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TRANSLATOR'S PREFACE

WITH REGARD to the object of this work there is little
to add to Professor HJELT’S remarks; it is intended for
those students who have already some general ele-
mentary knowledge of organic chemistry, and who
wish to extend and systematise that knowledge. In
Part I. the composition, constitution, and classification
of organic compounds are discussed and explained as
clearly and concisely as possible. Part II. is devoted to
illustrating the connection between the constitution of
organic compounds and their chief physical properties.
Part III. deals with the chemical behaviour of organic
compounds. The reactions described in this section
are in all cases arranged according to the resulfs;
dehydration processes for instance being all classed
together. Although such a division is somewhat novel,
experience has shown that it materially assists students
in obtaining a wide and thorough grasp of the subject.
No pains have been spared in order to bring the work

into harmony with the latest researches, though of
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course, from the very nature of the case, all contro-
versial matter has been excluded. No similar work
exists in English, and it is hoped that the present
edition may obtain as favourable a reception as the
foreign ones have done. The translator wishes to ex-
press his best thanks to Dr. ALEx. SMITH, of Edinburgh
University, for his kind and valuable help in the revision

of the proof sheets.
J. Bisaor TINGLE.

HERIOT-WATT COLLEGE, EDINBURGH,
February 1890.
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—— e

MaNy new compounds and reactions have been
discovered during the past few years in the domain of
organic chemistry. In systematic textbooks these must
all be noticed even if they possess no important bearing
upon the general and theoretical progress of the science.
The enumeration and description of separate compounds,
their preparation, composition, and properties, occupy a
large amount of space in the ordinary textbooks. It
naturally follows therefore, that in using such books,
students are apt frequently to overlook much that is
of general importance in their endeavour to remember
particulars of the properties and reactions of single
substances. The object of the present work is to give
in a short and clear form the most important points of
_general and theoretical organic chemistry. The book
is intended as a supplement to, rather than a substitute
for, ordinary textbooks.

e -



viii GENERAL ORGANIC CHEMISTRY

The description of the chemical behaviour of organic
compounds is arranged according to the result of the
reaction, and not according to the action of the reagent.
Though difficulties are met with in such a classification,
it is, in the author’s opinion, the best.

The first and second editions of this work appeared
in Swedish; the favourable reception they met with
caused the publication of a German edition.

"THE AUTHOR.

HELSINGFORS, February 18817.
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PART I
THE COMPOSITION OF ORGANIC COMPOUNDS

CHAPTER I

ELEMENTARY COMPOSITION

ALL so-called ¢organic’ bodies contain carbon as an
essential constituent, they are carbon compounds.
Carbon possesses the property, in a greater degree
than any other element, of forming numerous com-
pounds with other simple bodies. The number .of
known carbon compounds is already very great, and is
increased daily by newly discovered and newly prepared
substances, so that it really appears as if no limit
could be assigned to its possible combinations, . In
these circumstances it becomes necessary to treat the
compounds of carbon by themselves apart from those of
the other elements. At the same time it was not to
this practical reason that the first separation of
inorganic from organic compounds was due. This
division was made long before anything was known of
the large number of the carbon compounds.
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In the earlier periods of chemistry a distinction
was made between mineral, vegetable, and animal
bodies. This division was first put forward by Lemery
(1675), and retained by Lavoisier, although he clearly
recognised that the last two classes included bodies
containing carbon.

In later times vegetable and animal substances were
classed together under the name ‘organic,’ in contra-
distinction to inorganic or mineral substances. By the
term ‘organic compound’ was understood all bodies
in organic nature produced by vital processes, as well
as any others which could be prepared from them by the
action of chemical agents.

Inorganic substances were generally more stable
and less complex in constitution, organic substances
usually more complicated, and easily decomposed,
especially by the action of high temperatures. Inor-
ganic compounds could be easily prepared from their
elements, but a similar synthesis of organic substances
was not possible. A sharp division was believed to
exist between these two groups of bodies, and it was
thought that the compounds occurring in living nature
were direct products of the ¢vital principle,’ and that,
for the artificial preparation of an organic compound, a
material produced under the influence of this special
force was necessary. The view was strengthened that
organic compounds in their production and reactions
followed quite different and more complicated laws
than those which had been discovered for inorganic
substances.

The development of organic chemistry has gradually
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shown this conception to be untenable. The belief in
the necessity of the ¢ vital principle’ for the formation of
organic compounds received the first blow in 1828 from
‘Wohler’s synthesis of urea from simple substances which
were regarded as inorganic (cyanic acid and ammonia).
Notwithstanding this, Berzelius, in his text-book issued
in 1849, defined organic chemistry as the chemistry of
compounds formed under the influence of life. It was,
however, soon perceived that organic compounds were
subjected to the same chemical forces and followed the
same laws as the inorganic, and that a sharp division
between these groups of compounds did not exist.
From the carbon of a mineral—witherite BaCO,—
Berthelot prepared a whole series of more or less com-
plicated organic cémpounds. Many of the bodies
which occur in the organisms of plants and animals
have been prepared synthetically during late years.
There are, however, many substances which cannot be
produced apart from living organisms. These are more
particularly the organised bodies, that is to say those
possessed of a peculiar structure given to them by the
living organism. Such bodies are the special material
conductors of the vital functions, and include the simple
constituents of cells, protoplasm, the cellulose of cell
membranes, starch, &c. ~ Substances endowed with vital
properties may be called organic in the strict sense of
the word, but they are not really definite chemical com-
pounds, they are of physiological construction and con-
sequently do mnot belong to the domain of organic
chemistry. From a chemical standpoint they should be
treated in botanical and zoological chemistry, sciences
B 2
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which could be much more truly termed °organic
chemistry’ than that which at present bears the name.

The only property which organic compounds have
in common is that they contain carbon as an essential
constituent. Organic chemistry must consequently be
defined as the chemistry of carbon compounds, and it is
therefore only a special part of general chemistry.
The simpler carbon compounds, such as carbon mon-
oxide, and especially carbonic acid, salts of which occur
generally throughout the mineral kingdom, are never-
theless termed inorganic. In order to escape classing
these compounds as organic, L. Gmelin defined organic
chemistry as the chemistry of carbon compounds contain-
ing more than one atom of carbon in the molecule. That
this limitation is not correct is shown by the fact that
methyl alcohol and its derivative formic acid would not
be placed with organic compounds.!

Tt follows therefore that (organic chemistry, in the
widest sense of the term, embraces all compounds con-
taining carbonj and, as a matter of faot, carbon monoxide,
carbon dioxide, carbon disulphide, &c., are very closely
related to certain more complicated organic compounds.
It is only on grounds of practical convenience that these
important simply constituted bodies are discussed
together with carbon itself in text-books of inorganic
chemistry.  Although the number of organic com-
pounds is enormously great, the majority of them are

! This limitation appeared to be justified in Gmelin’s time
because carbonic acid and carbon disulphide were then written
CO, and CS,, but methyl alcohol C,H,0, and formic acid C,H,0,
(C=6,0=8).
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composed of very few elements. Besides carbon, the
universal constituent, the majority of organic compounds
contain hydrogen and oxygen—nitrogen is also fre-
quently present. From this small number of elements
many thousands of organic compounds have been built
up. The four simple bodies already mentioned are the
chief elements of organic compounds and of organised
substances formed from them ; to these must be added
sulphur and phosphorus, which are often found in bodies
produced in nature. By artificial means all elements
without exception may be combined to form organic
compounds. The hydrogen in such compounds can,
for example, be easily replaced by halogens. The
metals can not only form salts with organic acids, but
many of them can also be combined with carbon in
quite neutral bodies. In these compounds the halogen
or metal is frequently masked—that is to say, it cannot
be detected by its usual reagents. The halogens are
often not precipitated from organic compounds by silver
nitrate, nor mercury by hydrogen sulphide. They react
only when the element has been liberated from the
carbon by some means, or when the organic compound
itself has been destroyed by heating or energetic
oxidation.

In order to find the composition of an organic com-
pound, it must be subjected to a complete elementary
analysis. The quantity of each of its elements must be
estimated. The ordinary methods employed are de-
scribed in every text-book of organic chemistry. A
simple empirical formula representing the composition
of the compound can be easily calculated from the
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percentage numbers. Suppose, for example, the com-
pound called ¢butyric acid’ gives, on analysis, the
following percentage composition :—

C = 5455
0 = 36:37
100-00

In order to find the atomic proportions of the ele-
ments from these proportions by weight, the percentage
numbers are divided by the atomic weights of the
respective elements. The quotients represent the ratio
of the elementary atoms contained in the compound.

= 5455 + 12 = 4-54
= 908+ 1=908
0 =36-37 - 16 = 2-27

The atomic ratio is 4-54 : 9-08 : 2:27, or 2 . 4 : 1.
The simplest possible formula for butyric acid is there-
fore C,H,0. It must not however be supposed that
this formula represents the actual atomic composition,
for we find the same atomic ratio in the formulae
CH,0,, C;H,,0,, &c. The chemical formula of a com-
pound represents not only the simplest atomic ratios of
the elementary components, but also the atomic compo-
sition of the molecule—that is to say, the real number
of atoms in the molecule ; in short, it is also a molecular
formula.

On account of the excessively large number of
carbon compounds, it is of particular importance to
know the true molecular formula of each single sub-
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stance. Which of the above formule to give to butyric
acid can be known by determining the molecular weight
of the compound, and there is no difficulty in doing
that, as butyric acid can easily be gasified.

The specific gravity of butyric acid gas is 3:05. If
this number be multiplied by 28-87 (=2 x 14-435), the
molecular weight 88 is obtained. This determination
shows that butyric acid has the formula C,H;O,, mole-
cular weight 88, and not the simple formula C,H,O,
molecular weight 44. If ordinary aldehyde be analysed,
the atomic ratio C,H,O is also obtained. A determina-~
tion of the vapour density of aldehyde shows that its
molecular weight is 44, and that consequently the true
formula is identical with the simplest. This method of
determining the molecular weight by means of the
vapour density can only be applied to bodies which
can be heated above their boiling-points without decom-
position. A process has however been discovered and
recently worked out by means of which the molecular
weight of substances can be found even when they do
not admit of being gasified ; it is called, after the name
of the discoverer, the ‘ Raoult’ method, and is based upon
the fact that chemically similar compounds generally
produce equal lowerings of the freezing-point of water
or some other solvent. It has been calculated from
experiment that if the molecular weight in grams of a
substance were to be dissolved in water, under certain
conditions of concentration, the freezing-point would be
lowered on the average 19° C. With benzene as a
solvent, the lowering of the freezing-point would be
49° C., with glacial acetic acid 39° C., always provided
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that the substance under examination has no chemical
action on the solvent employed. - The analysis of phenol
leads to the formula C;H,O; 1 gr. of phenol dissolved
in 100 gr. of water lowers the freezing-point 0:165°; the
molecular weight of phenol must therefore be 94, and
not 188 or 282, because 94 x 0°165 = 15°5.

It is however possible, by studying the reactions
and compounds of a substance, to determine its mole-
cular formula by purely chemical means. The problem
is simplest in the case of acids or bases. The molecular
formula of butyric acid can be determined chemically in
the following manner. The silver salt of the acid is
prepared and analysed. The percentage composition
is found to be—

C = 2462
H = 359
0 = 1641
100:00
From these numbers the atomic ratio is calculated :—
C =205=4
H =359=7
0O =102=2

The formula C,H,AgO, is consequently obtained. It

‘is however known that butyric acid is monobasic, and
that its silver salt is formed by replacing one atom of
hydrogen by one of silver; the formula of the acid must
therefore be C,H,O,.
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In order to determine the molecular formula of an
organic base, a neutral salt of it is prepared and its
molecular weight determined from the quantity of acid
in the salt. For convenience the platinum double salt
is usually chosen. The hydrochloric acid salts of or-
ganic bases give compounds with platinum chloride
strictly analogous with ammonium platinum chloride
PtCl1,.2NH,Cl. By estimating the quantity of platinum
in the salt the molecular formula of the base can be

" calculated.

In the case of indifferent substances which form
compounds with neither acids nor bases, other reactions
must be employed to determine the molecular weight.
The simplest formula for acetic ether is C,H,O; if it be
treated with potassinm hydrate equal molecules of
ethyl alcohol C,H,O and potassium acetate C,H,0,K
are produced. The formula C,H,0 must therefore be
doubled, as there are 4 atoms of carbon in one molecule
of alcohol and one of acetic acid. The decomposition of
acetic ether is thus represented :—

C,H,0, + KOH = C,H,0 + C,H,0,K.

A study of the substitution products of an organic
compound may also serve to fix its smallest possible,
molecular formula. From the analysis of benzene the
atomic ratio of CH is obtained. If chlorine be allowed
to act on benzene, a compound C;H,Cl is formed as
the first substitution product. The smallest possible
formula for benzene is consequently C,;H,.
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CHAPTER 1II

CONSTITUTION

AN empirical molecular formula for a compound is
obtained by an elementary analysis together with a
molecular weight determination. Experience has shown,
however, that compounds having exactly the same
molecular formula are not therefore necessarily identical,
they may differ considerably in properties from one
another. This can only be accounted for by supposing
that the atoms in the molecules of the different com-
pounds are differently bound together or differently
grouped. The properties of compounds do not depend
entirely on the nature and number of their atoms, as
was formerly supposed—the manner of their relative
arrangement in the molecule is of equal importance.
The discovery of this inner grouping of the atoms of a
compound, or of its chemical constitution, is one of the
more weighty problems of chemical research.

This constitution is represented by graphic formuls,
which only serve to give a systematic plan of the rela-
tive atomic groupings of the compound as deduced
from a study of its general relations and chemical re-
actions. Notwithstanding the apparent probability
and agreement with facts of our present theory of
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chemical constitution, it is only really of a hypothetical
nature, for our knowledge of the workings of affinity
and of that force exerted by atoms which holds the
molecules together is still very incomplete and faulty.
Carbon is the chief element of organic compounds. The
great number of these compounds and the peculiarities
they show are dependent on the chemical nature of
carbon, and certain of its peculiar properties. In con-
sidering this part of the subject four circumstances are
of importance :—

(1) The property possessed by carbon of combining
with elements of the most different nature.
(2) The power of carbon to combine with itself,
together with the high valency of its atom.
/ (3) The stability of the carbon bond.
(4) The behaviour of carbon towards hydrogen.

In the natural classification of the elements carbon
occupies the central place in the first period. Li(7),
Be(9), B(11), C(12), N(14), O(16), F(19). If the
different valencies of these elements be compared with
that of any other element, a regular increase or decrease
is found from Li to F. The valency reaches its maxi-
mum or minimum at one or other of these elements at
the ends of the period. From the position of carbon in
the middle of the period it follows that the difference of
valency in its case must be small, or in other words,
that carbon possesses the property of combining with
elements of the most different nature. Atoms can not
only combine with dissimilar atoms but also with
similar ones. Molecules of hydrogen and of chlorine, for
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example, are formed by the combination of two similar
atoms H—H, Cl—Cl.

No more than two monovalent atoms can enter into
direct combination with each other—their combining
powers are thereby mutually satisfied. If however two
atoms of a polyvalent element unite, they may do so
in such a way that only a part of the valencies are used
in order to join them together :—

—0—0—; —N=N—; =N—N=,

Carbon is a tetravalent element, each atom has four

units of affinity —C—

If two carbon atoms combine together without
mutually satisfying all the valencies, three cases are
possible, those namely in which one, two, or three
valencies of one atom are saturated by a corresponding
number of the other:— '

| I |
—(——C— (=C —C=C—

L

In such groups of two atoms of carbon free affinities
exist, by means of which the group is able to attach to
itself more carbon atoms. The polyvalent elements
have consequently the power of forming true atomic
chains by the combination of a number of their atoms.
The greater the valency of an element the more compli-
cated are its combining ratios, and the greater possi-
bility exists of its atoms forming numerous compounds
with similar and dissimilar atoms. The atoms of
carbon possess, in a much greater degree than those of
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any other element, the property of combining with
similar atoms whereby a part of their valencies are
saturated.

—C—
& | | |
—0— —C— —0— @ —C—
| | | I
—(0— —C— —0— —C—C—
| | I L
—C— —C0— —C—

The free valencies in such carbon chains must of
course be satisfied by other atoms, or in other words,
carbon chains only exist in combination with other ele-
ments ; they are therefore sometimes called carbon
nuclei. A limit to the length of these chains is un-
known. It must not however be understood that all
imaginable or even theoretically possible chains of
carbon atoms can actually exist; in many cases the
contrary has been proved by direct experiment.
The carbon bond shows great stability, and resist-
ance to the action of forces, not only when it exists
between carbon and some other element, but more
especially when it is between carbon and carbon. It is
for this reason that the number of atoms in an organic
compound may be exceedingly great without the mole-
cule decomposing. It follows also from the above that
an enofmously large quantity of energy may be accumu-
lated in organic compounds. It is only occasionally
that this energy is sufficient, either alone or in combi-
nation with a slight external force, to overcome the
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resistance of the carbon bond. (Atomic rearrangement
accompanied by evolution of heat ; explosion.)

All free valencies in a carbon group may be satu-
rated with hydrogen. If the above carbon nuclei com-
bine with hydrogen, the hydrocarbons C,H,, C,H,,
CH,, are formed. An enormously large number of
hydrocarbons exist ; the other elements form as a rule
only one or two hydrogen compounds. The number
of hydrocarbons, like that of the carbon nuclei, is
unlimited—each nucleus corresponds to a hydrocarbon.
All other carbon compounds may be considered to be
derived more or less directly from the hydrocarbons.
They may be regarded as hydrocarbons in which
hydrogen is replaced by other elements or radicles.
Even the most complicated carbon compound may be
theoretically derived from the corresponding hydro-
carbon. It is in consequence of this that organic
chemistry has been defined as the °chemistry of the
hydrocarbons and their derivatives.” The fact that
organic compounds may be theoretically traced back
to hydrocarbons makes the classification and systema-
tisation of the enormous number of bodies included in
organic chemistry very much easier than it otherwise
would be.

The sum total of hydrogen or other atoms of uneven
valency in a carbon compound must always be an even
number. This so-called ‘law of even numbers’
(Kekulé) is a natural result of the tetravalency of
carbon.

Carbon being a tetravalent element, one atom com-
bines with four of hydrogen, forming marsh gas or
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methane CH,. If hydrogen atoms in this compound be
replaced by equivalent quantities of other elements or
radicles, the following compounds may be formed:—
CH,Cl methyl-chloride; CH;OH methyl alcohol;
CH,NH, methyl-amine; CH,I, methylen iodide;
CHOOH formic acid ; CHN prussic acid; CO, carbon
dioxide, &c. The way in which the atoms of these
compounds are bound together in the molecule is much
more plainly shown by the use of graphic formulse :—!

H H H H

I | |
H—E—H H—(C—Cl H—C—OH H—C—NH
I I | |

2

H H H H
H
|
C=0 &e.
|
OH

These graphic formulse must not be misunderstood.
They do not profess to represent the actual grouping of
the atoms, they only aim at giving a systematic picture
of the comparative linking of the atoms, or of the rela-
tive constitution as this can be determined from the
chemical behaviour of the compound; they are there-

! These formulx were introduced by Couper (1858); the atoms
combined directly together are by them represented as being con-

nected by strokes. The formuls may be used in a more or less
expanded form, as for example :—

H I

| |
H—-C—I or CH,

|
1 I
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fore often called constitutional or structural formule,
though this latter term is not so correct. If two carbon
atoms combine together in the simplest possible way,
so that each atom binds the other to itself with one
affinity, and the unit of valency be represented by f,

the expression
20f, — £, = C,f;

is obtained, that is to say, the sum of the disposable
valencies in this dicarbon group = 6; if all these be
saturated with hydrogen the hydrocarbon ethane is
formed :—

H H

|
H—C—C—H

L]
H H
If three carbon atoms combine together in the
simplest way, a tricarbon group with eight free valen-
cies results :—

3Cf, — 2f, = C,f,
The corresponding hydrocarbon is propane C;H_ :—
HHH

L1
H—C—C—C—H

|
H HH

If more carbon atoms join together in a similar
manner two valencies will be used by each new atom,
consequently each additional carbon atom raises the
collective valency by two units. The group C, is
10-valent, C; 12-valent, &c. The carbon group con-
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tains one bond less than the number of carbon atoms ; if
these be represented by n the number of free valencies
will be =4n — (n—1) 2 =2n + 2.

The general formula for the corresponding hydro-
gen compounds is C H,,,,. The hydrocarbons which
are derived from the above carbon nuclei are the fol-
lowing :—

CH,
C,H,
C,H,
C4H10
C,H,, &c.

Each is distinguished from the one immediately above or
below by a difference of CH, ; such compounds are called
homalogues.

In these hydrocarbons, as in CH,, the hydrogen can
be replaced by other elements or radicles giving rise to
compounds analogous to CH,Cl, CH,OH, &c. The free
valencies of the carbon group (2z+ 2) may be saturated
not only with hydrogen but with any other element
which, if it be a polyvalent one, can bind other atoms
to itself ; for example :—

C,H,Cl C,Cl,
CH,OH  C,H(OH),

or expressed in graphic formulse,

H H ClL cl
| ]
H—(ID—-C —Cl;  Cl—C—C—Cl

|| ||
H H cl a
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H HH H H H

|1 |1
H—C—C—C—O0H; HO—C—C—C—OH

|l 1]
H HH HHH

Each of these carbon groups occurs in a large number
of compounds.

Several carbon chains may be united to form one
molecule by means of a polyvalent element.

CH,—CH,—0—CH,—CH,; CH,—CH,—N—CH,
Ethyl ether
CH,—CH,—CH,

Methylethylpropylamine.

If the carbon atoms of a nucleus are joined together
in a single straight chain, they are said to form a
simpie or normal chain.

CH,
CH, (l)H2
(IJH2 (|:H2
CH, ('3H2
(IJHa (|3H3
Normal butane Normal pentane.

If one carbon atom is joined to more than two others
a side chain is produced. The construction of the chain
is thus abnormal ; substances containing such a carbon
chain are usually called iso-compounds.
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CH, CH,
CH, CH CH,

| I
H—é_oﬂa CH, H,C—C—CH,

|
CH, CH, CH,

Isobutane Isopentane Tetramethylmethane.

The carbon atoms in these chains are said to be pri-
mary, secondary, tertiary, or quaternary, according as
they are connected with one, two, three, or four other
carbon atoms.

C C C
I I I I
—C— —C— C—C— c—C—C
I I I I
C C C C
Primary Secondary Tertiary Quaternary
C atom C atom C atom C atom.

In normal carbon chains only primary or secondary
carbon atoms are found, but in the iso-compounds at
least one atom must be tertiary or quaternary.

All the above carbon chains are open; if the two
end carbon atoms of such a chain unite together a
closed carbon chain or carbon ring is formed.

[l
C =0C—C=

N\ ]
=0—C= =0—C=

Two valencies are used in order to close the chain, the
sum of the valencies of such a simple carbon ring is
therefore 2n +2—2=2n

c2
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Closed chains consisting of three, four, five, and six
atoms of carbon are known. The greater the number
of carbon atoms linked together, the greater may be
the differences in construction of the carbon nuclei.
As regards closed rings, the number of them which can
exist in compounds is relatively small.

Suturated and unsaturated compounds.—Compounds
containing open carbon chains, the carbon atoms of
which are simply joined together, all free valencies
being satisfied with other atoms, are called saturated
compounds, because no more atoms can be attached to
the carbon chain without first causing it to split. The
maximum of free units of affinity in a carbon nucleus
consisting of n carbon atoms is 2n+2. The above-
mentioned hydrocarbons of the composition CH,,,,
are therefore saturated compounds. Compounds are
however known which contain less hydrogen, or
its equivalent quantity of other atoms, than the cor-
responding saturated compounds. If for example
ethane C,H; lose two atoms of hydrogen, the com-
pound called ethylene C,H, is produced, and exists
as free hydrocarbon. If two atoms of hydrogen be
taken from this ethylene, the hydrocarbon acetylene
C,H, is formed. These compounds are called un-
saturated because the carbon group contained in them
does not use all its disposable valencies to attach other
atoms.

As has already been shown, the group C, can combine
with six atoms of hydrogen. The hydrocarbons C,H,
and C,H, are therefore not fully saturated compounds ;
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they are capable of combining with respectively two and
four atoms of hydrogen, giving rise to the saturated
hydrocarbon C,H;. The hydrocarbon C,H, can lose
two atoms of hydrogen in two different ways, thus: —

CH, —CH, CH,

| —Hy= | ~or |

CH, —CH, =CH

The hydrogen atoms may either be taken from both
carbon atoms or only from one. That ethylene is not
represented by the second of the above formule is
shown by the fact that this hydrocarbon unites directly
with two atoms of a halogen element, giving a com-
pound in which the halogen atoms can be proved to be
CH,Cl1
united to different carbon atoms J} .  The two
H,Cl
unused valencies in ethylene must therefore belong to
different carbon atoms. As according to the present
theory carbon is regarded as a constant tetravalent ele-
ment, and compounds which contain really uncombined
valencies do not exist in the free state—at all events
when those valencies belong to different carbon atoms
—it has been supposed that the two unoccué)ied‘
H
valencies in ethylene mutually satisfy each other (||}H2.
This is expressed by saying that in ethylene the carbon
atoms are linked by a double bond. In a precisely
similar way the presence of a triple bond in acetylene
CH
is assumed ||| .

CH



-
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In almost all unsaturated organic compounds with
open carbon chains the free valencies are in connection
with neighbouring carbon atoms, <.¢., those directly linked
together, and a double or triple bond is supposed to
exist between these carbon atoms. If the unsaturated
compound unite with atoms of other elements by direct
addition, the double bond is converted into a simple
one:—

CH, CH,
o+ H2 = |
CH, CH,

The existence of double bonds is quite hypothetical,
although many circumstances appear to point to the
truth of the theory. It must, however, be borne in
mind that a ‘double bond’ does not imply a firmer

linking of the carbon atoms, as might be expected ; the

attraction between doubly bound atoms is, on the
contrary, weaker than when they are simply linked.
That this is the case is proved by the fact that by
the action of powerful reagents on unsaturated com-
pounds the carbon chain is always broken exactly at
the position of the double bond; for example, by

fusing crotonic acid with potassium hydrate, acetic

acid is produced :—

CH,

|
CH -
———=||-—--+2KOH = 2CH,C0,K + H,

CH
(]J0.0H



CONSTITUTION 28

The molecule containing four carbon atoms is split
up into two molecules of acetic acid C,H,0,. A com-
parison of the optical and thermal relations, and of the
specific volume of saturated and unsaturated compounds,
also shows that a so-called double bond between two
carbon atoms is looser and weaker than a simple one.
(See the chapter on the physical properties of organic
bodies.)

These facts are, however, not conclusive against the
supposition of several bonds existing between carbon
atoms in unsaturated compounds.

The real nature of the saturating power of atoms
and of atomic linking is quite unknown, and con-
sequently no definite representation of them can be
made.

A large number of organic compounds exists, which
contain a smaller number of atoms than corresponds
with the highest possible valency of their carbon
nuclei, but which differ in many respects from ordinary
unsaturated compounds.

The most important are the so-called ‘aromatic’
compounds. In these compounds the existence of
closed carbon chains is assumed ; the simplest of these
bodies is benzene C H,, which contains eight atoms of
hydrogen less than the corresponding saturated hydro-
carbon hexane C;H,,. These eight valencies are dis-
. tributed amongst the carbon atoms; two are used by
the closing of the chain, the other six are disposed of
in the manner represented by one or other of the
following two formulee :—
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H
//C\ CH
HC CH He CH
|
HC CH
N/ HC cH
:g: CH
Kekulé Von Baeyer.

A closed chain of this nature, consisting of six atoms of
carbon (benzene nucleus), is supposed to exist in all
aromatic compounds (benzene derivatives). In the
above formula of von Baeyer a peculiar kind of ¢ central’
linking is assumed. As a matter of fact, benzene com-
pounds are able to combine directly with six mono-
valent atoms (hydrogen or halogens), but they do so
much less energetically than the ordinary unsaturated
compounds.

The question of the constitution of benzene is one
of the most interesting in the domain of organic
chemistry. It cannot be fully treated here—the large
number of necessary references to separate compounds
and reactions would take up too much space. Opinions
are divided as to which of the above formula best repre-
sents the behaviour of this compound; this much how-
ever is certain—each of the six carbon atoms in ben-
zene is joined to one hydrogen atom, the carbon atoms
being linked together in such a way that a ring is
formed about which the hydrogen atoms are symmetri-
cally disposed. The group of six carbon atoms which
occurs in all aromatic compounds is called the benzene
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nucleus ; it is exceedingly stable and can withstand the
action of very powerful chemical agents.
Besides carbon, other polyvalent elements, such as

oxygen, nitrogen, or sulphur, may bring about the
formation of a closed chain in an organic molecule :—

CH

N
HC CH

|
HC=CH HC=CH HC CH
\o AN

S
H(|3=CH/ H(IJ:CH/ \I\/

Furfuran Thiophene Pyridine,
- ’ . - . ’
\_!/,!ﬂ’/’f/" K N I ’
v/
7/
g - ﬁcf 14 ( A /L’ ot

l//

oy 4 .
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CHAPTER III

ISOMERISM

I was formerly taken for granted that bodies possessing
the same qualitative and quantitative composition had
also like chemical and physical properties, or in other
words, that such substances were identical. By the
researches of Liebig on fulminic acid and those of
Wohler on cyanic acid completed about seventy years
ago, it was shown that these bodies have the same com-
position. In the year 1828 Wohler converted am-
monium cyanate into urea, and soon afterwards Berzelius
found that racemic and tartaric acids have the same
quantitative composition. These facts showed that the
nature and properties of a compound were influenced
by other circumstances as well as by the qualities and
quantities of its constituents. Berzelius explained this
by supposing that ¢the simple atoms were differently
arranged in the compound atom’ (molecule). Bodies
with the same composition which were not identical
were termed isomers, and the property itself was. called
tsomerism.

Very few cases of isomerism have been detected
amongst inorganic substances, but many instances have
been noted amongst organic compounds. The cause of
this is to be found in that property of the carbon bond,
which renders possible the arrangement of the atoms in
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many different ways. [ Of all isomeric compounds one I
must possess a greater degree of stability than the others ;)
this peculiar property of the carbon bond is the reason
why, in many cases, organic isomers exist separately
and do not become converted into the compound having
the greatest stability. Inorganic bodies behave differ-
ently ; that peculiar resistance which hinders the trans-
formation of one isomer into another is absent. It
follows therefore that that compound is the mest
stable which is formed by the most different reactions.
A compound of the formula KNQO, could exist in two

forms =" k0 N=0 and K—N=0.

Only the first occurs, because it is the more stable.
Of the corresponding organic compounds however two
isomeric forms are known :—
CH,—0—N=0 and CH,—N_0.
Methylnitrite Nitromethane,
Two substances having the compositions of hydro-
cyanic and cyanic acids are possible :—
H—C=N H—N=C (Hydrocyanic acid).
N=C—OH O0=C=NH (Cyanic acid).
In reality however only one hydrocyanic acid and
one cyanic acid occurs, together with one series of
metallic cyanides and cyanates; but two series of
organic cyanides and cyanates are known :—

CH,—CN CH,—NC
Methyleyanide Methylisocyanide
(Acetonitrile) (Methylearbylamine)

NC—OCH, OC=NCH,

Methylcyanate Methylisocyanate.
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The two iso-esters are certainly the more stable, but
both series of compounds can be obtained in the free
state. Free cyanic acid and its salts are transformed,
immediately they are produced, into the more stable
isomeric compounds OCNH and OCNM respectively.

In the widest sense, all compounds are isomeric that
possess the same empirical formula and show the same
percentage composition on ﬁnalysis. Tsomerism may
be divided into 'polymerism, metamerism,* isomerism in
the vestricted sense, and geometrical isomerism. '

Polymerism.—Compounds possessing the same -per-
centage composition but different molecular weights are
called polymers ; their molecular formulse bear a simple
arithmetical relation to one another. The following
compounds may be cited as good examples of poly-
merism :—

Formic aldehyde CH,0 --~-- CH,

Acetic acid C,H,0, Ethylene C,H,

Lactic acid C,H,0, Propylene C,Hj

Grape sugar CH,,0, Butylene C,H,

Amylene C,H,,

A distinction must be made between accidental and
generic polymerism.

The first of the above series of polymeric compounds
forms a good instance of accidental polymerism. Formic
aldehyde, acetic acid, lactic acid, and grape sugar do
not stand in any simple chemical relation to each other ;
the polymerism between them depends, so to speak,
upon accident. '

Many organic compounds are converted directly and
easily into polymers owing to the union of several
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molecules of the substance to form a single molecule.
By treating ordinary aldehyde C,H,0 with a mineral
acid, three molecules combine together to form one
molecule of paraldehyde C,H,,0,; this latter body is
decomposed on heating into ordinary aldehyde. Cyanic
and cyanuric acids stand in “a similar relation to each
other: Cyanic acid, OCNH ; cyanuric acid, O,C,N,H,.

In these cases, the higher molecular compounds are
produced by direct combination of the simpler molecules.
The above examples show the nature of generic poly-
merism.

Metamerism.—Compounds are called metamers when
they possess the same molecular formula but contain
several carbon groups (radicles) linked together by a
polyvalent element, usually oxygen, sulphur, or nitro-
gen. The radicles of the different compounds are of
different sizes, but the sum of the atoms contained in
them is the same. Metamerism occurs chiefly in the
case of ethers, amines, and esters.!

The following metameric ethers have the formula
CH,,0:—

C,H C,H
a0 ch, PO
Ethyl ether Propylmethyl ether.

Examples of metameric esters of the formula
C.H,,0,:—

CH C,H C,H
c,H0°°? cHo’® cHoO
Methylvalerate Ethylbutyrate Propylpropionate.

! The term ester is used to denote ethereal salts or compound
ethers.
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The following are instances of metameric amines of
the formula C,H N :—

C,H, C,H CH
NEH NECH, N CH,
H H CH,
Propylamine Ethylmethylamine Trimethylami

If metameric compounds be treated with substances
which can destroy the bond between the carbon groups
and the connecting element, entirely different products
are obtained. The above esters, of the formula CH,,0,,
are decomposed by the action of potassium hydrate
according to the following equations:—

C,H,0.0CH, + KOH = C,H,00K + CH,0H

Methyl valerate Potassium valerate Methyl alcohol
C,H,0.0C,H, + KOH = C,H,00K + C,H,0H

Ethyl butyrate Potassium butyrate Ethyl alcohol
C,H,0.0C,H, + KOH = C,H,00K + C,H,0H
Propyl propionate Potassium propionate Propy!l alcohol.

~ Isomerism in the restricted sense.—Two or more
compounds the molecules of which contain the same
number of atoms not divided into carbon nuclei of dif-
ferent sizes, as in metameric substances, are called true
isomers or isomers in the restricted sense. The carbon
nuclei of these compounds are of the same size, but the
carbon atoms of which the nuclei are composed are
differently grouped, or the elements linked to the
nuclei are differently disposed. The term nucleus iso-
merism is applied to bodies of the first class, whilst
bodies of the second are called isomerides of position.
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Nucleus isomerism proceeds from the carbon chain itself,
as the following examples clearly show :—

CH,
CH, | CH,CH,
|  CHCH, CH, \ CH,
CH, \/ | H
| CH CH, | H,C—C—CH,
CH, | | CH, |
| CH, CH, | CH,
CH, | CH,
CH,
Normal Isobutane Normal Isopeutane  Tetramethylmethane.
butane pentane

The expression isomerism of position is used to de-
note isomeric bodieq with similar carbon nuclei in which
one or more of the {atoms linked to the carbon atoms
have different situations in the molecule. For example,
if an atom of hydrogen in the hydrocarbon propane be
replaced by chlorimjhe substitution may occur in two
different places in the molecule, in other words, the
molecule of this hydrocarbon possesses two chemical

* positions.
CH,
bn,
|

CH,

The chlorine may be attached either to one of the
end (primary) carbon atoms, or to the intermediate
(secondary) one.
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Two compounds of the formula C;H,Cl exist :—

CH, CH,
I I
CH, CHCI
| I
CH,0I CH,
Primary Secondary

propylchloride.

These two chlorides correspond to two alcohols
(hydroxyl compounds) :—

(IzH, CH,

I
CH, CH.OH
I I
CH,.0OH CH,
DPrimary Secondary

propylalcoliol.

The alcohols are divided into primary, secondary, or
tertiary, according to the position of the Lydroxyl group.
The following further examples may be given :—

T

CH, CH, CH,CH,
I I N\
CH, CH.OH C.0H
I I |
CH,OH  CH, CH,
Primary Secondary Tertiary

butyl alcohol.

If one atom of hydrogen be replaced in normal
butyric acid, the substituting element may take three
different positions in the molecule. Three oxybutyric
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acids are known ; their constitution is shown by the
following formulee :—

CH, CH, CH, CH,.0H
I | |
CH, CH, CHOH CH,
l l |
CH, CH.OH éH2 CH,
I | |
CO.0H CO.0H C0.0H (IJO.OH
Normal a- B- ¥
butyrie acid Oxybutyric acid.

If in ethane two hydrogen atoms -be replaced by
chlorine two isomeric chlorides are obtained, because
the entering elements may link themselves either to
the same or to different carbon atoms.

CH,CI CH,

| |
CH,C1 CHC],

Ethylenechloride Ethylidinechloride.

If two atoms of hydrogen in similar hydrocarbons be
replaced by a divalent element, such as for example
oxygen, the substitution may also take place in two
ways :—

CH, CHy\
| . 0
CH=0 CH,

Aldehyde ‘Ethylene oxide.

The above compounds are examples of isomerism of
position, which can only occur if the atoms or radicles
linked to the carbon atoms are not-all alike. Both
_ isomerism of position and nucleus isomerism may occur
D
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simultaneously between two compounds, as in the fol-
lowing bodies :—

CH,
gy

CH, CH,CH,

| /7
CH, .OH

' .

CH,.0OH H,
Normal primary Tertiary

butyl alcohol.

A peculiar isomerism of position which may be
termed relative isomerism of position occurs in the aro-
matic compounds. The fundamental type of these
compounds is benzene C.Hg, and it has already been
shown that they contain a closed carbon nucleus con-
sisting of six carbon atoms arranged in the form of a
ring. If in benzene any one atom of hydrogen be
replaced by another element the same product is always
obtained, because all the hydrogen atoms have a similar
position in the molecule, but if several hydrogen atoms
be replaced the substitution may take place in different
ways. If the carbon atoms be numbered it is easily

H 1
C

7
6. HC \CH 2.

sHG ms
N/

Ll s @}
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seen that two hydrogen atoms may be substituted in
three different ways—viz., in the positions 1 and 2,
land 3,orland 4 (1,6=1,2;1,5=1,3).

In agreement with this, three dichlorbenzenes are
known ; their isomerism is shown by the following

formulee :(—
Cl Cl Cl

C c C
7 7
Hc/\col HC \CH HC \CH
I | ]
| H(I} CH HC CCl HC CH

%/ }/ \o/
H H Cl

Ortho- Meta- Para-
1,2. 1,3 1,4.
Dichlorbenzene

All aromatic compounds with the general formula
C4H X, occur in three series ; they are distinguished as
ortho-,meta~, or para~compounds. The isomerism of these
compounds depends on the different rglgtive positions of
the two atoms of the element introduced—the previous
position of either of them in the molecule is without
effect, because the constitution of the benzene nucleus
is completely symmetrical ; the result is therefore the
same, no matter whether the two atoms introduced be
alike or not. The case is however different if three
atoms of hydrogen in benzene be replaced by other
elements or groups. Compounds of the formula
C¢H,X, occur in three forms (1,2,3; 1, 2,4; 1,8,5),
but those of the formulee C;H,X,Y and C;H,XYZ occur
in six and ten forms respectively.

D2



86 GENERAL ORGANIC CHEMISTRY

Compounds whose atoms are linked in rings, but
whose constitution is not perfectly symmetrical, show a
different isomeric relation. By the introduction of one
element into pyridine a triple isomerism is produced,
gsince it may enter any one of the three chemically
different positions a, 8, ¢ (¢’ = a, B’ = B) :—

CHq

N\
BHC CHB

!
o HC CHa

N\
N

If two atoms of hydrogen be replaced, six isomeric com-
pounds are obtained if the substituting elements be
alike, if they be unlike ten are formed.

A species of isomerism which stands as it were
between nucleus and position isomerism, has been ob-
served in certain unsaturated compounds: the double
bond may occupy different positions in the carbon
nucleus, as for example :—

CH, CH,

i, tn
du ln

P)H, CIJH3
Butylene Tsobutylene.

Doubly unsaturated compounds may have two carbon
atoms trebly linked, or one may be connected to two
others by two double bonds :—
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CH, CH,

| I

C C

. |

CH - CH,
Allylene Isoallylene.

The isomerism which occurs where an element shows
a variable valency must be classed as a special kind;
the isomerism of the two series of organic cyanides is
usually considered to be of this nature :—

CH,—C=N CH, N=C*
Methyleyanide Methylisocyanide
(Acetonitrile) (Methylcarbylamine).

The number of possible isomerides increases rapidly
as the number of atoms contained in compounds becomes
greater. Hydrocarbons of the formula CH,,,, can
naturally only differ by means of nucleus isomerism.
The hydrocarbon C,H,, of this series occurs in 2 iso-
meric forms, that of the formula C;H,, in 5, whilst of
the compounds C,,H,; and C,,H,, the number of pos-
sible isomerides is 855 and 802 respectively. If the
atoms linked to the carbon be different, isomerism of
position comes into play, the number of possible iso-
merides being thereby enormously increased.

Nucleus isomerism Number of Nucleus and posi- Number of
only compounds tion isomerism compounds
C,H, 1 C,H,.0H 2
CH,, 2 C,H,.0H 4
CH, 3 C,H, .0H 8
C.H,, 5 C,H,,.0OH 16

* Some chemists consider the nitrogen to be trivalent in both
cases, but assume that the carbon in the cyanide groups of the
isocyanides only acts with two valencies.
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The smaller the difference which causes isomerism
between two bodies the more closely they resemble
each other in properties. The probability of the pre-
sent view of the constitution of organic compounds is
greatly strengthened by the fact that the number and
nature of known isomerides is in entire agreement with
the conclusions to which a study of atom-linking leads.

Geometrical isomerism (physical isomerism, alloiso-
merism).—Many cases of isomerism are known which
cannot be explained by any difference in constitution ;
no doubt this is often due to the fact that the con-
stitution of these substances has not yet been correctly
determined. Numerous cases have, however, been
observed in which the molecules show certain differences
in their properties, whilst it is very probable, in some
instances certain, that the manner in which the elemen-
tary atoms are linked is the same. These differences are
often very slight chemically, but they appear much more
plainly if the action of the substances upon the plane of
polarisation of a ray of light be examined. In some
cages considerable chemical differences are apparent.
Bodies belonging to the first class are termed physical
isomenrs.

Two lactic acids are known with the same chemical
constitution : one of them occurs in flesh, and turns the
plane of polarisation of a ray of light to the right; the
other is formed by the fermentation of sugar, and is
entirely without optical action. Natural and synthetical
malic acids show the same differences.

A similar relation exists between the dextro- and
leevo-rotatory tartaric acids. Their optical properties
are different—the one turns the plane of polarisation to
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the right, the other to the left. They also possess
different crystalline forms : the crystals of the one show
certain hemihedral faces developed to the right, whilst
corresponding faces on the crystals of the other are seen
to the left; the one set of crystals appears therefore as
the reflected image of the other. Optically inactive
racemic acid, which is isomeric with tartaric acid, may
be split up into dextro- and leevo-components.

Many physically isomeric compounds may be easily
changed, the one into the other modification, and this
conversion may be regarded as particularly charac-
teristic of physical isomerides, since it only occurs
exceptionally in the case of chemical isomerides. The
differences between physically isomeric compounds
which occur in the solid form can be traced in many
instances to differences in the arrangement of the mole-
cules. Isomeric compounds which show optical differ-
ences often continue to show them when they are in a
fluid state or in solution; the cause of the isomerism
_ is therefore probably to be found in the molecule.
Le Bel and Van ’t Hoff have pointed out that all com-
pounds observed to show physical isomerism in their
optical behaviour possess one or more asymmetric carbon
atoms, t.e., carbon atoms linked to four different atoms
or atomic groups.

a CH, CO.0H CO OH

I
b—(:3—~d H—(C)—OH (:;H2 H_Q—OH

¢ to.0n H—(C)—OH H—O—OH.

Ethidene lactic acid (JJO OH (|_'}O OH

Malic acid Tartaric acid.
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Unsaturated compounds are also known, the inner
constitution of which must be represented by the same
graphic formule, although they differ altogether in
properties from each other. Fumaric and maleic acids

CH—CO,H
Il
CH—CO,H

and crotonic and iso-crotonic acids
CH—CH,

I
CH—CO,H

are examples of such compounds. The isomeric re-
lations of these substances are explained by the existence
of differences in the way in which the atoms are linked
in the molecule, which differences are not shown by ordi-
nary formulee. As molecules are built up of atoms and
occupy space, it is easy to imagine that whilst the con-
stituent atoms of two molecules may be linked in the
same way, the manner of their arrangement in the
molecule may be different. It may now be regarded as
certain that physical isomerism and alloisomerism are
caused by differences of the position of atoms in the
molecule. This has been called geometrical isomerism,
and the theory itself is chiefly due to Van 't Hoff and
J. Wislicenus.

As the four affinities of a carbon atom are alike in
every respect, it follows as a simple mathematical
possibility that four atoms may attach themselves to
the carbon atom in the directions of the summits of a
regular tetrahedron, the centre of which is occupied by
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the carbon atom. If four, or three, or two of the
elements which are united to the carbon atom be alike,
only one form of arrangement in space is possible.
Compounds of the types C a,, Cayb,, or Ca,b ¢ cannot
occur in geometrical isomeric forms. So soon however
as all the four atoms, or groups, which are linked to
the carbon are different, two combinations exist, as
shown in the figures.

The two combinations cannot be superposed by
turning; the one is as it were the reflected image of the
other. Compounds containing an asymmetric carbon

Fia. 1. F1q. 2.
a a

b d d b
c
atom, i.e. one with the grouping C a b c¢d, may occur in
geometrical isomeric forms. As a matter of fact, all
compounds which have the same constitution, but
different optical properties contain at least one asym-
metric carbon atom.

If two or more asymmetric carbon atoms be contained
in a compound, the number of possible groupings in
space becomes greater ; four forms of tartaric acid are
known.

All compounds which are constituted according to
the formula

a
bCe
|
bCe

27
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show geometrical isomerism, and it is noteworthy that
the differences between isomeric compounds are much
greater than those between compounds containing only
one asymmetric carbon atom. These latter are really
only ¢ optically isomeric.” All symmetrically substituted
succinic acids, such as

CH,.CH.CO,H

CH,.CH.CO,H

are known in two forms which are termed para- and
anti-acids, and which show considerable differences in
melting point, solubility, and certain chemical proper-
ties, but the one form may be converted into the other.
The isomerism of the above-mentioned unsaturated
compounds may be explained by this theory of arrange-
ment in space. Two doubly linked carbon atoms
would be represented by a figure consisting of two
tetrahedra with one edge in common. Two arrange-
ments are possible of substances of thetype Cab=Cab.
Fumaric and maleic, crotonic and isocrotonic, citraconic
and mesaconic acids are examples of such compounds.

Fie. 1. Fie. 2.
@ v [
LN,

This dicarbon system is stable—the one carbon
atom cannot be rotated without the second going with

it. The one compound is not immediately converted
into the other, but both exist as separate and distinct
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substances. It can be proved that fumaric acid is con-
stituted like fig. 2 and maleic acid like fig. 1. It is
not possible here to give a systematic account of the
. principles upon which the discovery of geometrical
isomerism is based.

The investigation of the isomeric relations of bodies
forms one of the most important problems in the domain
of organic chemistry, because by this means a glimpse
of the internal arrangements of the molecules is
obtained ; this problem is intimately connected with
the general determination of the constitution of com-
pounds. In such researches a knowledge of the actual
number of atoms in the molecule as well as of their
valency is absolutely necessary.

The chemical methods used for determining the
constitution are partly of an analytical, partly of a
synthetical nature : by means of the first, attempts are
made to split the substance into simpler compounds of
known constitution ; whilst the second class of methods
is employed to build up the substance from such com-
pounds. Important conclusions with regard to the
constitution of bodies may frequently be drawn by
analogy from their general chemical behaviour as well
as from their physical properties.
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CHAPTER IV

ORGANIC RADICLES

IT has been observed that single groups of linked
atoms remain unaltered by many reactions to which
organic compounds may be subjected, and that they
pass from one compound into another without any
change in their structure ; such atomic groups or mole-
cular residues are called radicles.

The group C,H, remains unaffected by many of the
reactions of ordinary alcohol ; it is therefore looked upon
as the radicle of alcohol, which is itself regarded as the
hydrate of this radicle, that is to say, as a compound of
the radicle with hydroxyl OH, C,H,—OH :—

C,H,.0OH + HCl = C,H,Cl + H,0.
C,H,.OH + HNO, = C,H,.NO, + H,0.

The radicle C,H, is called ethyl and contains one
atom of hydrogen less than the saturated hydrocarbon
C,H,. One valency is disposable, it is therefore a mono-

valent radicle—
' CH,

I

CH,—
The same applies to the radicles C,H, propyl, C .H,
butyl ; they also contain one atom of hydrogen less than
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the saturated hydrocarbons C,H, and C,H,,. Mono-
valent radicles can only combine with one atom of a
monovalent element, and can only replace one atom of
hydrogen in a compound.

The radicles C,H, and C,H, are divalent because
they contain two atoms of hydrogen less than the corre-
-sponding hydrocarbon.

C,H, — 2H = C,H, ; C,H, — 2H = C,H..

Such radicles can combine with two atoms of hydrogen
or chlorine, and can replace two atoms of hydrogen in
a compound. The radicle C,H, is trivalent, the radicle
C,H, is tetravalent, &c.

m v
C,H, - 3H =C,H,; CH,— 4H = CH,.
The valency of such radicles, composed of hydrogen and °
carbon only, is determined from the composition of
the saturated hydrocarbons (C,) containing the same
quantity of carbon. The difference between the number

of hydrogen atoms in the hydrocarbon and in the
radicle gives the valency of the radicle.

Hydrocarbon CH, CH; CH, CH,

Methane Ethane Propane Butane

onovalent  CH, C,H, C,H CH,
Methyl Ethyl PtopyI Butyl

& |Divalent CH, . CH, C,H, CH,
© Methylene Ethylene Propylgne Butylene
"% |Trivalent CH CH, CH, CH,
2} Methenyl Vinyl Glyceryl Crotyl
Tetravalent  C C.H, C,H, CH,
Carbon atom Acetylene Aﬁylene Crotonylene

(Ethine) (Propine) (Butine).
Tt should not be forgotten that a radicle does not
necessarily bring into activity all its disposable valencies;
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a double bond may be formed between neighbouring
carbon atoms with free valencies, whereby the valency
of the radicle will of course be decreased ; for example,
the trivalent radicle glyceryl can also occur in a mono-
valent form : —

HHH HHH
HC—C—CH HC=C—CH
Glyceryl (trivalent) Allyl (monovalent).

The doubly linked valencies of allyl may easily be
satisfied by other elements, as is always the case
with unsaturated compounds. The allyl compounds
thus become converted into glyceryl compounds, except
when hydrogen be taken up. The result of the law of
even numbers of atoms is that every radicle consisting
of hydrogen and carbon contains an uneven number of
hydrogen atoms if its valency be represented by an
uneven number, and vice versd. Radicles of similar
composition may show both nucleus isomerism and
isomerism of position.

CHa— 3

Radicle C,H, : | é
CH— —CH
Ethylene Ethylidine

(Ethidene).
Redicle C,H,: CH,—CH,—CH, = CH,—CH—CH,
I l

Primary Secondary
Propyl
Radicle
CH,:CH,—CH,—CH —CH CH >CH—CH
Normal butyl

Tsobuty L
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Radicles may contain other elements besides hydro-
gen and carbon. The organic acids may be regarded
as hydrates of radicles containing oxygen. Acetic acid
C,H,0, can be looked upon as a compound of the mono-
valent radicle C,H,O (acetyl) and OH, and succinic
acid as the hydrate of the divalent radicle C,H,0,

(succinyl). OH
/o -
CH CH, C=0 é
(I: | é 2H,
=0 =0 LH, |
| | C=0
\ OH =0
OH
Acetyl Acetic acid Succinyl Succinie acid.

These radicles are also of course found in the
simple derivatives of the acids, as for example :—
C,H,0.Cl CH,0,.0
Acetylchloride Suceinic anhydride
The first organic radicle containing oxygen which wag
observed to exist was benzoyl ; it occurs in benzoic acid,
benzaldehyde, and /in other compounds (Liebig and
Wehler, 1832). . 4 , ' :

The radicles containing only carbon and hydrogen
are called alcohol-, aldehyde-, or ketone radicles, after
their oxygen compounds. They possess a slight posi-
tive or basic character, which is most marked in the
alcohol radicles rich in hydrogen, and in general they
resemble the metals.

The less hydrogen a radicle contains, the less posi-
tive is its character. This is clearly seen by comparing
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together corresponding compounds of the phenyl radicle
C.H;, and of the hexyl radicle CH ;.

Radicles containing oxygen are called acid radicle
if their hydroxyl compounds are acids; they possess a
negative or acid character, and correspond completely
with the inorganic acid radicles

1 ps
NO,, SO,, &c.
The following simple inorganic radicles occur in a
number of organic compounds in combination with or-
ganic radicles :—
Hydroxyl, or the water molecule

residue —OH
Nitro group . . .. —N02=——N:8
Nitroso group - . . . —NO
Amido group, or the ammonia mo-

lecule residue . . . —NH,
Imido group . . . . =NH 0

/

Sulphuryl, or the sulpho group . =S0,= =S\
Thionyl group . . . . =S80 0
Cyanogen . . . —C=NorC=N—

The atomic groups or molecular residues which are
called radicles remain unaffected by certain reactions
and behave in many respects like elements ; they must
not however be thought to be linked together in any
special way, because as a rule they may easily be split
up. If ethyl alcohol be heated with sulphuric acid
ethylene is formed ; the radicle C,H, loses one atom of

hydrogen :— A
_ C,H, OH=H,0+C,H,.
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Acetic acid is decomposed into carbon dioxide and
methane by heating with an alkaline hydrate :—

CH, C0.0H=CH, + CO,.

The radicles are only hypothetical residues; whether
this or that group of atoms be considered to be the
radicle of a compound depends upon the reaction to
which most importance is given. The trivalent radicle
CH,.C= could be considered to exist in acetic acid,
because it comes into prominence in some reactions, as
for example in the following :—

CH, CH,

| |

U=N + 2H,0 = 0—OH + NH,
No

as however in most of the reactions of acetic acid the
acetyl group CH,CO— remains unchanged, it is usual
to regard this as the radicle.

The adoption of the theory of radicles in organic
compounds is due entirely to practical reasons; a clear
general view of the composition of substances and of
their mutual relations is obtained by its means, and
rational formule gain greatly in brevity and sim-
plicity. >

Alcohol radicles of even valency can exist as free
hydrocarbons if the free bonds belong to adjacent carbon
atoms.

CH,— CH,

y |
CH,— CH,
Ethylene Ethylene

(radicle) (hydrocarbon).
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The isomeric radicle ethylidene or ethic‘iine
CH,
b
cannot exist in a free state. Two free monovalent

radicles frequently join together, forming a saturated
compound :—

CN CH,
CN CH,

Free cyanogen Dimethyl

. (Dicyanogen) (Ethane).

Organic compounds, like inorganic ones, can be
traced back to certain simple compounds, so-called
types; they may be regarded as hydrogen H,, water H,0,
ammonia NH,, &c., in which the hydrogen is partially
or wholly replaced by organic radicles.

Type ]IE[I} CHal Cszg}

H
Methane Aldehyde.
H C,H C,H C,H,0
Type H}o H°}O C:H:}o g0
Ethy! alcohol Ethyl ether Acetic acid.
H : C,H
Type H:} 0, ‘*‘H; } 0,
Glycol.

H C,H, C,H, CH,
Type HN H(N CH, [N CH,IN

H H H CH,
Propylamine mn:rine:hyl- Tr::glel.yl-

On the other hand these compounds, especially those
of the types H,0O and NH,, may be regarded as substi-
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tuted hydrocarbons ; there exists of course no fun-
damental difference between the formulese

C,H -
"1} 0, and C,H,.OH

for alcohol, and

C,H,
H N, and C,H,.NH,
H

for ethylamine; both show that the radicle C,H, is
linked to the groups OH and NH, respectively ; the
difference is simply that in the one case water and
ammonia have been taken as the starting points, and in
the other the hydrocarbon.

The hydroxyl hydrogen of an organic compound is
frequently called the ¢ypical hydrogen ; this simply means
that if the compound were referred back to water, this
hydrogen would belong to the type itself.

k2
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CHAPTER V
HOMOLOGOUS SERIES

CoMPOUNDS are said to be homologues when they may
be derived from each other by the substitution of
methyl CH, for one atom of hydrogen; for each H re-
placed a CH, enters; the empirical formulse of homo-
logous compounds differ from each other therefore by
n(CH;—H)=n(CH,). One homologous series,! that,
viz., of the saturated hydrocarbons, has already been
mentioned :— CH,

C,H,

C3H8

C4H10

C,H,,, &c.

The difference between each two members of the

series is CH,, as the following graphic representation
shows :— Cﬁa

l
CH, CH,
I |
CH, CH, CH,

| | l
CH, CH, CH, CH,
l | I
CH, C!Hs CH, CH, CH,
' Schiel first called attention to the existence of these groups

and called them * progressive series.’ Gerhardt gave them the name
*homologous series.’
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A general formula can be given to the different com-
pounds of a homologous series ; for the above hydro-
carbons this is C,H,,,,. Other series of homologous
hydrocarbons are the following :—

C2H4 CﬁHﬁ
C3H6 C3H4
C4H8 (leG
CnHQn | CnH2n—2

Not only the hydrocarbons, but all other organic com-
pounds may be arranged in homologous series; for
example, very many organic compounds are known
which form the series having the following general
formulse :—

Alcohols CH,,,,.,0 = CH,,,,.OH
” C.H,,4,.0, = C,H,,(OH),
Acids CH,0, =CH,,,, COH

» CnHzn-2-04 = CnHzn(CO2H)2

Nitriles C,H,, N

Aldehydes C,H,,0

Hydrosulphides C, H,,,,S
(Thioalcohols)

No limit (maximum value for ») to the homologous
series is known.

Homologous series are characteristic of carbon com-
pounds ; nothing at all corresponding to them occurs in
the compounds of other elements.

All compounds with the same general formula are not
homologous, they must also be chemically similar sub-
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stances. The difference between the empirical formula
of acetic acid C,H,0,, and that of methyl acetate
C,H,0,,is CH,, but they are not therefore homologous;
they belong to different classes of compounds—the first
is an acid, the second an ester :—
CH,.CO,H CH,.CO,CH,
Acetic acid Methyl acetate.
Propionic acid C,H0,=CH,.CH,.CO,H is however
really homologous with acetic acid.

A general agreement in chemical properties is cha-
racteristic of homologous compounds. If the reactions
and compounds of one substance belonging to such
a series have been investigated the genéral behaviour
of the other members will be known. The nearer
two compounds stand in the series the more closely
they agree in properties ; the further apart they are the
more they differ from one another. If homologous sub-
stances be subjected to like reactions homologous
compounds will be formed. For example :—

CH,.0OH +HCl = CH,Cl +H,0

C,H;.0H+HCl = C,H,Cl+ H,0

C,H,.0H+HCl = C,H,Cl+ H,0

The general formula for the reaction is
c,H,,,,.0H+HCl =CH,,,,Cl+ H,0

CH,Cl+KSH = CH,.SH + KCl
C,H,Cl+ KSH = C,H,.SH + KCl
C,H,Cl+KSH = C,H,.SH + KCl

The general formula for the reaction is
C,H,,,,Cl1+KSH = C H,,,,.SH+KCl

ntl
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Organic compounds may be more or less homo-
logous. The more alike the -constitution of two
homologous compounds is, the more closely do their
chemical properties agree, and the more completely
homologous they therefore are. The monad alcohols of
the formula C,H,,,,.OH form a homologous series,
but all the compounds belonging to it are not homo-
logous in the same degree. Two propyl-alcohols are
known : one of these, the primary, shows much more
likeness to ethyl alcohol than the other, the secondary.

CH, 1 |
| H, CH.OH
CH,0H | |
Ethyl alcohol CHQ.OH CHa
Primary Secondary
propy! alcohol.

Ethyl alcohol is more truly homologous with primary
propyl alcohol than with secondary because the position
of the hydroxyl is alike in the first two but is different
in the last one.

The same series can be divided into several
classes, as for instance alcohols of the general formula
C.H,., OH :—

1 2 3 4

CH, OH  Methyl — — —
alcohol

C,H,.OH Ethyl —_ — -
alcohol

C,H,.OH Primary Secondary — —
propy! alcohol,
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1 2 3 4
C,H,OH Normal Secondary Primary Tertiary
primary iso-

butyl alcohol.
C,H,,.OH Normal Normal Primary Tertiary

primary  secondary iso-

@) @)
amy] alcohol.

In the widest sense all these alcohols are homologous,
but in the restricted sense only those belonging to the
same class. ‘

In the above only those compounds have been
termed homologous whose formule differ by CH,.
Compounds belonging to the aromatic series are also
homologous when their formule show a difference of
C.H, or C,H,, and their chemical properties correspond.!

Benzene . . CeH;

Diphenyl . - CupHy, Difference
Diphenyl benzene C,H, | CH,
Triphenyl benzene C,H,, )

Benzene C,H,

Naphthalene C, Hg .
Phenanthrene C,H,, Dlge;;nce
Chrysene . . C,H,, o
Picene CH,,

Compounds such as CH,.OH, CH,.Cl, CH,.SH, or
C,H,.0OH, C,H,.Cl; C,H,SH, which contain the same

! G. Schultz (Chemie des Steimkohlentheers, 1882) called these
compounds aromatic homologues.
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radicle and can be easily derived from one another,
form what is called a heterologous series.

The homologous and heterologous series form the
groundwork of the system of organic chemistry. Each
organic compound can be classed in a homologous and
a heterologous series, so that as soon as the constitution
of a substance is known its place in the system is
determined. Many gaps still occur in the homologous
series ; the filling of them is, however, only a question of
time. The missing members may in general be obtained
by the methods ordinarily used for preparing the other
compounds in the series ; but the greater the number
of known bodies, the less interest attaches to the filling
of the gaps, because the properties of the new com-
pounds are only repetitions, with unimportant modifi-
cations, of those of the substances already known.



58 GENERAL ORGANIC CHEMISTRY

CHAPTER VI

NOMENCLATURE AND DIVISION

THE naming of organic compounds has not been carried
out according to any one uniform system. An attempt
is made however to indicate as far as possible the con-
stitution of a compound by its name, which therefore
shows its inner composition and its general behaviour
towards other substances. Bodies whose constitution
has not yet been determined must be characterised by
trivial names. This is particularly the case with the
majority of the substances occurring in nature, such as
the carbohydrates, the alkaloids, &. These bear a name
usually derived from that of the plant from which they
were first prepared, as, for instance, the names mannitan,
inulin, aniline, coniine, &. Numerous compounds have
retained their popular names even after their constitu-
tion has been ascertained, because in many cases these
have been found to be simpler and more convenient
than the rational ones.

The terms acetic acid, aniline, mercaptan, are
generally used instead of the scientific names methyl
carboxylic acid, amido-benzene, ethyl hydrosulphide.
The rational terminology is much simplified owing to
the fact that certain groups of atoms, i.e., radicles, are
recognised as occurring in organic compounds. Ac-
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cording to Hofmann’s system, which is the ome in
general use, at all events for compounds with open
carbon chains, radicles which have the same general
formula, and bear the same relation to saturated hydro-
carbons, are distinguished by names derived in a similar
manner from the corresponding hydrocarbon.

CH4 C2H6 C3H8 04H 10 CﬁHl 2 CnH2n+2

Methane  Ethane Propane Butane Pentane. (.a,ne)
CH, CH, CH, CH, CH, CH,,,
Methyl Ethyl Propyl Butyl Pentyl. (.y])

CH, CH, CH;, CH, CH, C,H,,

Methene  Ethylene Propylene Butylene Pentylene. (-ylene)
CH CH, CH CH, CH, CH,_
Methenyl  Ethenyl  Propenyl  Butenyl  Pentenyl (..enyl)
CH, CH, CH; C.H, C,,]_EIZ,,__2

Ethine Propine Butine Pentine. (-me)

The above terms occur in the names of compounds
containing these radicles, as for example, methyl
alcohol, diethyl ether, &c.

The names of the radicles of acids are usually
formed by adding -oyl or -yl to the stem of the name
of the acid; thus, for instance, acetyl, succinyl, and
benzoyl are the radicles of acetic, succinic, and benzoic
acids respectively. The names of aromatic hydro-
carbons generally end in -ene, as benzene, anthracene,
toluene. The hydroxyl compounds of the hydrocarbons
end in -ol, alcohol, phenol. Basic compounds end in
-ine, as for example, amine, sulphine, hydrazine. In
the case of sulphur compounds the prefix sulph- or thio-
is used according to whether the sulphur is singly or
doubly linked to a carbon atom.
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Names are often derived from substitution processes.
The compound C,H,Cl is called ethyl chloride because
the presence in it of the radicle ethyl C,H, is assumed,
but it may also be looked upon as ethane in which one
atom of hydrogen is replaced by chlorine, and it there-
fore also bears the name monochlorethane. If acetic
acid be treated with chlorine, compounds are obtained
which are named according to the number of hydrogen
atoms replaced.

Monochloracetic acid CH,Cl—CO,H
Dichloracetic acid CHC1,—CO,H
Trichloracetic acid CCl,—CO,H

The compound CH,NH, (aniline) may be called
either phenylamine, in order to exhibit the radicle C;H,
or amido-benzene, so as to show its relation to benzene.
In acids with open carbon chains substituting groups
or elements are distinguished by the letters a, 8, y, &c.,
according to whether they are linked to the first,
second, or third carbon atom counting from the carb-
oxyl group.

CH,.CH,.CHBr.CO,H a-brombutyric acid.
CH,.CHBr.CH,.CO,H B-brombutyric acid.
CH,Br.CH,.CH,.CO,H -brombutyric acid.

Compounds with closed carbon chains have their
substitution positions indicated by numbers, one position
being called 1, and the others 2, 8, 4, &c., in regular
order ; sometimes the letters of the Greek alphabet are
used for this purpose as in the case of pyridine or
naphthaline.
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Von Baeyer has suggested that compounds with open
carbon chains should have the terminal carbon atom
distinguished by w, and the following ones with a, B3, v.

CH;.CH,.CH,.CH,Br w-brompropyl benzene.
C.H,.CH,.CHBr.CH, a-brompropyl benzene.
C.H;.CHBr.CH,.CH, B-brompropyl benzene.

The terms ortho-, meta-, and para- are frequently
abbreviated to o-, m-, p-. The benzene nucleus is
sometimes represented by B, and the pyridine nucleus
by Py. :

Organic compounds are divided into two classes, viz.,
fatty and aromatic bodies. The division is founded on a
difference in the linking of the atoms, and a consequent
difference in the general chemical behaviour of the
substances. The fatty compounds are so called from
a number of bodies belonging to the group which have
long been known, and which occur in vegetable and
- animal fats. The old name has been generally retained,
although only a small number of bodies in this group
arereally fats ; it is more rational to term them methane
derivatives, because they can all be theoretically derived
from the simple hydrocarbon methane. In these com-
pounds the carbon atoms are so linked together that
open chains are formed. ‘

The fatty bodies are divided into saturated and
unsaturated compounds, according to whether all the
available valencies of the carbon chain are satisfied or
not. A systematic division on this principle cannot
however be very easily strictly enforced.

If the division of the methane derivatives into sub-
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divisions were consistently carried out, it would be
necessary to start from the different hydrocarbons, and
give in series the compounds which are formed from
them by the replacement of one, two, three, &c.,
atoms of hydrogen. Such a system would be too artifi-
cial, becaunse many generically similar bodies would be
widely separated. The generic principle must be intro-
duced into the systematic arrangement and classifica-
tion of organic compounds, particularly of the fatty
bodies, but it should not form the sole ground of such
classification.

The aromatic compounds are so called because many
of those first known were resins, ethereal oils, balsams,
&c. Like the fatty compounds they have retained their
old name although most of them do not possess the
properties included in the term ¢aromatic;’ a better
name for these substances would be that of benzene
derivatives, or benzenoids, because they may all be
derived from the hydrocarbon benzene C;H,. Aromatic
compounds contain at least six atoms of carbon in the
molecule, which are so arranged as to form a closed
chain or ring (Benzene nucleus) :—

.
&

b
%

C
|
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This carbon chain is very stable. The aromatic
compounds are richer in carbon than the fatty bodies,
the carbon in them is more condensed, they are conse-
quently harder to burn than the fatty compounds, and
during their combustion deposit carbon in considerable
quantity. Compared with the fatty bodies the aromatic
compounds show many chemical peculiarities, due
partly to their higher percentage of carbon, and partly
to the stability of the atomic linking.

The furfuran, thiophene, and pyrrol compounds
form a special class; their atoms are linked as shown
below :—

H(IJ-——CH HC——CH  HC——CH
l I l | -l
HC\ CH H(q l)H HIC\ EH
/ / /
0 \S NH
Furfuran Thiophene Pyrrol.

The pyridine, quinoline, and acridine derivatives
form a separate series of carbon compounds; they con-
tain a closed chain consisting of five carbon atoms and
one nitrogen atom :—

H
C

nd’ “bm

HC CH
N
Pyridine.

The compounds belonging to some of these groups,
especially the thiophene derivatives, behave exactly
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like benzene derivatives ; they may therefore be classed
as ¢ aromatic ’compounds, using the word in its widest
sense.

It is of course quite obvious that a compound may
be related in composition to two or more of the chief
groups of organic substances.

The constitution of a number of bodies occurring
in organic nature is at present unknown, and the com-
pounds themselves cannot therefore be arranged in the
system of organic chemistry ; they are usually classed
together under the term bodies of unknown constitution.
The number of such compounds is continually decreasing,
as the substances are gradually subjected to chemical
investigation and research. They form different groups
such as alkaloids, bitters, glucosides, &c.
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PART II

THE PHYSICAL PROPERTIES OF ORGANIC
COMPOUNDS

CHAPTER VII

INTRODUCTORY REMARKS. CRYSTALLINE FORM. SOLUBILITY

CERTAIN physical properties such as crystalline form,
specific gravity, melting and boiling points, are im-
portant characteristics of organic compounds. A
comparative study of the physical properties of these
compounds possesses much interest of a general nature,
for it is by such means that we determine the rela-
tions between external properties and internal com-
position and constitution, and in how far the former
are dependent upon the latter. After the determina-
tion of the relations between composition and pro-
perties, the further question arises, why a certain
internal constitution causes certain definite properties.
Comparative researches of the above nature have only
been possible during late years, when a large number
of organic compounds have been prepared and accu-
rately investigated, so that it has been possible to obtain
a glimpse into their inner constitution. Little had
been previously done in this direction, though isolated
rules had been deduced by a comparison of allied and
F
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isomeric compounds. Most of the properties which are
now to be considered are of a constitutional kind, that
is to say they are more or less dependent not only upon
the nature and number of the elementary atoms, but
also upon their arrangement in the molecule, t.e., upon
the constitution of the compound.

CRYSTALLINE FORM.

Isomorphism frequently occurs between homologous
compounds or similar substitution products. According
to Groth’s researches, a definite alteration in crystalline
form is produced in aromatic compounds when hydrogen
is replaced by some other element or radicle. He lays
down the following rules :—

(1) If hydrogen be replaced by OH, or NO,, two
axes (a and b) remain unaffected; only the third (c)
undergoes an alteration, which increases with each addi-
tional NO, group.

(2) The substitution of halogens for hydrogen
causes the crystalline form to change to one less regular.
This phenomenon is called morphotropism. Nothing
more is known of the relation between the internal
composition and crystalline form of organic compounds.
Researches on this subject would be full of interest
both chemically and crystallographically.

SOLUBILITY.

Organic compounds containing only carbon and
hydrogen are either only slightly soluble or insoluble in
water; those containing oxygen are more soluble, and as
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a rule, the solubility increases in proportion to the
quantity of oxygen. In the homologous series of the
fatty group solubility in water decreases with increasing
molecular weights. Compounds rich in carbon, such
as the aromatic bodies, are in general more insoluble
than those containing less carbon.

Most organic substances are soluble in alcohol, many
of them also in ether. The solubility in ether decreases
with the quantity of oxygen present, especially if the
oxygen be in the form of hydroxyl as in the alcohols.
Many organic compounds dissolve readily in carbon
disulphide, chloroform, benzene, and other liquids.
According to Raoult’s experiments the temperatures at
which the aqueous, benzene, and acetic acid solutions of
organic compounds freeze, bear definite relations to the
molecular weights of the substances dissolved. A like
number of molecules dissolved in a similar quantity of
water exerts almost the same influence in lowering the
freezing point. See also page 7.

F 2
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CHAPTER VIII

SPECIFIC GRAVITY. SPECIFIC VOLUME

Specific gravity is one of the most important physical
characteristics of liquids; it has therefore been deter-
mined for the majority of organic compounds which
are liquid at ordinary temperatures. In order to obtain
directly comparable values the determinations are
usually made at a temperature of 20 degs., the density
of water at 4 degs. being taken as the unit.

In the homologous series of the fatty group, the
specific gravity decreases as the quantity of carbon in
the compounds becomes greater :—

Specific gravity
Acetic acid . . C,H,0, 1-063
Propionic acid . CgHO, 0-991
Butyric acid . CH0, 0-958

The same holds for the homologous benzene hydro-
carbons :—

Specific gravity
Benzene . . CgH, 0-8995
Toluene . . CH, 0-8841
Xylene . . CgH,, 0-8770
Cymene . . C,H, 0-8732

Researches comparing specific or molecular volumes,
i.e., the quotient of the molecular weight and specific
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gravity of organic compounds, have led to interesting
results.

All liquids do not expand to the same degree when
raised through the same interval of temperature; in
order therefore to obtain comparable numbers from
the specific volumes, it is necessary to make these deter-
minations when the thermal condition of the com-
pounds is the same, that is to say, at the temperature at
which a change of state occurs. Kopp proposed that
the determinations should be made at & temperature as
near to the boiling point as possible. Such determina-
tions are very difficult to make in the case of bodies
with high boiling points; the specific gravities of such
substances are therefore determined at a lower tem-
perature, and by means of the dilatometer the coeffi-
cient of expansion is also measured. Specific volume
determinations have been chiefly carried out by Kopp,
Buff, Ramsay, Thorpe, R. Schiff, and Briihl. Isomeric
saturated compounds have almost, but not quite, the
same specific volumes. This property is of course
only slightly affected by differences in constitution.

In homologous series the molecular volume increases
by about 22 for each additional CH, :—

Mol. wt. Mol vol. Difference
Formic acid CH,0, 46 41'4} 99-3
Acetic acid C,H,0, 60 687, 91-7
Propionic acid C,H,0, 74 854 i 9217
Butyric acid  C,H,0, 88 107'1} 936
Valeric acid C,H,,0, 92 1380-7
The difference is not so constant in all homologous
series as in the above.
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Compounds containing the same quantity of oxygen
but with a difference of C, + (H,), possess the same
specific volume. One atom of carbon causes therefore
the same alteration as two atoms of hydrogen, but the dif-
ference in the molecular volume for CH, equals 22, there-
fore the difference for one C atom=11 and for H,=11,
or for one atom of hydrogen 5'5. These numbers, 11
and 5'5, are regarded as the atomic volumes of carbon
and hydrogen. In a similar way the atomic volumes
of oxygen, sulphur, nitrogen, chlorine, bromine, and
iodine have been determined, but the numbers cannot
be regarded as absolutely correct. It should be par-
ticularly noted that the above polyvalent elements show
a different specific volume according to the manner in which
they are linked to the carbon atom. The specific volume
(atomic volume) for singly linked owygen equals 7-8, and
for doubly linked 12-2. Sulphur and nitrogen behave in
a similar manner. This property renders it possible, by
an estimation of the specific volume, to determine how
the oxygen, nitrogen, or sulphur in a compound is linked
to the carbon.

For example, it is required to determine whether
- aldehyde should be represented by the formula C,H,.OH

CH,.C=0.
or ]IE[ According to the first formula the

. specificvolume would be (2 x 11) + (4 x 5'5) + 7-8=518;
‘according tothe second (2 x 11) + (4 x 55) + 12:2=56-2.
The molecular volume of aldehyde calculated from the
specific gravity is found to be 56-4; the constitution
therefore corresponds to the second of the above
formulze.
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Carbon itself does not always possess the same
specific volume; it varies according to the way in
which it is linked to other carbon atoms. The atomic
volume of singly linked carbon is 11, but according to
R. Schiff every double bond causes an increase of 4 units
in the volume. Isomeric saturated and unsaturated
compounds possess therefore different specific volumes.
This clearly shows that the so-called double bonds
are not more intimate linkings of carbon atoms, but are
on the contrary weaker than the single ones. It may
be mentioned that the benzene derivatives do not
show such a high specific volume as would be ex-
pected from the presence of the three double bonds
assumed in Kekulé’s formula.
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CHAPTER IX

X" MELTING POINT

EvERY solid compound capable of being melted, melts
when pure at a definite temperature; the slightest
impurity may however lower the melting point con-
siderably. Kolbe (1860) believed that he had obtained
an acid isomeric with benzoic acid which he called
salylic acid. Beilstein however showed that Kolbe's
acid was only ordinary benzoic acid containing a trace
of chlorobenzoic acid, but so small was the quantity of
chlorobenzoic acid present that it could scarcely be
detected by analysis.

A mixture of two substances frequently melts at a
lower temperature than either of its components. .A
mixture of equal parts of stearic acid (M.P. 69-2°) and
palmitic acid (M.P. 62°) melts at 59°. A mixture of
equal parts of metaoxybenzoic acid (M.P. 200°) and
paraoxybenzoic acid (M.P. 210°) melts at 143-152°.
These phenomena agree with those observed in the case
of many alloys.

In homologous series the melting point usually
increases with the molecular weight, though occasionally
the opposite of this occurs. It has been observed,
curiously enough, that in certain homologous series of
compounds of normal structure, the melting point alter-
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nately rises and falls; the compounds containing an
uneven number of carbou atoms possessing the lowest
melting point.

Normal acids of the formula C H,,0, :—

M.P. MP.

CH,0, 2° CHO, + 17°
C,H,O,under — 21° CHO, 0°
C,H,0, ,, — 16° CH,,0, — 2°
C,H,,0, —10-5° CH,0, + 16°
o H 40, + 120 C,H, 0, + 80°
C,,H,,0, + 28° C H 0 +43-6°
Hm,O2 + ol° C H 0 + 62°
C,,H:MO2 +599° C, H 0 + 69-2°

Normal acids of the formula C,H,,_,0, :—

M.P. . M.P.
C,HO, 13 CHo0,  180°
C,H,0, 97°  C.H,0, 148
C,H,0, 103 CH,0,  140°
0, 106° C.H,0, 127
C,H,0, 108

The derivatives of these acids show the same relations.
The group methyl (CH,) causes a rise in the melting

point.

CH,

i, |

| CH,

CH, CHy\ | CH,

(IJH,.OH C—OH
ity (AP 3.

butyl alcohol.
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CH,—CO,H

| CH,—CO,H CH CO.H
CH, cu><con
| CH,—CH—CO,H 3 2
CH,—CO,H
Glutaric acid Pyrotartaric acid Dimethylmalonic acid
(M.P. 97°) (M.P. 112°) (M.P. 170°).

If the hydrogen of a hydroxyl group be replaced by
an alkyle radicle, as for example when an acid is con-
verted into an ester, or an alcohol into an ether, the
melting point of the compound is lowered, provided
that the quantity of carbon in the radicle introduced is
not proportionately very much greater than that con-
tained in the hydroxyl compound :—

C4H4O2(OH)2 04H402(OCH3)2 C4H4O2(002H5)2

Succinic acid Methyl succinate Ethyl succinate
(M.P. 180°) (M.P. 20°) (liquid)

C,H,, 0H C,H,,0C,H,
Cetyl alcohol Cetylethyl ether
(M:P. 55°) (M.P. 20°).

The formation of esters causes a greater lowering
of the melting point than the formation of ethers, as
is seen by a comparison of ether acids with isomeric
oxyacid esters :(—

M.P.
Salicylic acid . . CGH4<8(I)I H 156°
N ,
Methylsalicylate . . CGH‘,<8(I)-I CH Liquid
2 3
OCH

Orthomethoxybenzoic acid C“H‘<CO B 98:5°
' 2

Metaoxybenzoic acid . CGH4<8(1;I H 200°
2
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Ethylmetaoxybenzoate (“16H4<8(It:)I C.H 720
2~27"5

Metaethoxybenzoicacid  C;H 4<882I£I15
2

137°

The para compounds of the aromatic series usually
melt at higher temperatures than the isomeric ortho-
and meta~ compounds. Of the three cresols C,H,.OH,
the meta- compound is liquid, the ortho- compound
melts at 31°, and paracresol melts at 836°. Ortho- and
meta- xylene are liquid, whilst paraxylenemelts at
15°. :

It is also worthy of note that if the hydrogen in
benzene be replaced by chlorine or bromine, the melting

point of the compounds formed alternately rises and
falls :—

M.P. M.P.

C,H, +8° C.H, +3°

C,H,Cl —40° C,H,Br Liquid

CH,Cl, +56° C,H,Br, +89°

(Para) (Para)

C,H,Cl, +17°  C,H,Br, +440
(Unsymmetrical) (Unsymmetrical)

CH,Cl, 188° CH,Br, 139°

(Symmetrical) (Symmetrical)

C,HCl, 86° C HBr, about 240°

C4Clg 226° C¢Br, above 310°

Similar results have been observed when the hydrogen
in acetic acid is replaced by halogens :—



76 GENERAL ORGANIC CHEMISTRY

M.P. M.P.
C,H,0, 17°
C,H,CI0, 620  C,H,BrO, about 100°
C,H,CL,0,under0°  C,H,Br,0, 45°-50°
C,HCL0, 52°  C,HBr,0, 185°

The melting points of other groups of compounds
show an analogous regularity, but no general law ex-
pressing the relation between the melting point and
the constitution of compounds is known.
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CHAPTER X
X

BOILING POINTS

THE boiling point is an important characteristic of sub-
stances volatile without decomposition. In general, a
constant boiling point is a sure sign of the chemical
purity of a compound.

In the case of a homogeneous mixture of liquids
whose boiling points lie near each other, simple distil-
lation is insufficient to effect a separation; the boiling
point is never constant, and the various substances
go over together at intermediate temperatures. The
method usually adopted is to collect separately all that
comes over between each 5° or 10° and then subject
these portions to a fresh distillation. After a number
of such fractional distillations have been performed,
larger quantities of the liquids collect at the respective
boiling points of the compounds in the mixture.

The following example! serves to show how inade-
quate simple distillation is in effecting the separation
of two liquids, whose boiling points are not particu-
larly near to each other.

Two hundred gr. of a mixture of equal parts of
ethyl alcohol (B.P. 78-3 degs.) and amyl alcohol (B.P. 132
degs.) were distilled, and the distillates for each 10°
kept separate.

! Roscoe and Schorlemmer, Treatise of Chemistry, Vol. 3. Pt. 1,
P. 148, )
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laaonloo_100

Temperature °C. 80-90 90-100100-110/110-120) 120-130'180—181 131-182

Weight of distil-
late in grms, Hoar | 45 | 25 14 18 11 36
Ethyl alcohol % .| 88:1| 820 | 6156 | 521 | 144 45 02

Amyl alcohol % . [ 119 180 | 885 479 85'6 95'56 99'8

|100'0 1000 ‘ 1000 | 1000 | 1000 | 1000 100‘0|

The separation of a mixture of several different
liquids by distillation would be, of course, much more
difficult. The hydrocarbons possess the lowest boiling
points of all compounds with a like carbon nucleus.
Hydrogen increases the volatility ; the more hydrogen
a substance contains the lower is its boiling point.

B.P.
Isopentane . . CH, 30°
Isoamylene . . CH,, 35
Butyric acid . . CH,0, 162
Crotonic acid . CHO, 180-182

Oxygen acts in the opposite way to hydrogen—it
renders a compound less volatile. The boiling point is
raised as a rule 40 degs., by the oxidation of an alcohol
group —CH,OH to a carboxyl group —CO.OH.

If two substances unite together, with simultaneous
formation of water, the boiling point of the resulting
compound is equal to the sum of the boiling points of
the components minus 100-120 degs. (Berthelot).

Acetic acid  boils at . 118°

Ethyl alcohol ,, . 785°
Sum . . 196-5°

Acetic ether boils at . . 770
Difference ., 119-5°
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Ethyl alcohol boils at~ .  78:5°

Ethyl alcohol ,, . 78:5°
Sum .. 187°

Ethyl ether boils at . . 85°

Difference . 1220

The replacement of an atom of hydrogen by a
halogen usually causes a considerable rise in the boil-
ing point; a chlorine atom effects an increase of about
40 degs.

In homologous series the boiling point rises with
increasing molecular weights; this increase is often
about 20 degs. for homologous compounds whose atoms
are linked together in a strictly analogous manner.

Normal primary alcohols of the formula C H,,,,0:—

B.P. °C. Difference
C,H,0 84
C,H,0 74 gy
C,H,,0 1691 5y
C,H,,0 138 1 g
C,H,0 158 | g
C,H,0 176 | 16
C,H,,0 192

Normal acids of the formula C,H,,0, :—

B.P. Difference
C,H,0, 118-1° ,
C.H.O, 1407 i o
C,H,0, 16281 g9,
C,H,,0, 185 [ 4
C,H,,0, 205 1
C,H,,0, 24 4y

C,H,,0, 237
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Goldstein has given a general formula for calcu-
lating the boiling points of the normal hydrocarbons
of the formula C,H,,,,, for every CH, the boiling point
380

increases by 19 + ; ; for example :—

(n+1)
Observed BP.°C.  Caleulated B.P. °C.
CH,, 1 1
C,H,, 39 39
C:H,, 70 706
C,Hy 984 986
CH,, 124 1224

From the above examples it is seen that the differ-
ence is not a constant number, but that it decreases
with increasing molecular weight,.

It is only natural that the rising of the boiling
points should be limited ; if, for instance, the boiling
points of the fatty acid series increased 19 degs. for
each member, from formic acid to the acid C, H,O,,
the calculated boiling point of this latter compound
would be 100° + (29 x 19°) = 651° a temperature
at which all organic compounds are decomposed.
Many organic compounds with particularly high mole-
cular weights decompose before they volatilise; they
cannot therefore be distilled at ordinary pressures,
many of them may however be distilled in' a vacuum.
The volatility of an organic compound depends not
only on the nature and quantity of its constituent
elements, but also on the atomic linking.

Isomeric compounds of similar constitution show
in general the same volatility, but considerable
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differences are often observed in the boiling points of
isomeric compounds with different constitutions :—

B.P. °C. Difference °C.

Methyl acetate . C,H,0, 56 1
Ethyl formate . C,H,0, 55} 85
Propionic acid . C,H,0, 140

A hydroxyl compound usually possesses a higher
boiling point than a compound containing no hydroxyl;
for example, the ethers and esters are more volatile
than the isomeric alcohols and acids :—

B.P. °C.
Alcohol . . CH,CH,.OH 784
Dimethyl ether . CH,.0.CH, —20
Butyric acid . CH,.CH,CH,CO.0H 162

Ethyl acetate . CH,.CO.0.CH,.CH, 74

The compounds termed aldehydes and ketones,
which contain oxygen but no hydroxyl, are compara-
tively easily volatile; the lactones on the other hand,
the oxygen of which is also not in the form of hydroxyl,
have a higher boiling point than the isomeric unsaturated
acids.

Compounds containing tertiary or quaternary linked
carbon atoms, have lower boiling points than their iso-
mers with normal carbon chains. The boiling point
sinks as the number of side chains increases. The
introduction of the methyl group into compounds pro-
" duces an effect on the boiling point exactly opposite to
that produced on the melting point,

G
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CH, ‘H
| l CH, CH,
CH, o, Seq
CH, CH, CH, CH,

Normal pentane Isopentane Tetramethylmethane

(B.P. 39°) (B.P. 30°) (B.P. 95°).

Boiling points of acids of the formula C;H,,0,:—

Normal valeric acid 184°
Isovaleric acid 175°
Trimethylacetic acid 161°

With regard to the influence of isomerism of posi-
tion, the secondary and tertiary compounds of the
monosubstituted hydrocarbons, boil at lower tempera-
tures than the primary compounds:—

CH, CH, CH, CH, CH, CH,
| | Ve \/
CH, CH, \H CI
| i | |
CH, CHI CH,I CH,
| |
CH,I CH,
Primary Secondary Primary Tertiary
(B.P. 129°) (B.P. 117°-118) (B.P. 120°5°) (B.P. 99°)
Normal blrt-yl iodide Isobutyl fodide.

Isomeric compounds containing oxygen, and having
like carbon nuclei, have a lower boiling point the nearer
the oxygen is to the middle of the carbon chain. Pri-
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mary alcohols almostalways boil 19° higher than isomeric
secondary alcohols :—

CH, CH, CH,
l | |
CH, CH, CH,
| | I
CH, CH, CH.OH
| | |
CH, CH.OH CH,.
| |
CH,OH CH, CH,
Primary a-Secondary B-Secondary
(B.P.137°) (B.P. 118:5°) - (B.P. 116°-117°)
Amyl alcohol.

Halogen substitution products of the hydrocarbons,
like the oxygen compounds, boil at a lower temperature
the nearer the halogen approaches the middle of the
carbon chain. In the case of isomers with more than
one halogen atom, the compound in which the halogens
are closest together has the lowest boiling point:—

CH,Cl—CH,Cl CH,—CHC],
Ethylene chloride Ethidine chloride
(B.P. 85°) (B.P. 58°).

Corresponding methylketones, methyl esters, and
- acid chlorides have almost the same boiling points
(Schroder) :—

BP.
Acetone CH,.CO.CH, 563°
Methyl acetate CH,CO.0CH,  56-3°
Acetyl chloride CH,.CO.Cl 55°-56°

Propylmethyl ketone C,H,.CO.CH;  102-3°

Methyl butyrate C,H,.CO.0CH,; 102°-105°

Butyryl chloride C,H,C0.C1 100°-101-5°
G2
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The groups —CO.CH,, —C0.0CH,, and —CO.C1
exert the same influence on the boiling point.

A similar agreement has been observed in the boil-
ing points of corresponding phenols and amido com-
pounds (Markwald):—

C,H,.OH 183°
C,H,.NH, 183°
C.H,(CH,0H(p) 198°
C.H(CH)NH,(y) 198°

A number of other uniformities have been shown to
exist, but no general law is known expressing the
relation between volatility and atomic linking.



856

CHAPTER XI
YHEAT OF COMBUSTION AND HEAT OF FORMATION

THERMAL phenomena go hand in hand with chemical
phenomena. Numerous thermo-chemical researches
have been made of late years, particularly by Berthelot
and J. Thomsen ; as the result, it kas been found that
the principles of the mechanical theory of heat may be
applied to explain many chemical phenomena. As regards
orgamic compounds alone, only little is known of their
thermo-chemical behaviour. An important problem con-
nected with this subject is the discovery of the relations
between chemical constitution and thermal properties.

Isomeric compounds with different constitutions have
different heats of combustion.—The reason for this is
very simple. Heat of combustion may be divided into
two factors, viz{.!)the sum of the heats of combustion of
the elements contained in the compoundfz)and the
quantity of heat required to overcome the mutual
attractions of the atoms in the molecule. The first of
these factors is the same for isomeric compounds, but
the second may differ; it must however be the same as
the heat of formation, that is to say, the quantity of
heat absorbed or evolved on the formation of the com-
pound. Heat of formation may be either positive or
negative,
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Thomsen has determined the heats of combustion of
a number of simple hydrocarbons, and has calculated
from these data their heats of formation ; from the num-
bers thus obtained he has attempted to estimate the
thermal values of the different kinds of bonds between
two carbon atoms. He found for

the first valency + 14805°
,» second ,, + 228°
y, third — 14345

Thomsen used these numbers in order to determine
how the carbon atoms are linked together in hydro-
carbons such as benzene, which contain little hydrogen.
From the above data different values would be obtained
by calculation for the heats of combustion and forma-
tion of benzene, according to whether its constitution
were represented by Kekulé’s formula with three double
and three single bonds, or by a formula with nine
single bonds. Calculated heat of formation (for constant
pressure) :—

According to Kekulé’s formula —59200c.
» formula with single bonds —15490c.

The heat of combustion for six atoms of carbon and
six atoms of hydrogen is :—
6(C, O,) + 3(H,, 0)=696960 + 3 x 68360="786840c.

The theoretical heat of combustion in the first case
(Kekulé) would be 786840 + 59200 =846040c. ; and in

! This only holds on the understanding that in ethylene and
acetylene respectively, a double and triple bond exists between the
carbon atoms.
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the second case 786840+ 15490=802330c. Thomsen
found the heat of combustion of benzene to be 805800¢,
and concluded therefore that in benzene the carbon
atoms are linked by nine simple bonds, and not by three
double and three single ones, as Kekulé’s formula indi-
cates.

The above serves to show how far thermo-chemical
numbers may be applied to the solution of constitutional
problems in organic chemistry.

All researches prove that unsaturated compounds
possess a greater heat of combustion than saturated
ones; their heats of formation are therefore less, and
their energy greater, than that of compounds contain-
ing carbon atoms linked only by single bonds. The
thermal behaviour of unsaturated compounds also shows '
that the so-called double bond is a weaker, not a stronger,
Jform of atomic attraction than the simple bond.
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CHAPTER XII

OPTICAL PROPERTIES

Refraction of light—Different liquid organic com-
pounds refract light differently. If ¢ be the angle of in-
cidence and r the angle of refraction, the refractive indez,
which is constant for every compound, is n=§%_;. The

specific refractive energy of a compound is given by the
expression "1’_;_1, where d = the density of the sub-

stance. The product of this empirically found quantity
with the molecular weight, is termed the molecular re-
Jractive energy or refraction-equivalent.

The molecular refractive energy of a number of
organic compounds has been determined, chiefly by
Landolt, Gladstone, Briihl, &c.; it has been found to
increase by about 7:6—7-8 for every additional CH, in

homologous series of compounds :—

n_;_l‘m Difference.

Ethyl alcohol  C,H,.OH 20'70} 7-60
Propyl alcohol C,H,.OH 28'30} 7-81
Butyl alcohol C,H,.OH 36'11} 778

Amyl aleohol ~ C,H,,.OH 4389

Isomeric saturated compounds have the same, or
nearly the same, refractive energy, which is therefore
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independent of the atomic grouping. The theoretical
refraction-equivalents of the elementary atoms have been
calculated from a comparison of the molecular refrac-
tive energy of different saturated compounds. The
following results have been obtained (A= ) :—

The atomic refraction for 1 atom of C = 4-86 (5).

) ) 9 » 1 » H=129 (1-3).
9 ”» » ” 1 ” 0=271 (28)
) ” 9 » 1 » N =535 (4"1)'

The refraction equivalent of a saturated molecule is
equal to the sum of the refraction equivalents of the
atoms contained in it. The molecular refractive energy
of unsaturated compounds is greater than that calcu-
lated from the refraction equivalents of their consti-
tuent atoms; each double bond causes an increase of
1-78 in the refractive power (Brithl). The molecular
refractive power of benzene = 42:16, the formula CH,
requires 36-90; the difference 5-26 would appear to
point to the existence of three double bonds in the
molecule.

Compounds containing a doubly linked oxygen atom
show a greater refractive energy than the theory would
indicate. Brithl calculated the atomic refraction for

g=3'29 (3'40).
Sulphur also shows a refraction equivalent varying
according to the manner in which the atom is linked.
The refractive power of solid bodies may be calcu-
lated from the refractive power of their solutions, pro-
vided of course that the solvent exerts no chemical
action on the substance under examination.
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Circular polarisation. (Optical rotatory power).—
Many organic substances have the power, when in the
liquid state or in solution, of turning the plane of
polarisation of a ray of light to the left or to the right.
Compounds which show circular polarisation are termed
optically active. Optical activity is particularly shown
by a number of substances which occur in nature, such
as, for instance, vegetable acids, carbohydrates, ethereal
oils, &c.; a number of optically active substances have
however been artificially prepared. ,

It has been discovered that certain compounds, such
as turpentine oil, and camphor, retain their optical
activity when in the gaseous state ; the activity is there-
fore dependent on the grouping of the atoms compos-
ing the separate molecules, not on the constitution as
represented on a plane surface, but upon the geometrical
structure. Optically active substances may often be
- converted into isomeric inactive bodies without any
alteration in chemical constitution occurring.

All optically active substances contain one or more
asymmetric carbon atoms (see p. 39), (Le Bel, Van ’t
Hoff); their derivatives retain their activity so long as
the carbon atom remains asymmetric; if the asymmetry
be lost the activity ceases: —

CH,—CO,H CH,—CO,H CH,—CO,H
|
H,N-—éH —CO,H Ho_éH —CO,H CH,—CO,H
AR et Yoive Setiver

Active aspartic acid is converted into active malic
acid by the action of nitrous acid; by treating malic
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acid with hydriodic acid, succinic acid is formed, which
is inactive.
The following further examples may be given :—

CH,CH, CH,.CH, CH,.CH, CH,.CH,
CHJ}H CH,CH CHséH HCCH,
! I l
CH,OH  CH, CH, CH,
Amg:t?:’%ohol Dimethi).gl:ﬁ:liyvl;nethane 23;{%}

Certain inactive substances may be split up into
two forms showing opposite activity ; for instance, dextro-
and levo-rotatory tartaric acids can be obtained from
racemic acid.

Certain inactive acids give an active acid when they
are exposed tq the action of some organised ferment
(Lewkowitsch) ; the one component of the inactive
~acid is destroyed by the ferment ; this is the case, for
instance, with lactic and dioxypropionic acids.

It should be noted that all compounds containing
an asymmetric carbon atom do not occur in an optically
active form ; this applies more particularly to a number
of substances which have only been prepared artificially.

The specific rotatory power [a] = IZOTOZ, where
a = the observed angle of rotation of the plane of
polarisation of light of given wave length.
I = the length of the column of liquid in decimetres.
d = the density of the liquid referred to water at 4°.
r = percentage of active substance.

The specific rotatory power is constant for the same
substance, but only if the temperature remain un-
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changed; a rise in temperature frequently causes a
decrease in rotatory power.

The specific rotatory power of an active substance
depends largely on the solvent, and on the concentra-
tion of the solution. Certain active bodies show oppo-
site rotatory power when dissolved in different solvents.
Asparagine and aspartic acid are levo-rotatory in alka-
line solutions, and dextro-rotatory in acid ones.

The specific rotatory power is an important charac-
teristic of many organic compounds; the conditions under
which it was determined must be given—in particular
the kind of light, the temperature, and the nature and
quantity of the solvent, should be stated. The direc-
tion of rotation is indicated by + (right) and — (left).
Extensive researches have been conducted of late years
by W. H. Perkin, sen., on the rotatory power of liquid
organic compounds such as hydrocarbons, alcohols,
ethers, acids, &c., when under magnetic influence.
The quantity ?:-7% i is termed the magnetic molecular
179
rotatory power, m=the molecular weight, d the density,
and r the magnetic rotatory power of the substance,
whilst r, indicates the molecular rotatory power of water
calculated under the same conditions as », and m, is
the molecular weight of water. All the determinations
were made with yellow monochromatic light.

From the numerous deductions which Perkin has
drawn from his researches the following may be selected.
In all homologous series, the magnetic rotatory power
increases in proportion to the number of carbon atoms;
if this number be designated by , then the magnetic
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molecular rotatory power equals a+n 1:023; in this
expression the number 1-028 indicates the constant
increase for each CH, group, « is a number different for
each homologous series but constant for the same one.
It has been determined for many different series, as for
example :—

Normal hydrocarbons C,H,,,, = 0-508

Iso » ” = 0-621
Normal primary alcobhols C H,,,,0 = 0-699
,»  acids C,H,,0, = 0:393.

The calculated magnetic molecular rotatory power
for different members of different series agrees in
general with the results obtained by direct experiment ;
this physical property may therefore be applied with
advantage in certain cases to determine the constitu-
tion of compounds.
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CHAPTER XIII

PHOSPHORESCENCE

MaNY organic substances when shaken with air in
presence of alkalis become luminous in the dark ; a faint
greenish light is emitted. This property was first
observed in the case of the aromatic aldehyde lophine.
Radziszewski has investigated the phosphorescent phe-
nomena of organic substances, and has found that this
property is possessed chiefly by bodies which may be
easily oxidised, such as the aromatic aldehydes. Phos-
phorescence is connected with the production of ozone.
Radziszewski concludes that during the slow oxida-
tion of an aldehyde the molecule of oxygen is split
up, one atom going to the aldehyde, thus R.CHO+ O,
=R.CO.0H + O, whilst the remaining atom uanites with
a second molecule of oxygen to form ozone. The pre-
sence of ozone was shown by the bleaching of an indigo
solution. According to Radziszewski organic com-
pounds become luminous in the dark when their alkaline
solutions unite with active owygen ; it is on this account
that terpenes and other hydrocarbons, which are some-
times called ozone carriers, after they have been exposed
in air to the action of sunlight, show phosphorescence
in presence of alkalis. Radziszewski also believes that
the power possessed by certain animals of becoming
luminous in the dark, depends on a slow oxidation and
ozone production.
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CHAPTER XIV

RELATION BETWEEN COLOUR AND CONSTITUTION

MAaNY organic substances absorb or reflect all rays of
light to the same extent; they are therefore colourless
or white. Other bodies possess the property of absorb-
ing part of the rays, the remainder being either re-
flected or transmitted ; these are the coloured substances,
and both the natural and artificial ones are, almost
without exception, benzene derivatives. Already a
number of interesting observations have been made
on the relations between colour and constitution. All
aromatic hydrocarbons are colourless, as are also the
compounds in which one atom of hydrogen has been
replaced by OH, NO,, or NH,. If however two atoms
of hydrogen be replaced, the behaviour of the compound
towards light depends upon whether the two substi-
tuting groups are alike or not; in the former case the
compounds are colourless, in the latter they are in
general coloured. Compounds containing only OH
and NH, groups form an exception to the above
rule. Phenol C;H,.OH is colourless, but its nitro
compounds are intensely yellow, for instance, trinitro-
phenol or picric acid Can(()}]IE{) ), Aniline C;H,.NH,
) 2/3
and nitrobenzene CH NO, are also colourless, but

nitroaniline CGH&}IE“ is yellow.
2
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In many cases the colour appears to be dependent
on the presence of certain atomic groups in the mole-
cule. This applies for example to the quinones which
contain the group —O—O—, as well as to the azo
compounds which are distinguished by the group
—N=N— joining two organic groups.

It may be mentioned that reducing agents, such as
nascent hydrogen, as a rule convert coloured bodies into
colourless compounds; hydrogen is either directly added,
or it replaces oxygen in the original substance :—

C,H,N=N.CH, C,H,NH—NHC,H,

Azobenzene Hydrazobenzene
coloured colourless
o5, NHs c.H, NH,

4 NO 1 NH
Nltroanilhle Diamldobenzeno
coloured colourless.

Such colourless compounds become reconverted into
coloured ones by oxidation (loss of hydrogen) :—

OH ( OH
. NH NH,
S
Triamldopl:znol Diimidoamidophenol
colourless coloured.

Graebe and Liebermann concluded, from the above
and similar facts, that the colour depends upon certain
atomic groups such as NO,, N,, O,; these groups re-
semble each other in the fact that their atoms are more
closely linked together than is necessary for the exis-
tence of the molecule. An intimate linking of carbon
to nitrogen or oxygen, caused by inner condensation, is

o~
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found in the rosanilines, aurins, phthaleins, and other
similar dyes. If this close linking be destroyed, as
happens if hydrogen be taken up, the colour disappears.

The carbon atoms are very much more closely
linked together in the benzene derivatives than in the
fatty compounds, and if this of itself be not sufficient to
account for colour, it is at any rate remarkable that
coloured bodies should almost always be aromatic com-
pounds

A distinction must be drawn between coloured sub \ .
stances and colouring matters, or dyes. The peculiar
property which these latter compounds possess of
colouring animal and vegetable substances depends
upon their power of uniting with the animal or vege-
table fibres. Witt has shown that the property of
acting as dyes depends upon the presence of two groups ;
the one may be termed the true chromophor, the second
makes the compound acid or basic, thus causing it to
form salts. The above-mentioned groups NO,, N,, O,,
are chromophors. Compounds containing only the
chromophors are called chromogenes ; they are not yet
dyes, but they become so on the introduction of a salt-
forming group such as OH or NH,.

Azobenzene is coloured ; it is however not a dye,
but only a chromogene. Oxyazobenzene and amidoazo-
benzene possess marked dyeing properties.
C¢H,.N,.C;H, C.H,N,CH,OH C/H,N,CH,NH,

Azobenzene Oxyazobenzene Amidoazobenzene *
chromogene dye dye.

Nitrobenzene is also only a chromogene, but its oxy- }
and amido- compounds are dyes.

H
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Besides the above-mentioned chromophores anumber
of others are known; they are contained in the more
complicated natural and artificial dyes. The simplest
representative of the true aniline dyes is pararosaniline:

C.H,NH,
CCHNH,
I C.H NH.
The group
|
C—(R)—NH
l

is here the chromophore.
If this group be split up by means of hydrogen,
colourless paraleucaniline is obtained :—
C.HNH,
HCLC,HNH,
C.H NH,.

Aurin has a similar composition ; it yields leucaurin
when treated with hydrogen :—

o

C,H,.OH C,H,,0H

l ‘Leucaurip
Aurin dye colourless,

The group

(llé—(R);
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is here the chromophore ; it occurs also in the phthalein
dyes :—
C,H,.OH
>0
C-—C,H,.0H

C,H,.C0.0.
|

The chromogene of this dye is phthalophenon :—
C.H,

C 6H

l ¢H,.CO.0.

]

It contains the above-mentioned chromophore, but only
becomes a dye on the introduction of hydroxyl groups.
The chromophore

0
|I

| / N\
(R)\ ®)
C/

g

occurs in alizarine and purpurine.
The chromogene of this compound is anthrachinone :

CHSEPCH,  CHLSICH,(0m),

Anthrachinone Alizarine
chromogene dye,

As a rule the salts of dyes have a stronger colour
than the free acid or basic compounds,
H2
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The intensity of colour increases with the number of
salt-forming groups, as for example :—

Amidoazobenzene C,HN,(NH,) : Ilightyellow.
Diamidoazobenzene C,,H,N,(NH,), : orange.
Triamidoazobenzene C,,H N,(NH,), : brown.

The replacement of amido hydrogen by hydrocarbon
radicles causes a definite change in the colour. As
the number of introduced radicles increases, the colours
of the compounds often change in the following order:
yellow, red, violet, blue. By the addition of successive
phenyl groups to rosaniline, the colour alters as under:

Rosaniline CyoH N, red.
Phenylrosaniline CyoH,5(CeH)N, red-violet.
Diphenylrosaniline  C, H,,(C;H;),N;  blue-violet.
Triphenylrosaniline  C, H,,(C;H;),N;  blue.

The fluorescence which is shown by many organic
compounds, both dyes and others, is also dependent
on the constitution.



101

PART III

GENERAL BEHAVIOUR OF ORGANIC COMPOUNDS

CHAPTER XV

OXIDATION

By oxidation is meant not only the combination of
oxygen with a compound, but also the splitting off of
hydrogen and replacement of it by oxygen. The final
oxidation product of the carbon of organic compounds is
carbon dioxide. Combustion is the term usually applied
to the complete oxidation of an "organic compound to
carbon dioxide. Each organic compound, with the
exception of the most highly oxidised, can pass through
several oxidation phases before it is completely burnt,
so that the numerous organic oxygen compounds may
be regarded as such partial oxidation products.

All organic compounds containing oxygen attached
to the carbon may be looked upon 'as being oxidation
products bf the hydrocarbons ; they cannot all be pre-
pared by direct oxidation of the hydrocarbons, but they
may be derived from them as theoretical oxidation pro-
ducts. The oxidation process must be considered as
proceeding in such a way that the oxygen inserts itself
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between the hydrogen and carbon, thus forming
hydroxyl.

CH, CH,

| ¢

CH, H,.0H
Ethane Ethyl alcohol.

The first (theoretical) oxidation products of the
hydrocarbons are the monovalent alcohols, or phenols as
they are called when the hydroxyl is linked to a benzene
nucleus. In reality such an oxidation of the hydro-
carbons to alcohols can only occur under certain condi-
tions. )

An alcohol is primary, secondary, or tertiary,
according to Whether the oxidation has taken place in
connection with a carbon atom which is linked to one,
two, or three other carbon atoms.

The first named contain the group

|
CH,.OH.

The secondary alcohols contain the group

|
CH.OH.

|
The tertiary the group

_(IE.OH.

If an alcohol be further oxidised, the oxygen as a
rule becomes attached to the carbon atom which is
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already oxidised, hydroxyl being again formed in the
first place :—
CH,  CH,

I |
CH,.OH CH<8H

Experience has however shown that compounds con-
taining more than one free hydroxyl attached to the same
carbon atom are not stable ; they split off water and be-
come converted into oxides:—

CH, oH,
<|3H<gﬁ= éH:O+ o

Aldehyde

The first oxidation products of the primary alcohols
are the aldehydes, which are characterised by the pre-
sence of the group

l
CH:O.

A similar process occurs if a secondary alcohol be
oxidised : —

CH, CH, CH,

I | om |
CH.OH +0=C <5=C0+H,0.
I | |

CH, CH, CH,

Secondary propyl alcohol Acetone (ketone)
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Secondary alcohols give on oxidation ketones, which
all contain the group
|

CO
l
linked to two hydrocarbon radicles.
The oxidised carbon atom of the aldehydes, but not
that of the ketones, can take up another atom of oxygen
without the molecule being destroyed :—

CH, CH,

| +0=1_,

CH:0 ¢ =%%mn
Acetic acid.

Aldehydes give on oxidation carbowylic ucids which
are characterised by the group

I
C0.0H

Carboxyl.

Strictly speaking the carboxylic acids must be re-
garded as being trihydrates with the group

| OH
C &OH
OH

Ortho-acids.

This group however at once splits off water, and becomes
converted into ordinary carboxyl (meta-acids).

The ‘ortho-acids are only known in the form of esters;
all free carboxylic acids belong to the meta series. In
the formation of acetic acid one of the carbon atoms of
ethane is entirely oxidised; it cannot take up more
oxygen without being split off as carbon dioxide. The
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second carbon atom may pass through exactly the same
phases of oxidation as the first : —

CH,OH  CH:0 CO.0H

CO.0H CO.0H CO.0H
Alcohol acid Aldehyde acid Divalent acid
(Glycollic acid) (Glyoxylic acid) (Oxalic acid).

In addition to the above compounds the following
ones may also be regarded as oxidation products of the
hydrocarbon C,Hy:—

CH,.OH CH,.OH CH:0
I I
(gHg.OH CH:0 CH:0
Divalent alcohol Alcohol aldehyde Double aldehyde
(Glycol) (Glyoxal).

All other oxygen compounds containing two atoms
of carbon are simple derivatives of some one of the
above-mentioned ten compounds.

The highest oxidation product of ethane is oxalic
acid, and if this be further oxidised, carbon dioxide and
water are produced :—

CO.0H Co,
| +0= +H,0.
CO.0H Co, ‘

The following is a list of the theoretical oxidation
products of propane. Compounds which have not yet
been prepared are given in brackets :—

1. 2. 3.
CH,  CH,0H CH, CH,
| | | I
CH, CH, CH.OH CH.OH
| I I I
CH, CH, CH, CH,.OH
Propane Primary Secondary Propylidene

propy! alcohol propy! alcohol glycol.
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4.
CH,.0H
|

CH,

|
CH,.OH

Propylene glycol

8.
CH,.OH

CH,
&H :0

12.
CH,.OH

|
CH.OH
|
CH:0O

Glyceslc aldehyde.

Lan, st
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5. 6. 7.
CH, CH, CH,0H
| |
CH, Co (!JH.OH
o I
CH:0 CH, éH,.OH
Propyl-aldehyde Acetone Glycerine,
9. 10. 11.
CH, CH,OH CH,
I l
CH.OH } (O H,
| I I
CH:O CH, C=O
— OH
Acetol Propionic acid.
13. 14.
CH,.OH CH:0
|
co CH,
|
J]H,.OH CH:O
16. 17. 18.
CH,OH CH, CH:O
| | | ~ "rw.l_'
CH, CH.OH CH.OH. ‘
I I
—OH ~—OH
Ethylenelactic Ethidenelactic
acid aeid,



19.
CH:0
|
Co

I
CH,.OH]

23.
CH:O

|
CH.OH

|
c=9

— OH

26.

CH:O
-
Jco
I

-0
lC—OH

.
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CH:0
l .
CH,
| |

C —om

I

CH,
Co

—0
C _om

107

22.
CH, OH

éH.OH

|
c=O°

—OH

Formyl-acetic acid Pyroracemic acid Glyceric acid.

|

j'

24.
CH,.0H

'éo
c=on

Oxymalonic acid

25.
=0
— OH

Q

H2

=0
— OH

Malonic acid.

—-Q-—

28.
—0
C _om
| .
co
|

—0
¢ _om

Mesoxalic acid.

This list shows how great the number of the possible
organic oxygen compounds is; the compounds are all
derived from one hydrocarbon which only contains
three carbon atoms. In spite of the formidable number
of substances, great simplicity prevails in their arrange-
ment, because all organic oxygen compounds containing
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the oxygen linked to carbon, are either alcohols,
aldehydes, ketones, acids, or combinations or deriva~-
tives of these substances.

Oxidising operations, as they can be practically
carried out, often give results differing greatly from
those which would be anticipated from theory. If, for
instance, a ketone be treated with a powerful oxidising
agent, the oxygen does not attack the carbon atoms
. which are not oxidised ; it combines with the carbon
atom which is already linked to oxygen, thus causing
a disruption of the carbon chain :—

CH, CH,

| |

CO + 20, = CO.0H + CO, + H,0.
| Acetic acid

CH,

Acetone

The theoretical oxidation products of acetone, Nos.
10, 18, 15, &c., in the above list, are not formed by
direct oxidation of this compound. Ketones are
decomposed by oxidation into acids containing less
carbon.

If a tertiary alcohol be treated with an energetic
oxidising medium, the oxygen also attacks the carbon
atom which is linked to the hydroxyl group, and the
carbon chain is broken, because otherwise the oxygen
could not attach itself to this carbon atom. Tertiary
alcohols on oxidation do not give any compounds spe-
cially characteristic of themselves; they decompose
with the formation of acids containing less carbon.



OXIDATION 109

Tertiary butyl alcohol gives, in the first place, acetone
and carbon dioxide :—

CH, CH, CH, CH,
N\ N/
C.0H+20, = C0+C0,+2H,0

The acetone is then further oxidised to acetic acid and
carbon dioxide. The difference in behaviour of primary,
secondary, and tertiary alcohols towards oxidising
agents, is very characteristic for these compounds.
Hydrocarbons with open carbon chains show con- '
siderable powers of resistance to the action of oxidising
agents; if the action of these be very emergetic, the
hydrocarbon is completely burnt. As a rule, in the
case of the aromatic compounds, only the open side-
chains attached to the benzene nucleus are oxidised,
but the action proceeds so far as to cause the formation
of carboxyl which remains linked to the aromatic
nucleus—for example, toluene C,H;.CH,, and ethyl-
benzene C,H;.C,H;, are both oxidised to benzoic acid.
If weaker oxidising agents be employed, the oxidation
may only be a partial one—for instance, from cymene

CH
06H4< CH:’<(C)I]};

besides methyl benzoic acid

CH
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the following oxidation products have been ob-
, ‘tained:—

CO,H CO,H
CH 2 CH C.H 2 CH?
6 4< CH< CH: 6 4<C(OH H3
Tsopropyl benzoic acid Oxypropyl benzoic acid.
CO,H CO,H
CGH4<COQ__CH3 CGH4<COZH
Acetyl benzoic acid Terephthalic acid.

The nature and position of the side-chains of
aromatic compounds may exert great influence on the
course of the oxidation ; negative groups in the ortho
position to a hydrocarbon side-chain may entirely
hinder its oxidation. (See influence of affinity within
the molecule.)

. If an unsaturated compound of the methane series
. be oxidised, the carbon chain is, as a rule, broken at
the position of the double bond :—

CH,.CH : CH.CO,H + 20, = CH,.CO,H + CO,H.CO,H

Crotonic acid Acetic acid Oxalic acid.
CH, : CH.CH,.0H + 30, =CH,0, + C,H,0, + H,0.
Allyl aleohol Formic acid Oxalic acid

Many oxidation products contain no oxygen ; the
oxidation may consist in a simple withdrawal ot
hydrogen.

The hydrocarbon dibenzyl becomes converted by
oxidation into another hydrocarbon called toluylene.

L~
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C,H,—CH, c,H,—CH

+ 0 = | +H,0.
c,H,—CH, C,H,—CH
Dibenzyl Toluylene

In such processes hydroxyl is probably first formed,
and then split off in combination with an atom of
hydrogen as water, as for instance in the conversion of
leuco bases into dye bases. The oxidation of hydro-
quinones to quinones is peculiar; two hydroxyl hydro-
gen atoms are split off, the dihydrate being thereby
converted into a peroxide :—

o
OH
CH<op +0 =CGH4< Lm0
Hydroquinone Quinone

A noteworthy reaction is that of synthesis by oxida-
tion. The formation of aniline dyes by the oxidation of
aromatic amido-compounds is a synthetical process :—

2C,H,NH, + C,H, <357+ 30 =
3

Aniline p-toluidine
C,H,NH,
0 <C,H,.NH, + 3H,0
C,H,NH

Pararosaniline

The reaction may however be explained by sup-
posing that from the toluidine an aldehyde

NH
C.H, H6
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is first formed, and that this then condenses with
the aniline. (See aldehyde condensation.)

In the above reactions it is always the carbon which
is oxidised; the oxidation may however proceed in
other ways. For example, oxygen attacks the sulphur
of mercaptans, sulphonic acids being formed :—

C,H,SH + 30 = C,H,.SO,0H
Mercaptan Ethyl sulphonic acid.

The sulphides are converted (by nitric acid) into

sulphine oxides and sulphones :—

~

(CQHé)QS (CBHB)2SO ((J2H5)QSO‘Z
Diethyl Diethy! sulphine Diethyl sulphone.
sulphide oxide

Of other oxidations which do not affect the carbon,
the conversion of the phosphines into phosphine oxides
may be mentioned :—

P(02H5)3 +0 P(CQHb)SO‘

Triethylphosphine Triethylphosphine oxide,

as well as the transformation of nitroso- into nitro-
compounds.

As the nature of the oxidising agent frequently ex-
ercises great influence on the course of the reaction, a
brief account is given in the following pages of the
action of ordinary oxidising agents, and of the cases in
which they are usually employed.

{1) Free omygen acts upon easily oxidisable substances.
In presence of heated or spongy platinum, air oxidises
primary alcohols to aldehydes, and aldehydes in contact
with air are gradually converted into acids.

~+, Free oxygen in presence of sodium hydrate oxidises
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many organic compounds ; in such reactions the oxygen
is first of all made active. In this manner benzene is
converted, though only to a slight extent, into phenol :

C;H;+0 = C.H,.OH.
CH
Cymene C“H‘<Csﬁ,
gives propylbenzoic acid
COH ,
C.H, 3:&7 , &e.

It should be noticed that the same reaction occurs in the
animal organism, in alkaline blood.

"¢ Silver owide easily changes aldehydes into acids,
metallic silver being precipitated :—

2CH,.CH:0 + 3Ag,0=2CH,.C0O.0Ag + H,0 + 2Ag,.

A delicate test for the presence of aldehydes is based
on this reaction (precipitation of silver from ammo-
niacal solution). Polyvalent alcohols of the fatty series,
such as glycerine or carbohydrates, are oxidised by
silver oxide to glycollic acid CH,0H.CO,H.

~ Munganese dioxide with dilute sulphuric acid
oxidises alcohols to aldehydes and acids, but it is seldom
employed.

Potassium  permanganate.—This reagent in acid
solution causes complete combustion, but in alkaline
solution its action is less energetic; it is used for the
oxidation of aromatic ortho-hydrocarbons which would
be burnt if a more powerful agent were employed.
Compounds containing hydrogen linked to a tertiary
carbon atom have the hydrogen converted into hydroxyl

1
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by the action of potassium permanganate in alkaline
solution (R. Meyer). The group

c C
p
.

becomes changed into the group
c C

N\
C.0H.

|
C
The reason why on oxidation only the group
R,=CH should be hydroxylated is easily seen. It has
already been mentioned, when discussing the general
process of oxidation, that in the groups R,—CH, and
R—CH, one hydrogen atom is first converted into
hydroxyl ; the resulting primary and secondary alcohols
with the groups =CH.OH and—CH,.OH are how-
ever at once further oxidised with formation of ketones
(aldehydes) and acids. A more complete oxidation of
the tertiary alcohols (R,=—C.OH) does not occur. It
is also found that the group CH, is oxidised to CO by
potassium permanganate :—
C,H,.CH,.C;H; + 0,=(C.H,),CO+H,0.
Diphenyl methane Dipheny!l ketone
{) Chromic acid is very generally employed for the
i)réparation of aldehydes, ketones, and acids, from alco-
hols, for the oxidation of aromatic hydrocarbons, with
the exception of ortho-compounds, as well as in the
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production of quinones &c. Chromic acid is sometimes
used in the form of anhydride in glacial acetic acid solu-
tion ; usually however a mixture of sulphuric acid and
potassium bichromate answers the purpose. For the
‘oxidation of aromatic hydrocarbons a mixture of
4 parts K,Cr,0, and 6 parts of H,SO, diluted with
twice its volume of water is found to be most suitable.
In the case of alcohols a more dilute solution is neces-
sary, for instance 8 parts K,Cr,0,, 1 part H,SO,, and
10 parts H,O.

Many organic compounds, such as oxyacids, ketones,
&c., may be decomposed by chromic acid mixture, oxi-
dation products containing less carbon being obtained ;
the constitution of a compound may often be deter-
mined from the nature and composition of these bodies.
- Chromyl chloride, alone, acts very violently; its
action is milder if it be dissolved in a considerable
quantity of carbon disulphide; in this form it is speci-
ally used for the conversion of benzene homologues into
aldehydes (Etard).

The double compounds of hydrocarbon and chromyl-
chloride which are first formed are decomposed with
water, the aldehydes being produced :—

3C,H,.CH,(Cr0,C,),
=3C,H,.CH:0 + 2Cr,Cl, + 2Cr0, + 3H,0.

Nitric acid has both a directly oxidising and a
nitrating action.

1. Dilute nitric acid is usually employed for oxida-
tion ; an acid diluted with two molecules of water acts less
energetically than chromic acid mixture. Compounds

12
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of the methane series are in general strongly oxidised
by the concentrated acid, being often entirely or partially
converted into carbon dioxide or oxalic acid :—

C,H,0,+50=C,H,0,+CO,+2H,0.

Lactic acid Oxalic acid
C,H,,0, +90=3C,H,0, + 3H,0.
Sugar Oxalic acid

In certain circumstances nitric acid acts like an
alkaline solution of potassium permanganate in so far
that it oxidises the hydrogen of a tertiary carbon atom
to hydroxyl.

2. Many substances, particularly aromatic com-
‘pounds, are converted into nitro compounds by the action
of concentrated nitric acid, or of a mixture of nitric and
sulphuric acids. The hydrogen linked to the carbon is
replaced by the group NO,, the radicle of nitric acid.

C.H;,+HO.NO,=C,H,.NO, + H,0.

Benzene Nitrobenzene
NO,
CH,.CO,H + HONO,=C,H.L
Benzoic cid CO,H

Nitrobenzoic acid

+ H,0.

Phenols and aromatic amido compounds may be
very easily nitrated, the action of even dilute nitric acid
being one of substitution.

The presence of nitro groups in a substance increases
the difficulty of further nitration, and in any case not
more than three nitro groups can be introduced into a
compound.

The disposition of the aromatic substances to form
nitro compounds is so great that even easily oxidisable
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bodies like benzaldehyde are nitrated, not oxidised, by
concentrated nitric acid.

Certain regularities have been observed in the forma-
tion of nitro compounds. If for example a substance
contain alkyl or hydroxyl groups, large quantities of the'
para compound are obtained and very little of the ortho. \

“The substitution takes place however almost entirely
in the meta position if a nitro, carboxyl or aldehyde
group be present. Ordinary phenol gives p- and o-
nitrophenol, toluene gives p- and o-nitrotoluene. But
nitrobenzene forms m-~dinitrobenzene, and benzoic acid
m-nitrobenzoic acid &c.

Certain compounds of the methane series, such as
for instance acids containing a tertiary carbon atom, are
also nitrated by nitric acid.

Lead witrate in aqueous solution converts the chlo-
rides of the alcohol radicles into aldehydes.

2C,H;.CH,Cl1 + Pb(NO,),

Benzoyl chloride
=2C,H,.CHO + PbCl,+H,0 +N,0,.

Benzaldehyde
’

" ) ¢, Nitrous acid is specially used to prepare oxy-com-
pounds from primary amido compounds (R—NH,); the .
amido compound must be dissolved in water.

C,H;,NH,+ HO.NO=C,H,.OH + N, + H,0

Amine Alcohol

CH,(NH,).CO,H + HO.NO
Amido-acetic acid
=CH,(OH).CO,H + N, + H,0.

Oxyacetic acid

Under certain conditions, especially with aromatic
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amido-compounds, diazo-compounds are obtained by
this reaction ; these easily give off nitrogen and pass
into oxy-compounds ; they may be regarded therefore as
being intermediate products of the action of nitrous acid
upon amido-compounds.

C,H, NH,.HNO, + HO.NO=C,H,.N,.ONO, + 2H,0,

Aniline nitrate Diazobenzene nitrate

C,H,.|N,.| ONO, + H{ OH=C,H,.0H + N, + HNO,.

Phenol

The action of nitrous acid on secondary aminesis one
of substitution, nitrosoamines being formed :—

(CH,), NH + HO.NO=(CH,), N.NO + H,0.

Tertiary amines are either unaffected by nitrous acid,
or nitroso compounds are formed by the substitution of
hydrogen linked to the carbon :—

C,H,.N(CH,), + HO.NO=C,H,(NO).N(CH,), + H,0.

Dimethylaniline Nitrosodimethylaniline

If in any of the above reactions a definite quantity
of nitrous acid be required, sulphuric acid and potas-
sium or sodium nitrite are used instead of the free
gas.
Nitro compounds are differently affected by nitrous
acid according to whether they are primary (R.CH,.NO,),
secondary (R,:CH.NO,), or tertiary (R,:C.NO,).

Primary nitro compounds are converted into nitrolic
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acids (oximid-compounds) which dissolve in alkalis with

an intense red colour :—
N.OIn

- V4
CH,.CH, NO, + ON.OH=CH,.CZ-NO, + H,0.

Nitroethane Ethylnitrolic acid

Secondary nitro compounds give pseudo-nitrolé with
nitrous acid ; these are soluble in alkalis, giving a deep
blue colour.

(CH,), CH.NO, + HO.NO= (CH,),.0<\0) +H,0.
Secondary nitropropane 2
Propanepsendonitrol

Tertiary nitro compounds do not react with nitrous
acid. A delicate method for the detection of primary,
secondary, and tertiary alcohols is founded on the above
reactions. The alcohols are converted into iodides and
treated with silver nitrite; the nitro compounds which
are formed are distilled off and mixed with potassium
nitrite and sulphuric acid; on adding excess of potassium
hydrate the liquid becomes either red or blue, or re-
mains unchanged, according to whether the alcohol was
a primary, secondary, or tertiary one. Only the alcohols
with a low molecular weight show these colour reactions.

As mentioned above, silver nitrite is used to convert
iodides into nitro compounds : —

C,H,I + AgNO,=C,H, NO, + Agl.

These compounds are isomeric, not identical, with
nitrous acid ethers.
/] Under certain conditions potassium hydrate (sodinm
\
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hydrate) acts as an oxidising agent ; this result is only
achieved at high temperatures and is always accom-
panied by evolution of hydrogen (Potash fusion).

Primary alcohols are converted into acids by fusion
with alkalis :—

C,H,,0H+KOH=C,H,0.0K + 2H,.
Cetyl alcohol Palmitic acid

Alkaline hydrates also oxidise phenols at high
temperatures. The reaction differs according to the
composition of the phenol: ordinary phenol is converted
into diphenol, hydrogen being evolved; resorcinol
yields diresorcinol, but some phlorglucinol is also formed
by direct oxidation; in the case of the cresols the
hydrocarbon side chain is oxidised :—

2C,H,0H + 2KOH = C,H,0,K, +2H,0 + H,.

Phenol Potassium

diphenolate
C,H,(OH), + 3KOH = C,H,(OK), + 2H,0 + H,.
Resoreinol Potassium

phloroglucinolate

OH OK
C,HL CH, +2KOH = CGH4<002K + 3H,.
Cresol Potassium
oxybenzoate ,

Unsaturated compounds are decomposed by fusion
with caustic potash ; the carbon chain is usually broken
at the position of the double bond, the products being
oxidised to acids. Hydrosorbic acid for instance gives
acetic and butyric acids :—

CH,.CH:CH.CH,.CH,.CO,H + 2KOH
= CH,.CO,K +C,H..CO,K + H,,.

[
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) Action of halogens.—The halogens seldom act as
direct oxidisers of organic compounds; their action is
however closely related to true oxidation processes, and
may therefore be conveniently discussed in this con-
nection. Organic halogen compounds are the most
important mediums for indirect oxidation. Free halo-
gens, especially chlorine and bromine, easily combine
dirvectly with unsaturated compounds :—
C,H,+Cl, = C,H,Cl,.

C¢,H,0,+ Br, = C,H,Br,0,

Acrylic acid Dibrompropionic acid.

Chlorine has an oxzidising action in presence of water,
primary alcohols being converted lnto aldehydes by loss
of hydrogen :— '

C,H,0+Cl, =C,H,0+2HCL

In all probability the hydrogen is not directly eli-
minated ; substitution first takes place and then hydro-
chloric acid is split off from the compound :—

| l
CH,0H +C, = HCI+CH<CH_CH 0+HCL + HUL

The formation of chloral from ethyl alcohol and
chlorine may be explained in this way, substitution of
the hydrogen of the second carbon atom taking place
simultaneously. Certain ethers behave in a similar
manner; benzylethyl ether gives with chlorine benz-
aldehyde and chlorethyl.

The action of chlorine is generally one of substitution;
it expels and replaces hydrogen atom by atom :—

C,H;+Cl, = C,H,Cl+HCL
C,H,Cl1+Cl, = C,H,Cl,+ HCI, &e.
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When chlorine acts upon hydrocarbons, the sub-
stitution does not proceed regularly step by step, so
that the whole of the hydrocarbon is first converted
into the monosubstitution product, this into the di-
substitution compound, and so on. The substance
consists during the reaction of a mixture of unaltered
hydrocarbon and many of its different substitution
products. It should be noted that aromatic compounds
may be much more easily chlorinated than fatty bodies.
Substitution proceeds best in direct sunlight or if the
chlorine act in statu nascendi. (KClO, or MnO, and
HCL)

The reaction is also helped by the presence of
iodine; chloriodide is first formed, and is then decom-
posed by the organic body, C;H; + CII = C;H,.Cl+ HI.

Chloriodide is again formed from the hydriodic acid
and free chlorine, HI + Cl, = HCl +ICl.

A small quantity of iodine is therefore sufficient to
bring about the chlorination of a large amount of
substance. Antimony chloride, ferric chloride, and
aluminium or molybdenum chlorides may be used
instead of iodine. Certain free metals, such as gold,
aluminium, zirconium, tin, &c., act in the same way.
They first become converted into chlorides and are then
reduced.

These substances act as chlorine transferrers ; a com-
plete substitution of the hydrogen in hydrocarbons—
for instance, from C;H; to C;Cl;—only occurs in the
presence of such bodies. "

The manner in which these substances act is not
yet entirely known. It is however probable that
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addition compounds of the chlorides and hydrocarbons
are first formed and then decomposed, substitution by
the chlorine occurring at the same time:—

C,H,.CH,+ Fe,Cl, = C,H,(Fe,Cl,).CH,.

C,H,(Fe,C1,).CH, + Cl, = C,H,C1.CH, + HCl + Fe,Cl,.

The complete chlorination of aromatic compounds
generally results in the formation of hexchlorobenzene,
the side-chains being all split off—for example, ethyl-
benzene C;H,.C,;H; gives C,Cl; and C,Cl,.

Bromine acts like chlorine, only more mildly. In
order to obtain substitution products of a fatty com-
pound, it is often necessary to heat with bromine in a
sealed tube. Bromine acts upon aromatic compounds
much more easily.

Iodine in general does not substitute directly. This
arises from the fact that iodine compounds when heated
with hydriodic acid split off iodine and take up

hydrogen :—
> CH,LCO,H + HI = CH,.CO,H +1,.
Monoiodacetic acid Acetic acid

As hydriodic acid is formed by the process of

“ substitution, the replacement by iodine does not occur

unless the hydriodic acid which is formed be neutralised.
This may be accomplished by the addition of iodic acid
or mercuric oxide.
The action of a mixture of iodic acid and iodine is
one of substitution :—
5CH, + HIO, + 4I = 5C H,I + 3H,0.

It has been observed, curiously enough, that con-
centrated sulphuric acid may act as an iodine trans-
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ferrer. Monoiodobenzene when treated with sulphuric
acid gives di-iodo benzene, and benzenesulphonic
acid.

As a rule, the halogens only replace lydrogen
which s directly linked to carbon. Acetic acid only
yields the following substitution products :—

CH,CL.CO,H ; CHCL,.CO,H ; CCl,.CO,H.

In exceptional cases halogens replace hydroxyl
hydrogen in phenols, but never carboxyl hydrogen. If
chlorine or iodine act on sodium phenate, chloro or iodo-
phenol is obtained ; C,H,.OI is however first formed,
and then by rearrangement C;H I.OH. If chlorine or
bromine act on aromatic hydrocarbons at high tem-
peratures, the halogen enters the side-chain if one be
present; at low temperatures on the other hand, the
hydrogen of the benzene nucleus is replaced. From
toluene C,;H,.CH, benzyl chloride C;H,.CH,Cl is ob-
tained by treatment with chlorine at high temperatures,
but at low temperatures chlorotoluene C;H,C1.CH, is
formed. The same difference is noticed if the substitu-
tion be carried out in darkness or in sunlight: in the
first case the hydrogen of the benzene nucleus is replaced,
in the second that of the side chain.

If chlorine act at low temperatures on aromatic
hydrocarbons such as toluene and its homologues, addi-
tion compounds are first formed, from which substitution
products are produced by the splitting off of hydro-
chloric acid when the temperature rises (Seelig). In
hydrocarbons of the fatty series the halogens first replace
the hydrogen of the carbon atom which is linked to the
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least hydrogen. For example isobutane when treated
with chlorine gives only tertiary butyl chloride : —

CHI>CH.CH, CH>COLCH,
I:)bumuc '.l‘crtimz' butyl chloride.

Normal saturated hydrocarbons however give both
secondary and primary substitution products. Asarule
if halogens act on carboxylic acids, the hydrogen of the
carbon atom which is linked to the carboxyl group will
be replaced. Propionic acid

CH,.CH,.CO,H
when treated with chlorine gives a-chloropropionic acid
CH,.CHCL.CO,H ; butyric acid CH,.CH,.CH,.CO,H Ly
the action of bromine yields a-brombutyric acid
CH,.CH,.CHBr.CO,H.

The halogens usually unite with the carbon atom
possessing the most negative character.

If chlorine or bLromine enter a compound which
already contains one of these elements, they usually
unite with the carbon atom which is already linked to a

halogen :-- CH, CH,
| +ClL= | +HCL
CH,C1 CHCl,
Ethylchloride Ethidene chloride

In the same way monochloracetone by the action of
chlorine gives unsymmetrical di- and tri- chloracetone

CH,.CO.CHC], and CH,.CO.CCl,.

Certain rules have also been noticed in the case of
the halogen substitution of aromatic compounds.
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If a compound contain such a group as NH,,
alkyle, OH, or halogen, the action of a halogen causes
the formation of the para-compound (1-4) in large
quantities, and of the ortho compound (1-2) to a smaller
extent. If however the groups NO,, CO,H, CHO, or
SO,H be present, the meta-compound (1-3) is the chief
product. Toluene gives when brominated p-bromtoluene,
but benzoic acid yields m-brombenzoic acid :—

C,H, CH, + Br, =C H‘<g£14(l) +HBr.

C,H,.CO,H + Br,=CGH4<gf)(3:)I(l) +HBr.

Like the halogens, hypochlorous and hypobromous
acids add themselves directly to unsaturated compounds :

CH, CH,.Cl
I +HCIO= |
\ CH,.0H
Ethylene Ethylene chlorhydrine.

“. Indirect owidation.—The introduction of hydroxyl

into a compound is easily accomplished by first replacing
the hydrogen with a halogen, and then treating the sub-
stance with moist silver oxide, lead oxide, alkaline
hydrate, alkaline carbonate, or water, at a higher
temperature :—
2C,H,I + Ag,0+H,0=2C,H,OH +2AgI.
CH,CL.CO,H + H,0=CH,0H.CO,H + HCl.
Monochloracetic acid Glycollic acid
Tertiary alkyl haloids react in this way most easily;
for instance tertiary butyl iodide, when treated with
water at ordinary temperatures, is converted quantita-
tively into the corresponding alcohol.
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Halogens may also be replaced by oxygen by meuns
of sulphuric or anhydrous oxalic acids; this latter is
very convenient to use for converting acid chlorides
into the corresponding anhydrides. (Anschutz) :—

C.H,;.CHCl, + H,S0,=C,H;.CHO + 2HCl 4 S0,.

Benzalchloride Benzaldehyde
2C,H,.COC1+ H,C,0,
Benzoylchloride

=(C,H,.C0),0 + 2HCl + €O, + CO.

Benzoic anhydride

Aromatic haloid compounds containing the halogen
in the side-chain resemble the alkylhaloids in the ease
with which the halogen may be replaced; if however
the halogen be linked to the benzene nucleus, as in
chlorobenzene C;HCl, it is as a rule very difficult or
impossible to replace it directly by hydroxyl; it is
therefore convenient to convert aromatic compounds
into sulphonic acids by the action of concentrated or
fuming sulphuric acid, the sulphonic acids being then
fused with potassium hydrate :—

C.H, + HO.SO,H =C,H,.S0,H + H,0.
C,H,.S0,H + 2KOH = C,H,.0H + K,S0, + H,0.

Monobenzene
sulphonic acid

Another special method for the indirect hydroxy-
lation of aromatic compounds is by the nitration of the
substance, reduction of the nitro to the amido compound,
and treatment of the latter with nitrous acid (see p.
117).

An indirect withdrawal of hydrogen may also be
accomplished by means of the halogen compounds.
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Concentrated caustic potash solution causes the
splitting off of halogen hydrides from many halogen
compounds. Acetylene may be prepared from ethane
by the following reactions :—

CH, CH,
| +Cl,= | + HCL
CH, CH,C1
CH, CH,
+KOH = | + KCl+ H,0.
CH,Cl CH,
CH, CH,(1
I +Cl, = |
CH, CH,CL
CH,C1 CH
| +2KOH = ||| +2KCl1+2H,0.
CH,C1 CH
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CHAPTER XVI

REDUCTION

By reduction is meant the opposite of oxidation ; it
includes splitting off of oxygen, addition of hydrogen,
or replacement of oxygen by hydrogen.

/1) Certain oxygen compounds, especially phenols and
quinones, give up their oxygen when heated with zinc
dust (mixture of Zn and ZnO) :—

C:H,.0H + Zn=C.H; + ZnO.
Phenol Benzene

/9 Hydriodic acid (B.P.127°) is very generally used in
order to replace alcoholic hydroxyl by hydrogen ; the
reaction takes place at high temperatures, and is
rendered much easier by the addition of phosphorus :—

CH,.0H CH,

| +2HI=$ +H,0+1,.
CO.0H 0.0H
Glycollic acid Acetic acid

Iodoacetic acid is first formed, and this gives free

iodine and acetic acid with hydriodic acid (see p. 123).

With a large excess of concentrated hydriodic acid,

acids may even be reduced to the corresponding hydro-

carbons. If hydriodic acid act on alcohols at ordinary

temperatures the corresponding iodides are formed ; in
K
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the case of polyvalent alcohols all the hydroxyls are
reduced except one, which is replaced by iodine, and
this one is always linked to a secondary carbon
atom; such alcohols therefore yield secondary alkyl
iodides when treated with hydriodic acid.

C,H,(OH), + 5HI=C,H,I + 8H,0 + 2I,.

Glycerine Secondary
. propyl iodide
C,H,(OH), + 11HI=C,H,,T + 6H,0 + 51,.
Mannite Secondary

hexyl iodide

Phosphorus todide PI, acts like bydriodic acid.
+) Monobasic acids are reduced to aldehydes, if their
calcium or barium salts be heated with calcium or
barium formates. The formic acid is oxidised to carbon
dioxide, but: the reaction may be looked wupon as
consisting m a mutual decomposition of the salts, such
as is represeanted in the following formulee :—
CH, : CO.0. CHO: O« (., _
Acetate Formate Aldehyde
Hydrogen in a nascent state reduces many organic
substances ; nitro compounds are converted into amido
compounds by its action :—
C,H,.NO, +3H,=C,H,.NH, + 2H,0.
Aldehydes are reduced to primary, and ketones to
secondary alcohols by addition of hydrogen :—
C,HO+H,=C,HO
Aldehyde Alcohol.
C,HO+H,=C,HO

Acetone Secondary
propyl alcohol.
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Certain acids may be reduced by hydrogen to alde-
hydes. Acids of the sugar group are converted into
sugars (E. Fischer).

Acid nitriles (cyanides) combine directly with
hydrogen to form amines:— _

C,H;.CN+2H,=C,H,.CH,.NH,
Propionitrile Propylamine,

As the nitriles may be prepared from the acids, and
the amines can easily be converted into alcohols (see
p. 117), this reaction renders it possible to reduce
an acid to the corresponding ‘alcohol. Nitriles can
however be prepared from alcohols containing less
carbon, so that the above reaction also serves to con-
vert an alcohol into its next higher homologue.

Most, if not all, unsaturated compounds combine
directly with hydrogen to form saturated bodies.

Hydrogen in a nascent state replaces the halogens
in halogen compounds ; it causes an inverse substitu-
tion :— .

CH,C1.CO,H + H,=CH,.CO,H 4+ HCL

Chloracetic acid Acetic acid
CH,.COC1+ H,=CH,.COH + HCl.
Acetyl chloride Aldehyde

C,H,.S0,Cl+ H,=C,H,.SO,H + HCl.

Ethylsulphonic Ethylsulphinic acid

chloride

According to circumstances sodium amalgam and
water, zinc or -tin and hydrochloric acid, &c., &c., are
used for these reductions.

Halogen compounds may easily be obtained from the
corresponding oxygen compounds. Alcohols can be
converted, by means of hydrochloric, hydrobromie, or

K 2
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hydriodic acids into the corresponding halogen com-
pounds, and by the use of the halogen compounds of
phosphorus (PCl,, PBr,, PL,, PCL) the oxygen of almost
all compounds may be replaced by halogens :—

C,H,OH+ Cl=C,H,Cl+H,0.
3CH,.CO.0H + PBr,=3CH,.COBr + H,PO,.
C,H,0 + PCl,=C,H,Cl, + POCI,.

As has already been mentioned the halogens in
these compounds may be replaced by hydrogen, and
thus an tndirect reduction accomplished.

Metallic sodium may also be used to eliminate
halogens from organic compounds; it often happens
that the halogens are taken from two molecules, and
that the resulting groups unite together to form one
molecule. The reaction can only be carried out in an
anhydrous solution (dry ether).

C,H
Crmel+Na,= | +2Nal
Ethy21 io:ide C2H5

Diethyl (butane)

C,H,Br+ CH,I + Na, = Nal + NaBr+ C,H,.CH,
Mgggg;gx:o- . Toluene.

Finely divided (molecular) silver acts like sodium :—

CH,LCH,00,H , \ oy 1. ‘IJHTCHTCO‘»HA
CH,L.CH,CO,H * “&:=228°% L, CH.CO.H
2 mol. g-iodopropionic 2° 2°* 2
acid Adipic acid.

Many important syntheses of organic compounds are
founded upon this action of sodium and silver.
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In certain cases sulphurous acid and sulphites are
employed as reducing agents, for instance in the pre-
paration of hydroquinones from quinones, and of hydra-
zines from diazo compounds.

Hydrogen sodium sulphite is also used as a test for
aldehydes and ketones, with which it forms crystalline
compounds generally rather insoluble in water :—

CH, CH,
bro™ = Uy o

) Alcoholic potash reduces certain oxygen compounds.
For example, nitro bodies are converted into azo
compounds, the alcohol being at the same time
oxidised to aldehyde by the oxygen of the nitro
group :—

N

I +20,.
C.H,.N

c,H,No, Ol
C.HNO,=
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CHAPTER XVII

DEHYDRATION PROCESSES

Many of the reactions between organic compounds are
accompanied by a splitting off of water. In some cases
this takes place spontaneously, but in others the aid of
high temperatures is necessary, or the action of de-
hydrating agents, such as sulphuric acid, hydrochloric
acid, zinc chloride, phosphorus pentoxide, acetic anhy-
dride, sodium acetate, &c.

If a reaction occurs between two compounds, each
containing hydroxyl, water is generally split off, as for
instance in the formation of salts from acids and bases,
or of esters from acids and alcohols, CH,.CO.0H
+CH,.OH=CH,.CO.0CH, + H,O ; in the formation of
ethers from two molecules of alcohol, 2C,H,.OH
=(C,H,),0 + H,0; and of anhydrides from two molecules
of acid, 2CH,.C0.0H=(C,H,0),0+H,0. Mineral
acids (sulphuric acid, phosphoric acid, &c.), easily form
esters with alcohols. Organic acids act in the same
way at high temperatures, but the yield is as a rule
very small; a complete reaction is only brought about
by the presence of substances which are capable of
uniting with water, such as sulphuric acid or zinc
chloride.

Sulphuric acid is generally used in the formation of
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ethers ; it forms with the-alcohol ethylsulphuric acid ;
this decomposes with free alcohol at a definite tem-
perature (temperature of the formation of ether), ether
and sulphuric acid being produced :—

C,H,.0H + H,S0,=C,H,HSO0, + H,0.
C,H,HSO, + C,H,0H =(C,H,),0 + H,SO0,.

Polyvalent alcohols may form partial ethers; the
substances called polyglycols, polyglycerides, di- and
polysaccharoses (carbohydrates), are examples of such
compounds.

The formation of anhydrides from two molecules of
organic acids is not possible by simple splitting off of
water, but, like the ethers and esters, the acid anhy-
drides may be obtained from the halogen compounds
(indirect anhydride formation). Esters are produced
by the action of acid chlorides upon alcohols ; ethers
by the action of alkyl haloids upon sodium a.lcoholate .
and a acid anhydndes by acting with acid chlorides on
free_ free acids or their salts.

.....

CH,.COC1+HO.C,H; =CH,.CO.0C,H,+HCI.
Ester
C,H,I+NaOC,H, =(C,H;),0 + Nal.
Ether
CH,.COCl+HO.CO.CH,=(CH,C0),0 + HCL.
Acid anhydride

Oxyacids, which are at once acids and alcohols, may
unite to form anhydrides with another molecule of a
similar kind in three different ways: they may form
acid, ether, or ester anhydrides, which latter may be
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simple or double anhydrides ; such double anhydrides are
termed lactides. The anhydrides of glycollic acid,
CH,0H.CO,H,
which is the simplest oxyacid, may be taken as examples.
CH,.OH CH,.OH CH,—0—CH,

| |
(lzo—o—éo CO,H CO,H
Glycollic anhydride Diglycollic acid.
CH,—0—CO CH,—0—CO

I I |
éogﬂ CH,0H (C0—O—CH,
Glycoglyocollic acid Glycolide
(First ester anhydride) (Second ester anhydride).

The formation of amides is also a dehydration pro-
cess; acids and ammonia unite to form an ammonium
salt which gives up water when heated :—

CH,.CO,NH,=CH,.CONH, + H,0.

This result may also be achieved indirectly by
means of the acid chlorides :—

CH,.COCl + NH,=CH,.CONH, + HCL.

If the amines be regarded as derivatives of the cor-
responding hydroxyl compounds, they must also be
looked upon as being anhydrides.

C,H,0H + NH,=C,H,NH, + H,0.

The direct substitution of hydroxyl by the amido
group can only be carried out in certain exceptional
cases (a few of the phenols). The change is brought
about by the action of ammonia, or by strongly heating
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with zinc-ammonium chloride. The amines may be
obtained indirectly however from the halogen deriva-
tives of the alcohols, especially the iodine compounds :—

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

, COondensation.—The splitting off of water may also
take place in such a way that the oxygen from one
molecule unites with the hydrogen which is linked to a
carbon atom in the other, thus causing a carbon atom in

- the one molecule to become united directly with a carbon
or nitrogen atom in the other molecule. Such a reaction
.is termed a condensation in the restricted sense.
Condensation phenomena are very numerous. The
substances which show this property in the greatest
degree are the aldehydes and ketones. In such cases
the aldehyde or ketone oxygen splits off with two of the
hydrogen atoms of the other reacting body. In the
first place aldehydes may condense fogether. Two mole-
cules of ordinary aldehyde when treated with zinc
chloride give croton aldehyde :—

CHH, OCH (|JH=HC
P2 =

| + l .CHO éHa

CHO CH,

+H,0.

An oxyaldehyde called aldol is however first formed,

CH,H OCH CH,—CHOH
| o+ | = |
CHO CH, buo CH,

Aldol,
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from which crotonic aldehyde is produced by loss of
water. Benzaldehyde and ordinary aldehyde give
cinnamic aldehyde by condensation:—

C,H,.CHO + CH,.CHO=C,H,.CH:CH.CHO + H,0.

Aldehydes and ketones condense in a similar manner.
The aldehydes give up oxygen.

C,H,.CHO + CH,.CO.CH, = C,H,CH:CH.CO.CH, + H,0.

Methyleumyl ketone

Dilute sodium hydrate solution is a useful medium
for causing the condensation of aldehydes and ketones.
Aldehydes react with aromatic hydrocarbons in such a
way that the oxygen unites with an atom of hydrogen
from each of two hydrocarbon molecules:—'

C,H,.CHO + 2CGH6=06H5.CH<8GII'{Ii +H,0.
6

Triphenylmethane

Aldehydes react in the same manner with phenols
and amines. In the latter case the aldehyde oxygen
may unite either with the amido hydrogen, or with that
attached to the carbon nucleus :—

(1)
C.H,NH
CyH,.CHO + 2C,H, NH,= C;H, CH i py’ + HuO.
Diamidotriphenylmethane

@)
C,H,.CHO + H,N.C,H,=C,H,.CH : N.C,H, + H,0.

Benzylideneaniline
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20,H,CHO + '\ >C/H,
o—phel?yleudiamine
N—CH,—C,H,
=CH +2H,0.
6 4\ 2
N—C.C,H,

Phenylbenzaldehydine

. ' Hydrazines react still more easily with aldehydes.
It is on this account that simple phenylhydrazine may
be used as a test for aldehydes (E. Fischer).

C,H,.CH:0+NH,.NH.C,H,
=C,H,.CH:N.NH.C,H, + H,0.
Benzaldehydephenylhydrazone
A closely allied reaction with separation of water is
that which occurs between aldehydes and hydrowylamine
(V. Meyer), isonitroso compounds (aldoximes) being
formed :—

C,H,.CH:0 + H,NOH = C,H,.CH:NOH + H,0.

Propyl aldehyde

The action of aldehydes upon acids (sodium salts) in
presence of acid anhydrides is very interesting, because
it is a synthetical method for the preparation of un-
saturated acids (Perkin’s reaction) :—

C:H,.CHO +CH,.CO,H=C,H,CH:CH.CO,H + H,0.
Cinnamic acid
Only a —éHg or —CH, group which is linked to carb-
oxyl, reacts in this way with aldehydes.

This reaction is a general one both for aromatic

and fatty aldehydes ; in this case also unstable oxy-com-
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pounds are first formed (aldol condensation) and it
appears probable that this occurs in all aldehyde
condensations.

Ketones may condense together. If hydrochloric
acid be passed into acetone, water is split off, and
mesityl oxide and phoron are formed :—

CH | CH -
CH>00 + CH, CO.CH, = (y>C:CH.CO.CH, + H,0.

Mesity! oxide

CH,),CO , CH CH,),C:CH
EOngoo +cg>C0 = ECH:):C:CH>CO +2H,0.

Phoron

_ If sulphuric acid act on acetone, the condensation
goes still further; three molecules of acetone combine
with loss of three molecules of water :—

3CO(CH,),=C,H,(CH,), + 3H,0.

The resulting compound is termed mesitylene or tri-
methylbenzene ; it contains the carbon atoms linked in
a ring as they are in the benzene derivatives.

Other ketones which contain a methyl group behave
in a similar manner; acetophenone CyH,.CO.CH, for
instance gives triphenylbenzene C;H,(C,H,),.

Ketones react with amines and hydroxylamine like
aldehydes (see above); hydroxylamine gives rise to
acetoximes.

Ketonic acids such as pyroracemic acid CH,.C0.CO,H,
or acetoacetic ether CH,.C0.CH,.CO,C,H, condense in
the same manner as ketones. Acetoacetic ether unites
with phenols at ordinary temperatures in presence of
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some dehydrating agent; as alcohol is split off at the
same time compounds called cumarines are formed (Von
Pechmann).
C0—CH,.C0.0C,H,
C.H;.OH + |
CH,

+C=CH.CO

|
CH,

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

Acetoacetic ether condenses with orthoamidophenol
according to the following equation :—

CH,
/

C H4<NH + Co
CH,.CO,C,H,

: 0 . CH
=CH <yp>C<cH.00,0,H, + H:0:

Acetoacetic ether gives pyridine compounds W1th
aldehyde ammonia (Hantzsch) :—

CH,

I
co

|
¢,H,0.C0—CH, + CH,— C0.0C,H,
+
CH,CH.OH CO.CH,

|
NH,
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CH,
¢

A
=C,H,0000H (T.CO.OC,H5+ 3H,0.
l
CH,CH C.CH,
\/

(1-3-5) Trimethyldihydropyridinedicarboxylic ether.

Certain ketonic acid ethers condense with phenyl-
hydrazine to form pyrazolon compounds :—!
C;H,.NH.NH, + CH,—CO—CH,—CO.0C,H, =
Phenylhydrazine Acetoacetic ether
N—N—C,H,+H,0+C,H,OH.

I |
CH,—C—CH,—CO

(1-3) Phenylmethylpyrazolon

Here, as also in some other of the above-mentioned
reactions, an intramolecular splitting off of water or
alcohol occurs, particularly from the intermediate con-
densation products which are first formed.

All compounds which contain two adjoining car-
bonyl groups, —CO—CO—, react with o-diamines to
torm quinoxalines (Duisberg). Glyoxal gives simple
quinoxaline, benzil gives diphenylquinoxaline, &c.

0:CH N=CH

CHND + | =CGH4< | +2H,0.

2 O:CH N=CH

. Glyoxal Quinoxaline

! These were formerly called quinizine compounds.
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0:C.CH,
CH‘<NH + | " —CH = ggguzno
gegg 5 Dxpheny]qu.moxa.l.me

Certain alcohols also condense with other substances,
such as hydrocarbons, the hydroxyl group being split
off with one hydrogen atom of the hydrocarbon.

Paranitrobenzyl alcohol gives with benzene, in pre-
sence of sulphuric acid, p-nitrodiphenylmethane :—

. _NO A NO
Cl<lomom * Cetls=Cellilom,_c g, + H:0:

Oxyacids such as lactic or malic acids condense
with amines and phenols, but the reactions are more
complicated than the foregoing.

Amongst other compounds which are easily con-
densed, the anhydrides of certain acids such as phthalic
and succinic acids must be mentioned. In the con-
densation of these substances it is not the anhydride
oxygen which is split off, but one of the carbonyl oxy-
gen atoms; these bodies combine remarkably easily
with phenols and amines : —

06H4<08>0+ 2C,H,.0H
+ Phthalic anhydride Phenol

/CH .OH
<C:H,OH +H,0.
=06H./ So

Phenolpht«hnle!ue
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From the above typical examples of different con-
densation processes, it is plain that they furnish a
means of preparing higher molecular compounds from
simple ones, and there is no doubt that condensations
play a great part in the building up of many of the
complicated compounds found in animal and vegetable
organisms. '

Intramolecular splitting off of water.—In the re-
actions hitherto discussed water has always been formed
by the combination of two or more molecules, but it may
also be split off within a single molecule, inner anhy-
drides or inner condensation products being produced.
These intramolecular processes have been thoroughly
investigated, particularly of late years (Von Baeyer,
Fittig, &c.) :—

Only examples of the more important of these
reactions will be given here.

Compounds containing two or three hydroxyls
attached to the same carbon atom immediately split off
water, one oxygen atom becoming at the same time
doubly linked to the carbon :—

" " TSion OI al
C<8Ié = C:0+ H,0. {““J;a,im oot
| OH / 0 1| ortho-
c&on= cLop+Hi0  (mutomee
OH

The aldehyde and ketone hydrates are only stable
if a neighbouring carbon atom be linked to strongly
negative groups or atoms. Many aldehydes and ketones
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containing halogens occur as hydrates, as also do several
aldehyde and ketonic acids :—

CCl, (l302H ?O,H
o)
CH<om ¢ <gg C(OH),
Chloral hydrate C (OH)
2
CO,H
Dioxymalonic acid CO2H

(Hydrate of mesoxalic acid) Dioxytartaric acid

These compounds however give up water more or
less readily on heating.

Dihydrates in which hydroxyls are separated by two
or three carbon atoms split off water with dlfﬁculty, if
however there be four or five carbon atoms between the
hydroxyl groups, water is easily lost. The resulting
anbydrides differ according to the nature of the com-
pound from which they are derived ; the splitting off of
water causes the formation of either an internal ether, an
internal ester, or an internal acid anhydride. Divalent
alcohols form alcoholic anhydrides (internal ethers), oxy-
acids give lactones (internal esters), and dibasic acids yield
acid anhydrides :—

CH,.CH.CH,.CH,.CH,=CH,.CH.CH,.CH,.CH, + H,0.

' |

OH OH — 00—
y-Pentyleneglycol Anhydride

CHQ.CHTCH,.(?O = (|3H2.CH2.CH,.CO +H,0.

| |

OH og ——O0—
y-Oxybutyric acid Butyrolactone
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CH,.CH.CH,.CH,.CH,.CO
OH H

8-Oxycaprofc acid

=CH,.CH.CH,.CH,.CH,.CO + H,0.

0)
§-Caprolactone
C0.CH,.CH,.CO = CO.CH,.CH,.CO+ H,0.
I
$H OH I__.O__
8uccinic acid Anhydride

All these anhydrides contain the atoms linked in a

ring composed of four or five carbon atoms and one
oxygen atom :—

C—-C
No o \o
C—C/ \C_

The above reactions hold generally for - and 8-oxy-
compounds of the fatty series, and for ortho-compounds
of the aromatic series. Many of these oxycompounds
(particularly the y-oxyacids) give up water spontaneously
at ordinary temperatures, others require the action of
heat, or of dehydrating substances.

The splitting off of water may take place in such a
way that the hydroxyl or oxygen of ome carbon atom
unites with the hydrogen of an adjacent carbon atom ;
in such cases the carbon atoms usually become doubly
linked. Unsaturated compounds are formed in this
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manner according to the following general equa-
tion :—

—C.0H.CH=H,0 + =C:C=
I

In this way for example 8-oxybutyric acid gives crotonic
acid :—

CH,.CH(OH).CH,.CO,H =CH,.CH:CH.CO,H + H,0.

This reaction is specially characteristic for B-oxy-
acids. )

The formation of aldehydes and ketones from poly-
hydroxyl compounds by the action of dehydrating
agents, depends probably upon a similar reaction ; un-
saturated alcohols are formed as intermediate products,
and these become further changed by a rearrangement
of the atoms :— ’

CH,0H.CH,0H = CH,:CH.0H =CH,.CH:0 + H,0.

The formation of unsaturated compounds by the
splitting off of water does not take place spontaneously,
but requires the help of high temperatures, or the action
of some dehydrating agent such as sulphuric acid,
hydrogen potassium sulphate, zinc chloride, phos-
phorus trichloride, &c.

If water be formed from hydroxyl or oxygen and
hydrogen which are not linked to adjoining carbon
atoms, the inner condensation is accompanied by a
circular closing of the carbon chain. o-Benzoyl-

benzoic acid for instance gives anthraquinone by treat-

ment with sulphuric acid :—
L2

f:
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C0.C,H,H
0
CGH4< =CHSGOS0,H, + H,O.
0.0H |

Aniline and acetoacetic ether give aniline-acetoacetic
acid; this loses water and forms oxymethylquinoline:—

CH
G NO<erlr g <N\
| = 64 C.CH, + H,0.
-0C.OH HO.C /
N
CH

Many syntheses of quinoline compounds and similar
substances containing condensed pyridine or benzene
nuclei are founded upon analogous reactions (see p.
142). The hydrogen atom which is taken from the
benzene nucleus always occupies the ortho-position
relative to the side-chain. It is worthy of note that
this reaction as a rule can only be carried out if the

\oxygen be separated from the hydrogen by five or siz
atoms which are linked together.

An inner condensation occurs in the case of certain
aromatic nifrogen compounds of the ortho-series, the
hydrogen linked to nitrogen combines with the oxygen
linked to carbon, and a union of carbon and nitrogen is
effected. In this manner ortho-amido acids form inner
anhydrides which are called lactames or lactimes, accord-
ing to whether the hydroxyl or the oxygen of the
carboxyl group reacts :—

CHL e T = cE im0,
NH

o-Amidophenylacetic acid Oxindol (Lactame)
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CO COH
CHGVOOE ¢ H,\ /  +HQ.
Isatic acid Isatin (Lactime)

Lactames correspond to lactones.

Acid imides, corresponding to acid anhydrides, are
formed by amido acids in which the carboxyl group
is separated from the amido group by two or three
carbon atoms :—

CH,CONH, CH,—00\
|
CH,.C0.0H éH _co”

Succinnmic acid Succlmnnde

\NH + H,0.

An inner condensation of o-amido aldehydes and
ketones may also be easily accomplished, the reaction
being exactly similar to that involved in the formation
of lactimes :—

CH:CH.CH
0L CH CHCH:O _ CGH‘< =" LHp.
N
o-Amidocinnamic aldehyde Quinoline

Anhydrides are also obtained from acetyl sub-
stituted o-diamines and o-amidophenols (Hobrecker
and Hiibner) :—

CH<NH COOH, _ 0,1, <NE>C.0H, + H,0.

Acetyl o-phenyltnediamine Ethenylphenyleneamidine

CGH4<1(\)III§.CO.CH3 = CHL § SC.CH,+H,.

Acety! o-amidophenol Ethenylamidophenol
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In these cases also water is only split off with ease
if the oxygen be separated from the hydrogen by a chain
of five or six atoms.

The substances formed by the inner condensation of
aromatic monoamido compounds are either indol or
quinoline compounds, according to whether the ring
which is formed contains five or six atoms, including
one nitrogen atom. Indol itself may be regarded as
the anhydride of a hydroxy amido compound :—

CH:CH.OH CH
CoH<NH, = Gy, pr>OH + H,0.

Indol

In the formation of all these different kinds of
inner anhydrides and condensation products, where
water is split off from atomic groups which are not
linked to the same, or adjoining, carbon atoms, a
circular closing of a previously open atomic chain
occurs. This chain is, with very few exceptions, always
composed of five or six atoms, which may either be
all carbon atoms or may include atoms of nitrogen,
oxygen, or sulphur. The tendency of an open chain to
pass into a ring formation is governed chiefly by the
number of atoms linked together; their nature and the
manner in which they are joined are only of secondary
importance.

Amongst intramolecular reactions accompanied by
loss of water the conversion of amides into nitriles
remains to be noticed ; this reaction only takes place
by the help of powerful dehydrating agents.

CH,.CONH, = CH,—CN+H,0.

Acetamide Acetonitril
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CHAPTER XVIII

SPLITTING OFF OF HALOGEN HYDRIDES

Tais process is completely analogous to dehydration,
- and also occurs between either one or two molecules.
. The products of the reaction are usually the same as
those obtained in the preparation of anhydrides.

The indirect processes of dehydration which have
already been discussed, and upon which depend the for-
mation of ethers, esters, acid anhydrides, amido com-
pounds, and amines, from halogen compounds, all cause
the formation and splitting off of halogen hydrides,
becanse the halogen. of one molecule unites with the
hydrogen of a hydroxyl or ammonia residue attached to
a second molecule.

* The following reactions proceed in & similar manner
to condensations with loss of water.

Orgamc halogen compounds, in presence of alu-
minium chloride or bromide, act on aromatic hydro«
carbons in such a way that the halogen unites with a
hydrogen atom of the hydrocarbon, and the group
which was previously attached to the halogen takes
the place of the hydrogen atom (Friedel and Crafts’ re-
action) :—

C,H,+CH,Cl=C,H,.CH, + HCL
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In this manner six CH, groups may be successively
introduced into benzene.

Chloroform and benzene, in presence of aluminium
chloride, give triphenyl methane :—

CHCI, + 8C,H,=(C,H,),CH + 38HCL

If carbonyl chloride act upon hydrocarbons in -
presence of aluminium chloride, acid chlorides and
ketones are formed synthetically :—

C,H;+ COCl,=C,H,COCl + HCI.

Benzoyl chloride

2C,H, + COCl,=C,H,.CO.C,H, + 2HCL.

Benzophenone

The action of aluminium chloride is apparently
catalytic ; in all probability however it combines with
the hydrocarbon, and the substance which is formed is
then decomposed by the halogen compound (Gustavson).

C,H, + A1,Cl,=C,H, ALCI, + HOL
C,H,.ALCl, + CH,Cl=C,H, CH, + ALCl,.

Aluminium chloride and bromide are largely used
for syntheses of the above nature.
The presence of zinc dust may also cause a reaction
between aromatic hydrocarbons and chlorides (Zincke) :
Cc.H,.CH,C1+CH,=C.H,.CH,.C;H, + HCL

Benzyl chloride Diphenylmethane

The splitting off of halogen hydrides within the
molecule takes place partly at ordinary temperatures,
and partly by warming with water or alkalis.
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Compounds containing the group
I x
0<og (X=halogen)

are just as little capable of existence as the corre-
sponding dihydrates; they evolve halogen hydrides :—

e O
CH,CHS jy =CH,.CH:0 + HCL.

The formation of chloral from alcohol, by the action
of chlorine, depends upon this reaction (see p.121). 1If
a halogen and an amido group be linked to the same
carbon atom, a halogen hydride is split off and an
imido compound formed. For instance, by the action
of phosphorus pentachloride upon acetamide, a com-
pound CH,.CCL,.NH, is obtained ; hydrochloric acid is
however at once evolved with formation of acetchlorimide,
but this compound readily loses a second molecule of
hydrochloric acid, the final product being therefore a
nitrile (Wallach) :—

CH,.CONH, + PCl,=CH,.CC,NH, + POCL,.
CH,.CC,NH, = CH,.CCL:NH + HCL
CH,.CC:NH=CH,.CON + HCL

The conversion of the amides into nitriles by means of
phosphorus pentachloride is therefore an indirect pro-
cess of dehydration (see p. 150).

By treating halogen compounds with water or
alkalis the halogen hydrides are split off, or else the
halogen is replaced by hydroxyl or oxygen.

N
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CH,Cl CH,
| +KOH=| - +KCI+H,0.
C 3 ’ 2
CH,0l CH, \
| +KOH= (l: 0+KCl1+H,0.
CH,0H H,”
Ethylene chlorhydrin Ethylene oxide

This last reaction, especially the action of alkalis
upon halogen substituted alcohols, may be regarded as
taking place in such a way that the hydroxyl hydrogen
is first replaced by metal, and then the metallic chloride
is split off.

The splitting off of halogen hydrides from sub-
stituted fatty acids by treating with water or alkalis,
proceeds in different ways according to the relative
position of the halogen to carboxyl.

By this treatment the substituted acids usually give
oxyacids which are formed by the replacement of the halo-
gen by hydroxyl ; afew of them yield unsaturated acids,
hydrogen being taken from an adjoining carbon atom.

CH. _ CH,
Bromoisobutyric acid Methacrylic acid

If the halogen take the B-position, hydrogen is split
off from the carboxyl group, unsaturated hydrocarbons
and carbon diowide being formed (Fittig) :—

CH,
|
CH,.CH.CH.CO.0H = CH,.CH:CH.CH, + CO, + HBr.
| -Butylen
| (Psfu}(;o;ilt;l:ue)

Br----1

8-Bromomethylethylacetic acid
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Unstable B-lactones are formed as intermediate pro-
ducts, but they decompose as above into a hydrocarbon
and carbon dioxide. The B-lactones of nitro-acids are
somewhat more stable. Ortho-, meta-, and para-nitro
phenylbromopropionic acids give lactones when treated
in the cold with soda solution; on heating however
carbon dioxide and nitrostyrolenes are formed :—

C;H,(NO,).CHBr.CH,.CO.OH
=HBr+ C;H,(NO,).CH.CH,.CO
o |
= C;H,(NO,)CH:CH, + CO,.
If the halogen be linked to the third carbon atom
reckoned from the carboxyl (the ¢ position), the hydrogen
of the carboxyl combines with the halogen ; in this case

however no carbon dioxide is evolved, but a stable lac-
tone is produced (y-lactones, see p. 145) :—

CH,—CH—CH,—CH,.CO.0H
|

y-Bromovalerianic acid

= CH,—CH.CH,.CH, + HBr.
|
0——CO

Valerolactone

Many ¢-halogen acids are not at all stable but change
spontaneously into lactones, a halogen hydride being
split off. This explains the interesting fact that certain
unsaturated acids yield isomeric lactones when treated
with hydrobromic acid. A hydrobromic addition com-
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pound is first formed ; this at once loses hydrobromic
acid, a lactone being produced. Diallylmalonic, and
pyroterebic acids act in this way :—

CH CH
CH:>C:CH.CH, +HBr = CHi)CBr.CH,.CH,

CO.0H CO0.0H
Pyroterebic acid y-Bromoisocaproic acid
CH
= . CH:>(?.CH2.CH2 +HBr.
0——CO
Isocaprolactone
COOH Br COOH
CH,:CH.CH CH,.CH.CH
CH,CHCHU +2HBr=cy* oo >0
Soom Br  coom
Diallylmalonic acid Dibromopropylmalonic
0 acid
CO
_ CH,.CH.CH
= CH,.CH.CH>{ +2HBr.
C
0-

Nonodilactone

It thus appears that in the formation of lactones, the
splitting off of halogen hydrides corresponds completely
to the splitting off of water.

The formation of inner acid anhydrides by the
loss of halogen hydrides has not been directly proved,
because the monochlorides of dibasic acids are unknown
but in spite of this it may be supposed that the pro-
duction of anhydrides by the action of phosphorus



SPLITTING OFF OF HALOGEN HYDRIDES 157

chloride on certain dibasic acids depends upon the above
reaction; the action of phosphorus chloride is only in-
direct, as in the case of the amides :—

CH,.COOH CH,.COC1
| +PCL = | +POCL, + HCL
CH,.COOH CH,.COOH

Succinic acid

CH,.COCI CH“,—CO\
| = é /
CH,.COOH H,—CO

Anhydride

O+ HCL

. Ty
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CHAPTER XIX
HYDRATION PROCESSES

THESE are the opposite of anhydric processes; water is
taken up during their progress, and in general a com-
plex molecule is split up into two or more simple ones ;
the anhydrides in particular easily combine with water,
corresponding hydroxyl compounds being formed.
These reactions are brought about by means of dilute
acids, particularly sulphuric and hydrochloric acids.
Alkalis too may act in the same way in certain cases.
It occasionally happens that the combination with
water takes place so easily, that nothing but water is
needed to bring about the change. Enzymotic pro-
cesses (i.e. processes of fermentation by means of ¢ un-
organised ferments’) are of this order, but for convenience
they are discussed in another chapter. The esters are
most easily decomposed into their components, alcohols
and acids : the term saponification is usually applied to
this operation. It is best accomplished by the action
of alkalis, but it may also be brought about by heating
with dilute rlninera.l acids, or with water.

|
CH,.CO. ! 0C,H,;+ KOH=CH,CO.0K + C,H,.OH.
[
Alcoholic solution of potassium hydrate (sodium
hydrate) is very convenient for the saponification of
esters insoluble in water.
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The word saponification is derived from the process
" of soap-making—that is to say, of the preparation of
the alkaline salts of fatty acids from fats. Fats consist
of the fatty acid ethers of the trivalent alcohol glycerine ;
by the action of alkalis, alkaline salts of the fatty acids
are formed, and the glycerine is set free :—

C,H,(0C,,H,,0), + SKOH = 3C,,H,,00K +C,H,(0H),

Tristearin Potassium stearate Glyoerine.
(soap)

Ethers are not so easily decomposed as esters.

Ordinary ether must be heated with water to 150° in
order to be reconverted into alcohol.

(C,H,),0+ H,0 = 2C,H,0H.

The ethers of the glucoses (simple sugars), the di-
and poly-saccharoses as they are called, combine with
water more easily. Cane sugar, for instance, is split
up by dilute mineral acids into grape and fruit sugars :

CoH,,0,—0—C;H,,0, + H,0 = C;H,,0,+CH,,0,

Cane sugar Grape sugar Fruit sugar
(Dextrose) (Leevulose).

Starch when treated in a similar manner is con-

verted into dextrose, though the change proceeds more
slowly :—
(CeH,,0;), +nH,0 = nCeH,,0,.

The glucosides, which are ethereal compounds of
sugar and other substances, mostly combine with water
when treated with dilute mineral acids, or in certain
_ cases, by the action of dilute alkalis.

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

Salicin Saligenin Grape sugar.
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Acid anhydrides, which are formed by the with-
drawal of water from two molecules of acid, are easily
converted into the corresponding acids by the action of
water or alkalis :—

CH,.C0.0.C0.CH, + H,0 = 2CH,.CO,H

Acetic anhydride Acetic acid.

All acid amides are easily hydrated by means of
acids or alkalis, the organic acid and ammonia being
regenerated :—

CH,.CONH, + H,0 = CH,.CO.0H + NH,.
Acetamide

The amido acids, like the amines, show a much
greater power of resisting the action of acids and
alkalis, and it is difficult or impossible to hydrate them.
Amines and amidoacids containing acid radicles (which
may be regarded as substituted amides) are however
easily decomposed into their components.

C,H,.C0—NH.CH,.CO,H + H,0

Hippuric acid
(Benzoylglycocoll)
= NH,.CH,.CO,H + C,H,.CO,H
Glycocoll Benzoic acid.

Sulphonic acids, which may be regarded as being
acid esters of unsymmetrical sulphurous acid, are not
changed by boiling with alkalis, but by fusion they
are easily decomposed, water (alkali) being taken
up i—

C,H;.S0,0H + 2KOH = C;H,0H + K,SO, + H,0.

Monobenzene Phenol
sulphonic acid




HYDRATION PROCESSES 161

A peculiar hydration process takes place if an alde-
hyde be treated with alkalis; part of the aldehyde is
converted into an alcohol, another part into the corre-
sponding acid :—

2C4H,.CHO +KOH = C,H,.CH,0H + C;H,.CO,K

Benzaldehyde Benzylalcohol Potassium benzoate.

Compounds formed by condensation and splitting
off of water (see p. 137) are very stable. It is
difficult, and often impossible, to induce them to
combine with water to form the substances from which
they were originally made; their stability depends on
the properties of the carbon bond.

Water may be taken up without the molecule being
decomposed. Many internal anhydrides for instance com~
bine with water, a hydrate being again formed. Internal
acid anhydrides are very easily converted into the
corresponding acids by treatment with water or alkalis:

CH,.CO CH,.CO,H
| 0+H,0=

CH,.CO CH,.C0,H
Succinic anhydride Succinic acid.

The lactones are, as a rule, only to a slight extent
reconverted into oxyacids by the action of water, but
they are easily acted upon by soluble basic hydrates
with formation of salts of the corresponding oxyacids.

Lactames behave like lactones.

Alcohol anhydrides (alkylenoxides) formed by direct
splitting off of water, show considerable resistance
to the action of water. Of the remaining alkylenoxides,
those glycols are most easily regenerated in which

M
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the oxygen is attached to a tertiary carbon atom
(Eltekow).

Some unsaturated compounds take up water, and in
such cases the hydroxyl always attaches itself to the
carbon atom which is linked to the least hydrogen :—

CH CH
CH>C=CH, + HOH = #>C(0H)CH,

Isobutylene Trimethyl carbinol.

Unsaturated hydrocarbons combine with sulphuric
acid in an exactly similar way; H goes to one carbon
atom, and OSO,H to another, that namely to which less
hydrogen is attached. ,

Amongst the remaining hydration processes, the
conversion of the nitriles (cyanides) into amides by the
action of acids may be mentioned. The amides them-
selves, as already shown, take up more water and form
acids and ammonia.

CH,—CN + H,0 = CH,—CONH,

Acetonitril Acetamide.
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CHAPTER XX

ADDITION OF HALOGEN HYDRIDES

DiLutE hydrochloric, like dilute sulphuric acid, causes
the decomposition of anhydride compounds without the
halogen hydride becoming linked to the compound.
Esters are however decomposed by heating with con-
centrated halogen hydrides in such a way that the
alkyl haloid and free acid are formed :—

CH,.C0.0C,H, + HI = CH,.CO.0H + C,H,]I.

Ethers react in an analogous manner, especially
with hydriodic acid :—

(C,H,),0 + HI = C,H,0H + C,H,T.

As regards internal anhydrides, by the action of
concentrated halogen hydrides (especially hydrobromic
acid) many lactones are converted into corresponding
halogen-substituted acids, addition products being first
formed.

Alcohol anhydrides also combine directly with
halogen hydrides, halogen hydrins being produced :—

CH, CH,CI

| >O+HCI =

CH, CH,0H
Ethylene oxide Ethylene chlorhydrin



164 GENERAL ORGANIC CHEMISTRY

Halogen hydrides combine tolerably easily with
unsaturated compounds. As the affinity of hydrogen for
halogens decreases with increase of atomic weight, this
addition takes place most easily with hydriodic acid.
When halogen hydrides add themselves to unsaturated
compounds, the halogen goes to the carbon atom com-
bined with the least hydrogen, and the hydrogen to the
carbon richest in hydrogen. Such reactions therefore
only give secondary and tertiary halogen compounds
(see p. 125).

CH,.CH:CH, + HI = CH, CHLCH,.

If unsaturated acids combine with halogen hydrides,
the opposite action occurs; as a rule the halogen goes
to the carbon atom linked to the most hydrogen, or if
the acid contain the group CH=CH, to the carbon
atom furthest from carboxyl :—

CH,:CH.CO,H + HI=CH,I.CH,.CO,H

Acrylic acid B-Iodopropionic acid.
CH,.CH:CH.CO,H + HI=CH,.CHI.CH,.CO,H
Crotonic acid B-Todobutyric acid.

a-iodo acids are simultaneously formed in small
quantities.
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CHAPTER XXI

UNION OF CARBON WITH CARBON

AN enlargement of the carbon chain may be brought
about in various ways. There are many methods of
introducing carbon into organic compounds in such a
way that it-shall attach itself to the carbon already pre-
sent in the chain. Some of the reactions belonging to
this class have already been mentioned, particularly
the condensations of two or more molecules which are
accompanied by a splitting off of water, as well as the
actions of halogen compounds on aromatic hydro-
carbons in presence of aluminium chloride or bromide.
Many synthetical condensation processes which lead to
an enlargement of the carbon chain proceed in other
ways.

If hydrocarbons be exposed to high temperatures,
by passing them through red-hot tubes, hydrocarbons
of higher molecular weight are often formed, hydrogen
being usually evolved. In this manner acetylene is
converted into benzene, which itself gives, if it be passed
through red-hot tubes, diphenyl and other more con-
densed hydrocarbons :—

3C,H,=C,H,.
9C,H,= C,H,.C,H, +H,.
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If phenylbutylene be exposed to high temperatures
it forms naphthalene ; in this reaction the carbon chain
is not enlarged, but two carbon atoms which were
previously free unite together. The open side-chain
(butylene radicle) attacks the benzene nucleus and a
close carbon ring is produced.

CH

Hc// \C—CH2.CH=CH.CH3
|

mt lm

N/

o

CH
"
= | || | +2H,.
CH
} / \ //

Many other pyrogenetic reactions proceed analo-
gously ; in all cases the open side-chain links itself to
the benzene nucleus in the ortho-position, a closed
carbon chain of five or siz members being formed.

An important pyrogenetic synthesis is that which
causes the formation of ketones, by heating the salts
of organic acids :—

CH, 99 oK. CHs>co +K,CO,.

Amongst the numerous condensation processes ac-
companied by loss of water or oxidation, mention may
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be made of Skraup’s general method for the synthetical
production of quinolines, by heating aromatic amido-
compounds with glycerine and sulphuric acid. Ordinary
quinoline is obtained from aniline according to the
equation

C,H,.NH, + C,H,0,=C,H,N(C,H,) + 3H,0 + H,.

It is probable that acrolein isfirst formed from the
glycerine by loss of water; acrolein-aniline is then
produced, from which hydrogen is split off giving
quinoline. The presence of nitrobenzene, which acts
as an oxidiser, helps the reaction.

C,H,0,=C,H,0+2H,0.
Glycerine Acrolein

C,H,0+ C,H,.NH,=C,H, N:CH.CH:CH, + H,0.

Acrolein-aniline

CH\
HC// C.N=CH.CH:CH,
J} |
H CH
N/
CH
Acrolein-aniline
CH N
AN
H/ \C/ \CH
= | " | +H,.
HC\ C CH
N C/ N\ C//
H H

Quinoline
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The toluidines give methyl-quinolines, and chloro-,
bromo-, and iodo-anilines yield corresponding substi-
tuted quinolines. Many other condensations which are ac-
companied by oxidation are probably caused by the inter-
mediate formation of an aldehyde which then condenses
in the usual manner, so for example in the formation
of rosaniline from aniline and toluidine (see pp. 138 and
111).

Some of the remaining simple methods for enlar-
ging the carbon nucleus are given in the following
pages :

If sodium or finely divided silver act upon organic
halogen compounds a synthesis takes place, the halogen
is eliminated, and the molecular residues unite to form
one molecule :

C,H,I C,H

+Na,= | = +2NaL
C,H,I C,H,
Ethyl iodide Butane
(Diethyl)
. (Wilrtz). .
C.H,Br+ CH,I + Na,=C,H,.CH, + Nal + NaBr.
Brombenzene ’(I‘Foilgégi
CH,I.CH,.CO,H CH,.CH,.CO,H
+Ag,= (l} +2Agl.
CH,LCH,.CO,H H,.CH,.CO,H
3-;0&proplonic acid Adipic acid (J. Wislicenus)

Another method depends upon the ease with which
organic zinc compounds (zinc alkyles) react. With
halogen and many oxygen compounds, they are decom-
posed in such a way that the halogen or oxygen unites
wif;h. the zinc, and the molecular residues combine
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. together.  Hydrocarbons may be prepared syntheti-
cally in this manner :—

CH, , CH,I

CH,
H: + CH31= +ZD.IT

2|
CH,
Acid chlorides and zinc alkyles give tertiary alco-
hols (Butleroff). This rather complicated reaction
takes place in three stages, as represented by the
following formulae :—

Zn

H
1) OH,.COCI + Zn(CH,),=CH,.0<0.ZnCH,,.
al

CH,
2) CH,.C<0.%nCH, + Zn(CH,),
Cl

CH
= OH,0€0.Zh0H, + Zn<(r>.
CH,

‘ CH,
8) CH,.C&0ZnCH, +H,0
CH,

CH,
= CH,.CLOH +Zn0 +CH,.
CH

3
Trimethyl earbinol

In an exactly analogous way, secondary alcohols are
obtained from formic ethers by the action of zinc
CH,

alkyles.
0
HO<L0c,H, gives with Zn(CH,), "ONQm
3

Secon
propy! alcohol.
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Amongst other reactions of a similar kind, the one-
which takes place between zinc alkyles, or zinc and
alkyl iodides, and oxalic ether should be mentioned ; an
oxygen atom is replaced by two alkyles, oxyacid ethers
being formed (Frankland and Duppa).

C,H,C,H,
C0.0C,H, Vv
J’ gives with Zn(C,H;), C—OH
0.0C,H,
0.0C,H, -
Oxalic ether Diallyloxalicethyl ester.

An interesting synthesis of ketonic acids depends
upon the action of metallic sodium upon carboxylic acid
ethers ; the sodium causes the formation and splitting off
of one molecule of alcohol from two ester molecules.
The most familiar reaction of this kind is that result-
ing in the formation of acetoacetic ether :—

CH, C0.0C,H, CH,

| | = + C,H,OH.
€0.0C,H; H:CH, CO.CH,C0.0C,H,

The reaction does not proceed so simply as the
formula indicates; sodium-acetoacetic ether is first
formed instead of the free ester.

Propionyl-propionic, and succino-succinic ethers
are obtained in the same way, from propionic and
succinic ethers respectively. Inthe same manner two
different esters may condense ; aceto-oxalic ether
is formed by the action of sodium upon oxalic and
acetic ethers (W. Wislicenus) :—
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C0.0C,H, C0.0C,H, CO0.0C,H;
l ....+ . | = | +C,H,.0H.
C0..0C,H, H:CH, C0.CH,.CO.0C,H,

The hydrogen of malonic ether may be replaced by
sodium. The resulting sodium-malonic ether acts easily
upon halogen compounds. A synthetical method which
is often used for the preparation of acids is founded
upon this reaction (Conrad) :—

C0,C,H, CO,C,H,
HNa  +CHJI= CH.CH, +Nal
|
CO,C,H, CO,C,H,
Methylmalonic ether
C0,C,H, CO,C,H,
OHNa + CH,C1.CO,C,H,=CH.CH,.CO,C,H, + NaCl.
| Monoc:tlltl)er:cetio
CO,C,H, - C0,C,H,

Acetomalonic ether

The corresponding acids may be easily obtained by
saponification of the esters.

Sodium-acetoacetic ether CH,.CO.CHNa.CO,C,H,
acts exactly like sodium-malonic ether; from it dif-
ferent acids and ketones may be prepared by the
action of halogen compounds, and treatment of the
product of reaction with alkalis (Frankland and Duppa,
J. Wislicenus) :— '

CH,.CO.CHNa.CO,C,H, + C,H,I
= CH,.CO.CH(C,H,).CO,.C,H, + Nal.

Ethylacetoacetic ether
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CH,
J:O 02H5 .....
| CH, :
CH.C,H,+2KOH= | + CH, +C,H,0H.
| CO.0K |
C0.0C,H, CO0.0K
Potassium butyrate
CH,
I CH,
o |
| +2KOH= (0 +K,C0, + C,H,0H.
CH.C,H, |
| CH,.C,H,
CO.OCQH 5 Propylmethyl ketone

Benzoylacetic ether C,H,.CO.CH,.CO,C,H,, aceton-
dicarboxylic ether C,H,.0.CO.CH,.CO.CH,.CO.0.C,H,,
and other esters containing the group CH, linked to
two CO or certain other negative groups, react in the
same way as the above-mentioned esters.

It has already been stated (p. 168) that sodium
acts upon halogen compounds in such a manner that
the halogen unites with the sodium, and synthetical
products are formed ; the result is strictly analogous if
halogens (bromine, iodine) be allowed to act upon the
above sodium compounds—the sodium is eliminated and
the residues unite together :—

CHNa(CO,C,H,), CH(CO,C,H,),
+ Ig= + 2Nal.
CHN«(CO,C,H), CH(CO,C,H,),

Sodium-malonic ether Acetylene-bﬁtracarboxylic
ether

Carbon may be introduced into many organic
compounds by the help of simple carbon compounds
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such as carbon dioxide, carbonyl chloride, chloroform,
&c. Certain organic compounds combine directly with
carbon dioxide, carbon becoming linked to carbon.

CH,.Na + C0O,=CH,.C0.0Na

Sodium Sodium acetate.
methyl
OH
C,H,.0Na+C0,= CH,<30 oNa
Sodium phenolate Sodium salicylate (Kolbe).

Sodium and chlorocarboxylic ethers have a similar
action on phenols (Wiirtz) :—
OH
C;H;.ONa+ CICO,C,H,= CGH4<CO.002H5 + NaCl.
Salicylic ethyl ether

Chloroform and sodium hydrate convert phenols
into oxyaldehydes (Reimer):—

C.H;.OH + CHCl, + 3NaOH
= CH<Iho +3NaCl+2H,0.
By an aﬁalogous reaction, oxyacids are obtained

by the action of carbon tetrachloride and sodium
hydrate upon phenols :— ‘

C,H,.OH +CCl, +4NaOH "
H
= OH g, g +4NaCl+2H,0.
Salicylic acid

A method, which is often employed in order to in-
crease the size of carbon chains, consists in the addition

of the cyanogen group (I‘_;N’ this is accomplished by the
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action of potassium cyanide upon halogen compounds,
alkyl sulphates, sulphonic acids, or diazo compounds :—

CH,C1 CH,CON
|  +KON= | +KCL
CO,K CO,K
Potassium Potassium
chloracetate cyanacetate
C,H,.0.80,K + KCN=C,H,CN + K,SO,.
Potaﬂ;llg t(g,hyl- Propionitril

If a compound contain several halogen atoms a
corresponding number of cyanogen groups may add
themselves, unless two halogen atoms be linked to the
same carbon atom.

Ethylenechloride CH,C1.CH,Cl gives a corresponding
dicyanide, but ethidene chloride does not react in this
way with potassium cyanide.

The cyanogen group may be introduced into alde-
hydes and ketones by simple treatment with hydro-
cyanic acid ; a direct addition takes place.

CH, CH, CH,
CH | |
) * {HON = HOOH GO+HON = Qb
HO | |
éN CH, . CH,
Ethylene oxide reacts in a similar way :—
CH, CH,CN
| >O+HCN = .
CH, CH,.OH

It has already been mentioned under hydration pro-
cesses that the nitrogen of cyanogen compounds can be
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easily split off by treatment with alkalis or dilute acids,
the cyanogen groups being converted into carboxyl
(see p. 162). By means of this reaction it is possible to
pass from alcohols, aldehydes, and lactones to acids con-
taining more carbon, and from monobasic acids to dibasic
ones richer in carbon.

On the other hand, the cyanides can be easily trans-
formed into amines (see p. 131), the synthesis of alcohols
being thus accomplished.
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CHAPTER XXII

DISRUPTION OF CARBON BONDS

MaNY organic acids lose carbon dioxide when heated.
The di- and poly-basic acids with two carboxyl groups
attached to the same carbon atoms evolve carbon dioxide
by slight heating (to about 150°) :—

00.0 | H CH,
-- == |
CH, =C0,+ CO.0H
l Acetic acid.
CO.0H
Malonic acid
CH,.CH(COOH),=(0, + CH,.CH,.C0.0H
Isosuccinic acid Propionic acid.

Carbon dioxide is of course split off still more easily
from acids with three carboxyl groups linked to the
game carbon atom. Methenyltricarboxylic acid decom-
poses as soon as formed, into malonic acid and carbon
dioxide :—

CO,H CO,H

I
(IDH.CO,H= CH, + CO,.
CO,H Co,H
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Tetraoxysuccinic acid also at once gives up carhon
dioxide, oxymalonic acid being obtained by internal
rearrangement :—

CO,H
| CO,H
C(OH), |
= CH.OH + 00, + H,0.
C(OH), |
CO,H
CO,H

Many other organic acids yield carbon dioxide by
strongly heating with alkalis :—

CH,.CO.0K + KOH=K,C0, + CH,.

This reaction takes place more easily and com-
pletely by heating the acid with sodium ethylate; in
this way a paraffin C,,H,, is obtained from stearic
acid C,H,;.CO,H (Mai).

Aromatic a.cuis with the carboxyl linked to the
benzene nucleus easily give off CO, on heating with
quicklime :—

C.H,(CO,H),=C,H,+2CO0,.
Phthahc acid

Carbon is occasionally split off from organic com-
pounds as carbon monoxide ; for instance, by the action
of sulphuric acid upon citric acid:—

C.H,0,=C,H 0, +CO + H,0.

Acetone-
dicarboxylic
acid

Many unsaturated acids are decomposed by fusion
with potassium hydrate, the disruption taking place as
a rule at the position of the double bond (see p. 120).

N
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Many oxy- and ketonic-acids are decomposed by
warming with potassium hydrate or sulphuric acid.
Acetoacetic acid gives, with potassium hydrate, acetic
acid:—

CHS.COE.CH,.CozH +2KOH=2CH,.CO,K +H,0.

Or else acetone and carbonic acid :—
I
CH,.CO.CH,.CO,H + 2KOH
1
=CH,.CO.CH, + K,CO, + H,0.

Lactic acid yields aldehyde and formic acid when
treated with sulphuric acid :—

CH,.CH(O'H).CO,H = CH,.CH:0 + HCO,H.

It has already been mentioned that the carbon
chain is often broken by oxidation (see p. 108).

As stated above, organic radicles may be easily in-
troduced into aromatic hydrocarbons by the action of
aluminium chloride. This substance may however cause
an opposite reaction, viz. the splitting off of hydro-
carbon groups from aromatic hydrocarbons, Xylene

CH
CGH4<CH:7

for example, gives some toluene C;H,.CH,, and benzene
C,H,, when treated with aluminium chloride. A state
of equilibrium, which is naturally dependent upon the
conditions under which the reaction is performed,
occurs between these different processes (Jacobsen).
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CHAPTER XXIII

POLYMERISM

In the preceding pages it has been stated that many
organic compounds polymerise ; that is to say, a num-
ber of molecules unite together to form a single molecule.
This often occurs spontaneously, but is frequently
brought about by the action of a small quantity of some
mineral substance such as sulphuric or hydrochloric
acids, zinc chloride, sodium hydrate, &c.

Certain compounds, containing their atoms doubly
linked, easily polymerise. Such substances are the
. cyanogen compounds, aldehydes, and unsaturated com-
pounds.

These phenomena are explained by the fact that the
double or treble bonds are converted into single ones,
so that two or three molecules of the substance may
join together by means of the free valencies. '

Cyanogen compounds easily form bodies possessing a
triple molecular weight. The cyanogen group becomes
converted into a tricyanogen group :—

—C=N —C=N
N=o— = Nt
=C— = 1\{_ L
|
—C=N —C=N
3CNCl = C,N,Cl, : SCNOH = C,N,0,H,
Cyanogen Cﬁ'anuric Cyanic acid Cyanuric acid.
chloride chloride

N 2



180 GENERAL ORGANIC CHEMISTRY

Ordinary aldehyde C,H,0 easily polymerises to
paraldehyde C.H,,0, :—

CHa (I}Ha CH3
|
- CH, _ HC——0—CH
%y olm No o
HC=0
| N/
CH, HO
Aldehyde (3 molecules) (‘JH
Paraldehyge.

The wunsaturated hydrocarbon isopropylethylene
C,H,, gives diamylene C, H,,, and triamylene C,,H,,,
when treated with sulphuric acid at ordinary tempe-
ratures :—

CH, CH, CH, CH, CH, CH, CH, CH,
/ /
\CH \cﬁ \cf \CH
|

(lJH JzH —CH, (IJH——CH
I |
CH, CH,—CH CH, CH,—CH,
Tsopropylethylene (I}H \
Cﬁ,}Ha CH
Diamylene (l:H
¢, om,
Triamylene,

Certain polymerisation phenomena are more cor-
rectly classed as condensation processes; for instance,
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the formation of aldol from aldehyde (see p. 137), or of
benzoin by the action of potassium cyanide upon benz-
aldehyde :—

CH;CHO CH,.CHOH

= |
CH,CHO  C,H,CO

Benzaldehyde Benzoin.

Many polymerisations have not yet been sufficiently
explained.
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CHAPTER XXIV

INTRAMOLECULAR ATOMIC REARRANGEMENT

THE peculiar resistance of the carbon bond has already
been given as the reason for numerous cases of isomerism
which occur amongst organic compounds. In spite of
this it sometimes happens that an organic compound
with a very unstable constitution passes into a more
stable form by means of an internal rearrangement of
the atoms. Many of these processes are without doubt
the resultant of several successive reactions, though the
intermediate products cannot always be isolated. Intra-
molecular rearrangements, and the metamorphosis of
chemical compounds into isomeric substances have
always been regarded with great interest by chemists.

Many rearrangements may be explained by what is
called tautomerism (Laar). A substance is said to be
tautomeric if it does not always possess the same unalter-
able constitution, but one which varies according to the
circumstances in which it reacts with another compound.
The constitution of such bodies may be expressed by
two formule. Cyanamide, for example, is not repre-
sented solely by the formula CN.NH,, or by the for-
mula

o4
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but by both; under certain conditions it behaves like
true cyanamide, in other circumstances as carbondiimid.

In the same way acetoacetic ether may be repre-
sented by either of the following formulese :—

CH,.CO.CH,.C0.0C,H, and
CH,.C(OH)=CH.C0.0C,H,.

Tautomerism becomes isomerism if distinct com-
pounds are known represented by each formula.

The first case of intramolecular rearrangement
to be recorded was the conversion of ammonium
cyanate into urea by warming the watery solution
(Wohler’s synthesis of urea 1828) :—

NH
CONNH, .= CO<yy:

Ammonium

cyanate Urea.

This reaction appears to be a general one ; the ammo-
nium salt of the acid gives the diamide.

It may be stated that, as a general rule, alcohols
containing the group —CH=CH.OH change spon-
taneously into aldehydes :—

ﬁH, CH,
= |
CH.OH CHO
Vinyl alcohol Aldehyde.

And that those with the group
o
I
C.OH

bu,
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become converted into ketones :—

CH,
o = éo

Il
C.0
(|3H3 CH

The generally accepted theory is that the above
alcohols cannot exist as such—they become changed at
the moment of their formation into aldehydes and
ketones respectively (Erlenmeyer). It is probable how-
ever that many unsaturated alcohols and ketones are
only tautomeric forms of the same compound, like
acetoacetic ether (see above).

In the case of phloroglucinol and of certain other
phenols it is necessary to assume the existence of secon-
dary and tertiary forms, so called from the way in which
the carbon atoms are linked :—

CH, H
2N c
o¢ o / N\
| HO.C  C.0H
H, C\ CH, [l (I}‘H
/ HC
AV
O C
OH
Secondary form Tertiary form

Phloroglucinol.

Compounds containing their atoms linked in the
form of a ring are often more stable than isomerides
with open chains, and it sometimes happens that these
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latter change into the first form. Phthalic aldehyde
eagily forms phthalide :

CH:O CH
CGH‘<CH:O = CGH4<CO 2>O.

A similar reaction probably takes place in the case -
of other phthalic compounds and of the analogous
succinyl compounds. Symmetrical phthalyl and suc-
cinyl chlorides, and other similar acid chlorides, are
converted into unsymmetrical compounds, unless, as is
possible, both kinds of chlorides are only tautomeric
forms:—

0001 a1 .
06H4<0001=0634<80 >0 (Phthalyl chloride).

CH,.00C1 _ CH,.COl

| = O (Succinyl chloride).
CH,.COC1 CH,,C0 ~

It also appears probable that corresponding aldehyde-
‘and ketonic acids containing the oxygen linked to the
third carbon atom counting from carboxyl, change, im-
mediately on their formation, into compounds with their
atoms linked in a circular form. In that case lsvulinic
acid would not be acetopropionic acid

CH,.CO.CH,.CH,.CO,H

as generally represented, but an oxylactone

CH,.CH(OH).CH,.CH, (Bredt).

|0 to
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Some unsaturated acids' give isomeric lactones
when heated :—

85?0 — CH.CH, CO.OH =8g:> C—CH,—CH,
Pyroterebic acid
0—CO
Isocaprolactone.
Most divalent alcohols are converted into aldehydes
and ketones by the action of dehydrating agents. The
double tertiary alcohols (pinacones) react particularly
easily : they give ketones with dilute sulphuric acid ; an
alcohol anhydride is first formed, from which the ketones
are produced by rearrangement :—

CH,),—C.OH CH,),—C
(OH,) o OO\

(CH,),—C.OH ' (CH),—C”

Tetramethylethylene
alcohol
= (CH,),.C.CO.CH,
Tertiary butylmethylketone.

Many other special cases of internal rearrangement
have been observed, some of which may be mentioned.
Allylthiocyanate is converted into allylthiocarbimide
on heating ; N=C—S8.C,H;=8:C:N.C,H,; in this re-
action the sulphur and nitrogen change places. By
heating phenylcarbylamine to 200°-220° it is changed
into the isomeric benzonitrile, the isocyanogen group
being transformed into the true cyanogen group :—

CH; NC=CzH,.CN.
Isocrotonic acid yields crotonic acid on distillation,
the position of the double bond becoming altered :—

CH,:CH.CH,.C0O.0H =CH,.CH:CH.CO.OH.
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Many other instances of hydrogen changing its
position by moving from one carbon atom to another
have been noticed. In many cases however the
atomic rearrangement is only apparent. For example,
ordinary crotonic acid

CH,.CH—CH.CO.0H

is obtained by the saponification of allylcyanide
CH,=CH.CH,.CN

although isocrotonic acid would bhe expected. The
natural conclusion is that an atomic rearrangement
has taken place ; it is probable however, from Pinner’s
researches, that on treating the cyanide with hydro-
chloric acid or potassium hydrate, monochlor- or oxy-
butyric acids are respectively formed ; these split off
hydrochloric acid or water as the case may be, ordinary
crotonic acid being produced :—

CH,.CHC!.CH,.CO.0OH =CH,.CH:CH.CO.0OH + HCl.

CH,.CH(OH).CH,.CO.0H
=CH,.CH:CH.CO.0H + H,0.

Primary propyl bromide is converted into secondary
propyl bromide by the action of aluminium bromide
(Kekulé, Gustavson); at high temperatures the same
change occurs without the intervention of aluminium
bromide. The reaction may be explained by sup-
posing that hydrobromic acid is first split off, and that
it then adds itself in another way to the propylene
which is simultaneously formed :—
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(|7H3 CH, CH,

|
CH, = I(|)H+HBr = J!HBr.
| |
CH,Br CH, CH,

Secondary, as well as primary, propyl alcohol is
formed by the action of nitrous acid upon primary
propyl amine. Isobutyl bromide readily passes into
tertiary butyl bromide :—

CH, CH, CH, CH,
N/ N/
CH = .

| CBr
CH,Br éHs '

This reaction, as well as that of primary propyl
bromide mentioned above, is probably caused by the
tendency of the halogens to combine with that carbon
atom which is linked to the least number of hydrogen
atoms. Para-methyl-normal-propyl-benzene or cymene

CH,

06H4<03H3,

is converted by oxidation (shaking with sodium hydrate
and air) into p-isopropylbenzoic acid. On the other
hand the p-isopropylbenzoic acid may be retransformed
into ordinary cymene, the isopropyl group changing
again into the normal propyl group. Other similar re-
arrangements have been observed in the cymyl and
cumin series. A methyl group in the para-position to
a normal propyl group, and a carboxyl in the same
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" relative situation to an isopropyl group, appear to be best
adapted for preserving the equilibrium of the molecule,
hence the above rearrangements (Widman).

Hydrazobenzene derivatives are changed into ben-
zidine compounds by the action of sulphuric acid or
zinc chloride :—

C,H,NH C,H,NH,
| = :
C,H,NH $6H4.NH,

A hydrogen atom from each benzene nucleus be-
comes attached to the nitrogen, the bond between the
nitrogen atoms is dissolved, and two carbon atoms
become linked together. Two nitrogen atoms, joined
as they are in hydrazo-benzene, as a rule, render
the atomic grouping very unstable.

Diazoamido compounds are easily converted into
amidoazo compounds :—

C,H, N, NH.C,H,=C,H,.N, C,H,NH,.

A peculiar kind of transference of atoms was noticed
by A. W. Hofmann and Martius in the case of aromatic
amines. By strongly heating methylaniline (hydriodic
acid salt) toluidine is produced :—

CH
C,H,NH.CH, = CGH4<NH'*'2.

Other secondary or tertiary aromatic amines behave
in a similar way ; the alcohol radicle changes places with
a hydrogen atom of the benzene nucleus. Many cases of
atoms or atomic groups shifting their position about the
benzene nucleus have been observed. Isomeric disub-
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stitution derivatives, ortho-, meta-, and para- compounds,
are frequently changed one into another at high tem-
peratures.  Ortho-phenolsulphonic acid is entirely
changed into para-phenolsulphonic acid by continued
heating. In the same way potassium salicylate (ortho-
compound) gives potassium para-oxybenzoate when
heated to 220°, but at higher temperatures the opposite
reaction takes place.

All three bromobenzenesulphonic acids and benzene-
disulphonicacids (ortho-, meta-, and para-)give resorcinol,
meta-dioxybenzene, when fused with potassium hydrate.
By the oxidation of certain orthodialkyl benzenes with
potassium permanganate terephthalic acid (para-com-
pound) is formed in large quantities, and only a small
amount of phthalic acid, the ortho-compound (Claus).

In considering these and other analogous reactions
it is not needful to assume a direct atomic rearrangement ;
the product obtained may be the final result of a series
of different processes.
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CHAPTER XXV

VELOCITY AND LIMIT OF REACTIONS

IF an alcohol be mixed with an acid an ester is pro-
duced, but the reaction is never completed by mere
heating ; certain quantities of the acid and of the alcohol
remain unchanged.

aC,H,.OH +aCH,.CO.0H =bH,0 + bCH,.C0.0C,H,
+(a—b) (C,H,.0H + CH,.CO.0H).

If the quantity of alcohol be increased, a larger por-
tion. of the acid will be reacted upon, and vice versi.
A definite equilibrium will be established between the
amounts of the water and ester formed on the one hand,
and of the free acid and alcohol on the other. The re-
action reaches its limit and no further change takes
place between the acid and alcohol. The same
relations occur in many other reactions.

Menschutkin has closely investigated the quantitative
course of the production of esters from monobasic or-
ganic acids and monovalent alcohols. If equal mole-
cules of acetic acid and ethyl alcohol be heated to 154°
equilibrium ensues after seventy-two hours. In the
case of alcohols of higher molecular weight with the
same acid, the reaction ceases after warming for ninety-
six hours. By ¢ limiting value’ is meant the quantity of
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the mixture which is transformed. The term °initial

velocity’ is used to denote the quantity of ester pro-

duced at the end of the first hour. Both these values

are different for saturated, unsaturated, primary,

secondary, or tertiary alcohols, and they are smaller for
. unsaturated than for saturated alcohols.

Initial velocity Limiting value

Ethyl alcohol C,H, OH  4681% 6657%
Propyl alcohol  C,H,.OH 465005 66859

Allylaleohol  C,H,OH 36129  59-40%
Benzyl alcohol C,H,.OH 87989  60-75%

In the case of primary alcohols the limiting values
increase with the molecular weight :—

Ethyl alcohol *~ C,H,0OH 66579

Butyl ,, C,H,OH 67309
Octyl , C.H,OH  72:349
Cotyl C,H, OH 80399

The initial velocity of primary normal alcohols is
very constant, about 479 ; that of primary isoalcohols
is rather less.

Secondary alcohols have a smaller initial velocity as
well as a lower limiting value than the primary alcohols,
and the difference is still more marked between these
latter and tertiary alcohols:—

Initial velocity = Limiting value

Secondary propyl alcohol 26-53% 60-52%
Tertiary butyl ” 1-509¢ 6-5994

All these determinations were made with acetic
acid.
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The above factors are also influenced by ‘the acid
employed. Acids of normal structure,

R—CH,—CO.0OH,
possess. the greatest initial velocity ; tertiary acids,
R,:C.CO,H,

the least, and this value decreases with rising molecular
weight, whilst the limiting value increases.
The ammonium salts of organic acids give amides

on heating : —
R.CO.ONH,=R.CONH, + H,0.

In this reaction too the primary acids have the
greatest initial velocity and the tertiary ones the
smallest; on the other hand the limiting value is not de-
pendent upon the constitution of the acid. The forma-
tion of acetamide proceeds very rapidly at 155°; the
initial velocity of the reaction is 50:9094 and the limit
value 81:46%. The production of benzamide (tertiary
acid) is very slow, the initial velocity being only 0-759.

Temperature exerts an important influence upon
the speed of a reaction; the absolute initial velocity
increases with the temperature. Menschutkin obtained
the following values for the action of acetic acid upon

alcohol :—
Temperature nitial velocity
1020 . . . . . 1350%
122 . . . . . 2478,
1420 . . . . . 4065,
1620 . . . . . 5290,
1825 . . . . . 6099,
2125° . . . . . 6398,
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The limiting value of etherification does not vary with
the temperature (Berthelot). In the formation of
amides (acetamide) however, both the initial velocity
and limiting value increase with the temperature. The
opposite result occurs in the formation of anilides
(aniline and acids), the limiting value decreasing as the
temperature rises. Certain other reactions have been
investigated in this way, but not so completely as has
the formation of esters and amides.
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CHAPTER XXVI

THE CHEMICAL INFLUENCE OF ELEMENTS ALREADY IN
THE MOLECULE UPON THE AFFINITY OF NEIGH-
BOURING ATOMS.

ELEMENTS or groups of a strongly negative or positive
character exert an influence upon the chemical nature
or affinity of other elements contained in the molecule.
This influence is greater the more closely the ele-
ments or groups are linked, or in other words, the
shorter the atomic chain which intervenes between
them.

The influence of one element upon another in the
same molecule is most plainly seen in the case of or-
ganic hydroxyl compounds. The character of the
hydroxyl, the affinity of its oxygen for metals, depends
in the first instance upon the other elements which are
linked to the same carbon atom. The hydroxyl has a
weak basic character in the group

|
CH,.0H

(alcohol) and an acid character in the group

é<8H.

The hydroxyl oxygen of the second group has a much
02
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greater tendency to unite with metals than that of the
first. Oxygen and halogen atoms may increase the
negative character of a hydroxyl even if they be not
linked to the same carbon atom but to another one in
the molecule situated close to the first. An accumu-
lation of carbon atoms acts in the same way ; for instance
the phenols show a more acid character than the alcohols,
because the hydroxyl is linked to a group poorer in
hydrogen but richer in carbon:—
C.H,.0H C,H,.0H
Phenol Alcohol.

The phenols behave like true acids if negative
groups be linked to the carbon atoms near the hydroxyl:
CeH,(NO,);,0H
Picric acid.

Polyvalent alcohols are less basic than mono-
valent alcohols, on account of the mutual influences
of the different hydroxyls; polyvalent alcohols react
more easily with metallic oxides, the hydroxyl hydrogen
being replaced by metal.

If the hydrogen of an acid be replaced by halogens
the carboxyl group is affected, the acidity or strength
of the acid becoming greater; this is seen from a com-
parison of the heats of neutralisation of these compounds,
and still more clearly and certainly from the affinity
constants calculated from the electrical conductivity of
the acids (Ostwald) :—

Affin, const. (K).

Acetic acid (CH,.CO,H) 0-0018
Monochloraceticacid (CH,C1.CO,H) 0-1550
Dichloracetic » (CHCL.CO,H) 5-1400
Trichloracetic ~,, (CCl,.CO,H)  121-0000
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The negative radicle NO, acts in the same way as
the hydroxyl group though in a less degree.

: K.
Acetic acid . (CH,.CO,H) 0-0018
Glycollic acid  (CH,.(OH).CO,H)  0:0152
Succinic acid ~ (C,H,(CO,H),) 0-00665

Malic acid (C,H,(OH).(CO,H),) 0-0395
" Racemic acid  (C,H,(OH),(CO,H),) 0-097

The influence of negative groups upon the affinity
of the oxygen of carboxyl for metals decreases in propor-
tion as the distance of these groups from the carboxyl
becomes greater this is shown in a marked manner by
a comparison of the ortho-, meta-, and para- substituted
benzoic acids.

A basic group, such as an amidogen NHQ, in-
the molecule of an acid acts in the opposite way,—it
decreases the activity of the acid very considerably.
The affinity constant of o-amidobenzoic acid for instance
is only one-sixth of that of benzoic acid.

The affinity of the nitrogen in the NH, group is
greatly dependent upon the other elements in the.
molecule.

Alkyl amines are strong bases ; they combine with
acids to form salts. On the other hand the amides,
which contain oxygen linked to the same carbon atom
as that to which the NH, group is joined, are neutral,
and either form no salts at all, or only unstable ones:—

CH, <y
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Urea /NH,
co
\NH,

where the carbonyl influences two amido groups, forms
stable salts, one NH, group uniting with the acid.
Acid imides, where the group NH is linked to two
carbonyl groups, possess the character of weak acids;
the imido-hydrogen may be easily replaced by metals.

C=
| \
C,H, SNH

Suceinimide,

The affinity of carbon or nitrogen for metals de-
creases in presence of hydrogen, but increases by com-
bination with groups containing oxygen; it is on this
account that the hydrogen of the nitro ethanes may be

replaced by metals. NO
CH,.0&Na
N

2
Sodium nitroethane.

The amido hydrogen of aniline C;H;.NH, may be
replaced by sodium. The reaction only commences at a
temperature of 200°; if however one of the hydrogen
atoms of the NH, group be replaced by an acid radicle,
the other one may be replaced by sodium at ordinary
temperatures.

N
CeH, N<g0,0m,

Sodium acetanilide.
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The ease with which metals can replace the hydrogen
attached to carbon in such compounds as malonic,
acetoacetic, or benzoylacetic ethers, depends on the
influence exerted upon the carbon by the neighbouring
groups containing oxygen :—

CH,

(|30 C0.0C,H,

(IJHNa, CH.Na

(|30.002H5 (IJO.OC,H5
Sodium acetoacetic ether Sodium malonic ether.

The influence of the phenyl (C;H;) and cyanide
groups is similar to that of carboxyl, only less marked ; so
in desoxybenzoin C;H;.CH,.CO.C4H,, and benzylcyanide
C.H;.CH,.CN, one atom of the hydrogen of the methylene
group may easily be replaced by sodium, but, strange
to say, phenylacetic ether C;H,.CH,.CO,C,H; does not
react with sodium (V. Meyer).

The tendency of carbon to combine with metals is
more greatly decreased by metals than by hydrogen.
It is only with the greatest difficulty that a second atom
of hydrogen in sodium acetoacetic, or sodium malonic
ethers can be replaced by metals, but if some organic
radicle be introduced instead of the sodium the substi-
tution by metals easily proceeds further :—

CO.0C,H,

HsC—é—Na

|
C0.0C,H,

Sodium methylmalonic ether.
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Hydrogen may be replaced by metals in hydrocar-
bons containing the group —C=CH, but if in acety-
lene one atom of hydrogen be replaced by sodium, the
substitution of the other is a matter of considerable
difficulty. In dipropargyl

HC=C.CH,.CH,.C=CH

the hydrogen of the one CH group may be easily re-
placed even if the other CH group is already combined
with a metal, the reason being that the two CH groups
are situated so far apart in the atomic chain.

The energy with which halogens combine with car-
bon is greatly decreased by the presence of oxygen or
negative groups. This is proved by such facts as the
following. Halogen substituted hydrocarbons as a rule
react with water with difficulty, but acid chlorides are
easily decomposed, the halogen being replaced :—

H 0
CH,.Cgy CH,.0<)

Ethyl chloride Acetyl chloride,

The halogen substituted fatty acids such as chlor-

acetic acid
CH,Cl1

|
C0.0H

are more easily decomposed by water than the alkyl-
haloids.

Potassium hydrate does not act upon chlorobenzene,
chlorotoluene, and other halogen substituted aromatic
hydrocarbons, but chlorine substituted phenols and
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acids give up chlorine by fusion with this reagent, and
the chlorine atoms in chloranil also react easily :—

; OH Cl
CH,Cl CH<yy CH<Sioom CiCLO:
Chlorob Chl henol Chlorobenzoic acid Chloranil

] (Tetrachlorquinone).
Atoms or atomic groups may exert a ¢ protecting’
influence upon other atomic groups, so that these latter
will not be attacked by reagents which would have
affected them in other circumstances. Negative atoms
or groups in the ortho-position to hydrocarbon residues
hinder the oxidation of these by acid oxidising agents.
For example, chlorocymene 1-2-4, CH,in 1, is con-
verted by nitric acid into chlorotoluic acid :—

 CH, CH,
“Na _ Na
CH, = Q,H,I ;
7

H, Co,H

whilst the isomeric chlorocymene 1-3-4,CH, in 1, gives
chloropropylbenzoic acid :— ’

CH, CO,H
I
G.H, G,

In the oxidation of the toluidines the amido group
exerts a protecting influence upon the methyl group

CH
CGH4<NH:; 5

but if the amido hydrogen be replaced by an acid
radicle, the methyl group is easily oxidised to carboxyl.
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CHAPTER XXVII

THE CHEMICAL ACTION OF LIGHT

MaNY organic silver salts are blackened by light, just
like the inorganic compounds of this metal. A con-
siderable number of organic colouring matters lose their
colour and become bleached by the action of sunlight;
the process by which the colours are destroyed is un-
known. The action of light upon ‘sensitive’ organic
substances has been little investigated generally, but a
number of single observations of an interesting nature
have been lately made on this subject. Ciamician and
Klinger have observed that if a reducible substance be
dissolved in an oxidisable medium and the solution
subjected to the action of light, the dissolved substance
will be reduced and the solvent oxidised. Quinones
dissolved in alcohol, or in water containing some ether,
remain unchanged in the dark but are reduced to hydro-
quinones by exposure to light, the alcohol or ether being
oxidised to aldehyde. In similar circumstances nitro-
benzene is converted into aniline, and the alcohol
oxidised to aldehyde. Duchaux has made analogous
observations with regard to the action of light upon
alcoholic solutions of grape sugar. When the air was ex-
cluded one part of the sugar was oxidised to carbon-
d10x1de, oxalic acid, &c., whilst another part was re-
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duced to alcohol. Klinger has also found that
phenanthraquinone combines with aldehydes under the
influence of sunlight. The synthetical action of light
in this case is very remarkable; no similar action has
ever previously been observed except in living plants.
It has long been known that hydrocarbons of the
formula C,H,, ,had the power of converting oxygen
into ozone when exposed to sunlight. The substitution
of hydrogen by halogens is greatly facilitated by the
action of direct sunlight. It is worthy of note that by
the action of halogens upon aromatic hydrocarbons in
direct sunlight, the hydrogen of the side chain is re-
placed, and not that of the benzene nucleus (Schramm).
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CHAPTER XXVIII

ACTION OF HIGH TEMPERATURES

ALL organic compounds undergo change when exposed
to high temperatures. Substances which are not
gasifiable without decomposition are split up by simply
heating, even if the air have not free access. Substances
which are volatile without change must be heated to a
temperature more or less above that at which they
volatilise, in order that they may undergo decomposition;
this is most conveniently effected by passing their
vapour through heated, or sometimes red-hot, tubes.
The process employed for the decomposition of organic
substances by high temperatures is termed dry distilla-
tion ; in this way new compounds are formed which are
more stable at high temperatures than the original
substances.

The nature of the reaction differs according to the
original substance and the temperature. ~Sometimes
the changes are tolerably simple, byt usually they are
exceedingly complex. As a rule the heat acts in such
a way that hydrogen, oxygen, or carbon are split off in
the form of water, carbon monoxide, or carbon dioxide :

CHO, = CHO, + HO
Succinic acid Succinic anhydride
C,HO, = C,H,0,+CO,.

Malonic acid Acetic acid
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As oxygen is first split off, the compounds formed
in greatest quantity are hydrocarbons, water and the
oxides of carbon being left out of account. The hydro-
carbons are not direct products of analytical processes,
they are produced by the combination of hydrocarbon
residues, such as CH,, CH,, CH :—

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

From these simple hydfocarbons more complicated
ones are formed, partly by direct combination, partly
by the mutual splitting off of hydrogen :—

3 C,H,=C,H,
2 CsHs=Clelo + Hz
Diphenyl
CeH,+2C,H, = O\, H,+ H,
Naphthalene
C, He+2C,H,=C, H,,+ H,.
Anthracene

If the vapour of hydrocarbons be passed through
red-hot tubes, a number of hydrocarbons richer in carbon
are actually formed by synthesis or condensation.

As a rule the products of dry distillation form an
extremely complicated mixture of different compounds:
this is caused by so many processes of change taking
place simultaneously. Wood consists chiefly of cellulose,
the composition of which is expressed by the formula
(CH,,0;)2 ; by dry distillation gaseous and liquid pro-
ducts are obtained, and a residue of carbon remains
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behind in the retort. The gases contain hydrocarbons
such as CH,, C,H,, C,H,, &c., together with CO, CO,,
and other substances. The liquid distillate consists of
two layers: the one contains methyl alcohol, acetic acid,
acetone, &c., dissolved in water ; the second layer, which
is tarry and semi-fluid, contains a large number of com-
pounds such as the hydrocarbons benzene C H, toluene
C,H,, naphthaline C, H, ; bodies containing oxygen such
as phenol CgHO, cresol C,H,0O, &c. The composition of
tar obtained by dry distillation i8 of course very variable;
the nature and amount of its constituents are dependent
upon the raw material, and the temperature at which
the distillation is effected.

The tar of substances free from nitrogen has often a
sour reaction; that containing nitrogen, especially
animal tar, is alkaline on account of the formation of
ammonia and other basic bodies such as aniline, pyridine
bases, &c.

The coal tar, obtained as a bye-product in the
manufacture of coal gas, forms an important raw
material for the preparation of numerous aromatic
compounds.

Carbohydrates, which form the chief constituents of
plants, have always six, or an even multiple of six, atoms
of carbon in the molecule, and it is worthy of note that
the products obtained by the dry distillation of plants,
and of fossil coals formed from them, chiefly consist of
substances containing at least six carbon atoms in the
molecule (aromatic bodies), although the linking of the
carbon atoms in aromatic substances is quite different
from what it is in the carbohydrates.
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CHAPTER XXIX

DECAY AND FERMENTATION

MaNY organic substances, especially the complicated
nitrogen and sulphur compounds which occur in the
organisms of plants and animals (albumen, glue, &c.),
suffer complete decomposition on exposure to air, with-
out entering into chemical reaction with other sub-
stances. This process is termed decay, and is caused by
microscopic organisms, the seeds and spores of which
are always to be found in the air. The development
and life process of these germs is the primary cause of
decay. Organic substances may be made to decay by
simple admixture with some body which is already de-
caying. Cellulose, the chief constituent of wood, is, in
the pure state, not subject to decay, but in presence of
decaying albuminous substances which are found in
wood, it decomposes in a manner analogous to albumen
itself.

Once decay has commenced, the presence of air is
no longer necessary. Air loses the property of in-
ducing decay if the germs which it contains be taken
away or destroyed; this may be effected by passing
the air through red-hot tubes, or filtering it through
cotton wool. Decay is also prevented by antiseptic
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* agents which kill the organisms and their germs. The
best temperature for decay is 20°-30°—it cannot take
place under 0° or over 100°; the presence of water is also
essential —perfectly dry substances do not decay. .

No sharp distinction can be drawn between the
terms decaying and mouldering ; it is usual however to
apply the second of these expressions to processes where,
together with the decomposition, a tolerably energetic
oxidation at the cost of the oxygen of the air takes place.
The final products of decay and mouldering are carbon
dioxide, water, and ammonia; the process ends only
with the complete disappearance of the organic sub-
stance ; as intermediate products a number of bodies are
formed which possess an extremely offensive smell, and
which have been little investigated. The phenomena
of fermentation are closely allied to those of decay, and
this process is also brought about by the action of certain
primitive organisms called ferments. Substances sub-
jected to the working of these ferments are quickly
decomposed. The phenomena of fermentation are not
so complicated as those of decay ; the decomposition pro-
ducts are relatively fewer in number. Fermenting
substances are converted into other compounds without
any action of the oxygen of the air, but wholly at the
cost of the elements originally present.

By the action of ferments, single cell organisms of
the family saccharomyces, &c., grape and other ferment-
able sugars are decomposed, chiefly into alcohol and
carbon dioxide (alcohol fermentation) :—

C,H,,0,=2C,H,0 +2C0,.
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Combination with water accompanies the fermen-
tation of the saccharoses (cane sugar &c.) :—

Cj,H,;0,, + H,0=4C,H,0 + 4C0,.

The process consists in a partial reduction and oxi-
dation of the carbon atoms in the molecule :—

CH, OH Co,
S R
CH. OH CH,
| |
CH. OH CH,.OH
S D )
CH. OH CH,.OH
I |
CH. OH CH,
s |-Aew
H: O Co,

In addition to alcohol, succinic acid, glycerine,
and other substances are always formed, though only in
small quantities (about 5-69§ of the weight of the
sugar).

The concentration and temperature of the sugar
solution exert an important influence upon alcohol fer-
mentation. The temperature limits for the process are
°-50°, but fermentation takes place most rapidly be-
tween 25°-40°. As regards the concentration of the
solution, it should not at the most contain more than
35 parts of sugar to every 100 parts of water; the best
strength is 10-159%,.

The cause of the decomposition of sugar by the
action of these organisms is not yet elearly known.

It has been supposed that as the action of yeast
P
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proceeds best with a limited supply of air, it consists
in the manifestation of some vital process, which is
brought about by the latent force of the fermentable
substance rich in oxygen (Pasteur). Another theory
seeks to explain the process in a purely chemical
way; it is presumed that the yeast cells separate a
substance which is capable of transferring the oxy-
gen of the sugar from one part of the molecule
to another, thus causing its decomposition (Traube,
Hoppe-Seyler). Nigeli a short time since proposed a
molecular-physical theory. According to this fermen-
tation consists in a transference of the internal motion
possessed by certain of the substances contained in
protoplasm to the fermentable body, the equilibrium of
which is thereby destroyed, and its molecule decomposed.

Another organised ferment (rod-shaped bacteria)
causes the conversion of certain kinds of sugars, par-
ticularly milk-sugar, into lactic acid as chief product
(lactic acid fermentation) :—

C,H,,0,=2C,H,0,.

The best temperature for the lactic acid fermentation
lies between 80° and 50°.

The formation of butyric acid from sugar is also
accomplished by a microscopic ferment (butyric acid
fermentation):—

CH,,0,=2C0,+C,H,0,+2H,.

It is probable that the sugar is first converted into
lactic acid, which then decomposes according to the
above equation.
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The term acetic acid fermentation is used to denote
the conversion of alcohol into acetic acid by the action
of a special organism (mother of vinegar). The process
is not a fermentation in the ordinary sense, but a
simple oxidation.

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

Many organic substances which contain nitrogen,
but are not organised, may act as ferments, for example,
diastase, myrosin, emulsine, ptyaline, pepsin, &c.; they
are all products of vegetable or animal life, and can-
not be prepared artificially ; it is even uncertain whether
they are distinct chemical compounds. They are called
‘chemical ferments’ in order to distinguish them from
organigsed ferments. These substances are capable
of causing the decomposition of certain complicated
compounds into simpler ones. It is only anhydrides
which are acted upon in this way, and the process is
always accompanied by a combination with water.

Diastase, which occurs in seeds, converts starch into
dextrose and maltose :—

* CysH 303 +8H,0=2C;H,,0; + 2(C,,H,,0,, + H,0).
Starch Dextrose Maltose

By the action of emulsine (the ferment of benzalde-
hyde) amygdalin is split up into grape sugar, benzalde-
hyde, and hydrocyanic acid :—

C, H,;,NO,, +2H,0=2C,H,,0, + C,H,0 + HCN.

Potassium myronate, the glucoside which occurs in
black mustard seeds, is decomposed by the accompanying

* The molecular weight of starch is probably greater than this.
. P2
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ferment myrosin, into grape sugar, mustard oil, and
potassium hydrosulphate :—

C,,H,,NKS,0,,=C,H,,0, + C,H,NS + KHSO,.
(CIOHIGNKsﬂoi) + H20) ?

Organised ferments may produce chemical ferments.
Yeast gives one which is termed invertin, and has the
power of converting cane sugar into grape and fruit
sugars (Inversion):—

CmHnOn + H20 = CGH1206 + Csleos-

The action of invertin is entirely unconnected with
the life of the yeast cell. The invertin continues to
act after the cell is dead and the fermentation has
ceased. '

Chemical ferments are widely distributed both in
vegetable and animal life, and they play an important
part in the metamorphoses of bodies. Each ferment
has its own special action, which ceases if the solution
which contains it be heated to a high temperature.
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CHAPTER XXX

SYNTHETICAL FORMATION OF ORGANIC SUBSTANCES

IT has already been mentioned in the foregoing pages
that organic substances can be built up directly or in-
directly from their elements. The most important of
these simple synthetical processes are the following :—

(1) The hydrocarbon acetylene is formed by passing
a current of electricity between carbon poles in an
atmosphere of hydrogen. C,+H, =C,H,.

(2) If a mixture of carbon disulphide and sulphu-
retted hydrogen be passed over red-hot copper the
hydrocarbon methane is obtained :—

CS, +2H,S +8Cu=CH, + 4Cu,S.

The same hydrocarbon is produced by treating
carbon tetrachloride with nascent hydrogen :—

CCl,+4H,=CH,+4HClL

Trichlormethylsulphonic chloride CC1,.80,Cl is
formed by the action of moist chlorine upon carbon
disulphide ; on treating with potassium hydrate and then
with sodinm amalgam, methyl sulphonic acid is ob-
tained.
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(3) A whole series of hydrocarbons, chiefly of the
formula C,H,,,,, are produced by the action of boiling
water upon carbon combined with iron (Clo&z).

(4) Potassium formate is formed by passing carbon
monoxide over heated potassium hydrate (Berthelot) :—

€O +KOH=HCO,K.

(5) Carbon monoxide and potassium at high tem-
peratures give potassium carboxide (Nietzki and

Benckiser) :—
6C0+6K=C,0.K,.

In this manner a benzene derivative is produced by
direct synthesis from the simplest of all carbon com-
pounds.

(6) Formic acid is obtained by the reduction of car-
bon dioxide with hydrogen. If moist carbon dioxide
act upon metallic potassium, a mixture of potassium
formate and carbonate is formed (Kolbe):—

300, + H,0 + 4K=K,00, + 2CHO,K.

™ If a mixture of charcoal and metallic potassium
be heated in an atmosphere of nitrogen, potassium
cyanide is produced :—

K, +C,+N,=2KCN.

Complicated organic compounds may be built up
from the simple organic bodies acetylene, methane,
formic and hydrocyanic acids.

Organic substances occurring in nature are formed
by methods of a different kind from the above.
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The natural synthetical formation of organic bodies
only takes place in plant cells containing chlorophyll.!

Little is known of the chemistry of the production
of these substances. The foods of plants, the raw
materials from which they are built up, are carbon
dioxide, water, and nitrates orammonia. The formation
of the substance of plants from the above simple com-
pounds proceeds only in sunlight, and in presence of
certain inorganic salts which occur in the earth,and
which contain phosphorus, sulphur, potassium, iron, &c.
The action is on the whole one of reduction, but the
actual stages are not known. Starch is the first or-
ganic substance which can be clearly detected in the
chlorophyll cells; it is however probable that the for-
mation of sugar precedes that of starch.

Sugar may be supposed to be produced from carbon
dioxide and water according to the following equation :
6C0,+6H,0=C.H,,0, + 60,.

Sugar
Starch is then formed from the sugar by simple
splitting off of water :—

@CH,,05=(CsH,,0;). + =H,0.

It has been supposed that by the reduction of
carbon dioxide an aldehyde or similar substance is first

! The hydrocarbons which occur in nature, such as petroleum, are
probably produced by the action of water upon red-hot carbonised
iron in the interior of the earth, and it is posrible that this process
is still continuing. The formation of these 'hydrocarbons however
is quite distinct from the reactions of organic substances in living
nature,
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formed, which then gives sugar or starch by con-

densation :—
C0,+H,0-0,=CH,0
Formic
aldehyde.

6CH,0=C,H,,0,
Sugar.

As a matter of fact a substance (methylenitan) re-
sembling the carbohydrates, and possessing the formula
C;H,,0;, has been prepared from formic aldehyde, and
from the researches of Bokorny it has been proved that
plants can form starch from formic aldehyde, or rather
from the methylether of this aldehyde.

The other substances which occur in plants are
secondary products of starch or sugar.

Animals and plants containing no chlorophyll are
not capable of producing organic substances; their
nourishment consists of organic material in the finished
state derived directly or indirectly from the vegetable
kingdom.

Organic substances being formed originally by the re~
duction of carbon dioxide and water, always contain less
oxygen than these compounds; it is on this fact that
their combustibility depends. Organic bodies readily
combine with oxygen to form the simple oxidation pro-
ducts of carbon and hydrogen from which they were
first produced ; this takes place during the processes
of combustion, decay, or mouldering, which all organic
substances in nature must sooner or later undergo.
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The Arian Controversy. By H. M. Gwatkin, M.A,

Wyoliffe and Movements for Reform. By Reginald L. Poole, ;

The Counter-Reformation. By A. W, Ward.

The Church and the Roman Empire. By the Rev. A. Carr.

The Church and the Puritans, 1670-1660. By Henry Offiey Wakeman,

The Church and the Eastern Empire, By the Rev, H. F. Tozer,

Hildebrand and His Times, By the Rev. W. R. W. Stephens,

‘The Popes and the Hohenstaufen. By Ugo Balzani,
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BIOGRAPHICAL WORKS.

Armstrong’s (E. J.) Life and Letters. Bdited by G. F. Armetrong. Fop. 8vo. 7s.64.
Baoon’s Life and Letters, by Spedding. 7 vols. 8vo. £4, 4s,
Bagehot’s Biographical Studies. 1 vol 8vo. 13s.

Burdett's Prince, Princess, and People : the Public Life and Works of T.R.H.
the Prince and Princess of Wales. 8vo. 21s.

Carlyle’s (Thomas) Life. By James A. Froude, Crown 8vo. Vols.1 and 2, 7s.
Vols. 3and 4, 7s.

Clavers, the Despot’s Champion. By A Southern. Crown 8vo. 7s. 6d.
h‘“’i&'&% Edited by Andrew Lang, Crown 8vo. each ls. sewed;

Charles Darwin, ByGrant Allen. | Steele. By Austin Dobson.
Shaftesbury (The First Earl). By | Ben Jonson. By J. A, Symonds,

. D, Traill. George Canning. By Frank H, Hill,
Admiral Blake. By David Hannay. | Olaverhouse. By Mowbray Morris.
Marlborough. By Geo. Saintsbury. |

Fox (Charles James) The Early History of. By Sir G. O. Trevelyan. Cr. 8vo. 6s

Froude's Csesar : a S8ketch. Crown 8vo. 3s. 6d.

Hamilton’s (Sir W. R.) Life, by Graves. 3 vols. 8vo, 15s. each,

Havelock’s Life, by Marshman. Crown 8vo, 34, 6d.

Macaulay’s (Lord) Life and Letters, By his Nephew, 8ir G. O. Trevelyan, Bart,
Po ‘Edition, 1 vol. or. 8vo. 2s. 6d. Student’s Edition, 1 vol. cr. 8vo, 8s
Oabinet Bdition, 2 vols, post 8vo.13s. Library Edition, 2 vols. 8vo. 36s.

MoDougall’s Memoirs (Biskop of Labuan). By C.J.Bunyon. 8vo, 14s,

Mendelseohn’s Letters. Translated by Lady Wallace. 2 vols, cr. 8vo. 4. each,

Newman’s Apologia pro Vit Sud. Crown 8vo, 6,

Pastenr (Louis) His Life and Labours. Crown 8vo. 7s. 8d.

Shakespeare, Outline of the Life of. By J. O. Halliwell-Phillipps. Illustrated.
2 vols. royal 8vo. 21s.

Shakespeare’s Truc Life. By James Walter. With 500 Illustrations. Imp.8vo.21s.

Southey’s Correspondence with Caroline Bowles. 8vo, 14s.

Stephen’s Essays in Ecclesiastical Biography. Crown 8vo, 7s. 6d.

Vignoles’ (C. B.) Life. By his Son. 8vo. 16s.

Wellington’s Life, by Gleig. Crown 8vo. 3s. 6d.

MENTAL AND POLITICAL PHILOSOPHY, FINANCE, &c.

Adams’ Public Debts ; an Essay on the Science of Finance. 8vo. 124, 6d.
Amos’ View of the Science of Jurisprudence. 8vo. 18s,
—  Primer of the English Constitution. Crown 8vo. 8s.
Bacon’s Hssays, with Annotations by Whately. 8vo. 10s. 6d,
—  Works, edited by Spedding. 7 vols, 8vo. 78s. 6d.
Bagehot's Economic Studies, edited by Hutton. 8vo. 104, 64,
Bain’s Logic, Deductive and Inductive. Crown 8vo. 10s. 84,
PART L, Deduction, 4s. | PaRT I, Induction, 8s, 64
— Mental and Moral Bcience, Orown 8vo. 10s. 6d.
= 'The Senses and the Intellect. 8vo. 18s,
— The Emotions and the Will. 8vo, 15s.
Blake's Tables for the Conversion of § per cent. Interest from % to 7 per cent.
8vo, 12s. 6d.
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Case’s Physical Realism, 8vo, 15s.
Orump’s Short Enquiry into the Formation of English Political Opinion, 8vo. 7s.6d
—  Causes of the Great Fall in Prices, 8vo. 6s.
Dowell's A History of Taxation and Taxes in England. 8vo. Vols.1& 2,21s.
Vols, 3 & 4, 31s.
Green’s (Thomas Hill) Works. (3 vols.) Vols. 1 & 2, Philosophical Works. 8vo,
16s, each. Vol, 3, Miscellanies, With Memoir. 8vo. 21s.
Hume’s Essays, edited by Green & Grose. 2 vols. 8vo, 263
—  Treatise of Human Nature, edited by Green & Grose, 2 vola, Svo. 28s,
Ladd's Elements of Physiological Psychology. 8vo. 21s.
Lang’s Qustom and Myth : Studies of Barly Usage and Belief. Crown 8vo. 75, 6d.
Leslie’s Essays in Political Economy. 8vo. 10s. 6d.
Lewes’s History of Philosophy. $ vols. 8vo. 82s.
Lubbock’s Origin of Civilisation. Illustrated. 8vo. 18s.
Macleod’s The Elements of Economica, 2 Vola, crown 5vo. 74. 6d. each,
— ‘The Elements of Banking. Crown 8vo, bs.
=  The Theory and Practice of Banking, Vol 1, 8vo. 12s. Vol. 3, 14s.

—  The Tl‘lieory of Credit. (2 vols. 8vo.) Vol.1,7s. 6d. Vol, 2, Part 1,
43. 6d.

Max Miiller's The Science of Thougkt. 8vo. 21s,

Mill's (James) Analysls of the Phenomena of the Human Mind, 2 vols.8vo,38s,

Mill (John Stuart) on Repr tive Gover t. Crown &vo. 3s.

on Liberty. Crown 8vo. 1s. 4d,

Examination of Hamilton’s Philosophy. 8vo. 18s

Logic. Orown 8vo. bs.

Principles of Political Economy. 3 vols. 8vo. 30s. People’s
Kdition, 1 vol, crown 8vo. 52,

Utilitarianism. 8vo. 6s.
Three Essaya on Religion, &c. 8vo. §s.
l{nlhall (] Hlsto!'y of Prices since 1850, Crown 8vo. 6s.
Rickaby’s General Metaphysics. Crown 8vo. 5s.
Sandars’ Institutes of Justinian, with English Notes. 8vo. 184,
Seebohm’s English Village Community, 8vo, 16s,
Bully’s Outlines of Psychology. 8vo. 13s. 6d.
— 'Teacher’s Handbook of Psychology. Crown 8vo. 63, 8d.
Swinburne’s Picture Logic. Post 8vo. bs.
Thompeon’s A System of Psychology. 3 vols, 8vo. 86s.
—_ The Problem of Evil, 8vo, 10s. 6d.
- The Religious Sentiments of the Human Mind. 8vo. 7s. 6d,
—_— Social Progress : an Essay. 8vo. 7s. 6d.,
‘Webb's The Vell of sis. 8vo. 10s, 8d.
Whnoely'u Elemanta of Logic, Crown 8vo. 4s. 6d.
— Rhetoric. Orown 8vo, 4s. 64,
Zeller‘e mstory of Eclectioiam in Greek Philosophy. Orown 8vo, 10s. 6d.
Plato and the Older Academy. Orown 8vo, 18s,
Pre-Socratioc Schools. 2 vols. crown 8vo. 30s.
Socrates and the Socratic Schools. Orown 8vo. 10s. 64,
Stoics, Bpicureans, and Sceptica, Crown 8vo. 15s.
Outlines of the History of Greek Philosophy. Orown 8vo. 10s. 84,

1il1
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CLASSICAL LANGUAGES AND LITERATURE.

Esogyl'}‘mb;lfhﬁ;‘llummide of. Text, with Metrical English Translation, by

Aristophanes’ The Acharnians, translated by R. Y. Tyrrell. Crown svu. 34, 64,

Aristotle’s The Ethics, Text and Notes, by 8ir Alex. Grant, Bart. 3 vols.5vo.33s.
—_ The Nicomachean Ethios, translated by Williams, crown 8vo. 7s. 6d.

- The Politics, Books I. IIL 1V. (VIL.) with Translation, &o. by
Bolland and Lang. Crown 8vo. 7s. éd.

Beoker's Charicles and Gallus, by Metoalfe. Post 8vo. 7s. 6d. each.
clouro’scormpondenm, Text and Notes, by R. Y. Tyrrell. Vols. 1 & 3, 8vo.

mto’u Panﬁenidu, with Notes, &o. by J. Maguire, 8vo. 7s. 6d.

Virgil's Works, Latin Text, with Commentary, by Kennedy. Crown 8vo. 10s. 6d.
—_ Enaid, translated into English Verse, by Conington,  Crown 8vo. 6s.
-— — —_— - — by W.J. Thornhill, Or.8vo, 7s.6d.

Poemn, —  Prose, by Conington. Crown 8vo. 6s.

WIH;’I Myths of Hellns, tn.\uhted by F. M. Younghusband. Crown 8vo. 8s. 6d.
= The Trojan War, —_ Fep. 8vo. 3.

— mederlngaotUlym. -— COrown 8vo. 84, 6d.

ENCYCLOPADIAS DICTIONARIES, AND BOOKS OF
REFERENCE.

Acton’s Modern Cookery for Private Families, Fop. 8vo. 4s. 64,
Ayre’s Treasury of Bible Knowledge. Fcp. 8vo. 6s.
Blake's Tables for the Conversion of 5 per Cent. Interest, &c, 8vo. 12s. 6d.
Chisholm’s Handbook of Commercial Geography. 29 Maps. 8vo, 16s.
Gwilt’s Bnoyolopedia of Architecture. 8vo. 523, 6d.
Keith Johnston’s Dictionary of Geography, or General Gasetteer. 8vo. 42s.
Long'maqls’ N:‘;v Atlas, 56 Maps., Edited by G. G. Chisholm. 4to. or imperial
8vo. 12s. 6d.
MCulloch’s Dictionary of Commerce and Commercial Navigation. 8ve, 63s.
Mauander’s Biographical Treasury. Fop. 8vo, 64,
Historioal Treasury. Fcp. 8vo. 6s.
Solentific and Literary Treasury. Fop. 8vo. 8s.
Treasury of Bible Knowledge, edited by Ayre. Fop. 8vo. 8s.
Treasury of Botany, edited by Lindley & Moore, Two Parts, 12s.
Treasury of Geography. Fop. 8vo. 6.
Treasury of Knowledge and Library of Reference. Fop. 8vo. 64,
Treasury of Natural History. Fop. 8vo. 6s.
’s Dictionary of Medicine. Medium 8vo, 81s. 64., or in 3 vols. 34s,
Reeve's Gookery and Housekeeping., Crown 8vo, 5s
Rioch’s Dictionary of Roman and Greek Antiquities, Crown 8vo. 7s, 64,
Roget’s Thesaurns of English Words and Phrases. Orown 8vo. 10s. 6.
Willich’s Popular Tables, by Marriott. Crown 8vo. 10s. 64.
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CHEMISTRY, ENGINEERING, & GENERAL SCIENCE.

Abbott’s Elementary Theory of the Tides. Orown 8vo. 2s.

Allen’s (Grant) Foroe and Energy: & Theory of Dynamics. 8vo. 7s. 6d.

Arnott’s Elements of Physics or Natural Philosophy. Crown 8vo. 134, 64,

Bourne’s Catechism of the Steam Engine, Crown 8vo, 75, 6d.

—  Handbook of the Steam Engine. Fop, 8vo. 9s,
~—  Recent Improvements in the Steam Engine, Fop. 8vo. 6s.

Clerk’s The Gas Engine, With Illustrations. Crown 8vo. 7s. 64,

Olodd’s The Story of Oreation. Illustrated. ‘Crown 8vo. 3s. 6d.

Crookes’s Select Methods in Chemical Analysis, 8vo. 24s,

Culley’s Handbook of Practical Telegraphy. 8vo. 16s.

Earl'’s Elements of Laboratory Work. Crown 8vo. 4s. 8d,

Forbes’ Lectures on Electricity. Crown 8vo. 5s

Galloway’s Principles of Chemistry Practically Taught. Crown 8vo. 6s. 6d.

Ganot’s Elementary Treatise on Physics, by Atkinson, Large erown 8vo. 18s

— Natural Philosophy, by Atkinson. COrown 8vo. 7s. 6d.

Gibson’s Text-Book of Elementary Biology. Crown 8vo. 8s.

Harrison’s The Creation and Physical Structure of the Earth, 8vo. 7s. 6d.

Haughton’s 8ix Leotures on Physical Geography. 8vo. 15s.

Helmholtz on the Sensations of Tone. Royal 8vo. 38s.

Helmholtz’s Lectures on Scientific Subjects. 3 vols. crown 8vo. 7s. 6d. each,

Herschel's Outlines of Astronomy. Square orown 8vo, 12s.

Hijelt's General Organic Ohemistry. Crown 8vo. (In the press.

Hudson and Gosse’s The Rotifera or ‘Wheel Animalcales.” With 34 Plates,
8 parts. 4to. 104. 64, each. Supplement, 13s. 6d. Complete, $ vols. 4to, with
Supplement, £4, 4s.

Hullah’s Lectures on the History of Modern Music, 8vo. 8s. 64,

—  Transition Period of Musical History., 8vo, 10s. 6d.

Jago’s Inorganic Chemistry, Theoretical and Practical. Fcp. 8vo. 3s. 64,

Jeans’ Handbook for the Stars. Royal 8vo. 5s.

Kolbe’s Short Text-Book of Inorganic Chemistry, Crown 8vo. 7s. 6d,

Liloyd’s Treatize on Magnetism, 8vo. 10s. 6d.

Macalister’s Zoology and Morphology of Vertebrate Animals, 8vo. 10s. 6d.

Macfarren’s Lectures on Harmony. 8vo. 182,

-_— Addresses and Lectures. Orown 8vo. 6s. 64,

Martin’s Navigation and Nautical Astronomy. Royal 8vo, 18s,

Meyer’s Modern Theories of Chemistry. 8vo, 18s.

Miller’s Blements of Chemistry, Theoretical and Practical. 8 vols. 8vo. Part I,
Chemical Physics, 16s. Part IL Inorganic Chemistry, 34s. Part III, Organic
Chemistry, prioce 3ls. 6d.

Mitchell’s Manual of Practical Assaying. 8vo. 81s, 8d.

—  Dissolution and Evolution and the Science of Medicine, 8vo, 164,

Noble’s Hours with a Three-inch Telescope. Crown 8vo. 4s. 6d.

Northoott’s Lathes and Turning. 8vo. 18s.

Oliver’s Astronomy for Amateurs. Crown 8vo. 74 6d.

Owen’s Comparative Anatomy and Physiology of the Vertebrate Animals,
8 vols. 8vo. 73s. 6d,
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8 @eneral Lists of Works.

Richardson’s The Commonhealth ; a Series of Essays. Crown 8vo, 6s.
— National Health, Crown 8vo. 4s. 6d.
Schellen’s Spectrum Analysis. 8vo. 81s. 6d.
BSoott’s Weather Oharts and Storm Warnings. Orown 8vo. 6s.
Sennett’s Treatise on the Marine Steam Engine. 8vo. 81s.
Slingo & Brooker's Electrical Engmeering for Electric Light Artisans, Crown
8vo. 10s 6d.
Smith’s G: rphics, or the Art of Calculation by Drawing Lines. Part I. with |
Atlss of Plates, 8vo. 15s. i

Stoney’s The Theory of the Stresses on Girders, &o. Royal 8vo. 86s, ;
Thorpe's Dictionary of Applied Chemistry. 3 vols. Vol. 1, 42s. !
T{lden’s Practical Chemistry. Fcp. 8vo. 1s. 6d.
Tyndall’s Faraday as a Discoverer. Orown 8vo. 84, 6d.
Floating Matter of the Air. Crown 8vo. 7s. 64,
Fragments of Science. 3 vols. post 8vo. 16s.
Heat a Mode of Motion. Crown 8vo. 13s,
Levotures on Light delivered in America. Orown 8vo. 6s.
Lessons on Electricity, Crown 8vo. 2s. 6d.
Notes on Electrical Phenomena. Crown 8vo. 1s. sewed, 1s. 6. cloth,
Notes of Lectures on Light. Crown 8vo. 1s, sewed, 1s. 8d. cloth. .
Researches on Diamagnetism and Magne-Crystallic Action. Cr. 8vo. f

133 .
8ound, with Frontispiece and 208 Woodcuts. Crown 8vo. 10s. 64,
Unwin’s The Testing of Materials.of Construction. Illustrated. 8vo.2ls. |
Wm& chﬂnnu'y of Chemistry. New Edition (4 vols). Vols. 1 and 3, 8vo. {

each.

‘Webb’s Celestial Objects for Common Telescopes. Crown 8ve. 9s.

" NATURAL HISTORY, BOTANY & GARDENING.

Bennett and Murray’s Handbook of Cryptogamic Botany. 8vo. 16s.
Dixon’s Rural Bird Life. Orown 8vo. Dlustrations, 5s.
Hartwig’s Aerial World, 8vo. 10s. 84,

~—  Polar World, 8vo. 10s. 6d.

=  Bea and its Living Wonders. 8vo. 10s. 6d.

—  Bubterranean World, 8vo. 10z 6d. :

—  Tropical World, 8vo. 10s. 6d.
Lindley’s Treasury of Botany. 2 vols. fop. 8vo. 124
Iaudon.s Encyolopaedh. of Gardening. 8vo. 21s,

- Plants, 8vo. 43s
.m'nu’l Omhu'd House, Crown 8vo. bs.
= Miniature Fruit Garden. Fop. 8vo. 4.

Stanley’s Familiar History of British Birds. Orown 8vo. 3s. 6d.
Wood’s Bible Animals. With 118 Vignettea. 8vo, 10s, 6.
Homes Without Hands, 8vo. 104, 6d.
Insects Abroad, 8vo. 10s, 6d.
Insects at Home. With 700 Illustrations, 8vo. 10. 6d.
Outof Doors. Crown 8vo. 3. 6d.
Petiand Revisited. Crown 8vo. 8s. 6de
Strange Dwellings. Crown 8vo. 3s. 6d.
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THEOLOGICAL AND RELIGIOUS WORKS.

Arnold’s (Rev. Dr. Thomasg) Sermons. 6 vols. crown 8vo. 5¢. each.

Boultbee’s Commentary on the 39 Articles. Crown 8vo. 6s.

Browne’s (Bishop) Exposition of the 39 Articles. 8vo. 16s.

Bullinger's Oritical Lexioon and Concordance to the English and Greek New -
Testament. Royal 8vo. 15s,

Colenso on the Pentateuch and Book of Joshua. COrown 8vo. 83,

Conder’s Bandbook of the Bible. Post 8vo. 7s. 8d.

Oonybeare & Howson’s Life and Letters of St. Paul :—
Library Bdition, with Maps, Plates, and Woodcuts, 8 vols. square crown

8vo. 313,
Btudent’s Edition, revised and condensed, with 46 Illustrations and Maps.
1 vol. crown 8vo. 6s.
Bdersheim’s Life and Times of Jesus the Messiah. 3 vols. 8vo. 24,
— Jesus the Messiab. An Abridged Edition of the ¢ Life and Times of
Jesus the Messiah.” Crown 8vo. 7s. 6d.
— + Prophecy and History in relation to the Messiah, 8vo, 12s.
Ellicott’s (Bishop) Commentary on S8t. Paul’s Epist] 8vo. Corinthians I, 16s,
Galatians, 8s. 6d, liphedana 8s, 6d. Pastoral Bpistles,
10s. 6d. Philippians, Golossians and Philemon, 10s. 6d.,
Thessalonians, 7s. 6d.
- * —  Lectures on the Life of onr Lord. 8vo.13s.
Bwald’s Antiquities of Israel, translated by Solly. 8vo. 12s. 6d.
— History of Israel, translated by Carpenter & Bmith, 8 vols, 8vo, Vols,
%,d’: g, 284:.. Vols. 3 & 4, 21s. Vol. 5, 184, Vol. 6, 165, Vol.7, 31s.
()
Hobart’s Medical Language of St. Luke. 8vo, 16s.
Hopkins’s Christ the Consoler, Fcp. 8vo. 3s. 6d. *
Hutchinson's The Record of a Human Soul. Fcp, 8vo. 3s. 6d.
Jameson’s Sacred and Legendary Art. 6 vola. square 8vo.
L ds ot the Mad 1 vol. 81s.
== = == Monastic Orders. 1 vol. 21s.
= o= == Saints and Martyrs. 2 vols. 8ls. 6d.
== == — Baviour. Completed by Lady Eastlake, $ vols. 433,

Jukee’s New Man and the Eternal Life, Crown 8vo. 6s.
— Becond Death and the Restitution of all Things, Crown 8vo. 8:.“.
« Types of Genesis. Crown 8vo. 7. 6d.
w= The Mystery of the Kingdom. Orown 8vo. 3s. 6d.
— The Names of God in Holy Scripture. Crown 8vo. 4s. 6d.
Lyra Germanica : Hymns translated by Miss Winkworth, Fcp. ¥vo. bs.
Macdonald’s (@.) Unspoken Sermons. First and Second Series. Crown 8vo. 3s. 6d.
each, Serics, Crown 8vo. 7s. 6d.
The Miracles of our Lord. Crown 8vo. 3s, 6d.
- Hlnnlng’s Temporal Mission of the Holy Ghost. Crown 8vo, 8s. 84,
Martineau’s Endeavours after the Christian Life. Crown 8vo. 7s. 6d.
—_ Hymns of Praise and Prayer. Crown 8vo. 4s. 64. 33mo. 1s. 64,
—_ The Seat of Authority in Religion. 8vo. 14s.
-— Bermons, Hours of Thought on Sacred Things, 2 vols. 7s. 8d. each,
Max Mtller’s Origin and Growth of Religion. Crown 8vo. 7s. éd.
-— == Boienoce of Religion. Crown 8vo. 7s. 84,
— — G@ifford Lectures on Natural Religion. Crown 8vo, 10s. Gd.
Mozley’s The Word, -Crown 8vo. 7s. 6d.
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Newm'!Apohd-ptomsu. Crown 8vo. 6
The Arians of the Fourth Century. Crown 8vo.
Thaldndavnlvcdty Defined and Illustrated, Ommtvo.‘h.
Historioal Sketchee. 3 vols. crown 8vo, 6s.
Discussions dugnmmuonVsrlomSnbjech. Crown 8vo, 6s.
An Bssay on the Development of Christian Doctrine, Crown 8vo. €s,
Difficulties Felt by Anglicans in Oatholic Teaching Oom-

sidered. Vol 1, orown .8vo. 7s. 6d. Vol. 3, crown 8vo. 5s. 6d.
The Via Media of t.haAngucanOhumh, Illustrated in Lectures,

3 vols, crown 8vo. 6s. each.
Essays, Oritical and Historical. 2 vols. crown 8vo. 13s.
Besays on Biulical and on Boolesiastical Mifucles. Crown 8vo, s
Present Position of Catholics in England. Crown 8vo. 7s.6d.
An Basay in Aid of a Grammar of Assent, 7s. 6d.
Belect Treatises of 8t. Athanasius in Controversy with the Arians,

Translated. 3 vols, crown 8vo. 18,
Newnham’s The All-Father, Sermons. With Preface by Edna Lyall. Cr.8vo.4s. cd.
Perring’s The ¢ Work and Days’ of Moses. 3s. 6d.
Eeplsy tod)r. Lightfoot's Essays. By the Author of * Supernatural Religion.

vo. 6s. )
Roberte’ Greek the Language of Christ and His Apostles. 8vo. 18s
Bupernatural Religion. Complete Bdition. 3 vols. 8vo. 86s.
Twells’ Colloquies on Preaching. Crown 8vo. bs
Younghusband’s The Story of Our Lord told in S8imple Language !or Chlld.!u
ustrated. Crown 8vo. 3s. 6d. cloth
-_— The Story of Genesis. Crown 8vo. 3s. 6d. cloth,

TRAVELS, ADVENTURES, &c.
B&keﬂ ht Years in Ceylon. Crown 8vo. 3s. 6d.
and Hound in Ceylon. Crown 8vo. 3s. 6d.

Brn.oy's Bunshine and Storm {n the Bast. Library Edition, 8vo. 31s, Cabinet
Edition, crown 8vo. 7s. 6d. Popular Edition, 4to: 6d.
—  Voyage in the ‘Sonbeam.’ Library Edition,8vo.81s. Cabinet Edition,
cr. 8vo, 7s. 8d. 8chool Edit. fcp. 8vo. 3s. Popular Edit. 4to. 6d.
-— In t.he Trades, the Tropics, and the ‘ Roaring Forties,” Cabinet Edition,
crown 8vo, 17s. 6d. Popular Edition, 4to. 6d.
—_— Last Journals, 1886-7. Illustrated. 8vo.2ls.

Bryden's Kloof and Karroo. Sport, Legend, &c., in Cape Colony. 8vo. 10s. 6d.

Clutterbuck’s The Skipper in Arctic Seas. qustrated. Crown 8vo. 10s. 6d.

Coolidge’s Bwiss Travel and Swiss Guide-Books. Crown 8vo. 10s. 6d.

Crawford’s Reminiscences of Foreign Travel. Crown 8vo. 5&

Deland’s Florida Days. Illustrated. 4to. 21s.

Froude’s Oceans ; or, England and her Colonies. Cr. 8vo. 2s.boards ; 3s. 8d. cloth,
—  The English in the West Indies. Crown 8vo. 2s. boards ; 2s. 8d. cloth.

Howitt’s Visits to Remarkable Places. Crown 8vo. 3s. 6d.

James's The Long White Mountain ; or, a Journey in Manchuria. 8vo. 34s.

Lees and Clutterbuck’s B.C. 1887 : a Ramble in British Columbia. Cr.8vo. 6s.

Norton’s Guide Book to Florida. *

Pennell's Our Sentimental Journey through France and Italy. Or. 8vo. 6s.

Riley’s Athos; or, The Mountain of the Monks. 8vo. 31s.

Smith’s The White Umbrella in Mexico. Fcp. 8vo. 6s. 6d.

Three in Norway. By Two of Them. Orown 8vo. 2s. boards; $s. 6d. cloth.

‘Willoughby's East Africa and its Big Game. 8vo. 31s.

Wolff's Rambles in the Black Forest. Crown 8vo 7s, 6d.
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WORKS BY RICHARD A PROCTOR.

Old and New Astronomy. 12 Parts,2s. 6d. each. Supplementary Section, 1s.
Complete in 1 vol. 4to. 86s. [In course of publication.

The Orbs Around Us. With Chart and Diagrams. Crown 8vo. bs.

Other Worlds than Ours. With 14 Illustrations. Crown 8vo. 5s.

The Moon. With Plates, Charts, Woodocuts, and Photographs. Crown 8vo. 5s.
* Universe of Stars. With 22 Charts and 32 Diagrams. 8vo. 10s. 6d.

Light Science for Leisure Hours. 8 vols. crown 8vo. bs. each.

Chance and Luck, Crown 8vo, 2s. boards; 2s. 6d. cloth,

Larger Star Atlas for the Library, in 12 Circular Maps. Folio, 15s.

New Star Atlas, in 12 Circular Maps (with 2 Index Plates). Crown 8vo. 8s.

The Student’s Atlas, 12 Circular Maps. 8vo. 5s.

Transits of Venus. With 20 Lithographic Plates,and 38 Illustrations. 8vo. 8s.6d.

Studies of Venus-Transits. With 7 Diagrams and 10 Plates, 8vo. 5s.

Elementary Physical Geography. With 33 Maps and Woodcuts. Fcp. 8vo. 1s.6d,

Lessons in Elementary Astronomy. With 47 Woodcuts. Fcp. 8vo. s 6d.

First Steps in Geometry. Fcp. 8vo, 3s. 6d.

Easy Lessons in the Differential Calculus. Feop. 8vo. 2s. 6d.

How to Play Whist, with the Laws and Etiquette of Whist. Crown 8vo. 3. 6d.

Home Whist : an Easy Guide to Correct Play. 16mo. 1s.

The Stars in their Seasons. Imperial 8vo. §s.

Strength. With 9 Illustrations. Crown 8vo, 2s.

Strength and Happiness. With 9 Illustrations. Crown 8vo. 8s.

The Seasons Pictured in Forty-eight Sun-Views of the Earth, and Twenty-four

Zodiacal Maps and other Drawings. Demy 4to. 6s.

The Star Primer; showing the Starry Sky, week by week. Crown 4to. 2s. 6d.

Nature Studies. By Grant Allen, A.Wilson, E. Clodd, and R. A. Proctor. Cr. 8vo.5s.

Lejsure Readings. By E. Clodd, A. Wilson, and R. A. Prootor, &o. Or.8vo. 5s.

Rough Ways Made Smooth. Crown 8vo. 8s.

Our Place Among Infinities, Crown 8vo. 8§s.

Thesnxpansa of Heaven : Essays on the Wonders of the Firmament. Crown
vo. 5s.

Pl t Ways in Sci Crown 8vo. 5s.
Myths and Marvels of Astronomy. Crown 8vo. 5s.
The Great Pyramid : Observatory, Tomb, and Temple, Crown 8vo. bs.

AGRICULTURE, HORSES, DOGS, AND CATTLE.

Fitzwygram’s Horses and Stables, 8vo. 5s.
Lloyd’s The Boience of Agriculture, 8vo. 13s.
Loudon’s Bncyclopedia of Agriculture. 21s.
Prothero’s Pioneers and Progress of English<Farming, Orown 8vo, 60.
Stul'l Diseases of the Ox. a Manual of Bovine Pathology. 8vo. m.
— Dog. 8vo. 10s. 6d.
Btomhmge’u Dog in Health and Disease. Bqua.e crown 8vo. 7s. 6d.
Vills on Artificial Manures, by Crookes. 8vo. 3ls,
Youatt’s Work on the Dog. 8vo. 8s,
—-— == — — Horse, 8vo.7s.6d.
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WORKS OF FICTION.

By H. RIDER HAGGARD,

She, 3s. 6d. Maiwa's Revenge.
Allan Quater- 2s. bds.; 3s. 6d.

main, 3s. 8d. cloth,
QOleopatra. ‘6s. | Colonel Quaritch.
Beatrice. 6s. 3s. 6d.

By the EARL OF BEACONSFIRLD.
Vivian Grey. | Alroy, Ixion, &o.
Venetia, Endymion.
Coningsby. The Young Duke.
Lothair. Contarini Fleming,
'gngﬁred. Henrietta Temple.

ybil.

Prioe 1. each, bds. ; 1s. 6d. each, cloth.
The HUGHENDEN EprrioN. With
2 Portraits and 11 Vignettes.

11 vols. Crown 8vo. 42s.

By G. J. WRYTE-MELVILLE.
The Gladiators. | Kate Coventry.
The Interpreter. | Digby Grand.
Holmby House. | General Bounce.
@Good for Nothing. Queen’s Maries.
Prioe 1. each, bds. ; 14, 6d. each, cloth.

By ELIZABETH M, SEWELL,
Amy Herbert. Cleve Hall.
Gertrude, Ivors.
Ursula. Earl’s Daught

By JAMES PAYN,
The Luck of the Darrells.
Thicker than Water.
1s. each, boards: 1s. 6d. each, cloth.
By ANTHONY TROLLOPE,
The Warden.
Barchester Towers, '
1s. each, boards : 1x. 8d. each. cloth.

By BRET HARTE.
In the Carquinez Woods.
Prioe 1s. boards : 1s. 6d. cloth,
On the Frontier, 1s.
By Shore and Sedge. 1s.

By ROBERT L. STEVENSON.
The Dynamiter. 14, awd. 1s. 6d.cl.
Strange Case of Dr. Jekyll and Mr,
Hyde. 1s.sewed; ls. 64. cloth.

ByR. I_, STEVENSON and L. 051_.;01:11.\'1:.
The Wrong Box. Js.
By EDNA LYALL.
Autobiography of a Slander. 1s.
By F. ANSTEY.

The Black Poodle, and other Stories.
Price 2s. boards; 2s. 6d. cloth.

The Experience of Life.
A Glimpse of the World.
Katharine Ashton.
Margaret Percival.
Laneton Parsonage.

11.8d. each. cloth; 2s.6d.each. zilt edges.

By Mrs. MOLESWORTH.
Mnrryg;g and Giving in Marriage.
By MAY KENDALL.
Such is Life. 6s.

By Mrs. OLIPHANT.
In Trust. Madam.

Price 1s. each, bds. : 1s. 6d. each, cloth.
Lady Car. 2s. 6d. .

By G. H. JESSOP.
+ Judge Lynch. 6s.
Gerald Ffrench’s Friends. 6s.

By A. O. DOYLE.
Miocah Clarke. 3s. 6d.
The Captain of the Polestar, &c. Gs.

By G. G. A, MURRAY.
Gobi or Shamo. 6s.

By C. PHILLIPPS-WOLLEY.
Snap.ﬁfig. L

By STANLEY J. WEYMAN,
The House of the Wolf. 6s.

By the AUTHOR OF THE ‘ ATELIER DU
s

Yl
The Atelier du Lys. 2s. 6d.
Mademoiselle Mori. 2s. 6d.
In the Olden Time. 2. 6d.
Hester's Venturo.

2s. 6d.
By Mrs. DELAND.
John Ward, Preacher. 2s boards ;
2s. 8d. cloth.

By CHRIsTIE MURRAY & HY, HERMAN,
Wild Darrie. 2. bids.  2s. 6d. cloth.

By CHRISTIE MURRAY & HY. MURRAY.
A Dangerous Catepaw. 2s. 6d.

By J. A. FROUDE.
The Two Chiefs of Dunboy. 6s.

By Mrs. Hven BELL.
Will o’ the Wisp. 3s.64.
By WiLLIaM O’BRIEN, M.P.
When we were Rovs, 6.

By the Ab:r‘nor. or* Tuorn.' -
Toxar.

By JaM¥s BAKER.
By the Western Sea. 6s.

By W. L. Normis,
Mrs. Fenton : a Sketch. 6s.
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POETRY AND THE DRAMA.
Armstrong’s (Bd. J.) Poetical Works, Fcp. 8vo. 8s.
Booms, Larion] and Dramatio. Fop.,  Btories of Wicklow, Fop. 8vo. o
e8 ow. . .
Poems, Lyrical an P 1 vo.

oos: & Tragedy. Fcp. 8vo. be. tire Fo B0, gy cloth: &
Ugone: a y. Fcp. 8vo. atire. Fep. 8vo. 4s.

A%nrlmd from Greece. Fep, 8vo.9s. Victoris Regina et Imperatrix: a
King Saul. Fep. 8vo. 5s. Jubilee Song from Ire'and, 1887,
King David. Fop. 8vo. 6s. 4to. 21. 6d.

King Salomon. Fcp. 8vo. 6s.
Ballads of Books, Edited by Andrew Lang. Fep. 8vo. 6s.
Bowen'’s Harrow Songs and other Verses. Fcp. 8vo. 2s. 8d.
Bowdler’s Family Shakespeare, Medium 8vo. 14s. 6 vols. fcp. 8vo. 31s,
Deland’s The Old Gardert, and other Verses. Fcp. 8vo, bs.
Goethe's Faust, translated by Birds Crown 8vo. Part 6s,; Part II. 6s,
- — transluted by Webb. 8vo, 121, 6d.
- — edited by Belss. Crown 8vo. 5s.
Haggard's (Ella) Life and its Author. With Memoir, &c. Crown 8vo. 3s. 6d.
Higginson's The Afternoon Landscape. Fcp, 8vo. bs.
Ingelow’s Poems. 3 Vols, fep. 8vo. 124, 3 Vol.,8, fop. 8vo. 8s.
-— Lyrlgml and other Poems. Fop. 8vo. 2s. 6d. cloth, plain ; 3s. cloth,

Kendall's (May) Dreams to Sell. Fcp, 8vo. 6s.
Lang’s Grass of Parnassus. Fcp. 8vo. 6s.
Macaulay’s Lay® of Ancfent Rome. Illustrated by Scharf. 4to.10s.6d. Bijou
Edition, fcp. 8vo. 34, 8d. Popular Edit., fcp. 4to, 6d. swd., 14. cloth.
—_— Lays of Ancient Rome, with Ivry and the Armada, Illustrated by
Weguelin, Crown 8vo. 8s. 6d. gilt edges.
Neebit's Lays and Lezends. Crown 8vo. 6s.
—  Leaves of Life. Crown 8vo, 5s.
Newman’s The Dream of Gerontins. 16mo, 6d. sewed ; 1s. cloth.
—_ Verses on Various Occasions. Fop. 8vo. 6s.
Reader’s Voioes from Flowerland : a Birthday Book. $%s. 6d. cloth, 8s. 6d. roan.
—  Echoes of Thought : a Medley of Verse. Crown 8vo. 5s.
Smith’s (Gregory) Fra Angelico, and other short Poems. Crown 8vo. 4s. 6d.
Southey’s Poetical Works, Medium 8vo. 14s.
Stevenson’s A Child’s Garden of Versee. Fcp. 8vo. s,
Sumner’s The Besom Maker, and other Country Folk Songs. 4to. 2s. 6d.
Tomson’s The Bird Bride, Fcp, 8vo. 6s.
Virgil’s Zneid, translated by Conington. Crown 8vo. 6s.
— Poems, translated into English Prose. Orown 8vo. 6s.

SPORTS AND PASTIMES.

American Whist. Illustrated. By G. W.P. Fcp. 8vo. 6s. 6d.
Campbell-Walker's Correct Card, or How to Play at Whiss. Fop. 8vo, 3. 64,
Ford’s Theory and Practice of Archery, revised by W. Butt. 8vo. 14s.
Francis's Treatise on Fishing in all its Branches, Post 8vo. 15s.
Longman’s Chess Opent: Fop. 8vo. 4. 64.
Pole’s Theory of the Modern Scientific Game of Whist., Fop. 8vo, 34, 8d.
Proctor’s How to Play Whist. Crown 8vo, 33, 6d.

—  Home Whist. 18mo. 1s. sewed.
Ronalds’s Fly-Fisher’s Bntomology. 8vo. 14s.
‘Wiloocks's Bea-Fisherman. Poat 8vo. 6s.
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MISCELLANEOUS WORKS.
A. K. H. B., The Essays and Oontributions of. Crown 8vo. 3s. Gd.
Autumn Holidays of aOOuntg Parson. | Leisure Hours in Town.
chmged Aspecta nchanged | Lessons of Middle Age.
Our Homelﬂ.)omody s and Tragedy.
Oommon-Plsse Philosopher in Town | Our Little Life. Essays Consolatory

and Country. and Domestic. Two Series,
Oritical Essays of a Oountry Present-day Thoughts,
Counsel and Comfort spoken from a Bacreaﬁomoiaconnu-yramn.
Qity Pulpit. Three Serd
EBast Coast Days and Memories. Seaside Muaingl on Sundays andWeek-

Graver Thoughts of a Country Parson. Days
Three u.ndny Afternoons in the Parish

Seriee.
Landscapes, Churches, and Moralities, Church of a University Oity.
¢To Meet the Day * through the Christian Year. 4s. 6d.

Archer’s Masks or Faces 7 A Study in the Psychology of Acting. Or. 8vo.6s. 6d.
Armstrong’s (Ed. J.) Essays and Sketches. Fcp. 8vo. s,
Arnold’s (Dr. Thomas) Miscellaneous Works. 8vo 7s. 6d.
Bagehot's Literary Studies, edited by Hutton, 2 vols. 8vo. 38s.
Baker's War with Orime. Reprinted Papers. 8vo. 12s. 6d.
Blue Fairy Book (The). Edited by Andrew Lang. Illustrated. Crown 8vo. 6s.
Book (The) of Wedd.lng Days. Illustrated by Walter Crane. 4to. 21s,
Parrar's L Crown 8vo. 6s. B
Henderson's The Btory ot Music. Crown 8vo. 6s.
Huth’s The Marriage of Near Kin. Royal 8vo. 21s.
Jefferies’ Field and Hedgerow : Last Essays. Crown 8vo. 3.: 6d.
Lang’s Books and Bookmen. Crown 8vo. 6s. 6d.

— Letters on Literature. Fcp. 8vo. 6s. 6d.

_-  0ld Friends : Essays in Epistolary Parody. Crown 8vo. s. 6d.
Lavigerie (Cardinal) and the African Slave-Trade. 8vo. 14s.
Matthews’ (Brander) Pen and Ink. Reprinted Papers. Crown 8vo. 5s.
Max Mtlller’s Lectures on the Science of Language. 2 vols. crown 8vo. 16s,

-— —  Lectures on India. 8vo. 12s. 6d.

—_ —  Biographiesof Wordsand the Home of the Aryas. Orown 8vo0.7s.6d.
Red Fairy Book (The). Edited by Andrew Lang, Illustrated. Crown §vo, 6s.
Rendle and Norman’s Inns of Old Southwark. Illustrated. Royal 8vo. 28s.
‘Wendt’s Papers on Maritime Legislation. Royal 8vo. £1. 11s, 6d.

WORKS BY MR. SAMUEL BUTLER.
Op. 1, Erewhon, bs. Op. 6. Alps and Sanctuaries of Pled-
Op. 2. The Fair Haven. 7s.6d. ;x(l;:ng dand the Canton Ticino.
Op. 3. Tife and Habit. 7s. 6d. Op. 7. Selections from
Op. 4, Evolution, Old and New. | Opr 6. Luck, of Conningy 70 g™ 00
10s. 6d. Op. 9. Ex Voto. 10s. 6d.
Op. 5. Unconscious Memory, 7s. 6d. Holbein's ¢ La Danse.’ 3s.

WORKS BY MRS. DE SALIS.
Oakes and Confections. 1s. 6d. Soups and Dressed Fish 4 la Mode,
Hntrées 3 1a Mode Fop. 8vo. 1s. 6d. Foap. 8vo, 1. 8d.
Game and Poulyry 41a Mode. 14 64, | Sweets&Supper Dishesa laMode, 14,6
Oysters & 1a Mode, Fcp. 8vo. 1s. 64. | Vegetables & 1a Mode. Fop. 8vo. 1s.6d.
Puddings and Pastry  1a Mode. 1s. 8d.| Wrinkles and Notious for Every House-
Bavouries & 1a Mode, Fop. 8vo. 1s. hold. Crown 8vo. 2s. 6d
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MEDICAL AND SURGICAL WORKS.

Ashby’s Notes on Physiology for the Useof Students. 134 Illustrations. 18mo. 5s.
Ashby and Wright’s The Diseases of Ohildren, Medical and Surglcal. 8vo. 21s.
Barker’s Short Manual of Surgical Operations. With 61 Woodcuts, Cr. 8vo. 124.8d.
Bennett's Clinical Lectures on Varicose Veins, 8vo. 6s.

Bentley’s Text-book of Organic Materia Medica. 63 Illustrations. Or. 8vo, 7s. 64.
Coate’s Manual of Pathology. With 339 Illustrations, 8vo. 31s. 6d.

Oooke’s Tablets of Anatomy. Post 4to. 7s. 6d.

Dickinson’s Renal and Urinary Affections. Complete in Three Pn.rm, 8vo. with
12 Plates and 122 Woodcuts. £3. 44, 6d. cloth

— The Tongne as an Indication of Disease. 8vo. 7s. Gd.
Erichsen’s Science and Art of Surgery. 1,025 Engravings. 2 vols, 8vo. 48s.
—_ Ooncussion of the Spine, &e. Crown 8vo. 10s, 64,
Gairdner and Coats's Lect on Tabes Mesenterica. 28 Illustrati 8vo.12s, 6d.
Garrod’s (Sir Alfred) Treatise on Gout and Rheumatic Gout. 8vo. 21s.
—_ Materia Medica and Therapeutics. Crown 8vo. 13s. 6d.
Gu-md s (A.+G.) Use of Laryngoscope. With Illustrations, 8vo. 8s, 6d.
Gray’s Anatomy. With 569 Illustrations. Royal 8vo. 36s.
Hassall's San Remo Climatically and Medically Considered, Crown 8vo. §s.
— ' The Inhalation Treatment of Digsease. Crown 8vo, 1%s. 6d.
Holmee’s System of Surgery. 8 vols. royal 8vo. £4. 4.
Ladd’s Elements of Physiological Psychology. With 118 Illustrations, 8vo.2ls.
Little's In-Knee Distortion (Genu Valgum). With 40 Illustrations. 8vo. 7s. 6d.
Liveing’s Handbook on Diseases of the Skin. Fcp, 8vo. 5s.
—  Notes on the Treatment of Skin Diseases. 18mo. 3s,
—  Elephantiasis Grazcorum, or True Leprosy. Crown 8vo. 4s. 6d.
Longmore’s The Illustrated Optical Manual. With 74 Illustrations. 8vo, 14s.
— Gunshot Injurfes. With 58 Illustrations. 8vo. 31s. 6d.
Mitchell's Dissolution and Evolution and the Science of Medicine, 8vo. 16s.
Munk’s Enthanasia ; or, Medical Treatment in Aid of an Easy Death. Cr. 8vo. 4s. 6d.
Murchison’s Continued Fevers of Great Britain. 8vo. 25s.
—_ Diseasee of the Liver, Jaundice, and Abdominal Dropey. 8vo. 245,
Owen’s Manual of Anatomy for Senior Students. Crown 8vo., 12s. 6d.
Paget’s Lectures on Surgical Pathology. With 131 Woodouts, 8vo, 81s.
—  Clinjcal Lectures and Essays. 8vo. 15s.
Quain’s (Jones) Elements of Anatomy. 1,000 Ilustrations. 2 vols,8vo. 18s. each.

Quain’s (Dr. Richard) Dictionary of Medicine. With 138 Illustrations. 1 vol, avo.
81s 6d. cloth. To be had also in 2 vols. 84s. cloth,

Salter’s Dental Pathology and Surgery., With 138 Illuatmtions. 8vo. 18s.
Schiifer's The Essentials of Histology. With 383 Illustrations. 8vo. 6s.

Smith’s (H. F.) The Handbook for Midwives. With 41 Woodcuts., Cr. 8vo. 5s.
Smith’s (T.) Manual of Operative Surgery on the Dead Body. 46 Illus. 8vo.12s.
West’s Lectures on the Diseases of Infancy and Childhood. 8vo. 18s.

— The Mother’s Manual of Ohildren’s Diseases, Fcp. 8vo, 2s. 6d.

Wilks and Moxon’s Lec on Pathological A y. 8vo. 18s,
" Williams's Pulmonary Consumption. With 4 Plates and 10 Woodcuts. 8vo. 16s.
Wright’s Hip Disease in Childhood. With 48 Woodcuts, 8vo. 10, 6d.
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THE BADMINTON LIBRARY.

Edited by the Duke oF BEAUFORT, K.G. and A. E. T. WaTsON.

Crown 8vo. Price 10s. 6d. each Volume,

Hunting. By the Duke of Beaufort, K.G. and Mowbray Morris. - With Con-
tributions by the Earl of SBuffolk and Berkshire, Rev. E. W. L. Davies,
Digby Collins, and Alfred E. T. Watson. With Frontisplece and 53 Illus-
trations by J. Sturgess, J. Charlton, and Agnes M. Biddulpb.

Fishing. By H. Cholmondeley-Pennell. With Contributions by the Marquis
of Exeter, Henry R. Francis, M.A, Major John P. Traherne, G. Christopher
Davies, R. B. Marston, &c.

Vol. I. S8almon, Trout. and Grayling, With 158 Tlustrations,
Vol. II. Pike and other Coarse Fish, With 182 Illustrations.

Racing and Steeple-Chasing. Racing: By the Earl of Suffolk and W. G.
Craven. With a Contribution by the Hon. F. Lawley. Steeple-chasing: By
Arthur Coventry and A. E. T. Watson. With 56 Illustrations by J. Sturgess.

Shooting. By Lord Walsingham and Sir Ralph Payne-Gallwey. With Con-
tributions by Lord Lovat, Lord Charles Lennox Kert, the Hon. G. Lascelles,
and A. J. Stuart-Wortley. With 21 Plates, and 149 Woodcuts, by A. J.
Stuart-Wortley, Harper Pennington, C. Whqur, #- G Millals, G. E.
Lodge, and J. H. Gswald Brown.

Vol. I. Field and Covert. | Vol. IL. Moor and Marsh.

Cycling. By Viscount Bury, K.O.M.@. and G. Lacy Hillfer. With 19 Plates,
and 61 Woodoats, by Viscount Bury and Joseph Pennell,

Athleties and Football. By Montague Shearman. With an Introduotion
by 8Sir Richard Webster, Q.C. M.P. and a Contribution on ¢ Paper Chasing’
by Walter Rye. With 6 Plates and 46 Woodcuts, ‘

Boating. B%W. B. Woodgate. With an Introduction by the Rev. Edmond
arre, D.D. And a Chapter on ‘ Rowing at Eton’ by R. Harvey Mason.
With 10 Plates, and 39 Woodcuts, by Frank Dadd.

Cricket. By A. G. Steel and the Hon. R. H. Lyttelton. With Contributions
by Andrew Lang, R. A. H. Mitchell, W. G. Grace, and F. Gale. With 11
Plates and 52 Woodcute. .

Driving. By the Duke of Beaufort, K.G.; with Contributions by other
Authorities. Photogravure Intaglio Portrait of his Grace the Duke of
Beaufort, 11 full-page Illustrations, and 54 Woodcuts in the Text, after
Drawings by G. D, Giles and J. Sturgees. Second Edition. Or. 8vo .10s. 6d.

Fenclng Boxing, and Wrestling., By Walter H. Pollock, ¥. C. Grove,

Camille Prevost, Maitre d’Armes, B. B. Michell, and Walter Armstrong.
With a complete Bibliography of the Art of Fencing by Egerton Castle,
M.A.F.8.A, With 18 Intaglio Plates and 24 Woodcuts,

Tennis, Lawn Tennis, Rackets, and Fives. By J. M. and C. G,
‘Heathcote, E. O. Pleydell-Bonverie, A. C. Ainger, &c., With 12 Plates and
67 Woodcuts, &c. by Lucien Davis and from Photographs.

Golf. By Horace Hutchinson, the Right Hon. A. J. Balfour, M.P, Sir Walter
G. Simpson, Bart. Lord Wellwood, H. 8. C. Everard, Andrew Lang, and
other Writers. With 22 Plates and 69 Woodcuts, &o.

In Preparation.

Riding. ByW.R. Weir, the Barlot Suffolk and Berkehire, the Duke of Beaufort,
and A. E, T. Watson. With a Chapter on Polo, by Capt. l(or;y Brown.
[In the ptess.
Yachting. By Lord Brassey, Lord Dunraven, and other writers. pre
[In rreparation.
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