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PREFACE

Tms little volume has been wrnitten as an introduction to
organic chemistry for the.use of first year medical students
and for senior science students in schools. By treating the
theoretical and practical sides of the subject concurrently, it is
intended that the book may serve the double purpose of
text-book and laboratory manual. It is divided into threc parts.
In the first part the general principles undedyimg determinations
of purity, empiric and moiccular formule and structure, are
explained and illustrated by a careful study of two of the
most familiar dnd most casily procurable organic substances,
viz., methyl and ethyl alcohols. In the sccond part, the
aliphittic compounds are described in @ more systematic fashion ;
and the third part is devoted to a bricl account of the more
important members of the aromatic scries. It is hoped that
the bhook will fill & gap and serve the purpose for which it
wits written.

[ wish to acknowledge the valuable help T have received
from Mr. .\. T. Simmons in the correction of the proofs.

J. B. COHEN
Tne UNIVERSITY, LEEDS.
April, 1917.
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A CLASS BOOK OF
ORGANIC CHEMISTRY

INTRODUCTION

OrcANIC chemistry, until about the middle of the nineteenth
century, included only malerials derived from the products of
animal and plant life. The name organic was used to denote
the source of these products from organised matter, and at
the same time it served to distinguish them from the mineral
or inorganic materials of the inanimate world.

This original meaning of the term organic has long since
disappeared. Whilst a little more than half a century ago
organic compounds derived from animal and vegetable sources,
such as sugar, starch, oils, fats, gums, resins, etc., could be counted
only by hundreds, the number to-day exceeds one hundred
thousand, and they are mainly artificial products of the laboratory
and the chemical works.

We shall learn in the sequel the reason of this sudden growth
of arganic chemistry in recent years, and the charge in the
nature of its materials. In passing, it may be briefly stated to
be due to the blending of science and industry. Thus the art of
the dyer has been revolutionised by the introduction of artificial
dye-stuffs ; the skill of the surgeon has been greatly assisted
by the discovery of apmsthetics and antiseptics; the photo-
grapher has to thank organic chemistry for his  developers ” ;
artiﬁcial’drugs' of estiblished purity are used in medicine,
artificial essences in perfumery.. Moreover, the organic chemist

Cohen's Cl. Bk, Org. Chem. B



2 A CLASS BOOK OF ORGANIC CHEMISTRY INTRO.

has the task of controlling such industries as tanning, the manu-
facture of sugar, soap, inks, pdper, glue and gelatine, rubber,
artificial silk, explosives, &c. But in addition to the application
of science to industry there were other causes at work which
awakened organic chemistry from its long torpor.

It must be remembered, in the first place, that inorganic
substances—that is to say, the principal derivatives of the
metals and non-metals—were divisible into three main classes,
namely, bases and acids and their combinations, which gave
rise to salts. Moreover, each base, acid, and salt consisted of
certain elements which characterised the substance. Hydro-
chloric acid was composed of hydrogen and chlorine, and no other
compound of these two elements was known. Caustic sodu
consisted of sodium, hydrogen, and oxygen, and it was the only
existing substance which contained these three elements. Simi-
larly, the salt formed by the union of these”two compounds,
namely, sodium chloride, or commo. salt, was the only known
salt containing sodium and chlorine.

Each combination of elements usually represented one sub-
stance. There were some few exceptions, such as the different
oxides of lead, but their properties-did not greatly differ and
their relationships were easily explained. But it was found
that the compounds derived from living matter always contained
carbon and hydrogen and generally oxygen, also very frequently
nitrogen, and occasionally sulphur and phosphorus. Moreover,
bodies entirely different in chemical and physical properties
might yet contain the same set of elements. Acetic acid, alcohol,
sugar, starch, animal fat, vegetable oils, glycerin, etc., contain
the same three elements—carbon, hydrogen, and oxygen. It
was inconceivable that such differences in character could be
evolved put of the same three elements without the intervention
of some special power, and this was termed “ wital force.” 'The
living world, so it was held, laid aside the rules which goveined
inorganic chemistry. It possessed its own laws of combination
and its own force of affinity. These views proved to be entirely
illusory, For it was not long hefore organio compounds were
found to obey the same simple laws of combination by which
inorganic chemistry was governed.
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And here reference must be made to the important rle which
accurate analytical methods have played in conselidating the
foundation upon which this new branch of chemistry was erected.
It was Berzelius who in 1814, by improving the method of
analysis, was able to prove that at least the simpler organic acids
consisted of elements united in simple atomic proportion. A
still more accurate and easy analytical process, which was
devised by Liebig in 1830 and is still used in all its essential
details, only served to confirm this interesting result (p. 14).

But the belief in a “ vital force ” was not so easily eradicated.
On the appearance of the first artificial products, hitherto derived
from natural source$, it began to lose ground. Oxalic and
formic acids, alcohol, and urea were prepared in the laboratory.

The most remarkable of these four investigations is undoubtecly
the production of urea, a substance associated with waste
products of the animal economy, which was first prepared
artificially by Wahler in 1828.

Organic synthesis, as it is called, broke down the last barrier
which separated the products of the organic from the inorganic
world of matter.

Although many of the more complex natural products have
not yet been obtained artificially, there is a sufficient array of
these substances to warrant the firm belief that what the living
animal or plant has accomplished within its own hidden workshop
may be imitated by the chemist in his laboratory.

Among symihetic compounds which fifty years ago were
exclusively of natural origin may be mentioned oil of bitter
almonds, grape sugar and fruit sugar, alizarin and indigo, caffeine,
camphor, and limonene (contained in oil of lemons, etc.), uric
acid (found in the excreta of reptiles), conine from hemlock,
cocaine from th~ coca leaf, and many others,

Thus, organic chemistry has renounced its original meaning,
and now takes its place as one chapter—a very large one—in
the science of chemistry, which treats of the compouncs of carbon.

Let us look a little more closely into the subject of chemical
synthesis, which may be said to be one of the ultimate aims of
the organic clemist. The organic chemist finds a powerful
and valuable vegetable drug like quinine, which is costly on

’ B 2



4 A CLASS BOOK OF ORGANIC CHEMISTRY INTRO.

account of the comparatively small quantity present in the
cinchona bark from which it is extracted, or an important dye-
stuff like indigo, which is grown in the East and has to be imported
into Europe from a distance of thovsands of miles. Iow is
he to Set about building up these substances from simpler and
cheaper materials in the laboratory ? He cannot do it directly.
He must first discover the elements of which the substance to
ve synthesised is composed, then the relative number of atoms
of each element present; thirdly, he must find the weight of
the molecule, or, in other words, the actual number ot each kind
of atom.

All this is comparatively casy, and merely involves a knowledge
of analytical and other recognised methods of procedure, which
will be presently explained. The next stages are more difficult,
for he must proceed to break up his molecule bit by bit by lopping
off groups of atoms until he has so far simplified his molecule as
to be able to identify the residual nucleus. This nucleus then
becomes his starting-point in the synthetic process, and his
task now consists in piecing together the portions he has detached.
In this way, if he is successful, he will finally obtain the product
from which he started.

But he may be confronted with a difficulty, the cause of which
was only slowly recognised by the carlier investigatoss. Te
may picce together the separate parts of his molecule and obtain
a substance which contains the same clements and the same
number of atoms of each as the original substance, and yet the
two may be unlike. How is this to be explained ? Sulphuric
acid is written H,SO,, and no other substance possesses this
formula ; but C,IT,0 stands, not for one, but for two substances,
whilst CgI1,,0, represents 66 different compounds.  What does
this imply ? Simply that the atoms may be differently grouped.
It is clear also that the larger the number of atoms in the mole-
cule, the greater the possible variety of combinations. Thus,
in the exarple given, the bigger molecule offers the larger number
of variations.

Compounds of this character which have' the same number
and kind of atoms are said to be isorhieric. This phenomenon
of isomerism is a feature of orgdnic synthesis which constantly
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presents itsclf. It follows that, before a successful synthesis
can be accomplished, the position of every atom must be ascer-
tained, so that the production of an isomeric substance may,
as far as possible, be avoided. The grouping of the atoms in
a molecule is known as its structure or consti‘ution. The study
of structure necessarily precedes that of synthesis.




PART 1
GENERAL PRINCIPLES

CHAPTER I
THE PURIFICATION OF ORGANIC COMPOUNDS

BEFORE the structure of any compound can be ascerteined
it is necessary to have it in a state of purity—that is, to remove
every foreign ingredient. We will begin, then, by inquiring a
little more closely into the way in which a compound may be
purified. The majority of solid organic compounds are crystal-
line, and the method of purifying such substances is usually
by the process of crystallisation. The impuritics commonly
remain in the mother liquor.

Crystallisation.—The first essential is to sclect a suitable
solvent, that is, one which dissolves much more of the substance
at a high than at a low temperature, or to use two miscible sol-
vents, in one of which, however, the substance is but slightly
soluble. We may make use of the latter method for crystallising
cane-sugar, which is soluble in water but ncarly insoluble in
alcohol.

Expr. 1,—Purification of Cane-sugar.—Dissolve in a small
beaker 8 grams of cane-sugar in 4-5 c.c. of water by warming
gently, add 20 c.c. of alcohol to the solutinn, shake up and drop n
a small crystal of sugar. Let thg solution stanu till next day.
The cane-sugar is deposited in crystals. Brown sugar may be
purified by first removigg the colour with ammal charcoal and

6



ca.1  THE PURIFICATION OF ORGANIC COMPOUNDS 7

then crystallising. Boil over a small flame 8 grams of brown sugar
dissolved in 40 c.c. of water with the addition of about a gram of
amimal charcoal for a quarter of an hour. The liquid loses 1ts
brown colour. Filter and evaporate in a basin until about 10 c.c.
of liquid are left. Pour into a beaker, add 20 c.c. of altolol, and
if a precipitate is formed, cautiously add water drop by drop until,
on warming, a clear solution is obtained. Put in a crystal of sugar
and leave overnight covered with a watch-glass. Colourless
crystals of cane-sugar separate.

Melting-point determination.—The majority of solid or-
ganiccompounds fuse when heated. This isan important property,

30 30
25 25
20 20

Lol L INAL s
—1-"’0 : 90 100 per
A 100 80 o cent

for by its means the purity of a compound may be ascertained.
It is well known that the presence of a ¢ foreign ingredient ”
lowers the melting point of a substance. Iusible metals are
made on this piinciple. If we made various mixtures of two
substances A and B and plotted their melting-points as ordinates
and the quantities as abscisse we should obtain a curve something
like that in the accompanying Fig. 1. The melting-point of
each would fall with successive additions of the second substance
until it reached a minimum and would then rise until the second
pure substance alone was present.

Successive crystallisations would show by a change or other-
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wise in melting-point if the substance were pure. Slow liquefac-
tion is usually an indication that the substance is impurc or
decomposes for the following reason: on cooling a mixture of
two substances, the one that predominates would separate
until the mixture of minimum melting-point (cutectic point)
is attained, when the whole would solidify. On heating a mixed
solid the reverse occurs, and if the process takes place slowly
some of the more fusible mixture will melt, leaving the purer
and therefore the substance with the higher melting-point.
Thus the melting is protracted and may take place through a
wide range of temperature.

Exer. 2 —Melting-point of Cane-sugar.—I'or melting-pomnt
determinations the following method 1s used. A small sample of
finely powderced cane-sugar, which
has been carcfully dried, is introduced
into a capillary tube of about 1 mm.
inside diameter sealed at one end.
The tube is made from soft thin-walled
glass tubing, about 15 mm. diameter,
by rotating it in the blow-pipe flune
until the glass softens, and then slowly
drawing it out. The long capillary is
then broken into lengths of about
7 cm. (2} in) by scratching across
with a writing diamond, and ecach short
tube 1s scaled at one end.  To intro-
duce the substance, it is convenient to
scoop up the finely powdered material
off a watch-glass with the open end.
By tapping the closed end on the
bench, the powder 1s shaken down.
The quantity introduced  should
occupy a length of about 2-3 mm.
when tightly packed. The tube 1s
attached to a thermometer (preferably
with a very small bulb) so that the
substance is level with the bulb.  The

FiG. 2.--Apparatus for determining attachment may be made by a narrow
the melting-point, rubber ring or by simply moistening

the side of the capillary with the

.thermometer bulb, which has been dipped 1n the liquid in
the bath, and then pressing it against the thermometer stem.
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The thermometer passes through a cork loosely inserted into
a large test-tube (boiling-tube) filled with concentrated sul-
phuric acid, glycerin or castor o1l to a depth of about 5 cm.
(2 in.). The apparatus 1s clamped to a retort standing over wire
gauze and is heated very gradually by a small flame.. When a
certain temperature is reached the substance, if pure, melts sud-
denly within one or two degrecs. \When approaching the melting-
point, it 1s desirable to remove the flame or turn it very lo-v so that
the risc of temperature is very gradual. If the liquefaction is pro-
tracted, it is an indication that the substance is not pure. The
melting-point, obtained 1n this way, to be quite accurate, must be
corrected for the temperature of the thread of mercury outside the
hquid.

Some substances do not melt, but, on reaching a certain tem-
perature, decompose.  The purity of such substances can only be
approximately gauged by repeated crystallisation and ~areful
microscopic examination. It s difficult to establish with certainty
whether substances such as resin, starch, and albumin, which do not
crystallise, are single individuals or not, and purification is rendered
very troublesome.

PREPARATION AND PURIFICATION OF ETHYL ALCOHOL

Fermentation.—When brewers’ ycast (saccharomyces) is
added to a solution of grape-sugar (glucose) or canc-sugar, the
liquid shonly begins to {froth
and has the appearance of boil-
ing, although there is a scarcely
pereeptible rise of temperature.
The process is called fermenta-
tion, from the Latin fervere to
boil. A fundamental change
oceurs in the sugar, whereby it
is broken up into ethyl alcohol
and carbon dioxide.

Exrr. 3.—Dissolve sograms of
grape-sugar (glucose) in 500 c.c.
of water ; pour the solution mto a large flask (2 litres), and add
about half an ounce of fresh brewer’s yeast. Fit the rlask with a
cork and bent delivery tube, dipping into lime-water (Fig. 3).

F16. 3.—Fermentation of a sugar solution.
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Warm the solution to about 25°-30° C.,! and leave the flask in a
warm place. After a short time bubbles of gas appear, and a
considerable deposit of calcium carbonate will form 1n the lime-
water. After two days the presence of alcohol in the flask may be
ascertained by pouring out a small portion of the liquid into a
flask furnished with an upright tube. On gently boiling the
contents, the vapour of alcohol, which is more volatile than water,
is the firs* to pass out of the open end of the upright tube, and may
be ignited. The remaining contents of the flask are distilled.

Fractional distillation.—To separate the alcohol from the
other contents of the liquid and to some extent from water,

Fi6. 4 —Distillation apparatus.

recourse is had to the process of fractional distillation. The
apparatus is shown in Fig. 4. Tt consists of a distilling flask,
a, a condenser, b, and a receiver, ¢. The flask is provided with
a thermometer which is inserted through a cork in the neck.
1f the liquid in a is boiled the vapour passes inco the inner tube
of the condenser, where it is cooled by a current of cold water
in the manner indicated, and the condensed liquid runs into the
receiver, c. ‘This process is called distillation and the temperature
of the vapour of the boilingliquid, as indicated by the thermo-
meter, is the boiling-point of the lignid. It will be found,
however, that, as the liquid distils, the thermometer shows a

1 As temperatures are always referred to the centigrade scale, the < C” will
henceforth be omitted.
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gradual rise of temperature. This is due to the fact that two
liquids are distilling, alcohol boiling at 78° and water at 100°.
The boiling-point curve of an alcohol and water mixture will be
represented by a continuous line rising from pure alcohol at 78°
to pure water at 1o0° (Fig. 5). '

It follows, therefore, that every portion distilling will consist
of an alcohol and water mixture containing, as the temrperature
rises, an increasing proportion of water.

It may be added that certain mixed liquids exhibit concave and
others convex boiling-point curves, that 1s,a certain mixture has a

8 : /
N A /
, /
v
//

86

\

82

N

Alcohol 100 90 80 70 60 50 40 30 20 10 O
per cont

Fio s —DBothing-point curve of alcohol and water mixtures.

hoiling-point which is either higher or lower than either of the pure
substances. This method of scparation is then less easily applied.

By collecting the first portion or fraction of the distillate which
boils below 100° (about 50 c.c.) a partial separation is effected.
This fraction will contain the main portion of the alcohol. The
process of separating the distillate into fractions of different
boiling-points is called fractional distillati~n and is 2mployed
in many large technical operations such as the petroleum industry
(p. 83), the destructive distillation of wood (p. 54), and of coal
(p- 246) and in spirit distilleries (p. 23).

A more effective method for separating the alcohol by distillation
is to use a column or still-head. There are many forms of this
apparatus, on¢ of which is made from a piece of wide tubing
of about 15 mm. inside diameter drawn out below or sealed to
a narrower pie.e of tubing at the lower end and filled with thin
glass beads, kept in position by plugs of copper gauze. The
upper end is fitted with & T-piece holding the thermometer
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as shown in Fig. 6, 5. Itis known asa Hempel column. Another
form of column (Vigrcux column) can be made from a similar
piece of wide tubing by heating it at various points with the tip
of a narrow blow-pipe flame until soft, and inserting the end
of a file with a slight pressure inwards. A ring of three or four
such indentations .s made so that the projections inside nearly
touch, and at intervals of about 11-2 inches as in Fig. 6, a.

The action of the column may be explained as follows. The
vapour given off from a mixture of liquids
contains, as a rule, a larger proportion of the
more volatile constituent than the liquid. If
this vapour is partly condensed in its ascent,
the vapour above this condensed liquid will
be still richer in the more volatile constituent.
If, by a series of constrictions or diaphragms,
the condensed liquid is obstructed in its return
flow, a momentary equilibrium between liquid
and vapour is established at cach diaphragm,
and the longer the column the greater will be
the amount of the more volatile constituent
in the last portion of vapour to undergo con-
densation. This passes off by the condcnser
and is collected.

§
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The alcohol partially separated in this way
still contains water. A more complete separa-
tion could be effected by a second fractional
distillation within a narrower range of tempera-
ture ; but this may be omitted. The remain-
) ~  ing water can be removed by adding a quantity
Fi1G. 6.—Fractionating . .

columns. (about 2o grams) of solid potassium carbonate

to the so c.c. of distillate. The carbonate

absorbs the water ana forms a heavy liquid layer below the layer

of alcohol.  The lower layer is removed by mcans of a pipette,
or more conveniently by means of a tap-funnel (Fig. 7).

The alcohol is further dehydrated with fresh potassium car-
bonate or quicklime. If the alcohol is now separated from the
solid and distilled, the liquid will show a nearly constant boiling-
point of 78°-79° throughout tne distillation. The constancy
of boiling-point is an indication of purity.” The quantity obtained
in this way is usually about 20 c.c?




1 THE PURIFICATION OF ORGANIC COMPOUNDS

13

Composition of Sugar and

Alcohol (qualitative).—

The method for ascertaining the presence of carbon and hydrogen

in organic compounds will now be
described. In the case of the less
volatile and non-inflammable sub-
stances, the compound is mixed
with copper oxide and heated. The
carbon is converted into carbon
dioxide and the hydrogen into
water, the copper oxide being at
the same time reduced to the
metal. '

Iixrr. 4.—TFit a small hard glass
test-tube with cork and dehvery
tube dipping mmto lime-water (Ing.
8) Heat a few grams of fine
copper oxide m a porcelain crucible
for a few munutes to drive oft
moisture, and let 1t cool in a desic-
cato.. Mix 1t with about one-tenth
of 1ts bulk of powdered sugar in a
mortar.  Pour the mixture mto the
tube.  Clamp the tube horizontally
to a retort stand and tap 1t gently
so as to leave a channel along the
top for the cscape of gas. Ileat

the mixture gently with a small flame.
through the lime-water turns 1t mulky.

Fi6 7.—Tap-funnel for separating
non-nmscible hquids

The gas which bubbles
Moisture will appear

near the cork, and, provided that the copper oxide has been

SUGAR &
COPPER OXIDE A

thoroughly  dried before-
hand, this ndicates the
presence of hydrogen m the
compound.

The presence of carbon
and hydrogen in alcohol or
other inflammable liquid
is determined by burning
the substance and testing
for carbon dioxide and
water.
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Expt. 5.—Place a little alcohol in a deflagrating spoon and burn
it in a dry jar. Notice the deposition of moisture on the sides of
the jar. On shaking the vessel after the addition of lime-water,
the latter becomes turbid. The formation of water and carbon
dioxide shows the presence of carbon and hydrogen. There is no
convenient qualitative test for oxygen.

Quantitative analysis of carbon compounds.—The
method used to determine quantitatively the composition of
organic compounds consists in burning in a current of oxygen a
weighed amount of the substance (unless it is a gas, when a
different method is employed) in a tube containing copper oxide.
The hydrogen forms water (11,0), and the carbon is converted
into carbon dioxide (CO,). Each of these is separately absorbed
in a weighed apparatus. The water is collected in a tube con-
taining pieces of calcium chloride, which takes up moisture with

Fia. ¢

great avidity, and the carbon dioxide in a small vessel consisting
generally of two or three bulbs filled with caustic potash solution,
which absorbs the gas. The apparatus is shown in Fig. g.
Oxygen is introduced from the reservoir or gas holder a, and is
purified by passing through tubes b and ¢, containing respectively
soda-lime and strong sulphuric acid, to remove traces of carbon
dioxide and moisture. The weighed substance is placed in the
tube in a little boav at d, and the rest of the tube is filled with
copper oxide. The object of the copper oxide /Cu0) is to oxidise
the substance which may come into contact with it, as already
explained. The tube, filled in the manner described, is attached
to the calcium chloride tube e, and to the bulb apparatus f con-
taining caustic potash, both of which are carefully weighed. The
long tube is heated gradually in the furnace by means of a series
of gas burners, whilst a current of oxygen is slowly passed through,
and thus helps to burn the substahce and at the same time carries
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along the products (water and carbon dioxide) into the two vessels
e and f, in which they are absorbed. A second gas holder con-
taining air is used for replacing the oxygen in the apparatus
e and f by air at the end of the operation. These two vessels are
then weighed and the quantity of water and carbon dioxlde ascer-
tained. We know from previous experience that %ths or Lth
part by weight of water is hydrogen and }#ths or .3 ths bv weight
of carbon dioxide is carbon. Thus, from the increase in weight
of the two vessels we can find the weight of carbon and hydrogen
in the substance.

Example.—o-2 gram of grape-sugar produced 0-294 gram of
carbon dioxide and o'120 gram of water.
Hence,
7% X 0204 == 0'080 gram of carbon.
y X 0120 = 0013 . hydrogen.
To convert these into parts per cent. multiply by 100 and divide
by the amount of substance *aken. The difference between the
sum of these two quantities and 100 must be due to oxygen.
100 X 0080

2

= 40’0 per cent. of carbon.

100 X)”‘f’m = 05 . hydrogen.
difference = 53’5 ’ oxygen.
100'0

If these numbers arec now divided hy the respective atomic
weights of the clements, the relative (not the actual) numbers of
atoms present in the molecule are given.

ﬁi(z = 33 atoms of carbon.
Ex’;i =05 . hydrogen.
535

= 3 " oxygen.
6 33 yger

Dividing by the smallest number so as to give the proportion
in whole numbers, we get approximately CH,0. This is known as
the empirical formula, because it does not tell us the absolute
number of such atoins, which is given by the molecular formula.
In the same way. the empirical formula for ethyl alcohol would
be found to be C,HgO.
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Molecular weight and molecular formula.—In order
to find the weight of the molecule, or molecular formula,
we make use of certain hypotheses. One is called Avogadro’s
hypothesis, which states that equal volnimes of gases under similar
conditions contain an equal number of molecules. Therefore
the relative weights of equal volumes (or density) will be the
relative weights of their molecules.

For example, supposing each of the cjrcles, Fig. 10, represents
an equal volume of hydrogen and of some other gas, x, according

to Avogadro’s hypothesis they con-

5 o > o tain the same number of molecules ;

let u$ say four. It is clear that
Substance Hydrogen if we compare the weights of these

Fic. 1o two volumes, we are really comparing

the weights of their individual mole-

cules. Now the weight of a given volume of vapour compared

with that of an equal volume of hydrogen is the vapour density,
or,

weight of x

vapour density =
I Y™ weight of hydrogen

It is a very easy matter to weigh a certain volume of a gas or
vapour (z.e. gasified liquid or solid) which is not changed chemically
by heating. Furthermore, we know from exact determinations
what the weight of any volume of hydrogen is at an, temperature
or pressure (I c.c. == 0’00009 gram at o° and 760 mm.). Thus we
can find what the weight of the molecule of the substance is
compared with a molecule of hydrogen. But the molecule of
hydrogen is supposed to consist of two atoms, and as we take the
single atom of hydrogen (being the lightest substance known)
as the unit for con parison, we have to multiply the above result
by two. This gives the weight of the molecule of the substance
compared with one atom of hydrogen, which is what we mean
when we speak of molecular weight. This method is called
vapour density method, and may be carried out in varioas ways
One of thesc is known as Victor Meyer’s air displacement method.
The apparatus and procedure c.re described in detail in Expt. zo
under ethzr (p. 42). The vapour deusity of alcohol compared
with hydrogen under the samc conditions of temperature and
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pressure would be found to be 23 and therefore the molecular
weight of alcohol 1s 2 x 23 = 46, which is that given by the
formula C,IT,0.

This method cannot of course be used for a non-volatile sohd,
such as cane-sugar, and consequently another method has to be
adopted. The method depends upon the fact, first demonstrated
by Raoult, that the freezing-point, and also the boiling-point, of a
substance is changed (lowered in the first case and raised in the
second) by the same number of degrees by dissolving in it different
substances whose weights are proportional to their molecular
weights.  This result is due to the change effected in the vapour
pressure of the solvent by the dissolved substance. Supposing
we plot the change in vapour pressure with temperature for ice
and water in the form ot a —
curve, and then do the same 7¢0m™m

after dissolving in it a small 2

quantity of substance.  The §

new curve will run nearly 5 1

parallol with the first (Fig.11). 3 ;

It will cut the vapour pressure Temp L o

curve for e at some point Lio. 1
below o and reach atmo-
sphenie pressure above 100%; in other words, the addition of a
soluble substance will lower the freezing-point and raise the
hoiling-point.  Not only so, but if an equal molecular proportion
of another substance were dissolved in the same quantity of
water, precisely the same effect would be observed.

The freezing-point method.—Supposing the freezing-point
ol 100 grams of a solvent to be lowered 1° by dissolving 1, 2. 3, and

grams respectively of four difierent substances, the molecular
weights of these substances will be inthe ratioof t:2: 3: 4. In
order to convert these ratios into true molecular weights, the
numbers must be multiplied by a coefficient which depends upon
the nature of the particular solvent selected, and which may be
determined empirically by means of substances of known molecular
weight or by calculation from thermodynamical data.?

1 Reference should be made to a book on physical chemistry for further
details.

Cohen's Cl, Bk. Org. Chem. C
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If w is the weight of substance and W the weight of solvent,
d the depression of the freezing-point, and C the coefficient for
the solvent determined for the standard conditions (i.e. for the
weight of substance which produces 1° depression in 100 grams
of solvent) the molecular weight, M, is given by the following
expression :—

100 Cw
M = — W i
The values of C for the common solvents in use are as follows :—
Water .. .. 188, Phenol .. .. 75,
Benzene .. 50, Acetic acid .. 30.

The form of apparatus, known as the Beckmann freezing-point
apparatus, is shown in the accompany-
ing Fig. 12. Tt consists of a glass jar
furnished with a stirrer. The cover of
the jar has a wide slit to admit the
stirrer, and a circular aperture with

clips to hold a wide test-tube.
Within the wide test-tube is a
narrower one, which 1s held in position
by a cork. The narrow test-tube is
sometimes furnished with a side-tube
for introducing the substance. It is
provided with a stirrer. A Beckmann
thermometer completes the apparatus.
This is fixed through a cork so that the
bulb nearly touches the bottom of the
tube, a wide slit being cut in the side
of the cork for moving the stirrer.
The Beckmann thermometer is of
special construction, and requires ex-
planation. * As the method involves
merely an accurate determination of
small differences of temperature, it is
= not requisite to know the exact pgsi-
tion on the thermometer scale. The
K16, 12— Beckmmmys frsting. Beckmann t'hermomc:er -r.egister.s 6
point apparatus. degrees, which are divided into
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hundredths. The little glass reservoir at the top (e, Fig. 12)
serves the purpose of adjusting the mercury column to
different parts of the thermometer scale by adding or
removing mercury from the bulb. Ten to fifteen grams of
solvent are introduced into the inner tube aad weighed. The
freezing-point of the solvent is then determined by cooling the
outer vessel with water, ice, or g freezing mixture of pow.lered ice
and salt, below the freczing-point of the solvent. The solvent is
slightly supercooled and then stirred.  As soon as crystals begin
to separate, the temperature rises, and reaches a maximum whici
represents the freezing-point of the solvent. The operation is
ropeated for confirmation, and then a carcfully weighed amount
of the substance introduced. .\s soon as the substance has dis-
solved, the freezing-point is again determined as before, ard this
time a lower temperature will be indicated. A further quantity
of substance may be added, ond a new determination made.

Evample — Using 1 gram of cane-sugar in 15 grams of water,
the freezing-pomt was lowered o0-37°.

The molecular weight 1s calculated as follows: it is first
necessary to find the weight of substance which when dissolved
m 1oo grams of solvent will lower the [reezing-point 1°.

The weight of substance @ 1 100 grams of solvent 1s given by
the exnression :

T ¥ 100

15

As the proportion between the <ubstance and the solvent is un-
changed, no eftect is produced on the freezing-point.

The weight of substance in 100 grams of solvent required to
lower the freezing-point 1° is

I X 100
15 % 037
Here it is assumed that the depression of the freczing-point is
proportional to the weight of dissolved substance.
The above factor multiplied by the coefficient for the solvent
(water = 18-8) gives the molecular weight.

0 X .88
X 10 ‘< 2922 = 338,
I5 X 0'37

The molecular weight calculated for C,H,,04, =342.
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The boiling-point method.—The boiling-point of a liquid
is found to be affected like the freezing-point by the presence of a
dissolved substance—that is, the boiling-point of a given quantity
of a liauid is 7aised the same number of degrees by dissolving in
it the same numbzr of molecules of different substances, or, in
other words, such weights of these substances as represent the
ratio of their molecular weights. One form of apparatus for deter-
mining molecular weights by
this method 1s that of Beck-
mann, shown in Fig. 13.

Beckmann's  boiling-point
apparatus consists of a boi’-
ing-tube furnished with two
side-picces, one of which is
stoppered and serves to in-
troduce the substance, and
the otheracts as a condenser.
The boiling-tube  stands on
an ashestos pad and s
surrounded by two short
concentric  glass  cylinders
surmounted by a mica plate.
A Beckmann thermometer 1s
inserted through a cork in
the neck of the tube. The
thermometer 1s similar in con-
struction to that used for
freezing-point determinations,
but it has a smaller bulb.
The boiling-point of the solvent is first ascertained.  The
burner is lighted and the temperature regulated so that the
liquid boils briskly. The tempcerature being constant, it is
noted, and a weighed pellet of the solid substance is dropped
into the boiling-tube through the side-piece without interrupting
the boiling. The boiling-point rises, and aftera short time will
remain stationary. The temperature is again noted. A second
and third determination may be made by inwoducing fresh
pellets of the substance.

Fic. 13.
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When the observations are complete, the apparatus is allowed
to cool and the weight of solvent ascertained by weighing the
boiling-tube and solvent.

As in the {reezing-point method, the molecular weight is calcu-
lated from the weight of substance required to raise the boiling-
point of 100 grams of solvent 1°, and the result multiplied by a
coefficient which depends upon the nature of the solveat. The

following is a list of solvents commonly employed and their
coefficients and boiling-points :—

b -p. ; c. | |' b.-p. | c.
Acetone .. .. 50° I 1771 | Ethylalcohol . 78 115
Chloroform .. 01° | 306 | Benzene ..l 80% | 261
Methyl alcohol .. 06° | 88 Water .. ... 100° | 52
Ethylacetate .. 77° | 26'8 | Acetic acid .. 118° | 253

The molecular weight 1s determined from the formula

M — 100 cw
daw

i which g is the weight of substance, W that of the solvent,
d the rise of boiling-point, and ¢ the cocflicient.

Although the method 1s able to disposc of a greater number of
convenient solvents than are adapted for freczing-point deter-
minations, it is never so accurate, mainly on account of the difti-
culty of av oiding fluctuations in the boiling-point, due to radiation,
to the dripping of cold liquid from the condenser, and to baro-
metric fluctuations.

ILxample.-—With -5 grams of cane-sugar in 15 grams of water
the boilmg-point was raised 0-48°.

M = ‘100 X 45 X :'5

15 X 048 325-

Having now settled the f