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IT is impossible to read the excellent handbook on the
Chemistry of Petroleum and Its Substitutes, by Dr. C. K.
Tinkler and Dr. F. Challenger, without bein^ impressed with
the scope which exists for the application of science in the
treatment of petroleum.

The conversion of the raw material into the various
commercial products is ordinarily effected by rule-of-thumb
processes devised without adequate preliminary study of the
chemical nature of the hydrocarbons dealt with, and without
recognition of the scientific principles hy which the manu-
facturer should be guided.

This has doubtless arisen from the abundance of the supply
and the low cost of the raw material, from the facility with
which products meeting the requirements of the consumer can
be made, and in general from the manner in which the in-
dustry7 in petroleum has grown to its present vast dimensions.

It is obvious, however, that these conditions afford no
justification for wasteful, unscientific methods of procedure,
especially in view of the circumstance that as our stores
of petroleum are beinjj rapidly depleted we are doing an
injustice to our descendants in utilizing these stores other-
wise than economically and to the best advantage.

There is, happily, some evidence of increasing appre-
ciation of the important help which science can afford in
the refining of petroleum, and already there is a demand for
highly-trained chemists in this branch of industry. Having
regard to the large amount of British capital invested in
petroleum enterprises, it is regrettable that it should be found
necessary to seek abroad for men qualified for such positions.

The University of Birmingham was the first educational
establishment to provide facilities for the systematic study



vi INTRODUCTION

of the techiit >V ŷ of petroleum, and it is appropriate that
the first treatise on the chemistry of petroleum in its
theoretical and practical aspects should have been written
by the lecturers in chemistry at that university.

The authors have aimed primarily at providing a text-
book for students who desire to become proficient in the
chemical technology of petroleum, and they have admir-
ably achieved their object by a skilful association of theory
and practice. They properly consider that no man can
become a successful technologist until he has fully mastered
the underlying scientific principles of the subject Hence
a large but not disproportionate part of the present work
is devoted to the pure chemistry of petroleum, and it is
not until he has become fully acquainted with the funda-
mental principles, and has familiarized himself with the
chemical and physical characters of the individual members
of the various groups of hydrocarbons of which petroleum is
composed, that the student is invited to study the practical
applications of this knowledge. It will thus be seen that the
book is much more than a mere aggregation of facts, for it
is a highly commendable and successful attempt to bridge
over the gap between the academic and the practical treatment
of the subject with which it deals, and it should do much to
pave the way to a better understanding of the intimate rela-
tion between pure and applied science, as well as of the
extent to which the latter depends upon the former.

I t remains to be added that whilst the work will be
found of special value to the student It may be read
with great advantage by all those whose avocations are
directly or indirectly connected with the technology of petro-
leum, and even by that large section of the public whose
interest has been aroused by a recognition of the extent to
which petroleum has not only become one of the necessaries of
civilized life, but, as the motive power of submarines, destroyers,
aeroplanes, dirigible balloons, armoured motor-cars, and army
transport vehicles* has revolutionized the art of war.

4, BlSHOPSGATE,
LONDON, E.C
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Til K increasing importance of petroleum a> a source of
various fads both for internal and external combustion
engines, together with the value of the lubricating oils which
may be obtained therefrom, has of late years rendered
extremely necessary the thorough scientific training of all
those who are concerned with the isolation and distillation oi
the various petroleum products.

There is no doubt that for many years, especially before
the introduction of the Internal combustion engine, an enormous
waste of the lower-boiling constituents took place. On the
other hand, on the advent of the motor-car, these low-boiling
fractions were eagerly sought after, and all but those with
the very lowest specific gravity were discarded by the manu-
facturers of motor-spirit, although many of the Intermediate
fractions were eminently suitable for use In Internal combus-
tion engines.

It Is to be hoped that In the future such matters will
be in the hands of well-trained chemists, to whom the exist-
ence of a seemingly useless by-product does not immediately1"
suggest a search for an easy method of getting rid of it, but
rather the necessity of a painstaking Investigation as to the
possibilities of usefulness In other directions which may lie
before it,

In common with a very fe\vr other educational institutions
of a similar rank, the University of Birmingham has instituted
a three years' course in petroleum mining, in which ample
recognition has been made of the necessity for a thorough
scientific training on the part of those who would become
something more than mere ruleof-thurnb prospectors.

The course at Birmingham, which was the first of its
kind, was initiated by Professor Cadrnan, B.Sc., M.IristC.E.,
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the Professor of IMIniti^ in the University of IMrmingham,
whose experience as Consulting En^iiuxT to the Colony of
Trinidad aiul Technical .Adviser on Petroleum Mining to the
Colonial Office, directed his alien lion to the necessity for
such a course The curriculum was designed in consultation
with Sir Boverton Redwood. It extends overthrew years, and
students taking the course are eligible to sit for the examina-
tions for a Diploma, or for the Degree of E.Sc. in Mining.

As regards the chemical part of the course, in the first
year the principles of inorganic chemistry are studied along
with qualitative and volumetric analysis and elementary
organic chemistry. The Importance of this latter subject as
an introduction to the more advanced and specialized work of
the second and third yar> Is sufficiently obvious.

The absence of a suitable book containing at the same
time a certain amount of technological matter and the purely
theoretical and practical organic chemistry necessary to a
comprehension of the methods of the petroleum industry7, has
led us to the publication of this volume. It has arisen,
we may add, out of manuscript notes originally intended
solely for use by students working in the Birmingham Univer-
sity chemical laboratory.

The object we have had in view in planning the course has
been, first of all, to familiarize the student with the inethods of
preparation of the various hydrocarbons and other substances
used in connexion with them, and also with the manipulation
of inflammable liquids.

Chapters on *'cracking operations'* and on the distillation
of shale, coal, and wood, have been included, while special
emphasis has been laid on the distillation of coal tar, since
mixtures of benzene and toluene are already largely used in
internal combustion engines.

In order that the principles involved in these commercial
processes may be thoroughly understood, the carrying out of
the methods on a small scale by each student forms an
essential part of the course.

For the same reason we deal at some length with the
question of alcohol and its modes of production and denaturing
as well as the nature of the reactions underlying these
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processes, since there is little doubt that the future will see
large quantities of alcohol employed under conditions where
we now use petrol.

We have included a short chapter on " saponifiable
oils," and some of the methods employed in their analysis,
since a certain amount of confusion may exist as to the
points in which they differ from the so-called mineral
oils, such as petroleum. Moreover, the adulteration of
saponifiable oils with petroleum products is by no means
unknown.

We have thought it advantageous to include a description
of the methods of Sabatier and Senderens and of Paal and Skita
for the catalytic hydrogenation of hydrocarbons and other
substances.

The work of these chemists has attracted much attention
in recent years, although among technologists there exists
some misconception as to the application of their results.

We have attempted to indicate the close relations which
exist between the various types of organic compounds, and to
teach the reader how to infer the structure of a simple organic
compound from its reactions, and conversely, reactions from a
knowledge of constitution. We have chosen the practical
exercises and arranged explanatory notes with this end in
view, and have included a chapter on the characteristic pro-
perties, methods of formation and mutual interconversion of
the more common classes of organic compounds. We have
also introduced structural formulae wherever possible.

As regards theoretical matter, we consider that a know-
ledge of the major portion of Chapter I is highly desirable for
those who wish to approach in a broad-minded and scientific
manner the manifold problems connected with the petroleum
industry.

In general, Chapters I I to XI I deal more especially with
petroleum products; Chapters XI I I to XVII with benzene
and its derivatives; and Chapters XVIII to XX with alcohol.

It is hoped that this volume will be found useful not only
by those who are connected with the technology of petroleum,
but that it will appeal to a wider circle, especially to those
students to whom the application of the principles of pure
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chemistry to technological processes appears attractive. We
believe that much of the matter of this book has not been
previously published in a collected form and within the scope
of a single volume. This, we trust, may add to its useful-
ness.

Finally, we hope that this book will help to dispel
from the mind of the student the idea which has up to
the present been so fatal to the interests of British technology,
namely, that there is a real difference between the so-called
academic man of science and the technologist. In so far as
the technologist fails to catch the spirit of research which
characterizes the man of pure science, in so much does he
fall short of his greatest possibilities.

The successful technologist must first of all be an academic
scientist. In other countries this statement is regarded as a
platitude, in England it is deemed by the majority visionary
and unpractical.

We have much pleasure in expressing our sincere thanks
to Professor Frankland, F.R.S., for many valuable suggestions
which he has made from time to time.

It is perhaps hardly necessary to say that in arranging
the subject-matter of this book, we have made frequent
reference to Sir Boverton Redwood's " Treatise on Petroleum/'
We have also adapted (by permission of Messrs. C.
Griffin & Co., Ltd.) certain descriptions of apparatus from
J. A. Hicks' " Mineral Oil Testing." Other standard works
which we have consulted are referred to in the text.

We gladly acknowledge the assistance we have received
from Mr. F. H. Garner, B.Sc, who has kindly assisted us in
the reading of the proofs.

Mr. Garner has also worked out some of the numerical
examples in Chapter XXV. We are also much indebted to
the following firms for the use of blocks for illustrations,
Messrs. Baird & Tatlock (London), Ltd., Messrs. Standley
Belcher & Mason, Ltd., and Messrs. Mansfield & Son, Ltd.

C. K. T.
F. C.
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I N T R O D U C T O R Y T H E O R E T I C A L M A T T E R

IN this chapter a brief summary will be given of the proper-
ties exhibited by the more important classes of carbon com-
pounds. The methods of formation of typical members of
each class will also be described.

It is hoped that the reader will keep the important truth
always in view, that, in the study of organic chemistry
whether pure or applied, it is not so much the remembering
of the properties of various seemingly unrelated compounds,
which is important, but, rather, an intelligent grasp of the
general reactions to be expected from all the members of
each group of compounds.

It is of little value to the student to know that aniline
gives phenol when treated with nitrous acid, or that benzoic
acid yields benzene on dry distillation with lime, unless he is
immediately able to infer that xylidine will produce xylenol,
and toluic acid toluene under similar conditions.

The student, when he learns the reactions of a substance
which is new to him, should immediately ask himself, " Is
this behaviour peculiar to this compound, or is it shared by
other substances ? " And if so, " To what circumstance is the
similarity in properties to be attributed ?"

In this direction lies progress and an intelligent grasp of
what, when approached in any other way, will prove only a
bewildering mass of seemingly meaningless transformations.

In order that satisfactory progress may be made in the
theoretical principles of organic chemistry, it is essential that
the student should thoroughly understand the conception of
valency—at least, in its simplest form—and, moreover, that

B
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he should do so almost at the commencement of the first
year's course in Inorganic Chemistry.

The valency of an element may be expressed as being
numerically equal to the number of atoms of hydrogen (or of
another element, one atom of which combines with one atom
of hydrogen) with which one atom of the element in question
will combine. Similarly, the valency of an element is numeri-
cally equal to twice the number of atoms of oxygen (or of
some other element, one atom of which combines with one
atom-of oxygen) with which one atom of the element will
combine.

A determination of the composition of several of the
simplest carbon compounds has shown us that in almost
every case one atom of carbon combines with four atoms of
a univalent, two of a divalent, and one of a quadrivalent
element. Thus we have—

CH4 CC14 CF4

Methane or marsh gas. Carbon tetrachloride. Carbon tetrafluoride.

C02 COS CSTe CS2

Carbon dioxide. Carbon oxysulphxde. Carbon thiotelluride. Carbon disulphide.

CSi CZr
Silicon carbide Zirconium carbide,
(carborundum).

One single notable exception to this rule will readily occur
to every student, though he may find it difficult to recall a
second.

The molecule of carbon monoxide consists of a single
oxygen atom linked to a single carbon atom. Either carbon
is divalent in carbon monoxide or oxygen is quadrivalent.

Certain other substances exist of which the properties and
composition may be explained on the assumption of the
divalency of carbon; but their number is very small in
comparison with the number of those compounds in which
carbon is known to be quadrivalent.

Moreover, it is highly probable that the oxygen atom of
certain organic compounds is quadrivalent, although a discus-
sion of the evidence falls outside the scope of this book.

The doctrine of the quadrivalence of the carbon atom is
therefore still accepted as the structural basis of the whole of
organic chemistry.

We may now turn to a consideration of the various types
of carbon compounds.
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The term "hydrocarbon " is used to denote all those com-
pounds containing exclusively carbon and hydrogen, and is
to be distinguished carefully from the term "carbohydrate,"
which is applied to an entirely different class of compounds.

Hydrocarbons are classified Into two main divisions:
those which may be regarded as derivatives of methane,
CH4, and those of which the parent substance is benzene,
C6H5. Indeed, almost all known organic compounds may he
looked upon as derivatives either of methane or benzene.

Since the majority of the naturally occurring fats are
found to be more or less directly related to methane, all deri-
vatives of this hydrocarbon are known as fatty, or more
usually, aliphatic compounds. The molecules of all these
hydrocarbons consist of carbon atoms arranged In open
chains.

On the other hand, those compounds in which the mole-
cules contain carbon atoms arranged in a closed ring are
designated Cyclic Compounds.

Those cyclic compounds having structures most closely
resembling that of benzene are known as aromatic substances,
since many benzene derivatives possess characteristic aro-
matic odours, and occur in extracts prepared from fruits and
flowers.

OPEN CHAIN COMPOUNDS.

As mentioned above, the simplest aliphatic hydrocarbon
is methane, or marsh gas. This colourless, inflammable gas
is formed in marshes, owing to the action of bacteria on the
plant residues embedded there.

It occurs in enormous quantities in coal mines, and is a
constituent of the unatural gas" arising- from petroleum wells
in various parts of the world.

Its formula is represented thus—

H

H—C—H

H

The bonds between the carbon atom and the four hydro-
gen atoms are convenient devices for expressing graphically
that some definite force exists which binds four—and never
more than four—hydrogen atoms to one atom of carbon.

If chlorine be mixed with methane and the mixture kept
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in diffused sunlight, the hydrogen atoms are gradually re-
placed by chlorine, and four different compounds are formed.
At the same time hydrogen chloride is produced.

H H H

I I I
H - C — H H—C—Cl H—C—Cl

H H Cl
Methane. Monochloromethane Dichloromethane.

(methyl chloride).
Cl Cl

C l - C — (H—C—Cl Cl—C—Cl

Cl Cl
Trichloromethane (chloroform). Tetrachloroinethane.

The equations representing the other changes can readily
be inferred if the first be given.

CH4 + C12 > CH3CI + HCI

The replacement of the hydrogen atom by chlorine, with
formation of hydrogen chloride, is an example of what is
known as " substitution." * The hydrogen atoms of methane
are said, therefore, to be capable of successive substitution by
chlorine. Similarly, the hydrogen atoms of various other
organic compounds can be substituted by bromine, fluorine,
the nitro-group (—NO2), the sulpho-group (—SO2 . OH), and
so on.

Now, if we take the gaseous compound monochloro-
methane, CHSC1, or rather, as being more convenient, the
compound monoiodomethane, CH3I, which is a liquid, and
heat it with sodium, we obtain sodium chloride (or iodide)
and a new gaseous hydrocarbon known as ethane, the pro-
perties of which are very similar to those of methane; its
composition has been found to be represented by the formula
CaHfr

H H H H
I I I I

H —C—jl -f 2Na + I|—C—H >- H—C—C—H + 2NaI

i A U
• This process of substitution by a halogen must carefully be distinguished

from the totally different type of reaction known as <c addition of halogen." In
the latter case no halogen hydride is formed (see page 13).
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This reaction is typical of many similar ones, and was
discovered by Wurtz.

By the action of bromine on ethane a hydrogen atom can
be substituted and eliminated as hydrogen bromide, thus—

H H H H

H—-C—C—|H + Br|—Br > H—C—C—Br + HBr

H H H H

The new compound is a liquid known as ethyl bromide,
and can also undergo the Wurtz reaction with sodium, pro-
ducing sodium bromide and a hydrocarbon QHxo, known as
butane; its constitution has been found to be represented by
the subjoined formula—

H H H H

I—C—C—|]H—C—C—|Br + 2Na + Br|—C—C—H

H H H H

H H H H
I I I I

> H—C—C—C—C—H + 2NaBr

H H H H

We have, therefore, so far, met with three aliphatic hydro-
carbons : methane CH4, ethane C2H6, and butane QHi 0 . Pro-
pane CsHg, is produced by the action of sodium on a mixture
of monoiodoethane and monoiodomethane, a method of
formation which proves its constitution—

H H H
I I I

H—C—C—II + 2 Na + II—C—H
I I I

H H H

H H H

— > H—C—C—C—H + 2 NaI

H H H
If it be attempted, whilst adhering to the doctrine of the
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quadrivalency of carbon, to construct graphic formulae for me-
thane, ethane, and propane, other than those just given, it will
be found impossible. On the other hand, the hydrocarbon C4H10
may be written with a different arrangement of the atoms from
that given above. Both the formulae, for only two will be
found possible, are given below—

H

1
H—C-

H
I.

H

-(

H H
11 I

: — c — c — H

H
II.

H

(a)

H

H

H—C

H

III.
H

C
I

H—C—H

H
(b)

H

C—H

H

In compound (a) the carbon atom marked I is designated
a primary carbon atom, since it is linked to only one atom
of carbon ; that marked II, however, is a secondary carbon
atom, since it is connected with two atoms of that element.
By analogous reasoning, atom I I I in compound (b) is called a
tertiary carbon atom.

A compound with a constitution represented by formula (b)
could be prepared by the action of sodium on a mixture of
isopropyl iodide (see page 7) and iodomethane (methyl
iodide).

a-y CHgv yH
>CH|I + 2Na + IICH, > >C< + 2NaI

C H / C H / N C H S
Trimethylmethane.

This substance, although possessing the formula QHi0 ,
is found to be different in properties from the hydrocarbon
C4H10 obtained from ethyl bromide by the Wurtz reaction.

The difference in properties can be ascribed solely to the
difference in the arrangement of the atoms within the mole-
cule, a difference which finds expression in the formulae.

Such substances possessing the same chemical composi-
tion, but a different constitution, are said to be isorneric, and
are spoken of as isomers.

It will be noticed that in (a) there is a straight chain of
carbon atoms. Such an arrangement is called a normal
chain, and the particular substance in question normal



ISOMERISM 7

butane, usually written n-butane. In (£), however, the chain
of atoms is branched and the hydrocarbon is known as iso-
butane.

As the length of the carbon chain increases, the number
of isomers increases rapidly. Pentane C5H12 exists in three
isomeric forms—

CH3 . CH 2 . Ctf2. CH2 . CH3 C H 3 / C H ' C H 2 * C H s

n-pentane. iso-pentane.

H 3 C \ / C H 3

H3(7 X H 8

Tetramethylmethane.
The hydrocarbon Ci3H28 should be capable of existing in 802
different isomeric forms, most of which have not yet been
prepared, since more important problems are yet awaiting the
attention of chemists.

The cases of isomerism among the pentanes and butanes
and their derivatives are examples of what is known as
structural isomerism. Thus two isomeric iodo-propanes are
known represented respectively by the formulae—

CH3.CH2.CH2I C H 3 . C H I . C H 3
n-propyliodide. iso-propyliodide.

If we now make a list of the aliphatic hydrocarbons we
have so far dealt with and place their formulae alongside,
certain facts will immediately be obvious—

Methane CH4
Ethane C2H6

Propane C3H8
Butane C4Hi0
Pentane C5H12.

(i) Each member of the five differs from the preceding
one in that its molecule contains one atom of carbon and two
atoms of hydrogen more; in short, the difference between any
two members of the series is to be represented by n X CH 2 .

(ii) The names of the hydrocarbons all end in -ane.
This is intentional, and serves to indicate what has already
been mentioned, viz. that they possess many properties in
common.

(iii) The general formula for the series is C«H2« + 2.
Later on we shall meet with many instances of series of
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organic compounds, the members of which differ in composi-
tion from one another by n X CH2, and also possess many
similar properties. Such series are called Homologous
Series, and the various members Homologues. Thus ethane
and pentane are higher homologues of methane.

The members of the homologous series of which methane
is the first representative are known as Paraffins ; several of
the higher homologues occur in paraffin oil, paraffin wax,
etc. The term is derived from the Latin parum, little, affinis,
affinity, indicating the relative stability of these substances in
presence of many powerful reagents.

Sulphuric, hydrochloric, chromic and nitric acids, potassium
permanganate and dichromate, as well as alkalis, are without
action on the paraffin hydrocarbons in the cold.

Towards reducing agents such as sodium amalgam and
water, tin and hydrochloric acid, sodium and boiling alcohol,
which yield nascent hydrogen, as well as towards ordinary
hydrogen either alone or in presence of a catalyser, these
hydrocarbons are also absolutely inert. In these respects
they differ from the members of certain classes of hydro-
carbons with which we shall meet later.

Since the members of the series C»H2»+2 are incapable
of taking up more hydrogen and of giving rise to such com-
pounds as CH5 or C2H7 they are known as Saturated Hydro-
carbons.

This inability to combine directly with more hydrogen
goes hand in hand with the fact that although halogens can
give rise to substitution products of the paraffin hydro-
carbons (see page 4) in which the total number of univalent
atoms or radicals attached to carbon remains four, substances
such as CH4Br, C2H6Br are never obtained by the action
of halogens on members of the series C;*H2« + 2.

A more complete list of the most important members of
the paraffin or C«H2« + 2 series may now be appended, and it
will be instructive for the student to note the gradation in
physical properties which is observed as the series is ascended.
The table refers only to those hydrocarbons possessing a
normal structure.



PARAFFIN HYDROCARBONS

C«H2«+2 HYDROCARBONS.

Formula.

CH,
C2H6
C3H8
C4H10
0*̂ 12
CflH14C7H16
C.Hl8
C9H20
C10H22
CUH24
C12H26Cl4H30
C16H34
C20H42
C21H44
C23H48
C3iHfl4
3̂5̂ .72

C80H122

Name.

Methane
Ethane
Propane
Butane
Pentane
Hexane
Heptane
Octane
Nonane
Decane
Undecane
Dodecane
Tetradecane
Hexadecane
Eicosane
Heneicosane
Tricosane
Hentriacontane
Pentatriacontane
Hexacontane

Melting-point.

-1S60

-172-1°
—

-135°
-130*$°
- 94'03°
- 97-1°
- 56*5°
- 5i°
- 3i°
- 26°
- 12°

4°
18°
36*5°
40*1°
47'4°
68-4°
74°

101°

Boiling-point.

-I6O°
~ 93°
- 45°
- o-i°

3f30

68-9°
08 '4°

125-6°
I49'5°
173°
194°
214-5°
252-5°
287*5°
205° *
215°
234°
302°
331°

Specific gravity.

0*415 (at —160°)
0*446 (ato°)
0*536 (ato°)
o*6oo (at o°)
0*627 (at 14°)
0*658 (at 20°)
0*683 „
0*702 „
0-718 ,,
o*73° »
0-774 (atn
0*773
o*775
o*775
o*7775
0*7778
o*7799
0*7799 ,
0*7813

lelting-point)

* At 15 mm. pressure, and the same for those following.

Now, it will have been noted that the chlorination product
of methane, the constitution of which is represented by the
formula CH3C1 and of which the rational name would
obviously be monochloromethane, is also known as methyl
chloride, similarly monoiodomethane as methyl iodide. As
we shall see later, the group or radical—CHa is capable of
passing unchanged through many reactions in which it func-
tions as if it were a univalent atom, thus—

CHal CH8NH2

-CH8OH

By analogy the group C2H5—in bromoethane (ethyl bromide)
is known as ethyl, and in general the group C«H2«+1 derived
from a hydrocarbon C»H2« + 2 is known as an Alkyl radical.
Each radical has a special name derived by substituting -yl for
-ane in the name of the corresponding hydrocarbon.

It must be clearly understood, however, that the alkyl
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radicals are not capable of independent existence. In any
reaction which might at first sight be expected to yield them,
hydrocarbons C«H2« + 2 are always obtained, with twice as
many carbon atoms in the molecule as would be present in
the radical under consideration, e.g. the action of sodium on
ethyl iodide C2H5I does not yield " ethyl," but normal butane
C4H10.

UNSATURATED HYDROCARBONS.

Olefine Hydrocarbons.—If ethyl bromide CH3 • CH2 • Br
be treated with an akoholic solution of potassium
hydroxide, commonly known as alcoholic potash, a gas is
evolved which on analysis is proved to have a constitution
represented by the formula C2H4

CH3. CH2. Br + KOH —^ C2H4 + KBr + H20

This gas is known as ethylene, or olefiant gas, it is
readily inflammable and possesses certain properties which
sharply distinguish it from methane.

Thus, when brought into contact with bromine the red
colour is immediately discharged, oily drops of ethylene
dibromide separate out on the sides of the vessel,* and most
important of all, no hydrogen bromide is produced. When
bromine and methane interact, the reaction proceeds slowly,
except in the presence of direct sunlight, and as we know,
hydrogen bromide is produced.

Similarly, if ethylene be mixed with hydrogen and passed
through a hot tube containing finely divided metallic nickel,
hydrogen enters into combination with the hydrocarbon, and
the issuing gas contains ethane

C2H4 + H2 >• C2H6

No such behaviour is exhibited by methane. The action of
the nickel will be discussed in Chapter XVII.

Finally, ethylene reduces potassium permanganate and
combines with sulphuric acid. The nature of the products
formed will be discussed after the formula of ethylene has
been derived.

* Hence the name olefiant gas.
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UNSATURATED HYDROCARBONS OF THE ETHYLENE SERIES (OLEFINES).

Name.

Ethylene
Propyleiie
n-Butylene
n-Amylene
Hexylene
Heptylene
Octylene
Nonylene
Decylene
Undecylene . . . .

Formula.

C2H4
C,H.
C4H8
QH10
QH12
QH14

C9H18
QoH20
C1LH22

Eoiling-point.

-103°

- |

1240

153°
172°
195°

Constitution of Ethylene.—Any formula which may be pro-
posed to express the constitution of ethylene must be capable
of clearly indicating the fundamental difference in properties
which, distinguishes this gas from the corresponding saturated
compound containing two atoms of carbon, ethane.

It is obvious that the formation of ethylene from ethyl
bromide is accompanied by the. elimination of hydrogen
bromide. This may be represented In two ways—

H |H

(I.) H—C— C—|Br

H H

or

H H
I

(II.) H—C—C— Br

Ethylene might therefore be represented by two possible
formulae—

(la.) CHSCH or (II«.) JH2C—CH2

According to formula (la.) carbon can be divalent, and accord-
ing to (ILz.) can be tervalent. In either case the readiness
with which hydrogen, chlorine or bromine are added could be
ascribed to the tendency for di- or tervalent carbon to assume
the quadrivalent condition.

If (la.) represent the constitution of ethylene the product
obtained by the addition of chlorine would have the consti-
tution CH3-CHCI2. Now, a compound which undoubtedly
possesses this constitution has been prepared by another
method, and is found not to he identical with ethylene
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dichloride. The formula CH3 • CH does not therefore
represent the constitution of ethylene.

If the production of ethylene from ethyl bromide be
represented by scheme (II.) it will be seen that after the elimi-
nation of HBr each carbon atom is left with one unsatisfied
bond. Now, we have seen before that when reactions take
place which might conceivably give rise to the formation of
compounds containing carbon atoms with free bonds (e.g.
action of sodium on methyl iodide) the free bond on one
carbon atom unites with that on another, thus—

2CH3I + 2Na — > CH3— + CH3— + 2NaI
(CH S - ) + (CH3—) — > CH3—CH3

Now, if we suppose that in the preparation of ethylene from
ethyl bromide the free affinities of each of the two carbon
atoms mutually satisfy each other, we arrive at a formula for
ethylene which assumes that the two carbon atoms are
doubly linked—

CH3 . CH2 . Br > CH2—CH2 + HBr

It is not to be inferred from this that in ethylene (or in
the many other compounds in which similar " double bonds "
are to be assumed) the two carbon atoms are more firmly
united with each other than are ordinary singly bound carbon
atoms. The reverse is rather the case—the double bond
represents a weak point in the molecule.

From what has been said it should be obvious that when
ethylene and similar compounds take up two atoms of
hydrogen or bromine to form ethane or ethylene dibromide
respectively, only the doubly linked carbon atoms participate
in the reaction.

In the compounds thus produced the free affinities of the
carbon atoms which previously mutually satisfied each other
thus forming the double bond, are now satisfied with hydro-
gen or bromine, with the result that the ordinary single
—C—C— linkage is re-established.

The phenomenon can also be regarded as a rupture of the
double bond under the influence of the reagent, with the
consequent production of free affinities which are then imme-
diately satisfied with bromine or other halogen or hydrogen.
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Since ethylene and its homologues combine so readily with
hydrogen and the halogens (their behaviour being thereby
strikingly differentiated from that of the hydrocarbons
CiMin + 2) they are known as " unsaturated " compounds.

The process of combination of such compounds with
hydrogen, the halogens, etc., is known as " addition," and
the substances which result are designated addition products.

The difference between "addit ion" and "substitution" is
of fundamental importance, and must be thoroughly grasped.

It is a perfectly general rule that all unsaturated com-
pounds are oxidized by potassium permanganate, which is
itself decolorized. This reaction therefore is largely used
as a test for the presence of double linkings. As would
naturally be expected the oxidation begins at the weakest
point of the molecule, namely, at the unsaturated linkage, and
frequently the compound splits at the double bond, forming
two new substances.

The products of oxidation vary, however, with the condi-
tions of the experiment, e.g. duration of interaction, tempera-
ture, concentration of the permanganate, etc. When ethylene
and numerous similarly constituted compounds are treated
with cold, one per cent, potassium permanganate solution
glycol or substituted glycols are obtained (see page 86).

R . C H = C H R ! y R . C H ( O H ) . CHfOHJRx
A substituted glycol.

Glycols are also obtained by the action of hydrogen per-
oxide on certain unsaturated compounds. It may at first sight
appear strange that the action of potassium permanganate
should result in the addition of the elements of hydrogen
peroxide to the double bond.

In neutral solution two gram molecules of potassium
permanganate are capable of giving up three atoms of
oxygen, while potassium hydroxide and manganese dioxide
are simultaneously produced.

The formation of glycols can then readily be understood
if we consider that one gram molecule of water, and one
gram atom of nascent oxygen enter into reaction with each
gram molecule of a singly unsaturated hydrocarbon, i.e. one
which contains only one double bond, thus—

2KMnO4 + H2O > 2KOH + 2MnO3 + 3O
or K2Mn208 — > • K2O + 2MnO2 + 3O

and K2O + H2O > 2KOH

3H*O + 3O — > 3C«H2«(OH)2
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The glycols which are thus obtained are often unstable and
undergo further oxidation, acids being formed.

O
II

R . C H O H R . C — O H
| + 3 O — > + H S O

R . C H O H R . C — O H
II
O

On the other hand, the permanganate may oxidize some of

the unsaturated hydrocarbon to ketones (see page 33).

. U . C-rlg • -K-l •••*• • ̂  • ̂ -̂ 12 » -"-1
ii II
!i + 2 O — > O

R . C . CH2. CH2. Ri R . C . CH.2. CH2 • Ri
II
O

If R and Ri are different, each of these ketones may give
rise in contact with the permanganate to four distinct acids,
so it is easily seen that the reaction between potassium
permanganate and an unsaturated hydrocarbon may be
extremely complicated.

Acetylene Hydrocarbons.—We can now pass to the con-
sideration of another homologous series of unsaturated
hydrocarbons, namely, that of which the well-known gas
acetylene forms the first member, and in the molecules of
which the relations of the constituent atoms may best be
expressed by the hypothesis that some of them are united
by triple bonds.

When ethylene dibromide is treated with alcoholic potash
two molecules of hydrogen bromide are eliminated, thus—

CH2Br—CH2Br + 2KOH — > C2H2 + 2KBr + 2H2O

As in the formation of ethylene, we may assume that free
bonds are left on each carbon atom after the removal of the
hydrogen bromide. In this case there will be two free bonds
on each carbon atom, which will then unite and mutually
satisfy each other, the two carbon atoms being henceforth
united by a triple bond, thus—
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|Br_H|

H—C—C—H —+ H—C C—H

H Br|
H — C = = C — H >• H C = C H

Triple bonds between carboa atoms would, on the analogy
of ethylenic compounds, probably form a weak spot in the
molecule of the compound. We need not therefore be
surprised to find that acetylene and its homologues are
characterized by considerable additive powers towards, e.g.
hydrogen, the halogens, the halogen hydrides, and even
water. Acetylene combines directly with bromine—

H C = C H + 2Br2 > HCBr2—Br2CH
Acetylenetetrabromide
(tetrabr omoeth ane).

In presence of reduced nickel, the reaction with hydrogen
takes place in two stages—

H C = C H + H2 -> C H 2 = C H 2 + H2 -> CH3—CH3

Acetylene. Ethylene. Ethane.

In presence of certain mercury salts water is added on—

H C = C H + H2O > H3C—Cf

Other compounds, not necessarily hydrocarbons, which
contain a triple bond, are able to take up the elements of
water under the influence of concentrated sulphuric acid.

Another property which is very characteristic of some
acetylene hydrocarbons is their power of forming metallic
derivatives (see page 2>j). Thus—

H G = C H + Cu2Cl2 — > 2HCI + CUGEECCU
Cuprous chloride Cuprous acetylide.
(in ammonia).

It may be mentioned that although practically all hydro-
carbons containing triply bound carbon atoms add on bromine
and hydrogen under suitable conditions, yet it is only those
which contain hydrogen atoms directly linked to such carbon
atoms that are capable of yielding metallic derivatives ; e.g.—

HGEEEC CH8 C H 8 C = C CH3

Methylacetylene gives a Dimethylacetylene gives no
metallic derivative. metallic derivative.
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ALCOHOLS.

When methyl iodide is treated with moist silver oxide (in
which we must assume the presence of silver hydroxide
AgOH), a reaction takes place in which silver iodide and a
substance known as methyl alcohol are produced.

Methyl alcohol is found to have a composition represented
by the formula CH4O. Since moist silver oxide contains
an —OH group, just as do sodium and potassium hydroxides,
and as the reaction seems to be a double decomposition, it
would appear probable that the new compound CH4O might
have the constitution CH3OH, and possess some of the
properties usually associated with metallic hydroxides or
even with water.

This is found to be the case ; with sodium, hydrogen is
evolved and the reaction would appear to be analogous with
that of water on sodium, thus—

2H—OH -f- 2Na > 2H0Na + H2

2CH3—0H-f-2Na > 2 C H 3 O N a + H 2

Again, methyl alcohol reacts with hydrogen chloride in a
manner analogous with the behaviour of sodium hydroxide,
and gives rise to monochlorornethane

NaOH + HC1 > NaCl 4- H2O
CH3.OH + HCI > CH 3 Cl- fH 2 O

The halogen derivatives (the iodides are most convenient
for the purpose) of all aliphatic hydrocarbons react in a
similar way with AgOH, in each case giving rise to a com-
pound containing an —OH group in place of the halogen
atom and having some of the properties of a hydroxide.

AgjQH > CnH2n + l0K+ AgX

All these alcohols, as they are called, contain only one
atom of hydrogen replaceable by metals, namely, that in the
—OH group. This atom, therefore, has properties entirely
different from the hydrogen atoms of the alkyl radical.

The term " alcohol" is used in organic chemistry to denote
a compound containing the group C—OH, except when the
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carbon atom forms part of a benzene ring, when the substance
in question is known as a phenol or when the —OH is
present in - C O .OH the carboxyl group (see p. 31).*

It will be seen that three types of alcohols exist, accord-

2n + 1CH2O H

Primary alcohol. Secondary.
;; + r
Tertiary.

ing as to whether the hydroxyl group is attached to a
primary, secondary, or tertiary carbon atom.

On treatment with phosphorus pentachloride PCI5 the
—OH group of practically all alcohols is replaced by a
chlorine atom.

Homologous series of primary, secondary and tertiary
alcohols are, of course, known. The lower members of the
first series are mobile, inflammable liquids with a burning taste,
the middle ones thicker liquids immiscible with water, while
the higher members, such as cetyl alcohol CicH33OH obtained
from spermaceti, are solids with low melting-points.

THE NORMAL ALCOHOLS

Name.

Methyl alcohol
Ethyl alcohol
Propyl alcohol
Butyl alcohol
Amyl alcohol
Hexyl alcohol
Heptyl alcohol
Octyl alcohol
Nonyl alcohol

Formula.

CH3OH
CoH8OH
C3H7OH
C4H9OH
C,H1XOH
C.HX8OH
C7H15OH
C8H17OH
C0H18OH

OF THE SERIES CWH2« + 1OH.

Melting-point.

-114-15°

-79*6°

—
-36-5°
-17-9°

Boiling-point.

67-4°
780

96-5°
116*7°
*37°
157°
1750

I94'5°
2130

Specific gravity
ato°.

0-812
0*806
0-817
0*823
0*829
0*833
0-836
0-839
0*842

* A substance such as tartaric acid, HO. C . CHOII. CHOII. C . OH, is both
II 11

an acid and an alcohol. O O
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THE ISOMERIC PROPYL, BUTYL, AND AMYL ALCOHOLS.

Name.

Propyl alcohols C3H8O —
I. Normal
2. iso

Butyl alcohols C4H10O—
i. Normal primaiy
2. Normal secondary . .
3. iso
4. Trimethylcarbinol . .

Amyl alcohols C8H12O—1. Normal primary
2. iso Butylcarbinol .
3. Secondary butylcarbinol
4. Methylpropylcarbinol .
5. Methylisopropylcarbinol
6. Diethylcarbinol.
7. Dimethylethylcarbinol.
8. Tertiary butycarbinol .

Formula.

CH3.CHo.CH«OH
CH3. CHOH. CH3

CH3.CH..CHo.CH«OH
CHj.CHl.CHOH.CHa

(CH3)XH.CH«OH
(CH3)3C.OH

CH3.(CR,)3.CR>OH
(CH,)XH.CH..CH«,OH

CH3. CH(C#H5)" CHoOHCH3. (CH,)J. CHOH". CH3
(CH3)XHrCHOH.CH3

C,H5. CHOH . CoH5
(CH,).C(OH).G.H,
(CH3~)3C. CH.OH

Melting-
point.

glass-like
-85*8°

-79-6°
glass-like
glass-like

—
-134°

Z

Boiling-
point.

97°O
8i°

II7o
I0O°
107°33°

13S0

131°
12S0

1190

112*5°117°
102°
112°

Specific
gravity
at 200.

0*804
0*789

o*8io
—

o*8o6
0-786

0*815
o*8io
—
—
—
—

Optical Activity.—From a consideration of the constitu-
tional formulas it will be seen that there are four structurally
possible butyl alcohols. All of these have been prepared
and fairly thoroughly investigated. Their structural formulae
are indicated on page 20.

It was found, however, that one of these alcohols, namely,
normal secondary butyl alcohol, could, by suitable means, be
separated into two other distinct forms, so that the number of
isomers of this butyl alcohol is three, making a total of six
butyl alcohols in all.

This isomerism is, however, totally different from that
which we have considered up to the present.

So far we have been accustomed to consider isomerism
as always being accompanied by differences in chemical con-
stitution, and frequently in melting-point, boiling-point and
other physical properties.

If, however, we study the properties of the two new
alcohols into which normal secondary butyl alcohol can be
separated, we shall find—

(i) Their boiling-points, melting-points and solubilities
are identical.

(ii) Their specific gravities are the same.
Moreover on oxidation each of the three alcohols gives

rise to the same substance—methylethyl ketone.

>CO
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When reduced with hydriodic acid they are all three con-
verted into the same hydrocarbon, namely normal butane.

l a one particular, however, the three alcohols differ. The
first, from which by suitable methods the other two can be
obtained, is found to be without action on polarized light.

When a beam of plane polarized light is passed through
layers of these alcohols,* the plane of polarization is rotated
by one isomer to the left (lsevo-rotation) by another to the
right (dextro-rotation), while the other exercises absolutely
no effect, t

The first two alcohols are therefore said to be optically
active, the other optically inactive, and the three are spoken
of as optical isomers.

It is found that a very large number of organic compounds
are optically active, so that the phenomenon is a very general
one.

When the three alcohols are esterified (see page 37) with
acetic acid three secondary butyl acetates are produced which
differ from each other in the same way that the original
alcohols do, namely, in their action on polarized light.

The different effect produced on a beam of plane polarized
light by optical isomers is not due to differences in the
arrangement of the molecules of the substances about one
another, as in quartz, which is optically active, since the
optical activity of liquids is found to persist even in the
vaporous condition, in which state, according to the kinetic
theory of gases, a n / stable arrangement of the molecules is
quite impossible.

We must, therefore, carefully examine the structural
formula of the butyl alcohol mentioned above, which is
capable, to. employ the customary expression, of being
resolved into its optically active components. It is possible
that such an examination will bring to light some point in
which the alcohol in question is unique.

If such should be the case it will be necessary for us to
determine whether the point of difference we have discovered
is sufficient to account for the phenomenon of optical activity.
Above all, we must carefully study the behaviour towards
polarized light of the various products into which our active
butyl alcohol may be converted—

* For this purpose an apparatus known as a polarimeter is employed, for a
description of -which the reader is referred to text-books of physical chemistr/,
where he may also find an account of the theoretical considerations underlying the
phenomenon of polarization.

t As a rule, although the specific gravities, solubilities, melting-points and
boiling-points of optical isomers, i.e. the dextro-rotatory and bevo-rotatory modi-
fications, are similar, these constants differ from those of the inactive form.
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CH sv / C H 8

C H 3 . C H 2 . C H 2 . C H 2 . O H / C <
CH 3

X X O H
Normal butyl alcohol. Trimethyl carbinoL

Inactive. Inactive.

>CH. CH3OH >C<
C H 3 . C H / X)H

Iso-butyl alcohol. ^^ I Secondary butyl alcohol.
Inactive. x^i^ / Active.

3>co / /
CH3CH/ M CH3CH2

Methylethyl ketone. / Normal butane.
Inactive. i Inactive.

CHsC / / CH3

>CO /'£ >CHa

Uj,0
\CH2.CH3Secondary butyl ester of acetic acid.Active.If we now inspect the various formulae given above, weshall find that both the optically active compounds, namely,secondary butyl alcohol and the ester which this alcoholforms with acetic acid are unique in one particular. Theyeach contain a carbon atom (indicated by an asterisk) whichis linked to four different atoms or groups of atoms. In thealcohol these are CH3—, CH3CH2—, H—, and HO—. Inthe ester instead of HO— we have—

The molecules of the other substances of which the
formulae are given do not contain such carbon atoms. If we
afterwards examine the formulae of most other optically
active compounds we shall find that the molecules of these
substances contain at least one carbon atom linked to four
different groups. Such an atom is known as an asymmetric
carbon atom.t

Before turning to consider how this conception of the

f Optically active compounds containing asymmetric atoms of silicon, nitrogen,
phosphorus, sulphur, selenium and tin, instead of asymmetric carbon are also
known.
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asymmetric carbon atom helps us to understand the occur-
rence of optical activity in compounds containing it, it should
be mentioned that the pure kevo-rotatory form of an optically
active substance rotated the plane of polarization to an extent
exactly equal to, but different in sign from, that to which the
plane of polarization is rotated by the pure dextro-rotatory
form. We now see why a mixture of the dextro (d-) and
lasvo (/-) forms in equal amounts is completely inactive.

It was stated on page 2 that the doctrine of the quadri-
valence of the carbon atom forms the basis of theoretical
organic chemistry. A large amount of discussion has taken
place as to the manner in which the four affinities of carbon
(and in general the affinities of all atoms) are distributed on
the surface of the atom. The distribution of the affinity
probably differs for atoms of differing valency.

In the case of carbon the only assumption which can be
shown to be in agreement with observed facts is that the
affinities or valencies of the atom are directed towards the
angles of a regular tetrahedron of which the carbon atom
forms the centre. In order thoroughly to understand the
reasoning into which we must now enter, it is desirable that
models of carbon atoms be constructed. A sphere may be
cut out of a cork to represent the carbon atom. The bonds
or affinities may be represented by needles or wires stuck
into the cork and directed towards the angles of an imaginary
regular tetrahedron. Other cork spheres of different colours
may now be attached to these wires to represent various atoms
which have entered into combination with the carbon atom.

Let us consider the compounds CA2B2, CA2BE, and
CA8E. If element A be represented by red corks, B by
blue, and E by yellow, for the compound CA2B2 we shall
have two red corks and two blue ones attached to the four
needles of the carbon atom Cf and so on. Let us make two
models of CA2B2 with the groups A and B in different posi-
tions. We shall find that by rotating the models we can get
the similar groups to coincide, in other words, we cannot
construct two models of the compound CA2B2 which shall
possess different configurations. That is to say, we should
not expect to find that a compound of this type could exist
in isomeric forms, and experience confirms this expectation.

Similarly, if we make two models of the compound
CA2BE and two of CA8E, we shall be able by rotating them
to get the like groups into similar positions, and as might be
expected, we do not meet with isomerism in compounds of
these types.
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If, however, we make two models of a compound of the
type C ABDE in which the relative positions of A, B, D and E
are different, we shall find that two configurations are possible,
the like groups of which cannot be made to coincide. The
two configurations resemble one another as an object and its
mirror image, or as a right-hand and left-hand glove. ^ We
might, therefore, expect compounds of this type to exist in
two modifications, which would exhibit certain differences in
properties. This, as we have seen, is borne out by experiment,
and the only difference between them consists in their
effect on polarized light.

The arrangement of the groups round the asymmetric
carbon atom gives rise in some way to the action on polarized
light, and from the relation which we have found to
exist between the two possible configurations, we can see in
a general way how it is that- the two optically active
isomers produce rotations arithmetically equal but opposite
in algebraical sign.

Another very important consideration dealing with the
question of optically active compounds must now be
mentioned.

Large numbers of these substances occur in nature, in
plant tissues, juices, seeds, etc., and in the tissues of men and
animals.

On the other hand, if we attempt to synthesize an optically
active substance in the laboratory we always obtain as a
result the inactive substance, i.e. a mixture of equal
amounts of the dextro- and the lsevo-rotatory forms. Special
methods for the separation of these must be employed if the
optically active substances are to be obtained.

This is probably due to the fact that in any chemical
reaction carried out in the laboratory there is just as much
probability of the formation of the d- as of the /- modification.
Consequently, both are formed in equal quantities.

In nature some particular agency must be present which
is lacking under laboratory conditions. As to the nature of
this agency we know practically nothing.

The extraction of an optically active substance from a
naturally occurring product indicates that that substance
has its origin in animal or vegetable tissue (see page 74).

Properties of the Aliphatic Alcohols.—On oxidation with
chromic acid solution or by incomplete combustion, two
hydrogen atoms are removed and volatile compounds known
as aldehydes are formed—
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The aldehydes, on further oxidation, are converted into
acids.

\ +lCOOH
X H

It will be seen that the aldehyde and the acid both
contain the same number of carbon atoms as the alcohol,
e.g. ethyl alcohol when treated with chromic acid yields
acetaldehyde which on standing in air or by oxidation with
potassium permanganate or more chromic acid is converted
into acetic acid—

C H 3 . C H 2 . O H — > CH3CH — > C H 3 c f
X O H

Acetaldehyde. Acetic acid.

ALDEHYDES.

We may now deal with the oxidation of the primary
alcohols. The first products obtained are aldehydes, most of
which are colourless liquids (formaldehyde is a gas) with a
peculiar pungent odour which is in some cases reminiscent of
fruit extracts.

The aliphatic aldehydes have the general formula C»H2«O.
They contain no hydrogen replaceable by sodium, so the
hydroxyl group is absent; a further proof of this is furnished
by the action of phosphorus pentachloride, which instead of
introducing one chlorine atom into the molecule in place of
hydroxyl replaces the oxygen atom by two atoms of chlorine.

The oxygen in aldehydes is therefore differently linked
from that in alcohols. It can be shown that the alkyl group
of a primary alcohol CwH2* + iCH2OH is present unchanged,
in the aldehyde derived therefrom,* which must therefore
possess one of the two formulae—

C«H 2 « + iC\ and C H2» + iC—0—H2 « + i C \

I. I I .

* This, of course, is only true if the formula be written as above, since the
terminal —CH2 group linked to hydroxyl is oxidized to CHO. Thus the methyl
group of ethyl alcohol appears in acetaldehyde, but not the ethyl radical.
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The absence of an —OH group has, however, been proved,
so that the general formulae for aldehydes must be written
as I. The adoption of the second would obviously, moreover,
lead to difficulties as to the valency of carbon.

Properties of the Aldehydes.—As has already been mentioned,
they are very readily oxidized and so are capable of reduc-
ing silver salts to metallic silver, alkaline copper solutions
to cuprous oxide and potassium permanganate to hydrated
manganese dioxide.

Towards both acids and alkalis they are very sensitive.
Acetaldehyde (so called because on oxidation it yields

acetic acid, compare propionaldehyde and propionic acid, etc.),
is a liquid boiling at 240 C. On addition of a few drops of
sulphuric acid it is converted into a colourless liquid boiling
at I24°C. having the same percentage composition and em-
pirical formula, but of which the vapour density indicates that
the formula (C2H4O)3 must be ascribed to i t ' This compound
is known as paracetaldehyde, or more shortly, paraldehyde.

The cyclic formula—
O

/ \
CH3CH HC.CH3

j I
o o

H CH3
is believed to represent its constitution since on distillation
with dilute acid, it breaks up again into acetaldehyde. Now,
experience has shown that the linkage C—C is much more
difficult to break than the linkage C—O—C, so in view of
the instability of paraldehyde the carbon atoms are supposed
to be linked through oxygen.

When the molecules of a substance combine to form a
body having the same percentage composition and from
which the original compound can readily be regenerated,
the change is known as Polymerization and the compound
which results is called a polymer of the original one.
Paraldehyde is a polymer of acetaldehyde. Other examples
of polymerization are the production of (I) cyanuric acid from
cyanic acid

3HCNO ^ (HCNO)3



CONDENSATION 25

(II) Paraformaldehyde from formaldehyde—

3 H . C H O >• (CH2O)3

Under the influence of dilute alkalies most aldehydes
(except formaldehyde) are converted into substances known
as aldols, one molecule of water being eliminated from two
molecules of the aldehyde. From these aldols the original
aldehyde cannot be regenerated. This renders it highly
probable that the union of the aldehyde molecules takes
place through C—C linkings. The conversion under suitable
conditions of aldols into straight chain saturated acids of
the series C,zH2«+iCOOH proves this to be the case. The
formation of ordinary aldol from acetaldehyde is to be
represented thus—

C H 3 . c f + H . C H 2 . c f

C H 3 . C CH2 - (

When two or more molecules of a substance unite through
carbon bonds to produce a compound from which the original
compound cannot readily be regenerated, the process is known
as Condensation.

Examples of this phenomenon are the condensation of
acetone to mesitylene (page 231) and of acetylene to benzene
(page 229).

^ °Since aldol contains an aldehyde grouping—C\ it can
X H

itself undergo another aldol condensation, thus yielding a
compound containing a chain of eight carbon atoms which
can then condense to a chain of sixteen atoms, and so on.
Moreover, aldol can lose water, forming unsaturated com-
pounds thus—

C H 3 C H O H . C H 2 . C H > C H 8 C H = C H . O f + H2O
N H

Aldol. Crotonaldehyde.

These two reactions are probably responsible for the
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formation of a yellow resin when aldehyde solutions are
boiled with caustic soda solution. See also section on sugars.

CARBOHYDRATES.

The compounds known as carbohydrates all possess the
general formula C^(H2O)^. The name arises from the fact
that in all these compounds hydrogen and oxygen were found
to be present in the ratio in which they combine to form
water. It should be unnecessary to state that they cannot
be formed by the action of carbon on water.

Carbohydrates may be divided into three classes : the
complex carbohydrates such as cellulose,* starch, glycogen,
inulin, and dextrin ; the relatively simpler ones, such as cane
sugar and milk sugar, and the simplest such as fructose,
glucose, and xylose. The first two classes are known as
polysaccharides, the last class as monosaccharides. The poly-
saccharides, as we shall see later, yield simpler sugars on
boiling with acids, the monosaccharides are unchanged. •

Those polysaccharides which under these conditions yield
two molecules of a monosaccharide are known as disaccharides.
The monosaccharides may be tetroses, pentoses, or hexoses
according as there are four, five, or six carbon atoms in the
molecule. Some of the monosaccharides are ketones such as
fructose, others are aldehydes, e.g. glucose.

Starch.—The presence of this substance in potatoes, rice,
and various cereals is well known. The starch granules from
different plants, although possessing the same chemical com-
position, appear sharply differentiated when viewed under the
microscope. These differences, however, are purely physical
in their nature, and are due to the varying manner in which
the starch has been deposited and stored up by the various
plants. The empirical formula of starch is QHIQOS. Its
molecular weight, however, is unknown, but is undoubtedly
very great, so that the molecule of starch is usually represented
as (C6Hi0O5)^. It is interesting to note that while starch is
stored up to a large extent in the tissues of many plants, and
inulin occurs in others, for example, in the tubers of the
dahlia, glycogen occurs in large quantities in the livers of
men and animals, and forms a valuable reserve store of
energy.

Starch does not dissolve in cold water, but on boiling
forms a turbid colloidal solution. The characteristic dark-

* For information regarding cellulose, see page 260.
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blue colour which is produced when this "starch paste" is
treated with a solution of iodine in potassium iodide is well
known. On boiling the solution the colour is discharged,
but returns on cooling. Inulin does not give this reaction, and
glycogen produces under similar conditions a brown coloration.

If starch be heated to about 2000 C, or boiled for a short
time with dilute acids, it is converted into a substance known
as dextrin. This substance, which is largely used as an
adhesive under the name British gum, is of relatively small
importance chemically. Its properties are intermediate
between those of starch and the important class of compounds
which must next be considered, namely the sugars.

Sugars.—If the boiling with dilute acids be continued for
long it is found that the starch is completely converted, into a
substance known as glucose or grape sugar, which is incapable
of giving rise to a blue coloration with a solution of iodine in
potassium iodide. After removal of the acid the glucose can be
obtained in the solid form. It is also produced by the action
of certain enzymes on starch. Both these methods of
preparation are more fully discussed in Chapter XVIII.

Glucose, dextrose, or grape sugar has the molecular
formula C6Hi206, as is indicated by analysis, and the depres-
sion of the freezing-point of its aqueous solutions. It is
therefore a hexose. Its formation from starch may be ex-
pressed thus—

When quite pure, glucose is a white crystalline solid, very
soluble in water, and possessing a slightly sweet taste. The
structural formula—

CH2OH. CHOH . CHOH. CHOH . CHOH . C\
XH

has been assigned to it on the following grounds.*
(i) It shows the reactions of aldehydes, e.g. the reduction of

Fehling's solution, resinification with alkalies, formation of an
addition compound with hydrocyanic acid, and is therefore
an aldo-hexose.

• Certain observations, into the details of which we cannot enter here, have
led to the proposal of another formula for glucose—

CH2OH . CHOH. CH. CHOH. CHOH. CHOH

1 0 1
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(ii) Glucose forms a penta-acetate and must therefore
contain five hydroxyl groups.

(iii) On reduction it takes up two atoms of hydrogen, as
do most aldehydes, and is converted into an alcohol which
can be made to yield a hexa-acetate ; with hydriodic acid
this hexahydric alcohol finally yields normal hexane. Glucose
therefore contains a straight chain of six carbon atoms—

C H . O H . (CHOH) 4 cf — > CH 2 OH. (CHOH) 4 . CH2OH

—-> CH 3 . (CH 2) 4 .CH 3

n-hexane.
In.presence of living yeast-cells, or of the enzyme which

they secrete, glucose is converted into alcohol and carbon-
dioxide, traces of succinic acid, glycerol, and amyl alcohol
being produced at the same time.

C6Hi206 > 2C2H6O + 2CO2

Glucose is also obtained by the action of dilute acids on
such substances as cane sugar, milk sugar, and malt sugar,
whose names sufficiently indicate their modes of occurrence.
These three substances are isomeric since they all possess the
formula Q2H22O11. Their conversion into glucose through
interaction with water in presence of dilute acids is expressed
thus—

C12H22O11 + H2O > 2C6H12O6

Maltose.

This reaction resembles the conversion into glucose
of the more complex substance starch, and both furnish
examples of a phenomenon known as hydrolysis, which may
be defined as "decomposition brought about by reaction with
one or more molecules of water."

It is important to note, however, that glucose is not the
only product obtained when dilute acids act on cane sugar.
Another sugar known as fructose, fruit sugar, or lsevulose is
produced which also has the formula C6Hl2O6. As a result
of researches, which cannot be fully described here, the
constitutional formula—

C H 2 . O H . C H O H . C H O H . C H O H : C O . C H 2 O H

has been assigned to it. It is clearly a keto-hexose, since it
contains the group CO, characteristic of ketones (see page 33).
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Cane sugar would therefore appear to be formed by the
union of a glucose with a fructose molecule, with the simul-
taneous elimination of one molecule of water. It is therefore
a disaccharide. Similarly, it can be shown that malt sugar
consists of two glucose molecules minus one molecule of
water, and that milk sugar is similarly produced from glucose
and another hexose known as galactose.

Now although both glucose and fructose reduce Fehling's
solution, giving rise to a red precipitate of cuprous oxide, cane
sugar does not do so.

It would therefore appear that cane sugar contains no
free carbonyl group.

On the other hand, lactose or milk sugar and maltose or
malt sugar readily reduce Fehling's solution. The formulae
for maltose and cane sugar indicated below have been put
forward to explain the observed reactions of these substances.
As regards the constitution of the molecules of the more
complex carbohydrates such as starch, glycogen, and cellulose
very little is known.

C H 2 . O H

CHOH

CHO|H_

CHOH

CHOH

C=|O
H —

H

(CHOH)4 - » H2O +

CH 8 OH / H

| C = O
C H O H
I / H

: — o — ( C H O H ) *

CH2

H O H

C H O H

Two molecules of glucose.
HC 6
One molecule of maltose or lactose
(contains a free carbonyl group).

Similarly, the constitution of cane sugar, which is formed
from a molecule of glucose and a molecule of fructose, is
represented thus—
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CH2OH

CHOH

AHO|_H
I
CHOH

CHOH

C =
H

0

Glucose.

CH2OH

CHOH
I

CHO|JH

CHOH

^ |
CH2OH

Fructose.

CH2OH CH2OH
I |H

CHOH C O —
|H |

H20
CO—

AHOH

CHOH

c-
H

CHOH

CHOH

-O CH2OH
Cane sugar

(containing no free carbonyl group).

It may be mentioned that starch and cellulose do not
exhibit the reactions of ketones or aldehydes. Free carbonyl
groups are therefore absent from their molecules. The
chemical composition of starch and cellulose therefore is
probably somewhat similar to, but much more complex than,
that of cane sugar.

ACIDS.

The acid obtained by the oxidation of a primary satu-
rated alcohol C*H2K + I0H contains the same number of
carbon and hydrogen atoms, but one extra atom of oxygen.
The alkyl group of the primary alcohol C*H2« + iCH2OH can
be proved to be present unchanged in the acid C«H2,, + iCOOH

and as it is also present in the aldehyde C»H2a + iC\XO
(see footnote, page 23), it follows that the change from an
aldehyde to the corresponding acid should be represented
thus—

O

SH + i
I
—OH

This formulation is confirmed by the fact that all the
acids react with sodium evolving hydrogen and giving rise to
monosodio-derivatives, while with phosphorus pentachloride
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one atom of oxygen and one of hydrogen are replaced by
one chlorine atom giving rise to a compound of the formula—

XC1

These reactions we have learnt are characteristic of
—OH groups. The —C—-OH group is characteristic of

II
O

most organic acids, and is known as the carboxyl group.
The members of the homologous series C«H2« H

are usually known as the saturated fatty acids, since some of
the higher members such as palmitic acid Ci5HsiCOOH and
stearic acid Ci7H35COOH can be obtained from fats. The
first two members, formic and acetic acids, deserve especial
mention.

Formic acid H . C O O H occurs In the red ant (formica
rufa), by the distillation of which it was first obtained. It
may be prepared by the oxidation of methyl alcohol
with chromic acid, or in the form of its salts by the action of
carbon dioxide on sodium hydride; also by passing carbon
monoxide over soda lime at 2io°.

C H 3 . OH + O — > - H . C—OH + H2O

H . N a + CO2 > H . C — O N a

H—ONa + CO >- H . C—ONa

The last method is employed commercially.
Formic acid furnishes a good example of the well-known

fact that the first member of a homologous series often
exhibits properties which are almost entirely lacking in any
of the other members. Thus while the other fatty acids are
remarkably stable substances both in presence of oxidizing
agents and of concentrated sulphuric acid, formic acid is a
powerful reducing agent. It precipitates many metals from
solutions of their salts, e.g. silver, mercury, platinum and
palladium. The action on a solution of palladious chloride is
used for the preparation of palladium black as employed on
page 251. Potassium permanganate readily oxidizes it to
CO2 .and water. Concentrated sulphuric acid decomposes it
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at the ordinary temperature, water and carbon monoxide
being produced.

It is important to note that the hydrogen atom directly
/>

linked to carbon in formic acid H—C—OH is not replace-
able by a metal, and that the formula of sodium formate is
H . C—ONa and not Na— C—OH.

II II
O O
Formyl chloride H . C—Cl is unknown ; all the other

II
O

acids of this series yield acid chlorides with PC]S.

R. C—OH + PC15 —>- R. C—Cl + POCI3 + HC1
II II

o o
Acid chloride.

These are colourless liquids, usually possessing an unplea-
sant pungent odour. They are readily decomposed by water,
the acid being regenerated.

R.C0C1 + H0H —> R.C00H + HC1.
With ammonia they yield acid amides.

R.C—|C1 + H|.NH2 —> R.C—NH2 + HC1
II II
o o

Acid amide.
The group —C—NH2 is known as the acid amide group

II
O

and is on no account to be confounded with the amino group
—NH2. The acid amides are usually crystalline solids which
on boiling with caustic alkalies are decomposed.

O

FH1—OK —^ R.C-
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K E T O N E S .

When the calcium salts of the saturated acids
C»H2« + i C 0 0 H are submitted to dry distillation the vola-
tile products consist largely of colourless liquids known as
ketones, the formation of which is to be represented thus—

R .

R . C —
Ca > C = O + CaCOs>

Ketones are also obtained by the oxidation of secondary
alcohols.

R R
H . O H + 0 > C = 0 + H 2 0

Properties of Ketones.—By reducing agents such as sodium
and alcohol or sodium amalgam and water they are recon-
verted into secondary alcohols. The yield, however, is not
always quantitative, since in some cases complex by-products
are formed. Thus acetone C H 8 . C O . C H 8 which may be
obtained by the dry distillation of calcium acetate or by the
oxidation of isopropyl alcohol, when reduced gives rise not
only to isopropyl alcohol but also to a substance known as
pinacone.

C H 8 \
> C H O H

Pinacone.

An important property of ketones is the readiness with
which they, in common with most aldehydes, which also
possess the group H C O , react with hydroxylamine H2N—OH
and phenylhydrazine QH5NH . NH2. Many ketones and
aldehydes react also with sodium hydrogen sulphite. With
hydroxylamine, oximes are obtained, e.g. with acetone.
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C H 8 \ CH3

> T ~ H 5 > C = N - O H + H2O
C H /

Acetoxime.
Phenylhydrazine produces phenylhydrazones thus—

(C»H2w + 1)2CO + H 2 N.NHC 6 H 6

—•*- ( C H j , + i)8C=-N. N H Q H s + H2O
A phenylhydrazone.

With sodium hydrogen sulphite (usually known as sodium
bisulphite) addition products are formed, from which the
original ketone may be regenerated by addition of acids.

C H 8 \ CH 3 \ / O H
> C = O + H O . SO . ONa — > }C<

C H , ' CU/ \ > . S O N a
II
O

Acetone sodium bisulphite.
These so-called bisulphite compounds can therefore be

used as a means of purifying ketones and aldehydes, since
many of them crystallise well.

Ketones readily combine with anhydrous hydrocyanic
acid in presence of a trace of potassium cyanide forming
cyanohydrins R2C(OH)CN which are easily converted into
the corresponding hydroxy acids by hydrolysis with con-
centrated acids, e.g.—

C H 8 \ C H 3 \ / O H
>CO + HCN — > > C <

CH 8
X C H / X C N

Acetone cyanohydrin.
2H2O C H 8 \ / O H
—->- }C< + NH 8

C H 8
/ X COOH

a-hydroxyisobutyric acid.

The reaction between aliphatic ketones and ammonia is
rather complicated, and leads to the formation of products
derived by the elimination of water from one molecule of
ammonia and either two or three of acetone. These are
known as " Acetoneamines."

Ketones readily undergo oxidation. The process, how-
ever, is not a very simple one. The molecule will be
attacked by the oxidizing agent at its weakest point, this




