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PREFTACE.,

A TEACHER of Chemistry sometimes finds it difficult to
induce those of his students who are studying the physiology
of animal and plant life for Science and Medical degrees
to regard organic chemistry with the attention it warrants.
The importance to the student of physiology of a subject
which helps him to understand the chemical chan ges brought
about by living matter, and the discussions arising there-
from, malke it at any rate worth while to try to furnish
him with a small work on the elements of the subject
treated in as simple a manner as possible; at the same
time 1t is necessary in the case of the science student to
impress and emphasize the fact that organic chemistry is
just as much a practical experimental subject as inorganic.
With this in view, in a book of which the dimensions cannot
be considered formidable, an attempt has been made to
lead the student to a consideration of the more Important
groups of carbon compounds by using familiar compounds
as far as possible, without laying too great stress on general
methods, and it is hoped that he will worlk through the
experiments as he reads the book. Such details are given
as will enable him to do this with occasional assistance



vi PREFACE,

from a teacher. By this means will be gained a practical
familiarity with the chemical relations and properties of
the chief classes of compounds which may be studied later
from other points of view.

The actual compounds examined and described have
been selected to cover the carbon compounds of the Inter-
mediate Science and Preliminary Scientific syllabus of
London Urniversity as well as those of the First M.D.
syllabus of the University of Cambridge.

R. H. ApiE.

CAMBRIDGE,
February, 1899,
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AN INTRODUCTION T0O THE CARBON
COMPOUNDS,

CHAPTER I.

INTRODUCTORY.

the chemistry of a limited number of elements, viz., those
which enter into the composition of all living matter,
carbon, oxygen, hydrogen, and nitrogen, but these four
by the variety of their compounds, make up for the small-
ness of their number,

1. Organie chemistry may be considered as essentially

2. Again, in this subject we deal for the most part with
molecules, s0 that we must remind ourselves of a few of
the more important points in the Molecular and atomic
theory., We have first the two definitions of a molecule :
(1) A molecude is the smallest portwn of any substance which is
capable of existing in a Jree state; (ii) Clerk Maxwell’s
definition : — 4 gaseous molecule 4s that minute portion of a
subsiance which moves about as a whole, so that its parts, if it
has any, do not part company during the motion of agitation of
the gus.

. This may be followed by the important generalisation
of Avogadro, or Avogadro's Law, which is simply stated
thus :— Kqual volumes of all gases under the same conditions of
temperature and pressure contain equal numbers of molecules.
The deduction from this law which connects the molecular
weight of a body with its vapour density on the scale in
which Lydrogen is taken as unity is mort important. ;

Thus, if there be (2) molecules each of g mass ()
grammes in unit volume of any gas at 0°C. and 760 mm,

Carl. Comp, 1




2 INTRODUCTORY.

then its density (= mass of 1 c.c.) under those conditions
equals #n X m, = d,. Similarly, for any other gas of density
(d,) there will be (n) molecules each of mass (m,) grammes
in the same volume under the same conditions. Hence,
since d, = nm, and d, = nn,

d, __nmy __my

_—

d,” nm. My
Now, in chemistry we actually use as our unit of mass,
the mass of 11,100 cubic centimetres of hydrogen (= 1 gm.),
and we also use as our unit of molecular weights the mass
of 22,200 c.c. of hydrogen reckoned as 2. Dy substituting
these values for d, and m,, we have

%:-’%‘ or m, = 2d,.

That is the molecular weight of any gas on the scale in
which the molecular weight of hydrogen equals 2, is twice
the density expressed in the scale in which the mass of
11,100 c.c. of hydrogen equals 1.

4. Hence, in dealing with the chemistry of molecules it
becomes of the utmost importance to be able to determine
densities of vapours or vapour densities.

_r = - ®
Now, since mass — volume X density,
: mass '
or density = — ;
volume

# will be seen that we can either (i) measure out a known
volume of a vapour and determine its mass, or (ii) weigh
out & known mass and determine the volume it occupies in
the state of vapour. The former is the method of Dumas,
the latter of Victor Meyer.

Exp. 1—Dumas’ method. Take a bulb or Florence
flask with its neck drawn out in the blowpipe
flame to a long fine tube, clean it and weigh it
(=w,). Read the temperature (=t°) and baro-
metric pressure (=pmm.). Warm the bulb and
place the open end under a few c.c. of chloroform
in a dish. When some of the chloroform has
been sucked back into the bulb, warm and repeat
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the operation umtil the bulb is about one-tenth full.
Hold the bulb under the surface of some boiling
water (at 100°) and watch the

liquid in the bulb. Tt boils, drives

out the air and gradually distils out N

of the bulb. As soon as every drop

of liquid has gone and the vapour

stops rushing out of the tube,

seal the end of the tube by a

flame, allow the bulb to cool, clean

and weigh (=w,). To measure the

volume of the bulb, break the end

of the tube off under water and Fig. 1.
allow the bulb to fill with water,

(wnigh again together with piece of glass broken off
= ;).

Then w; — w, = weight of water contained in bulb

= volume of bulb = ¢, ¢.c.

Calculate the weight of », c.c. of air at t° and
P mm, = ;.

Then weight of glass of bulb = W, — w, = w, and
the weight of » cc. of chloroform vapour at 100°
and p mm, = W, — 1w,

Calculate the volume of v, c.c. at # and P mm.
=1; which is the volume occupied by 1w, — g
grammes o! chloroform vapour at #° and » mm,

Then specific gravity of chloroform vapour (air=1)

= U0,

Vo iy
anc vapour density (/7 — 1)
— (s —w) v, X 14+4,
v, X w,
T"ie molecular weight#* (L = 2) is thus

— =0 ot
Vg X 0,

* The above steps have been given in preference to a formula gs on
the whole more practical and requiring less effort of memory,
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This method is applicable to solids, liquids and gases,
and by appropriate adjustment of the temperature of the
bath, to bodies whose vapours decompose at a temperature
only a little above their boiling point.

5. Exp. 2—Victor Meyer’s method. The apparatus
consiste of a glass tube 4 about 60 cm. long and
5 mm. bore, one end of which is enlarged into a
cylindrical bulb
about 15 ecm.
long and 20 mm.
bore. The other
end 1is corked
and a delivery
tube BC is blown
mnto the side of
the main. tube
about 10 ecm.
from the corked
end. The tube
is supported ver-
tically with the
bulb in a larger
tube ZJ in which
a liquid of higher
boiling point than
the substance, 1s
boiled. Put some
water in the outer
tube 2 and boil
it. Take a very
small bulb, made
by drawing out a
piece of glass
s tube very fine,
weigh 1t (=1w,)
Iz, 2. and fill it with
ether asin Exp. 1.
Weich it again (= ,). The difference between the
weighings 1s the weight of ether whose volume we
areto determine  the state of vapour (= w, — ).
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When bubbles of air have ceased to rise from
the end of the delivery tube which is immersed in
water, place a gas measuring-tube, Z, filled with
water over the end. Remove the cork, drop the
weighed tube and ether into the bulb, and replace the
cork as quickly as possible. In a few moments the
ether evaporates and expels air which colleets in the
gas tube. When the air has been expelled remove the
cork, allow the gas tube to cool and read the volume
of the gas (»,) and its temperature (#°) and pressure.
Correct this volume for temperature, pressure, pres-
sure of water vapour at #°, calculate the weight
which this corrected volume (=u,) of hydrogen
would weigh and divide the weight of ether taken
by the weight of the equal volume of hydrogen. Thus

vapour density (H = 1) = %= : Y1 % 11,100.

2

This method is applicable to solids and hiquids which
are not easily decomposable, and can be used with any
gas 1n the bulb, e.g. air, nitrogen, hydrogen, ete. The
temperature of the bulb must be some degrees higher than
the boiling point of the body whose vapour density is
being determined, and water, aniline, oil, sulphur, or
fusible alloy are used to heat it,

[Other methods based on the Raoult method are used in
the case of bodies which cannot be vaporised without
decomposition, but which are soluble. See  Tutorial
Chemistry, Part 1L, p. 76 of seq. ]

6. A consideration of the volume changes in the reactions
of gases leads to the recognition of the existence of smaller
parts within the molecules, viz.,, the afoms, so that
molecules are built up of atoms held together by some
attractive force which for want of more definite informa-
tion we call chemical affinity.

Now some molecules only contain two atoms, ¢.9. H,,
Cl,, HCI, O,, and in these we can only assume that each
atom acts on the other, but in the case of other molecules
with three or more atoms, ¢.g. Oy and H,0, we have
greater possibilities, as each atom may attract both others
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or one may atfract the other two. We get out of this
difficulty when we look more closely into molecular
compositions and notice that a single hydrogen or chlorine
atom 1s never combined with more than one other atom.
We also notice that one oxygen atom generally combines
with two other atoms, one nitrogen atom with three or five
others, and one carbon atom with four others. We call
this property of atoms, their valency, and we agree to
define it as a number representing the maximum number
of atoms which the atom we are considering can hold
together to form a molecule. The atoms of chlorine and
hydrogen are thus our standard monovalent atoms.

The question of valency is of the utmost importance in
organic chemistry, as the whole question of the existence
of such numbers of carbon compounds is connected with
that of valency.

[We also find that there is some difference of opinion
as to whether valency should be considered constant or
variable. Much has been written on the subject. We
shall have to refer to it later. |’



CHAPTER IT.

ORGANIC COMPOUNDS. PURIFICATION AND ANATLYSIS.

7. The number of organic compounds available for
investigation is so large that it is difficult to decide at what
point to begin. We have plant and animal structures
which are obviously mixtures; we have the direct pro-
duets of living matter both soluble and insoluble in water,
¢.g. starch, sugar, essential and other oils, etc. We have
also produets of fermentation and putrefaction, e.g. spirit,
vinegar, &c., but we should perhaps expect that the pro-
ducts obtained from organic compounds by the action of
heat, destructive distillation, are likely to be simpler in
churacter than those from which they are derived. We
meet such productsin the cases of coal, o1l shale, petroleum,
and wood distillation.

8. These natural organic compounds are generally
impure and it becomes necessary to purify the bodies
before attempting to identify them. The operations are
on the whole as general as the methods availableininorganic
chemistry. Thus we employ distillation.

Exp. 3.—Place a mixture of methylated spirit and water
(half and half), in a distilling flask connected with a
condenser, and provided with a cork through which a
thermometer 1is fixed, at such a distance that its bulb
is just below the side exit tube. Support the
apparatus by a retort stand, place a burner under
the flask and a receiver under the end of the con-
denser tube, and note the rise of the thermometer.
When the liquid boils it rises at once to about 79-5°
and remains at that point for a short time, it thep

7



8 ORGANIC COMPOUNDS. PURIFICATION AND ANALYSIS.

gradually rises until it reaches nearly 100°. Change
the receiver when the temperature begins to rise
above about 85° and again at about 99°. In this
way the mixture is separated into three parts or
tractions which boil at different temperatures. 'Iry
to light some of the original and the fractions. The
first fraction only burns and contains the greater part
of the spirit.

E
E_

gl R r:‘. A

Tig. 3.

The process just described is called fractional distillation,
and is largely used in separating mixtures of hiquids.

9. The method of purification by solution and filtration
or crystallisation, is similar to that in use in inorganic work,
except that the number of solvents available is much
greater in organic work. In addition to water, alcohol,
ether, chloroform, acetic acid, benzene, petroleum and
sometimes glycerin, are used. Since these bodies are not
equally soluble in each other, separation 1s sometimes
offected by taking a substance which is dissolved or
disseminated in one liquid out of that liquid by means of
another liquid, 7.e. the method of extraction by shaking
with ether or chloroform.
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Exp. 4—Place some milk in a cylinder and add to it

: some caustic soda solution and some ether, and

shake well up. Allow it to stand; in a short time

the ether will rise to the surtace with the dissolved

fat. Pipette off a few drops and put on blotting

paper. The drops evaporate, leaving a grease spot
behind.,

10. The tests which are available for the bodies separated
by any method are quite general, and consist in the first
place of the characteristic reactions of the chief elements.

Exp. 5.—Take some powdered pure copper oxide, heat
it to redness in a crucible, and allow it to cool in a
dessicator. Mix with it a little sugar and heat the
mixture in a hard glass tube, Note that water
(tested by anhydrous copper sulphate which it turns
blue)is formed from sugar and the dry oxide, a proof of
the presence of kydrogen. Lower a drop of lime water
into the tube on a glass rod; it is turned milky,
hence carbon dioxide is present, which must have
come from carbon 1n the sugar.

Exp. 6.—Take a small piece of gelatine, put it in a test-
tube, add a small piece of sodium about the size of a
pea and heat. When the action stops put the tube
into a larger tube or beaker and add water, ferrous
sulphate, ferric chloride, and hydrochloric acid. The
formation of a blue colour, Prussian blue, shews that
nitrogen has been contained in the gelatine. (See

Pl
Sulphur, phosphorus and the halogens may be identified
by fusing some of the substance with potassium nitrate

and then testing for a sulphate, phosphate or haloid salt,
respectively.

Exp. 7.—Take a little white of egg, mix it with potassium
carbonate, and heat. When the reaction is over
place the residue on a silver coin and moisten with
dilute hydrochloric acid, a black stain of silver sul-
phide shews the presence of sulphur.
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11. Modifications of the above methods of testing for
the elements are used to determine the quantitative com-
position of organic bodies. To determine the percentuge
of carbon and hydrogen, a weighed quantity of the body 1s
mixed with excess of copper oxide and heated in a long
glass tube, or it is heated in a stream of oxygen which is
then passed over red hot copper oxide. The water and the
carbon dioxide formed are collected in a calcium chloride
tube and a solution of caustic potash respectively and
weighed. Then since 44 grammes of carbon dioxide con-
tain 12 grammes of carbon, and 18 grammes of water
contain 2 grammes of hydrogen, the carbon in the weighed
substance = 1% — +*- weight of carbon dioxide, and the
hydrogen in the weighed substance =% = 3 weight of
water. In this reaction any nitrogen present is evolved in
a {ree state and may be collected and measured after
passing through caustic potash solution to absorb carbon
dioxide. The details of organic analysis, d.e. the carbon
and hydrogen and the nitrogen combustion ave beyond the
scope of this work, as arc also mumerous methods of
determining nitrogen, sulphur, phosphorus, the halogens,
etc.

12. Having obtained the percentage composition of any
body it becomes possible to convert it at once into &
molecular composition by the usual steps.

(1) Calculate the composition of an amount of the body
which contains one part by weight of hydrogen, or sixteen
of oxygen, or twelve of carbon.

(2) Divide the molecular weight by the sum of the com-
ponents expressed as above, and find the nearest whole
number to the quotient.

(8) Multiply the composition (1) by this whole number
throughout, and it becomes the molecular composition.
[Special cases will be found in § 14 and 21. ]
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13. In starting with a gas prepared by the decomposition
of organic matter, e.g. coal gas, we test first of all by
IhuEnima s e

Exp. 8.—Collect a cylinder of coal gas (which has been

passed over caustic potash to remove carbon dioxide
and through sulphuric acid to remove water) by
upward displacement and apply a light to it. The
gas burns and the product left in the cylinder turns
limewater milky. Notice that water is formed as well.

Coal gas then, contains combined carbon, and hydrogen
combined or free, perhaps both. Ifthe gasis passed through
a long porous tube or over spongy platinum—or better,
palladium—about forty per cent. is found to be hydrogen.
The residue still forms carbon dioxide and water on
burning. If the residual or original gas is allowed to
stand over strong sulphuric acid about eight per cent.
disappears, but the residual fifty per cent. of the original
gas still contains carbon and hydrogen. The properties of
this gas are similar to those of a gas prepared from
vinegar by heating it with excess of soda lime, or better
from sodium acetate by heating it with soda lime.

14. The analysis of this gas, obtained by burning it
with red hot copper oxide, gives the following percentage :
Carbon =75C0
Hydrogen = 2500

10000
which, when arranged in terms of one part by weight of
hydrogen is Caxbon. =3

Hydrogen =1

4
11
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Now the vapour density (hydrogen = 1) of this gas is 8,
so that the molecular weight of the gas (hydrogen = 2) is
16, and we must multiply each of the above figures by
four to produce a molecular composition, thus

(‘arbon =3 x4=12 =C
Hydrogen =1 X 4 = 4 = H,
4x4 16

The molecular formula of the gas is thus CH,, and it is
called marsh gas or methane. As it contains the least
possible amount of carbon per molecule, 7.c. one atom, it
is looked upon as the simplest and most fundamental
compound of carbon and hydrogen.

Methane or marsh gas is found in nature among the pro-
ducts of fermentation and decay in a limited supply of air,
e.g. in the decay of vegetable matter under water in
stagnant pools, marshes, and bogs. It is also found in
coal mines as the explosive fire-damp, and in the natural
gas of the o1l distriets.

Methane is prepared in various ways :—

(1) By the action of soda lime on sodium acetate.

Fig. 4.

Exp. 9.—Put some fused sodium acetate in a hard glass
flask with excess of soda lime. TFit with delivery
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tube and arrange to collect over water (Fig. 4). Heat
the flask and collect the gas, after driving out the air.
Care must be taken not to fuse the flask locally or to
allow condensed water to run back on the hot parts.
Notice the colour, taste, and smell of the gas.
Prove that it is lighter than air, and that it explodes
when mixed with ten times its volume of air in a
soda-water bottle. Prepare an extra cylinder for
Exp. 10.

(2) By acting on a compound, zine methyl or sodium
methyl by water. This method is available for getting
the gas pure. :

(3) By the action of a zinc-copper couple on methyl
iodide in acidified alcoholic solution.

16. It will be seen that no equations have been given,
and it will be well to consider the subject of equations
very briefly.

An equation should tell us as far as possible (i) the
elements taking part in a reaction, their arrangement
before and after, and the weights of the initial and final
products; (i) the volume of any gaseous constituents;
and (iii) something (generally not much) about the con-
ditions of the reaction. In inorganic chemistry these
requirements are generally fairly fulfilled, but in organic
chemistry they are not, because as a rule the product
desired 1s only one of several, and may only represent a
very small part of the total products. Any use of
equations must hence be subject to this grave defect.

The equations generally given for the above reactions are

(1) NaC,H,0, + NaOH = Na,C0, + CH,

Sodium acetate

Even at this stage this equation suggests that the two car-
bon atoms in sodium acetate must have different properties,

(2) Zn(CH,), + 2 H,0 = Zn(OT), + 20H,

zinc methyl

(3)  CH,I+ H,=CH, + HI
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17.  Methane is a colourless tasteless gas with a slight
smell of coal gas; it can be liquefied by pressure and low
temperature, and boils at —164°. It is about half as
heavy as air, its vapour density [hydrogen = 1 being only
8 compared with that of air = 14'4, When mixed with
excess of oxygen and exploded, a contraction is observed
equal to twice the volume of the gas taken, and caustic
pctash absorbs from the residue a volume of carbon dioxide
equal to the volume of the original gas. An examination
of the products of explosion at 100° shows that a volume
of steam is formed equal to twice the volume of the original
gas, so that 1 c.c. of methane gives rise to 1 c.c. of
carbon dioxide and 2ec.c. of steam. Applying Avogadro’s
Law,

I molecule of methane givesriseto 1 molecule of carbon dioxide
+ 2 molecules of steam.

Now each molecule of carbon dioxide contains one atom
ot carbon, and each molecule of steam contains two atoms
of hydrogen, and there is no oxygen in marsh gas,

.. 1 molecule of methane contains 1 atom of carbon
+ 4 atoms of hydrogen,

and is represented by the formula CH,. This gives another
and independent proof of the composition of methane.

18. In addition to oxygen other reagents are used :—
(a) Chlorine :—

Exp. 10.—Mix a cylinder of methane with an equal
volume of chlorine. White fumes are seen in day-
light and the mixture explodes. The mixture also
explodes under the influence of daylight or burning
magnesium wire. The chlorine disappears and fumes
of hydrochloric acid are seen. The products are
hydrochloric acid gas, which is readily absorbed by
water, and another colourless gas, which is only
glightly soluble in water. The gas burns to a mix-
ture of carbon dioxide, steam and hydrochloric acid,
and the percentage composition and molecular weight
are represented by the formula CH,Cl, it is called
monochlormethane or methyl ehloride.
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Bromine and iodine have little or no action on this gas.

(6) Hydrochloric acid has no action.

(¢) Sulphuric and nitric acids have no action unless
above 150° and then the action is only
slow.

(d) Caustic potash has no action.

(¢) Oxidising and reducing agents do not affect the

a8,

Since the %uulacule of the gas contains four hydrogen
atoms combined with one carbon atom, the earbon atom
1s tetravalent, and it is only possible to obtain derivatives
from it by replacing or substituting one or more of the
hydrogen atoms by other monovalent atoms or groups as
in the above case of chlorine. In fact, the repeated action of
chlorine yields the bodies CH,Cl, CH,Cl,, CHCl,, and CCl,
which must be studied later together with the iodine sub-
stitution derivatives prepared by other methods.

19. Syntheses of methane which connect organic com-
pounds with inorganic may be given here.

(@) Hydrogen unites directly with carbon at 1200°
to form methane,

() An electric spark passing between carbon poles
in an atmosphere of hydrogen causes the formation
of methane to the extent of 2} to 3 per cent. of the
volume of the hydrogen.

(¢) A mixture of carbon bisulphide vapour and
sulphuretted hydrogen (made by passing sulphuretted
hydrogen through carbon bisulphide), when passed
over red hot copper loses sulphur, while the carbon
and hydrogen combine to form methane. An
equation can be written

8 Cll + 2 I{QB + CSE —c! GHES ‘I— OHJ

20. When the substitution derivatives of methane are
carefully examined it is found that only one mono-substi-
tution derivative, 7.. a compound formed by substituting
one hydrogen atom by one monovalent atom or group, can
be prepared. Thus it is possible to replace each of the
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hydrogen atoms in turn by chlorine, and the resulting
monochlormethanes are identical.

Hence we assume that all the hydrogen atoms are
symmetrically attracted by the carbon atom, and we draw
a formula to represent this in one plane, thus

H

I
Ei==i( = iE

|

H

or 1n space by representing the carbon atom as the centre
of a tetrahedron formed by the four hydrogen atoms, thus

These are constitutional formulae, and are of the greatest
use.  We must return to them later.

21. Starting with methyl chloride, CH,Cl, it is possible
to prepare an unlimited number of bodies. It is possible
to remove the chlorine from the molecule by means of
sodium. The methyl chloride is dissolved in ether and
sodium is placed in the solution. A gas is given off which
resembles methane in its reactions and is called ethane.
By combustion its percentage composition and the amount
required to contain one part by weight of hydrogen are
found to be Carbon = 8000 = 4

Hydrogen = 2000 = 1

100:00 = 5
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The vapour density [H=1] is 15, and its molecular
weight [IL = 2] is 30. Hence its molecular composition is
Carbon =4 x 6 =24 = (,

Hydrogen =1 x 6 = 6 = H,

5 X 6 =30
The formula C,H; may be considered to be derived from
CH, by (°) the substitution of a group of atoms C'H, for
one hydrogen atom, or (ii) the addition of a group CH,.
The former hypothesis is the only one which is consistent
with the tetravalency of the carbon atom, so we must
adopt it. Thus
CH,Cl 4 CH,C1 + 2 Na = CH, — CH, + 2 NaCl

It may also be expressed structurally like this

H H
B

H— 0 — CINaNaCli— C—H
H H

2. Ethane is a colourless, tasteless gas with a slight
smell. It burns in air and explodes when mixed with air
or oxygen. Chlorine acts upon it in sunlight substituting
one or more atoms of chlorine for hydrogen atoms as in
the case of methane. The most interesting of these
derivatives are ethyl chloride or monochlorethane C,H.(Cl
and the disubstituted compounds represented by the
formula C,H,Cl,, see §43. The other reagents mentioned
in § 18 do not attack ethane. Ethane resembles methane
still further, the methods of preparing methane being
also generally applicable to ethane. These are
1. By distilling sodium propionate a salt which contains

three carbon atoms with excess of soda lime
NaC,H,0, 4+ NaOH — Na,CO, 4+ C,H,
ii. By the action of water on sodium ethyl or zinc ethyl
Zn(C,H;), + 2 H,0 = Zn(0OH), + 2 C,H,
Zine ethyl
iii. By the action of the zinc copper couple on ethyl
1odide in aleoholic solution.
Curb. Comp,

2
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Perhaps the most important of the methods available is
that by which we arrived at ethane, viz. the action of
sodium on methyl chloride, since that method has enabled us
to add a carbon atom to a molecule of a carbon compound.

23. (Can we in any way explain the similarity of pro-
perties of methane and ethane? Can we connect it with
the presence in both their molecules of carbon atoms
which are tetravalent, and of tetravalent carbon atoms
alone? We shall find as we proceed that there is some such
intimate connexion. When the natural oil gas and the
natural petroleum oils are distilled they may be separated
into a large number of different fractions with approxi-
mately constant boiling points. Thus we can isolate
bodies having the formulae C,Hg propane, CH,, butane,
C,H,, pentane, etc., up to bodies with fourteen or more
carbon atoms in the molecule.

The properties of all of these bodies are similar to those
of methane and ethane, and they differ in composition by
regular amounts of one carbon atom and two hydrogen
atoms. The earlier members up to pentane C;H,, are
gases at ordinary temperatures, from pentane to decane
are liquids and with a higher carbon content they become
waxy solids. Such a series of bodies is called a komologous
series, and this series is called the paraffin sertes since the
members are so difficult to attack by reagents.

It will be noticed that the series is built up of carbon
and hydrogen atoms, of which the hydrogen atoms are
monovalent, so that they are held together by the attrac-
tion of each carbon atom for other carbon atoms. It is
this extraordinary peculiarity of the carbon atom of com-
bining with itself and forming new compounds, generally
called atom linking, which makes the subject of carbon
chemistry at the outset contrast so strongly with inorganic
chemistry.

94. Having once gained the idea that molecules can be
built up by the linking of carbon atoms we are able to
explain a further peculiarity noticed in the compounds of
the paraffin series. When the hydrocarbons contaimng
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four or more carbon atoms are examined carefully, 1t is
noticed that they have not always the same properties
even with the same percentage composition and molecular
weight. Thus in the case of dutane C,H,, we find two
bodies with different boiling points, — 17° and + 1° and
forming different series of substitution derivatives. Can
we explain this in any way ? ‘

An examination of the formula C,H,, shows that it can
be arranged in two ways and in two ways only, so as to
keep the carbon atoms tetravalent and the hydrogen
atoms monovalent : the two formulae are

,CH,

(CH;—CH,—CH,—CH, and CH,—CH

\CH,
The former would be called normal butane, the latter
isobutane. 'The existence of the two hydrocarbons and the
two series of compounds is certainly explained by the
hypothesis of valency and the existence of the two
formulae deduced on that hypothesis. The two butanes
are sald to be dsomers, and we define this phenomenon of
1somerism thus :—When two compounds have the same
percentage composition and molecular weight, 7.e. the
same molecular formula, but different properties, they are
said to be ssomerie with each other.

25. It should be noted that the natural oils and ofl gas
yield a large number of paraffins in their different frac-
tions, thus the oil gas contains methane to butane and
pentane; gasoline and benzoline contain pentane to
heptane; paraffin oil contains heptane to decane and
paraffin wax contains tetradecane and upwards, All these
hydrocarbons and their isomers can be prepared by
methods which are applicable to all. Thus we can (i) add
one or more carbon atoms to any hydrocarbon by acting
on a mixture of its monochlor derivative and methyl
chloride (or iodide) by sodium, or (ii) take away one
carbon atom by distilling a salt of the acid formed from
the hydrocarbon with soda lime,



CHAPTER 1V.

HYDROCARBONS (GDNTINUED] :—ETHYLENE, ACETYLENE,
BERZENE,

26. In the last chapter we removed chlorine from methyl
chloride CH,Cl by the action of sodium. We shall now
try to remove it by the action of the hydroxide of sodium
caustic soda.

Exp. 11.—Take a small flask fitted with thistle funnel,
cork and delivery tube for collection over water.
Place in the flask some alcohol and caustic soda or

otash and warm it. Pour in a few drops of methyl
or ethyl iodide by means of the funnel and collect
two cylinders of the gas which comes off. Apply a

light, the gas burns. Place one of the cylinders
containing the gas over a cylinder of chlorine. The

two gases combine and form oily drops.
20
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By the action then, of caustic alkali on methyl or ethyl
iodide we form a gas which is unlike ethane since it reacts
directly with chlorine to form an oily compound. The
percentage composition and molecular weight arve found to
indicate the formula C,H,, and the gas is called ethylene

27. Lthylene is generally preparel from alcohol by the
action of sulphuric acid. The reaction is most important
and will be discussed later, but briefly, the formation of
ethylene is due to the decomposition of a salt, ethyl
hydrogen sulphate, which is formed by the reaction between
the sulphuric acid and alecohol. The reaction may be
represented by the equations

; CJEHGO + ].'I_pS{.}l‘: 'LZJI-" . ]I804 + H_:D
Ethyl hydrogen sulphate

( 0,H,. HSO, = C,H, 4 H,S0,

Exp. 12.—Make a mixture of 10 c.c. of alcohol [methy-
lated spirit], 10c.c. of water, and 30ec.c. of strong
sulphuric acid, and place it in a glass flask fitted with
a thistle funnel and a delivery tube for collecting
over water. (Fig.5.) Heat the mixture to about 1€5°,
It froths and gives off ethylene gas. Collect four or
five eylinders of the gas.

(@) Turn one cylinder up and remove the cover. TIn
a few seconds apply a light to it. The gas
burns, it is not light enough to rise very
quickly in air,

(6) Place one cylinder over a cylinder of equal size
filled with chlorine. The gases disappear with-
out forming hydrochloric acid and appear as
oily drops (Dutch liquid).

(¢) Drop a drop of bromine into another cylinder.
The red colour disappears and oily drops are
again formed,

(d) Stand another cylinder over strong sulphuric
acid. The gas is slowly absorbed by the acid.

Ethylene is a colourless gas with a slightly sweet spiritu-
ous taste and smell. It boils at — 103°. Tt burns in air
with a more luminous flame than methane, and explodes
when mixed with three times its volume of oxygen. It
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combines directly with its own veolume of chlorine or
bromine vapour to form C,H,Cl, and C,H,Br, dichlor- and
dibrom-ethane or ethylene dichloride and dibromide respec-
tively. KEthylene combines slowly with hydrochlorie acid
and rapidly with hydriodic acid to form ethyl chloride and
10dide, respectively ; it combineswith sulphuric acid forming
ethyl hydrogen sulphate. Oxidising agents oxidise it and
reducing agents reduce it to ethane.

28. The characteristic differences between the properties
of ethylene and ethane are accompanied by a difference in
composition. KEthylene contains two atoms of hydrogen
per molecule less than ethane, and its molecule is able to
take up two other monovalent atoms or groups but no
more, 1n the place of the missing hydrogen atoms. The
difference is best summarised by considering that the two
carbon atoms of the ethylene molecule are trivalent, so that
they can take up two other monovalent atoms or groups
and thus become tetravalent. On.this account ethylene is
called an wunsaturated hydrocarbon.

A convention has been almost universally adopted to
express the existence of a pair of trivalent carbon atoms,
viz.: a double bond, so that ethylene may be given the
two formulac

H.C” — ¢""H, and H,C = CH,

Trivalent carbon atoms Double bond

[The practical conveniences of using the double bond
symbol may outweigh the objection to a name which
suggests that the mode of attraction symbolised by a
double bond should be stronger than that indicated by a
single bond, whereas the opposite is the case. |

The fact that unsaturated carbon atoms can only exist
in pairs explains why no compound CH, can be prepared
from methyl chloride, since the unsaturated carbon atoms
immediately pair off and form ethylene, CH,— CI..

Juast as in the case of methane and ethane, a whole series
of homologues of ethylene exists, forming the olefine seres.
The characteristic property of this series is the formation
of addition compounds by union with two monovalent
atoms or groups.
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29. To proceed with our investigations, when we try the
effect of removing chlorine or bromine from the molecules
of ethylene dichloride or dibromide by the action of a
caustic alkali in alcoholic solution, we find that a new gas
is produced with a characteristic smell [that of a Bunsen
burner burning back]. It is found to be represented by
the molecular formula C,H, and is called acetylene.

The same gas is formed, mixed with marsh gas, when
electric sparks are passed between carbon poles in an
atmosphere of hydrogen or of marsh gas, and the product
contains 10 per cent. of acetylene and 2'5 to 8 per cent. of
marsh gas in excess of hydrogen. A more convenient
method of preparing the gas is by the action of water on
calcium carbide CaC,, a product of heating quicklime with
carbon in the electric furnace.

Exp. 18.—Take a pneumatic trough of water and drop in
~ alump of calcium carbide. Cover the lump with an
inverted cylinder of water and collect the gas.
Notice the colour, taste, and smell of the gas. Test
it with a light, it burns with a bright smoky flame.

Pour into one cylinder some cuprous ammonium
chloride solution (Made by boiling copper oxide with
hydrochloric acid and copper filings. Pour the pro-
duct into water, allow the white precipitate to settle,
pour off most of the liguid and add Ammonium
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chloride until the precipitate dissolves), and add a
few drops of liquor ammonia; a bright red precipitate
is immediately formed.

30. Acetylene is a colourless gas with characteristic
taste and smell. It boils at 0° under a pressure of 21'5
atmospheres. It dissolves in its own volume of water. It
unites directly with chlorine, bromine, hydrochloric acid,
hydrobromic acid, and sulphuric acid to form addition
products by combining with two or four monovalent atoms
or groups; ot these products C,H,Br, acetylene tetra-
bromide is the most often used. Acetylene burns in air
and explodes when mixed with air or oxygen, and occa-
sionally it detonates violently. (Hence it is dangerous to
attempt to explode the mixture.) When delivered from
a small orifice, e.9. & gas burner, it forms a very luminous
flame and so it is used to enrich coal gas. It forms a red
compound with cuprous chloride, euprous acetitide, Cu,C,
which is decomposed by the action of acids, acetylene
being again set free. Acetylene is tormed when hydro-
carbons burn in an insuflicient supply of air or oxygen.

Exp. 14.—Take a dry cylinder, invert it over a Dunsen
burner burning at the bottom. In a few seconds
nearly close the cylinder with a glass plate and pour
in a small quantity of cuprous ammonium chloride
solution. Shake up well and then pour one or two
drops of ammonia solution down one side of the
cylinder ; a red precipitate is formed showing the
presence of acetylene in the products of combustion.

Acetylene is a poisonous gas combining like carbon mon

oxide and nitric oxide with the haemoglobin of the blood.

31. The properties and composition of this gas are best

summarised in the symmetrical structural formulae
H — 'H and HC=UH

which contain a pair of divalent carbon atoms and a pair
of carbon atoms united by a triple bond, respectively. As
in the case of ethylene the latter symbol 1s more generally
used though the objection to its use is similar in both
cases. When bromine combines divectly with ucetylene,
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forming acetylene tetrabromide, the carbon atoms again
become tetravalent, or the triple bond is broken. Acety-
lene like ethylene is the first member of a series of
unsaturated homologues, the acetylene or ethine series.

39. Since the carbon atom is only tetravalent it 1s useless
‘to proceed at present in the direction of removing more hy-
drogen atoms from its simpler compounds, so we return now
to the liquid product of the distillation of coal, the coal tar.

In the fractional distillation of coal tar a rough separa-
tion of the distillate is made by collecting it in water.
Part floats, the light coal tar naphtha, and when this 1s
redistilled a considerable fraction is collected in the form
of a liquid, boiling between 80° and 82°.  When lit it burns,
forming carbon dioxide and water and nothing else (except
carbon in the form of soot). Its percentage composition
and molecular weight are represented by the formula C;H,
and it is called benzene or benzol.

33. Chlorine acts fairly readily on benzene in the cold,
or more readily in presence of iodine. Fumes of hydro-
chloric acid are given off, and the product obtained contains
chlorine atoms substituted for hydrogen atoms. Now the
formula suggests that the carbon atoms cannot all be tetra-
valent, or that some of themn must be connected by double
bonds, 7.e. that the carbon atoms are unsaturated, and it
is hardly to be expected that an unsaturated body of the
character of ethylene or acetylene would form substitution
instead of addition products. In sunlight, however, addi-
tion of chlorine does take place, and the addition is limited
to six atoms forming (', IT,Cl;, benzene hexachloride. This
body easily splits oft hydrochloric acid on heating, forming
C,H,Cl,, trichlor-benzene.,

Hydrochloric acid has no action on benzene, presenting
another contrast with ethylene,

Hydriodic acid has no action on benzene unless heated
with it in a sealed tube, when two, four, or six hydrogen
atoms may be added, forming bodies of the formulae
CH;, C5H,, and CyH,,.  The strongest hydriodie acid under
the same circumstances can even add eight hydrogen atoms,
but the product is now identical with a hexane, C;H,,, a
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characteristic paraffin, and it has lost its characteristic
benzene properties,

34. Nitric acid has a remarkable and ch aracteristic action,

Exp. 15.—Take a small flask and put into it a mixture of
35 c¢.c. strong nitrie acid with 40 c.c. concentrated sul-
phuric acid. Drop into the mixture a few c.c. (not
more than 20 c.c.) of benzene, taking great care to
add it gradually, to keep it well shaken up, and to
keep the flask cool; when all the benzene has been
added warm to about 60°. The benzene becomes
yellow and acquires a smell of bitter almonds. Pour
the mixture into water, separate the yellow oil, dry
it by caleium chloride and distil it (Fig. 3). Any
unchanged benzene distils over first, but the hoiling
point of the mixture rises and a fraction is collected,
boiling at about 210°.

The product 1s a yellow liquid with a characteristic smell
of almonds, and boiling at 210°. Its analysis suggests the
formula C;H;NO,, and its molecular weight agrees with
this formula. It is called nifro-benzene, the group —NO,
which replaces one atom of hydrogen in the benzene being
called the mitro group. In this case it appears that the
substitution of a nitro group in benzene is attended by a
reduction of the nitric acid to the nitrous state, the hydro-
gen of the benzene combining with the hydroxyl of the
acid to form water. Thus the greater part of the reaction
may be represented by the equation

C:H; + NO,0H = C;H:NO, 4+ H,0

Sulphuric acid has a similar reaction when heated with
benzene for some time. A body of the formula C¢H; . SO;H
benzene sulphonie acid or sulphobenzene is formed, which con-
tains one atom of hydrogen replaceable by the metal of a
base. It is an acid formed by reducing sulphuric acid by

or expressed in the form of an equation
GﬁHu "I" SDEEOH);; — C;Hﬁ " SOIH + Hg{:]
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Weak solutions of alkalies and acids have no action on
benzene, nor have metals in the cold. Oxidising agents
form bodies with two or more hydrogen atoms replaced by
oxygen.

35. In the case of benzene then, we have to explain
these facts, (i) from its formula we should expect it only
to form addition compounds, yet it forms substitution
compounds in the cases of chlorine, nitric acid, and sul-
phurie acid. (ii) From its formula we should expect to be
able to add eight hydrogen atoms or chlorine atoms in
order to make all the carbon atoms tetravalent, yet we find
1t 1s difficult to add more than six such atoms and with
the final addition of the last two we get an abrupt change
of properties to those of a paraffin. (iii) The six carbon
atoms always keep together as long as the properties are
characteristic of benzene. (iv) The six hydrogen atoms
seem to be symmetrically situated in the molecule, since we
can prepare six monochlor benzenes in which each
hydrogen atom is sustituted in turn and they are all
identically the same. The most probable induction from
these facts is that the carbon atoms are symmetrically
connected. Three formulae have been drawn among others
which fufil these conditions, viz. (¢) a ring or hexagon,
suggested by Kekulé, (§) a prism, suggested by Ladenburg,
and (¢) an octahedron, suggested by Thomsen. Thus

H 1
| I |
//C\ {i; ﬁ
= T O ; \
H.

i e o L s

“C—H I
H Il

Of these formulae the first () is the one which best fulfils
the conditions, though it represents a plane instead of g

i _
| i
= N
H-C C-H I '
\\.\ / 5 {;-,_'. l,
C : G
|
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space relation of the atoms, It may also be arranged to
indicate that the carbon atoms are all trivalent or are
connected alteinately by double bonds, thus:—

]
C
i le/ \T‘H
H—C =
R
i

It shows that hydrogen atoms can be added in pairs of
two, four, or six, making pairs of carlon a‘oms directly
attracted by each other in the ring tetra alent, or severing
a double bond, and it shows that the addition of eight
monovalent atoms can only take place by splitting the ring,
which allows two extreme atoms to be added at the expense
of the loss of the ring structure.

It would be well to remind ourselves that a sfructural
Sformula is principally a convenient shorthand for embodying
facts and reactions, and may not represent any known
arrangement of the atoms within the molecule.

Hydrocarbons, which we assume to be built up on the
plan of benzene with a closed chain of carbon atoms, are
said to have a cyclo structure, in distinction to those which
have an open ehain structure.

36. Two other methods of preparing benzene should be

mentioned.

Exp. 16.—Take a few grammes of sodium "benzoate and
heat it in a test-tube with excess of sodalime. (Fig.7.)
Drops of a liquid ave formed, which havethe properties
of benzene.

The reaction between a benzoate and an alkali may be

expressed by means of an equation which represents part
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of the reaction, and indicates the similarity between this
method of preparation and that of preparing the paraffins.

C;Hﬁ(}z}rﬂ + N&OH p— NEI.HOD; + GEI;IU,
Sodinm benzoate

Fig. 7.

The second method is to pass acetylene through a red
hot tube. The molecules of acetylene join together and
form bodies of the formulae C,H,, C;H,; and C,H,.

The CsH, is benzene, and it will be noticed that its per-
centage composition is the same as that of acetylene though
its molecular weight is three times as great. Now, when
we have two bodies with the same percentage composition,
but different molecular weights, the body with the higher
molecular weight is said to be a polymer of the other.
Sometimes the polymer has properties which are similar to
those of the original, but sometimes, as in this case, the

properties are very different. The phenomenon is termed
polymerism.

37. Just as we can substitute hydrogen atoms in open
chain hydrocarbons by hydrocarbon groups, so we can do
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the same in the case of henzene. The resulting bodies
combine the properties of both nucleus and substituted
groups.

The first of these derivatives of benzene formed by
replacing one hydrogen atom by a methyl group is also
found in coal tar, and is called foluene, C:H,.CH,. It is
obtained from the fraction boiling between 110° and 112°,
and has a boiling point of 110°,
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IIALOID DERIVACIVES. CHLOROFORM,

38. Several of the haloid derivatives of methane are
both interesting and important. As we have seen already,
the action of chlorine on marsh gas forms in succession

Monochlormethane or methyl chloride. CH,CL
Dichlormethane or methylene dichloride. CH.(Cl,.
Trichlormethane or chloroform. OHL,.

Tetrachlormethane or carbon tetrachloride. CCl,.
Methyl chloride, CH,C1 is more readily prepared by heating
wood spirit, methyl alcohol, with concentrated hydro-
chloric acid under pressure, a reaction which may be
represented by the equation

CH,0 4+ HCl = CH,CL 4+ 11,0
It is a gas liquefiable by pressure and is used in the pre-
paration of aniline dyes. The group of atoms — CH,
which combines with the monovalent atom — Cl to form
methyl chloride is a monovalent group, the methyl group,
a good example of an erganie radicle.

39. Methylene dichloride CH,Cl, has no special points of
interest beyond the fact that the further substitution of
chlorine for hydrogen causes the boiling point of the
derivative to rise. Thus the boiling points of marsh gas,
methyl chloride, and methylene dichloride are — 164°,
— 22° and 4 42°, respectively.

40. We get further evidence of the effect of substituting
chlorine for hydrogen in the case of c¢hloroform, CHCI,
which is a volatile colourless mobile liquid of specific
gravity 1'527, boiling at 61°. It dissolves fats and has a
powerful anaesthetic effect.

Chloroform is prepared by the action of bleaching
powder on alcohol.

Exp. 17.—Take a large flask and place in it about

100 grammes of bleaching powder made into a paste
3l
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with water; add about 10 c.c. of alecohol. TFit to the
flask a cork and tube leading to a condenser, and distil
the mixture carefully (Fig. 8), or hetter, from a water
bath. The resulting distillate separates into two
layers of which the lower is chloroform. Tt may be
identified by its smell and by the following reaction.

N

Exp. i8.—Heat a few drops of chloroform with aniline
and caustic potash solution. A characteristic smell
is noticed, the 7so-nitrile smell, a test for chloroform.

_The explanation of this mode of preparation of -
chloroform is in two stages, which will be much more easy
to understand after a consideration of the properties of
aldehydes, see § 66 and 67.

41. Carbon tetrachloride, OCl, is most readily prepared
from carbon disulphide by passing chlorine through it.
It is a colourless volatile mobile liquid with a smell
similar to that of chloroform and with anaesthetic pro-
perties. It boils at 77°. It is interesting to note that it
keepsup the gradation of properties of the haloid derivatives
of the hydrocarbons though it contains no hydrogen at all.

42. Another important haloid derivative of marsh gas is
obtained by the action of iodine and caustic potash on
aleohol. The action is similar to that of chlorine and
slaked lime on alcohol, which produces chloroform.
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Exp. 19.—Put into a test tube some dilute alcohol and a
few crystals of iodine. "When the iodine has partly
dissolved, add a few drops of a strong solution of
caustic potash. The colour of the solution turns to
yellow, a solid separates out, and a characteristic
smell is noticed. The yellow solid is iodoform.

Lodoform, CHI, is a yellow solid which is soluble in
aleohol but so insoluble in water that its formation is used
as a test for alecohol. It melts at 119° and decomposes
at a higher temperature with the liberation of iodine.

The explanation of its formation is similar to that of
chloroform.,

43. When ethylene and chlorine are brought together in
equal volumes, they combine with the formation of a
dichlor ethane, ethyiene dichloride, C,H,CL, which from its
mode of formation must be CH,Cl — CH,CI.

The equation representing its formation may be given

CH, (Cl CH,C

| N 5
OBy €1 GH,C1

It is a colourless mobile liquid, boiling at 84°, and was
first prepared in 1795.

Now when phosphorus pentachloride acts upon aldehyde,
C,H,0, it substitutes two chlorine atoms for one oxygen
atom, and gives a dichlorethane, C,H,Cl,. This body
boils at 57°, and is also formed by the action of chlorine
on ethyl chloride, C,H,Cl. The explanation given is
that in this case the two chlorine atoms are attached to the
same carbon atom, while in the former case they are
attached to different carbon atoms.

This body is called ethylidene chloride, and is represented
by the formula CH, — CHCL, ;

The existence of these two bodies with the same mole-
cular formula, but with different properties is another
illustration of zsomerism, and of the extraordinary fertility
of the hypothesis of valency applied to the question of

molecular structure and structural formulae.
Carb. Comp. 2



CHAPTER VI
ALOOHOLS. ETHERS, GLYCERIN.

44. Tn inorganic chemistry we begin by considering the
products of oxidation of common bodies, and we discover
at once that there are elements and compounds, and that
the elements form oxides with contrasting characters which
we call basic and acid oxides.

TIf we pursue this method in organic chemistry we find
that it does not lead to much result. By trying to oxidise
the hydrocarbons we generally get only carbon dioxide
and water, though under certain circumstances, ¢.c. an
insufficient supply of air or oxygen, we obtain hydrocarbons
with less hydrogen than the originals, ¢.g. acetylene from
marsh gas.

45. On the other hand when we act on the hydrocarbons
with chlorine we form substitution derivatives which re-
semble the chlorides of the elements, if we consider the
organicradicles, methyl —CHjzand ethyl —C,H,, respectively,
as playing the part of elements. Thus

CH, | C1
K | Cl

Tf we take this point of view we should expect to be able
to obtain oxides or hydroxides of the radicles by the general
method of preparing bases, ¢.e. by the action of caustic
potash on the salt. When this experiment is tried, that 1s
when a solution of methyl chloride, or when methyl iodide
is heated with caustic potash, in addition to the ethylene
already noted, a liquid is formed which mixes with water
but may be partly separated from 1t by distillation as 1t

boils at 66°,
34
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Analysis gives the formula CH,0 which agrees with the
inference that the hydroxide CH;OH should be formed, as
suggested in the equation

CH,Cl + KOH = CH,0H 4+ KCl

If this is confirmed we must consider the hydrocarbons
as hydrides of the organic radicles of which we have now
been able to prepare a chloride and a hydroxide in the
case of methyl,

CH,Cl = methyl chloride,

CH;0H = methyl hydroxide,

CH;H = methyl hydride,
so that we have been able to produce oxidation of our
hydrocarbons, not directly, but by the stratagem of re-
placing hydrogen by chlorine and then chlorine by hydroxyl.

46. When prepared in this way the hydroxides are
found to be identical with bodies prepared in many other
ways, ¢.9. by the action of caustic potash on essential oils,
the fermentation of sugary solutions, and the distillation
of organic compounds.

Spirit of Wine or common aleohol is the most familiar of
the class and may easily be investigated.

Exp. 20.—Take a large flask and place it in some
solution of grape sugar. Place some yeast in the
flask and shake it well ; put the flask in a warm place
and allow it to stand for a few days. Observe the
frothing and prove that it is due to the formation of
carbon dioxide. After a time, fit the flask with a
cork and bent tube connected with a condenser
(Fig. 8), and distil off a few c.c. of the liquid. Apply
a light to a few drops ; the liquid burns. Mix a fow
drops with water, iodine and caustic potash solution,
the characteristic smell of iodoform is noticed.

By the action of yeast on grape sugar solutions alcohol
is formed. Examine the yeast under a microscope and
notice that it is composed of small rounded plant cells
belonging to the class of the Fungi. This plant Sac-
charomyces (Torula) cerevisiae, as well as several others,
when immersed in water obtains part of the energy
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required for building up its cell substance from a splitting

up of sugar into carbon dioxide and alcohol. The equation
C:H,,0; = 2 C,H, 0 + 2 CO,

represents 95 per cent. of the changed sugar, about 3 per

cent. appearing as glycerin, and *5 per cent. as succinic acid,

The other 15 per cent. is apparently oxidised further.

[It may be noted here that in presence of more oxygen
than can be obtained from its solution in water, sugar is
almost completely oxidised by yeast to carbon dioxide and
water, so that in the manufacture of bread only a very
small amount of alcohol is formed. |

The alcohol prepared by distillation is maturally wet,
and it is dried by standing over and distillation from
quicklime. This removes nearly all the water and the
final traces are removed when required by sodium.

4. Pure or absolute alcohol is a colourless liguid with
a characteristic burning taste and smell. It burns when
lighted. It boils at 78:3°, freezes at —130°% and has a
specific gravity of -79. It mixes in all proportions with
water and with ether, and it readily absorbs water vapour
from the air. On mixing with water there is a contraction
of volume, 52 c.c. of alcohol and 48c.c. of water making
only 96:4c.c. of the mixture. Its solution in water will
not light gunpowder moistened with 1t until it contains
49-3 per cent. by weight of spirit, thus forming proof spirit.

Chlorine acts upon aleohol, substituting three hydrogen
atoms by three chlorine atoms and at the same time remov-
ing two more hydrogen atoms by oxidation. A body of the
formula O,CLHO is formed, which is called chloral and
which crystallises from water forming chloral hydrate,
C.Cl,H,0,.

Hydrochloric and hydrobromic acids act on alcohol
substituting chlorine or bromine for one oxygen and one
hydrogen atom, and forming ethyl chloride and ethyl
bromide, respectively. These reactions suggest the basic
character of alcohol, thus

OEH{,DH —I" HC]. pr— C‘IH.EO]- -I" HQO

Hydriodic acid also replaces hydroxyl by hydrogen, form-

ing an iodide as an intermediate product, but the hydriodic
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acid attacks this iodide forming free iodine and ethane;
this may be put in equation form, thus

Sulphuric acid combines with alcohol, forming an acid
sulphate, hydrogen ethyl sulphate, thus
C.H,0H + H,S0, = C,H; . HS0O, 4+ H,0

Oxidising agents, ¢.g. chromic acid or alkaline perman-
ganate solution oxidise alcohol very readily to aldehyde.

Exp.21.—Take two or three drops of alcohol in a test tube
and add potassium bichromate solution and sulphuric
acid. Warm the mixture, the chromic acid turns
green from reduction, and a new and characteristic
fruity smell is noticed.

48. Since nitric acid is an oxidising agent as well as an
acid, its reaction with alcohol is very complicated, part of
the alcohol being oxidised and part of the nitric acid being
reduced. The reduced nitrous acid combines with the
alcohol to form ethyl witrite, C;H,NO, as well as ethyl
mitrate, C,H;NO,. Ethyl nitrate can be formed in this
reaction by removing the nitrous acid as fast as it is
formed by some readily oxidisable body such as urca.

Exp. R2.—Take two test tubes; into both put a few
drops of alcohol and nitric acid, but into one put
some urea as well. Warm both of them. Both
give off a pleasant smell, but the urea mixture does
not give off as much nitrous fumes as the other.

Alcohol then has the properties of an ordinary base and
combines with acids, forming salts and water.

Sodium dissolves readily in aleohol, replacing hydrogen
and forming a body sodium alcoholate or sodium ethylate,
represented by the formula C,H,ONa.

49. A most important reaction is that between alcohol
and the haloid compounds of phosphorus. Phosphorus
pentachloride acts readily on alcohol, substituting one
chlorine atom for one oxygen and one hydrogen atom, and
forming ordinary ethyl chloride, C,H,Cl.  These two



98 ATCOHOLS. ETHERS. GLYCERIN.

atoms must hence be arranged in the molecule in the form
of a group (— O — H), a hydroxyl group. The reaction is
so characteristic that it is used in the preparation of the
haloid derivatives of the paraffins. The phosphorus com-
pound need not be made first, but can be formed during
the progress of the reaction.

Exp. 23.—Into aflask put about 20 c.c. of alcohol (methy-
lated spirit will do), and add to it three grammes of
amorphous phosphorus. Weigh out as much iodine
as would be required to combine with the phosphorus,
to form phosphorus tri-iodide = about 30 grammes,
and add it gradually to the aleohol until it is all dis-
solved. Allow the mixture to stand for some hours,
adapt a condenser (Fig. 8), and then distil it.
After shaking with dilute caustic potash solution,
separate the heavy ethyl dodide, dvy it by standing
over dry calcium chloride and redistil (Fig. 3).

Alcohol dissolves many substances insoluble in water,
e.g. resing, ete., and so i1s much used in manufactures. To
avoid the consumption of this alcohol, which does not pay
duty, it is methylated by adding 10 per cent. of crude wood
spirit and as much paraffin as it will dissolve. On the
Continent, bone oil is often added for the same purpose.

50. Before leaving the subject of alcohol it would be
well to give an inductive proof of the structural formula of
alcohol, based on the properties given above.

(i) The percentage composition and molecular weight
indicate the formula C,H,O.

(ii) By the action of sodium upon alecohol one hydrogen
atom 1s substituted by one sodium atom, and so one hydro-
gen atom must be different from the other five. We
indicate it by writing the formula, thus

C,H,0—H'".

(1ii) Phosphorus pentachloride removes one oxygen and
one hydrogen atom and substitutes one chlorine atom.
Hence we must assume that the oxygen and the hydrogen
atom are arranged as a monovalent group, the hydroxyl
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group. Call the hydrogen atom of the hydroxyl group H”.

Our formula now reads :
GH, oo

(iv) We have now to decide whether the hydrogen atom
replaced by sodium is the same as that replaced with
oxygen by phosphorus pentachloride, 7.c. are H' and H"
identical? We can try (i) the action of phosphorus

entachloride on the sodium substitution derivative, and
(ii) the action of sodium on the chlorine derivative. In (i)
the sodium atom disappears with oxygen, and their place
is taken by chlorine, in (ii) the action of sodium gives us
an entirely different body from the original, or the sodium
derivative, viz., the hydrocarbon, bufane, C;H,. Hence H'
and H” must be identical and our formula now reads

C.H;. OH

This formula can only be arranged in one way to
agree with the valencies of the atoms and the presence
of the hydroxyl group, z.e.

151 H

l |
H-C—C—-0-0H

| I

H H

which represents it as ethyl hydroxide. This is taken
as the formula of alcohol.

‘We confirm this by building up alcohol from methane,
by a series of steps making successively methyl chloride,
ethane, ethyl chloride, and alcohol.

51. We may now return to the first alcohol made by
the action of caustic potash solution on methyl chloride,
v.e. methyl aleohol. This was first prepared and examined
by Robert Boyle in 1661,

It is commonly prepared by the distillation of wood.
The distillate, which 1s acid, is neutralised by lime and
distilled. The fraction boiling about 60—70° contains
the methyl alecohol. This wood spirit is very difficult to
to purify. Methyl alcohol is also prepared by distilling
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Wintergreen oil with caustic potash solution. Potassium
salicylate is formed at the same time, see § 91.
C.H «0; + KOH =K . C;H,0,+ CH,0H.
‘Wintergreen oil, Potassium salicylate.

Methyl alcohol is a colourless liquid boiling at 66° and
of specific gravity ‘8. Tts properties are so similar to
those of ethyl alcohol that it is not necessary to repeat
them. Tt differs, however, when pure, in one important
particular, viz. it does not form chloroform or 1odoform
by the reaction of bleaching powder or iodine and caustic
potash solution respectively.

92. Some other alcohols are common bodies, e.g. fusel
oil, C,H,,0H, and it is possible to make many alcohols by
general methods, ¢.e. from hydrocarbons, ete. (i) The
most general method is the substitution of chlorine for
hydrogen in the hydrocarbon, followed by the substitution
of hydroxyl for chlorine by means of caustic potash, or
better by freshly prepared silver hydroxide. This method
gives a poor yield owing to the formation of ethylenes,
and so a variation is generally used. (ii) The iodo
derivative is warmed with sodium acetate, thus forming an
acetate ot the alcohol, and the organic salt is then heated
with caustic soda solution. The reaction may be expressed
by equations, using, for simplicity, methyl iodide and
alcohol as an example :—

CH,I 4 NaC,H,0, =CH,.C,H,0, + Nal
{ CH; . C;H;0, 4 NaOH =Na . (,H,0, + CH,0H

0d. If we attempt to prepare a hydroxide or alcohol
from benzene by the action of eaustic potash on mono-
chlorbenzene, wefind that no action takes place. If, however,
we take the product of the action of sulphuric acid on
benzene, benzene sulphonic acid, GeH,SO,H, and treat
that with caustic potash, first in solution to form a
potassium salt, potassium benzene sulphonate, C;H,SO,K,
and then by fusing the salt with caustic potash in a silver
basin, we find that a change has taken place. The fused
mass is soluble in water, and on addition of dilute acid
deposits a liquid which sinks to the bottom and may be
separated. The liquid has a characteristic smell of carbolic
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acid, and blisters the skin. Ifs percentage composition
and molecular weight are represented by the formula
CsHg0, and it is called phenol. Phosphorus ]_IIEFttﬂE:]llDI‘I(].B
reacts with it and substitutes hydroxyl by chlorine, so that
1ts formula must be represented by C,H;OH.

The mode of formation may be represented by the
equation

OEHE . SO:;K + ICOH — 05H50H + KgSOa

It is general for benzene compounds, and applies to the
insertion of any number of hydroxyl groups.

94. Phenol is generally prepared from coal tar. The
fraction of the distillate boiling hetween 150°—200° is
talken, mixed with a solution of caustic soda and the
heavy solution separated off. The solution is mixed with
dilute sulphuric acid and the resulting oily liquid redis-
tilled. The portion boiling about 180—190° is again
separated and is phenol, or carbolic acid, so called because
it combines with alkalies to form soluble compounds
resembling salts. Phenol is generally liquid, but when
freed from water may be crystallised as a solid melting at
42°and boiling at 182°. It is colourless when first prepared,
but soon reddens on exposure to the air. It dissolves in
fifteen parts of water, in alcohol and in ether.

Exp. 2¢.—To a solution of phenol in water add some
ferric chloride solution to which alkali has been
added until nearly neutral. A violet colour is seen.
To some more of the solution add a drop of bromine,
A yellowish precipitate is at once formed, Dj p a pine
splinter into phenol and then dip it into hydro-
chloric acid, it soon turns green. Add a solution of
caustic potash to some phenol, it now dissolves in
water.

Phenol has the characteristic reactions of benzene with
sulphuric and nitric acids, forming phenol sulphonie acid,
C:H, 5%1;[[{’ and  nitro phenol, GGH;I%[I:}IE, respectively. A
characteristic property of phenol is that it acts as a germicide
In strong solutions, and better in the liquid state ; in dilute
solution, on the other hand, it has very little action,
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[Another general method of preparing phenol is to
pass from benzene through nitro-benzene and aniline.
The latter is decomposed by boiling with nitrous acid
forming phenol and nitrogen. See § 114.]

55. Since the properties of alcohols are similar to those
of metallic bases we might expect that they would form
oxides on heating, just as most bases do; but this 1is
seldom the case, so that the alcohols resemble the caustic
alkalies in this respect. It is, however, easy to remove
water in presence of a dehydrating agent,—in the case
of ethyl alcohol, sulphuric acid is used.

Exp. 25.—Fit up a flask with a condenser, dropping
funnel and thermometer, reaching mnearly to the
bottom of the flask. In the flask place a mixture of
about equal volumes of sulphuric acid and alcohol,
and heat it by a sand bath to about 140°. Fill the
dropping tube with a mixture of alcohol and sul-
phuric acid and allow it to frickle in from time to

Fig. 9.

time. A volatile liquid comes over, with a
characteristic smell of ether,
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56. Ether is a volatile, mobile, colourless liquid of
specific gravity ‘72, boiling at 35° and solidifying at —129°.
Its percentage composition and molecula weight are
represented by the formula CH,0. When rapidly
volatilised the heat which is rendered latent in the ether
vapour is supplied by any bodies with which it is in con-
tact and they become very cold, so much so that an ether
spray is largely used to produce local cooling.

Exp. 26.—Take a small beaker and place it on a few
drops of water on a block of wood. Put some ether
in the beaker and blow air through it by means of a
tube and bellows. The ether cools, the water
freezes, and the beaker sticks to the wood.

Ether acts as a solvent and is able to extract many
bodies from their solutions in water. It has also a
valuable anaesthetic action. Kther burns in air and
explodes with oxygen; care must always be taken to
evaporate ether only on a water bath and without a flame
very near it.

Chlorine acts rapidly on ether, substituting chlorine for
hydrogen atoms until finally it replaces them all forming
C.C1,0. This suggests that all the hydrogen atoms are
similar, and so no hydroxyl group can be present.
Hydrochloric acid has little action on ether. Hydriodic
and sulphuric acids act upon ether, splitting it up into a
mixture of ethyl alecohol and ethyl iodide or ethyl
hydrogen sulphate, respectively.

Nitric acid and other oxidising agents oxidise ether.

Sodium and alkalies have no action on ether.

Phosphorus pentachloride acts upon ether when they
are heated together, substituting two chlorine atoms for
one oxygen atom and splitting it up at the same time into
ethyl chloride. In order to explain this reaction we must
assume that ether is an oxide of ethyl, (C.H;),0, corre-
sponding to the hydroxide aleohol, C,H;0H, and bearing
the same relation to it as the oxide of sodium, Na,O, does
to 1ts hydroxide, NaOH.,

97. We can now explain the reactions between sulphurie
acid and alcohol. When sulphuric acid is mixed with
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alcohol, the acid sulphate, ethyl hydrogen sulphate,
Cg];-i[;1 . H50,, is formed, and the water is removed by the
aci
' GH,0H+ H,80,= C;H, . HSO, +HL,0.
The acid sulphate when heated to 160° in presence of
fﬁlphurie acid splits up into ethylene and sulphuric acid,
us :—
GgHﬁ . HSDJI — 021’1{ + IIQSO_}

But if there is an excess of alcohol and the temperature is
kept below this, about 140°, then the alcohol reacts with
the acid sulphate, forming ether and sulphuric acid. The
equation may be given thus:—

C,H,. HSO0, 4+ C,H,0H = (C,H,),0 + H,S0,

Since the sulphuric acid is regenerated, the process is con-
tinuous so long as the sulphuric acid is strong enough to
form the acid sulphate. It is hence called the continuous
etherification process.

Again, since hydriodic acid splits ether into alcohol and
10dide, perhaps the process can be reversed to form ether.
The reversal is at once brought about by acting on the
aleohol first with sodium and then on the sodium deriva-
tive by the iodide. An equation may be given

CyH,0Na 4 GH T = *°> O + Nal

This is a general reaction and is used to make mized ethers,
e.g. the action of methyl iodide on sodium alcohol would
form methyl ethyl ovide,

C.H,

C;H,0Na + CH,I="3*> 0 4 Nal

58. It may have been noticed that the formula C,H,,0
could also be written to represent an aleohol, C,H,0H,
butyl aleohol as well as ethyl ether, (C,H;),0. It would
appear from this that the ethers have the same percentage
composition and molecular weight as alcohols, ¢.e. they are
isomeric compounds, but there is sometimes held to be a
difference betfveen isomerism of this kind and that which
we have noticed between different hydrocarbons with the
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same molecular formula, since these classes of compounds,
the alecohols and ethers, have different class properties,
while the hydrocarbons of the same formula have in
general similar class properties. This variety of 1somerism
may be called mefamerism, and the compounds metainers.

59. We have seen that the alcohols are hydroxides with
oxides corresponding to them, they are monacid or monad
bases derived from hydrocarbon radicles. We should
therefore naturally expect to find diacid or diad bases and
triacid or triad bases among the alcohols. This is the
case, provided the hydroxyl groups are attached to different
carbon atoms of the molecule, the case in which the
hydroxyl groups are attached to the same carbon atom is
considered in the next chapter.

[It must be mentioned that there is some confusion of
terms about this point, and the terms monatomie, diatomic,
etc., and monohydrie, dihydrie, ete., alcohols are some-
times used instead of the dase terminology given above.
A little consideration will shew the inadvisability of using
the same adjective to express the number of atoms in a
molecule and the number of hydroxyl groups in an
alcoholic molecule, |

60. Only one of the polyad bases need be discussed now,
viz. glycerin or glycerol, discovered by Scheele in 1779.

In the manufacture of soap by the action of caustic soda
on fats, the watery solution left after the separation of the
soap may be evaporated down and distilled. After the
water has evaporated, a sweetish liquid is left, which boils
at about 290°. TIts molecular composition is represented by
C,HgOs, and it is glycerin.  Glycerin is prepared now by
the action of superheated steam on fats. Glycerin is a
thick colourless syrup of specific gravity 1:27. It melts
at 20° after being crystallised, and boils when pure at
290°. It is very hygroscopic and is used in the manu-
tacture of stamping inks, flexible glue, ete.

Exp. 37.—Apply a light to a little glycerin on a crucible

lid, it does not burn. Heat the glycerin to 150°,
It now burns when lighted.,
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The reactions of glycerin are very complex. Chlorine
causes oxidation. Hydrochloric acid forms salts, replacing
one or two hydroxyl groups by chlorine. Sulphuric acid
forms a sulphate of glycerin, and nitric acid a nitrate,
which contains three mnitrate groups and is a tri-nitrate,
C;Hs(NOg)s. This body is nitro-glycerin or ¢rinitrin, which
explodes violently when its detonation is once started by a
shock. Phosphorus pentachloride removes three hydroxyl
groups and replaces them by three chlorine atoms, forming
trichlor propane, C;H;Cl;. These facts are best explained
on the assumption that the three carbon atoms are directly
united, and that there are three hydroxyl groups, one
united with each carbon atom thus

CH,(OH) — CH(OH) — CH,(OH).

This formula is confirmed by synthesis.

As glycerin is an alcohol we might expect changes on
dehydration, thus distillation with calcium chloride removes
three molecules of water from two molecules of glycerin,
forming glycerin ether, (C3H;),0;. Phosphoric anhydride
or sodium hydrogen sulphate also remove water, forming
acroléin, C;H,0, a body with a characteristic smell of burnt
fat.



CHAPTER VIL

ATIDEHYDE. CHLORAL. S8SUGARS.

61. As the oxidation of the hydrocarbons by the intro-
duction of hydroxyl for hydrogen has led to a distinct class
of bodies, the alcohols, and as alcohol so readily reduces
common oxidising agents, it would be well to investigate
the oxidation products of alcohol more carefully.

Exp. 28.—Take a flask fitted with a thistle funnel, and
connected with a condenser, and place in it 20 grammes
of potassium bichromate covered by 60 c.c. of water.

Tig. 10.

Drop in a cold mixture of 20c.c. of aleohol and
15 c.c. of strong sulphuric acid. Be careful not to
allow the temperature to rise, and not to run in the
alcohol mixture too quickly. Redistil the distillate
from a water bath at a temperature of 30°, using a

good condenser, and collect the : n{
about 20—22°, portion boiling

47
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The distillate has different properties from alecohol, and
its composition and molecular weight are represented by
the formula C,H,0. Since its formula differs from that of
the parent aleohol, C,H;O, by two hydrogen atoms it is
called efhyl or acetic aldehyde, ox more shortly, aldehyde.

62. Aldehyde is a colourless mobile liquid with a
characteristic fruity smell and burning taste. It boils at
21°, Tt is soluble in water, alcohol and ether, and readily
dissolves sulphur, phosphorus, iodine and resins. Chlorine
acts upon aldehyde forming various compounds: in pre-
sence of chalk and water it substitutes three chlorine
atoms for three hydrogen atoms, and forms chloral,
C,HCL0, thus suggesting that three of the hydrogen atoms
are similarly situated to each other and differently from
the other one. Hydrochloric and sulphuric acids cause a
curious and characteristic change. At ordinary tem-
peratures the effect of these acids is to raise the boiling
point of the liquid, and at the same time its molecular
weight becomes tripled. It is now represented by the
formula (C,H,0); as a polymer of aldehyde, and it is
called paraldehyde. If the aldehyde is at 0° the acids
cause it to polymerise iuto a solid, metaldehyde.

Nitric acid, chromic acid and other oxidising agents
are readily reduced by aldehyde, more readily than by
alcohol.

Exp. 29.—Take a solution of silver nitrate in a test
tube, add to it a few drops of ammonia solution
until the precipitate at first formed redissolves. Then
add a few drops of potash solution until the solution
becomes slightly turbid. Add a few drops of alde-
hyde. The silver is reduced, more quickly on
warming, in the form of a lustrous metallic lining to
the tube, the silver mirror.

Add a few drops of aldehyde to some Fehling’s
solution of copper and boil. The yellow precipitate
of reduced cuprous oxide is seen.

This reduction of silver and copper is used as a test for

aldehyde. _

Sodium amalgam reduces aldehyde again to alcohol.
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In presence of caustic alkalies aldehyde is readily
resinified to aldehyde resin, another characteristic test.

Exp. 30.—Boil a few drops of aldehyde in a test tube with
a strong solution of caustic potash. It turns yellow
and then brown from the formation of aldehyde resin.

63. Phosphorus pentachloride substitutes two chlorine
atoms for one oxygen atom, indicating the absence of any
single hydroxyl group, and also that the carbon atoms are
not joined by the oxygen atom. Hence if three hydrogen
atoms are similarly situated (see § 62), if there is no
hydroxyl group and if the carbon atoms are connected, we
arrange the formula for aldehyde thus :—

H H
H_é_och‘ﬂ or H-é-(}f%
i i

The first formula assumes that the valency of an atom is
determined in every case by the number of other atoms on
which it is acting directly; in this case carbon is trivalent
and oxygen monovalent. The second or double bond form
assumes that carbon is always tetravalent and oxXygen
divalent.

These formulae do not readily indicate the connection
between aldehyde and alcohol ; the properties of chloral,
together with the compounds formed by oxidising alcohol
with potassium permanganate, suggest the most probable
explanation of the formula of aldehyde and of its properties.
Probably oxidation of alcohol to aldehyde takes place in a
usual manner, viz. the oxidation of a hydrogen atom to a
hydroxyl group, which may be represented thus :

2CH,CH,0H 4+ 0, =2 CH,CH(OH),

Under ordinary circumstances two hydroxyl groups
attached to the same carbon atom readily split off water, in
this case  CH,CH(OH), = CH,CHO + H,0

We have evidence of a similar property of metallic bases
in the cases of mercuric hydroxide which has not been
prepared, as it immediately splits up into mercuric oxide

Carb. Comp. 4
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and water, and cupric hydroxide, which splits off water
when warmed.

We can now understand why phosphorus pentachloride
substitutes the oxygen atom by two chlorine atoms, since
the oxygen atom represents two hydroxyl groups.

64. Aldehyde with its two hydroxyl groups has the pro-
perties of a metallic peroxide, and can unite both with a
weak acid and a weak base; thus it combines (i% with
ammonia forming a clear crystalline compound, aldehyde
ammonia, and (ii) with hydrocyanic acid forming a hydroxy
cyanide. Equations may be given,

(i) CH,CH(OH), + NH; = CH,CH(OH)NH, 4 H,0

(i) CH,CH(OH), 4+ HCN = CH,CH(OH)CN + H.0

65. Starting with methyl alcohol instead of ethyl, it 1s
oxidised in the same way to the aldehyde of the lowest
possible carbon content, formaldehyde or methyl aldehyde,
represented by the formulae

H — CHO or HCH(OH),
This body is readily formed by the oxidation of methyl
alcohol by free oxygen under the influence of platinum,
but its special interest is connected with the probability
that it is the first product of reduction of carbonic acid
by the green plant, which may perhaps be represented by
the equation
CO(OH), 4+ H,0 = HCH(OH), + O,
Its properties are similar to those of aldehyde.

66. Chloral is prepared by passing chlorine through
alcohol for a long time. The resulting liquid is distilled,
mixed with water, and choral hydrate, CCL,CHO, H,0 or
CCLCH(OH),, is crystallised out.

Ohloral hydrate is a colourless crystalline solid with a
faint smell, which is more pungent on warming. It dis-
solves in water, and is readily acted on by caustic alkalies
with separation of chloroform.

Exp. 81.—Take a few erystals of chloral hydrate and

dissolve them in water in a test tube. Add caustic

otash, the solution turns milky and drops are soon
noticed with the characteristie smell of chloroform.



ALDEHYDE, CHLORAL. SUGARS. 51

We find out what has taken place when we discover that
the solution contains another compound, potassium formate,
HCO,K, so that the reaction may conveniently be expressed
m equation form, thus :

CCLCH(OH), + KOH = CHCY, + HCO0,K + H,0

6%7. The formation of chloroform by the action of bleach-
ing powder on alcohol may also he simply but not completely
explained. (4) The hypochlorite oxidises the alcohol to
aldehyde and at the same time chlorinates it in presence
of free lime by substituting three chlorine for three
hydrogen atoms, forming chloral. (3) The alkali, lime-
acts upon the chloral formed and splits it into chloroform
and calcium formate. An exactly similar explanation may be
given for the formation of iodoform, the intermediate
product being todal, CI,CHO.

68. A very large number of interesting scents and
flavours, e.g. oil of bitter almonds, vanilla, ete., are
derived from aldehydes, but these are generally heyond
the scope of this work. There 18, however, another class
of bodies which have characteristic aldehyde reactions,
These are sweet bodies which crystallise out of plant or
fruit juices and are called sugars. Other sugars are also
obtained from animals, notably the sugar contained in
milk and prepared by the evaporation of whey,

Now though it has not been possible to convert the
sugars 1mto vapour without decomposing them, their
molecular weights have heen determined by other methods.
We should first, therefore, examine their percentage coms-

position : Grape Sugar, Cane Sugar.
Carbon 10°00 42-11
Hydrogen 667 6:43
Oxygen 9333 =8 X 6:67 01'46 =8 x 6:43
100-00 100:00

Though the sugars have not all the same composition, yet
they agree in having the ratio of oxygen to hydrogen as
eight to one, exactly the same ratio as these elements have
In water. The composition of grape sugar is apparently
the simplest, being represented by CH,0, or some multiple-
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of it, cane sugar being represented by C,,H;O,. The
multiple in the case of grape sugar, as determined by
solution methods of determining molecular weights, is 6,
so that grape sugar is (CH,0); or CgH,.05 Nearly all
the sugars of higher molecular weight, when boiled with
dilute acids, are changed to bodies of the same percentage
composition as grape sugar and with similar properties.

89. Grape sugar, dextrose, or glucose is found in
most ripe sweet fruits and may be crystallised from
their juice. It is found crystallised in raisins. 1t 18
a crystalline solid melting when pure at 86°. Hydrochloric
acid acts on it, substituting chlorine for hydroxyl and
forming chlorides. Nitric acid has a similar action, forming
nitrates, so that grape sugar is basic, .. probably alcoholic
in character. It dissolves in sulphuric acid, but i1s not
readily charred by it. Grape sugar is oxidised by chromic
acid, a property of an alcohol though it is also character-
istic of an aldehyde.

Exp. 32—Boil a little grape sugar solution with
ammoniacal silver solution, Fehling’s solution, and
caustic potash solution. The first two are reduced,
the last is turned brown.

Hence grape sugar reduces silver salts to the metal,
cupric salts to cuprous, and is resinified by caustic potash,
so that it has the characteristic properties of an aldehyde.
Tt is also reduced to an aleohol by sodium amalgam.

Hence, on the whole, the best formula to sum up the
properties of grape sugar should represent its carbon
atoms as all connected, and as arranged to form an alde-
hyde and some alcohol groups. There is only one way of
doing this readily, viz.:—

IS R ET S
|

| i
H—é~0—0—0#?ﬂ0€%
| |
o

]11 %I HE S S S
or in the abbreviated form CH,0H(CHOH),CIIO.
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Grape sugar has a characteristic property in being
fermentable by yeast into alcohol and carbon dioxide ;
it also rotates the plane of polarisation of light.

70. Cane sugar is obtained from the juice of the sugar
cane, or beet root. The juice is either expressed and
evaporated in vacuum pans, or diffused out into water and
then evaporated. It is purified by being passed in solution
through animal charcoal and then erystallised out.

Cane sugar has a characteristic sweet taste and dissolves
in one-third of its weight of water.

Exp. 33.—(a) Boil some cane sugar solution with
potash solution and Fehling’s solution. Then boil
some more cane sugar with dilute sulphuric acid
for some time, say half-an-hour, and try these tests
again.,

(6) Pour some strong sulphuric acid on cane sugar.

It does not reduce Fehling’s solution until after being
boiled for some time. It is blackened by strong sulphuric
acid. It 1s changed by boiling with dilute sulphuric acid
for a short time, and now gives the grape sugar tests
at once.

Analysis shews that it is split up by dilute acids into
a mixture of equal parts of grape sugar and another sugar
of the same percentage composition and molecular weight
called laevulose. Laevulose is isomeric with dextrose. This
reaction may be represented by an equation

012H22011+H20 — GﬁHmon e O{;HHOE
cAne Sugar dextrose. laevulose.

This kind of chemical change or splitting, produ
simply by the addition of water, gis E&llﬂdpﬁyd?‘ﬂ%;fﬂ%. =

Grape and cane sugars are typical of two most important
classes of the carbokydrates, so called because of the
relationship of oxygen to hydrogen in their percentage

composition. It must not be assumed however, that they
are water compounds,



CHAPTER VIII,
ACIDS,

71. Havineg observed that aldehydes possess reducing
properties, it becomes advisable to examine the products of
their oxidation, and in order to do so we submit the alde-
hyde or alcohol to the action of the oxidising agent for
some time.

Exp. 34.—Take a half-litre flask, fitted with a cork and
upright condenser so as to run the distillate back.
Place in the flask about twenty grammes of potassium
bichromate covered with dilute sulphuric acid (one in
five). Warm by a water-bath and pour down the
condenser a few c.c. of aldehyde or alecohol. The
smell gradually changes to that of vinegar. Turn
the condenser down and heat the flask. Collect the
distillate coming over from 110° to 120°, Test it with
litmus, chalk, ete. It it acid.

The acid distillate appears to be similar to vinegar, and
to wood vinegar, from which it is generally prepared.

¥2. Vinegar is prepared from dilute spirit solutions, by
the action of Bacterium aceti, a Fungus which oxidises
the alcohol by means of the oxygen of the air while the
solution is trickling over faggots.

The watery liquid obtained in the dry distillation of
wood contains wood spirit, and is also sour from the

resence of an acid.

From both of these products a pure acid is prepared by
neutralisation with lime and crystallisation of the lime
salt. The lime salt is purified by recrystallisation and
distilled with hydrochloric or sulphuric acid. The acid

distils over,
o4
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—Take a small retort, place in it about five or
Exl:;:zﬂ?ﬁgraimea of calcium or sodium acetate. Cover it
with strong sulphuric acid. Heat carefully and
collect the product. It is a pungent smelling liquid.
Test it with litmus,

B}
5
o R
T h
Pl
il _:é'j: ¥,

Fig, 11.

Whether prepared from aldehyde or vinegar, the proper-
ties of the body are the same. Its percentage composition
and molecular weight are represented by the formula
C,H,0,, and it is called acetic acid.

78. Pure acetic acid is a colourless liquid of specific
gravity 1'055. It blisters the skin, and has a characteristic
pungent smell, which on dilution is like that of vinegar.
It melts at 17° and boils at 118°. The vapour density of
its vapour has the peculiarity of being nearly twice as great
Just above the boiling point as at higher temperatures ;
1t has been supposed that it has a higher molecular weight
at low temperatures than at high ones, Rach molecule
at the lower temperature may perhaps be represented by
(C.H,O,),. It acts as a solvent for many bodies which arve
soluble in water, ¢.9. sulphur and phosphorus.

Exp. 36.—Apply a light to some acetic acid in a basm.
It does not burn, Heat the basin and apply a light
to the boiling acid ; its vapour now burns,
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Chlorine acts upon acetic acid by substitution only, and
substitutes three chlorine for three hydrogen atoms in
succession, producing three different compounds, mono-
chloracetie, dichloracetic, and trichloracetic acids. No
oxidation is noticed.

Hydrochloric acid, sulphuric acid, nitric acid, chromiec
acid, and oxidising agents generally have no action on
acetic acid, but an allkaline solution of potassium perman-
ganate is able to oxidise it (to oxalic acid). Phosphorus
pentachloride acts on acetic acid, substituting one chlorine
atom for hydroxyl, and forming acetyl chloride, C,H,0 . Cl,
a fuming liquid.

74. The most characteristic compounds of acetic acid are
its salts, prepared by the direct reaction between the
acid and bases or basic oxides. Acetic acid is a mono-
basic acid and only contains one atom of replaceable
hydrogen per molecule. All its salts are soluble in water,
but they are frequently decomposed by boiling water
and give precipitates of a basic salt,

Exp. 87— Neutralise some acetic acid with soda and

crystallise out the sodium acetate.

Dissolve litharge or lead carbonate in moderately
strong acetic acid and crystallise out lead acetate
(sugar of lead).

Add a solution of acetate of soda to ferric chloride.
A red solution of ferric acetate Fe(C,H,0,); is seen.
Neutralise and boil this, and a brown precipitate of
basic ferric acetate comes down Fe(OH),C,H,0,.
This precipitate is insoluble in water and is used to
remove iron from solutions containing phosphates.

75. We have now sufficient data to decide on the
formula of acetic acid, and we arrange it thus:

H
I
I

H

This formula embodies the facts :
(@) One atom of hydrogen is replaceable by metals and
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one hydroxyl group by chlorine under the action of
phosphorus pentachloride. .

(¢) Three hydrogen atoms are different from the other
one and can be substituted by chlorine without destroying
the acid characters of the body.

(¢) It is prepared from aldehyde by oxidation, one
hydrogen atom being oxidised into a hydroxyl group.
Thus :

2 CH,CHO 4 0,= 2 CH,COOH

76. It would perhaps be well to write out an inductive
proof of the formula in sequence, thus : .

(¢) The percentage composition of acetic acid is
represented by the formula CH,0.

() The molecular weight is 60, so the molecular
composition is represented by 2 (CH,0) or C,H,0,.

(¢) Metals, basic oxides and bases act on acetic acid
replacing one atom of hydrogen by one atom of the metal
of a monad base, so we can write the formula of the body.

C,H0,. H

(d) Phosphorus pentachloride acts on acetic acid,
replacing one oxygen and one hydrogen atom by one
chlorine atom, forming C,H,0Cl. Hence we assume
that a hydroxyl group is present, and may write the
formula C,H,0. OHH' Now in order to decide whether
the hydrogen atom replaced by metals is the same as
that of the hydroxyl group, we endeavour to act upon
the chloride by caustic soda. This only substitutes
sodium again in place of the chlorine by addin
oxygen as well so that we can assume that these two
hydrogen atoms are the same and write the formuls,

C,H,0.0H

(¢) The action of chlorine in replacing one, two or
three hydrogen atoms by the same number of chlorine
atoms without altering the hasicity and general properties
of the acid confirms the fact that three hydrogen atomsg
are differently sityated from the other one,
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(/) Considering these facts in the light of the valencies

of the atoms concerned, the fmmula. must be arranged
like this:

H-—0—0€7 =

and it agrees with the fact of the formation of acetic
acid by oxidation.,

77. The process of oxidation is evidently only a
continuation of the oxidation of alcohol to aldehyde
b}* the conversion of a hydrogen atom into a hydroxyl

oup, thus alcohol, DHaCH OH is oxidised to uIdeh} de
CH,CH(OH),, w hmh 1s oxidised further to acetic amd
CH,C(OH);. Just as aldehyde cannot keep its two
h}rdmx}?l groups attached to one carbon atom, so acetic a,md

cannot do so and water is split off, leaving CH; — <OH

This monovalent group of atoms (—COOH) is termed the
carboxyl group, and is characteristic of organic acids. So
general 1s the presence of this group in organie acids that
it has been adopted to define them in preference to the
properties selected for defining inorganic acids.

78. [Additional weight is given to the formula for acetic
acid by another method of building it up, from marsh gas.

Methyl chloride or iodide is converted into methyl cyanide
by the action of an alcoholic solution of potassium cyanide.
The resulting methyl cyanide contains two atoms of
carbon, so we have added one carbon atom to the methyl
group. When the cyanide is boiled with dilute acids it
gplits up into ammonia which combines with the acid, and
acetic acid, thus :

CH,CN + 8 H,0 + HCl=CH,C(OH); 4+ NH,Cl
= CH,COOH + NH,Cl1+4+ H,0

This is a most important general method of synthesising
or gnﬁlm acids by the addition of carbon atoms, one at &
time
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79. When we start to oxidise methyl alcohol, HCH,OH,
or methyl aldehyde, HCHO, we prepare at once an acid
with the molecular composition represented by the formula,
HCOOH, and called formie acid, from its identity with an
acid first prepared by distilling red ants. The method of
preparing acids by oxidising alcohols is thus a general
method. .

Formic acid is also prepared by distilling oxalic acid
with glycerin, but the reaction is complicated.

Formic acid is a colourless liquid of specific gravity
1-22, boiling at 99-9° and freezing at 8:6°,

Its reactions are very similar to those of acetic acid, and
all its salts are soluble. As it has only one carbon atom
it is the lowest acid and cannot very readily form
substitution derivatives.

80. It has, however, two very important differences
from acetic acid. (@) When boiled with sulphuric acid it
forms carbon monoxide. (4) It is very readily oxidised
even by weak oxidising agents.

Exp. 38. Take a test tube and pour into it about 1 e.c. of
formic acid and 5 or 10 c.c. of sulphuric acid and heat,
Apply alight to the mouth of the tube. The gas given
off burns with a characteristic blue flame forming
carbon dioxide, so that it is carbon monoxide.

Take a solution of silver nitrate, add to it
ammonia and potash, as in Exp. 30, and add formic
acid and warm. A silver mirror forms. Take a
solution of mercuric chloride, and add formic acid
and boil. The mercuric chloride is reduced to
mercurous chloride.

This difference between the two acids is best explained
after an inspection of the formula HCOOH, which can
be arranged in two ways: (i) as an acid HCOOH

'DI’HT;-C ‘{OH and (ii) as an aldehyde HO — CHO or
' Carboxyl Group.

H—0-:( ﬁg In the latter case the formula 18 written
Aldehyde Group.
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as an aldehyde of hydroxyl which oxidises very readily to
carbonic acid,

81. One important reaction of the acids has been already
given. When heated with excess of sodalime the carboxyl
group splits up, part being retained by the hydrocarbon
formed from the residue of the acid, and part by the base
in the form of carbonate. We can express the reaction
generally by an equation using the symbol C,H,,,, to re-
present a paraffin,

G,.I':[g,.+1 GOONE + NaOH = OHHE:-|+2 + NH;COE

‘When sodium formate is heated with sodalime, » = g,
and hydrogen is formed.

[Two other important reactions may be mnoted. (1)
Heating the calcium salt of the acid alone. (1) Heating
the calcium salt of the acid with calcium formate. The
first reaction results in the formation of a derivative of the
acid in which a hydrocarbon radicle takes the place of the
hydroxyl in the carboxyl group, and which is termed a
ketone. In the case of calcium acetate an equation which
represents part of the reaction, viz. the formation of the
ketone, acetone, is

(CH,C00),0a = CH,COCH, 4 CaCO,

calcinm acetate. acetone.
When calcium formate is used the hydrogen of the formate
enters the carboxyl group in place of the hydroxyl group,
thus causing a reduction of the acid to aldehyde. We
may represent this part of the reaction, in the case of
heating calcium acetate and formate, by an equation,

(CH,C00),Ca + (HC00),Ca = 2 CH,CHO + 2 CaC0;

¢aleium acetate. calcium formate, aldehyde.

The second reaction is of great interest, as it enables us to
preparve aldehydes direct from acids containing the same
number of carbon atoms. ]

82. Many aromatic resins when heated with lime yield
benzene, and when gum benzoin is heated by itself it
forms a nearly colourless sublimate of fine needle-shaped
crystals, These crystals when heated with lime yield
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benzene and caleium carbonate, so that they are a source
of benzene. On analysis the crystals are found to have
the molecular formula C;H;0,. They melt at 121° and
boil at 250°. They are much more soluble in hot water
than in cold; they dissolve readily in alkalies, and may
be crystallised out from their solutions, in the form of salts
which ave much more soluble in water than the original
substance.

When treated with phosphorus pentachloride, hydroxyl
is replaced by chlorine forming a characteristic compound,
resembling acetyl chloride. These reactions can be best
explained by assuming that the crystals are an acid,
benzote acid, and that it contains the benzene ring, thus:

C.H,COOH
Confirmation is obtained (i) by the formation of the acid
from toluene, C;H,CH; by the action of chromic acid, and
(ii) by its synthesis from benzene by passing form benzene
to benzene cyanide or benzonitrile, C;H,CN (see § 108),
followed by the splitting of this compound under the action
of dilute acids or alkalies to form benzoic acid, C;H,COOH,

and ammonia.

83. When sorrel or rhubarb juice is evaporated a
crystalline salt is formed, which is decomposed on heating,
leaving potassium carbonate behind, and forming carbon
monoxide and carbon dioxide. This suggests the presence
of a salt of potassium with an organic acid, so we must try
to prepare the acid in the usual way, by precipitating the
potassium salt as a lead salt by the addition of lead
acetate, and precipitating the lead as lead sulphide by
sulphuretted hydrogen.

Exp. 89. Dissolve 10 or 15 grammes of salt of sorrel in
water. Add a solution of lead acetate. Filter the
precipitate and wash it well. Suspend the pre-
cipitate in water and pass in sulphuretted hydrogen.
When all the lead is precipitated as lead sulphide,
filter, and evaporate the filtrate, crystals separate out,

The crystals have the composition represented by the
fqrmulﬂ CH,0,, and are called oxalic acid, but as water is
given off on heating and the substance left has much the
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same properties as the acid, the formula might be written
CO.H, H,O. This substance is an acid, turning litmus
red, and forming salts and water when reacting with basic
oxides and bases.

By solution methods we find its molecular weight is
represented by the double formula C,H,0; or C,H,0,
2 H,0O, so that we can now make use of the fact that it has
the same formula as carboxyl, a monovalent group, by
writing the formula thus:

C(OH), COOH
I or | . 2 H,0
C(OH), COOH

We both satisfy the properties of the acid, and the
valencies of its atoms. This formula, showing the exist-
ence of two carboxyl groups in a molecule of the acid,
suggests that the acid must be dibasic, and we find that
this is the case; oxalic acid forms two series of salts, the
normal and the acid, represented in the case of potassium
salts by the formulee

K.C,0,, HO and XKHC.O, H.,O
normal potassium oxalate. acid potassium oxalate.
- This fact alone would make us infer that the doubled
formula, (CO,H),, 2 H,0, must be used to represent the
body.

84. Chlorine, hydrochloric acid and nitrie acid have no
action on oxalic acid, but it is readily oxidised to carbon
dioxide and water by potassium permanganate or man-
ganese dioxide and sulphuric acid.

Exp. 40.—Take a solution of oxalic acid, add a little
dilute sulphuric acid, and warm it to 60°. Run in
a few c.c. of potassium permanganate solution. This
salt 18 decolorised, and bubbles of a gas are given off,
which is proved to be carbon dioxide by lime water.
Repeat the experiment using manganese dioxide
instead of potassium permanganate. The manganese
dioxide dissolves, and the oxalic acid is again
oxidised to carbon dioxide and water. In each case
manganous sulphate should be proved to be in the
solution.
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Heat decomposes oxalic acid; first it splits off water
and then decomposes further into a mixture of carbon
monoxide and dioxide, and water. The action of strong
sulphuric acid is similar, and the oxalic acid splits up into
a mixture of carbon monoxide and dioxide, the water
being retained by the sulphuric acid. The decomposition
may be represented by the equation,

(COOH),, 2 H,0=CO0,+ CO+ 3 H,0

Exp. 41.—Take a small flask fitted with thistle funnel
and delivery tube (Fig. 5). Place in the flask about
2 grammes of oxalic acid and cover with excess of
strong sulphuric acid. Heat and collect the gas
over water saturated with carbon dioxide. Measure
the volume collected, transfer it to caustic potash
solution, and let it stand. The gas is about half
absorbed, and the residue burns with a light blue
flame, forming carbon dioxide. Hence the gases,
carbon dioxide, and monoxide are evolved in ap-
proximately equal volumes.

Oxalic acid forms a large series of salts, of which the
most useful and characteristic are the normal and acid
potassium oxalates already noticed, salt of lemon and
sorrel, KH(,0,, H,C,0,, 2H,0, and -calcium oxalate,
CaC,0,, which is insoluble in acetic acid, but soluble in
hydrochloric acid.

85. There are many modes of preparing oxalic acid,
perhaps the most interesting are :

(1) The action of heat on sodium formate, when
hydrogen is given off and sodium oxalate is formed.
This may be expressed in equation form thus:

: 2 HCOONa =H, + (COONa),

(i1) The action of carbon dioxide on sodium at 360°,
[Potassium can only be used in a weak solution in
mercury, 2 per cent. potassium amalgam.] This may be
summarised in an equation,

: 200, + 2 Na = (COONa),

(i) Oxalic acid is generally prepared from carbo-
hydrates thus :

(@) By the action of nitric acid on sugar.
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Exp. 42.—Boil some sugar with nitric acid for some time
in a small flask. Crystals separate out which should be
recrystallised from water. The crystals are oxalic acid.

(b) By the action of hot caustic potash on sawdust
or other forms of woody tissue. The mixture is fused
in shallow iron pams, boiled out with water, and the
oxalic acid crystallised out on acidification.

86. When milk goes sour, or when sugar is allowed
to ferment in neutral solution under the action of Bacillus
lactis, an organism which produces souring of milk, a
characteristic acid, lactic acid, is formed.

If zinc oxide is used to keep the solution neutral, erusts
of a crystalline zinc salt are formed. These crusts are
suspended in water and precipitated by means of sul-
phuretted hydrogen. On evaporation an oily liquid is left,
with the percentage composition and molecular weight
represented by C,H,0,; this liquid is lactic acid. A similar
body, sarcolactic acid, is found in muscular tissue,

87. Lactic acid acts on bases substituting one atom of
hydrogen by one atom of a monovalent element, and when
heated with lime it splits off carbon dioxide, and forms
alcohol. Probably then it is an acid with a carboxyl
group, C,H;0 . COOH. Hydrobromic acid substitutes one
bromine atom for one hydroxyl group, forming a derivative
of the corresponding acid of the acetic series with three
carbon atoms, viz.: monobrom-propionic acid. Hence there
is probably a basic or alcoholic hydroxyl group in the
molecule, and we may write it C,H,(OH).COOH. This is
confirmed by the fact that phosphorus pentachloride sub-
stitutes two hydroxyl groups by two chlorine atoms, so
that lactic acid may be called a Aydrozy or oxy-propionie

acid.
When we come to draw out the possible formulae we
find that there are two possible lactic acids, viz. :
CH,CH(OH)COOH and OH,(OH)CH,COOH
B a & a
To remember which is which we adopt the plan of letter-
ing the carbon atoms from the group which gives the body

its name, in this case the carboxyl group gives the body
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the name of acid so that the carbon atoms are lettered
a, B, v, ete., starting from the one attached to the carboxyl
group. £ AN

Then the former acid becomes «-hydroxy propionic
acid, and the latter B-hydroxy propionic acid.

88. We can prepare the two acids by different methods
which leave no doubt as to the identity of the acid prepared,
thus to prepare the «-acid, we act upon aldehyde with
hydrocyanic acid as mentioned in § 64,

CH,;CHO 4 HCN = CH,CH(OH)CN.

The action of dilute acids converts this oxycyanide into
lactic acid and an ammonium salt. The methyl group
can only be changed by substituting its hydrogen, and no
such substitution can be observed in this case. The acid
prepared must be the a-lactic acid, CH,CH(OH)COOH.

We can also prepare «-lactic acid from propionic acid,
CH;CH,COOH, by acting first with chlorine which substi-
tutes chlorine for hydrogen in the a-position forming «-
chlorpropionic acid, CH,CHCICOOH, following this by the
substitution of hydroxyl for chlorine by the action of potash.

These two methods of preparation ‘are both general for
oxy-acids. a-lactic acid, sometimes called ethylidene lactic
acid, is found to be identical with the natural fermentation
lactic acid. It is a thick hygroscopic syrup which gives off
water when heated, forming an anhydride. It is split up
by dilute acids to a mixture of aldehyde and formic acid,
and 1t is oxidised to acetic and carbonic acids, both of
w]_léch reactions confirm the suggested formula of e-lactic
acid.

89. The chief difference between sarcolactic and ordinary
lactic acid is that the former is optically active and dextro-
rotatory, while the latter is optically inactive. The latter
18, however, half converted into the sarcolactic variety by
the action of the blue mould, Penicillium glaucum, while
the other half is used up by the mould, When separated
the ordinary inactive acid is found to he a mixture of equa.i
parts of the dextro-rotatory sarcolactic sacid and a laevo-

rotatory acid of equal rotatory power,
Carb. Comp, 3]
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00. The f3- or ethylene lactic acid, CH,(OH)CH,COOH
can be prepared from glycerin by several methods which
are beyond the scope of this volume, Briefly, they consist
in substituting chlorine for hydrogen in the p-position,
followed by the substitution of hydroxyl for chlorine. The
first step is more difficult than the corresponding step in
the formation of the «-acid. It forms no anhydride on

heating. It is oxidised with the formation of carbonic and
oxalic acids.

91. When wintergreen oil is boiled with caustic
potash, in order to obtain methyl alcohol, and the caustic
potash, solution is acidified with hydrochloric acid, a silky
white precipitate is formed. This precipitate dissolves
readily in alkalies to form one series of salts only, and is
an acid, salicylic acid. It has the percentage composition
and molecular weight represented by the formula
07H503. -

When heated with lime, phenol, C;H;0H, is formed and
chalk is left, exactly what we should expect from a carboxyl
derivative of phenol, C,H,(OH)COOH ; in fact it is possible
to insert a carboxyl group into phenol by passing through
phenol sulphonic acid, C;H,(OH)SO,H, and phenol cyanide,
C.H,(OH)CN. Salicylic acid is a colourless crystalline
solid, almost insoluble in water but soluble in alcohol. It
acts as a preservative of fermentable substances, and is
used in medical practice.

Exp. 43.—(a) Heat a little salicylic acid with quicklime

in a small test tube and notice the smell of phenol.

(b) Take some salicylic acid and pour some caustic

otash solution on it, it readily dissolves; add some
dilute hydrochloric acid, the acid is precipitated.

(¢) To a solution of salicylic acid in a minimum
quantity of alkali add some ferric chloride solution.
A violet colour is formed.

(d) Add some bromine water to some salicylate
solution, a white precipitate is formed.

Salicylic acid is prepared commonly by adding to phenol
one equivalent of caustic soda, evaporating to dryness,
heating the powdered mixture to 130°, and passing In
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carbon dioxide. Salicylic acid and phenol are formed ; the
action may be represented by the equation :
2 G;H,ONa + 00, = C;H,0NaCOONa + C;H,0H.
sodium phenol sodium salicylate :
Three salicylic acids are known, but the one prepared in
this way and used for preservative purposes is represented
by the formula

H
0
HC C—OH
|
HC (;!'-COOH
\e
1]-1 ,

In which the hydroxyl and the carboxyl groups are
attached to adjacent carbon atoms of the benzene ring,
Such a compound is called an ortho-compound and salicylic
acid is ortho-salicylic acid.

92. When the juice of ripe juicy fruits is evaporated,
crystals generally separate mixed with sugar. The
crystals dissolve in water, and may be purified by re-
crystallisation in presence of dilute sulphuric acid or.
carbonic acid which make the crystals less soluble.

However, in the natural fermentation of grape juice
carbon dioxide is formed which causes the precipitation of
the same insoluble crystalline substance, farfar, which
yields potassium carbonate on ignition. The body is
recrystallised and forms cream of tartar. When heated it
chars and forms potassium carbonate, so it appears probable
that the original body is a potassium salt of an organic
acid. Cream of tartaris dissolved in water, and precipitated
as a lead or calcium salt, which is suspended in water and
decomposed by sulphuretted hydrogen in the former case
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and by sulphuric acid in the latter. The solution is
ovaporated and deposits crystals of an acid body of a
composition represented by C;H,O; called tartaric acid.

93. Tartaric acid forms two series of salts, and two only,
with different amounts of caustic potash solution, so that it
is probably a dibasic acid, containing two carboxyl groups.
Tt is acted on by hydrobromic acid with the substitution of
two bromine atoms for two hydroxyl groups, so that it
probably contains two alcoholic hydroxyl groups. The
best way in which a formula can be arranged to agree with

this is COOH
|
GH(OH]
|
GH(OH)

|
COOH
The presence of so many hydroxyl groups is accompanied
by an instability under the action of heat, sulphuric acid,
and oxidising agents, even silver salts being reduced by
the acid.

Exp. 44.—(a) Heat some crystals of tartaric acid alone
and with concentrated sulphuric acid, and notice the
decomposition products.

() Shake up a silver solution with ammonia and
potash as in Exp. 80, and add some cream of tartar
solution. Warm and observe the silver mirror.

The two tartrates of potassium are of interest, the normal
salt, K,O,H,C;, 1H,0, being soluble, and the acid salt, cream
of tartar, KHCH,O,, being rather insoluble in water.
Rochelle salt, a double tartrate of sodium and potassium,
KNaC,H,0,, 4H.0, is also useful on account of its solubility.

94. The tartrates of the heavy metals are interesting as
they are insoluble in water but soluble in cream of tartar
golution, with formation of soluble double tartrates. These
double tartrates are also soluble in excess of alkali, so that
they prevent the precipitation of these metals by alkalies.
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Use is made of this property in making up an alkaline
solution of a copper salt, Fehling’s solution, and in making
up soluble preparations of iron and of antimony.

Exp. 45.—(a) To a solution of a potassium salt add a
solution of tartaric acid, and rub the inside of the
containing vessel with a glass rod. The insoluble
acid salt, hydrogen potassium tartrate, cream of tartar
separates out. :

(6) To a solution of ferric chloride add tartaric
acid in excess, and then add excess of ammonia
solution. The solution turns brown but no precipitate
of ferric hydroxide is formed.

(¢) To a solution of copper sulphate add Rochelle
salt and then caustic potash in excess. No precipitate
appears even on boiling, though the solution turns to
the blue colour characteristic of alkaline solutions of
copper.



CHAPTER IX.

ETHEREAL SALTS. SAPONIFICATION.

95. We have just seen that wintergreen oil is decom-
posed by alkalies yielding methyl aleohol, 7.e. an organic
base, and salicylic acid, an organic acid. Many other
natural oils and fats are similarly decomposed, yielding
other alcohols and other acids. It would be of interest to
study the formation and properties of a few salts of
organic bases and organic acids, .e. ethereal salts or esters.

We might at first expect that the resemblance between
organic and inorganic acids and bases would be so com-
plete that mere addition of an alcohol to an acid would
cause neutralisation, accompanied by the formation of an
organic salt and water, but this is not generally the case.
In order to form a salt we require the presence of a
dehydrating agent i some form, the two generally used
being concentrated sulphuric acid or hydrochloric acid gas.

Exp. 46.—Fit a distilling flask with a thermometer and
condenser, as in Fig. 3. Make a mixture of 50 c.c.
alcohol (methylated spirit), 32 c.c. of glacial acetic
acid, and 9 c.c. of strong sulphuric acid, and pour it
into the flask. Warm the liquid and collect all
liquid coming off below 100°. Pour the distillate
into water and shake well: allow to separate, and
pour off, separate or pipette off the more oily
upper layer. Redistil this upper layer from solid
caleium chloride and collect the fraction, boiling
about 74—75.° It is a pleasant smelling liquid, acefic
ester.

70
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96. Acetic ester is a colourless liquid with a pleasant
fragrant smell, somewhat like that of apples. Its per-
centage composition and molecular weight are represented
by the formula C,HO,. By the action of concentrated
caustic potash solution it is split up into ethyl alcohol,
which distils off, and potassium acetate, which remains in
solution. This suggests that the body must be considered
as ethyl acetate, with the formula CH,COOC,H,. It is
fairly soluble in water (1 in 12), and on standing the
water becomes strongly acid from formation of free acetic
acid. This decomposition by water, or hydrolysis, gives
one explanation of the non-formation of the salt by the
action of the free acid on the aleohol, since the water
tends to split up the salt as soon as it formed. The
equation is generally written thus:

CH,COOH + C,H,0H Z IH,0 4 CH,COO0C,H,
The two arrow heads indicate that the direction of the

change depends upon the relative proportions of the
products, and on the conditions of the reaction.

97. We have already seen that glycerin, an alcohol, is
obtained from fat in the process of soap-making, and we may
now investigate the whole change and the nature of fats.

Exp. 47.—Boil some suet with a dilute solution of
caustic potash until it is mostly dissolved. Pour
off the clear liquid, and add to it an excess of hydro-
chloric acid. There is an immediate white precipi-
tate of flocks of a fatty substance. Collect some of
the precipitate on a filter paper. Mix some of the
precipitate with water; it is insoluble. Add potash
solution, the precipitate dissolves, and is again pre-
cipitated by the action of an acid. Tt is probably,
therefore, an acid or acids.

 Examination of the flocks prepared in this way from
different animal fats shows that they are mixtures, and it

is possible to squeeze out by pressure a yellow oil, and
leave a white wax-like solid.

The yellow oil consists for the most part of an oil repre-
sented by the formula C,;H,COOH, and called oleie acid.
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The white solid differs in composition with its source.
Thus from hard fat and Shea butter its composition is
represented by C;HyuCOOH, called stearic acid, and from
softer fats and Japanese wax the composition is represented
by C,;H;,COOH, called palmitic acid.

The last two acids are paraffins with a carboxyl group
substituted for hydrogen, and the first is an olefine with
one pair of trivalent carbon atoms or a double bond.

98. The properties of palmitic and stearic acids are so
similar that they are generally considered together. They
are colourless fatty bodies, melting at 61° and 71°, respec-
tively. They are insoluble in water, soluble in alcohol,
benzene, etc., and in solutions of alkalies. They combine
with bases to form salts, the soaps. The soluble alkali

salts are soluble in pure water, but insoluble in salt
water.

Exp. 48.—Make a solution of soap in water and add to
1t some salt. The soap comes out of solution in the
form of flocks, which rise to the surface. Filter off
some of the flocks and boil them with water; they
are soluble in pure water, so that they are not
fatty acids.

The soaps of the alkaline earths, calcium and magnesium
especially, are insoluble in water, and are precipitated by
the addition of soap solution to hard water. This precipi-
tation is quantitative, and is used for the estimation of
hardness of water.

Soap solution has a curious effect on the surface tension
of fats and oils, so that finely divided particles of fats do
not tend to run together in a soapy solution. Such an
intimate mixture of fat particles and water is termed an
emulsion, and the cleansing properties of soap are due to
the formation of an emulsion of any particles of grease by
the action of the soapy water.

The sodium soaps are harder than the potassium soaps,
so that the latter are generally called sof¢ soaps.

99. Since glycerin and fatty acids are prepared by
splitting fats by the action of caustic potash, we believe the
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common fats are compounds of glycerin with the acids,
palmitie, stearic, and oleic, and since glycerin is a triad
base, we should expect the formula of the stearic acid fat

to be
GnHﬁOOD ] OHQ
I
C,:H,,000 — CH
GHHMODO — OHQ.

This agrees with the percentage composition of this fat,
and it is called stearin or tristearin. Similar formulae are
given to fripalmitin and trioléin, 1.e, (CysH;3,CO0),(H; and
(G H3COO0),C5H,, respectivel y.

The process of splitting a neutral fat by the action of a
base, forming a soap and glycerin is termed saponifi-
cation, but the term is extended to include the splitting of
a neutral body into base and acid generally.

100. Palmitic and stearic acids being paraffins with a
carboxyl group substituted for hydrogen are members of
the acetic series, and it is instructive to compare the pro-
perties of the higher and lower acids; their changes of
melting point, boiling point, solubility in water, etc.

Just as it is possible to make an ethyl ester from acetic
acid, so it is possible to do the same with palmitic and
stearic acids, by passing hydrochloric acid gas into an

alcoholic solution of the acids. Thege esters, represented
by the formulae

OmHmCODGzHﬁ ﬂnd Ol?HBﬁGOOOﬂHa
are crystalline bodies melting at 24° and 33° respectively.



CHAPTER X,
OYANOGEN COMPOUNDS.

101. We have now to deal with a very important class
of organic bodies, the eyanogen compounds, which contain
nitrogen combined with carbon. We have already noticed
one important use of these bodies in the synthesis of
organic acids.

When electric sparks are passed through a mixture of
acetylene and nitrogen they partly combine to form a gas
which smells of bitter almonds, and is soluble in caustic
potash solution. The gas is obtained purer from the
solution in caustic potash by the action of dilute sulphurie
acid.

The gas is more conveniently obtained from bitter
almonds themselves.

Exp. 49. Pound some bitter almonds in a mortar, add
water and mix them well up; allow the mixture to
stand in a warm place. After a few hours place the
mixture in a flask fitted with a condenser (T'ig. 8)
and distil. Be careful to do the distillation in
a draught chamber, and not to inhale the fumes.

The distillate contains a volatile acid, having the per-
centage composition and molecular weight represented by
the formula HCN, and called kydirocyanic or prussic acid.
The folmation of the acid is accompanied by the formation
of oil of bitter almonds or benzaldehyde and glucose, and
these are all derived from a compound of the three bodies,
a glucoside, amygdalin, O,HyNO,;, which may be dissolved
out of the almonds by cold water. The equation which
represents the reaction is:

CyH,NO,, + 2 H,0 = C;H, — CHO 4+ 2 C.H,.0; + HCN

amygdalin ben :’;nl;:leh yde glucose
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102. To obtain the pure acid, the dilute solution is mixed
with calcium chloride and distilled, when it is found to
form a colourless liquid solidifying at — 15° and boiling at
26-5°. It has a characteristic smell of bitter almonds or
laurel leaves, and is one of the most poisomous bodies
knowu, as regards animal life, either in a state of vapour
or in solution. It burns in air when lighted. Hydro-
cyanic acid is soluble in water, and combines with bases to
form salts in which the one hydrogen atom is replaced by
the metal of a base.

One of the most interesting syntheses of hydrocyanic
acid is by the action of chloroform on ammonia under
pressure. This synthesis leaves little doubt that ordinary
prussic acid has both the nitrogen and the hydrogen atom
in direct combination with the carbon atom. The
mechanism of this reaction may be demonstrated thus:

0l Hi
HCZ (14 1 > N=HON + 3 H(l
O H

This mode of formation of the acid justifies the use of a
triple bond between the nitrogen and carbon atoms to
indicate that the nitrogen atom is playing the part of
three monovalent atoms or groups, HC =N

103. On mixing caustic potash with excess of hydro-
cyanic aecid and evaporating the solution we obtain a
colourless deliquescent solid, potassium cyanide, KON. The
salt is very soluble in water and also but to a less extent in
alcohol. It is a very poisonous salt. As hydrocyanic acid
is a weak acid, potassium cyanide smells of prussic acid
since the carbon dioxide of the air forms a strong enough
acid in presence of moisture to decompose the salt.

Potassium cyanide precipitates other metallic cyanides
from solution, ¢.g. silver and mecuric cyanides, AgCN and
Hg(CN),, but these cyanides readily dissolve in excess of
the potassium salt though they are insoluble in water, The
explanation of this change of solubility is that double

salts of silver or mercury and potassium are formed, which
are soluble in water.
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Exp. 50.—(a¢) To a solution of silver nitrate add
potassium cyanide solution. A white precipitate is
formed of silver cyanide, AgCN ; as excess of the
cyanide solution is added the precipitate dissolves,
forming the double salt, AgCN, KCN.

(0) Add the solution of silver nitrate to the cyanide.
Any precipitate seen is immediately dissolved until
just half the acid is present as the silver salt and
half as the potassium salt; at this point all is in
solution, but the addition of a few drops more of
silver solution causes a precipitate of silver cyanide.

The equations which represent these reactions are :

KCN, Aq+AgNO;, Aq=AgCN + KNO;, Aq

AgCN 4 KCN, Aq=AgCN, KCN, Aq

AgCN, KCN, Aq+ AgNO,, Aq=2 AgCN +KNO;Aq

104. Just as mercuric oxide is split up by heat into a
mixture of mercury vapour and oxygen so mercuric cyanide
is split up into a mixture of mercury vapour and another
gas, which smells very like prussic acid, and burns
with a lavender flame. This gas has the molecular com-
position represented by the formula C,N,, and is called
eyanogen.

The equation which represents the greater part of the
reaction is Hg(CN),=Hg + (CN),
which may be compared with the corresponding equation
for the decomposition of mercuric oxide:

The gas is so intensely poisonous that it should only be
prepared with the greatest precautions.

105. The existence of cyanogen enables us to make the
story of hydrocyanic acid complete by showing the
resemblance in properties between the element chlorine and
the compound radicle cyanogen. .

(a) Cyanogen combines with metals directly to form
cyanides ; in the case of potassium we may compare the
action with that of chlorine:

2 K+ (CN),=2 KCN
2K-|Cl, =2K0l
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(3) Cyanogen forms a hydride which has acid properties
and forms salts from which the hydride is prepared by the
action of less volatile acids. This is also the case with

chlorine: KOH + HCN = KCN 4 H.,0O
KOH 4+ HCl =KCl 4 H,;0

(¢) The free radicle forms its molecules by doubling,
like chlorine : compare (CN), and Cl,

(d) The action of cyanogen on a caustic allali is similar
to that of chlorine, involving both an oxidation to the
state of cyanic acid and a reduction to the state of
hydrocyanie, thus :

2 KOH 4 (ON),=KCN + KCNO + H,0
2KOH4-Cl, =KC(Cl 4+KCIO +H.0

106. One of the most important properties of the
cyanides, as we have just seen, is their tendency to form
double salts, but in the case of the cyanides of the iron
and other metals of Group VIII., these salts are even
more characteristic, and are considered as salts of new
compound acids.

Exp. 51.—To a solution of ferrous sulphate add potas-
sium cyanide solution. A brown precipitate of
ferrous cyanide is seen. Add excess of the potas-
sium salt, and the precipitate gradually dissolves
forming a yellow solution. Filter the solution and
evaporate down, yellow crystals separate out. These
crystals are potassium ferrocyanide.,

Potassium ferrocyanide, 4 KCN, Feo(CN), 8H,0 or
K FeCsN;, 3 H,0, is a most important salt, and it is the
chief commercial source of the cyanogen compounds. It
18 prepared commercially by fusing together potassium
carbonate, leather scraps, and iron filings. The melt is
dissolved in water and crystallised out. The steps in the
gucess are complicated, but may perhaps be explained

us :

(1) The potassium carbonate, I,C00,, is reduced by the
carbon of the leather to potassium, which then acts upon

the nitrogenous part of the leather to form potassium
cyanide, KON, P
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(2) The potassium cyanide acts upon the iron in presence
of air and water to form ferrous cyanide and caustic potash.
‘We may put this in equation form :

4 KON 4+ 2Fe + 2H,0 4+ O, = Fe(CN), 4+ 4 KOH
(3) The ferrous and potassium cyanides react to form
potassium ferrocyanide :

Fe(CN), 4+ 4 KCN, Aq = K FeC,N,;, Aq

107. Potassium ferrocyanide dissolves in water, but is
insoluble in alcohol. Its reactions are most important.

(1) Concentrated hydrochloric acid substitutes hydrogen
for potassium, forming a colourless body represented by
the formula H,Fe(;Ns. This must be the acid correspond-
ing to the salt, potassium ferrocyanide, and it is called
hydroferrocyanie acid. The existence of this acid is con-
firmed by trying the tests for potassium, ferrous iron and
hydrocyanic acid in the salt, as in Exp. 52.

(2) Hot concentrated sulphuric acid decomposes the salt
forming sulphates of potassium, ammonium and iron, and
giving off carbon monoxide. An equation may be given:
K,FeC;N,, + 8(H,S0,, 2 H,0)

= 4 KHSO, 4 FeSO; + 8 (NH,),S0, 4+ 6 CO + 10H.0,

(3) Fairly strong sulphuric acid (H,80,, 4H,0) decom-
poses the salt forming hydrocyanic acid and a double
ferrocyanide of potassium and iron, K,Fe(¥FeC;Ng). This
is the reaction used for preparing hydrocyanic acid com-
mercially.

(4) Dilute sulphuric acid completely decomposes the
salt, forming potassium and ferrous sulphates and hydro-
cyanic acid. An equation may be given:

K,FeC,N; + 5H,80,, Aq =4KHS0,Aq + FeSO,Aq+6HCN

(5) When heated alone a mixture of potassium cyanide
and ferrous carbide is formed, and nitrogen gas is given off,

thus : K ,FeCsN; = 4 KCN + FeC, + N,

The loss of cyanide is avoided if the ferrocyanide is
mixed with potassium carbonate in formula weights before
heating, but the product contains cyanate, thus:

K FeC,N, + K00, = 5 KON 4+ KCNO + Fe 4 CO
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(6) When heated with an oxidising agent such as
peroxide of lead or manganese it is oxidised to potassium
cyanate. The reaction is just the same if potassium cyanide
18 used instead of potassium ferrocyanide, thus:

2 KON + Pb0, = 2 KCNO 4 Pb

This explains the powerful reducing action of potassium

eyanide. . A '
- (7) Chlorine oxidises potassium ferrocyanide in solution
by removing one atom of potassium from it. The salt
formed is called potassium ferricyanide, and is usually
given the double formula, K;Fe,Cp,N,,, though there dm‘fs
not seem to be any adequate reason for preferring this
formula to the simpler, K,;FeC;N;. The equation repre-
senting its formation may be given :

2 K, FeC;N;, Aq + Cl,=2 K ;FeO,N,, Aq+2KCl, Aq

Exp. 52.—To solutions of potassium cyanide and
potassium ferrocyanide add silver nitrate and ferric
chloride solutions, and compare the results. The
ferrocyanide does not give the cyanide reactions.
To solutions of ferrous sulphate and potassium
ferrocyanide add ammonium chloride and ammonia,
the ferrocyanide does not give the ferrous tests
The ferrocyanide is not an ordinary double salt.

Heat some potassium ferrocyanide with con-
centrated sulphuric acid and coliect the gas given
off over water. It burns with a blue flame, forming
carbon dioxide, and is carbon monoxide.

To solutions of potassium ferrocyanide and ferri-
cyanide add ferrous and ferric salfs. Note that no
precipitate is formed of ferrie ferricyanide, and that
all the other mixtures give blue precipitates; ferric
ferrocyanide is Prussian blue.

108. The organic cyanides, also called nitriles, have
already been mentioned as of great importance in the
synthesis of organic acids. They are prepared by two
separate methods.

(1) By the action of potassium cyanide on the haloid
derivatives of the hydrocarbons in alcoholic solution, or by
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the distillation of the acid sulphates of the alcohols or the
sulphonates of the benzene compounds with potassium
cyanide or ferrocyanide, Equations may be given :
CH,I 4+ KCN = CH,CN + KI
CeH,;. KSO3 + KCN = CH,CN 4 K,S0,
It has already been noticed that this reaction is charac-
terised by the addition of one carbon atom to the molecule.
(ii) By the removal of water from the ammonium salts
of the organic acids by phosphorus pentoxide. Thus, in
the case of ammonium acetate, methyl cyanide is formed,
CH,COONH,—2H,0 =CH,CN. No change in the num-
ber of carbon atoms is noted here.
We have already noted the formation of oxy-cyanides
by the action of hydrocyanic acid on the aldehydes.
As already seen, water, dilute acids, and alkalies
saponify the cyanides into ammonia and an organic acid.
In the case of methyl cyanide, ammonium acetate is

reformed :
CH,CN 4 2 H,0=CH,COONH,

Nascent hydrogen converts the cyanides into a new class
of bodies considered in the next chapter, the amines. Thus
methyl cyanide is converted into ethylamine.



CHAPTER XI.
AMIDO COMPOUNDS.

109. An examination of products of putrefaction,
herring pickle, fungi, and many other bodies, by heating
them with solutions of caustic alkali, causes them to give
off substances with a characteristic blended smell of
ammonia and fish. These bodiesreadily dissolve in water,
to which they impart their smell and the property of
turning litmus blue. Their solutions resemble ammonia
solution in being neutralised by acids with the formation
of colourless, crystalline salts.

Similar bodies are formed when the haloid derivatives
of the hydrocarbons are heated with an alecoholic solution
of ammonia.

Thus when ethyl iodide, C,H.I, is heated with an
alcoholic solution of ammonia under pressure a solid
residue is obtained after evaporation, which is a mixture
of five substances which can be separated only by a
somewhat complicated method. These substances are
found to have the formulae, NHy(C,H;)I, NHy(C,H,).I,
NH(C.Hg)I and N(C,H;),I respectively, and are mixed
with ammonium iodide, NH,I.

110. From the appearance of these formulae we should
expect that the substances would resemble.ammonium salts
and be decomposed by caustic potash solution. It is found
that caustic potash does decompose the first three, forming
potassium iodide, and liberating gases which resemble
ammonia in properties and may be considered as ammonia,
i which hydrogen atoms are replaced by the radicle
ethyl. Such bodies are called amines, and these are ethyl-
amines, their salts being called ethyl-ammonium salts.

Carb. Comp. 81 6
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Thus the first of the above bodies, NH,(C;H,)I is called
ethylammonium iodide, and yields under the action of
potash, ethylamine, NH,C.H;. The second, NH,(C.,H;),L, is
called diethylammonium iodide and yields NH(C,H,),
diethylamine. ~The third, NH(C.H;),I is triethyl-
ammonium iodide and yields triethylamine N(C.H;);. The
fourth, which is not decomposed by potash, is N(C.H;),I,
tetraethylammonium iodide.

111. The formation of these bodies is very interesting,
and takes place in stages, combination preceding decom-
position. To take the first case, some ammonia probably
combines directly with the ethyl iodide to form ethyl-
ammonium iodide, this is acted upon by the excess of
ammonia with the formation of ammonium iodide and
ethylamine ; the same changes take place with the ethyl-
amine and diethylamine produced, and so on. Equations
may be conveniently used to represent these changes:

NH3 “I" GEH EI p— NH3(03 a:I
{ NHS(GEHE,:II + NH3 = NHiI + NHEGE 5

{NH303H5 1+ GHJI =NH(CH,).I
NH(C,H,):I +NH,= NH,I + NH(C.Hs):.

112. Two other important methods are available for
preparing amines,

(2) By the action of nascent hydrogen on a nitro com-
pound of a hydrocarbon, when two hydrogen atoms are
substituted fortwo oxygen atoms, aratherunusual exchange,
though not quite unexpected, since two atoms of hydrogen
can combine with two atoms of oxygen to form hydrogen
peroxide, Hi0s. To take the case of ethylamine, ethyl
jodide is digested with silver nitrite and nitro ethane is
formed. Using an equation:

GEH5I + Ag‘NOE — GSH;,NDQ + AgI
By the action of nascent hydrogen (iron and acetic acid
may be used) this is reduced to ethylamine, CoH:NH.,.
(3) The third method has been already mentioned, viz.,

the sction of nascent hydrogen on a cyanide or nitrile. In
this case, the carbon atom of the cyanide forms part of the
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hydrocarbon radicle after reduction, so the ethylamine is
made by the reduction of methyl cyanide, thus:
CH,CN + 2 H, = CH,CH,NH,

It will be noted that the last two methods only give us
one amine at a time, so they can be readily identified. All
these reactions, too, seem to point to a close connection be-
tween the classes of nitrogen derivatives of organie bodies.

113. The ethylamines are liquids with a fishy smell of
ammonia. They combine with acids to form salts, and
their chlorides are like ammonium chloride in combining
with platinic chloride to form platino-chlorides, e.g.
(NH;OQH;,)QP‘JG]GJ fl‘ﬂ'm Eth}’lﬂﬂliﬂﬂ, NH;OSHﬁ. T}lEBE salts
are used to determine the molecular weights of the amines.

The salts are saponified by caustic potash, except
tetraethlyammonium iodide, WN(C:H,),I, which how-
ever yields a free base tetraethylammonium hydroxide
N(C.H;),0H by the action of moist silver hydroxide.

Just as ammonia is oxidised by nitrous acid to water
and free nitrogen, so the amines are oxidised by nitrous
acid to alcohols and free nitrogen. Thus ethylamine
yields ethyl alcohol when heated with nitrous acid.

NHE(GQHE) + HNOH :OgHa{}H + Ng +H30
Compare
=Ng + 2 HQD
A very characteristic reaction of many amines is the pro-
duction of an isonitrile smell on heating with chloroform
and caustic potash, see Exp. 18.

114. When we attempt to substitute the phenyl group,
CgHs—, for hydrogen in ammonia by heating monochlor-
bienzene, CsH,Cl, with alcoholic ammonia, no action takes
place.

_The second method answers better, and on treating
nitro-benzene, C;H;NO, with nascent hydrogen, two
oxygen atoms are substituted by two hydrogen atoms, and
a phenylamine, C;H;NHs, is prepared.  This phenylamine
1s identical with a body found in small quantity in coal
tar and the decomposition products of indigo, and separated
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from them by distillation. It is generally called aniline
from this indigo body.

Exp. 53.—Into a half litre flask put about 50 grammes
of granulated tin and cover it with strong hydro-
chloric acid. Pour into the flask a few c.c. of nitro-
benzene, and shake it up frequently until the nitro-
benzene dissolves, When all is dissolved add an
excess of caustic soda, fit the flask with a condenser
and a tube passing to the bottom of the flask
through which steam is blown from a tin can.
The distillate separates into two layers, a heavy
vellow liquid at the bottom, and a milky layer above.
Separate the two layers and examine the heavy
liquid, which is aniline.

Aniline is a colourless liquid of specific gravity, 1:038,
when pure; it rapidly turns brown on exposure to the air.
It has a characteristic smell, and is slightly soluble in
water, 1in 33. It has no action on litmus, but combines
with acids except carbonic to form salts. Amniline 1s a
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weaker base than ammonia in the cold, but it displaces the
latter at high temperatures, owing to its higher boiling
point. It forms a platino-chloride, and it reacts with
sulphuric acid and nitric acid in the same way as benzene,
viz. when heated with sulphuric acid it forms aniline
sulphonic acid and when mixed with nitric and sulphurie
acids it forms a nitro body, nitraniline.

115. The reactions of aniline with nitrous acid are
most characteristic and important. Thus, when heated
with nitrous acid and water it forms phenol as ethylamine
forms alcohol.

GEH_R,NHQ + HNOﬂ —_ CEHE,OH + Nﬂ + HJD

If, however, an alcoholic solution of aniline is treated
with nitrous acid the alcohol is oxidised to aldehyde and
the aniline reduced to benzene.

GEHEN:E[E + HNO! + GEHE.D — GﬁHﬁ + Nﬂ' + 2 HQO + OQH;O

We find that a complete explanation of these reactions
can be given, when we discover that there is an inter-
mediate nitrogen base formed, called diazo benzene hydroxide,
thus :

C.H,N:H, + O!NOH = (,H;N,0H 4 H,0

..................

The characteristic tests for aniline are (i) the isonitrile
smell when heated with chloroform and caustic potash,
and (ii) the production of a mauve colour by the action of
bleaching powder solution.

116. Starting with the mode of formation of the ethyl-
amines from ammonia by the action of ethyl salts, we
have considered the amines as derived from ammonia by
the substitution of an organic radicle for hydrogen, thus :

H

Hydrocyanic acid may consequently be considered as a
special case in which the group (=CH) replaces three
atoms of hydrogen of ammonia.

But it is also possible to look at the amines as deri-
vatives of the alcohols in which the group (—NH,), the
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amido group, replaces hydroxyl, with the formation of
water, thus :

-----------------------

........................

Looked at from this point of view we should expect the
other hydroxyl derivatives of the hydrocarbons, viz., the
aldehydes and acids, to combine with ammonia and split
off water. We find that this is the case, the aldehydes
forming the compounds aldekyde ammonias, and the acids
ammonium salts, and amides, thus:

CH,CH:OH + HINH, — H,0 = CH,CH(OH)NH.

OH aldechyde ammonia
CH,CO:0H 4 H NH,— H.0 = CH,CONH,
8 acid amide

Aldehyde ammonia need not be further considered, so that
there only remains the last class, the acid amides.

117. To take the simple case of acetic acid, ammonia
readily reacts with acetyl chloride, CH,COCI, to form
acetamide, CH;CONH,, in which the amido group may be
looked upon as taking the place of a chlorine atom in the
chloride, or the acid group acetyl (CH,CO —) as taking
the place of a hydrogen atom in ammonia.

Exp. 54.—Distil some ammonium acetate in a small
retort (Fig. 11). After a time a solid condenses in
the neck of the retort, with a smell of mice. This
is acetamide.

By heating ammonium acetate it splits off water, and
finally forms acetamide, which can be further dehydrated by
phosphorus pentoxide to form methyl eyanide (aceto-nitrile),
thus: CH,COONH, = CH,CONH, + H,0

{ CH,CONH, =CH,CN + H;0
The acid amides are converted back again into ammonium
salts, just like the cyanides.

118. The most important amide from the physiological
point of view is probably wrea. e

When urine is evaporated down, long rhombic prisms
separate out, called urea, which ave soluble in alcohol, but
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not in ether. The crystals melt at 132° and sublime in
vacuo. When analysed they are found to be represented
by the formula CON,H,, or possibly some multiple of that.

When urea is heated it gives off ammonia. [It forms
several compounds in succession, biuret, cyanuric acid, and
cyanic acid.

Alkalies decompose urea, forming a carbonate of the
alkali, and setting free ammonia.

119. Hence since urea splits up into carbon dioxide and
ammonia it is possibly connected directly with them.

Exp. 556.—Fill a jar with ammonia gas and another
with carbon dioxide, and place them mouth to
mouth. They combine forming a white solid.

The white solid formed by the direct combination of
ammonia and carbon dioxide is not ammonium carbonate,
though it is readily converted into that salt by the action
of water. It may be represented by the formula
CO,, 2NH,. It has been proved that the two nitrogen
atoms are not situated similarly in the molecule, so that
the formula must be written as that of an ammonium salt,
ammonium carbamate,

e NE

CO

~—~ ONH,
Phosphorus pentoxide dehydrates this salt, forming urea
which may thus be : ’

G{‘JONH,,, or CO
=~ INH,

The first formula represents it as ammonium cyanate, the
second as the amide of carbonic acid, carbamide. }

[Urea may be also prepared by the action of phosphorus

pentoxide, or a temperature of 135°, on ammonium
carbonate. ]

a ; : ;

120. .Amm-:-mum_ cyanate is readily made by passing
ammonia and cyanic acid into dry ether, and it is not the
same as urea, however, on being warmed, it suffers an
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1someric transformation, and is converted into urea.
This change was first observed by Wahler in 1828, and it
marks the first synthesis of an organic compound from
imorganic substances.

We can confirm the carbamide formula which is left
over for urea by the reaction of carbonyl dichloride,
COCl,, with ammonia, which gives rise to urea.

121 Urea combines directly with acids to form salts, of
which the most characteristic are the nitrate and the
oxalate. It is decomposed by nitrous acid with the for-
mation of carbon dioxide, nitrogen and water. Hypo-
chlorites and hypobromites also oxidise wurea with
formation of the same produects; in these reactions the
volume of nitrogen given off bears a mnearly constant
relation to the amount of urea taken, so that it is used for
the quantitative estimation of urea.

Mercuric nitrate forms a white precipitate with urea,
which is approximately constant in composition, and is
represented by 2CO(NH,), Hg(NO;)., 3 HgO. The pre.
cipitate removes all the urea from a solution, and so is used
in the estimation of urea by Liebig’s volumetric method.

With the amines and amides we reach the simplest of
the decomposition products of protoplasm, and just touch
the fringe of that most important part of our subject,
which must be left to future work, viz.,, the chemistry of
protoplasm and its products.
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Mathematics and (Mechanics— continued.

Trigonometry, Junior (or The Preceptors’). By WM. Brreas,
LLD., M.A., F.C.8., and G. H. BRYAN, Se.D., M.A., F.R.S.
28, 6d.

‘“The book meets excellently the wants of the student readin & for the College of
Freceptors’ examination. The explanations are clear, and the illustrative
examples well selected.— Guardian.

Trigonometry, The Tutorial. By Wi, Brices, LL.D., M.A.,
F.R.A.8,, and G. H. BRYAN, Sec.D., M.A., I'\R.S. 3s. 6d.
** An excellent text-book."”"—School Guardian.
““The book is very thorough.”—Schoolmuster.

Chemistry,

Analysis of a Simple Salt. With a Selection of Model Analyses,
By WM. Briges, LL.D., M.A, F.0.8., and B. W. STEWART,.
D.Se. Lond. Fourth Edition. 1s. 6d. TABLES 0OF ANALYSIS
(on linen). 6d.

*The selection of model analyses is an excellent feature.”— Educational Tines,

Chemistry, The Tutorial. By G. H. BArLey, D.Se. Lond., Ph.D.
Heidelberg, Lecturer in Chemistry in the Victoria University.
Edited by War. Bricas, LL.D., M.A., F.C85.

Part I.  Non-Metals. 3s. 6d. Part I[. Metals. 3s8. 6d.

** The descriptions of experiments and diagrams of apparatus are very good, and
with their help a beginner ought to be able to do the experimental worl quite
safisfactorily.” —Cambridge Review.

““The merits of the Fl&n on which the book is arranged are undoubted.”—

Pharmaceutical Journal,

The New Matriculation Chemistry. Part I (containing The Twtorial
Chemistry, Part I., with Chapters on Electrolysis and Metals,
Acids and Bases). By G. H. BArLey, D.Se. Lond., Ph.D,
Heidelberg, Lecturer in Chemistry at Victoria University. Edited
by WM. Brigas, LL.D,, M.AL F.O8. 45 Paict II. (The
Chemistry of Daily Life). By R. H. Ap1e, M.A., B.Sc. 91,

Carbon Compounds, An Introduction to. By R. H. Aprg, M.A,
B.Sc. 2s. 64d.

*To students who have already a slight elementary acquaintance with the
subject this work cannot fail to a ord valuable assistance. The experiments arg

well selected."— Nature,

Chemistry, Synopsis of Non-Metaldic, With an Appendix on Caley-
lations. By Whr, BRIGGS, LL.D., M.A.,, F.C8. New and
Revised Edition, Interleaved. s, 6d.

“Arranged in a very clear and handy form.”—Journal of Education.

Chemical Analysis, Qualitative and Quantitative. By Wi,

BRriags, LL.D,, M.A., F.C.8., and R. W. STEWART, D.Se. Lond,
Third Edition, 3s. 6d.

**The instructions are clear and concise. The pupil who uses this book ought t¢
obtain an intelligible grasp of the principles of anulysis.”— Nature., -
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Physics.

THE TUTORIAL PHYSICS. By RR. WALLACE STEWART, D.8Se. Lond.,
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Physics. In Four Volumes.

I.Sound, Text-Book of. By E. CaTcHP0OL, B.Sc. 4th Edition. 8s.6d.

CoNTENTS :— Vibratory Motion—Progressive Undulation— Veloeity
of Sound —Interference—TForced Vibration—Fourier’s Theorem—The
Ear and Hearing—Reflection of Sound —Stationary Undulation—
Vibration in Pipes—Transverse Undulation—Acoustic Measurements.

II. Heat, Higher Text-Book of. By R. W. STEwWART, D.Sc. 6s. 6d.

CoNTENTS :—Thermometry—Expansion of Sclids—of Liguids—-
of Gases—Calorimetry—Liquefaction and Solidification— Vaporisation
and Condensation—Hygrometry—Conduction, Convection, Radiation
—The First Law of Thermo-Dynamics—Graphic Methods.

III. Light, Text-Book of. By R. W. SIEWART, D.Se. Third
Ldition. 3s. 6d.

CoNTENTS :—Rectilinear Propagation of Light—Shadows—Photo-
metry—Reflexionat Plane Surfuces—at Spherical Surfaces—Refraction
at Plane and Spherical Surfaces—Refraction through Prisms and
1.enses—Dispersion— Velocity of Light —Optical Instruments.

IV. Magnetism and Electricity, Text-Book of. By R. W. STEWART,
D.Sc. Fifth Edition. 3s. 6d.

CoNTENTS :— Blectrification —Induction—Electrical Machines—Po-
tential and Capacity. Magnetic Phenomena—Magnetic Measure-
ments. COurrents—Magnetic Effects—Ohm’s Law—Chemical Effects
— Heating BEffects—Magneto-Electric Induction—Thermo- Electricity.

# here are numerous bools on acoustics, but few cover exactly the same ground
as this (Sound), or are more suitable introductions to a study of the subject.”—
Nature.

¢Clear, concise, well arranged, and well illustrated, and, as far as we have tested,
accurate.”—Journal of Education (on Heat).

Magnetism and Electricity, Higher Text-Book off By BR. W.
STEWART, D.Se. 6s. 6d. [In the press.

Matriculation Physics: Heat, Light, and Sound. By R. W.
STEWART, D.Sc. Lond., and JoEN Dox, M.A., B.Sec. Lond.

4s. 6d.

« A student of ordinary ability who works carefully through this book need not
fear the examination.”—Schoolmaster. :

“The nuthors show themselves able to explain in a helpful manner.”—Educa-
tional Times.

HEAT AND LIGHT, ELEMENTARY TEXT-BOOK OF. By R.W.
SIEWART, D.Sc. Lond. Third Edition. 3s. 6d.
¢ A welcome addition to a useful series.””—School Guardian.

Heat, Elementary Text-Book of. By R. W. SrEwaRrT, D.Se. Lond. 2s.-




THE UNIVERSITY TUTORIAL SERIES. i

Biology.
Botany, The New Matriculation. By A. J. Ewaxrr, D.Se. 3s. 6d.

Botany, Text-Book of By J. M. Lowsoy, M.A., B.Sc., F.L.S.

Third Edition. 6s. 6d.
‘' It represents the nearest approach to the ideal botanical text-book that has yet
een produced.”—Pharmaceutical Journal,
An excellent book."'— Guardian.
* A worlananlike and well graded introduction to the subject.”’—Secotsman.

Zoology, Text-Book of. By H. G. Wrrrs, B.Se. Lond., F.4.S..
F.C.P. Enlarged and Revised by A.. M. DAviEs, B.Sc. Lond. 6s.6d.

““ The information appears to be well up to date. Students will find this work
of the greatest service to them.”— Westminster Review,

““This book is a distinet success, and should become the standard worlk for the
London Intermediate Examinations. It is carefully written throuchout, clear and
concise, and yet is extremely interesting reading.”—Glusgow Herald,

Biology, Text-Book of. With Plates and numerous Questions. By
H. G. WELLS, B.Se. Lond., F.Z.8., F.C.P., with an Intro-
duction by G. B. Howes, F.L.S., F.Z.S. In Two Parts.

Part I., Vertebrates. Third Ldition. 2s. 6d.
Part ITL., Invertebrates and Plants. 2s. 6d.

‘It is well arranged, and contains the matter necessary in a concise and logica
order.” —Journal of Education.

**Mr. Wells' practical experience shows itself on every page; his descriptions
are short, lucid and to the point.’— Educational [imes.

dodern history.

Matriculation Modern History. Being the History of England
1485-1901, with some reference to the Contemporary History of
Europe and Colonial Developments, By C. 8. IEARENSIDE,
M.A. Oxon. 3s. Gd.

** An excellent manual. The international history, especially in the eighteentn
century, where most text-books fail, is very carefully treated.” —School World.,

““ A work that gives evidence of scholarship and clever adaptability to a special
purpose, and on the production of which much care, forethought, and patientlabour
have evidently been expended.”—Guardian.,

‘ An admirable text-book.”— Chamber of Commerce Journal.
The Tutorial History of England. (To 1901). By C.S. FEAREN-

SIDE, M.A. Oxon. 4s. 6d.
“ Provides a good working course for schools,”—Guardian.

The Intermediate Text-Book of English History: a Longer History
of England. By C. 8. FEARENSIDE, M.A. Oxon., and A,
JOHENSON Evans, M.A. Camb., B.A. Lond. With Maps & Plans.

Yor. 1., to 1485 (In preparation.) VoL. IIT., 1603 to 1714. 4s. §d.

Vor. II., 1485 to 1603. 4s. 6d. YoL. IV., 1714 to 1837. 4s. ¢d.

*Itislively; itis exact; the styleis vigorous and has plenty of swing ; the facts
are numerous, but well balanced and admirably arranged.” — Edueation,

* It is written in'a clear and vigorous style. The facts are admirably marshalled
— Westminster Review.
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English Language and Literature,

Matriculation English Course. By W. H. Low, M.A. Lond., and
JonN Bricas, M.A. Camb., F.Z.S. 8s. 6d.

CoNTENTS :—Historical Sketch—Sounds and Symbols—OQutlines of
Accidence and Syntax—Common Errors—Analysis—Parsing—The
Word, the Sentence, the Paragraph—Punctuation—Rules for Com-
position—Simple Narrative—Compound Narrative—Descriptive Com-
position—The Abstract Theme—"The Essay—Paraphrasing—Précis-

Writing—Letter-Writing and Proof- Reading—Index,
“The matter is clearly arranged, concisely and intelligently put, and marked by
accurate scholarship and common sense.”’—Guardian.
*The book will prove distinctly useful.”’ —School World.
. *The chapters on précis writing and indexing are excellent.”— Westminster
eviei.
** Candidates may take this book as a trustworthy guide.”’—Schoolmaster.
‘The chapter on précis-writing is unusually good.”—Educational News.,

““We can heartily recommend this book, Particularly good is the chapter on
précis-writing M'—Practical Teacher.

Précis-Writing, Text-Book of. By T. C. JacksoN, B.A., LL.B,
Lond., and JoEN Brices, M.A. Camb., F.Z.S. 2s. 6d.
[In preparation.

The English Language: Its History and Structure. By W. H. Low,
M.A.Lond. With TEST QUESTIONS. Sixzth Edition, Revised. 3s. 6d.

“ A clear workmanlike history of the English language done cn sound principles.”
—Suinrday Keview.

““The author deals very fully with the source and growth of the language. The
work is scholarcly and accurate.”’—Schoolmaster.

“ 1t 1is in the best sense a scientific treatise, There is not a superfluous sentence.”
—Educational News.

English Literature, The Tutorial History of. By A. J. WryarT,
M.A. Lond. and Camb. Second Edition. 2s. 6d.

““'T'his 1s undoubtedly the best school history of literature that has yet come
under our notice." —Fuardian.

“ A very competent piece of workmanship."'—FEducational News.

“ The scheme of the boolk is ¢lear, proportional, and acientific.” —Adcademy.

i A sound and scholariy work,”—5t. James' Gazette.

The Intermediate Text-Book of English Literature. By W. H. Low,
M.A. Lond., and A.J. WyYATT, M.A. Lond. and Camb. 6s. 6d.

“ Really judicious in the selection of the details given.”’—Safurday Review.

“This volume seems both well-informed and clearly written. Those who need
a handbook of literature will not readily find a more workmanlike example of
this size and price.""—Journal of Kducation.

“ The historical part is concise and clear, but the eriticism is even more valuable,
and a number of illustrative extracts contribute a most useful feature to the volume.
As a compendium for examination purposes this volume ought to take high rank."—

dehool TForld,
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English Classics.

Bacon’s Essays, I.-XX, By A. F. Wart, M.A. Oxon. 1s. 6d.

Chauncer,—Prologue, Knight's Tale. By A. J. Wyarr, M.A. Lond.
and Camb., with a Glossary by S. J. Evans, M.A. Lond.
28. 6d. Also separately, The Prologue, 1s.

“ Quite np to date. The Glossary is excellent.” —Morning Post.

Chaucer,—Prologne, Nun's Priest’s Tale. By A.J. Wyart, M. A,
With Glossary. 2s. 6d.

Chaucer.—Prologue, Man of Lawes Tale. By A. J. WyatT, M.A.
With Glossary. 2s. 6d.

Chaneer.—Prologue, Squire’s Tale. By A.J. Wyarr, M.A. With
Glossary. 2s. 6d. )

Dryden.—Essay of Dramatic Poesy. By W. H. Low, M.A. 3s. 6a.

Dryden.—Defence of the Essay of Dramatic Poesy. By ALLEN
MAWER, B.A. Lond. 1s. 6d.

Dryden.—Preface to the Fables. By ALLEN MAWER, B.A. Lond. 1s. 6d.

Langland.—Piers Plowman. Prologne and Passus 1=V i Raxti B,
By J. F. Davis. D.Lit., M.A. Lond. 4s. 6d.

Milton.—Paradise Regained. By A.J. Wyarr, M.A. 2s. 6d.

**T'he notes are concise and to the pn:::inth”—ﬂ'mrihn'rfye Keview,

Milton.—£amson Agonistes. By A.J. Wyarr, M.A. 2s. 6d.

““ A eapital Introduction. The notes are excellent,””— Educational Times,
Milton.—Eonnets. By W. T. Masowm, M.A. Lond. and Camb. 1s. 6d.
Shakespeare. By Prof. W. J. Rorre, D.Litt. In 40 volumes.

28. 6d. per Volume.

Comedy of Errors Henry VI, PartI. Coriolanus
Merry Wives of Windsor Henry VI, Part IL Antony and Cleopatra
Love's Labour's Lost Henry VI, Part III Timon of Athens
Two Gentlemen of Verona Richard ITT, Troilus and Cressida
The Taming of the Shrew Henry VIII, Pericies
All's Well that Ends Well | Romeo and Juliet The Two Noble Kinsmen
Measure for Measure Macheth Titus Andronicus
Henry IV, Part I. Othello Venus and Adonis
Henry IV, Part IT. Hamlet Sonnets
Henry V, Cymbeline
28. per Volume.

bferchant of Venioe As You Like It King John
Tempest ’ Much Ado About Nothing | Richard IT,
Midsummer Night's Twelfth Night King Lear

Dream | Winter's Tale Julius Caesar

Thisedition is recommended by Professor Dowden, Dr. Abbott, and Dr. Furnivall,

Shakespeare.—Henry VIII. By W. H. Low, M.A. Tond. 2s.

Spenser.—Faerie Queene, Book I. With InTRODUCTION, NotrEs,
and GLOSSARY, by W. H, Hirrn, M.A. Lond. 2s. 6d.
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Philosophy.

Ethics, Manual of. Dy J.S. MacKENZIE, Litt. D)., M.A., Professor of
Logic und Philosophy in the University College of South Wales
and Monmouthshire, formerly Fellow of Trinity College, Cam-
bridge, Examiner in the Universities of Cambridge and Aberdeen.
Fourth Edition, enlarged. 68. 6d.

¢ In writing this book Mr. Mackenzie has produced an earnest and striking con-
tribution to the ethical literature of the time.” —Mind.

“iThis excellent manual.”’ —International Journal of Ethics.

oy WI'itt«EI:.f with lucidity and an obvious mastery of the whole bearing of the subject.”
——Nfandard,

Logic, A Manual of By J. WerroN, M.A. Lond. and Camb.,
Professor of Education in The Yorkshire College, Victoria
University. 2vols. Vol.I., Second Edition, 8s. 6d.; Vol. IL., 6s.6d.

This book embraces all those portions of the subject which are
usually read, and renders unnecessary the purchase a% the numerous
books hitherto used. The relative importance of the -tions is
denoted by variety of type, and a minimum course of reading is thus
indicated.

Vol. I. contains the whole of Deductive Logic, except Fallacies
which are treated, with Inductive Fallacies, in Vol. IT.

« A clear and compendious summary of the views of various thinkers on important
and doubtful points.”'—Jowrnal of Education.

¢ Unusually complete and reliable. The arrangement of divisions and subdivisions
ie excellent.”’—S8choolmaster.

 The manual may be safely recommended.”’—Educational Times.

Psychology, A Manual of. By G. F. Srour, M.A., LL.D., Fellow
of the British Academy, Professor of Logic and Metaphysics in
the University of St. Andrews, late Examiner in Mental and
Moral Science in the University of London. Second Edition,
Ttevised and Enlarged. 8s. 6d.

¢ Tt is unnecessary to speak of this work except in terms of praise. There 15a
refreshing absence of sketchiness about the book, and a clear desire manifested to
help the student in the subject.”’—Saturday Hevietw, ; )

“The book is 2 model of lucid argument, copious in its facts, and will be invaluable
to students of what is, although one of the youngest, pernaps the most interesting
of the sciences.”—Crific. )

“'P'he student's task will be much lightened by the lucidity of the style and the
numerous illustrative facts, which together make the book highly interesting."'—
Literary World.

- Psychology, The Groundwork of. By G. F. StouT, M.A., LL.D.

48, od.

o+ A1l students of philosophy, both beginners and those who would describe 'rj.hcrn:g-
solves as *advanced,’ will do well to ‘read, mark, learn, and inwardly digest ' this
book.”—Ogford Magaszine. ] :

« This work can be recommended to the student as a good introduction to a some-
what modern subject.”’— Westminster Review.




THE UNIVERSITY TUTORIAL SERIES. 11

French.

Junior (or The Preceptors’) French Course, By E. WEEKLEY, M.A.
Lond. and Camb., Professor of French at University College,
Nottingham. ?s. 6d.

“The execution is distinetly an advance on similar courses."—Journal of

Education.
# A clear and satisfactory book on the elemsnts of French Grammar. The use

of tenses and irregular verbz are well treated, and the exercises well chosen.” —
Academy,

The Matriculation French Course. By II. WEEELEY, M.A. 3s. Gd,

““The study of this course will form an excellent preparation for the Londoa
Matriculation Examination."”—S8econdary Education.

The Tutorial Fremch Accidence. By ERNEST WERKLEY, M.A.
With EXERcISES, Passages for Translation into French, and a
Chapter on Elementary Syntax. ZThird Edition. 3s. 6d.

"We can heartily recommend it.”’ —Sechoolmaster.

The Tutorial French Syntax, By ErnvEst WEEKLEY, M.A., and
A.J. WyYATT, M.A. Lond. and Camb. With Exercises. 38s. 6d.

“Tt is a decidedly good book and should have a ready sale.”’ —Guardian,

*Mr. Weekley has produced a clear, full, and careful Grammar in the ‘ Tutorial
French Accidence,! and the companion volume of ‘Syntax,’ by himself and Mr.
Wyatt, is worthy of it.” —Saturday Review.

The Tutorial French Grammar. Containing the decidence and the

Syntaxz in One Volume. Second Fdition., 4s8.6d. Also the
Exercises on the Aecidence, 1s. 6d. ; on the Syntaz, 1s.

French Prose Composition. By E. WEEKLEY, M.A. 3s. 6d.

‘' The arrangement is lucid, the rules clearly expressed, the suggestions really
helpful, and the examples carefully chosen.” — Educational Times.
Junior (or The Preceptors’) French Reader. By E. WEEKLEY, M.A.

Lond.and Camb. With Notesand Vocabulary. Second Edition. 18.6d.
““A very useful first reader with good vocabulary and sensible notes.”’ —8chool-

master,

French Prose Reader. KEdited by 8. BARLET, B. &8 Sc., Examiner
to the College of Preceptors, and W. F. Masom, M.A. Lond.
and Camb. With Notesand Vocabulary. ZThird Edition. 2s. 6d.

* Admirably chosen extracts. They are so sele ted as to be thoroughly interesting

and at the same time thoroughly illustrative of all that is best in French literature."
— Sechool Board Chroniele.

The Matriculation French Reader. Containing Prose, Verse, Notes,

and Vocabulary. By J. A. PrrrET, Officier d’Académie, Uni-
versity of France. 2s, 6d. [ Shortly.

Advanced French Reader. Kdited by S. BARLET, B. &s Sc., and
W. F. Masosm, M.A. Lond. and Camb. Second Edition. 3s. 6d.

*“Chosen from a large range of good modern authors, the book provides excellent
practice in * Unseens.! " —Schoolmaster.

Higher French Reader. Edited by ERNEST WEEKLEY, M.A. 3s. 6d.

‘““The passages are well chosen, interesting in themselves, and re resentative of
the best contemporary stylists.” —Journal of Education, =




12 THE UNIVERSITY TUTORIAL SERIES.

Latin and Greek Classics.

(See also page 13.)

The editions of LATIN and GREEK CLASSICS contained in the UNI-
VERSITY T'UTORIAL SERIES are on the following plan:—

A short INTRODUCIION gives an account of the Author and his
chief works, the circumstances under which he wrote, and his style,
dialect, and metre, where these call for notice.

The TEXT is based on the latest and best editions, and 1s cleariy
printed in large type.

The distinctive feature of the NoTES is the omission of parallel
passages and controversial discussions of difficulties, and stress is
laid on all the important points of grammar and subject-matter.
Information as to persons and places mentioned is grouped fogether
in a HISTORICAL AND GGEOGRAPHICAL INDEX; by this mecans the
expense of procuring a Classical Dictionary is rendered unnecessary.

The standard of proficiency which the learner is assumed to possess
varies in this series according as the classic dealt with is usually read
by beginners or by those who have already made considerable progress.
A complete list is given overleaf.

VOCABULARIES, arranged in order of the text and interleaved with
writing paper, are issued, together with Test Papers, in the case of
the classics more commonly read by beginners; the price is 1s. or (in
some instances) 1s. 6d. A detailed list can be had on application.

Caesar.—Gellic War, Book I. By A. H. ALLCROFT, M.A. Oxon., and
F. G. PraistowEg, M.A. Lond. and Camb. 1s. 6d.

©“A clearly printed text, a good introduction, an excellent set of notes, and a

historical and geographical index, make up a very good edition at a very smail

price.”'—Schoolmaster.

Cicero.—De Amicitia and De Senectute. By A. H. ALLCROFT, M.A.
Oxon., and W. F. Masom, M.A. Lond. and Camb. 1s. 6d. each.

“ The notes, although full, are simple.”— Educational Times.

Horace.—Odes, Books I.—III. By A. H. ALLcro¥FT, M.A. Oxon., and
B. J. HayEs, M.A. Lond. and Camb. 1s. 6d. each.

‘ Notes which leave no difficulty unexplained.””—Schoolmaster.
“The Notes (on Book IIL.) are full and good, and nothing more can well be
demanded of them.”—Journal of Education.

Livy.—Book I. By A.H. Arrcrorr, M.A. Oxon., and W. F. MasoM,
M.A. Lond. and Camb. Third Edition. 1s. 6d.

“The notes are concise, dwelling much on gmmnmticﬂ:l points unﬂ dealing with
guestions of history and archmology in a simple but interesting fashion.”—FEducation.

Vergil.—Aeneid, Books I —XII. By A. H. ALLCROFT, M.A.
assisted by 1'. G. PLAISTOWE, DML.A., and others. 1s. 6d. each.

Xenophon.—Anabasis, Book I. By A. H. Arrcrorr, M.A. Oxon.,

and F. L. D. RicoarpsoN, B.A. Lond. 1s. 6d.
“The notes are all that could be desired.’’—Schoolmaster.
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Editions of Latin and Greek Classics.

(INTrRODUCTION, TEXT, AND NOTES.)

AESCHYLUS — Fumenides,
Persae, 3/6 ; Prometheus, 2/6 ;
Septem contra Thebas, 3/6.

ARISTOPHANES—Ranae, 3/6.

CAEsAR—Civil War, Bk. 1, 1/6;
Gallic War, Bks. 1, 2, 3, 4,
5, 6, 7, (each) 1/6; Gallic War,
Bk. 1, Ch. 1-29, 1/6; Gallic
War, Bk. 7, Ch. 1-68, 1/6:
Invasion of Britain (IV. 20-V.
23), 1/6.

CICERO—Ad Atticum, Bk. 4, 3/6;
De Amicitia, 1/6 ; De Finibus,
Bk. 1, 2/6 ; De Finibus, Bk. 2,
3/6: De Officiis, Bk. 3, 3/6;
Philippic ITI., 3/6; Pro Cluen-
tio 3/6; Pro Milone, 3/6 : Pro
Plancio, 3/6 ; De Senectute, In
Catilinam I., Pro Archia, Pro
Balbo, Pro Marcello, (each
Book) 1/6.

DEMOSTHENES—Androtion, 4/6.

EURTPIDES—Alcestis, 1/6; Andro-
mache, 3/6; Bacchae, 3/6;
Hecuba, 3/6 ; Hippolytus, 3/6 :
Iphigenia in T., 3/6; Medes,
3/6.

HeronoTtus—Bk. 3, 4/6; Bk. 4,
Ch. 1-144, 4/6 ; Bk. 6, 2/6;
Bk. 8, 3/6.

HoMER—Iliad, Bk, 24,
Odyssey, Bks. 9, 10,
Odyssey, Bks. 11, 12,
Odyssey, Bks. 13, 14,
Odyssey, Bk. 17, 1/6

HoRrAcE—Epistles, 3/6; Epodes;
1/6; Odes, 3/6; Odes (each
Book) 1/6 ; Satires, 4/86.

I80CRATES —De Rigis, 2/6.

3;"5 ;
2/6 ;
2/6 ,
2/6;

3/6; ' JUVENAL—Satires, 1, 3, 4, 3/6;

Satires, 8, 10,13, 2/6 ; Satires,
11, 13, 14, 3/6.

Livy—Bk. 1, 1/6; Bks. 5, 21,
22, (each) 2/6; Bks. 3, 6, 9,
(each)3/6 ; Bk. 21, Ch.1-30,1/6.

LuctaAN—Charon and Timon, 3/6;
Charon and Piscator, 3/6
(shortly).

LysrAs—Eratosthenes and Ago-
ratus, 3/6.

NEP0S—Hannibal, Cato, Atticus,

1/0.
OvID—Fasti, Bks. 3, 4, 2/6;
Bks.. 5, 8, 3/ (shortly) ;

Heroides, 1, 5, 12, 1/6; Meta-
morphoses, Bk, 1, 1-150, 1/6,
Bk. 3, 1-130, 1/6; Bks. 11,
13, 14, (each) 1/6; Tristia,
Bks. 1, 3, (each) 1/6.
PLATO—Apology, Ton, Laches,
Phaedo, (each) 3/6; Futhyphro
and Menexenus, 4/6,
SALLusT—Catiline, 1/6.
SOPHOCLES—Ajax, 3/6;
gone, 2/6; Klectra, 3/6.
Tacirus—Agricola, 2/6 ; Annals,
Bk.1,3/6 ; Bk.2, 2/6; Histories,
Bk. 1, 3/6; Bk, 3, 3/6.
TERENCE—Adelphi, 3/6.
TrUCYDIDES—BL. 7, 3/6,

VERGIT—Aeneid, Books 1-12,
(each) 1/6; Eclogues, 3/6;
Georgics, 1, 2, 3/6; 1, 4, 3/6.

XENOPHON—Anabasis, Bk. 1,1/6 :
Bk. 4, 1/6; Cyropaedeia, Bk.
1, 1/6 ; Hellenica Bk. 3, 1/6;
Bk. 4, 1/6; Memorabilia, Bk,
1, 3/6 ;Oeconomicus, 4/6.

Anti-
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BreeR and Aatin,

GRAMMARS AND READERS,
Advanced Greek Unseens: Being a Higher Greek Reader. 3s. 6d.

The Tutorial Greek Reader. With VocABULARIES. By A. WAuGH
Younag, M.A. Lond, Second Edition. 28, 6d,

Junior (or The Preceptors’) Latin Course. By B. J. HavEs, M. A, 2s.6d.

*“ A pgood practical guide. The principles are sound, and the rules are clearly
gtated, — Educational TTmes,

The Tutorial Latin Grammar. By B. J. Haves, M.A. Lond. and
Camb., and W. F. Masoa, M.A. Lond. and Camb., 3a. 6d.

“Jt is accurate and full without being overloaded with detail. Tested in respect
of any of the crucial points, it comes well out of the ordeal.” —Scheoolmaster,
The Tutorial Latin Grammar, Exercises and Test Questions on. By
F. L. D. RicHARDSON, B.A. Lond., and A. E. W. HAZEL,
LLD., M.A, B.CL. 1Is. 6d.

“This will be found very useful by students preparing for University examina-
tions.”’— Westminster Review.

Latin Composition. With copious Exercises. By A. H. ALLcroFT,
M.A. Oxon.,, and J. H. HavypoN, M.A. Lond. and Camb.
Fifth Edition, revised. 2s. 6d.

“ Simplicity of statement and arrangement: apt examples illustrating each rule;
exceptions to these adroitly stated just at the proper place and time, are among some
of the striking characteristics of this excellent book."” —S8choolmaster.

Junior (or The Preceptors’) Latin Reader. By K. J. G. Fomsg, M.A.
Lond. and Camb. 1s. 6d.

“ A well graded and carsfully thought-out series of Latin selections. The
vocabulary is worthy of very high praise."”— Educational News.

Matriculation Selections from Latin Authors. With Inmducti{:«ﬁ,

Notes, and Vocabulary. Edited by A. . Warr, M.A. Oxon.,
and B. J. HAYEes, M.A. Lond. and Camb. 2s, 6d.
Provides practice in reading Latin in preparation for Examinations
for which no classics are prescribed.
¢ It is quite an interesting selection, and well done.”—Schonl WWorld.
“The selection is a good one, and the notes are brief and to the purpose.”—

Journal of Education. :
¢ Well conceived and well earried out.”’ — Guardian,

The Tutorial Latin Reader, With VocABULARY. 2s. 6d.

« A soundly practical work.”"—Guardian,

Advanced Latin Unseens. Being a Higher Latin Reader. Iidited by
H.J. MAIDMENT, M. A., and T. R. Mrrrs, M.A. 3s. 6d.
i* Contains some good passages, which have been selected from a wider field than
that previously explored by similar manuals.”— Cambridge Review.
The Tutorial Latin Dictionary. By F. G. Pramstrowsg, M.A. Lond.
and Camb., late Fellow of Queens’ College, Cambridge. 6s. 6d.

“ A good specimen of elementar dictionary-making." —Educational Times.
A gound school dictionary."’—-Speaker.
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The Tutorial History of Rome. (To 14 A.D.) By A. H. ALLCROFT,
M.A.Oxon.,and W. F. MasoM, M.A. Lond. With Maps. 3s. 6d.

‘It is well and clearly written.”—Saturday Review. e

A distinetly good book, full, clear, and aceurate, The narrative is throughout
lueid and intelligible; there are no wasted words, nnd no obscurities, and the
authors have taken obvious pains to bring their facts up to date.” — Guardian.

The Tutorial History of Greece. (To 323 B.c.) By Prof. W. J
WoopHOUSE, M.A. Oxon. 3s. 6d.

A Longer History of Rome., By A. H. Arncrorr, M.A. Oxon ;
and others (each volume contains an account of the Literature of
the Period)—

390—202 B.c. 3s. 6d. 78—31 B.c. 3s. 6d.
202—133 B.c. 3s. 6d. 44 B.c.—138 A.D. 3s. 6d.
133—78 B.c. 3s. 6d.

*This volume (133—78 n.c.) gives a vigorous and carefully studied picture of the
men and of the time.””—Spectator.
“ Written in a clear and direct style, Its authors show a thorough acquaintance

with their anthorities, and have also used the works of modern historians to good
effect.”—Journal of Education.

A Longer History of Greece. By A. H. ALLCROFT, M.A. Oxon.
(each volume contains an account of the Literature of the
Period)—

To 495 B.c. 3s. 6d. 404362 B.Cc. 3s. 6d.
496—431 B.c. 3s. 6d. 362323 B.c. 3s. 6d.
431—404 B.c. 3s. 6d.  Sicily, 490—289 B.c. 3s. 6d.

““For those who require a knowledge of the period (to 495 B.c.) no better book
could be recommended.”— Educational Tines.

The Wniversity Correspondent

AN

UNIVERSITY CORRESPONDENCE COLLEGE MAGAZINE

Issued on the 1st and 15th of each month. Price 1d., by Postlid. ;
Half-yearly Subscription, 1s. 6d.: Yearly Subscription, 2s. 6.

Lramination Divectorvies,

Matriculation Directory, with Full Answers to the Examination
Papers. Published during the fortnight Jollowing each Examination.
Nos. VI, VII., IX, XI.—XIX., XXI., XRNITT:, XXX
XXX., XXXI., XXX, XXXTIT,, XXXYV., Is. each, net.

No. XXXVI. (January 1904), 1s. net. Issues not mentioned
above are out of print,



The Organi3ed Science Series:

FOR THE SOUTH KENSINGTON

BOARD OF EDUCATION EXAMINATIONS.

Gexenal. Emron—WM. BRIGGS, LL.D., M.A., F.0.8, F.R.A.8,,
Honorary Associate of Science of the Yorkshire College, Victoria University.

FOR THE FIRST STAGE.

1.
LET,
Y.
VI.A.
VIi.z.
VIII.

IX.

X.

XVI

. i
XXII.
XXV.

X.P.

X1.r. Practical Organic Chemistry.

FOR
e

VI.A.
YI11l.c.
] [

N

XVII.
XXV.

X.P.
XI1.p.

e B
—— iy

PR

28. each Vol.

First Stage Practical Plane and Solid Geometry.

First 8tage Building Construction.

First Stage Mathematiics (Kuclid and Algebra).

First Stage Mechanies of Solids. Fourth Edifion.

First 8tage Mechanics of Fluids. Second Edition.

First 8tage Sound, Light, and Heat.

First Stage Magnetism and Eleetrieity. Second Edifion.
First Stage Inorganic Chemistry (Theoretical).

. First Btage Botany. Second Edition.
X XIII.
XXV.

First 8tage Fhysiography.

First Stage Hygiene. Second Edilion.
First Stage Organic Chemistry, Theoretical.
First Stage Steam.

Section One Hygiene

In preparation,
In preparation.
[In preparation.

First S8tage Inorganic Chemistry (Practical), Second Ed. ls.
1s. 6d.

THE SECOND STAGE, 8s. 8d. each Vol

Second Stage Mathematics (being the additional Algebra and
Euclid, with the Trigonometry required.) Second Kdition.

Second Stage Mechanics (Solids), or Advanced. Part I. Dy-
NAMICS. Third Edition, Revised and FEnlarged., Part IL.
StAaTIcs. Third Edition, Revised and Enlarged.

Second Stage Heat, or Advanced. Seconid Edition.

Second Stage Magnetism and Electricity, or Advanced.

SecondStage IncrganicChemistry (Theoretical),or Advanced.
Second Edition,

Second Stage Botany.

Second Stage Hygiene, or Advanced.

Second Stage Inorganic Chemistry (Practical), or Advanced.

28.

Practical Organic Chemistry. ls. 8d.

XX, and XXI.1. Modern Navigation. (lor the First and Second Stages.)

Gs. 6d.

LONDON : W. B. CLIVE, 157 DRURY LANE, W.C.
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