sodium-salicylol with methylic and ethylic
iodide, methyl- and ethyl-salicylol, C;H,(OCH,).COH,
CsH,(OC,H;).COH, are produced. Salicylol unites
with acetic anhydride, forming a crystalline compound,
CiH 1,05 = CgH(OH).CH(OC,H;40),.

Coumarin.—By an interesting series of reactions Perkin has
recently succeeded in converting salicylol into cowmarin, the
odoriferous principle of the Tonka bean,! in which it may often
be seen forming minute colourless crystals under the skin of the
seed and between the cotyledons. The following is the mode of
synthesis employed by Perkin :(—

Sodium-salicylol is added to acetic anhydride, in which it
dissolves with considerable evolution of heat, the mixture is
boiled for a few minutes and then poured into water, when an
oily liquid separates while sodic acetate passes into solution; on
distilling this oil, after small quantities of salicylol and acetic
anhydride have passed over, the thermometer rises rapidly to
2g0°, at which temperature the remaining product, consisting of
almost pure coumarin, distils and solidifies to a crystalline mass
on cooling. The first change appears to consist in the forma-
tion of acetosalicylol and sodic acetate :

! Coumarin also exists in other plants: in Melilotus officinalis, com-
bined with melilotic acid ; in Asperula odorata ; and in sweet vernal-
grass (Anthoxanthaum odoratum).
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C,H,(ONa).COH +(C,H,0),0 =C4H,(0.C,H,0).COH
+C,H;0.0Na;

the second in thée resolution of acetosalicylol into coumarin

and water ;
CH 0, = G0, + OH.,.

Perkin has shown that the final change is dependent on the
presence of sodic acetate, no trace of coumarin being obtained
on distilling acetosalicylol, or a mixture of acetosalicylol and
acetic anhydride, although it is formed on heating a mixture
of acetosalicylol, acetic anhydride, and sodic acetate to the
boiling-point ; it is difficult, however, to understand what is the
nature of the influence exerted by this salt.

Coumarin crystallises in slender colourless needles, which
melt at about 67° and boil at 290°-291°; it has no longer the
properties of an aldehyde. On boiling with a concentrated
aqueous solution of potassic hydrate, coumarin is converted into
potassic coumarate, C,H, KO, ; when fused with potassic hydrate
it yields potassic salicylate and acetate.

Anisic Aldehyde, C¢HgOy, = C¢H,(OCH,4).COH.—This
aldehyde 1s formed, together with anisic acid, on oxidation
of anisic alcohol, or of anise-oil'; it is an oily liquid of
fragrant odour, boiling at 247°. Anisic aldehyde is isomeric
with methyl-salicylol (methyl-orthoxybenzoic aldehyde), being
the methyl-derivative of paroxybenzoic aldehyde ; it closely
resembles benzoic and salicylic aldehydes in: its bebaviour
with reagents.

' Anise-oil is a solution of a solid substance—anise-camphor or anethol
—in a fluid oil, which is probably a terpene. Recent experiments of
l.adenburg show that anethol has the composition expressed by the
formula C,H,(C,H,).OCH,, and that it may be converted by the
action of potassic hydrate into the corresponding phenol—ano/ or
allylphenol, C;H,(C,H,).OH ; anethol thus bears the same relation to
anol that anisol, C;H,.OCH,, bears to phenol. The reaction which

occurs on oxidation of anethol to anisic aldehyde is represented by the
equation :

CoH(OCH,).C,H, + 70 = C,H,(OCH,).COH + 2CO, + 20H,.
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C,H, _o.COH SERIES OF ALDEHYDES.

| CINNAMIC ALDEHYDE, CyH,0 = CH(C4H;).CH.COH,
1s the essential constituent of oil of cinnamon or oil of
cassia ; it is a colourless oil, which rapidly absorbs oxygen
on exposure to moist air, and is converted into cinnamic
acid, CgHgO,. In contact with ammonia, cinnamic alde-
hyde i1s converted into cinnhydramide—(CHg),N, ; it

forms crystalline compounds with the acid sulphites of the
alkali metals.

Aldehydes,derived from Dikydric Aleohols.
Only two such aldehydes are known, namely :
Oxalic aldehyde or glyoxal, C,H,0, = (COH),
Phthalic aldehyde, CsHgO, = CgH,(COH)s,.

Glyoxal bears the same relation to .glycol and to oxalic
acid that acetic aldehyde bears to ethylic alcohol, and to
acetic acid, thus :

CH,.CH,(OH); CH,COH; CH,CO(OH).

Ethylic alcohol. Acetic aldehyde. Acetic acid.
CH,(OH).CH,(OH) ; COH.COH ; CO(OH).CO(OH).
Glycol. Glyoxal. Orxalic acid.

Glyoxal was first obtained by Debus by oxidising alcohol
with nitric acid ; oxalic acid and various other products are
formed simultaneously.! It is a transparent amorphous
deliquescent substance, very soluble in water, alcohol and
ether ; it immediately reduces an ammoniacal solution of
argentic nitrate, and is readily oxidised even Dby very
dilute nitric acid to glyexalic acid, COH.CO(OH), and
oxalic acid. Glyoxal combines with gaseous ammonia, and

' The formation of glyoxal is doubtless the result of a series of
changes, which perhaps occur as traced by the following equations :
CH,.CH,(OH) + NO,(OH)=CH,(OH).CH,(OH) + HNO, ;
CH,(OH).CH,(OH) + 2NO,(OH) =CH(OH),.CH(OH), + 2HNO, ;
CH(OH),.CH(OH),=COH.COH + 20H,.
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with the acid sulphites of the alkali metals; thus it unites
with hydric sodic sulphite to form a crystalline compound—
C,H,0,(HNaS0,), + OH, ; it also combines with hydro-
cyanic acid (see racemic actd). On digesting glyoxal with
strong aqueous ammonia, two crystalline bases, glyoxaline
and g/ycosine, are produced, thus :

2C,H,0, + 2NH; = C;H;N; + CH,0, + 20H,.

Glyoxal. Glyoxaline. Formic acid.

SCEHEOE + 4NH3 - CEHEN-I + GOHE.

Phthalic aldehyde has been obtained by the action of
nascent hydrogen on phthalic chloride, C¢gH, (COCI), (the
product of the action of PCl; on phthalic acid); it is a
white crystalline substance, melting at 65°. It forms a
crystalline compound with hydric sodic sulphite.

CHAFPTER IX.
ACIDS.

THE simplest and most probable interpretation of the re-
‘actions which occur on conversion of the primary alcohols
‘into the corresponding acids by oxidation is, as already
stated, afforded by the assumption that the CH,.OH
igroup has undergone conversion into the CO.OH or carb-
voxyl group; and a consideration of the other methods
remployed in the formation of acids, and of their behaviour
iwith various reagents, has also led to the representation of
tthese compounds, with few exceptions, by rational formule
«containing the expression CO.OH.

One of the most characteristic properties of the acids is
ithat of forming metallic derivatives (mefallic salts) when
‘acted upon by metallic carbonafes, the change consisting in
‘all cases in the removal of hydrogen, and its replacement by
‘the equivalent amount of the metal. It is found on careful

e e = ety
ol . PR
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study of the behaviour of the acids under various circum-
stances that the number of units of hydrogen thus replace-
able, in other words #ke basicity of an acid, is in direct
relation to the number of times the expression CO.OH is
contained in its rational formula: @z acd containing n card-
oxyl groups being n-basic.

A large number of series or acids are known, which may
be regarded as derived from the various series of isologous
hydrocarbons by the replacement of one or more units of
hydrogen by the carboxyl group a corresponding number of
times. The following are the most important series of acids
hitherto examined :—

Monobasic Acids.
Acetic or C,H,,;,.CO(OH) series, derived from the C,H,,,

hydrocarbons

Acrylic or CoH,,_;.CO(OH) series, derived from the C,H,,
hydrocarbons

Sorbic or CxH,,_CO(OH) series, derived from the C,H,,_,
hydrocarbons

Benzoic or C,H,, ..CO(OH) series, derived from the C, H,, ,
hydrocarbons

Cinnamic or C,H,,_,.CO(OH) series, derived from the C,H,, ,
hydrocarbons

Naphtoic or C,H,, ,,.CO(OH) series, derived from the C H,,_;,
hydrocarbons

Dibasic Acids.,
Succinic or C,H,,(CO.0H), series, derived from the C,H, 44
hydrocarbons
Fumaric or CyH,,_,(CO.OH), series, derived from the C H,,
hydrocarbons
Phthalic or C,H,, 4(CO.OH), series, derived from the C,Hy, 4
hydrocarbons

Tribasic Acids.
Tricarballylic or ChH,,_.(CO.OH), series, derived from the
' CnH,n4o hydrocarbons
Mesitic or C,H,,_o(CO.OH), series, derived from the CpoHgy
hydrocarbons
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Closely related to one or other of these series are a variety
of secondary series derived from them, such as the

Lacticor C,H,,(OH).CO(OH) series,derived fromtheaceticseries

Malic or C,H,,_,(OH)(CO.OH), ., i s SHECIDIC o
Tartaric or C,H,,_,(OH),(CO.0H), ) 5 succinic
Salicylic or CyH,,_¢(OH).CO(OH) ,, P 5 benzoie

Acids of higher basicity, single terms of other series, and a
large number of acids, mostly derived from plants, of which
the genetic relations to the hydrocarbons have not yet been
established, are also known.
Preparation.—Acids of the primary. series above men-
tioned are produced by the following general methods :—
i. By oxidation of the corresponding primary-alcohols :

R/'CH,(OH) + O, = R'CO(OH) + OH,.
R,,:CHE.OH

_ _ nu|{CO.OH
|CH,.OH +:20, = RI{CO.OH + 20H,.

2. By oxidation of the corresponding aldehydes :
2R'COH + O, = 2R'CO(OH).?

3. From the hydrocarbons, which are first converted into
haloid derivatives, these into the corresponding cyanides, and
the cyanides decomposed by heating with water and a
mineral acid or an alkali, thus:

CaHoy o +Cly = €.Hq, .1 Cl + HCI ;
CoHgs1Cl + KEN = €. H,, . ,CN + KCI;
C.Hs,.,CN + 20H, + HCl =

C.Hyp 4,CO(OH) + NH,CL

The haloid substitution-dernivatives obtained from the hydro-
carbons of the aromatic series and isologous series contain-
ing proportionately less hydrogen, by the action of chlorine

' Perhaps : RCOH + O + OH, = R.CO(OH) + OH,; i.e. the
reaction is one of double decomposition, H being replaced by OH,
and does not consist in the mere addition of oxygen.

R
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in the cold, are not convertible into cyanides by double
decomposition with potassic cyanide. The corresponding
cyanides may be obtained, however, by distilling the potassic
salts of the sulphonic acids, obtained by the action of sul-
phuric acid on the hydrocarbons, with potassic cyanide :

CoHgy_#(KSO3) + KCN = C H,,_;CN + K,S0;;
C.H,,_+,CN + OH,+ KHO =C,H,,_,CO(OK)+ NH,,

The hydrocarbons of these series may also in many cases be
directly converted into the corresponding acids by fusing the
potassic salts of the sulphonic acids derived from them with
sodic formate :

C,H;,_+(KSO;) + HCO(ONa) =
CnHin—?CO(ONH) -+ KHSD3+

4. From the alcohols. The alcohol 1s submitted to the
action of hydrobromic or hydriodic acid, the resulting bro-
mide or 1odide is converted into a cyanide by digestion with
potassic cyanide, and the latter decomposed by heating with
water and a mineral acid or an alkali :

R(OHY+ HI=R'I + OH,; RTI + KCN=R'CN+KI;
R/'CN + 20H, = R'CO(OH) + NH,;.

Obviously the acid obtained by the application of methods
3 and 4 always contains one unit of carbon more than the
hydrocarbon or alcohol employed. g

General Propertics.—The acids of the various primary series
exhibit an analogous behaviour under the influence of a
large number of reagents.

Metallic Salts.—All the acids furnish metallic denvatives
or sal{s when acted upon by the metallic carbonates, hydrates,
or oxides. The composition of the normal salts containing
monad metals derived from the monobasic acids is indicated
by the general expression, R‘CO(OM’), but, in addition to
these, certain of the acids, notably those of the acetic series,
furnish so-called acid salts of the composition indicated by
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the formula R'CO(OM’),R’CO(OH) ; the composition of
their normal salts containing polyad metals is indicated by the
formule (R'CO,),M",(R'CO,);M"’,&c. ; the monobasicacids
also furnish a number of basic salts with polyad metals (see
acetic HL’JU),

Two series of salts, acid and normal, are obtained from
the dibusic acids, according as one half or the whole of the
replaceable hydrogen is replaced ; the nature of the salts
will be evident on inspection of the following formula !

ACO0H . = (COOM 4, 1CO.0.M.O.0C), .
Rl co.om i R ’{co.on{f i {C0.0H Ho.oc}R’ .
R*{Go.0)M"

In short, in every polybasic acid the #z units of replaceable
hydrogen may be replaced unit by unit. The metallic salts
of the organic acids are at once decomposed by most mineral
acids and the organic acid set free.

Ethereal Salts.—The ethereal salts, or compound ethers,
as they are commonly termed, are the products of the action
of the alcohols upon the acids ; they bear precisely the same
relation to the metallic salts that the alcohols bear to the
metallic hydrates, thus :

C,H,.OH; NaOH. UH,CO(ONa); CH,CO(OC,H,).

i Ethylic hydrate. Sodic hydrate. Sodic acetate. Ethylic acetate,

. A great variety of these compounds may be produced, inas-
rmuch as the acids, both mineral and organic, of all degrees

‘of basicity may be converted into ethereal salts derived not

conly from monohydric, but also from polyhydric alcohols,
‘just as metallic salts may be obtained containing metals of
warying degrees of equivalency.

Incidentally frequent mention has been made of various
ethereal salts in the foregoing pages: for example, of the

acid ethereal salts formed by the action of sulphuric acid on

-he alcohols ; of the nitrins formed by the action of nitric

icid on glycerin, mannite, cellulose, &c. Special names are
R 2
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often applied to various sets of ethereal salts: thus the gly-
ceric salts formed from glycerin and acetic, oleic, palmitic,

and stearic acid, are termed respectively acetins, oleins,
palmitins, and stearins,

Acid and normal ethereal salts of mineral and organic
acids, corresponding to the acid and normal metallic salts,
may be produced by the following general methods :—

1. By the action of the alcohols on the acids : this method is
more especially available for the preparation of ethereal salts of
sulphuric and nitric acid.

2. By the action of the acid chlorides or anhydrides on the
alcohols; thus acetic chloride and ethylic alcohol yield ethylic
acetate': CH,COCl+C,H,,OH=CH,CO(OC,H,)+ HCl; and
similarly, phosphoric chloride and ethylic alcohol yield ethylic
phosphate : POCl,+ 3C,H,.OH =PO(OC,H,), + 3HCL

3. By the action of mono-haloid hydrocarbon derivatives on
the argentic, potassic, or sodic salts of the acids : for example,
methylic arsenate is obtained by the action of methylic iodide
on argentic arsenate:

AsO(OAg), + 3CH,I1 =AsO(OCH,), + 3AgI.

4. By the action of the acid ethereal salts of sulphuric acid on
the potassic or sodic salts of the acids ; thus, hydric amylic sul-
phate and sodic acetate yield amylic acetate on distillation :

CH,CO(ONa) + C;H,,.HSO, = CH,CO(OC,H,,) + HNaSO,.

The majority of the ethereal salts are stable compounds and
can be distilled unchanged ; on heating with water,or a solution
of potassic hydrate, they are more or less readily resolved into

1 The method usually adopted in the preparation of the ethereal salts
of organic acids is a modification of this method, and consists in satu-
rating a solution of the acid in the alcohol with gaseous hydrochloric
acid ; apparently the acid is converted into water and the acid chloride,
which at the moment of formation reacts upon the alcohol. It is impos-
sible, however, in this way to convert the whole of theacid taken into the
ethereal salt, since after a time the water produced is in such proportion
that the acid chloride is converted as rapidly as it is formed into the
acid and hydrochloric acid, and ceases to act upon the alcohol.
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the acid, or potassic salt of the acid, and the alcohol from which
they are derived ; the ethereal salts derived from the acids of the
acetic series and the alcohols of the ethylic series, for example,
are acted upon in the manner represented by the equation :

CaHuy,CO(OC Hyy i) + OHy = CaHyny;; CO(OH)
+CH o . OH,

Haloid Salts.—These are formed from the metallic salts
by the replacement of the metal by chlorine, bromine, or
iodine. The haloid salts of acetic acid have chiefly been
studied, but the homologous acids, and acids of other series,
appear to be capable of furnishing similar derivatives.

Chlorine acetate! is produced by the action of acetic anhydride
on hypoch]orous anhydride :

(CH,CO),0 + CL,0 =2CH,CO(OCI).

It is converted into the bromine salt by the action of bromine,
and into the iodine salt by the action of iodine ; thus :

2CH,CO(OCI) + Br, = 2CH,CO(OBr) + Cl,
6CH,CO(OCI) + I, =2(CH,CO,),I + 3Cl,

The iodine salt is obviously comparable with the metallic salts
containing triad metals, iodine acetate being the analogue of
bismuthic acetate, (CH,CO,),Bi, for example. These haloid
salts are eminently unstable compounds ; thus chlorine acetate
1s at once decomposed in the cold by metals such as zine, mer-
cury, copper, or sodium, with evolution of chlorine and formation
of the corresponding metallic salt, e.g. :

2CH,CO(OCl) + Na, =CH,CO(ONa) + Cl, ;
it is converted by water into acetic and hypochlorous acids :
CH,CO(OCl)+ OH,=CH,CO(OH) + HOCI;

on heating it is decomposed at a temperature below 1o0® with
explosion :
CH,CO(OCl)=CH,Cl+CO,.

! Chlorine acetate is a yellow liquid ; iodine acetate a crystalline
solid.
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Haloid Substitution-derivatives.—By the action of chiorine
or bromine on the acids of the acetic, benzoic, naphtoic,
succinic, and phthalic series, one or more units of hydrogen
are removed and replaced by the equivalent amount of
chlorine or bromine : acetic acid, CH,CO(OH), for exam-
« ple, yields monochloracetic, CH,CICO(OH), dichloracetic,
CHCl,CO(OH), ard trichloracetic, CCl3CO (O H) acid.
These haloid derivatives yield metallic and ethereal salts,
acid chlorides, acid amides, &c. The acids of the acrylic,
sorbic, cinnamic, and fumaric series combine directly with
chlorine and bromine.

Acid Chiorides, Bromides, and lodides are the products of
the action of the haloid phosphorus compounds on the acids
or their metallic salts, and are formed by the replacement of
(OH) in the CO(OH) group by chlorine, bromine, or iodine :

3R’CO(0OH) 4 PCl; = 3R'COCI + PO,H,.

RSO0 +2BCl, &= R7{SOC + 2POCI, + sHCL

The first action of the haloid phosphorus compound on the
dibasic acids doubtless consists in the production of an
unstable compound intermediate between the acid and the
acid chloride above formulated, but which cannot be isolated,
since on heating it 1s resolved into the acid anhydnde and
haloid acid, thus ¢ .

CO.0H
COCl

& R“{gg}o + HCL

RH{
The ethereal salts of these intermediate compounds are
readily obtained, however, by the action of the haloid phos-
phorus compounds on the acid ethereal salts of the polybasic
acids ; for example :

(COC)

L CO.OH Ve
JR J + POC13 — 3R ](CO-OCBHEH.[.] -+

(CO.0C, Hany
PO,Hj,.
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The acid chlorides, &c. are readily decomposed by water,
with formation of the acid employed in their preparation and
haloid acid :

R/COCI + OH, = R'CO(OH) + HCL

Acid Amides.—These compounds may be regarded as
formed from the acids by the replacement of (OH) in the
carboxyl group by the monad residue (NH,), derived from
ammonia by the withdrawal of one unit of hydrogen. Nos-
mal amides, and acid amides or amic acids are to be distin-
cguished. The monobasic acids yield only compounds of the
former class, represented by the general expression

R'CO(NH,);
the dibasic acds yleld acid and normal amides of the form

,[CONH, ,(CO.NH
R\ G0 .0 R’{CO.NH}

Similarly, the tribasic acids yield normal amides of the form

(CO.NH, CO.NH,
R""<CO.NH,, and two sets of acid amides, R”*’{C0.0H
'CO.NH, ' CO.0H
CO.NH,
and R”’{CO.NHQ.
CO.0H

Preparation.—1. By distillation of the ammonic salts of the
acids :
R'CO(ONH,) =R'CO(NH,) + OH,,
g~ {CO(ONH,) r» (CO.NH,

\CO(ONH,) = R” icoonl) + OHa;
, i1CO.NH FHEONE"
R”icoonH,) = R” {coNu + OHx

2. By the action of the acid chlorides on ammonia :
R'COCl+2NH,=R’CO(NH,)+ NH,CL

 { COCT » (CO.NH,
R”1coc + A, = R” {co/Nn} + 2NHCL
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3. By the action of ammonia on the ethereal salts of the acids -

R'CO(OC,H,y,,) + NH; =R'CO(NH,) + CuHpny .- OH.
CO(OC,H CO.NH,!
Rh‘ n++oan+] = ’”

{cooctunry + NHs = R {coioc

HCH,, O,
» (CO.NH, oy (CONH.
= {CO{OCHHWH) # NH, = R o N

+C,H,,,,.OH.

EIH"L}

The acid amides are converted more or less readily on heating
with water into the ammonic salt of the parent acid :

R'CO(NH,) + OH, = R’‘CO(ONH,).
CO.NH , (CO.NH
R”{co.NE? + OH: = R”{Coionk,);
CO.NH &, (CO(ONH
R’{coont,) * OHs = R’{co(omﬂﬂ*

On distillation with phosphoric anhydride they are converted
into cyano-derivatives of hydrocarbons (so-called nitriles) :

R'CO(NH,) + P,0, = RCN + 2HPO,.

» {CO.NH ’
R’ {CO.NH: + 2P205 = R"(CN)E <+ 4HPDT

Acid Anlydrides.—These compounds bear the same relation
to the acids that the ethers bear to the alcohols :

R’'CO(OH); E:gg}o. Rrif 0L T RelCdlo,

Menobasic acid. Anhydride. Dibasic acid. Anhydride.

Preparation.—1. The anhydrides of monobasic acids are
produced by the action of the acid chlorides on the acids or their
metallic salts :

R’CO(ONa) + R’COCl = (R’C0),0 + NaCl.

By acting upon the metallic salt of an acid by an acid chlo-
ride derived from a different acid, various so-called mixed
anhydrides are formed ; and similarly, by the action of the acid
chlorides derived from the monobasic acids on the metallic salts

1 Ethereal salt of amic acid.
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of polybasic acids, mixed anhydrides derived from a monobasic
and a polybasic acid are obtained ; for example:

C0O.0ONa _ R {CD.U(R!CO)

2RCOCI + R” {50 ONa CO.O(R/CO) + 2NaCl

The anhydrides of polybasic acids are produced by the action
of phosphorus pentachloride on the acids ; thus :

LF . H I CO.CI !
» [ COCI _ nn(CO
R”{co.on = R"{cot0 + HCL

2. Anhydrides are also obtained by the action of acid
chlorides on metallic oxides :

2R'COCl + BaO = (R'C0),0 + BaCl,

Properties—In contact with water the anhydrides are con-
verted into the corresponding acids. By the action of phos-
phorus pentachloride they are converted into acid chlorides :

(RC0)L0 &+ PElL = 2REOCL +, POCIL
By their action on the alcohols ethereal salts are produced.
(R’C0O),0 + G H,,,;;0H = RICO(OC H,.;,) + RICO(OH).

Similarly, the action of ammonia gives rise to the formation of
acid amides.

Acid Peroxides.—These compounds bear the same rela-
tion to the acid anhydrides that the metallic oxides bear to
the metallic peroxides, thus :

CH;CO.0O
PbO ; PbO, . (CH3CO),0; CHECO.O}
Plumbic oxide. Plumbic peroxide.  Acetic oxide. Acetic peroxide.

They are formed by the action of the acid chlorides or anhy-
drides on the metallic peroxides (preferably baric peroxide):

2R'COCI + BaO, = (R'CO,), + BaCl,
RCO _ R'CO.0) , R'CO.0)
2rCO|O + BaO; = R'CO.0} T R'CO.0) B
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,(COCI ,(CO.0
R*{CO{:i + BaO, = R/ {co o} + BaCl,.

The acid peroxides are exceedingly unstable bodies, and,
like the metallic peroxides, are powerful oxidising agents.

C.H,,41CO(OH) OR ACETIC SERIES OF MONOBASIC ACIDS.
The following terms of the series are known :—

Methylic or Formic acid . : HCO(OH)
Ethylic or Acetic acid : : CH,;CO(OH)
Propylic or Propionic acid i C,H;CO(OH)
Tetrylic or Butyric acid . ; C3;H.CO(OH)
Pentylic or Valeric acid . ; C,H,CO(OH)
Hexylic or Caproic acid . : C;H,,CO(OH)
Heptylic or (Enanthylic acid . C¢H,3CO(OH)
Octylic or Caprylic acid . . C,;H,;CO(OH)
Nonylic or Pelargonic acid g CgH,;CO(OH)
Capric acid . : : : CyH,,CO(OH)
Lauric acid . : . . Gy CO(OH)
Myristic acid . : ; . C,3H,,CO(OH)
Palmitic acid . . ; . C};H;CO(OH)
Stearic acid . ; . . C,;H;3;CO(OH)
Arachidic acid . . , . C;gH3,CO(OH)
Behenic acid . : : . CyH;3CO(OH)
Cerotic acid . : : . CaHs;CO(OH)
Melissic acid . ; , . CyyH5CO(OH)

Occurrence.—Many of these acids are met with in nature :
some in the free state, as, for example, formic acid in ants
(formica) and the nettle, valeric acid in the valerian root,
pelargonic acid in Peargonium roseum, and cerotic acid in
. bees-wax. Others are present in the form of ethereal
salts : thus, the essential oils obtained from the seeds of
various species of Umbelliferee! contain octylic acetate and
hexylic butyrate ; spermaceti, which 1s a crystalline substance

! From Heraclewm spondylium, the common cow-parsnep ; Fastinaca
sativa, the edible parsnep ; and Heracicum giganteum.
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found in cavities in the head of the sperm whale, is a cetylic
palmitate. The natural fats are mainly composed of glyceric
ethereal salts of the acids of the acetic series : thus mutton
and beef fat contain glyceric stearate, and palm o1l is in the
main a glyceric palmitate. The first nine terms of the series
have also been prepared by various synthetic processes, and
of most of these several isomeric modifications are known.
Our knowledge of the remaining terms, of which 1somernides
are not known to exist, is derived from the study of sub-
stances isolated from matural products. On account of the
oily or fatty character of the higher terms of the series, these
acids are commonly designated the fatty series of acids.

Preparation—The four general methods already noticed
(p- 24r1) are all available. A fifth method, to which great
interest attaches, consists in acting upon the sodium organo-
. metallic compounds of the form C,H,, . ,Na with carbonic
anhydride, when a sodium salt of an acid of the series 1s
produced :

C.HonyNa + CO, = C Hy, . ,CO(ONa).

Various special methods are also employed in the prepara-
tion of individual members of the series.

Classification of Isomeric Acids.—The same system may
'be adopted as in the case of the aldehydes and alcohols, and
‘the various isomeric acids classed as normal or iso-primary,
rnormal or 1so-secondary or tertiary, according as they are
‘obtained by the fourth general method from normal or iso-
'rrimary, normal or iso-secondary or tertiary alcohols, or by
‘the third general method from haloid derivatives of paraffins
~which, if converted into alcohols, would yield normal or iso-
‘primary, normal or iso-secondary or tertiary alcohols ; thus :

{CanHin—!-I)HE'OHic{CnH‘Zn+ 1).H.OH;C(C,H,,,);0H.
Primary alcohol. Secondary alcohol. Tertiary alcohol.
.I' C{CHHET.:+1)HE . fC(CnH2n+1)2H . IC(CHHEII"FI)S
lco(0oH); ’ lcooH) ° \co(n).

Primary acid. Secondary acid. Tertiary acid.
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FProperties.—As in all other homologous series the boiling-
point, specific gravity, and solubility in water vary as the
serles 1s ascended. The lowest terms are mobile, colourless,
liquids, which readily dissolve in water, but as the complexity
Increases the successive terms become gradually less mobile
and less soluble in water ; and the highest terms are fatty,
solid substances, almost insoluble in water. The specific
gravity increases from term to term. Each addition of CH,
corresponds 1n the case of the first few terms of the normal
primary series to a rise of about 22° in boiling-point; this
difference diminishes gradually as the series is ascended, as
will be evident on inspection of the accompanying table, and
perhaps becomes constant when it is reduced to 19°. Our
knowledge of the isomeric series 1s insufficient at present to
enable us to judge the relations in boiling-point, &c., which
obtain between the various homologous terms.

Forwmic or METHYLIC ACID (Hydric Formate), CH,0, =
HCO(OH).—Formic acid is formed in small quantity on
passing the silent electric discharge through a mixture of
carbonic anhydride and hydrogen (Brodie) : CO, + H, =
CH,0, ; it is produced by oxidation of methylic alcohol,
and also by oxidation of various organic substances, such as
starch, sugar, gum, &c. Potassic formate is produced by
digesting together at 100° for some hours, moist potassic
hydrate and carbonic oxide : CO + KHO = HCO(OK);
by exposing potassium in an atmosphere of moist carbonic
anhydride ; by digesting hydrocyanic acid with potassic
hydrate solution, and by the action of potassic hydrate on
trichloromethane, CHCl; + 4KHO = HCO(OK) +
3KCl + 20H,. It is usually prepared by heating a mixture
of about equal weights of oxalic acid and glycerin with a
little water to a temperature not exceeding about 110°; SO
soon as effervescence ceases, water is added, and the
mixture distilled until the temperature rises to about 110%
when more water is added, and the distillation continued.
These operations are repeated so long as formic acid passes
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over with the water, when a fresh quantity of oxalic acid may
be similarly decomposed. Oxalic acid when heated alone 1s
resolved into carbonic anhydride and formic acid, although
at a comparatively high temperature, and much of the
formic acid is broken up into water and carbonic oxide : in
presence of glycerin, however, the decomposition commences
below 50° and is perfect below 110° little or no carbonic
oxide being formed. The glycerin appears to promote the
decomposition of the oxalic acid, in virtue of the tendency
which it has to react with the formic acid, the product of
this reaction (monoformin) being subsequently decomposed
on distillation with water ; thus :

C,H,0, = CH,0, + CO;;
C;H;(OH);+ HCO(OH) = C3;H,(0OH),(0.HCO) + OH, ;
C;H;(OH),(0.HCO) + OH,=C;H; (0OH); + HCO(OH).

A relatively small amount of glycenn is thus able to effect
the conversion of a large quantity of oxalic acid into formic
acid. To prepare anhydrous formic acid from the product,
it 1s neutralised with plumbic carbonate, evaporated to dry-
ness, and the dry plumbic formate heated gently in a current
of hydrc sulphide gas :

(HCO,),Pb + SH, = 2HCO(OH) + PbS.

Formic acid is a colourless, inflammable, highly corrosive
liquid, of sp. gr. 1.235, possessing an extremely penetrating
odour, soluble in water in all proportions ; it boils at about
100°. Cooled to a temperature below 0°, it crystallises in
large brilliant plates. It is a powerful reducing agent, being
most readily oxidised to carbonic anhydride and water ; thus
it precipitates metallic silver from a solution of argentic
nitrate ; it reduces mercuric to mercurous chloride, and
mercuric oxide to metallic mercury: CH,0, + HgO =
CO, + OH, + Hg. This behaviour serves to distinguish
formic acid from the remaining terms of the series, which
are only oxidised with difficulty.

2
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The metallic salts of formic acid (formates) are all solu-
ble in water.

ACETIC or ErnyLic Acip (Hydric Acetate), C,H,0, =
CH3;CO(OH).—This acid is present in small quantity in the
juices of many plants, and in various animal fluids. It is
produced by the general methods previously described from
ethylic alcohol, ethylic aldehyde, ethane, methylic alcohol,
and sodic methide, CH3;Na. A mixture of equal volumes
of acetylene and oxygen in contact with a potassic hydrate
solution 1s gradually absorbed, potassic acetate being formed :
C,H, + O + KHO = C,H;K0,. On the large scale
acetic acid is prepared by the destructive distillation of
wood :—

Dry hard wood, usually beech or oak, is strongly heated in
large ironretorts. Much inflammable gas is given off, an acid
liquid and tar distil over, and charcoal remains in the retort. The
acid liquid is distilled and the portion which first passes over,
consisting chiefly of methylic alcohol, is collected apart; the
crude acid which afterwards distils is saturated with slaked lime,
and the solution of calcic acetate thus formed is mixed with a
solution of sodic sulphate, whereby sodic acetate and insoluble
calcic sulphate are produced. The solution of sodic acetate is
evaporated to crystallisation, the crystals of the crude salt are
dried and carefully fused in order to expel and decompose a
quantity of adherent tarry matter, redissolved in water, and re-
crystallised. Finally, acetic acid is obtained by distilling the
salt thus purified with sulphuric acid.

Acetic acid is a colourless, mobile, highly corrosive, pun-
gent-smelling liquid, of sp. gr. 1,063 at 15° ; 1t solidifies at
16°.5 to a white crystalline mass. Acetic acid boils at 119"
It is soluble in water in all proportions.

The density of the mixture increases until it becomes 1.073,
which is the density of a mixture of 79 parts of the acid with 21
parts of water; all further additions of water diminish the
density. This mixture boils under the ordinary atmosphenc
pressure constantly at 104° undergoing scarcely any change in
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CDI‘I’!pﬂSlthﬂ . it about corresponds in composition to a hydrate
of the formula C,H,0,H,0. All the lower terms of the acetic
series appear to behave similarly, and to furnish corresponding
hydrates having fixed and constant boiling-points, which may
be distilled almost unchanged in composition. These hydrates
are apparently members of a well-defined though unstable class
of compounds, which may be termed or/Zo-acids, represented by
OH
the general formula C, H,,,C {Egg% ; they bear the same rela-
tion to the acids of the form C,H,.,,,CO(OH) that the
hydrates of the aldehydes of the acetic series of the form

H
CoH € 1(0 H) bear to thealdehydes of the form C,H,,,,COH.
(OH)
This view is confirmed by the fact that ethereal salts derived
from these ortho-acids are known which are relatively very
stable substances, not undergoing the slightest decomposition
when distilled, such as eZiylic orthoformate, obtained by the

action of sodic ethylate on trichloromethane :
CHCl,=3NaOC,H,=CH(OC,H;), + 3NaCl,?

and ethylic orthacetale similarly prepared from trichlorethane :
CH,CCl, + 3NaOC,H; = CH,C(OC,H,); + 3NaCL

Metallic Acefates.—The normal acetates are readily ob-
tained by dissolving the metallic carbonates 1n acetic acid ;

1 If a mixture containing more or less than about 20 per cent. of
water be distilled, water, or acetic acid, passes over until a mixture of
the composition indicated is formed, which then distils unchanged. The
relative proportions in which the acid and water are contained in a
mixture having a constant boiling-point and passing over unchanged on
distillation varies with the pressure, however, owing to the more or legs
complete dissociation of the hydrate, C,H,O,,OH, ; under the higher
pressure the mixture has a higher boiling-point and contains relatively
more acid than under the lower pressure.

2 Hydric orthoformate is doubtless an intermediate product in the
formation of potassic formate from potassic hydrate and trichloromethane
(p. 252); thus:

CHCl,; + 3KHO = CH(OH), + 3KCl ; CH(OH),= HCO(OH) + OH,.
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the acid salts (page 243) or so-called diacetates are prepared
by evaporating the acetates of the alkali metals with an
excess of acetic acid ; these diacetates are resolved on
heating strongly into an acetate and acetic acid, and may,
in fact, conveniently be employed 1n the preparation of an-
hydrous acetic acid. Basic acetates are produced by digest-
ing metallic acetates with excess of metallic oxide ; for
example, by digesting a solution of plumbic acetate with
plumbic oxide, the two basic salts (CyH30,),Pb.PbO and
(C3H30,),Pb.2PbO are formed.

FEthereal Acetates.—These derivatives are produced by the
general methods already described. The following have
been obtained from acetic acid and monohydric alcohols of
the ethylic series :(—

B.-P.
Methylic acetate . CHZ;CO(OCHj;) . . 55°5
Ethylic acetate. . CH,CO(OC;H;). . 77°

Propylic acetate . CH;CO(OCzH;2) . 102°
Isopropylicacetate CH;CO(OC3H;#) . 90°-93°
Butylic acetate . CH,CO(OC,Hg%) . 125°
Isobutylic acetate. CH;CO(OC,Hg) . 117°5
Amylic acetate . CH;CO(OC;H,;*) . 149°
Isoamylic acetate. CH3;CO(OC;H,,#) .138°-140°

They are colourless, mobile, fragrant liquids; 1soamylic
acetate possesses in a remarkable degree the odour of the
Jargonelle pear, and on that account is largely used for fla-
vouring confectionery.

Action of Sodium on Ethylic Acetate (Acetic Ether).—This
reaction has received investigation at the hands of various che-
mists, and has given rise to considerable discussion. Frank-
land and Duppa and Geuther, to whom we are indebted for our
knowledge of the subject, have always observed the evolution of
hydrogen, which they regard as an essential product of the re-
action ; whereas, according to Wanklyn, no hydrogen is evolved
by the action of sodium on pure ethylic acetate, and this state-
ment has been confirmed by Ladenburg. Wanklyn maintains
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that the production of hydrogen is the result of a secondary
action ; that it is, in fact, a product of the action of the sodium
on the alcohol which is always contained to a greater or less
extent in ethylic acetate prepared by the ordinary methods.

According to Geuther, when sodium is added to a large
excess ! of ethylic acetate, the sole product besides hydrogen and
sodic ethylate is a body of the composition C;H,NaO,, which
he regards as the sodic salt of an acid termed by him e#y/di-
acefic acid. Judging from its reactions, however, there can be
little doubt but that it is simply the sodium-derivative of an
ethylic acetoacetate,? thus :

i
(CH, Co
E.lCDDCRHE + Nag = CHN& =1 NEOCRHE_ -+ Hﬂf
CO.0C,H,

Wanklyn considers that the compound C,.H,NaO, and sodic
ethylate are the sole products of the reaction ; but he attributes
a constitution to the former which is not reconcilable with its
behaviour towards reagents. He regards it as sodium triacetyl,
and represents the reaction by the equation :

3CH,CO.0C,H; + 2Na, = (CH,CO),Na"”” + 3NaOC,H,.
In Frankland and Duppa’s experiments the sodium was

1 If a relatively small quantity of ethylic acetate be taken, the first
product is liable to undergo change during the prolonged heating which
15 then necessary to effect the complete solution of the sodium.

2 By treating the compound C;H,NaO, with acetic acid Geuther

' has succeeded in replacing the sodium by hydrogen. Ethylic aceto-
: acetate thus formed is an oily liquid, boiling at about 181° ; on heating
' with water and an alkali it is resolved into acefone, alcohol, and a me-
t tallic carbonate, thus:

{ Egﬁgfﬁfm +Ba(OH),=CH,.CO.CH, + C,H,0H + BaCO,.
| By the action of sodium amalgam on an aqueous solution of ethylic
1acetoacetate the sodic salt of B-oxybutyric acid is produced :

(CH, CH,

|CO : CH.OH

"((:HQ + H, + NaOH = {cy’™ " + C,H,0H.
C0.0C,H, C0.0Na
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placed in a vessel connected with a flask—containing the ethylic
acetate—heated in an oil-bath, and with a condenser, the appa-
ratus being so arranged that the vapour passed over the surface
of the sodium and thence into the condenser, where it was lique-
fied ; the condensed liquid then dropped on to the surface of the
sodium and ran back into the heated flask. The solid product
was thus dissolved off the sodium almost as rapidly as it was
formed, and a fresh surface continuously exposed to the action
of the ethylic acetate. In this manner they were able to dis-
solve an amount of sodium only slightly less than is indicated
by the proportion CH,CO.OC,H, : Na. The contents of the
flask were then introduced into a digester, an amount of ethylic
iodide added equivalent to the amount of sodium employed, and
the digester heated during several hours to 100°; after cooling,
a considerable quantity of water was added, and the whole sub-
mitted to distillation in an oil-bath. At first ethylic ether, to-
gether with some unattacked ethylic acetate, passed over ; but
afterwards, as the temperature rose, an oily liquid came over
with the water ; this was separated by fractional distillation into
four distinct compounds. Two of these, termed by Frankland
and Duppa ethylic ethacetone carbonate and ethylic diethacetone
carbonate, are respectively the monethyl- and diethyl-derivative
of the ethylic acetoacetate above mentioned, thus:

CHE CH:; lCHS

CcO CcO L ED

CH, ’ CH{C.H) ~ lCGCHY: ®
CO.0C H. CO.0C,H, CO.0C,H,

Ethylic acetoacetate. Ethylic acetoethacetate. Ethylic acetodiethacetate.

Ethylic acetoethacetate has been obtained by Geuther by the
action of ethylic iodide on the compound C;H,NaO,.

The remaining products are the ethylic salts of efhacetic
(butyric) and diethacetic (caproic) acid :

e SR, - (CHIGE),
CO.0C,H, * 1C0.0C,H,’ 1C0.0C,H, °
Ethylic acetaté. Ethylic ethacetate. Ethylic diethacetate.

Frankland and Duppa consider that each of these four pro-
ducts is formed by the action of ethylic iodide on a correspond-
ing sodium-derivative; in fact, that the action of sodium on

-
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ethylic acetate gives rise to at least four distinct sodium com-
pounds, namely :

CH, ! CH,

coO CcO ,

1CHN:.1 » ] CNa, ¥ ({CH,Na '{CHNaE
CO:.0CH.: '\CO.0€ H: ICO.DCEHE’ C0.0CH:

Geuther maintains, however, that the compound C;H NaO,
(ethylic acetosodacetate) is the only sodium-derivative produced,
and that the various products obtained by Frankland and
Duppa are to be regarded as formed from the ethylic derivative
of this compound by the action of sodic ethylate in the manner
indicated by the following equations :

{CH(C,H,)(CH,CO) A {C(C:,HGJE(CHECO}
I 1co.0C,H, T EathOE = legoc i
+ HONa.
11 (CH(C,H,)(CH,CO) g {CHQ(CEHS}
= leo.0c, t BRNA Sleooan,
+ CH,CO.ONa.

(CH(C,H,)(CH,CO) _ {CH(C,H,),

L {co.ocm, FEaROa= {CO.GC,_,H_,,
+CH,CO.ONa.?
Although probably these reactions can be realised, it by no
means follows that Frankland and Duppa’s products were
formed in the manner thus indicated ; indeed it is almost im-
possible on various grounds to accept Geuther's explanation.
In the first place, Frankland and Duppa employed an amount
of ethylic iodide equivalent to the amount of sodium taken up;

* Kolbe explains the formation of ethylic acetoacetate in the following
manner : he considers the first action of the sodium on ethylic acetate

is to form ethylic sodacetate, 1 Egﬁgé 1y, Which is then acted upon

by ethylic acetate, thus:

CH,Na JCH CH,(CH,CO) ,
ico’oc,H,* 1co'oc,H, = {co'oc,m,  + NaOC,H,.
* By heating a mixture of pure ethylic acetate, sodic ethylate, and
vethylic acetate in closed tubes at 120°%, Geuther has obtained ethylic
: ethacetate,
(CH.(CH.C : g
P s (’JJ'H_OH NaOC,H, = {6 20c 1 + CH,4CO.ONa,

5 2
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but, judging from the ease with which sodic ethylate is con-
verted into ethylic ether by the action of ethylic iodide, it
appears probable that the sodic ethylate present in the pro-
duct of the action of sodium on ethylic acetate would thus
rapidly be acted upon ; hence the existence of any quantity of
sodic ethylate—one of the main factors in Geuther’s explana-
tion—in the mass after the formation of ethylic acetoethacetate
from the compound C,H,NaO, and ethylic iodide, appears
problematical. Then Frankland and Duppa have shown that
by employing methylic, isopropylic, or isoamylic iodide in
place of ethylic iodide, methyl, isopropyl, and isoamyl deri-
vatives corresponding to the above-mentioned ethyl derivatives
are obtained ; moreover, it has recently been ascertained that
if benzylic chloride (C,H,Cl) be employed, the ethylic salts of
mono- and di-benzylacetic acid are produced, the formation of
which can scarcely be explained otherwise than by the assump-
tion that ethylic, mono-, and di-sodacetate are among the pro-
ducts of the action of sodium on ethylic acetate. At present,
however, the examination of the reaction in all its details has
not been sufficiently prosecuted to enable us to trace with cer-
tainty the various phases which it presents. But a more interest-
ing problem is scarcely to be met with in the entire range of
organic chemistry : thus, on the one hand, the reaction affords
a means of ascending the series of ketones, since by the action
of the moniodoparaffins on the compound C;H,NaO, a series of
compounds of the form C;H,(C,H,, +,)O, may be obtained,
which yield a series of ketones of the form CH,CO(C,H,, +,)
on treatment with alkalies ; and on the other, by employing
the homologues of ethylic iodide in the manner indicated
by Frankland and Duppa, a series of homologous acids of
the acetic series of the form CH,(C,H,,,,)CO.OH and
CH(C, Hyp4,),CO.0OH may be produced.

A number of observations which have been made on the
action of sodic ethylate on various ethereal salts are of consider-
able interest when viewed in connection with the experiments
on the action of sodium on ethylic acetate. Thus,on heating
with sodic ethylate, ethylic formate, HCO.OC,H;, is resolved
CO.0C,Hg
CO.0C,Hg
is resolved into carbonicoxide and ethylic carbonate,CO(OC,H,),3

into carbonic oxide and alcohol ; ethylic {Jxalate,{
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and ethylic carbonate yields ethylic ether and sodic ethylic

ONa
carbonate, CO {Gchﬁ.
compositions is afforded if it be assumed that in the first
place the ethereal salt combines with the sodic ethylate, and
that the compound so formed is subsequently decomposed ; in
the case of ethylic formate, for example, we have :

A simple explanation of these de-

OC,H,
HCO0.0C,H, + NaOC,H, = HC{OC,H, = CO + HOC,H, +
ONa NaOC,H,,

A small quantity of ethylate suffices thus to decompose a re-
latively large quantity of ethereal salt, and were it not that
secondary products are formed, it would doubtless suffice to
decompose an infinite quantity. Sodium effects a precisely
similar decomposition, but it appears probable that the ethereal
salt is not afiected by the sodium as such, but rather that by the
action of the latter on traces of alcohol present, sodic ethylate
i1s produced, which then decomposes the ethereal salt in the
manner indicated. It is interesting to note that no hydrogen is
evolved by the action of sodium on ethylic formate containing
a considerable proportion of alcohol; it would appear that it is
consumed in the formation of secondary products, and that the
reaction resembles that which occurs when nitric acid is acted
upon by metals—in’ this case no hydrogen is evolved, although
the first action undoubtedly consists in the displacement of
hydrogen in the acid by the metal, because it at once attacks
the nitric acid and reduces it.

Ethylic acetate heated with sodic ethylate at 140° yields,
according to Geuther, the sodium-derivative of ethylic aceto-
acetate and alcohol, the formation of which is probably the
end-result of a series of changes. The action of sodium on
ordinary ethylic acetate takes place readily,commencing at a tem-
perature considerably below its boiling-point ; but ethylic acetate
free fromalcohol, according to Ladenburg,is only acted upon with
difficulty and on prolonged heating at 100° These observations
suggest the query : whether the presence of alcohol is not es-
sential, either to start the action in the first instance, or—but
which is less probable—to the formation of the products ob-
tained by Frankland and Duppa and Geuther? It should be
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stated, moreover, that, if the ethylic acetate employed by these
chemists contained alcohol, as is suggested, the products of the

action of sodium on ethylic acetate free from alcohol have never
yet been examined.

Haloid Substitution-derivatives of Acetic Acid —By the
action of chlorine on boiling acetic acid to which some
1odinie has been added, 1t is converted into monochloracetic
acid, and if the action be prolonged, dichloracetic acid is
formed ; trichloracetic acid 1s obtained by the action of an
excess of chlorine on acetic acid in sunlight, but it is best
prepared by oxidation of chloral. Similarly, by heating acetic
acid with bromine, mono- and dibromacetic acid are ob-
tained; tribromacetic acid 1s obtained by oxidation of tribrom-
aldehyde (bromal). These acids are crystalline substances,
which boil unchanged at temperatures higher than acetic
acid :

B.-P. B.-P.
CH,CO(OH) 119° CH,;BrCO(OH) 208°
CH,CICOOH) © 185 CHB:rCO(OH) 225°=230°
CHCI,CO(OH) 195° CBr;CO(OH) about 245°
CCl,CO(OH)about 200°

In chemical behaviour they resemble the parent substance,
acetic acid, most closely, yielding metallic and ethereal salts,
acid chloride, amides, &c. They are reconverted into acetic
acid by the action of nascent hydrogen.

Haloid derivatives of most of the acids homologous with
acetic acid have been prepared, but with few exceptions the
mono-derivatives alone have been examined.

Acetic Chloride (Acetyl Chloride), CH3COCL—This com-
pound is best prepared by distilling a mixture of phosphorus
terchloride and carefully dried acetic acid :

3CH,CO(OH) + PCl; = 3CH,COCl + PH,0,.

It is a mobile colourless liquid, possessing an extremely
pungent odour like that of acetic and hydrochloric acid.
It boils at 55°; water decomposes it immediately, forming
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acetic and hydrochloric acid. Acetic bromide and iodide

are analogous compounds.

: = H,CO : ;
Acetic Anlydride, gH;CO}O’ obtained by the action of
acetic chloride on a metallic acetate—usually sodic or
potassic acetate :

CH,COCL-+ CHECO{O\‘Ia) (CH,C0),0 + NaCl,

is a colourless mobile liquid, having a pungent odour similar
to that of acetic acid. It boils at 138°; when poured into
water it forms oily drops which disappear after a while, the
anhydride being converted into the acid. '
Homologous compounds are similarly obtained from the
acids homologous with acetic acid ; they exhibit an analo-
gous behaviour. The mixed anhydrides formed by the
action of the chloride of one acid on the metallic salt of
another acid of the series—for example :
C,H,0Cl + C,H,0(ONa) = C,H;0.0.0C,H, + NaCl,

Acetic chlonde. Sodic butyrate, Acetobutyric anhydride.
—cannot be distilled unchanged, but are resolved into two
simple anhydrdes :

, CH3CO ) 0 CH;;CD}O y C3HTCO}O_

2e,HC0]9 ‘= GHcO C,H.CO

Acetic Psraxfa’f,ggigg:g} .—This compound is prepared

by adding baric peroxide to a solution of acetic anhydride in
anhydrous ether :

_CH,CO _@H.€0.0) . CH,€0.0
2ci'colO + B0 = Gico0) + GH'GO. o} Be.

The ethereal solution is separated from the baric acetate
by filtration, and cautiously evaporated ; the acetic peroxide
then remains as a colourless viscid liquid. It is a powerful
oxidising agent and violently explosive, and on this account
is a2 most dangerous substance. Like chlorine it rapidly
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bleaches indigo; it separates iodine from hydriodic acid and
from potassic iodide; and it converts a solution of potassic
ferrocyanide into potassic ferricyanide. The addition of baric
hydrate solution to the peroxide suspended in water causes
an immediate precipitation of hydrated baric peroxide.

Thiacetic Acid, CH4,CO(SH), is obtained by the action of
acetic chloride on potassic sulphydrate, or by distilling acetic
acid with phosphorus pentasulphide, sCH,CO(OH) + P,S;
= 5CH;CO(SH) 4+ P,0;. Itis a colourless liquid, smell-
ing like acetic and sulphydric acids together ; it boils at g5°.
Thiacetic acid decomposes metallic carbonates, forming
metallic thiacetates, CH;CO(SM'), &c. Phosphorus penta-
chloride converts it into acetic chloride :

CH,CO(SH) + PCl; = CH,COCI + PSCl, + HCL

By acting upon the metallic thiacetates with iodine, acefic
disulphide—the sulphur analogue of acetic peroxide—is
obtained : 2CH,CO(SM') + I, = 2MI + (CH,CO)S,.
Acetic sulphide, (CH,CO),S, is produced by distilling acetic
anhydride with phosphorus pentasulphide.

 Acetamide, CH;CO(NH,), 1s most conveniently pre-
pared by distillation of ammonic acetate: CH;CO(ONH,)
= OH, + CH,CO(NH,) ; it is also readily obtained by
the action of ammonia on ethylic acetate, or acetic chlonde.
Acetamide is a white crystalline solid, which melts at 78°
and boils unchanged at 221°; it 1s readily soluble in water ;
on heating with water it is rapidly converted into ammonic
acetate. Acetamide combines with acids: thus with hydro-
chloric acid it forms the compound CH,;CO(NH,), HCI ; it
also yields metallic derivatives, such as CH3;CO(NHAg),
argentacetamide, and CHzCO(NHg), mercuracetamide. On
distilling acetamide with phosphoric anhydride, methylic
cyanide, CH,.CN (acetonitrile), is produced. The acid
amides derived from the homologues of acetic acid are in
every respect compounds analogous to acetamide.
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Derivatives formed from the haloid substitution-derivatives
of Acetic Acid (and its homologues) by double decomposition.—
The haloid derivatives of acetic acid (and of its homologues)
are capable of entering into reaction with various compounds
to form, by double decomposition, new products which may
equally well be regarded as substitution-derivatives (see
cvanacetic acid, glycollic acid, thioglycollic acid). The be-
haviour of the mono-derivatives has received the greatest
share of attention ; little is known of the higher haloid sub-
. stitution-derivatives, which appear to comport themselves in
a somewhat different and peculiar manner.

Special interest attaches to the compounds formed by the
action of ammonia and the amines on the mono-haloid
derivatives of acetic acid and 1ts homologues, since many
are identical with natural products. Hippuric acid, for
example, a substance present in considerable quantity in the
urine of the herbivora, is resolved on boiling with water and
hydrochloric acid into benzoic acid and glycocine (glycocoll),
C,H,O0; + OH, = C,;H;0, + C,H;0, ; and by heating
monochlor- or monobromacetic acid with ammonia, the am-
monic salt of amideacetic acid 1s produced : CH,CICO(OH)
+ 3NH; = CH,(NH,)CO(ONH,) + NH,C], the which
amidoacetic acid 1s found to be in all respects identical
with glycocine from hippuric acid.! .Similarly, amidocaproic
acid, C;H,,(NH,)CO(OH), obtained by the action of am-
monia on bromocaproic acid, is identical with Jlewcine, a
substance present in various parts of the animal organism
(the brain, liver, and pancreas) and which is also formed
when albumenold matters of animal origin, such as horn,
wool, &c. are heated with dilute acids or alkalies. Again,
by the action of methylamine, NH,(CH,), on chloracetic
acid, methylamidoacetic acid, CH,(NHCH,Z)CO(OH), is ob-
tained, which is identical with sarcosine,® a product of the

' Hippuric acid has been obtained by heating glycocine with benzoic
acid.

? Creatine has been produced by direct union of sarcosine and
cyanamide (NH,.CN).
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decomposition of creatine (a substance present in small
quantity in flesh) by boiling with baric hydrate solution.

Amidoacetic acid is not the only compound formed by the
action of ammonia on chloracetic acid, but the product is a
mixture of the three bodies :

CH,CO(OH) CH,CO(OH) CH,CO(OH)
N {H e AN {CHECO(OH), N {CHQCO(DH)
H H CH,CO(OH)

Glycolamidic acid. Diglycolamidic acid. Triglycolamidic acid.

(Amidoacetic acid),

Monamido-derivatives of the acids of the acetic series
are also produced by combining the aldehydes of the acetic
series with ammonia, digesting the aldehyde-ammonias so
formed with hydrocyanic acid, and subsequently heating the
product with hydrochloric acid solution (see page 220).
Thus acetic aldehyde is in this way converted into amido-
propionic acid (a@lanine); and valeric aldehyde (from ferment-
ation amylic alcohol) yields amidocaproic acid or lewcine.

ProryLIC or PropPIONIC AcID (Methacetic Acid), CHO,=
C,H,CO(OH) =CH,.CH,CO(OH).—This acid 1s obtained
by the general methods; also as ethylic salt among the
products of the action of methylic iodide on the product of
the action of sodium on ethylic acetate ; and by heating
lactic acid with hydriodic acid :

CH,.CH(OH)CO(OH) + 2HI = CH,;.CH,CO(OH) +
I, + OH.,.

Propionic acid boils at 140°'5 and in all respects closely
resembles acetic acid.

TETRYLIC or BuTYRIC Acip, C;.H 0, = C;H,CO(OH).—
Two modifications of this acid are known—normal and
isobutyric acid.

Normal Butyric (Ethacetic) Acid, CH3 CH,.CH,CO(OH),
is obtained on oxidation of normal primary butylic alcohol ;
from normal primary propane; from propylic alcohol
(method 1, page 241) ; and as ethylic salt among the products
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of the action of ethylic iodide on the product of the action
. of sodium on ethylic acetate. It is best prepared by al-
lowing a mixture of sugar, chalk, and cheese to ferment
(page 202). It is present in small quantity (as glyceric
salt) in butter ; also in perspiration, in the juice expressed
from human flesh, and in various plants—usually in the form
of an ethereal salt.

Normal butyric acid closely resembles acetic acid in
appearance, but has a peculiar rancid odour; it boils at
162°-163° and at o° has the sp. gr. 981 ; it isreadily soluble
In water.

Isobutyric Acid (Dimethacetic Acid), CH(CH,),CO(OH),

is obtained on oxidation of isoprimary (fermentation) butylic
alcohol ; from isopropylic alcohol ; and as ethylic salt among
the products of the action of methylic iodide on the pro-
duct of the action of sodium on ethylic acetate. It re-
sembles its isomeride in appearance, but boils at 154°,
and at o° has the sp. gr. "959 ; moreover, calcic isobutyrate
has the composition (C;H.0,),Ca,50H,, whereas calcic
butyrate is (C,H;0,),Ca,0OH, ; the latter is more soluble in
cold water than calcic 1sobutyrate, and 1s also characterised
by being less soluble in hot than in cold water, so that if
.a cold saturated solution be warmed to 70°-80° the salt
' separates out in glistening crystalline plates. Similar differ-
rences exist between the denvatives of the two acids. Thus
iisobutylic butyrate, CzgH,2 CO(OC H,4F), boils at 150° and
:at o® has the sp. gr. ‘8798, whilst isobutylic isobutyrate,
(C,H,£CO(OC,H4#), boils under similar conditions at 144°-
1¥47°, and at o° has the sp. gr. -8757.

Both modifications are oxidised by prolonged heating with
cchromic acid solution, and yield the same products, namely,
acetic acid and carbonic anhydride ; but the normal acid
is much less readily acted upon than is the iso-acid.
PENTYLIC or VALERIC Acip, C;H,,0, = C;H,CO(OH).
Four isomeric modifications of this acid exist.

Normal Primary Valeric or Valerianic Acid (Propylacetic
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Acid), CH3.CH,.CH,.CH,CO(OH), may be obtained by
oxidation of normal primary amylic alcohol prepared from
normal primary pentane, and from normal primary butylic
alcohol (method 4, page z42). It closely resembles butyric
acid in odour, but is more oily and less soluble in water. It
boils at 185°, and at o°® has the sp. gr. '9577.

Isoprimary Valeric Acid, CH(CH,),.CH,CO(OH), also
known as Zsopropylacetic Acid, is obtained on oxidation of
the optically inactive isoprimary amylic alcohol of fermenta-
tion ; from isoprimary butylic alcohol (method 4, page 242);
and as ethylic salt among the products of the action of iso-
propylic 1odide on the product of the action of sodium on
ethylic acetate. It boils at 175° and at o° has the sp. gr.
'0408.

The third modification is obtained by oxidation of the
optically active amylic alcohol of fermentation. It is dis-
tinguished from its isomerides by the power which it has of
rotating a ray of polarised light, and in a direction (to the
right) opposite to that in which the parent alcohol diverts
the ray. It has a slightly lower boiling-point and specific
gravity than the acid obtained from the inactive alcohol, and
furnishes a non-crystalline baric salt, whereas the former
yields a crystalline baric salt; on heating to 200° with
a small quantity of sulphuric acid it is rendered optically
inactive, but still furnishes a gummy baric salt. It is sug-
gested that it is secondary valeric acid (methethacetic acid),
CH(CH,)(CyH;).CO(OH), but at present there is no ex-
perimental evidence to favour this suggestion, nor does the
very slight difference (about 2°) in boiling-point between it
and isoprimary valeric acid tend to support the view.
 Zertiary Valeric or Trimethacetic Acid, C(CH,);CO(OH):.

—To obtain this acid the diodotetrane prepared by
acting on tertiary butylic alcohol (trimethylcarbinol) with
hydriodic acid is converted into cyanotetrane by the action
of mercuric cyanide : C(CH,);I 4+ Hg(CN), = C(CH;);CN
+ HgICN, which is then heated with water and hydrochloric
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acid.! Trimethacetic acid is a white crystalline body, slightly
soluble in water ; it melts at 34°-35° and boils at 161°.

It will be noticed that the relaticn in boiling-point and
specific gravity between the isomeric butyric and valeric
acids is of the same nature as that which obtains between
the isomeric paraffins and isomeric alcohols of the ethylic
series.

Palmitic Acid, C, ;H, CO(OH).—This acid is a constituent in
the form of an ethereal salt of nearly all vegetable and animal fats;
thus palm oil consists in the main of glyceric palmitate, and
spermaceti of cetylic palmitate. These ethereal salts are readily
decomposed by caustic alkalies with formation of an alcohol
and a metallic palmitate; on treating the latter with a mineral
acid, crude palmitic acid is obtained, which may be purified by
recrystallisation from alcohol. Palmitic acid is a colourless,
odourless, and tasteless solid, insoluble in water ; it melts at 62°,
but cannot be distilled unchanged.

Stearic Acid, C;H,,CO(OH), is present as glyceric stearate
(stearin) in most fats, but is especially abundant in beef and
mutton suet. It is always obtained admixed with more or less
palmitic acid ; to separate it, the mixture is dissolved in hot
alcohol and an alcoholic solution of magnesic acetate added ;
the magnesic salt which crystallises out consists chiefly of
magnesic stearate, which is then decomposed by hydrochloric
acid, and the separated stearic acid again similarly treated, and
finally repeatedly recrystallised from alcohol until it exhibits a
constant melting-point (69°-70°). Like palmitic acid, it is a
white crystalline substance, insoluble in water.

Cerotic Acid, C,;H_,CO(OH), 1s the main constituent of
the portion of common beeswax soluble in boiling alcohol ; as
cerylic cerotate it is almost the sole constituent of Chinese wax.
Cerotic acid has been obtained by oxidising solid paraffin with
potassic dichromate and sulphuric acid mixture. It crystallises
in white grains melting at 78°; it may be distilled unchanged.

' Frankland and Duppa state that the ethylic salt of trimethacetic
acid is present among the products of the action of methylic iodide on
the product of the action of sodium on ethylic acetate, and they regard
it as formed from ethylic trisodacetate, CNa,CO.0C_ H,,.
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Melissic Acid, C, H,;CO(OH), is obtained by oxidising
melissic alcohol (page 161) by fusing it with potassic hydrate :

CsHg0 + KHO =C, H,,KO, + H,.

It closely resembles cerotic acid, but melts at 88°-8g°,

C,H,,(OH)CO(OH) OR LACTIC SERIES OF MONOBASIC ACIDS.

The acids of this secondary series are the mono-hydroxyl
derivatives of the acids of the acetic series, to which they
bear the same relation that the monohydric alcohols of the
ethylic series bear to the paraffins ; hence they are termed
monobasic dihydric acids :

CoHgpy (OH). C,Hy, ,CO(OH); C,H,,(OH)CO(OH).

Alcohol of ethylic series.  Acid of acetic series. Acid of lactic series.

Lormation.—1. By the action of argentic oxide and
water (argentic hydrate?) on the monochlorinated, mono-
brominated, or moniodated acids of the acetic series:

2C,H,,BrCO(OH) + Ag,0O + OH, =
2C,H,,(OH)CO(OH) 4 2AgBr.

2. By thé action of nitrous acid on the monamido-deriva-
tives ‘of the acids of the acetic series (p. 265):
CnHEn(NHE)CO(OH) .3 ND(OH) = CnH?n(OH)CO(OH)

+ N, + OH,.

3. By oxidation of the glycols by dilute nitric acid,
argentic oxide, or in contact with platinum black.

4. As potassic salts by boiling the cyanides obtained by
the action of potassic cyanide on the chlorhydrins of the
glycols (formed either by the union of the olefines with
hypochlorous acid (p. 96), or by the action of hydrochloric
acid on the glycols (p. 174), with potassic hydrate solution :

C,H,,(OH)CN + OH, + KHO = C,H,,(OH)CO(OK)
+ NH;.
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5. As potassic salts, by the action of potassic hydrate
solution on the acid chlorides of the monochlorinated acids
of the acetic series formed by the union of the olefines and
carbonic oxychloride (p. 56) :

G:H, CICOC]L -+ 3KHO = € H;, (OH)CO(OK)
+ 2KCl + OH,.

6. By digesting the cyanides formed by the union of («)
the aldehydes of the acetic series and hydrocyanic acid
(p- 220), and (&) the ketones of the form CO(C,Hy, 4 )s
and hydrocyanic acid, with hydrochloric acid solution :

(EI) C(CBHEn-f-I)H{OH)'CN + 20H2 + HC]. =
C(CHan,1)H(OH).CO(OH) + NH,CL

(‘E’) C(CnH2u+])2(OH)-CN ‘l‘ EOHQ + HCI =
C(Co.H;u+,)2(OH).CO(OH) + NH,CI.

7. As ethylic salts by the action of the zinc organo-
metallic compounds! on ethylic oxalate, and subsequent
treatment of the product with water (Frankland and Duppa) :

CO.0C,H, (o7 IR
{CO.OCEHE_ AL
(C(C.Hza11)2(0Z0C. Hy 1 o) [T .
|CO.OC,Hy L e 0y

{conc O nn) 4 20H, =
(C(C,H,,,,)o(OH
1@0_0{:22{{]3( ) + Zn(OH), + C,H,, ;».

8. As ethylic salts by the action of nascent hydrogen on

the compounds of the form {Eg%:EHﬁ” 1)(CH,CO) ob-
: 250

! The zinc organo-metallic compound may be prepared in situ ; i.e.,
the reaction may be effected simply by employing a mixture of ethylic
oxalate, zinc, and a moniodoparaffin.
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tained by acting upon the compound C;HyNaO, (p. 257)
with the moniodoparaffins :

CH, CH,

CO N« JCHOH
CH G H; ., 2 = I CH T
CO.0C,H, CO.0C;H,

Mode of classifying the Acids of the Lactic Series.—The
isomeric acids may be arranged in a number of series according
to the methods employed.in theirformationand their behaviour on
oxidation and with various reagents. Thus we may distinguish—
C(Ca Hyny )H.OH
CO.0H
always formed by the application of method 1 to the mono-
haloid derivatives produced by acting upon the primary acids
of the acetic series with chlorine or bromine, and are also pro-
duced on oxidation of the glycols: C(C,H,,,,)H(OH).CH,(OH),
and from the aldehydes of the acetic series by method 6.

ClCy H o) OH
CO.0H

are always produced by the application of method 1 to the
mono-haloid derivatives obtained by acting upon the secondary
acids of the acetic series with chlorine or bromine, and are also
formed from the ketones by method 6, and from ethylic oxalate
by method 7.

I. PRIMARY A.CIDS,{ , which appear to be

2. SECONDARY ACIDS, { , which apparently

CH,.OH

3. PRIMARY OLEFINE AcIDs, C,H,, {CD OH ’

formed by

oxidation of the primary glycols.

) C(C.H,p., )H.OH
4. SECONDARY OLEFINE ACIDS, CHHEH{CE.EI‘; +1) y
formed by method 8.
C(C; HQHH)E,DH‘
CO.0H
Acids of this series have not as yet been produced.

Each of these series may include normal and iso-acids.

5, TERTIARY OLEFINE AcIDS, C, H,, {

Properties.—The acids of the lactic series furnish
metallic salts of the composition C,H,,(OH)CO.OM/,
(C.H,,(OH)CO,),M", &c., when acted upon by metallic
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carbonates, and they furnish corresponding ethereal salts
(C.H,,(OH)CO.0OC H,, 4, &c.), when acted upon by the
alcohols. But it is also possible to replace a second unit of
hydrogen by metals ; thus, by carefully fusing sodic lactate
with sodium, a disodic lactate is produced :

2C2H4{OHJCO(ONE,) -+ NE?.E -
C,H,(ONa)CO(ONa) + H,.

This derivative, however, cannot be dissolved in water un-
changed, but is resolved into sodic lactate and sodic hydrate,
just in the same manner that sodic ethylate is converted by
water into alcohol and sodic hydrate. Similarly, potassium
and sodium dissolve with evolution of hydrogen in the
ethereal salts of the acids of the lactic series, producing
metallic derivatives of the form C,H,,(ONa)CO(OC,Hy, 1),
which may be converted by the action of the moniodo-
paraffins into the ethereal salts of what are appropriately
termed etheric acids of the lactic series :

C.H,,(ON2)CO.0C, Hy, ., + CoHay I
= C,H4,(0C,Hyy +,)CO.0C Hy, 4y + Nal;

from which the potassic salts of etheric acids are obtained
on heating with potassic hydrate solution :

C,Hg(OC,H,, 4,)CO.0C,H,,,, + KHO
— CEHEH(OCHHQH.'.I)CO.OK =+ HO'CHHED—1— 1+

These etheric acids are not decomposed by alkalies, but are

converted into acids of the lactic series on heating with

hydriodic acid :

CaH (OCH,, . 1)CO.0H 4+ HI = C . H,,(OH)CO.OH
5= CnHEn+lI'

2. By the action of phosphorus pentachloride on the acids
of the lactic series, or their metallic salts, the corresponding
acid chlorides are formed, thus :

CaH2(OH)CO.OH + PCl; = C,H,,(OH)COCI
+ POCIl; 4+ HCL
' T
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This action takes place either in the cold or on warming
gently, but on heating more strongly with an excess of the
chloride, the acid chloride of a monochlorinated acid of the
acetic series 1s produced :

C.H,,(OH)CO.0H + 2PCl; = C,H,.CLCOCI
+ 2POCL + zHCL

By the action of the haloid phosphorus compounds on the
ethereal salts of the acids of the lactic series, the ethereal
salts of mono-haloid derivatives of the acids of the acetic
series are produced, e.g. :

CnHﬂn{OH:CO*OCnHEn+I 22 PC15
= C,H,,C1.CO.0C,H,,,, + POCl, + HCI;

in many cases, however, the product is at once resolved into
hydrochloric acid, and the ethereal salt of the corresponding
acid of the acrylic series :

G, . CLCO.0CH .y = HEI £ CH,. CO0CH;

3. By heating the acids of the lactic series with a concen-
trated aqueous solution of hydriodic acid, they are reduced
to the corresponding acids of the acetic series:

C,H,.(OH)CO.0H + HI = C,H,,ICO.0H + OH,;
C.H,ICOOH + HI = C.H..1CO.0H 41,

4. The acids of the lactic series are readily oxidised, and
furnish characteristic products, but the law of oxidation is
not yet fully worked out; the primary acids apparently
always furnish an aldehyde, carbonic anhydride, and water :

{E%JHOHHEH- )H(OH) + 0 =C,H,,,,COH 4 CO, + OH,;

whilst the secondary acids yield a ketone, carbonic anhy-
dride, and water :

{gg:lblﬁm)a@ﬁ) + O = CO(C,Hj,41)s + CO, + OHy;
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and the primary olefine acids are converted into the corre-
sponding dibasic acids of the succinic series

(CH,.0H e CO.0H
CHu (oo + 0= C“HE"{CO.OII + OH,.

5. Several of the acids of the series are converted into the
corresponding acids of the acrylic series and water on dry
distillation :

C.H,,(OH)CO.0H = C.H,,_,CO.0H + OH,.

Others yield anhydrides, two of which are formed thus -

{CHHE.,.OH

CO

(C,H,, OH (GO o {C,,Hh} -
{CO.0H - CO.OH : CO ‘

Acid of lactic series.  First or etheric anhydride.  Second anhydride or lactide.

The etheric anhydrides are monobasic acids ; the lactides are
indifferent bodies.

CarRBONIC Acip, H,CO; = CO(OH),.—This acid is the
first term of the lactic series, being the monohydroxyl de-
nivative of formic acid, HCO(O ), the first term of the
acetic series.! It is, however, a dibasic acid. Although

' If the oxidation of the alcohols and aldehydes be regarded as the
result of double decomposition in the manner previously indicated
(Pp. 216, 241), carbonic acid, or rather orthocarbonic acid, is the final
| product of the oxidation of methylic alcohol, the monohydroxyl de-
i fivative of methane, thus :

(H (. . u H OH
« JH- |y . ! = L OH OH
ez 4 CiH i Sien i Slom 1 Clop-
H OH OH OH OH
Methane. Methylic alechol. Formic aldehyde Orthoformic Orthocarbonic
hydrate, acid. acid,

*Neither formic aldehyde-hydrate nor orthoformic acid are known as such,

“both being compounds of exceedingly low stability, but, as already stated,

their ethereal derivatives are stable bodies ; similarly, although we have

mo knowledge of orthocarbonic acid, and only assume its existence on

theoretical grounds, an 4 ylic orthocarbonate is known which is a highly
T 2
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carbonic acid is so unstable that it at once breaks up into
carbonic anhydride and water, it furnishes a large number
of highly stable metallic and ethereal salts. Itisunnecessary
to describe 1n this place the formation of the metallic car-
bonates.

Ethereal Salts.—Carbonic anhydride unites with the
potassium and sodium derivatives of the alcohols ; thus
when it i1s passed into a solution of potassic hydrate in
(OC,H;
(OK
1s produced.! The compounds so formed are at once
decomposed by water into the corresponding alcohol and
hydric potassic (or sodic) carbonate. The normal ethereal
salts of carbonic acid are obtained by the action of the
mono-haloid hydrocarbon derivatives on argentic carbonate :

CO(AgO)E T ECnHﬂtwlI = CO(OCnH2u+|)3 -+ EijkgI;

anhydrous alcohol, pofassic ethylic carbonate, CO

by the action of carbonic oxychloride on the sodium deriva-
tives of the alcohols :

COCIE + ﬂNaOCnHED_‘,I = CO(OCHHEH+,'|)E e ENEIC];

stable compound. It is obtained by the action of sodic ethylate on
nitrotrichloromethane (chloropicrin) :

CCl3(NO,) + 4C,H;0ONa = C(OC,H;), + 3NaCl + NaNO.,.

Ethylic orthocarbonate is an oily colourless liquid, boiling at 158°-160°,

! Similarly, carbonic anhydride unites with the sodium derivatives of
the mercaptans, and carbonic oxysulphide and carbonic disulphide
unite with the sodium derivatives of the alcohols and mercaptans, thus :

CO, +KSC,H; =C,H,KCO,S.
COS +KOC.H,=C,H.KCO,S.
CS, +KOC.H,=C;H.KCOS,.
05y« KEO Hm Gl KCE,,

The stability of these compounds increases as the proportion of sulphur
contained in them increases ; thus the two latter yield the corresponding
hydrogen salts, C,H;.HCOS, and C,H;. HCS,, in the form of oily
liquids on treatment with dilute hydrochloric acid (compare page 58).
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and by the action of sodium or potassium on the correspond-
ing ethereal salts of oxalic acid :
1 CO*OCuHEn+1 — 1.
ICO,OCEH2n+i — CO(OCHHEH_}. [)E + CO-
They are, with few exceptions, colourless liquids, difficultly
soluble in water, which can be distilled unchanged ; in
contact with water in the cold they are only slowly decom-
posed, but on heating are rapidly resolved into the alcohol
and carbonic acid. |

Ethylic Carbonate, CO(OC,H,)..—Carbonic oxychloride is
absorbed by anhydrous alcohol with formation of hydrochloric
acid and etylic chiorocarbonate, COCI(OC,H,), a mobile colour-
less liquid, boiling at 94°; it possesses a suffocating odour and
has a most irritating action on the eyes. It is slowly decom-
posed in contact with water.

On heating ethylic chlorocarbonate with alcohol it is con-
verted into ethylic carbonate and hydrochloric acid. Ethylic
carbonate may also be prepared by the general methods above
mentioned ; it is a mobile colourless liquid, of sweet ethereal
odour, boiling at 125°. An interesting series of bodies, derived
from ethylic carbonate by the gradual substitution of sulphur

for oxygen, have been obtained ; such are the following :—

-P. B.-P.
Co{0GH: o
2ty
CO{ gg:g; 156° CS{ gg:ﬁ: 161°
CO{EE;E; g 196° CS{?}E;E? 200°
CS{gEfﬁﬁ 240°

Amides of Carbonic Acid.—Carbonic acid yields both an acid

' The probable explanation of this change has been given on p. 261.
# This compound, obtained by the action of carbonic oxychloride on
sodium-mercaptide, yields carbamide (urea) and mercaptan on decom-
position by ammonia :
CO(5C.H,), + 2NH, = CO(NH,), + 2HSC,H; ;
whereas the isomeric compound, obtained by the action of ethylic



278 Organic Chemistry.

amide (carbamic acid) and a normal amide (cardamide). Cn
passing dry ammonia gas and carbonic anhydride into anhydrous
alcohol, a white crystalline body is obtained, which is the am-
monic salt of carbamic acid, CO(NH,)(ONH,) ; ammonic car-
bamate 1s at once decomposed by acids with formation of
carbonic acid and an ammonic salt. Similarly, carbonic oxy-
sulphide and carbonic disulphide combine with ammonia forming
the compounds CS(NH,)(ONH,) and CS(NH,)(SNH,), and
corresponding ethereal salts are obtained by the action of am-
monia on the ethereal chlorocarbonates, COCI(OC H,,,,), and
the ethereal carbonates, CO(OC, H,,,,),y &c. Ethylic car-
bamate originally received the name uret/iane, which has become
generic, all compounds of the form CO(NH,)(OR’) being termed
urethanes.

CARBAMIDE (#rea), CO(NH,),,—This compound is one of the
chief solid constituents of human urine, hence the name urea, and
especial interest attaches to it as it was the first organic com-
pound artificially produced. Urea is obtained in a variety of
ways : by the action of ammonia on carbonic oxychloride ; by
heating ethylic carbonate with ammonia ; by heating ammonic
carbamate or ordinary commercial ammonic carbonate in closed
tubes for some hours at 130°-140°; and by the action of heat on
ammonic cyanate, NH,CNO. It was by this last method that
Woehler first obtained urea. Ammonic cyanate is prepared by
mixing solutions of potassic cyanate and ammonic sulphate ; the
solution is then boiled a short time, which suffices to convert the
whole of the cyanate into urea. Urea crystallises in long white
irregular flattened prisms, very soluble in water; on prolonged
boiling with potassic hydrate solution it is resolved into am-
monia and potassic carbonate :

CO(NH,),+ OH,=CO, +2NH,.

Urea combines with acids : thus with hydrochloric acid it forms
the compound CO(NH,),,HCl; and with nitric acid the com-
pound CO(NH,),,HNO,  The latter salt may be employed in

bromide on the product of the union of carbonic disulphide and potassic
ethylate (potassic xanthate), yields ammonic sulphocyanate, alcohol, and
mercaptan :

i [ h ,
Cs { gC;H; + 2NH, = NH,CSN + HOC,H; + HSC,H,.
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the detection of urea : being difficultly soluble in nitric acid, it
is at once precipitated on the addition of the concentrated acid
to a moderately strong solution of urea, and when viewed under
the microscope the precipitate is seen to consist of rhombic or
hexagonal plates which are highly characteristic. Urea also
combines with metallic oxides : thus, on the addition of mercuric
oxide to a solution of ureatowhich potassic hydrate has previously
been added, a white precipitate of the composition CO(NH,),,
2HgO is produced. A variety of so-called componnd ureas are
known, derived from urea by the introduction of hydrocarbon
groups in place of hydrogen (see Amiznes).

Sulphocarbamide (Sulpho-urea), CS(NH,),—This compound
bears the same relation to ammonic sulphocyanate that car-
bamide bears to ammonic cyanate. It is obtained by heating
dry ammonic sulphocyanate at 170° for two to three hours.
Sulphocarbamide crystallises in white rhombic prisms; it
is in all respects the analogue of carbamide.

Grycorric or Monoxvacetic Acip, CH,(OH)CO(OH).
—This acid is among the products of the oxidation of alco-
hol by nitric acid. It is also produced on heating the mono-
haloid derivatives of acetic acid with water ; by the action of
nitrous acid on amidoacetic acid (p. 265); by oxidation of
glycol (hence the name glycollic acid); and by the action of
nascent hydrogen on oxalic acid :

CO(OH)CO(OH) + 2H, = CH,(OH)CO(OH) + OH,.

It forms white anhydrous crystals, which melt at 80°; it is
readily oxidised to oxalic acid ; by the action of nascent
hydrogen it may be reduced to acetic acid.

Thioglycollic Acid, CH,(SH)CO(OH), is produced by heating
monochloracetic acid with a concentrated aqueous solution of
potassic sulphydrate. It is a yellow amorphous substance ; on
oxidation by dilute nitric acid it i1s converted into sulploacetic

acid, CH, {205t
2{CO.H.

Lacric Acip.—Four 1someric modifications of this acid
are known, namely : ethylidene-lactic acid, ethylene-lactic
acid, para- or sarco-lactic acid, and hydracrylic acid.
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Lermentation( Ethylidene) LacticAcid, CH,CH(OH)CO(OH).
—The production of this acid from sugar by fermentation
has been previously described (page zo02). It may also
be prepared by the action of argentic oxide and water on
a-bromopropionic acid (the first product of the action of
bromine on propionic acid); by oxidation of propylene gly-
col ; and from aldehyde by combining it with hydrocyanic
acid, and digesting the resulting cyanide! with hydrochloric
acid solution. It cannot be obtained in the anhydrous con-
dition, so great is the tendency which it exhibits to part with
the elements of water and to form anhydrides; thus it has
been shown that the syrup which is obtained on exposure of
a solution of lactic acid over sulphuric acid in vacuo 1s
not the anhydrous acid, but a mixture of lactic acid with its
etheric anhydride and lactide (p. 275). On heating lactic
acid for some hours at about 200°, it 1s converted into water
and lactic anhydride or Zactid, igEOH“ } O, a white crystalline

body, melting at 124°'5. When heated with sulphuric acid
and water at 140°-150° lactic acid is resolved into aldehyde
and formic acid :

{Egﬁfggom + OH, = CH,CH(OH), + HCO(OH)
and on oxidation it yields acetic and formic acid, and car-
bonic anhydride. It is readily reduced to propionic acid
on heating with a concentrated solution of hydriodic acid ;
by the action of PCl; it is converted into chloropropionic
chloride, C,H,CICOCI.

Ethylene-lactic Acid, CHy,(OH)CH,CO(OH), 1s obtained
from the monochlorhydrin of glycol, CH,(OH)CH,CI, by
method 4, and from ethylene and carbonic oxychloride by
method 5. It yields malonic acid on oxidation :

! This compound is a colourless mobile liquid, which on distillation
begins to boil at about 1602, but is at the same time partially resolved
Into its gencrators,
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CH,(OH)CH,CO(OH) + O, = CH,(CO.0H), + OH,.

ParalacticAcid(Sarcolactic Acid),CH,CH(OH)CO(OH).—
The juice of flesh contains two isomeric lactic acids, one of
which is apparently identical with ethylene-lactic acid. The
other, which is the chief constituent, differs both from
ethylene- and ethylidene-lactic acids, and 1s distinguished by
the property which it has of diverting a ray of polarised light
slightly to the right. On heating with sulphuric acid, and
on oxidation, it ylelds the same products as ethylidene-
jactic acid; and on heating alone it furnishes an etheric
anhydride and a lactide, identical with the etheric anhy-
dride and lactide from ethylidene-lactic acid ; as it is possible
to convert these anhydrides into the corresponding acid by
heating them with water, paralactic acid may thus be con-
verted into ethylidene-lactic acid. At present no probable
explanation can be given of the difference which exists
between ethylidene- and para-lactic acids, which, so far as
their behaviour with reagents is concerned, are identical, and
are therefore represented by the same formula ; prébably
the relation 1s somewhat of the same character as that
which exists between the two fermentation amylic alcohols,
and between the two valeric acids obtained from them on
oxidation (compare also tartaric acid), but in these cases we
are equally unable to decide upon the nature of the relation.

Hydracrylic Acid 1s obtained by the action of argentic
oxide and water on [3-lodopropionic acid, produced by
the union of acrylic and hydriodic acids, or by the action
of phosphorus iodide on glyceric acid. Like ethylidene-,
ethylene-, and para-lactic acids, it forms a strongly acid
syrup, but is distinguished from them! by the behaviour on

! The metallic salts of the isomeric lactic acids differ in crystalline
form, in the amount of water of crystallization which they contain, and
in solubility, and are of great service in characterising and distinguishing
these acids. Thus zincic paralactate has the composition C;H,,Zn0,,
20H, ; zincic ethylidene-lactate is CyI,,Zn0,, 30H,; and zincic
hydracrylate C,;H,,Zn0,, 4O0H,. At 15° the latter salt is soluble in

e
-

o e R
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heating, whereby it is resolved into water and acrylic acid :
C;H;O; = C;H,O, + OH,. Hydracrylic acid is readily
reconverted by the action of hydriodic acid into [3-iodopro-
pionicacid; ethylene-lactic acid similarly treated does notyield
3-1odopropionic acid. It is far more readily oxidised than
either of the isomerides, yielding formic and glycollic acid :
C;H;0; 4+ Oy = CH,0, + C,H,0,,
which are in great measure at once further oxidised to car-
bonic anhydride and oxalic acid.

On theoretic grounds great interestattaches to hydracrylicacid.
According to present views only two acids of the lactic series
can be derived from propionic acid, CH,.CH,CO(OH), namely,

CH,(OH).CH,CO(OH) and CH,.CH(OH)CO(OH).
These formulz are respectively assigned to ethylene- and ethyli-
dene-lactic acids ; hence the question arises : in what manner
is hydracrylic acid to be represented 7 Acrolein, the aldehyde
of acrylic acid, acrylic acid, glyceric acid, and g-iodopropionic
acid are commonly represented by the formulae

J'CH2 [ICI"I2 (CH,(OH) {CHQI :

CH - CH =, {CH{OH), A{CH:
tCOH ]CC}{OH} tCD{:OH) 1CO(OH)
which appear to be entirely in accordance with the behaviour of
these bodies under various conditions ; hydracrylic acid there-
fore, derived as it is from $-iodopropionic acid, should be repre-
sented by the formula CH,(OH).CH,CO(OH), which, it will be
seen, however, is identical with that assigned to ethylene-lactic
acid, from which it differs in a most marked manner. Wislicenus,
the discoverer of hydracrylic acid, suggests in place of the
above, the following formula :

-]

CH, CH, CH,I { CH,(OH)
Crr iy Gttt S O et s, 4B s o oy
cH,}° CH(OH}} CH(OH}}O CH(OH)}
ﬂcmﬂ:hL Acrylic acid. B-Todopropionic acid. Hydracrylic acid.

about its own weight of water, whereas one part of ethylidene-lactate
dissolves in about 60 parts, and one part of zincic paralactate in about
17 parts of water,

! B-Todopropionic acid is converted into propionic acid by nascent
hydrogen.
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Further investigation must decide, however, whether the formula
thus assigned to hydracrylicacid can be maintained ; at present
the experimental evidence we possess does not favour the pro-
posed alteration of the formula of acrolein, acrylic acid, 3-iodo-
propionic acid, and glyceric acid.!

The remaining acids of the lactic series are four isomeric
oxybutyric acids, C;H4z(OH)CO(OH) ; two isomeric oxy-
valeric acids, C;H4(OH)CO(OH) ; two isomeric oxycaproic
acids, C;H,,(OH)CO(OH) ; an oxyheptylic acid (amyl-
hydroxalic acid), C4H,,(OH)CO(OH) ; and diamyloxalic
acid, C,,H,3,(OH)CO(OH).

C.H,,_,O0CO(OH) oOR PYRUVIC SERIES OF MONOBASIC
ACIDS.

The acids of this series are monohydric monobasic acids ;
they may be regarded as derived from the acids of the
lactic series by the abstraction of two units of hydrogen, and
from the acids of the glyoxylic series by the abstraction of
the elements of water ; thus :

JCHHEH(OH) {CIJHEH—IO_ [CHHEH—I(OH)E
lcoO(OH) * 1CcO(OH) ’  1CO(OH) ‘
Acid of lactic series, Acid of pyruvic series. Acid of glyoxylic series.

The following are known :—
Glyoxalic acid . . CoH,0,
Pyruvic (pyroracemic) acid . C,H,0,
Epihydric acid . ; . CiHO,

' The oxidation of glycerin to glyceric acid, usually represented
thus :

CH,.OH CH,.OH
CHOH + 0, = {CHOH 4+ OH,.
|CH,.OH CO(OH)
Wislicenus represents in the following manner :
CH,.OH (,11 .OH
CHOH + O, = {C(OH) lo + OHj.
(CH,.0H (cH(oH) | ©
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Acetopropionic acid . : C:H:0;
Convolvulinoleic acid P 6 P )
Jalapinoleic acid . . CigHg003
Ricinoleic acid . : B G )

Gryoxaric Acip, C,H,0; = COH.CO(OH).—See Gly-
oxylic Acid (p. 286).

Pyruvic Acip (Pyroracemic acid), C,H;O.CO(OH), is
produced by the dry distillation of racemic or tartaric acid,
C;HzOy = CyH,0; + CO, + OH, ; and by dry distilla-
tion of glyceric acid, - It is a liquid, smelling like acetic
acid, soluble in water, and boiling at about 165° but with
partial decomposition. By the action of nascent hydrogen
it 1s converted into fermentation lactic acid ; it unites with
bromine to form the compound C,H Br,0, (dzbromolactic
acid?). Two formulz have been proposed for this acid :

CH: CH ) 0 -
CO and CH |V 3
CO.0OH CO.OH
l.e. it may be regarded either as an acetoformic acid, or as
JCHE o
the acid corresponding to glycide (p.180),7 CH } . At
(CH,.OH

present we are not able to decide which of these formula
should be adopted.!?
Epiavpric Acip, C,H;Oj,, is obtained by heating epicyan-

I The ethylic acetoacetate, Egﬂé%oﬁH“}, obtained by Geuther
. a [

(page 257) is the ethylic salt of an acid isomeric with epihydric acid ;
J CII [Cn I-I:ln'l'i} [COCI{:!_}

and the compounds of the form 1 CO.0C.H. and
{Egﬁ&:ﬁfﬂﬁ*mcxlﬂ obtained by Frankland and Duppa (p. 258)

are ethylic salts of homologous acids. These ethylic salts have not
hitherto been converted into the corresponding acids, however.
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hydrin (the product of the action of potassic cyanide on
epichlorhydrin, p. 180) with hydrochloric acid solution :

(CH,) | CHQ}O
ICH |~ + 20H, + HCI=1CH
1CH3.CN CH,.CO(OH)

+ NH,CL

It 1s a white crystalline acid, melting at 225° ; when heated
with hydriodic acid it yields normal butyric acid.

AceroproprioNIC Acip, C;H O, —The sodic salt of this
acid is produced on boiling the product of the action of
ethylic monochloracetate on ethylic acetosodacetate (p. 257),
with sodic hydrate solution :

iCH, G,
Co CO
1CH(CH5CD,OC2H5}+3N30H= {CH,  +2C;H,0H
CO.0C,H, CH, +Na,CO,.
| i CO.ONa

RiciNoLElc Acip, C,;H3,04.—The glyceric salt of this
acid is the essential constituent of castor oil. Ricinoleic
acid 1s a yellow inodorous oil ; when cooled below o° it
solidifies to a granular mass. On dry distillation of castor
oil or sodic ricinoleate, a considerable quantity of an
heptylic aldehyde (@nantiol), C;H,,0, 1s obtained, which
1s convertible by the action of nascent hydrogen into
normal primary heptylic alcohol. On heating sodic ricino-
leate with an excess of sodic hydrate, secondary octylic
alcohol and sodic sebate are obtained :

CisH3403 4+ 2NaHO = C4H,;.0H + C,H,sNa,0, + H.,.

C,H,,_,(OH), orR GLYOXYLIC SERIES OF MONOBASIC ACIDS.

Two acids of this series are known: glyoxylic acid,
C,H,0,, and glyceric acid, C3HzO,. Both are trihydric
monobasic acids.
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Grvoxvric Acip  (dioxyacetic  acid), C,H,0, =
CH(OH),CO(OH), is amongst the products of the oxida-
tion of alcohol and of glycol by nitric acid ; it is also
obtained by the action of nascent hydrogen (evolved by
zinc and sulphuric acid) on oxalic acid : CO(OH)CO(OH)
+ H, = CH(OH),CO(OH), and by boiling the silver salt
of bromoglycollic acid ! with water :

CHBr(OH)CO(OAg) + OH,=CH(OH),CO(OH) + AgBr.

Glyoxylic acid is a viscid colourless syrup ; it dissolves zinc
without evolution of hydrogen, zincic glycollate being formed :

CH(OH),CO(OH) + H, = CH,(OH)CO(OH) + OH,.

Most of the metallic glyoxylates have the composition indi-
cated by the formula C,H;M’O,; thus argentic glyoxylate is
C,H;AgO,, and calcic glyoxylate is (C,H,0,),Ca. But am-
monic glyoxylate has the composition C,H(NH,)O,, and, on this
account, Debus, the discoverer of the acid, assigns to it the
formula C,H,0,=COHCO(OH), and regards the salts of the
form C,HM'O, as salts containing water of crystallisation.
It appears in the highest degree probable, however, that both
acids exist; the relation of the acid COHCO(OH), which
is appropriately termed glyoxalic acid, to glyoxylic acid,
CH(OH),CO(OH), being obviously of the same nature as
the relation between aldehyde, CH,COH, and aldehyde-hydrate,
CH,CH(OH),, of the existence of which latter compound there
can be little doubt, although it tannot be 1solated.

The ethylic salt of the etheric acid, CH(OC,H,),CO(OH),
derived from glyoxylic acid, is produced by heating dichloracetic
acid with sodic ethylate :

CHCL,CO(OH) + 3NaOC,H,=CH(OC,H,),CO(CNa) +
HOC,H, +2NaCl,

and digesting the product with ethylic iodide :

(CHOGH), | cy1 = {CH(DCH

-5}2 + I\"'!.I
(CO(ONa)

CO(OC,H,)

I Bromoglycollic acid is produced by boiling argentic dibromacetate

with water : CHBr,CQ(OAg) + OH,=CHBr(OH)CO(OH) + Agbr.
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It is a colourless mobile liquid of pleasant fruity odour, which
boils at 1g9°; by the action of ammonia it is converted into the
amide CH(OC,H,),CO(NH,), a white crystalline compound.

GLvceErRIC AcIiD (dioxypropionic acd), C;H;0, =
CH,(OH).CH(OH).CO(OH), is obtained by oxidising gly-
cerin with nitric acid. It is a thick non-crystallising syrup ;
phosphorus iodide converts it into /3-iodopropionic iodide,
which on treatment with water yields (-iodopropionic acid,?
CH,I.CH,CO(OH).

C,H,,_1CO(OH) OrR ACRYLIC SERIES OF MONOBASIC
ACIDS.

The acids of this series bear the same relation to the acids
" of the acetic series that the alcohols of the vinylic series
bear to the alcohols of the ethylic series. The following are
known :—

*Acrylic acid? . : . . C,H,CO(OH)

*Crotonic acid ; .
*Methacrylic acid } i o HCDOE

*Angelic acid 4
*L-Iegth}r'lcmtonic acid } i - C,H;CO(OH)
*Pyroterebic acid .
*Ethylcrotonic acid . } . . C;H,CO(OH)
*Hydrosorbic acid .

I B-Chloro- and bromo-propionic acid are similarly prepared by the
action of phosphorus chloride and bromide. a-Iodopropionic acid,
CH,.CHI.CO(OH), is obtained by acting on fermentation lactic acid
with phosphorus iodide and subsequently treating the product with
* water ; a-chloro- and bromo-propionic acid are similarly prepared by
the action of phosphorus chloride and bromide, and also by the direct
action of chlorine and bromine on propionic acid. By heating a-bromo-
propionic acid with bromine it is converted into a-dibromopropionic
acid, CH,.CBr,.CO(OH). The a-mono-haloid derivatives of propionic
acid are fluid bodies ; the B-derivatives are white crystalline compounds.

? The acids marked thus * have been artificially produced ; the re-
mainder, of which, with few exceptions, our knowledge is very imoer-
fect, are obtained from natural products,

N - "
- 3
¥ s M -
R e e i el

& g s -

i I S T T

1 —
» g‘!—.

s



288 Organic Chemistry.

Damaluric acid? . : ; Rl €55 R
Damolic acid? _ : _ . e A
Moringic acid

Cimicic acid } Ci5Hy50,
Physetoleic acid

Hypogeic acid } CieHei0%
Gaidic acid

Oleic acid

Elaidic acid } C1sH3:0,
Doeglic acid CrH .0,
Brassic acid

Erucic acid } ' CooH 50,

Formation—1. By oxidation of the aldehydes of the
acrylic series :

2C,H;,_,COH' 4+ 0, = 2C,H,._,CO(OH).

2. By dehydration of certain of the acids of the lactic
series. Frankland and Duppa have shown that the ethylic
salts of the secondary acids of the lactic series produced by
the action of the zinc organo-metallic compounds on
ethylic oxalate (p. 271), yield the ethylic salts of the corre-
sponding acids of the acrylic series on distillation with phos-
phoric anhydride or phosphorus terchloride :

(’tJHEH+]

- CHHEH-F-I

C 4 (’"I?ﬂ“*‘ =€ CaHg" + OH..
O CO(OC,H.)
CO(OC,H.)

The ethylic salt is saponified in the usual manner with
potassic hydrate, and the acrylic acid set free from the
potassic salt by the addition of a mineral acid.
Classification.—The known acids of the acrylic series are
either primary or secondary acids of the following form :
CH{CnHEn)F . C(CmHEm+l)(anﬂn)H
{cootn™ 3 {CO(OH)

Primary acid. Secondary acid.
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Properties.—The acids of the acrylic series are monobasic
acids, inasmuch as they furnish metallic salts of the compo-
sition C,H,,_,CO,M," (C,H,,_,C0O,),M,” &c., and corre-
sponding ethereal salts. They combine with the haloid
acids and halogens to form haloid substitution-derivatives
of the acids of the acetic series. Most characteristic of
these acids, however, is the fact that on fusion with potassic
hydrate they furnish the potassic salts of two acids of the
acetic series ; thus :

CEH.‘O? -+ EKHO = CEHSOEK + CHOEK + HE'

Acrylic acid. Potassic acetate.  Potassic formate.
C,;HEOE ‘i' EKHO = 2C2H3OEK + HE'
Crotonic acid. Potassic acetate.

This decomposition is effected in a perfectly definite and
regular manner, and appears always to consistin the removal
of the C,H,, group, and its replacement by H,, the C,H,,
group being separately oxidised to the corresponding acid of
the acetic series. Thus the primary acids always furnish
potassic acetate as one of the products :!

CH CnHﬂn I r S CH i3
{CO({:OH)- " +2KHO={E5%k) +CoHla KO, + Hy;

whereas the secondary acids appear to yield the potassic

salt of a primary acid of the acetic series homologous with
acetic acid as constant product :

C(CoHay 1+ 1 (CoHay )’ 2
{CO{O } L K HO =
C(C Hsn41)H,
{c on 4G, KO, T

AcryLic Acip, C;H,0, = CH(CH,)"CO(OH).—This
acid is the first term of the series. It is obtained 1. by
oxidation of acrolein with moist argentic oxide ; 2. by the

T The acids of the acrylic series derived from natural products in-
variably yield potassic acetate as one of the products,

u
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action of nascent hydrogen on [-dibromopropionic acid
(produced by oxidising dibromopropylic alcohol, the pro-
duct of the union of allylic alcohol and bromine, by nitric
acid) :

CH,Br.CHBr.CO(OH) + H, =
CH(CH,)'CO(OH) + 2HBr :

3. by distilling B-iodopropionic acid with plumbic oxide :
ECEHsIOE + Pbo —_— 2C3H402 + PbIﬂ + OHT

Acrylic acid is a colourless liquid, possessing a penetrat-
ing, slightly empyreumatic odour ; it is said that it becomes
crystalline when cooled to below 7° It boils at about
140°%! With the exception of the silver salt, all the metallic
salts of acrylic acid are very soluble in water. Various
ethereal salts of acrylic acid are known, obtained not from
the acid itself, but by the action of nascent hydrogen on the
ethereal salts of [3-dibromopropionic acid. By the action
of sodium amalgam on an aqueous solution of acrylic acid,
propionic acid is produced; but the hydrogen evolved by
the action of acids on zinc 1s not able to effect the conver-
sion of acrylic into propionic acid.

Croronic Acip, CH(CH.CH,)"CO(OH).—This name was
originally assigned to an acid, said to have the composition
C,H;0,, obtained from croton oil, but recent experiments
tend to throw doubt on the existence of such an acid
in that drug. Crotonic acid is obtained 1. on oxida-
tion of crotonic aldehyde by moist argentic oxide; 2. on

' It is noteworthy that the boiling-points of allylic alcohol, acrylic
acid, and the ethereal salts of acrylic acid are identical, or nearly so,
with the boiling-points of the isologous bodies propylic alcohol, pro-
pionic acid, &. Thus, allylic and propylic alcohols boil at about
96° ; acrylic and propionic acids at about 140°; ethylic acrylate and
propionate at about 101°; and allylic acrylate and propylic propionate
at about 124°.
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dry distillation of 3-oxybutyric acid (p. 257); and 3. as
potassic salt from allylic alcohol by the following series of
reactions :

C,H..OH + HI — C.HI + OH, ;
C.H.I + ECN — C,H,CN + KI ;

It is a white crystalline substance, which - melts at 72°, and
boils at 181°; on fusion with potassic hydrate it yields

potassic acetate and hydrogen.

On account of the production of crotonic acid from allylic
alcohol, which is generally admitted to be correctly represented
by the formula CH(CH,)”.CH,(OH), it has been usual to
assign to it the formula CH(CH,)".CH,CO(OH) ; but Kekulé has
pointed out that a simple explanation of the formation of cro-
tonic acid from acetaldehyde (p. 227), and of its behaviour on
oxidation, is alone afforded by the assumption of the formula
CH(CH.CH,)”CO(OH), and he has succeeded apparently in
proving the correctness of his view. A compound represented
by theformula CH(CH,)"”CH,R’, Kekul€ considers,cannot furnish
acetic acid on oxidation, and as a matter of fact it is found that
neither allylic alcohol nor allylic iodide yield that acid on oxida-
tion ; the allylic cyanide obtained from the latter by double de-
composition with potassic cyanide, however, at once furnishes
acetic acid on oxidation, hence the conclusion that during the
formation of this body a change occurs of such a nature that
instead of a compound of the form CH(CH,)”CH,(CN) being
produced, an isomeric compound of the form CH(CH.CH,)”(CN)
results, which gives rise to the acid CH(CH.CH,)CO(OH).

MetHACRYLIC Acip, C(CH;,)(CH,)"CO{OH), the iso-
meride of crotonic acid, is obtained (as ethylic salt) on distil-
ling ethylic dimethoxalate with phosphorus terchloride :

C(CH,)y(0H) |, pep. — {C(CHEJ(CHg)
3{CO(OCEH5) + BCls = 31 coocm)
+ 3HCI + PH,0,.

Uz
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Methacrylic acid is a colourless oily liquid ; on fusion with
potassic hydrate it yields potassic propionate, potassic for-
mate, and hydrogen.

OLeic Acip, C, H,,0,=CH(C,;Hj,)’CO(OH), is pre-
sent as glyceric oleate (olein), C3H(CigH3305),, In most
natural fats and fixed non-drying oils.!

To obtain the pure acid, olive or almond oil is saponified with
potassic hydrate, the resulting soap is decomposed by tartaric
acid, the mixture of oleic and stearic acids thus obtained is con-
verted into plumbic salts by digestion with plumbic oxide, and
the mixed salts are shaken up with ether, which extracts the
oleate, leaving the stearate undissolved ; the oleic acid is then
liberated by the addition of hydrochloric acid, the ethereal
solution is decanted from the watery liquid, the ether dis-
tilled off, and the crude acid which remains converted into baric
salt, which is recrystallised from alcohcl, then decomposed
by tartaric acid, and the separated acid recrystallised from
alcohol until of constant melting-point,

Oleic acid crystallises in white needles, which melt at
14°; 1t 1s insoluble in water. In the solid state it slowly
absorbs oxygen, but in the liquid state it is rapidly oxidised
on exposure to the air.  On fusion with potassic hydrate it
ylelds potassic acetate and potassic palmitate :

! The natural fixed oils are divided into nen-drying and drying oils.
When exposed to the air the latter thicken, owing to the absorption of
oxygen ; the former are also gradually altered, though in a different
manner. The non-drying oils contain glyceric oleate, or glyceric salts
of acids homologous with oleic acid. Owing to partial decomposition of
these salts, induced apparently by associated foreign matters which act
as ferments, the oils become rancid on keeping ; by washing with a
weak alkaline solution they may be freed from the products of decom-
position and restored to their original state ; but this is not the case
with the drying oils, which contain glyceric salts of acids of some
other series than the oleic. Thus linseed, poppy, and hemp oil contain

the glyceric salt of an acid termed /inoleic acid, which is said to have

the composition C,,H,40,.
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€., H:.0, + 2EHO = CH;K0; + CieHyKO; + Hy

When nitric peroxide is passed into liquid oleic acid, it 18
rapidly converted into a solid isomeric compound, éaidic
acid.  Elaidic acid is a crystalline body which melts at
about 44°. It is a far more stable body than oleic acid :
thus it may be distilled unchanged, whereas oleic acid is
decomposed on distillation, and even in the liquid state 1t
only slowly absorbs oxygen. On fusion with potassic hydrate,
elaidic acid furnishes the same products as oleic acid.

Brassic Acid, Cs,H .05, is obtained from colza oil (the
oil expressed from the seeds of various species of Brassica)
in the same way that oleic acid is obtained from olive o1l.

C,H,, _3CO(OH) or SORBIC SERIES OF MONOBASIC ACIDS.

The following are known :

Tetroleic acid . . CHLCO(OHY fusesat 768
Sorbic acid ; . C;H.CO(OH) R -3
Stearolic acid . .. C1xH 4 CO(OH) v 48°

Tetroleic Acid 1s produced by the action of an alco-
holic solution of potassic hydrate on chlorocrotonic acid,
C;H;CICO(OH). .

Sorbic Acid is a crystalline acid, present in mountain-ash
bernes. Nascent hydrogen (evolved by sodium amalgam
and water) converts it into the corresponding acid of the
acrylic series, hydrosorbic acid, C;H,CO(OH); it unites
with bromine to form the compound C;H ¢Br,0,.

Stearolic Acid is obtained by heating bromoleic acid with
an alcoholic solution of potassic hydrate. It is not affected
by nascent hydrogen, but combines with bromine in two
proportions to form the compounds C,;H,,Br,0,, and
CyaH3,Br;O,  On fusion with potassic hydrate it is con-
verted into the potassic salt of an acid of the composition
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204 Organic Clemistry.

C,6Hj300,, which, by the continued action of potassic
hydrate, is converted into the potassic salt of myristic acid,
C14H,30,—one of the higher homologues of acetic acid.

C.H,,_;CO(OH) or BENZOIC SERIES OF MONOBASIC ACIDS.

This series! comprises terms of the following composi-
tion :
C;HiO, = C:H;CO(OH)

CH,0, = C,H,CO(OH)
C,H,,0, = CyH,CO(OH)
CoH:0, = CH,,CO(OH)

C“HI.;OQ e C|UI'I|3CO(DH)-

Each of these, however, excepting the first, includes a
number of isomeric and metameric modifications.

Formation.—1. By oxidation of the hydrocarbons of the
C,H,, _; series (p. 116).

2. By oxidation of the alcohols of the benzylic series.

3. By oxidation of the aldehydes of the benzoic series.

4. As sodic salts by the simultaneous action of sodium
and carbonic anhydride on the monobromo-derivatives? of
the hydrocarbons of the C ,H,,_g series :

C,H,,_;Br + CO, + Na, = C,H,, ,CO(ONa) + NaBr.

5. As ethylic salts by the action of sodium amalgam on a
mixture of a monobromo-derivative? of a hydrocarbon of
the C,H,,_ series, and ethylic chlorocarbonate :

C,H,,_.Br + COCI(OC,H,) + Na,
= C,H,, ,CO(OC,H;) + NaBr + NaCl

6. By distilling a mixture of potassic cyanide and the

! 1t is also frequently termed the aromatic series.
? Hitherto the bromo-derivatives produced by the action of bromine
on the cold hydrocarbons have alune been employed.
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potassic salt of a monosulphonic acid produced by the
action of sulphuric acid on a hydrocarbon of the C,H,,_¢
series, and decomposing the resulting cvanide by potassic
hydrate solution :

CuHEu_?(SOSK) =+ KCN — CuHEanCN 55 KESDE;
CHHEn_TCN + EOHE — Cqun_TCO{OH) + NH:;.

7. By fusing a mixture of sodic formate and the potassic
salt of a monosulphonic acid, derived from a hydrocarbon
of the C_.H,,_ . series :

C.Haa_(SO;K) + HCO(ONa) =
C,H,._;CO(ONa) + HKSO,.

8. By heating a mixture of the calcic salt of a dibasic
acid of the phthalic or C,H,, _¢(CO.OH), series, and an
equivalent quantity of calcic hydrate at 300°-400° for
several hours :

et + cxom, -
(CHHEH_ TC OE)QCH- -1 ECE.COE.

9. From the monochloro- or monobromo-derivatives of
the hydrocarbons of the C ,H,,_¢ series, produced by the
action of chlorine or bromine on the heated hydrocarbons :

Cann_';Cl -+ REN = CHHEH_.TCN -+ KC}.;
CBHEEHTCN -+ EOHQ —— CnHEn_TCO(OH) + NH3

10. From the alcohols of the benzylic series, thus :

CHHEH_T(OH) + HC] = C“Hgn__?CI + OHE;
CGaHa /Cl 4+ KEN = C.H;. .CN + K(Cl:
C.H,, _,CN + 20H, = C ;H,, _;CO(OH) + NH,.

By the aid of these various reactions the following acids
of the benzoic series have been produced :(—
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206 Organic Chemistry.

M.-P.
C,H,0, | Benzoic acid C,H,CO(OH) 121°

Paratoluic acid ! |C,H,(CH,)CO(OH) 176°

Metatoluic acid ? 109-110
G Es o G hotelic acid ® « =
Alphatoluic acid * | C,H,CH,CO(OH) 76 |
Mesitylenic acid ® |C,H,(CH,),CO(OH) 166° |
Paraxylic acid ® i 163
Xylic acid ? 120

C,H,,0, Ethylbenzoic acid® CEH,l(CﬁPﬂ)CO(DH) I110-111

HEE”E‘”“M’“} C,H,CH,CH,CO(OH) 47

o gl i
Alphaxylic acid 0 |C,H { CH’CO(OH) 42
Cumylic acid* |C,H,(CH,),CO(OH) |149-150]
CiolHuOxl Cumic acid®  |CCHA(C,HACOOH) | oz |
grial-atly 9 |
| IR H
C,,H,,0, Homocumic acid" CaH;{Ch TCO(DH) o
2

1 Obtained by oxidation of paraxylene ; yields terephthalic acid on oxi-
dation. *Prepared by method 8 from uvitic acid, CsH4(CH,4(CO.OH),,
and by the action of nascent hydrogen on the bromotoluic acid formed
by oxidising monobromometaxylene ; yields isophthalic acid on oxida-
tion. ® The mixture of toluenepara- and tolueneortho- sulphonic acid,
obtained on treating toluene with concentrated sulphuric acid, yields
by method 6 a mixture of para- and ortho-toluic acid, which may be
separated by fractional crystallisation of the caleic salts ; orthotoluic acid
is entirely decomposed on oxidation. 4 Prepared from toluene by method
9, and from benzylic alcohol by method 10; yields benzoic acid on
oxidation. ® Obtained by oxidation of mesitylene, CiH;(CHg)y ;
yields mesidic (uvitic) acid, CgHg4(CH,)(CO.OH),, and mesitic acid,
CgH4(CO.OH),, on oxidation. © Obtained together with xylic acid?
on oxidation of pseudocumene, C H,(CHg)s; both paraxylic and
xylic acid yield xylidic acid, C¢H3(CH,;)(CO.OH), on oxidation.

—_— |
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Properties.—When acted upon by various reagents, the
acids of the benzoic series, as a rule, furnish substitution-
derivatives, and yield additive compounds only in a certain
very limited number of cases; they thus resemble the acids
of the acetic series, and differ from the acids of intermediate
series in somewhat the same way that the hydrocarbons of
the benzene series resemble the paraffins and differ from the
hydrocarbons of intermediate series. By the action of the
halogens, nitric acid, &c., on the acids of the benzoic series,
a multitude of well-characterised crystalline substitution-deri-
vatives are obtained, among which occur numerous instances
of isomerism.

- Behaviour on Oxidation.—The acids tabulated above be-
long to two metameric series, the relation between which
1s of the same nature as that which obtains between the
phenols and the alcohols of the benzylic series, as will be
evident on inspection of the following general formulz :

CEHE_m{(CnH‘En+I)m : CﬁHﬂﬁm{(C“HﬂﬂH)m

OH i C,Hu O H
Phenol Alcohol of Benzylic series.
CH) (C.Huz)
H- m{( n~+In+ 1/m : n**2nd1/m
CoHs_ CO.0H CﬁHﬁ-m{ C,H,,(CO.0H)’

The acids of the series CEHa_m{(gf(']I%“ﬁ”m are ulti-

mately converted, on oxidation, either into acids of higher
basicity of the form CgH;_ ,(CO.OH),, 4+ 4, 1.€. Into acids con-
taining the same number of units of carbon; or are entirely de-

5 Prepared by oxidising diethylbenzene with nitric acid; yields tere-
phthalic acid on oxidation. ? Produced by the union of cinnamic acid
and hydrogen ; yields benzoic acid on oxidation. '° Prepared by method g
from the monochloroxylene formed by the action of chlorine on boiling
xylene; yields benzoic acid on oxidation. ! Produced by oxidation of
tetramethyllenzene (durene). '* Prepared by oxidation of cumic aldehyde
from Roman cumin-oil. '* Prepared by method 10 from cumic alcohol.
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208 Organic Chemistry.

composed. Theacidsofth 1C.H m{{CﬂHﬂnH)m
I of theseries! C4H, _ C.H, (CO.0H)

either yield acids of the form Ce¢H; _n(CO.0H), ;15 the
CyH,,(CO.OH) group being oxidised to CO.QH; or they
are entirely decomposed.?

Benzoic Acip, C;HgO, = C¢H;CO(OH), is present in
various gums and balsams, and is especially abundant in
gum benzoin, the dried exudation from the bark of SHrax
benzoin—a. tree growing in Sumatra, Java, and Borneo. It
may be produced by all of the general methods of formation
(p. 294); also by oxidation of a mixture of benzene and
formic acid (p. r15), and by boiling hippuric acid (denz-
anmido-acetic acid) with hydrochloric acid :

(CH,(NH.COCsH,) | g _ {CHE(NHE} + (CeH,
{C0.0H * T COOH 1CO.0H
Hippuric acid. Amidoacetic acid. Benzoic acid.

Benzoic acid may be obtained by sublimation in beautiful
feathery crystals ; when prepared from gum-benzoin it has
a fragrant odour, due to the presence of traces of a volatile
oil ; the pure acid is inodorous when cold. Benzoic acid
melts at 121° and boils at about 239° ; it dissolves readily
in alcohol and in boiling water, but difficultly in cold water.
When acted upon by very concentrated nitric acid, or a
mixture of potassic nitrate and sulphuric acid, it is con-
verted into a mixture of meta- and ortho-nitrobenzoic acid,
Cs:H(NO,)CO(OH); the former of these isomeric acids is the
main product. A third isomeric acid, paranitrobenzoic acid,®
is produced by oxidising crystalline nitrotoluene (p. 125).

! Alphatoluic, hydrocinnamic, alphaxylic, and homocumic acids are

members of the series CgHjz_m 1 {E“HE“ 'E'(]:]:,S' OH) the remaining acids
on

included in the table (p. 296) are members of the metameric series.

* Probably in those cases in which the acid is entirely decomposed,
the corresponding acid of the CyH;_n(CO.OH)p 41 series is first formed,
but at once further oxidised (see Phthalic Acid, p. 319).

* The isomeric di-derivatives of benzene are classed in three groups
according as they are either derived from, or are convertible into, or

-
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Orthonitrobenzoic acid melts at 145°; metanitrobenzoic acid
at 140°; paranitrobenzoic acid at about 240°.  Each of these
acids yields on reduction the corresponding amidobenzoic acid,
CsH,(NH,)CO(OH). These amidobenzoic acids not only
form metallic salts in the ordinary manner, but are also capa-
ble of combining with the mineral acids to form salts, such
as amidobenzoic nitrate, C;H,(NH,.HNO,)CO(OH), &c.
This behaviour is characteristic of the amido-acids generally.
Bromine has no action on benzoic acid in the cold,
but when heated together they form mefabromobenzoic acid,
C,H,BrCO(OH): by prolonged heating with bromine and
water, benzoic acid is finally converted into pentabromobenzoic
aczd, C;Br;CO(OH). On distillation with phosphorus penta-
chloride, benzoic acid yields denzoic chloride (benzoyl chloride),
CyH,COCIl, as a mobile colourless liquid boiling at 196°,
which 1s slowly decomposed by cold water, and reconverted
into benzoic acid. By the action of nascent hydrogen (evolved
by sodium amalgam) benzoic acid is converted into Zydro-
benzoic acid, CgH,CO(OH), a crystalline, highly unstable acid,
which is gradually reconverted by oxidation into benzoic acid
when recrystallised in contact with atmospheric oxygen.

C.H,.,_s(OH)CO(OH) 0OrR OXYBENZOIC (SALICYLIC) SERIES
OF MONOBASIC ACIDS.

The acids of this series are dihydric monobasic acids, and
bear the same relation to the corresponding acids of the

may be more or less directly referred to, either of the three isomeric
benzene-dicarboxylic acids: phthalic acid, isophthalic acid, and fere-
Phthalic acid ; those which are referable to terephthalic acid being
termed para-derivatives, those referable to isophthalic acid meta-
derivatives, and those referable to phthalic acid or#he-derivatives.
‘IThe members of these three series are distinguished by differences in
crystalline form, melting-point, solubility, &c. The student will find
a detailed account of the views which the majority of chemists at
present entertain with regard to these isomeric compounds in the
articles: Aromatic Series ; Benzene, Homologues of ; Benzoic Acid ;
in the Supplement to Watts's * Dictionary of Chemistry.’

= e = S .

.
- i+ 5
A e e el o em T @ T

T e w



300 Organic Chemistry.

benzoic series that the acids of the lactic series bear to the
acids of the acetic series. The following are known :—

Orthoxybenzoic (salicylic) acid
Metoxybenzoic (oxybenzoic) acid; C,H,(OH)CO(OH).
Paroxybenzoic acid : I

a, 3, and y Cresotic acid . ; CﬂHﬂ(OH){gEIEDH}
Oxymethylbenzoic acid . . CEH{{EE{%{?{?)
_ : : . (CgH,
Mandelic (phenylglycollic) acid . CH(OH) |co(on)
%o (Phloretic acid ?). . .
.i%% Hydrocoumaric (melilotic) acid (?‘)1 CiH, {EE}ESE?)
%2 “ | Hydroparacoumaric acid .
o)
At C.H,
Phenyllactic acid. .+« GHy(OH) OH}
[C H,
Thymotic acid . . : B i {DH)l CH,
CO{DH}

In general behaviour the acids of the salicylic series
closely resemble the acids of the lactic series, but are more
stable compounds. By the action of acetic chloride they
are converted 1nto monaceto-derivatives of the form
CoH,,_(0.CoH3;0)CO(OH) ; etheric acids of the form
C.Ha,_4(OC,H,,,,)CO(OH) may be obtained from them
by methods precisely similar to those employed in the pre-
paration of the etheric acids of the lactic series (p. 273).

Salicylic, oxybenzoic, and paroxybenzoic acids are produced
by oxidation of the isomeric cresols by fusion with potassic
hydrate (p. 170); by fusion of the isomeric (ortho-, meta-,
and para-) mono-haloid derivatives of benzoic acid with
potassic hydrate—thus metabromobenzoic acid yields
potassic metoxybenzoate :

{CGH]TIT
CO.0H

(CsH(OH)

+ eEHOS= Neomn

+ KBr + OH,;

3
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Isomeric Oxybenzoic Acids. 301

and by the action of nitrous acid on heated aqueous solu-
tions of the three isomeric amidobenzoic acids! ;

(CsH(NH,) CH,(OH)

{CO.0H CO.0H
Salicylic acid is also obtained by the simultaneous action of
sodium and carbonic anhydride on phenol :

2C¢H;(OH) + 2C0O, + Na, = 2CH,(OH)CO(ONa) + H,;

by oxidation of saligenin and salicylic aldehyde ; and by
saponification of oil of wintergreen (methylic salicylate,
p. 151) by potassic hydrate. Paroxybenzoic acid is best
prepared by fusing anisic acid with potassic hydrate :

.j'CﬁH.;(OCH;i} £ e C-E;‘,H.;(OK}

+ HNO, = { f N, + OH,

' In the case of the monamido-derivatives of the acids of the acetic
series, which are similarly converted into the corresponding acids of the
lactic series by the action of nitrous acid (p. 270}, it is not possible to
isolate any intermediate product; but in the case of the monamido-acids
derived from the benzoic series and isologous series containing propor-
tionately less hydrogen, the immediate product may usually be isolated.
For example, by the action of nitrous acid on a co/d aqueous or alcoholic
solution of amidobenzoic acid to which nitric acid has been added,
diazobenzoic nitrate is produced:

(C.H,(NH,.HNO,) + HNO, = (CeH, (N, NOy) 20H ..
'CO(OH) L CO(OH) 7
Similarly a solution of amidobenzoic acid yields diazobenzoic amido-
benzoate. These diazo-salts are readily decomposed on warming with
water : nitrogen is evolved, and the corresponding oxy-acid produced :

C4H,(N,.NO,)CO(OH) + OH,=C,H,(OH)CO(OH) + HNO, + N,.

The action of nitrous acid appears always to take place in the manner
thus indicated: the acid salt of the amido-acid being first converted,
by the removal of three units of hydrogen, which are replaced by one
unit of nitrogen, into the corresponding diazo-salt, which by the subse-
quent action of water is converted into the corresponding oxy-acid ; in
many cases, however, the diazo-salt produced is so unstable apparently
that it is at once resolved on formation by the action of water into the
oxy-acid. (Compare Amines, Action of Nitrous Acid on, p. 333).
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302 Organic Chemistry.

A number of resins (benzoin, acaroid resin, &c.) also furnish
this acid when fused with potassic hydrate.

They are crystalline bodies : salicylic acid melts at 157° ;
oxybenzoic acid at 199° ; and paroxybenzoic acid at 210°.
The aqueous solution of salicylic acid is coloured violet on
the addition of ferric chloride, which is not the case with
solutions of the isomeric acids. On heating alone, or with
water, each of these acids is resolved into phenol and car-
bonic anhydride : salicylic acid being decomposed at 220°-
230° paroxybenzoic acid at 200°-210; but oxybenzoic acid’
only at a much higher temperature. On distillation with
PCl; salicylic acid is converted into chlorobenzoic chioride,
CsH,CICOCI], which when decomposed by water yields
orthochlorobenzoic acid isomeric with metachlorobenzoic
acid obtained by chlorinating benzoic acid, and with para-
chlorobenzoic acid formed by oxidising chlerotoluene.

The isomeric cresofic acids are obtained by the simultaneous
action of sodium and carbonic anhydride on the isomeric cresols.
Oxymethylbenzoic acid is prepared by acting on paratoluic acid
at 160°-170° with bromine, and heating the resulting bromotoluic
acid, C;H,(CH,Br)CO(OH), with water and alkali. Mandelic
acid (see p. 234). Phloretic acid 1s produced together with
phloroglucin on fusing phloretin with potassic hydrate, phloretin
being obtained by heating phloridzin—a glucoside contained in
the root-bark of the pear, apple, plum, and cherry tree—with dilute
acids: C,,H,,0,,+ OH,=C,H,0,+ C,;H,,0,. Hydrocoumaric
actd is formed by the action of nascent hydrogen on coumaric
acid, aydroparacoumaric being similarly prepared from para-
coumaric acid—an acid obtained from aloes; the former acid
yields salicylic acid on fusion with potassic hydrate, the latter
paraoxybenzoic acid. Phenyllactic acid is produced by com-
bining cinnamic acid with hypochlorous acid and acting upon
the resulting compound C,H,ClO, with nascent hydrogen.
Thymotic acid is prepared by the simultaneous action of sodium
and carbonic anhydride on thymol (methylpropylphenol).

' Oxybenzoic acid distils in great part unchanged when strongly
heated, but is in part converted into awnthraflavone, C, HgO =
2C,H;O,—20H,, an isomeride of alizarin,

e e




Dioxybenzoic Acid— Gallic Acid. 303

C.H,,_4(OH);CO(OH) OR DIOXYBENZOIC SERIES OF
MONOBASIC ACIDS,

A number of isomeric modifications of the first term of the
series—dioxybenzoic acid, C¢gH3(OH),CO(OH)—have been
described, but higher terms have not hitherto been investi-
gated. The best known are the following :—

Protocatechuic acid (carbolydroquinonic acid), produced
by fusing kino, catechin, and a number of other resins with
potassic hydrate ; also on similar treatment of the mono-
sulphonic acids derived from oxybenzoic and paroxybenzoic
acid ; and on oxidation of quinic acid.!

. Oxysalicylic acid, obtained by heating moniodosalicylic
acid with potassic hydrate.

Dioxybenzoic acid, prepared by fusing the disulphobenzoic
acid, C4H4(SO,;H),CO(OH), obtained on heating benzoic
acid with concentrated sulphuric acid and phosphoric anhy-
dnde at 230°, with potassic hydrate.

These acids are crystalline bodies. On dry distillation
protocatechuic acid 1s resolved into carbonic anhydride and
pyrocatechin, C4H,(OH), ; oxysalicylic acid, it is stated,
yields a mixture of pyrocatechin and hydroquinone ; dioxy-
benzoic acid yields anthrachrysone (/efraoxyanthraquinone):

2C;HgO;y = C;;HiO5 + 20H.,.

CoHs,_1o(OH)3;CO(OH) OR GALLIC SERIES OF MONO-
BASIC ACIDS.

Garric or Trroxveexzoic Acip, CsH,(OH),CO(OH),
has been produced by the action of potassic hydrate on an
aqueous solution of dilodosalicylic acid ; it exists as such
in small quantities in many plants, but is most readily ob-
tained from Turkish gall-nuts (infra).

Gallic acid crystallises from water in white needles, of the

' Quinic acid, C,H,,0,, is a crystalline acid contained in cinchona
bark, coffee beans, and u number of other vegetable substances.
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304 Organic Chemistry.

composition C,;H;0, 0H,; its aqueous solution has a
shightly acid astringent taste, and is coloured deep blue by
ferric salts, but does not precipitate gelatin. Gallic acid
1s very readily oxidised, and rapidly reduces gold and silver
salts to the metallic state. On heating to 210° it is resolved
into carbonic anhydride and pyrogallol (pyregaliic acid),
CeHy(OH);.  Acetic chloride converts it into Zriacetogallic
acid, CyH,(OCy,H,0);CO(OH). On boiling an aqueous
solution of gallic acid to which a small quantity of arsenic
acid has been added, fannic acid 1s produced, the arsenic
acid remaining unaltered ; tannic acid appears to be an
etheric anhydride of gallic acid, thus :

C H{ CO.0H CO.0H
=2 on), CsHz{ (OH),
CO.0H co
1, ! H
Cs *((OH), C ’*‘{(OHh
CGallic acid. Tannic acid.

By heating with acetic anhydride tannic acid is converted
Into pentacetotannic acid ; when boiled with concentrated
hydrochloric acid it is reconverted into gallic acid. By
heating gallic acid with concentrated sulphuric acid at 100°,
so-called rufigallic acid, C,;H{Oy = 2C,;Hz;O0;—20H,, 1s
produced ; rufigallic acid has powerful dyeing properties,
yielding with iron and alumina mordants colours similar to
those furnished by alizarin, to which indeed it appears to be
closely related, as it also yields anthracene when passed over

heated zinc dust.

Tanmic Aads or Tannins.

This name is applied to a class of substances very widely
distributed throughout the vegetable kingdom, which are mostly
amorphous, have a slight acid reaction, and are characterised
by their astringent taste, by yielding a black-blue or green pre-
cipitate or colouration with ferric salts, by precipitating gelatin
and albumin from their solutions, and by uniting with animal
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membrane to form a mass capable of resisting putrefaction (the
membrane is tanned, as it is termed, and converted into leather).
At present, however, our knowledge of the composition of these
substances is extremely limited. Most of them appear to be
glucosides, i.e., they yield a glucose and another substance on
boiling with dilute acids. Those which turn ferric salts black-
blue usually yield pyrogallol amongst other products on dry
distillation, whereas those which turn ferric salts green furnish
pyrocatechin.

Gallotannic Acid or Tannin, the best known of these com-
pounds, exists in the gall-nuts of Quercus infectoria and other
species of oak, in the common oak-apple, and in sumach, &c.
It is especially abundant in Aleppo galls, from which it may be
extracted in the following manner:—A quantity of the finely
pulverised gall-nuts is placed in a long narrow glass vessel, pro-
vided at the lower end with a plug of cotton-wool, and ordinary
ether (containing water and alcohol) poured in. The liquid
percolates through the mass and is received in a bottle, in which
it separates into two layers. The lower of these is almost colour-
less, and consists of an aqueous solution of nearly pure tannin;
it is separated from the upper, repeatedly washed with ether,
and then placed to evaporate over sulphuric acid in vacuo.
Tannin thus obtained forms a yellowish, friable, non-crystalline
mass, soluble in water, less soluble in alcohol, and very slightly
soluble in ether. It exhibits an acid reaction, and has a pure
astringent taste ; with ferric salts it yields a blue-black preci-
pitate, which is the basis of writing ink. On boiling with dilute
acids it yields gallic acid and glucose, being first resolved, it
would seem, into glucose and tannic acid, the latter of which is
then converted into gallic acid. The same change occurs when
powdered galls are mixed with water to a thin paste and ex-
posed to the air in a warm place for two to three months, water
being added from time to time to replace that lost by evapo-
ration ; and in addition the sugar undergoes alcoholic fermen-
tation. Strecker was led by his analyses to assign the formula
C.;H,,0,. to tannin, and regarded it as a glucoside of gallic
acid ; but recent experiments show that it more probably has
“the composition C,,H,.,0,,= 2C, H,,0,+ C,H,,0,~20H,, and
that it is a glucoside of tannic acid. :
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300 Organic Chemistry.

CoHs, —gCO(OH) OR CINNAMIC SERIES OF MONOBASIC
ACIDS,

The same relations exist between the acids of this and the
benzoic series as between the acids of the acrylic and acetic
series.

Three crystalline acids of the composition CgH,CO(OH)
are known : Cinnamic acid, which exists ready formed In
Peru and Tolu balsam, and may also be obtained by oxida-
tion of cinnamon-oil (cinnamic aldehyde), and by the action {
of sodium and carbonic anhydride on bromocinnamene,
CgH.,Br;! and atropic and isatropic acid, which are obtained,
together with a basic compound termed #rgpine, on boiling
atropine (the alkaloid of A#repa belladonna) with baric
hydrate solution.

Cinnamic acid melts at 120° ; atropic acid at 106°; isatropic
acid at about 200°. By nascent hydrogen cinnamic acid is
converted into hydrocinnamic acid, C4H,,0, ; atropic acid
into an acid isomeric with the latter. On fusion with
potassic hydrate, cinnamic acid yields potassic benzoate and
acetate :

|(CH(CH.CGH,)" CH, oy, g
1CO.0H C0.0I{+{C0.0K+ 25

whereas atropic acid yields a mixture of potassic formate and
the potassic salt of alphatoluic acid :

I 2KHO = {

(CCsH;(CHy)" 110 — | CHa.CeH; HCOOK +H.. 3
e oon o EEHD o +H,

! Cinnamic acid is also produced by a remarkable reaction, by heating
benzoic aldehyde with acetic chloride containing hydrochloric acid.
The following interpretation of the reaction may be given :

C¢H,COH + HCl = CgH,CH(OH)Cl;
C H.CH(OH)Cl+ CH,COCl = (C;H,CH)CH.COCl+ OH, + HCl; _
(C,H.CH)CH.COCl+ OH, = (C{H,CH)CH.CO(OH) + HCL -
Phenylangelic acid, C,,H,,0,, homologous with cinnamic acid, has
been similarly produced by heating benzoic aldehyde with butyric
chloride.
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C.H,, _1;CO(OH) SERIES OF MONOBASIC ACIDS,

FPhenylpropiolic Acid, C¢H;C,CO(OH), the sole repre-
sentative of this series, obtained either by heating a-bromo-
cinnamic acid with potassic hydrate, or by the union of car-
bonic anhydride and the sodium derivative of acetenyl-
benzene (p. 128), is a crystalline acid melting at 136°.
Nascent hydrogen converts it into hydrocinnamic acid.

Co.H,,_,3CO(OH) orR NAPHTOIC SERIES OF MONOBASIC
ACLDS.

Two isomeric acids of this series, a- and [S-naphtoic acid,
C,,H,CO(OH), are known. These are prepared by dis-
tilling the potassic salts of a- and [3-naphthalenesulphonic
acid (p. 131) with potassic cyanide, and decomposing the
resulting cyanides in the usual manner. «-Naphtoic acid
melts at 160° ; [G-naphtoic acid at 182°. In chemical beha-
viour these acids resemble benzoic acid most closely.

By the simultaneous action of sodium and carbonic anhy-
dride on «- and f3-naphtol (p. 172), two isomeric oxynaph-
toic acids, C, Hz(OH)CO(OH), are produced.

CoHj,_1sCO(OH) SERIES OF MONOBASIC ACIDS.

A single acid of the series, anthracenecarboxylic acid,
C,;H4CO(OH), has been obtained by heating anthracene
with carbonic oxychlonde at 200° and decomposing the
resulting acid chloride with water:

C,H,, + €COCl, = C;,H,COCI + HCL

It melts at 206° but is at the same time resolved into
anthracene and carbonic anhydnde.

C.H;,(CO.OH); OR SUCCINIC SERIES OF DIBASIC ACIDS.

The following terms of this series are known :(—
X2

M
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Oxalic acid
Malonic acid .
Succinic acid.
Pyrotartaric acid
Adipic acid
Pimelic acid .
Suberic acid .
Anchoic acid .
Sebacic acid .

(CO.0H),
CH,(CO.0H),
C,H,(CO.0H),
C,H,(CO.0H),
C,H,(CO.0H),
C4H,,(CO.0H),
C,H,,(CO.0H),
C,H,,(CO.0H),
CEHIE(CO'O HJE

Rontllicacid . . «s w5 CuHL(CO.0H,
Isomeric modifications of several of these have been obtained.

Formation—1. By oxidation of the primary glycols.!

2. From the hydrocarbons of the C,H,, or olefine seres :
C.H,, + Br, = C,H,y,Br,;
C,H,,Br, + 2KCN = C,H,,(CN),+2KBr ;
CoH,,(CN);+20H,+4 2KOH = C H,,(CO.0K),+2NH,.

3. From the ethylic salts of the mono-haloid derivatives
of the acids of the acetic series, in the following manner :

CnHEnBr r e CnHEn{CN) :
{CD.OCEHS + KCN = {CO.OCEHE + KBr;
CoH,,(CN) - {CO:0K+NH,
{CG.OCEHE, +OH,; +2K0H=C.Hy, {CO.OK-}-CEH&.OH.

4. By the action of sodium, silver, or copper on the
mono-haloid derivatives (preferably the iodo-derivatives)
of the acids of the acetic series :

2C H, ICO(OH) + Ag, = C3H,z(CO.0H); -+ 2Agl.

Properties—The acids of the succinic series are crystalline
solids. Like all dibasic acids they yield, as previously ex-
plained (p. 243), two series of metallic and ethereal salts,
acid amides, &c. '

' Many of the acids of the series—succinic, adipic, pimelic, suberic,
and anchoic acid—are obtained by oxidising various fatty and resinous
substances—tallow, suet, the oils, &c.—with nitric acid.
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They cannot be distilled unchanged, being resolved either
into water and the corresponding acid anhydride :

angn(CO-OH)g - OHE i CuHEn(CO)EO 3
or into carbonic anhydride and an acid of the acetic series :
CDHEH{CO.UH)E — COg -+ Cann+1CO(0HJ.

On electrolysis many of the acids of the series are re-
solved into an olefine, carbonic anhydride and hydrogen :

CBHE“(CO-OH)E — CHHEE + ECOE + HE‘

When heated with an excess of sodic or baric hydrate
thex are resolved into a paraffin and carbonic anhydrde :

C,H,,(CO.0H), = C;Hyuss + 2CO;.

Bromo-substitution-derivatives are obtained by the action
of bromine, but the substitution is effected far less readily
than in the case of the acids of the acetic series.

Oxaric Acmo, C,H,04 = (CO.OH),.—This acid is
present in most plants, sometimes in the free state or as
sodic or potassic salt, but more frequently as calcic oxalate.
Calcic oxalate 1s also found in urine and urinary deposits.
A large number of complex organic substances, such as sugar,
starch, cellulose, &c., yield oxalic acid when oxidised by
nitric acid or by fusion with potassic hydrate ; in fact, oxalic
acid is now prepared on the large scale by heating sawdust
with a mixture of sodic and potassic hydrate. Oxalic acid
is produced, as sodic salt, 1. by heating sodium in an
atmosphere of dry carbonic anhydride to about the boiling-
point of mercury: 2C0O, + Na, = C,0,Na, ; and 2. by
heating sodic formate : 2ZHCO(ONa) = H, + (CO.ONa)s.
It is also formed by warming an aqueous solution of cyanogen
with hydrochloric acid or an alkali: C,N, + 40H, =
C,0.H, + 2NH,, and by oxidation of ethylene glycol.

.
I
-
!
|




310 Organic Chemistry.

Oxalic acid crystallises from water in transparent colour-
less prisms of the composition C,0,H,, 20H, ; the water
of crystallisation is expelled at 100°, and on continued
heating the acid i1s decomposed (see p. 253). Heated in
presence of dehydrating agents it is readily resolved into
carbonic anhydride, carbonic oxide, and water. Chlorine
acting upon an aqueous solution forms hydrochloric acid
and carbonic anhydride. Nitric acid scarcely affects oxalic
acid, but by most other oxidising agents it 1s rapidly oxidised
to carbonic anhydride and water.

Mavownic Acip, C;H,O, = CH,(CO.0OH), (see p. 61).

SuccinNic Acip, C,Hy (CO.OH),, exists in two isomeric
forms, known respectively as

{CH?C0.0H (CH,
CH,CO.0H (CH(CO.OH),

Succinic or ethylenedicarboxylic acid ; and Isosuccinic or ethylidenedicarboxylic acid.

Succinic acid may be prepared by method 2 (p. 308) from
ethylene, and by method 3 from [-chloropropionic acid,
1sosuccinic acid being prepared from «-chloropropionic acid
(p. 287) by the same method. Succinic acid was origmally
obtained by dry distillation of amber, in which it exists ready
formed ; all the acids of the acetic series, from butyric acid
upwards, are said to yield succinic and other acids
of the series when oxidised by nitric acid. On the large
scale it is usually prepared from malic acid by fermen-
tation.

- Succinic acid melts at 180° and when heated to the
boiling-point (about 235°) is resolved into water and succinic
anhydride ; isosuccinic acid melts at 130°, and when heated
to 150° is resolved into carbonic anhydride and propionic
acid. Succinic acid is less soluble in water than 1sosuccinic
acid ; a solution of sodic succinate ylelds a red-brown
precipitate of ferric succinate with ferric chloride; isosuccinic
acid is not precipitated by ferric chloride.
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C,Hs,_1(OH)(CO.OH), OR MALIC SERIES OF DIBASIC ACIDS.

The acids of this series are trihydric dibasic acids.
The following are known :

Tartronic acid (oxymalonic acid) CH(OH)(CO.0H),
Malic acid (oxysuccinic acid) . C,H3(OH)(CO.OH),
Citramalic acid : . : } C,H,(OH)(CO.0OH),
Glutanic acid . : . .

Oxyadipic acid , 4 . ‘CH.(OHXCO.OH),
Oxysuberic acid . . . CgH,;(OH)(CO.OH),

Maric or OxvsucciNic Acip, C,Hz;(OH)(CO.OH),.
—This acid is most widely distributed throughout the
vegstable kingdom, occurring sometimes in the free state,
sometimes as potassic, magnesic, or calcic salt ; thus, it 1s
contained in unripe apples, in gooseberries, strawberries,
cherries, &c., but is especially abundant in the not quite
ripe berries of the mountain ash. It has been obtained by
digesting monobromosuccinic acid with argentic oxide and
water. Malic acid, like all the acids of the series, 1s a white
crystallinedeliquescent substance ; when heated with hydriodic
acid, it is reduced to succinic acid.

Aspartic Acid, Asparagine.—These two bodies are intimately '

related to succinic acid, aspartic acid being amidosuccinic
acid, and asparagine the acid amide of aspartic acid ; thus:

CO.0H - [COOH . o o ((CORE
Ceﬁa{ca.ou ’ CEHH(E‘H?){CD.OH’ CﬂHaU"Hﬂ}{co,DH-
Succinic acid. Aspartic acid. Asparagine.

Asparagine is a crystalline optically active substance, present
in asparagus, marsh-mallow, the young shoots of vetches, peas,
beans, and many other leguminous plants. When boiled with
a mineral acid and water it is resolved into aspartic acid and
ammonia. By the action of nitrous acid on anaqueous solution of
aspartic acid malic acid is produced.

Glutamic Acid, C,H,(NH,)(CO.OH),, is a crystalline acid
obtained, together with aspartic acid and other products, on
heating gluten, casein, &c., with hydrochloric acid; nitrous
acid converts it into glutanic acid.

S

TR

ale T




312 Organic Chemistry.

C,H,,_ o(OH)y(CO.OH), OR TARTARIC SERIES OF
DIBASIC ACIDS.

The members of this series are tetrahydric dibasic acids.
The following are known :—

Mesoxalic acid : . \ (?) C(OH),(CO.0H),
Tartaric acid (dioxysuccinic .
acid) d : : . . C,H,(0OH),(CO.0H),

Homotartaric acid .

Citratartaric acid . . . } C3H (OH,)CO.0OH),
Ttatartaric acid . : : |

Dioxyadipic acid . . . C4H4(OH),(CO.0H),
Dioxysuberic acid . : . CgH,o(OH),(CO.OH),

TARrRTARIC ACID (dioxysuccinic acid ),CoHo(OH )y (CO.OH),.
—This acid is also very widely distributed throughout the
vegetable kingdom, and, together with citric and oxalic
acids, usually accompanies malic acid in plants.! It is
largely employed, and is always prepared from the so-called
crude tartar or argol (hydric potassic tartrate, C;H;KOg)
which 1s deposited from fermenting grape juice during the
operation of wine making, in the following manner :

I This circumstance alone suggests that a close genetic relation exists
between these four acids. Debus has, in fact, recently succeeded in
obtaining ethylic tartrate, together with ethylic glycollate, by the
action of sodium amalgam on an alcoholic solution of ethylic oxalate.
It may be supposed that by the action of the hydrogen generated by the
action of the amalgam on the alcohol, ethylic glyoxalate is first pro-
duced :

CO/0C,H; _ (COH
{co.ocu’ + Ha = {¢o.0c,H, + HOC:Hs,

which is in the main converted by the further action of the nascent
hydrogen into ethylic glycollate, but also in part converted into ethylic
tartrate; thus:

CO.0C,H;
_{COH . o JCH.OH
"{CD.GCHHS o O O

CO.0C.H,
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A boiling solution of the acid tartrate is treated with pow-
dered chalk, whereby insoluble calcic tartrate and soluble

potassic tartrate are produced :

»C,H, KO, +CaCO,=C,H,CaO4+ C,H,K,04+CO,+ OH,,
Calcic chloride solution is then added to the solution of potassic
tartrate, and the precipitated calcic tartrate added to the pre-
vious precipitate and the whole treated with sufficient sulphuric
acid to form calcic sulphate and tartaric acid. Finally, the
solution of tartaric acid is separated from the precipitated
calcic sulphate and evaporated to crystallisation.

Five modifications of tartaric acid exist, namely :—

1. Dexirofartaric or ordinary tartaric acid, so called from
its property of causing the plane of polarization of a ray of
light to rotate to the right.

2. Levotartaric acid, which rotates the plane of polariza-
tion to the left.

3. Racemic or paratartaric acid, which is optically inactive,
and may be resolved into dextro- and leevo-tartaric acid.

4. Inactive or mesotartaric acad, which is also optically
mactive, but cannot be resolved into dextro- and lavo-
tartaric acid.

5. Metatartaric acid. 'This modification is produced by
fusing tartaric acid, and 1s uncrystallisable.

When dibromosuccinic acid is digested with argentic oxide
and water, 1t 1s converted into tartaric acid. The acid thus
obtained 1s mesotartaric acid, but Jungfleisch has recently
shown that by heating with water at 175° it is converted
into racemic acid, which he separated into dextro- and
levo-tartaric acid. He employed succinic acid prepared
from ethylene, and has thus proved that it is possible, en-
tirely by artificial means, to produce an optically active sub-
stance, which had hitherto been regarded as impossible of
accomplishment. Jungfleisch has also shown that by heat-
Ing with water at 160°, dextrotartaric and racemic acid are
both converted into mesotartaric acid.

Dextro- and lzevo-tartaric acid have the same specific gravity
and solubility in water, and their crystals are bounded by the
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same number of faces inclined at exactly the same angles, but
certain of the faces which, when the crystals are similarly
placed, are to the right in the one modification (in dextro-tartaric
acid), are to the left in the other, so that the crystals of these
two modifications are to one another as an object and its
reflected image. Solutions of the two modifications of equal
strength deflect the plane of polarization of a ray of light to an
equal extent, but in opposite directions, If a solution contain-
ing equal weights of dextro- and laevo-tartaric acid be evaporated
to crystallisation, racemic acid is produced,! which on the other
hand may be resolved into dextro- and lavo-tartaric acid in a
variety of ways. Thus, Pasteur has shown that if two solutions
containing equal weights of racemic acid are neutralised—the
one with ammonia, the other with sodic hydrate, then mixed
and evaporated to the crystallising point, crystals of sodic
ammonic tartrate are deposited, half of which have certain
faces situated on the right, which in the other half are situated
on the left; these crystals may be separated by hand, and by
dissolving separately the two kinds in water, precipitating by
plumbic nitrate, and decomposing the precipitates of plumbic
tartrate by dilute sulphuric acid, solutions are obtained which,
on evaporation yield respectively dextro-tartaric and lavo-
tartaric acid.

The crystals of dextro- and levo-tartaric acid are anhydrous;
those of racemic acid have the composition C,H,0,0H,.
Racemic acid is less soluble in water than tartaric acid, and
calcic racemate is insoluble in acetic acid, which dissolves calcic
tartrate,

By heating tartaric acid with various alcohols, correspond-
ing ethereal salts, C;H,(OH),(CO.OR’),, &c., are produced.

When tartaric acid is heated with acetic chlornde, diacefo-
tartaric acid, CoH,(0.CyH30),(CO.OH),, 1s formed, but
converted at the temperature to which it is necessary to heat
in order to complete the reaction into diacetotartaric anhy-
dride, CoH,(0O.C,H;0),(C0O);0. Ethylic tartrate similarly
treated yields either ethylic acelotartrate or elhylic diaceto-

! Racemic acid is present together with dextrotartaric acid in certain
tartars.
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fartrate Co,H,(OC,H30),(CO.0C,H,),, according to the
amount of acetic chloride used.

When distilled with phosphorus pentachloride, tartaric
acid is converted into ¢iloromaleic chioride:

C,H,Cly(COCl), + 4POCl; + 4HCI

C,H,Cl,(COCl), = C,HCCOCI), + HCL

Tartaric acid i1s carbonised by concentrated sulphuric
acid ; it is very readily oxidised by all oxidising agents ;
concentrated nitric acid converts it into so-called nitro-
tartaric acid, CoH,(NO;),(CO.OH),, which spontaneously
breaks up into tartronic acid, carbonic anhydride, and
oxides of nitrogen :

(?) C.Ha(NO3),(CO.0H), =
CH(OH)(CO.0H), + CO, + NO + NO,.

Saccharic and Miccic Acid (tetraoxyadipic actd), CgH ,,Og=

, ({CO.0H
CH(OH) (00

:acids on oxidation of various sugars has previously been
inoticed (p. 189 et seq.). Saccharic acid, although solid,
(cannot be obtained in crystals ; it is very soluble, even in
rcold water. Mucic acid crystallises readily, and is sparingly
:soluble 1n cold water. When heated with a concentrated
‘solution of hydriodic acidd mucic acid is reduced to adipic
iacid :

The formation of these two isomeric

(
C4H4(OH)4igg'gg 4+ 8HI =
{CO.OH
CaH, (CO.0OH

!Ethylic saccharate, C;H,(OH),(CO.0C,H;),, prepared by
ipassing hydrochloric acid into a solution of saccharic acid in
alcohol, 1s converted by acetic chloride into ethylic tetraceto-
caccharate, C,H,(O.C,H,0),(CO.0C,H,;),.

+ 4OH, + 4I,.
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C.Hg,_s(CO.OH), OR FUMARIC SERIES OF DIBASIC ACIDS.

The acids of this series bear the same relation to the acids
of the succinic series that the acids of the acrylic series
bear to the acids of the acetic series. Thus they unite with
nascent hydrogen, forming corresponding acids of the suc-
cinic series ; they unite with («) the haloid acids and (%)
halogens, forming (a) mono- and (4) di-haloid substitution-
derivatives of corresponding acids of the succinic series ;
and they unite with hypochlorous acid to form monochlori-
nated acids of the malic series. The following are known :—

Fumanc acid . . =4

Maleic acid - C,H,(CO.0H),

Citraconic acid . )
Itaconic acid . : . tC3H,(CO.0H),
Mesaconic acid ; =

Fumaric aND MaLeic Acip, C,H,(CO.OH),, are pro-
duced! by the withdrawal of the elements of water from
malic acid, C,H3(OH)(CO.OH), ; the former is present in
the common fumitory (Fumaria officinalis), in Licken
islandicus, &c.

When malic acid is heated for some time at 130°-135° it is
mainly converted into fumaric acid, but when it is rapidly
heated chiefly maleic acid is produced, and passes over with the
water. Both are crystalline acids. Maleic acid is very soluble
in water; fumaric acid is sparingly soluble. Maleic acid melts
at about 130°% and at about 160° is converted into maleic
anhydride, C,H,0, ; fumaric acid melts with difficulty, and at
about 200° is also converted into maleic anhydride. Both yield
succinic acid when treated with nascent hydrogen, but com-
bine with bromine to form isomeric dibromosuccinic acids. On =
electrolysis they are resolved into acetylene, carbonic anhydride,
and hydrogen,

1 Fumaric acid is also obtained (as baric salt) on boiling trichloro-
phenomalic acid with baric hydrate solution. Trichlorophenomalic
acid is an acid, said to have the composition CyH,Cl,O;, prepared
by adding potassic chlorate to a mixture of benzene and sulphuric acid,
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CrtracoNic, ITaconic, and MEsaconic Acip, C;H,O, =
C,H,(CO.0OH),, are produced by the withdrawal of water
and carbonic anhydride from citric acid (p. 318) :—

When citric acid is rapidly distilled it is converted into citra-
conic anhydride :

C,H,(OH)(CO.0H), = C,H,(C0),0 + 20H, + CO,,
which readily unites with water, forming citraconic acid.
Citraconic acid is converted into itaconic acid by heating
with a small quantity of water for some hours, at about
150°, and into mesaconic acid by heating with hydrochloric
acid and decomposing the resulting chloropyrotartaric acid by
boiling with water. Citraconic and itaconic acid both yield citra-
conic anhydride on distillation ; mesaconic acid may be sub-
limed unchanged.

Citraconic acid melts at 80°% and is very soluble in cold
water.

Itaconic acid melts at 160% and is moderately soluble in
cold water.

Mesaconic acid melts at 200°'5, and is only slightly soluble.

With nascent hydrogen they yield the same pyrotartaric acid,
but unite with bromine, hypochlorous acid, &c., to form isomeric
acids. On electrolysis each of these acids is resolved into
allylene, C,H,, carbonic anhydride and hydrogen. The allylene
from itaconic and mesaconic acid produces a white crystalline
precipitate of the composition C;H,Ag when passed into an
ammoniacal solution of argentic nitrate, whereas the allylene
from citraconic acid does not affect such a solution.

C.H,,_;(CO.OH); OR TRICARBALLYLIC SERIES OF
TRIBASIC ACIDS.

TricarBaLLYLIC Acip, CsH O = C;H(CO.0OH),, the
only known acid of the series, is obtained as potassic salt
from the tricyanopropane prepared by double decomposi-
tion from tribromhydrin (tribromopropane, p. 180) and
potassic cyanide ; thus :

C;H;(CN); + 3KHO + 30H, =
C;H,(CO.0K);+ 3NH,.
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Also by heating citric acid with hydriodic acid :
C;H4(OH)(CO.0H);+2HI = C;H;(CO.OH);+ OH, + L,

Crrric Acip (oxytricarballylic acid), CsH,(OH)(CO.OH),.
— This acid 1s present in many fruits, together with tartaric,
malic, and oxalic acid, but is especially abundant in the
lemon, from the juice of which it is always prepared.

The juice is allowed to ferment a short time, in order to
separate mucilaginous matter, &c; it is then filtered and the
clear liquid neutralised with calcic carbonate; the insoluble
calcic citrate which forms is collected, thoroughly washed,
decomposed by the proper quantity of dilute sulphuric acid, and
the solution of citric acid evaporated to crystallisation.

Citric acid crystallises from a cold aqueous solution in
colourless prisms of the composition C;HO,,0H,, very
soluble in water ; it is a tribasic tetrahydric acid. Like
malic and tartaric acid it is readily decomposed by sulphuric
acid, and on oxidation ; when heated it melts, then boils—
giving off water, and 1is converted Into acnific acid,
C,H,(CO.0H), = C;H,(OH)(CO.0H);—0H,, an acid of
the C,H,,_,(CO.OH), series. Aconitic acid 1s found in
the roots and leaves of monkshood (Aconitum Napellus),
and other plants of the same genus ; by heating at 160°-170°
it is converted into itaconic acid.

DESOXALIC ACID (frioxycarballylic acid?), CsHiOy =
C,H,(OH)4(CO.0OH;), is obtained as ethylic salt, together
with other products, by the action of sodium-amalgam on
ethylic oxalate (containing alcohol? ), and is probably a
condensation-product of the ethylic glyoxalate first produced

(p: 312)3

{CH(OH)CO(OC,H;)
3{cooc,t,) +H ={CH(OH) |C(OH)CO(OC,H;)
( 2445 CO(OCEHE)

Ethylic glyoxalate. Ethylic desoxalate.
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Desoxalic acid is very unstable : on warming with water
it is resolved into tartaric and glyoxylic acids :

CGHBOQ + OHE - C.;HEOE + C Hﬂ);.

C,H,,_s(CO.OH), OR PHTHALIC SERIES OF DIBASIC ACIDS.

The acids of this series bear the same relation to the acids
of the benzoic series and to the hydrocarbons of the
benzene series that the acids of the succinic series bear to
the acids of the acetic series and to the paraffins. The fol-
lowing are known :—

M..P.
‘v (Phthalic or ortho-) r
= phthalic acid : 185°
=
< . | Isophthalic or meta-
=4 bl above 300°
S phthalic Ei:Cld . +C,H,(CO.0H), - %
2 Tercphthahc‘ or sublimes,with-
: paraphthalic acid out melting,
2 | ] _ above 300°
:5_5, rM:.cS:iitcilic or 'uﬁti{ [ 287°-288°
221 Xylidicacid . .7 oHs(CHJCOO )y 050 1830
=3  Isoxylidic acid L 375"

o ‘ bl ith-
Cumidicacid . . CgH,(CH,),(CO.0H), (¥ = FEEs

PutHALIC ACID is produced, together with a small quantity

of terephthalic acid, on oxidising a mixture of benzene, or

benzoic acid, and formic acid by sulphuric acid and man-
ganic oxide (p. 115); and by oxidation of naphthalene,
naphthalene dichloride, alizarin, &c., by nitric acid. It
crystallises in plates or prisms, and 1s sparingly soluble in
cold water. On distillation it 1s converted into phthalic
anhydride, C;H,O; ; it unites with nascent hydrogen, form-
ing Aydrophthalic acid, C;Hg(CO.OH), ; when boiled with
an oxidising mixture of potassic dichromate and sulphuric
acid, it is entirely decomposed.
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IsopHTHALIC ACID 1s obtained by oxidation of meta- (iso-)
xylene, and by fusing the potassic salt of metasulphoben-
zoic acid! with sodic formate :

(SOzK . s CO;Na
CoH ool + HCONa = CGH,,{CO2K |
It crystallises in slender white needles, less soluble in water
than phthalic acid.

TEREPHTHALIC AcID 1s produced by oxidation of paraxy-
lene, camphor cymene, and a number of other hydrocarbons
of the benzene series, and on fusion of potassic parasulphoben-
.zoate with sodic formate. It is a white amorphous powder,
almost insoluble in water. The baric salt of this acid, and
of phthalic acid, are very difficultly soluble, even in boiling
water ; baric isophthalate, however, is excessively soluble.
Isophthalic and terephthalic acid are scarcely affected when
heated with an oxidising mixture of potassic dichromate
and sulphuric acid.

Phthalic, isophthalic, and terephthalic acids form the
second term of a series of acids derived from benzene by
the substitution of H by (CO.OH), of which benzoic (ben-
zenecarboxylic) acid 1s the first, and mellitic (benzenehexa-
carboxylic) acid the last term. ~ With one exception all the
terms of this series are known ; they are as follows :—

Benzoic acid . . . C¢H;(CO.OH)

Phthalic acid . : :

Isophthalic acid . . }» CeH,(CO.OH),
Terephthalic acid . ;

1 SOKH.

Trimellitic acid : :
Trimesic acid
Hemimellitic acid . :

C.H,(CO.0H),

! This acid ‘is produced, together with a relatively small quantity
of the isomeric parasulphobenzoic acid, by the action of sulphuric
anhydride on benzoic acid:

SO, H

CeH;CO,H + SO,z = CeH, {301
2
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Pyromellitic acid . ]
Prehnitic acid . : J- CsH,(CO.0OH),
Mellophanic acid . ‘

Unknown acid ‘ . CaH(CO.0H);
Mellitic acid : ¢ C4(CO.0H),

All these acids yield benzene when heated with a slight
excess of lime:

CsHs_n(CO.OH), + mCaO = C;Hy + mCaCO,.

MELLITIC ACID (benszenchexacarboxylic acid) C,,H,O,,=
C,(CO.OH),—The aluminic salt of this acid constitutes the
rare mineral mellite or honey-stone, found in beds of lignite.
Mellitic acid has been obtained, it is said, by oxidising carbon.
It crystallises in small white needles, soluble in water and
.alcohol ; it is a hexabasic acid, and furnishes a variety of
'normal and acid metallic and ethereal salts and amides. On
vdistillation with phosphorus pentachloride it yields the acid
i chloride, C,(COCI),.

By the action of nascent hydrogen mellitic acid is converted
iinto Akydromellitic acid, C;Hy(CO.OH), which, when treated
'with concentrated sulphuric acid, furnishes the two isomeric
ttetrabasic acids—prehnitic and mellophanic acid:
(C,H,(CO.0H), +3H,50,=C,H,(CO.0H), +2C0O, + 350,

+ 60H,.

Pyromellitic acid, the third benzenetetracarboxylic acid, is
cobtained on heating mellitic acid.

Similarly, prehnitic acid unites with hydrogen, forming Zydro-
iprelnitic acid, C;H,(CO.OH),, which, on treatment with sul-
iphuric acid, yields tribasic trimesic acid, C;H4(CO.OH),, and
‘on heating is resolved into carbonic anhydride and isophthalic
;acid, The isomeric mellophanic acid furnishes in a similar
rmanner tribasic hemimellitic acid and dibasic phthalic acid.
IHydropyromellitic acid, C,H,(CO.OH),, is converted into
:trimellitic and phthalic acid on treatment with sulphuric acid.

When hydropyromellitic acid is distilled it is converted into
itetrahydrophthalic anhydride, which on boiling with water,
iyields dibasic tetrahydrophthalic acid, C;H,(CO.OH),. This

¥
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acid unites with nascent hydrogen, forming hexahydrophthalic
acid, C;H,,(CO.0H),, which contains only two units of hydrogen
less than suberic acid; thus:

Suberic acid . 3 L (COIOH ),
Hexahydrophthalic acid . C,H, (CO.0OH),

Derivatives of | Tetrahydrophthalic acid . C;H,(CO.OH),
Benzene. Hydrophthalic acid . . CyHy(CO.0H),

: Phthalic acid . . . (CHCO.OH),

When bromine is added to the aqueous solution of tetrahydro-
phthalic acid bromomalophthalic acid, C;H,Br(OH)(CO.0OH),,
is formed ; when this acid is heated with baric hydrate solution, -
the baric salt of fartrophthalic acid, C;H,(OH),(CO.OH),, is
obtained, which is an acid bearing the same relation to hexa-
hydrophthalic acid that tartaric acid bears to succinic acid.

Summary.—On comparing the properties of the various
1sologous primary series of acids, it 1s at once evident that
the relations between them are precisely similar in character
to the relations which obtain amongst the various 1sologous
series of hydrocarbons.

Like the hydrocarbons of the paraffin series the acids of
the corresponding series, namely, those of the acetic, suc-
cinic, and tricarballylic series, are saturated compounds, and
of considerable stability ; the acids of the benzoic and
phthalic series evidently correspond to the hydrocarbons of
the benzehe series; and the analogy between the acids of
the acrylic and fumaric series and the hydrocarbons of the
acetylene series, and between the acids of the cinnamic
series and the hydrocarbons of the cinnamene series, for
example, is equally obvious.

The modification which the acids of the various primary
series undergo when chlorine, or bromine, 1s introduced in
place of hydrogen 1s of the same character as that which
occurs when the corresponding hydrocarbons are submitted
to like treatment, ;

Similarly, the modification in properties which the acids®
of the various primary series undergo on conversion into acids.

o —— i — e R Al
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of secondary series, lLe. into acids of the lactic, tartaric, or
oxybenzoic series, &c., by the introduction of (OH) in place
of H, is in all respects analogous to that which occurs on
conversion of the hydrocarbons into alcohols ; the secondary
acids so formed are less stable than the primary acids from
which they are derived, and, as a rule, are far more readily

oxidised than the latter.
The relations between the successive terms of each

homologous series of acids are apparently of the same
character as those which exist between the successive terms
of the homologous series of hydrocarbons and alcohols, &c.
At present, however, in most cases, only the first few terms
of each homologous series are known, and our knowledge of
the properties of the higher homologues is unfortunately
extremely deficient.

CHAPTER X,

KETONES.

THE KETONES bear the same relation to the aldehydes that
the secondary monohydric alcohols bear to the primary
monohydric alcohols, being derived from the secondary
alcohols by oxidation in the same manner that the aldehydes
are derived from the primary alcohols ; they may be regarded
as aldehydes in which H in the COH group has been
replaced by a monad hydrocarbon group or radicle :

CnH?n,[_lCHg.OH 3 Cann+|COH-

Primary Alcohol. Aldehyde.
(CaH3p41):CH.OH; (CHjp4,).CO.
Secondary Alcohol Ketone.,

Ketones of the series CO(C,Hsnyy)s,  CO(C,H,,_;)s,

7 Ol o fOT CoH,
- I’ COJ 3 2n ,J" CO n El"l_|-']:I CO nt+~9n_13
Jr—*r.HEu+l l(—anEn—? {CuHEn_m {CHHEH_'; i

Y 2
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and a few derived from dibasic acids are known, but our
chief knowledge is of the ketones of the CO(C, Hﬂnﬂ)z
series, the best known of which are enumerated in the
following list :—

B.-P.
Dimethyl k e :
yl ketone (acetone) . CO cH® 56
3
CH o
Methyl-ethyl ketone . o GES CH 81
#==0
Diethyl k ‘ ol g
yl ketone (propione) . COZC H 100
2-"5
M 1 1r CH o
ethyl-propyl ketone . . CO{ CHS CH.CH 101
- 3
; (GH o
Methyl-isopropyl ketone . CO - ICH{CH ) 93
32
‘ rCH °
Propyl-ethyl ketone . ; CO{E}I;I CH.CH, 128°
?Methyl-amyl ketone . CO! i(C & Ja 155°
11
Dipropyl ketone (butyrone). C D{gg EE EE 144°
.{
Diisopropyl ketone . | CD{EEEEE%“ (B a3 =137°
3/3
| Diethylated acetone . : CD{EEEC H,) 138°
2
Diisobutyl ketone (valerone) CO { E.g EEEEE % 181°
s/2
Diamyl ketone (caprone) . CO; Egﬁg”%a 220°
5711
Methyl-nonyl ketone!t .  (?) CO | E:Hﬁ \a 224°
19
; CoH )2 melts at 58“
Dinonyl ketone . 2 () CO; EC H;:} a boils above 350°

' This ketone, prepared by distilling a mixture of the calcic salts of
acetic and capric acids, is identical with the chief constituent of cil of
rue.




Preparation of Ketones.

The series CO(C,H,,_,), includes :—

Diphenyl ketone CeH;
(benzophenone) } a0 {Can
‘ CeH,
Phenyl-tolyl ketone O e cH
)
Phenyl-benzyl ketone (de- (e
l oxybenzoin) . } o2 iZ:I-I;"IL]E‘H5
Dibenzyl ketone . CO EE?E“E"
- el - et
The following terms of the CO { "™
an+1
Methyl-phenyl ketone co ! C.H,
(acetophenone) €H,
( Ethyl-phenyl ketone CO{ o
atls
Methyl-benzyl ketone . O+ CH,.CoH,
\ {CH,
rPn:-1::;;1—pht=:1'q;1 ketone . CD{ELII_I CH,.CH,
4
> , CHE CH
| Ethyl-benzyl ketone Cco{ 7

l't

Isobutyl-phenyl ketone

C,H,
. CO{ch ScH(cH,,

325

Melting-
point.

48°

50

-7 gerjes are known :—

B.-P.
199°

210°
2158
221

226°

226°

Formation.—1. By oxidation of the secondary monohydric

:alcohols :

C(CiHgp41); H(OH) + O = CO(C Hy,4y)2 + OH,.

2. By the action of carbonic oxide on the sodium organo-

ymetallic compounds :

CO 4 2 NaC, H,. . = CO(C.H,. 1)y + Naj,

"This method has hitherto only been applied to the prepar-

:ation of ketones of the series CO(C,H

E‘n+l)'1'

3. By the action of the zinc organo-metallic compounds

ron the acid chlorides ;
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R’

R'COCI+Zn(C,Hppit)s = co{

COCl Pr i
H e
R {COCI + ZZH(CHHEH+I)2 o

I CDCHHEH+I i
R {COC“HMH 4 2ZnClC o

4. By distillation of the baric or calcic salts of the mono-
basic monohydric acids, or of mixtures of the salts of two
different monobasic acids, thus :

CtlHEn-i-iCO‘E] Cil e C:!HEII+1
C.He 1CO,) CH. .

CI!HEI‘H'ICOE‘F CHH?H—TC{:]E‘
B G050 S e OO
— 2C11HEn+I 1|
CI‘IHEH—TJ
5. By heating a mixture of an acid of the benzoic or

naphtoic series and a hydrocarbon of the benzene or
naphthalene series with phosphoric anhydride:

CoHy,_; CO(OH) + C Hyy_=CO(C,Hyy_7); + OH, ;
].'1205 + OHE — EHPO:;.

6 By the action of zinc on a mixture of the chloride of
an acid of the benzoic or naphtoic series and a hydrocarbon
of the benzene or naphthalene series :

|' CnHEn_T

C"HEH_TCDCI + CllHﬂn—lal e HC] + CO-L CEHED_IE.

Propertiecs—1. By the action of nascent hydrogen
(evolved from sodium amalgam and water) the ketones
are converted into secondary monohydric alcohols :

CO(Cann+1)2 -+ H'E = C(CHHEn I)EH{OH) ;
at the same time a dihydric alcohol (or pinacone) is pro-
duced, e.g. :

UG Hsr NiOH
ECD(CHHEH—T}E 23 I_IE e {C{{C H,: HEI'QOI'I '

+ZnCLC, H,..;- B

}co + CaCOs;

CO+2CaCO..
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2. The ketones are especially characterised by their be-
haviour on oxidation—

Lazw of Oxidation of the Kefones.—The law may be stated
in the following general terms :—On oxidising the ketones one
of the hydrocarbon groups in combination with the CO group
is converted by the assumption of OH into the corresponding
monobasic acid ; the other is split off and separately oxidised.
It appears that it is always the less stable (usually the more
complex) hydrocarbon group which is thus split off. In the case
of the ketones of the CO(C,H,,4+,). series, which furnish acids
of the acetic series on oxidation, if this group is derived from a
primary alcohol it is converted into the acid of the acetic series
containing the same number of units of carbon :!

: g 15
CO{ i, ,, ) * 30 = CaHan, CO(OH) + CnHyy CO(OH)

Methyl-propyl ketone, for example, yields acetic and pro-
pionic acids:

CH
CD{CH:(CEHﬁ) + 30 = CH,CO(OH) + C,H,CO(OH).

If the hydrocarbon group is derived from a secondary alcohol
it is oxidised to the corresponding ketone :

| CnH".-n-F-I

CO{chy @i, , . * 20=Catuny,CO(OH) + COCrHymi)s

Thus methyl-isopropyl ketone yields acetic acid and acetone :

CH
CO{CHECHS) + 20 = CH,;CO(OH) + CO(CH,),.

2

' Probably the oxidation does not take place at a single stage, but
the ketone is perhaps in the first place resolved by the combined
action of the nascent oxygen and water (or it may be by the action
of hydric peroxide) into an acid and an alcohol in the manner indicated
by the equations:

C H,,
CO{ Gy, fetty, g+ (0+OH,)=C Hypy,CO(OH)

T CmHnm-l-]-C]'I;-{OH]I -
co | CoHans,y +(0+O0H,)=C,H
| CHIC i), g 2)=CnHyp,CO(OH)

¥ {CIHI'Izm+1]*:- CI'I'[DI'IJ )
the alcohol thus formed being at once further oxidised.

——
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Finally, if the hydrocarbon group is derived from a tertiary
alcohol, we may expect that it will be ultimately oxidised to
acids of the acetic series, containing fewer units of carbon, as
are the tertiary monohydric alcohols (pp. 149, 216).

The ketones of other series exhibit a precisely similar
behaviour; thus ethyl-phenyl ketone yields benzoic and acetic
acids :

CD{EIE CH, *+ 30 = C,H,CO(OH) + CH,CO(OH);

and isobutyl-phenyl ketone yields benzoic and isobutyric acids :
C.H.

CO {(,H CH(CHE}E'}' 30=C,H,CO(OH) + CH(CH,),CO(OH).

3. When heated with soda-lime, or fused potassic hydrate,

tne ketones are decomposed in the manner indicated by
the equation

CO{F{, + NaOH = R/CO(ONa) + R'H.

Diphenyl ketone, for example, yields potassic benzoate and
benzene on fusion with potassic hydrate :

CO(CsH;); + KHO = CzH,;CO(OK) + CgHs.
4. The ketones unite with hydrocyanic acid, furnishing

cyanides, which on digestion with hydrochloric acid are
converted into acids of the lactic series {p 271).

5. The ketones of the form CO{ CH, (methyl-phenyl

ketone excepted) furnish crystalline compounds with hydric

ammonic, potassic, and sodic sulphite, from which the
ketone may be liberated by distillation with an alkali :

R

CO { cxy, + NaHSO0, = C(OH)NaSOa{ .

6. By the action of ammonia on the ketones of the

CO(C,H,,, ). series, the oxygen is eliminated in the form

of water, and basic compounds are formed ; acetone, for

example, is converted into acefonine :

3C3H50 ‘I" 2NH3 . CHHIBNE + SOHE-

r
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Quinones.—These compounds, of which frequent mention was
made indescribing the hydrocarbons of the benzene, naphthalene,
and anthracene series, are apparently closely related to the
ketones, and may, in fact, be regarded as double ketones. Thus
anthraquinone and the isomeric phenanthraquinone may be
represented in the following manner :

CO * C,H,.CO
CﬂH4{C{j}CEH4 ; {C:H:.CD} ’
Anthraquinone. Phenanthraquinone.

CHAPTER XL
AMINES.

THE AMINES may be regarded as derived from ammonia
by the introduction of hydrocarbon groups or radicles in
place of hydrogen. Primary, secondary, and tertiary
monamines, diamines, and friamines are known ; the nature
of the more important series of these compounds will be
evident on inspection of the following general formulee :—

4 [Primary. Secondary. Tertiary.

| = (R R’ R’

| 2 N1H. NiR/, N{R’.

| £ . = |H R’
z 1, R" ( R { R” [ R’ 1- R’
£ N,{H,.|N,dR”; N,{R,. |NJR”; N,{R,.
E gl |H, |R” §:
§ [ R/ {' R.r.r.r r, R” { RH}' j RH."
£ NJH,. |NJJR”; NR,. |NJR” ; Ny{R,.
: Clu |H, | H, (R (R’

The amines which have hitherto received the most atten-
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tion are those in which the groups R in these formulz are
the so-called radicles derived from the hydrocarbons of the
CoHon4o and C H,,_, series. A large number of the
natural alkaloids are tertiary amines.

With few exceptions the amines are basic compounds,
uniting with acids to form salts analogous to the ammonic
salts : representing by the symbols A, A% A3, respectively,
the amines, diamines, and triamines, and by HX a
monobasic acid, such as nitric acid, the proportions in which
the amines in the majority of the cases unite with acids to
form normal salts 1s given by the symbols

AHX AdsHX " 3 A2 3HX |
Salt of monamine. Salt of diamine. Salt of triamine.
These salts are decomposed by alkalies with separation of
the amine, just as the ammonic salts are decomposed and
ammonia separated.

Formation.—1. By the reduction of the nitro-substitution-
derivatives of the hydrocarbons by ammonic sulphide, or
tin and hydrochloric acid, &c. (p. 48) :

CI'IH'EH-!-]'NDE -+ SHE = Cann_i,].NHg + 20H2+
CEH‘EH—E(NOEJ‘E + 6HE — CHHEn_B(NHE)E -+ 4DH2

2. By distilling the isocyanates (p. 336) and isocyanurates
with potassic hydrate :

NR.CO + 2KHO = NR'H; + K.CO;.

These methods are only available for the preparation of
primary amines.

3. By the action of the haloid derivatives of the hydro-
carbons on ammonia, the salt produced being subsequently
decomposed by potassic hydrate, thus : L

NH; + C.Honi I = N(CaHiai 1)H31 3 "
N(C,Hop+1)Hj3I + K= N(CnHEHH)HE 4+ KI 4+0OH..

This method is available for the preparation of primary,
secondary, and tertiary amines (see Etlylamines, p. 331).
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4. Amines are also produced by the action of ammonia
on the aldehydes and ketones, and by various special
methods.

Ethylamine, N(C,H,)H,, Diethylamine, N(C,H,),H, and
Triethylamine, N(C,H,);.—When ethylic iodide is heated with
an alcoholic solution of ammonia a complex product is obtained,
which is the result of the following succession of changes :

C,H.,I + NH; = N(C,H;)H,I;

C.H,I + N(C,H,)H,I + NHy = N(C,H,),H,I + NH,I;
C,H,I + N(C,H,),H,I + NH; = N(C,H,),HI +NH,I ;
C,H.I + N(C,H,),HI + NH; = N(C,Hp),I + NH,I.

. When the mixture of iodides thus produced! is distilled with
potassic hydrate a distillate containing ethylamine, diethylamine,
and triethylamine is obtained, which cannot be separated by
fractional distillation. If, however, ethylic oxalate is added to
the mixture and the whole heated for several days in a closed
vessel at 100°% the ethylamine is converted into diefityloxamide,
C,0,(NH.C,H,),, and the diethylamine into efkylic diethyi-
oxamate, CQOE{EEChHB} 2 , whilst the triethylamine remains
unaffected. The triethylamine having been distilled off, the
residue is cooled in a freezing mixture, and then pressed between
linen cloth ; by this means crystalline diethyloxamide is left be-
hind and liquid ethylic diethyloxamate passes through; the
former is purified by recrystallisation from water, the latter by
fractional distillation. From the pure diethyloxamide and
ethylic diethyloxamate ethylamine and diethylamine are re-
spectively obtained by distillation with potassic hydrate.,

Ethylamine is also produced by reducing nitroethane (p. 9o),
and by distilling ethylic isocyanate with potassic hydrate.

' The proportions in which the several products are obtained varies
with the amounts of ethylic iodide and ammonia employed and the
temperature to which the mixture is heated; but even when the propor-
tion of ammonia taken is largely in excess of that indicated by the first
equation, the product, although mainly ethylammonic iodide, always
contains more or less of the other compounds. Ethylic chloride and
bromide give rise to a similar series of products.
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Ethylamine, diethylamine, and triethylamine are colourless
mobile inflammable liquids, which boil respectively at 1¢° 582,
and 91°; they possess an ammoniacal odour. The two former
are very soluble, the latter is sparingly soluble, in water ; the
solutions are powerfully alkaline, and exhibit most of the pro-
perties of an ammonia solution: precipitating various metals
from solutions of their salts as hydrates, for example. The
chlorides produced by the union of these bases with hydro-
chloric acid form crystalline double salts with platinic chloride,
such as 2N(C,H,)H,CLPtCl,, 2N(C,H,),H,CLPtCl,.

Tetrethylammonic Hydrate, N(C,H,),.OH. — Triethylamine
and ethylic iodide combine readily to form tetrethylammonic
1odide ; from this compound potassic hydrate does not separate
triethylamine, but partially converts it by double decomposition
into tetrethylammonic hydrate. This latter compound is readily
produced in a pure state by digesting the iodide with silver
oxide and water, and is obtained in the solid state on evapo-
rating the solution over sulphuric acid in vacuo. The aqueous
solution exhibits the closest resemblance to a solution of potassic
or sodic hydrate : it is powerfully caustic ; precipitates various
metallic salts, and is capable of saponifying ethereal salts, &c.
Tetrethylammonic hydrate is resolved on heating into triethyl-
amine, ethylene, and water (p. 95) :

N(C,H,),OH = N(C,H,), + C,H, + OH,.

Homologues of Ethylamine, &c.—By the action of the homo-
logues of ethylic iodide (bromide and chloride) on ammonia a
series of homologues of the above described amines have been
obtained, which, in all respects, bear the closest resemblance to
them. Various cases of isomerism present themselves in the
series : for example, the two primary monamines, propylamine,
and isopropylamine, are isomeric, but are metameric with the
secondary monamine ethylmethylamine and the tertiary mon-
amine trimethylamine :—

CH,CH,CH, CH(CH,), JCHE'CHE CH,
N{I—I ; N{H : NACH. 3 N{CHE.
H H lH CH,

Propylamine. Isopropylamine. Ethylmethylamine. Trimethylamine.

Phenylamine, Amidobenzene, or Aniline, N(C;H,)H,—This

'k_"'..'_.... = -

h_"f et i
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amine was originally obtained by distillation of indigo with
potassic hydrate ; the botanical name of the indigo plant being
Indigofera anil, it therefore was termed aniline. It has of late
years attained to great importance on account of the numerous
and magnificent dyes derived from it, and is prepared on the
large scale by the reduction of nitrobenzene by iron and acetic
acid. Aniline is a colourless oily liquid of peculiar odour at
ordinary temperatures, but at — 8° solidifies to a crystalline
mass ; it boils at 182°; it is only slightly soluble in water. By
the action of ethylic iodide it may be converted successively
into ethylphenyl-, diethylphenyl-, and triethylphenyl-ammonic
iodide. From the two former ethyl- and diethyl-phenyl-
amine may be separated by potassic hydrate ; the latter is con-
verted into triethylphenylammonic hydrate on treatment with
argentic oxide and water. Aniline forms with the various acids
well-crystallised salts ; similarly, mono- and di-bromaniline are
basic compounds and form salts, but the salts of dibromaniline
are far less stable than the corresponding salts of bromaniline.
The introduction of a third unit of bromine in place of hy-
drogen reduces the amine to a neutral body: tribromaniline,
N(C,H,Br,)H,, being incapable of forming salts.

Action of NitrousAcid on the Primary Monamines.—The mon-
amines of the series N(C,H,,,,)H, are converted into corre-
sponding monohydric alcohols by the action of nitrous acid :

CoHonp . NH(HNO,) = C,Hgu4 . 0H + N, + OH,

The monamines derived from the hydrocarbons of the C,H,,_,
series and isologous series containing proportionately less hy-
drogen may also be ultimately converted into corresponding al-
cohols, aniline, for example, yielding phenol; but in the majority
of cases an intermediate product—a so-called diazo-derivative—
may be isolated ; if a salt of the monamine be acted upon, a
diazo-salt is produced, e.g. :

oo GHe {C,,Ha
H, + HNQ, = N i + 20H,;
\ {_"\ 03} (N OJ}'
Aniline nitrate. Diazobenzene nitrate.

or generally :
NR'H,(NO,) + HNO, = NR’'N”(NO,) + 20H.,.
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If the amine alone be acted upon a so-called diazo-amido-de-

rivative results'; aniline, for example, is converted into diazo-
amidobenzene ;

CH @
2N 65 = 5

'1_“he diazo-derivatives as a class, whether derived from the
amines or the amido-acids, are highly unstable bodies: thus
they are readily decomposed when heated with anhydrous
alcohol, or with water, or with a concentrated aqueous solution
of hydriodic acid. The changes which occur in these cases
result in the formation of compounds derived from the amido-
compounds, the diazo-derivatives of which are acted upon, by
the simple replacement of the NH, group by a single unit of
hydrogen, by OH, or by a unit of iodine ; for example :

(C¢H )N, NOg + C,H,O = C,H, + HNO, + N, + C,H,O.
Diazobenzene nitrate.  Alcohol. Benzene. Aldehyde.
(CH,)N,NO; + OH, = C;H,OH + HNO; + N,
(CeHy)N,NO; + HI = CH.,I + HNO, + N,
Formation of Compound Ureas from the Amines.—Ammonic
cyanate, CNO(NH,), (formed by the union of ammonia and
cyanic acid), it will be remembered, is an exceedingly unstable
body, being rapidly converted into the metameric compound urea
or carbamide, CO(NH,),, on warming (p. 278). Cyanic acid
also combines with the primary and secondary monanimes (and
diamines) ; the combination is accompanied by the evolution of
much heat, and a series of crystalline bodies—known as cowz-
pound wreas— is produced, bearing the same relation to urea that

-1 Nitrous acid appears to act upon all compounds which may be
supposed to contain the NH, group in a similar manner: either the
amido-group is immediately converted into the (OH) group, which is
the case when, for example, the acid amides, and the amido-derivatives
of the acids of the acetic series are acted upon ; or a diazo-derivative is
produced, in which case three units of hydrogen are removed and
replaced by a single unit of (triad?) nitrogen. Hitherto little attention
has been paid to the behaviour of the diamines and triamines with
nitrous acid.
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the amines bear to ammonia ; thus ethylamine and cyanic acid
vield «thylurea (ethylcarbamide):

CN.OH + NH,GH, = CO{Np b,

In like manner diethylamine and cyanic acid form dieitylurea :
- - » NH,
CN.OH + NH(C,H,), = CO{y CH,
The primaryand secondary monamines react with carbonic disul-
phide forming comzpound sulphoureas ; thus, when a mixture of
phenvlamine and carbonic disulphide is heated, dZplenyisuipiio-
cardamide is produced :

»NH,(C,H,) + CS, = CS(NH.C,H,), + SH,

Sulphocyanates and Cyanates—When a dry mixture of potassic
sulphocyanate and potassic ethylic sulphate (potassic sulpho-
vinate) is distilled, ethylic sulphocyanaie is produced :

CN.SK + C,H,KSO, = CN.SC,H, + K,SO,

An isomeric compound, efiylic isosulphocyanate, is obtained by
distilling ethyl- or diethyl-sulphocarbamide with phosphoric an-
hydride :
(NH,
CSiINHIC,H,

NH.C,H, _ -
CS{NH_C;H: = CS.NC,H, + NH,.C,H..

= CS.NC,H, + NH,

These two reactions may be generalised, but whereas the former
15 only available for the production of sulphocyanates of the
series CN.SC,H,,+,, the latter appears to be generally available.,
Isosulphocyanates (su/phocarbimides) are also produced by the
union of the isocyanides (carbamines, p. 93) with sulphur.

The sulphocyanates, which may be represented bythe formula

F
f

S (CNy» 2ppear always to boil at higher temperatures than

the corresponding isosulphocyanates, which are represented by
the formula N! }?,écj};,: thus ethylic sulphocyanate boils at 146°,
ethylic isosulphocyanate at 133°. The sulphocyanates are un-
pleasant smelling liquids ; the isosulphocyanates possess most
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pungent irritating odours. The sulphocyanates are compa-
ratively inert bodies, and are with difficulty, if at all, attacked
by ammonia, for example ; the isosulphocyanates, however, com-
bine with the greatest readiness with ammonia and the amines
to form compound sulphoureas. Allylic sulphocyanate from
mustard-oil (p. 163) is an isosulphocyanate, hence Hofmann
applies the generic name of mustard-oils to the isosulpho-
cyanates.

By distilling the compound ureas of the form CO {EE R’
2

NERL : ; : .
and CO { NHRs With phosphoric anhydride a series of isocyan-

ates (carbimides) corresponding to the above described iso-
sulphocyanates are obtained; the isocyanates of the series
CO.NC,H,,4, are also produced by distilling a mixture of po-
tassic cyanate and the potassic ethereal sulphates (Sulphovinates)
of the form C,H,,4+,KSO,. The cyanates corresponding to the
sulphocyanates are at present unknown. The isocyanates com-
bine with the amines, forming compound ureas : thus ethylic
isocyanate and ethylamine unite, forming a diethylcarbamide
isomeric with the diethylcarbamide produced from cyanic acid
and diethylamine—the latter compound yields diethylamine,
ammonia, and potassic carbonate when boiled with potassic
hydrate solution; the former ethylamine and potassic car-
bonate :

.~ (NH = A
CO{N(m,, * 2KHO = NH(CH,), + NH, + K,CO,;

CO(NH.C,H,), + 2KHO = 2NH,(C,H,) + K,CO,.

Like cyanic acid the isocyanates are readily polymerised and
converted into isocyanurates (CO)y(NR’),.

Fhosphines.

The phosphines are a series of compounds bearing to phos-
phine (phosphuretted hydrogen) the same relation that the
monamines bear to ammonia. The following primary,
secondary, and tertiary methyl- and ethyl- phosphines have
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been obtained by the action of methylic and ethylic 10dide

on phosphine! :—
B. P.

Methylphosphine . o BPICH ) H . —14°
Dimethylphosphine . P(CHj;),H J 25°
Trimethylphosphine . P(CH;); . 415
Ethylphosphine . o EAGH)EHy . . 2I6¢
Diethylphosphine . o BlGoH ) H - . 8s5°
Triethylphosphine . P(CyHj;), R

The tertiary phosphines are also produced by the actiowu
of the zinc organo-metallic compounds on PCl;. The
phosphines exhibit the most striking resemblance to the
. monamines, but are distinguished by their energetic aftinities
for the negative elements, oxygen, chlorine, &c. Many of
them are spontaneously inflammable in air or oxygen. The
tertiary phosphines combine with the moniodoparaffins,
forming 1odides, P(C,H,,,),I, which are converted intc
corresponding hydrates, P(C,H,,,,);;OH, on treatment
with argentic oxide and water ; these hydrates are power-
fully caustic bases.

The following series of products is obtained on oxidation
of the above-mentioned ethylphosphines :—

Ethylphosphinic acid : . PO(C,H;)OH),
Diethylphosphinic acid . . PO(C,H;),(OH)
Triethylphosphinic oxide . . PO(CyHy),

CHAPTER XIL
ORGANO-METALLIC COMPOUNDS.

TH1s term is applied to an important class of bodies, which
may conveniently be regarded as compounds of the metals with

I A description of the preparation and properties of these compounds
will be found in the Fournal of the Chemical Society for 1871 and 1872.

A

e e o ——
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hydrocarbon groups or radicles. The metallic compounds
of the hypothetical radicles methyl (CHz) and ethyl
(CoH;) have chiefly been studied. The following list of
some of the principal organo-metallic compounds will serve
to illustrate the nature of these bodies :—

Sodic ethide! . . ; .. NaC,H,
Magnesic ethide . : . Mg(C,H;),
Zincic ethide . . . Zn(C,H,),
Mercuric ethide . : . Hg(C,H,;),
Mercuric phenide . ; . Hg(CgH;),
Mercuric naphtide . . o HEC, H)g
Stannous ethide . . . ©n(CyH;),
Distannic hexethide . . Sny(CoH;)e
Stannic ethide ; ; . Sn(C,H,;),
Stannic phenyltriethide . . Sn(C¢H;)(C,H;),
Plumbic ethide : : . Pb(C,H,),
Aluminic methide . ; . Al (CH,),
Trimethylarsine . . . As(CH,);
Diarsentetramethide (cacodyl). As,(CH,),
Trimethylstibine . : . Sb(CH,),
Trethylbismuthine . : . BI{CoHy)s

Formation.—1. By the action of the metals on the mon-
iodoparaffins. This method is chiefly employed in the pre-
paration of the zinc compounds :

27n -+ ECnHEn+|I = ZH(Cann_l_])g -+ ZHIE.

2. By the action of the metals alloyed with potassium or
sodium, on the moniodo-derivatives? of the hydrocarbons.
This method is very generally available, and has been em-
ployed in the preparation of the mercury, tin, lead, arsenic,
antimony, and bismuth compounds, e.g. :

1 This compound has not been isolated, and is only known in com-
bination with zincic ethide (see p. 340).
* In a few cases the monobromo-derivatives are available,

I SN,

— .

- e a——
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HgNa, + 2CH,I = Hg(CH,), + 2 Nal
HgNa, + 2C¢H;Br = Hg(C¢H;), + 2NaBr
AsNa; + 3C,H;I = As(C,H;); + 3Nal.

3. By the action of the zinc organo-metallic compounds
on the haloid compounds of the metals. This method is
applicable in a very large number of cases ; but has failed
when applied to the haloid compounds of copper, iron,
silver, and platinum :

SnCl; 4+ 2Zn(C,H;); = Sn(C;H;); + 2ZnCl,.
2SbCl; + 3Zn(C,H;), = 2Sb(C,H;); + 3ZnCl,.

4. By the displacement of a metal in an organo-metallic
compound by another and more positive metal :

Hg(CHy), + Zn = Zn(CHy), + Hg
3Hg(CH;), + Aly, = Aly(CH;) + 3Hg.

Zinc Organo-metallic Compounds—Of these bodies, which are
by far the most important of the organo-metallic compounds,
frequent mention has been made in the foregoing pages. The
zinc compounds of methyl (CH,), ethyl (C,H,), propyl (C,H.),
isobutyl (C,Hy)8, and isoamyl (C,H,,)8, have been obtained.

Zincic ethide (zinc ethyl), Zn(C,H,),, was originally prepared
by Frankland by heating ethylic iodide with granulated zinc in
closed vessels at 100°. A crystalline double compound of zincic
ethide and zincic iodide Zn(C,H.),, Znl,, is obtained, which on
distillation breaks up at about 150° into its components. Glad-
stone and Tribe have recently shown that when zinc foil coated
with finely divided copper! is employed, the reaction takes place
very rapidly and at a much lower temperature. Zincic ethide is
a mobile, colourless, spontaneously inflammable liquid, which
boils at 118° It is instantly decomposed by water with forma-
tion of ethane and zincic hydrate. When carefully treated
with dry oxygen it is first converted into zincic ethylethylate,

! Prepared by immersing the foil in a dilute aqueous solution of
cupric sulphate,
Z 2

-
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Zn{gé{ 315 and finally into zincic ethylate, Zn{ gg“ 5, loaine
*2 5

acts upon it in the following manner :—

Zn(C,Hy), + I, = Zn(C,Hy)I + C,H,I;
In(CHIT 4+ I, = Znl, + CH.IL

The employment of the zinc organo-metallic compounds as

synthetic agents has hitherto been successful in three distinct
directions:—

I. To effect the replacement of the halogens in various haloid
compounds by CH,, C,H,, &c. ; of which many instances have
been given in previous pages.

2. To effect the replacement of oxygen by CH,, C,H,, &c.,as
in the formation of the acids of the lactic series from oxalic
acid (p. 271).

3. To effect the replacement of OCH,, OC,H,, OC,H,,,, by
CH,, C,H,, C,H,,4,; as examples of which may be quoted :
1. the conversion of boric ethylate into boric methide :

B(OC,H), + 32n(CHy), = B(CH), + 3Zn{Giy 3

2. the formation of the paraffin trimethylmethane from ethylic
orthoformate (p. 255), zincic ethide and sodium :

2CH(OC.H,)y + 3Zn(C,H,), + 3Na,
= 2CH(C,H,); + 3Zn + 6NaOC,H,.

Sodic Ethide.—When sodium is enclosed in a tube (previously
filled with coal gas) with about ten times its weight of zincic
ethide, in the course of a few days it is dissolved and zinc de-
posited : the product is a solution of a compound of sodic ethide
and zincic ethide—NaC,H,, Zn(C,H,),—in an excess of the
latter. This compound is deposited in crystals when the liquid
is exposed to a temperature of o°. All the attempts to separate
sodic ethide from this compound have been unsuccessful.
Sodium has a similar action on the homologues! of zincic ethide,
and analogous compounds are formed by the action of the
metals potassium and lithium.

' The homologues of zincic ethide are best obtained in a pure state
by the action of zinc on the corresponding mercury compounds. They
are in all respects analogous compounds,
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Mercury Organo-metallic Compounds.—When methylic iodide
is exposed to sunlight in contact with mercury, the two sub-
stances combine to form wmercuric iodomethide, HglCH,.
Strange to say, this combination cannot be effected by the aid
of heat. Similarly, mercuric iodoethide may be obtained by
exposing ethylic iodide and mercury to diffused daylight only ;
in bright sunlight the products are mercuric iodide and diethyl
(tetrane, p. 31).

Mercuric Methide, Hg(CH,),, Mercuric Ethide, Hg(C,H)o—
These bodies are obtained by the action of methylic and ethylic
1odide on sodium amalgam. The iodides have no perceptible
action on the amalgam at ordinary temperatures, but on the
addition of a few drops of acetic ether, a brisk action, accom-
panied by the evolution of heat, sets in, and the iodide is rapidly
converted into the organo-mercury compound.. The function of
the acetic ether in the reaction is not understood; it is found in
undiminished quantity at the close of the reaction.

Mercuric methide and ethide are highly stable bodies; they
are colourless liquids, insoluble in water, but soluble in alcohol:
the former boils at 93°-96° the latter at 158°-160°. In contact
with mercuric iodide, mercuric methide is converted into mer-
curic iodomethide.

Organo-silicon Compounds.

The great similarity in chemical functions between silicon
and carbon has during the last few years been strikingly
illustrated by the discovery of a number of organo-silicon
compounds ' related not only in composition but also in
properties to various well-known carbon compounds. It
will be evident on inspection of the following lists how
close 1s the analogy between the two series :—

! Descriptions of the preparation and properties of these compounds
will be found in Watts’s Dictionary of Chemistry, and in the Fournal
of the Chemical Society for 1871, 1872, and 1873.
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ACE
ACETA_MIDE 264
Acetate, amylic, 256
— benzylic, 170
— butylic, 256
— ethylic, 256
— isoamylic, 236
— isobutylic, 256
— isopropylic, 256
— mﬂlh}ll)::: 2;5
— monobromallylic, 163
— propylic, 256
Acetic anhydride, 263
— chloride, =62
— disulphide, 264
— peroxide, 263
— sulphide, 264
Acenaphthene, 136, 137
Acetal, 1355, 230
Acetals, 229
Acetenylbenzene, 128
Acetins, 182
Acetone, 257, 324
Acetonine, 328
Acetonitrile, 264
Acetylene, 1o1
— dibromide, 103
— dichlonde, 103
— tetrabromide, 103
— tetrachloride, 103
Acetyl chloride, 262
Acid, acetic, 230, 254
— acetapmpmnlc, 284
— aconitic, 318
— acrylic, zE?
— adipi
— alpﬁam?uic, 266
— alphaxylic, 296
— amidoacetic, 263, 208
— amidobenzoic, 29
— amidocaproic, 265
— anchoic, 308
— angelic, 287
— anisic, 237, 301
— anthracenecarboxylic.
297 ; . |
— anthraquinone-disul- |
phomic, 134 |
— arachidic, 2350 i
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ACI
Acid, aspartic, 311
— atropic, 306
— behenic, 230
— benzenedisulphonic,
176
— benzoic, 296, 208
— benzoylbenzoic, 137
— benzylacetic, 260
— brassic, 288, 203
_— brﬂmacetic, 2fi2
— bromobenzenesul-
phonic, 120
— bromobenzoic, 125, 299
— bromoglycollic, 286
- hmmupmpmmc 187,
2By
— butyric, 250, 266
— camphoric, 111
— capric, 250
— caproic, 250
— caprylic, 250
— carbamic, 278
— mrhahyﬂraqmnanic,
e =
— carbonic, 273
— carboxylic, 56
— cerotic, 250, 269
— chloracetic, 246, 262
—chlnmbcnzmc 302
—chlurnprupmmc 287
— chrysophanic, 132
— cimicic, 288
— cinnamic, 238, 306
= c:tral:ﬂnu: 316
- cummalu;, 311
— citratartaric, 312
— citric, 318
— convolvulinoleic, 284
— cresolsulphonic, 170
— cresotic, 300, 302
— croconic, 56
— crotonic, 287
— cumic, :gﬁ
— m]n'!.idll.‘. 319
— cum}r!u:. 296
— cyanacetic, 61
— cyanic, 68
— cyanuric, 68

ACI
Acid, damaluric, 288
— damolic, =88
— desoxalic, 318
— dextronic, 189
— dibenzylacetic, 260
— dibromopropionic, 287,
2
ichloranthracene-
disulphonic, 134
— diethacetic, 258
— diet cﬁ-quchmphmm' 337
— dihy arboxylic, 56
— dimethacetic, 267
_ d:mel:huxahr:. 201
— dioxyadipic, 312
— dioxybenzoic, 303
— diphenic, 34
— disulphobenzoic, 307
— doeglic, 288
— elaidic, 288, 293
—cp1h}rdnn 233
— erucic, 288
== ethacetic, 258, 266
— ethylbenzoic, 296
— ethylcrotonic, 287
— ethyldiacetic, 257
— ethylphosphinie, 337
— formic, 55, 250 252
fumarlc, 316
— gaidic, 288
— gallic, 183, 203
—g‘l!'[onnmc 305
— gluconic, 189
— glutamic, 311
— glutanic, 311
— glyceric, 180, 287
—gly cnllam1d1c 266
— glycollic, 173, 189, 279
— gl}rnxahc 284
— glyoxylic, 286
— graphitic, 54
— hemimellitic, 320
— hexahy dmphthahc 322
— hippuric, 198, 265
— homocumic, 296
—hummarnrm JI2
— hydriodic, action of, on
carbon compounds, 44

T
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ACI
Acid, hydracrylic, 281
--]wdmbenzmc, 299
— hydrobromic, action of,
ﬂn carbon cnmp-nuuds,

— hydrucarbc:x]rlic, 56

— hydrochloric, action of,

on carbon compounds,

— hydrﬂcmnamm, 206
— hydrocoumaric, 3oz
— hydrocyanic, sg

— hydroferrocyanic, 63
— hydromellitic, 321
— h}rdroparacoumanr:,

- hydmphthahc 319
- hydruprehmné, 3ar

— hydropyromellitic, 321
--fhydr:::surblc 287

gaeic, 288
—_ :m opropionic, 287
— isatropic, 306

— tsubutﬁric 267

— 1sophthalic, 125, 320

— 1sopropylacetic, 268

— isosuccinic, 310

_ 1tacumc, 316

— itatartaric, 212

-— _]a]apmolmr: 284

— lactic, 279

— lactonic, 189

_—- lauﬁﬂ.-« 250

— linoleic, 292

— maleic, 316

— malic, 311

— mulonic, 280, 308

— mandelic, 234, 300

— mannitic, 185

— melissic, 250, 270

— melhlnr.m, 300

— mellitic, 55, 321

— mellophanic, 321

— mesaconic, 316

— mesidic, 117, 319

— mesitic, 117

— mesitylenic, 117, 206

— mesoxalic, 312

— metatoluic, 125, 296

— methacetic, 266

- methacr}rllc 287, 201

— methethacetic, 268

— methylamidoacetic, 265

— methylcrotonic, 287

— moringic, 2

— mucic, 185, 315

— myristic, 250, 204

— myronic, 163, 199

— naphthalenesulphonic,
131, 307

— naphthalic, 138

— naphtoic, 307

— nitric, action of,on car-
bon compounds, 49

Index.

ACI

Acid, nitrobenzoic, 298
—_— n:mth].rhc, 250
— oleic, 288, 292
— {:rthoca:bnmc 27%
— orthoformic, 255, 275
— orthotoluic, 126, 296
— oxalic, 55, 309
— oxyacetic, 279
— oxyadipic, 311
— oxybenzoic, 300
— ﬁ-ﬂx{hut}rrlc 257
— oxycholic, 172
— nxymethylhemu:, 300,

302
— oxynaphtoic, 307
— oxysalicylic, 303
— oxysuberic, 311
— palmitic, 250, 2
— parabromobenzoic, 125
— paralactic, 281
— paranitrobenzoic, 125
— paroxybenzoic, 300
— paraxylic, 126, 206
— paratoluic, 125, 296
— pelargonic, 250
— pentabromobenzoic,

— gﬁennlsulphnnic, 168
— phenoldisul, honic, 168
— phenylangelic, 306

— phenylbenzoic, 139
— phenyllactic, 300, 302
— phenylpropiolw, 307
— phloretic, 30z

— phthalic, 131, 319

— physetoleic, 288

— pimelic, 308

— pr nmc, 182, 250, 266
— prehnitic, 321

— protocatechuic, 303
— propylacetic, 267

— pyromellitic, 321

— pyromucic, 232

— pyroracemic, 284

— pyrotartaric, 308

— pyroterebic, 287

— pyruvic, 283

—_ qumuc 176, 303

— racemic, 313

— rhodizonic, 56

— ricinoleic, 284

— roccellic, 308

— rufigallic, 304

— saccharic, 1835, 188, 315
— salicylic, 300

— sarcolactic, 281

— sebacic, 308

—_ silicuac:ﬂti-::, 342

— silicoformic, 342
—mhmpmpmmc 342
— silicooxalic, 342

— sorbic, =203

— stearic:, 250, 269

— stearolic, 207

ALC
Acid, suberic, 308
— succinic, 3::,3
— sulphoacetic, 279
— sulphobenzoic, 320
—_ su]phucarhumc, 50
— sulphocyanic, 69
— sulphovinic, 97, . 152,
320
— tannic, 304
— tartaric, 312
== tartronic, 311
— tartrophthalic, 322
— terephthalic, 116, 125,

320
— tetrahydrophthalic, 321
— tetroleic, 293
— thlacenc 264
— I:hmgly::ulhc, 279
— thymotic, 300, 302
— toluic, nﬁ
— toluenesul hnmc 125
- mcarbail}ﬂc 317
— tnchlnmphenumhc.

-— trlEi} colamidic, 266

— trihydrocarboxylic, 56

—_ tr:!.ma]]‘:iﬁl:, 320

— trimesic, 320

— trimethacetic, 268 °

— valerianic, 161, 267

— valeric, 250, 267

— xylic, mﬁ 206

— xylidic, 319

Acid amides, 39, 247

Acid anhydrides, 39, 248

Acid chlorides, 39, 246

Acids, 239

— amic, 247

— ethenc:, 273

— haloid  substitution-
derivatives of, 246

— ortho-, 255

Acrolein, 162, 181, 231

Alanine, 266

Alcohol, allylic, 161

— amylic, 160

— benzylic, 170

—hut}r ic, 157

— cerylic, 161

— cetylic, 161

— cinnamic, 171

— d:hrﬂmnprﬂp}'hc, 290

— ethylic, 152

— isobutylic, 157

— isopropylic, 156, 181

— melissic, 161

— meth 1:!: 150

Bt muno{mmall}‘hc, 163

— phenylic (phenol), 167

— phenylallylic, 171

-_ phun}]prl}p} lic, 171

— propargylic, 163

— propylhc, 15'5

— salicylic, 177




ALC

Alcohol, tetrylic, 157

— vinylic, 161

Alcoholates, 134

Alcohols, conversion of,
into aldehydes by oxi-
dation, 216

Alcohols of the ethylic
series, list of homolo-
gous and isomeric, 144

Aldehyde, aceuc, 154,224

— action of chlorine on,

— acrylic, 231

— anisic, 235

— benzoic, 233

— butyric, zzr1

— caproic, 221

— caprylic, 221

— cinnamic, 238

— crotonic, 227, 230

— cumic, 235

— formic, z21

— isovaleric, 221

— isobutylic, 221

— cenanthylic, 221

— oxalic, 238

— oxybutyrc, 227

— phthalic, 238

— paimitic, 221

— propionic, 221

— salicylic, 178, 233

— trichloracetic (chloral),
228

— trichlorocrotonic, 228

— valeric, 221

Aldehyde-ammonias, 218

Aldehyde-resin, 225

Aldehydes, 214

— condensation products
from, 226

— polymerides of, 225

Aldines, 219

Aldeal, 226

Alizarin, 132

Alkalies,action of, on car-
bon compounds, 51

Allylene, 101, 104, 317

Allylbenzene, 127

Allylic 1odide, 181

— oxalate, 181

— tribromide, 163

Allylphenol, 237

Allylic sulphide, 163

Allylic sulphocyanate, 163

Aluminic methide, 337

Amarine, 23

Amides, acid, 247

Amines, 329

Amygdalin, 199, 233

Amylene, 64, 100

Amylglycenin, 178

Anhydride, acetic, 263

— acetobutyric, 263

= Cltraconic, 317

Index.

ANH

Anhydride, diacetotar-

taric, 314
— lactic, 280
— maleic, 316
— phthalic, 319
— succinic, 310
— tetrahydrophthalic, 321
Anethol, 237
Aniline, 332
Anise-oil, 237
Anise-camphor, 237
Anocl, 237
Anisols, 209
Anthracene, 129, 132
— dihydride, 133
— hexhydride, 133
Anthrachrysone, 303
Anthraflavone, 30z
Anthraquinone, 129, 133,

329
Arabin, 192z
Arabinose, 193
Argentacetamide, 264
Asparagine, 311
Atropine, 306
Austracamphene, 107
Austraterebenthene, 107

ENZENE, 112, 121
— hexabromide, 122
— hexachloride, 122
Benze.c aldehyde, 233
— chloride, 234, zq9
Benzophenone, 137
Benzylbenzene, 136
Benzylene chloride, 119
Benzylethylbenzene, 136
Benzylic chloride, 119,170
Benzyltoluene, 132, 136
Benzylxylene, 136
Bitter almond oil, 233
Boric ethylate, 340
Borneol, 111
Bromanilines, 333
Bromanthracenes, 133
Bromethylenes, g6
Bromine, action of,on car-
bon compounds, 41
— determination of, in
carbon compounds, 10
Bromhydrins, 180
Bromobenzene, 123
Bromophenaols, 168
Eromosalicylol, 236
Eromotoluenes, 125
EButylene, g4, 100
Butylic imﬁ!ies, 150
Butyrone, 324

AMPHOR, 110
Cane-sugar, 109
Caramel, 188
Carbamide, 278
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CON
Carbamines, g2
Carbimides, 336
Carbinol, 150
Carbinol, dimethyl, 156
— dimethylisopropyl,

216
— ethyl, 156
— isopropyl, 157
— methyl, 152
— methylethyl, 157
— propyl. 157
— trimethyl, 157
Carbinols, 144
Carbohydrates, 186
Carbon, action of oxi=
dising agents on, 55
— detection of, in organic
compounds, 2
— heat of combustion of,

4
- gstimation of, In or-
ganic compounds, 2
Carbonic anhydride, 56
— disulphide, 57,
— oxide, 55
— — compound of, with
potassium, 55
— — compound of, with
platinous chloride, 56
— oxychloride, 56
— oxysulphide, sg
— tetrachloride, 8
Cellulonitrins, 1969
Cellulose, 195
Cerotene, g4
Cetene, g4
Chinese-wax, 161
Chloracetals, 155
Chloral, 258
— alcoholate, 154
— hydrate, 228
Chlorine acetate, 243
— action of, on organic
compounds, 41
— determination of, in
organic compounds, 1o
Chlorhydrins, 180
Chlorobenzenes, 122
Chloroform, 88
Chloronaphthalenes, 13t
Chloronitromethane, go
Chlorophencls, 168
Chloropicrin, 88
Chlorosalicylol, 236
Chlorotoluenes, 118, 125
Cholesterin, 172
Chrysene, 129, 135
Chrysoquinone, 1335
Cinnamene, 127
— dibromide, 127
— dichloride, 127
Cinnhydramide, 238
Collodion, 197
Conine, 219
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cou

Coumarin, 236
Creatine, 265

Cresol, 169
Crotonylene, 1or
Croton-oil,

Cumene, 12

Cumin, oil of Roman-, 126
Cyamelide, 68
Cyanamide, 69
Cyanethane, gr
Cyanides, double, 63
* Cyanoform, 8g
Cyanogen, 65

— chlorides of, 67
— hydrates of, 68
Cyanopropane, g3
Cymene, 109, 126

ECINE, 104 .
Decone, 104
Dehydrating agents, ac-

tion of, 51
Dextrin, 194
Dextrose, 187
Diacetenylbenzene, 120,

139
Diallyl, 104
Diallyltetrabromide, 104,
126
Diamines, 329
Diamylene, g4, 100
Diarsentetramethide, 338
Diazo-compounds, 301,333
Dibenzyl, 136
Dibromethane, 99
Dibromobenzenes, iso-
meric, 123 .
Dibromoglycid, 163
Dibutyrn%dmc. 216
Dichlorethane, g8 |
Dichlorhydrin, 156, 180
Dichloromethane, 88
Tliethyl, 81
Diethylamine, 331
Diethylated acetone, 324
Diethylbenzene, 114
Diethylcarbamide, 334,

3
Di:;et?ly]mcthylbenzene,

114
Diethyloxamide, 33t
Diethylphosphine, 337
Diethylurea, 335
Diiodethane,
Dimeshylmelﬁgne, 224
Dimethyl. 8o
Dimethylanthracene, 135
Dimethylbenzenes, 114,

12
Dimethylearbinol, 156
Dimethylphosphine, 337
Dinaphthyl, 131
Dinitroanthraquinone 134

TIndex,

DIN

Dinitrobenzene, 120

Dinitrophenols, isomeric,
160

Dioxymethylene, 222

Diphenyl, 134, 136

Diphenylimnzene, 139

Diphenylmethane, 136

Digropargyl, 126
1ssociation of com-
pounds by heat, 16

Distannic hexethide, 338

Ditolyl, 136

Diureides, 220

Dulcite, 185

Durene, 114

Dutch-liquid, ¢8

MPIRICAL for-
mula, 12
Emulsin, 19
Epiﬂthrhydgrin, 180
Erythrite, 158, 184

Erythromannite, 184

Ethane, 8o

— chlorinated  deriva-
tives of, g8

Ether, acetic, 256

— butylic, z12

— ethylic, 206, 210

— ethylic amylic, 211

— ethylic propylic, 212

— methylic, 212

— methylic ethylie, 212

— methylic propylic, 212

— methylic  isopropylic,
207

— phenylic, 208, 210

— propylic, 212

Ethereal acetates, 256

— salts, action of sodic
ethylate on, 261

Etheric acids, 273

Ethers, zob6

— preparation of, 206

— properties of, 200

Ethide, magnesic, 338

— mercuric, 338

— plumbic, 338

— sodic, 338, 340

— stannic, 338

— stannous, 338

— zincic, 338, 339

Ethylallyl, o4

Ethylamine, 331

Ethylbenzene, 113, 125

Ethylcarbamide, 335

Ethylcarbinol, 156

Ethyldimethylbenzene,

114
Ethylene, 04, 97
— chloride, g8
— bromide, g9
— iodide, g9

FER
Ethylidene chloride, g8
— bromide,
Ethylmathyﬁ.ﬁ:nnnt, 114
Ethylnaphthalene, 132
Ethylphenylammonic

iodide, 333
Ethylphosphine, 337
Ethylurea, 335
Ethylic acetate, 256
— — actior: of sodium on,

256
— —action of sodic ethyl-

ate on, 261
— acetoacetate, 257
— acetodiethacetate, 258
— acetoethacetate, 258
— acetosodacetate, 259
— bromide, 85
— carbonate, 277
— chloride, 85, g8
— chlorocarbonate, 277

— cyanide, gz

— diethacetate, 258

— diethacetone carbon-
ate, 258

— diethyloxamate, 331
— dimethoxalate, 29z
— ethacetate, 258

— ethacetone carbonate,

230 : :

— formate, action of sodiz
ethylate on, 260

— hydnide, 8o

— 1odide, 45, 81, 83

— isocyanate, 330

— isosulphocyanate, 335

— nitrate, 49, 196

= nitrite, 30, 9o

— orthacetate, 255

— orthocarbonate, 275

— orthoformate, 255

— opxalate, action of nas-
cent hydrogenon, 312,
318

— — actionof sodicethyl-
ate on, z6o

— oxide, 206, 210

— saccharate, 315

— silico-orthacetate, 341

— silico-orthoformate, 341

— silico-orthopropionate,

41
—3sulphydmte, 205
— sulphocyanate, 335
— tartrate, 314
Eucalyn, 190

ERMENTATION,
acetous, 203
— butyrous, zo2
— lactous, 202
— mucous, 203
— vinous, 198




FER
Ferricyanide, potassic, 64
Ferrocyanide, potassic, 63
Farmui'a:, empirical, 12
— graphic, 28
— molecular, 14
— rational, 25
Fucusine, 232
Fucusol, 231
Fucusamide, 232
Furfuramide, 232
Furfurine, 232
Furfurol, 231

ALACTOSE, 189

Garlic oil, 163

Gaultheria procumbens,
oil of, 151

Glucosan, 188
Glucose, 187
Glucosides, 187
‘Glycerides, 182
Glycerin, 178
Glycide, 180
Glycocine, 263
Glycocol, 263
Glycol, amylene, 172
— butylene, 172, 226
— ethylene, 172
— hexylene, 172
— octylene, 172
— propylene, 172, 181
— xylene, 17
Glycols, 172
— aromatic, 175
— polyethylenic, 174
Glycogen, 195
Glycosine, 239
Glyoxal, 238
Glyoxaline, 239
Grape-sugar, 187
Graphic formul=, 28
Gum-arabic, 192
Gums, 192
Gun-cotton, 196

HAL{}ID phosphorus
compounds, action
of, so

Heat, action of, 53

Heptane, 71, 76

Heptylene, g4

Hexachlorethane, g9

Hexane, 71, 76

Hexmethylenamine, 222

Hexylene, 94

Hexylic iodide, 185

Hydramides, z19

Hy;irir: allylic sulphate,
T3

Hydrobenzamide, 234

Hydrobenzoin, 234

Index.

HYD
Hydrocyanbenzaldehyde,
234
Hydrogen, action of nas-
cent, 48
Hydrogen, detection and
estimation of, in organic
compounds, 2
Hydroquinone, 169, 176,
Hydroqui
ydroquinones, 129
Hydrosalicylamide, 236

INDSITE, 189
Inulin, 195
Iodine, cction of, on or-
ganic compounds, 41
— determination of, in
organic compounds, 1o
Iodethane, 45, 81, 85
Iodobenzene, 118
Iodoform, 8g
Iodohexane, 185
Iodomethane, 8g
Iodopentane, 82
Iodophenols, 168
Iodopropane, 82
Iodotetranes, 1someric,
150, 184
Isoamylbenzene, 114, 117
Isoamyldimethylbenzene,
114
Isoamylic sulphydrate,

205
Isoamylmethylbenzene,
114
Isobutylbenzene, 114
Isobutylene, g4, 100
Isobutylcarbinol, 160
Isobutylic butyrate, 267
— isobutyrate, 267
— sulphydrate, zo3
Isodinaphthyl, 131
Isomerism, 28
Isopropylbenzene, 114
Isopropylcarbinol, 157
Isopropyldimethylben-
zene, 114
Isopropylethane, 82
Isopropylic iodide, 82,
181
— sulphydrate, zos5
Isopropylmethane, 81
Isopropylmethylbenzene,
I14

ETONES, 323
— formation of, 323
— list of, 324
— law of oxidation of,
gar.
— properties of, 326

347

MUS
ACTIDE, 280
Lactides, 275
Lactose, 191
Lavulose, 188
Leucine, z65
Lignin, 195

j. AGNESIC ethide,
357
Maltose, 191
Mannite, 184
Mannitose, 189
Marsh-gas, 79
Melampyrite, 185
Melene, g4
Mercaptans, 36, 203
Mercuracetamide, 264
Mercuric ethide, 337
— methide, 341
— naphtide, 337
— phenide, 337
Metachloral, 228
Metacinnamene, 128
Metaldehyde, 226
Metamerism, 28
Metapectin, 198
Metaxylene, 125
Mesitylene, 114, 126
Metarabin, gz
Methane, 79
Methide, aluminic, 337
Methylal, 230
Methylamine, 151
Methylbenzene, 124
Methylbenzophenone, 137
Methylcarbinol, 152
Methylene chloride, 88
Methylenitan, 223
Methylethylcarbinol, 157
Methylic chloride, 87
— hydride, 79
— iodide, 89
— nitrite, go
— oxalate, 151
— sulphydrate, 205
Methylnaphthalene, 132
Methylphosphine, 336
Milk-sugar, 191
Molecular formule, 14
Monamines, 329
Monanimes, action of ni-
trous acid on primary,

233
Monobromobenzene, 123
Monobromocamphor, 111
Monochlorethane, 8s, 8
Monochlorethylene, g8
Monochlorobenzene, 122
Monochlorhydrin, 180
Monochloromethane, 87
Monoformin, 162, 253
Mustard-oils, 336
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MYR
Myricin, 161
Myrosin, 199

APHTHALENE,

Naphthu? 172
Naphthoquinone, 131
Nitriles, gz, 248
Nllrﬂﬂnthmﬂents, iso-
meric, 135
Nitrobenzene, 120
Nitrobromobenzenes, 124
Nitrochlorobenzenes, 124
Nitrodibromobenzenes,
12
Nitr%ethane* oo
Nitrogen, detection and
determination of, in or-
anic compounds, 7
Nitroglycerin, 182
Nitromethane, 8g
Nitronaphthalenes, 131
Nitrooctane, 8g
Nitrophenols, 168
Nitrotoluenes, 12
Nitrotrichloromethane, 88
Nonylene, g4

CTYLENE, o4
(Enanthol, 285
Oil of cinnamon, 238
Olefines, g3
Olein, 178
Orcin, 175, 177
Orthoxylene, 114, 125
Organo-metallic com-
pounds, 337
Organo-silicon
pounds, 340
Oxaldines, 219
Oxide,triethylphosphinic,

comt-

33
Uxidplising agents, action
of, gn carbon compounds,
4

ALMITIN, 178
Paraffin, 82
Paraffins, 70
— list of homologous and
isomeric, 77
— cyano-derivatives of

the, go

— nitro-derivatives of
the, 8g

— haloid derivatives of
the, 84

Paraldehyde, 226
Paranthracene, 133
Paraxylene, 114, 125
Pectin, 197

Index.

PEC
Pectose, 197
Pentane, 82
Pemxldes acid, 249
Picolin, z19
Phenol 167
Phenanthmquinnne 134,

329
Phena.nthrane, 134
Phenoquinone, 169
Phenose, 124
Phcnylamme 332
Phenylbutylene, 127, 130
Phloroglucin, 183
Phloretin, 183, 302
Phlnndzm, Joz
Phosphine, diethyl, 336
— dlmtth}"I 336
— ethyl, 336
— methyl, 336
— triethyl, 336
— trimethyl, 3
Phosphonic mdz;dc 121
Phosphorus, determina-
tion of, in organic com-
puundq 10
— dissociation of| 17
Polymerism, 28
Propane, 81
Propionamide, g2
Propione, 324
Propionitriles, g3
Pmp}riacet}rlene, 101
Propylbenzene, 114, 126
Pmpylcarbmn] 157

mg lene, 94, 99
C l'] 2 I

Prupylmerh}rl nzene,114
Pseudocumene, 114, 126
Pyrene, 139
Pyrocatechin, 176, 303
P},rmgallul 183
Pyroquinone, 139
Pyroxylic spirit, 151

Pyroxylin, 196

QUINDNE 177

Quinones, 129, 329
Quintone, 104

ATIONAL formule,
25
Resorcin, 176
Rutylene, 101, 104

ACCHAROSE, 190
Salts, ethereal, 243
— haloid, 245
— metallic, 242, 243
Salicin, 177, 235
Salicylol, 235
Saligenin, 177, 235

TRI
Barcosine, 265
Silicon compounds, or-
gano-, 340
Soap, 178
Sodic ethide, 338
— ethylic carbonate, 26
Sodium triacetyl, 257
Sorbin, 190
Spl:nnacr.u, 161, 251
Stannic phenylmtd'ud:
Starch, 186, 193
Stearin, 178, 182
Stilbene, 138
Storax, 127
Styracin, 171
Sulphates, acid ethereal,
207
Sulphocarbamide, 278
Sulphocarbamides, 335
Sulphocyanates, 335
Sulphonic acids, 206
Sulphourea, 278
Sulphur,determination of,
in organic l:umpuunds
10
Synaptase (emulsin), 199,
233

ANNIN, 303
Tannins, jo04
Terebene, 108
Terebenthene, 107
Terecamphene, 107
Terpenes, 105
Terpentin hydrate, 109
Terpin, 109
Terpinol, 1
Tetrachlorethane, gg
Tetrachlorobenzene, 122
Tetrachloromethane, 8g
Tetramethylbenzene, 82
Tetramethylmethane, 82
Tetramylene, g4, 100
Tetrane, 81
Tetraphenylethylene, 139
Tetrethylammonic  hy-
drate, 332

Thm]dehghde, 225
Thio-alcohols, 203
Thio-ethers, 212
Thinfucumi. 232
Thiofurfurol, 232
Thiophenol, 205
Thioresorcin, 205
Thymol, 165, 170
Tolane, 135, 138, 234
Toluene, 112, 124
Toluol, 124
Toluylene, 138
Triamylene, g4, 100
Trichloraldehyde, 228
Trichlorethane, g8




TRI
Trichlorhydrin, 170
Trichloromethane, 88
Tricyanomethane, 89
Triethylamine, 330
Triethylphosphine, 337
Trieth}'igismulhinc. 338
Tritodomethane, 89
Trimethylarsine, 338
Trimethylbenzenes, 114
Trimethylmethane, 81
Trimethylstibine, 338
Triphenylmethane, 139
Trureirdes, 220

Index.

URE
UREE’., z, 278
Ureas, compound,

33
Urer:Lanes, 278

VAPDUR density, de-
termination of, 19

Valylene, 104

Valerylene, 1o1

Vinylic chloride, g8
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ZIN
XYLENE. 113, 125
Xylylic chlonde,

135
Xyloidin, 194

Z[NCIC‘ ethide, 339
Zinc ethyl, 330

Zinc, organo-metallic
compounds of, 339
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