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PREFACE

Tuis book is intended as a guide to students commencing
Organic Chemistry. The subject is treated experimentally
from the outset, without preliminaries, the hypotheses and
theories which form so essential a scaffolding being intro-
duced as the facts require them. At the same time, every
stress is laid on the importance of theory, and every op-
portunity taken of showing how concrete results have been
led up to by theoretical considerations. By this combination,
it is believed that it will be more readily understood how the
Science has developed, and more readily discerned later how
and in what directions the development is likely to con-
tinue.

The book proceeds as far as possible from the familiar to
the unfamiliar. The first substances to be studied are the
typical alcohol and acid akin to the Inorganic bases and
acids, and the study of these leads to the theory of
radicles. The other simple alcohols and acids are next dealt
with, and the ideas of homology and isomerism introduced.
The construction of the network of cross-connections typical
of Organic Chemistry is now commenced with the aid of
the ammonia derivatives and cyanogen compounds, and the
necessity of the theory of structure shown. The structural
formul® of the various compounds having been duly
established, the simple aldehydes are introduced, and with
them the conception of polymerism; then the simple ke-
tones and secondary alcohols, with the theory of position
isomerism ; and the iso-alcohols and acids, with the theory
of branching-chain isomerism, Finally, the simple hydro-
carbons are dealt with, and the preceding work codified in
the theory of substitution.
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vi PREFACE

The second and third parts of the book, which deal
respectively with the more complex aliphatic derivatives, and
the benzenoid compounds, are of course more deductive in
treatment, but as far as possible the same plan is followed.
The theory of stereoisomerism, for example, is considered in
connection with the lactic acids, and the constitution of
benzene is developed only after a considerable number of
benzenoid compounds have been dealt with.

Ag the book is, to a large extent, parallel in sequence with
the historical development of the subject, the names of in-
vestigators and dates of their discoveries are introduced
wherever practicable. The chapters are short, to facilitate
asgimilation, and their contents are summarised in charts,
which the author has used for many years past, and believes
will be found of material assistance both to teachers and
students. To ensure accuracy, the proof-sheets have been
collated with Beilstein’s standard Handbuch der Organischen
Chemie. The practical details of quantity and manipulation,
which will be found in an appendix, have in the majority of
cases been tested many times in the classes under the author’s
charge.

University students will find that their syllabuses have
been duly considered, and that the theoretical and practical
work demanded by the various examining bodies is dealt
with in detail. As a knowledge of qualitative analysis is
required at most of the examinations, a second short ap-
pendix is devoted to that subject.

Guy’s HospITaL, LonpoN, S.E.
October, 1897.
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. o .

Fig. " 8. p. 59.—Dry or Destructive Distillation.

Fig. 9. p. 150.—Distillation under Beduced Pressure.

Fig. 10. p. 241,—Distillation with Steam,



PART 1

Typical Compounds of Simple Constitu-
tion

SECTION I
THE ALCOHOLS AND ACIDS: ORGANIC RADICLES

CHAPTER 1
PREPARATION OF PURE ALCOHOL

Organic and Inorganic Compounds: Alcohol.—Organic
Chemistry deals with the Compounds of Carbon. There is no
essential difference between the carbon compounds and those of
the other elements, but they ‘are so numerous and intimately
related, that it is usual to consider them apart. The name was
originally given to compounds such as sugar, which are formed
in living organisms, and to their immediate derivatives, such
as alcohol, as it was thought that products of this type could
not be made in the laboratory, and were radically different
from the mineral or Inorganic compounds. It has long been
proved that this view was incorrect, and that the Organic com-
pounds can be made from their elements, but the division and
name are retained for convenience sake.

One of the longest known and simplest organic compounds
is the alcohol to which the properties of fermented liquors are
due. Wine and beer have been made from very early times,
and it was known to the Arabians, the inventors of the retort,
that the properties of such preparations were due to a volatile
constituent or “spirit,” which can be separated from them by
distillation. In the course of time some of the details have
been modified, but the substance is still made in practically the
same way.

Although much alcohol is prepared by distilling or “burning”
wine (brandy=Branntwein), the bulk of that used for chemical
and industrial purposes is made directly from sugar or starch.
‘When beet or cane molasses for instance is fermented with
yeast, a quantity of alcohol is formed, and a similar transfor-

B
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mation is brought about in brewing by the action of yeast on
wort, the sweet liquid obtained by mashing malt and crushed
barley with warm water. Potato spirit is made in the same
way from malt and steamed potatoes. As the mechanism of
these processes is complex, they will be considered in detail
later (p. 176), and this course will commence with the study of
the ready formed alcohol, the amount of which varies from 4 or
b per cent. in beer to 20 per cent. in the heavy wines.

Purification of Alcohol: Distillation.—The first step in a
chemical investigation, whether organic or inorganic, is of
course to obtain the substance in a pure state, in which its
properties are constant and uninfluenced by the presence of
foreign matter. Pure water, it will be remembered, is known
by the constancy of its boiling and freezing points and density,
and by its crystalline form when solidified, the presence of
impurities causing departure from this fixity.

The processes used in the purification of organic compounds—
washing, crystallisation, sublimation, distillation—are in the
main similar to those with which the student is already
familiar, but owing to the greater volatility of the carbon
derivatives, especially those of comparatively simple nature,
distillation is much more frequently used than in dealing with
mineral products.

The distilling apparatus in ordinary use is represented in the
frontispiece. It is the same in principle as the common retort
and receiver, but somewhat more complicated in detail. The
liquid is boiled in a flask provided with a side exit for the
vapour, so that a thermometer may be placed in the latter,
indicating the boiling point of the substance* (Wurtz). The
vapour is condensed in a long, wide glass tube, which is cooled
b]S'.:' abyv;a,ter-jacket, and slopes downwards towards the receiver

1ebig). *

( Thegdistillation as thus effected serves a double purpose, for
on distilling a complex mixture such as wine or beer, not only
do the volatile constituents pass over uncontaminated with
solids and colouring matter, but their nature is to some extent
indicated by the temperatures at which they distil. Thus
water of course is volatile, as well as alcohol, and that the
spirit which passes over is accompanied by the inorganic liquid,
is evident, not only from the incombustibility of the later
portions of the distillate, but also from the steady rise in its
boiling point and specific gravity during the whole operation.

Purification of Alcohol: Fractional Distillation.—By simple
distillation the alcohol is thus obtained mixed with water, and
as will be seen later, with small quantities of other volatile
substances. The main problem is to eliminate the water, and is
partially solved by utilising the greater volatility of the spirit.

* See Appendix I.
-
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As just noted, the first portions of the distillate are much richer
in alcohol than those which pass over later; and as the same
graduation is repeated in miniature on redistilling the separate
portions of the distillate, it is possible by systematic work to
effect a fairly complete separation of the two liquids.

This process, which is applicable to all mixtures of unequally
volatile liquids having no chemical action on each other, and is
consequently much used in organic work, is termed fractional
distillation or fractionation. The mixture in the first place is
steadily distilled almost to dryness, and the successive fractions
collected according to their boiling points in separate receivers.

First fractionation of a mixture of 50 c.c. of alcohol and 50 c.c.

of water.
Fraction. . | x-82° (head) | 82-87° | 87-920 | 92-97° | 97-x© (tail)
Volume . 20 c.c. 16 cc. | 18cec. | 2l c.c. 29 c.c.

‘These are then successively redistilled, but owing to their
altered composition, no longer pass entirely over at the original
temperatures. The alcohol distils the faster from the stronger
fractions, and the water from the weaker, so that the result of
the second fractionation is to increase the bulk of the end
fractions at the expense of the intermediate ones.

Second fractionation.

82-87°
5 c.c.

Fraction.

x-820 (head)
Volume .

87-920 | 92-97° | 97-x° (tail)
82 c.c. 86 c.c.

11 c.c. | 14 cc.

The separation is rapidly increased by each subsequent frac-
tionation. By the end of the third, in fact, the greater part of
the alcohol and water have already passed into the head and
tail fractions, and the boiling points and specific gravities of
these now approximate to those of the pure liquids.

Therd fractionation.

|
Fraction. . | x-820 (head) | 82-870 87-920 | 92-97° 97—;{20 (tail)
c.c.

Volume . . 44 c.c. 0c.c. lce. |1l ece.
Sp.gr. . . 0856 —- . - —_ 0-991
Sp. gr. of ‘

original

constitu-

ents . .| - 0835 1-000

This somewhat tedious process is accelerated by partially
condensing the vapours before they enter the condenser, and
returning the less volatile portions, and in this manner a fairly
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complete separation can often be effected in a single distillation.
The vapours may be condensed in the upper part of the neck of
the flask, made specially long for the purpose, or in a long
wide tube or fractionating column, fitted to an ordinary flask
(Fig. 1). Various devices have been contrived also to enlarge
the condensing surface, and provide for washing the vapour with
condensed liquid.

In Hempel's column, for example,
the vertical tube is filled with glass
beads, and in Glinsky’s (Fig. 1), this
tube consists of a vertical series of
bulbs, separated by blown glass ball
valves. The beads and valves retain
some of the liquid. In distilleries,
similar appliances made of metal
are used, the rectifier in Coffey’s
still, for example, consisting of a
copper chamber traversed by perfor-
ated plates, which act in the same
way as the beads or valves in the
laboratory apparatus.

Purification of Alcohol: Absolute
Alcohol.—The strongest alcohol ob-
tainable by fractional distillation is
known as rectified” spirit, and has a
specific gravity of 0835 at 15°. Me-
thylated spirit consists of this recti-

. , .. fied spirit, mixed with some crude

Fig. 1.—Glinsky's Fractionating  wood ‘spirit and a_little paraffin, to

) render it unfit for drinking, and thus

exempt from duty. It can be obtained for chemical purposes

without paraffin, and after boiling with a little solid caustic

soda to eliminate acetone, etc. (p. 87), and redistilling, may be
.used instead of the more expensive pure alcohol.

By digesting rectified spirit with an appropriate desiccating
agent, such as potassium carbonate or quicklime, and redistil-
ling, a spirit is obtained, which has a still lower gravity, and
therefore contains less water (Lully, 18th century); but by
repeating this treatment, a liquid is ultimately obtained, whose
boiling point and specific gravity are constant, and cannot he
further reduced. This product is therefore pure, and is termed
absolute alcohol.

Small quantities of absolute alcohol can be prepared in the
laboratory by digesting rectified or purified methylated spirit in
a corked flask with half its weight of quicklime in lumps. The

. lime gradually slakes and falls to pieces, and after twenty-four
hours, the flask containing the alcohol and slaked lime is placed
on a water-bath and adjusted to a condenser, and the alcohol
completely distilled off into a dry stoppered bottle. The pul-
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verulent lime remains behind chemically combined with the
water.

Absolute alcohol (Lowitz, 1796), is a colourless liquid, which
has a pleasant odour and burning taste, and burns with a non-
luminous flame. It boils at 78° under ordinary pressure, and at
-180° freezes to a white crystalline solid. Its specific gravity is
0794 at 15°. Pure alcohol is very hygroscopic, and this is why
it cannot be completely separated from water by fractional
distillation alone. .

Criteria of Purity.-—A substance is pure and a chemical
individual, only when its physical properties are constant, and
these physical tests are the ultimate criteria of purity. But it
is often convenient to prove the absence of specific impurities
by direct chemical tests. Thus a fragment of white an-
hydrous copper sulphate is converted into the blue hydrated
salt when added to alcohol containing water. Similarly the
yellow solution of barium oxide in pure dry alcohol is rendered
milky, owing to the precipitation of the insoluble hydroxide.
Paraffin oil also, in which alcohol is soluble, but water insoluble,
is rendered turbid by the presence of the latter in the spirit.

Synopsis.—The Organic substance, alcohol, prepared by the
fermentation of sugar, is separated from the dissolved solids by
distillation, and from most of the water by fractional distilla-
tion, but the last portions of the latter are removable only by
chemical means. The alcohol thus prepared is known to be
pure and a chemical individual by the constancy of its physical
properties. C



CHAPTER 1I
"ANALYSIS OF ALCOHOL AND DETERMINATION OF ITS FORMULA

General Actions of Alcohol: Necessity of Analysis.—Only
when a product has been purified, and its physical properties
sufficiently examined to establish its individuality, can its
examination from a purely chemical standpoint be commenced.
As in all scientific work, the method is that of experiment,
guided by analogy. Sometimes the nature of a substance is
obvious from the method of its formation, and in such cases
only confirmatory evidence is needed, but at other times, when
there is no such guide, analogies must be sought for.

Now although alcohol is combustible, and very different phy-
siologically,.it is obvious from the outset that it resembles water
and the metallic hydroxides in many of its chemical relations.
‘Many salts are dissolved by it, and the crystals which separate
from such solutions often contain loosely combined alcohol,
analogous to water of crystallisation. Calcium chloride alcoho-
late, for example, is a definite crystalline compound, which like"
the hydrate is decomposed by heat. The action of sodium is
similar to its action on water, hydrogen being evolved and a
sodium derivative formed. The organic liquid partially neutral-
ises acids also, in much the same way as the mineral alkalies.

But although its gemeral character is thus fairly clear, its
nature cannot be exactly defined without quantitative exam-
ination. The physical differences between organic compounds
are much less marked than in parallel inorganic cases, and it is
thus necessary to analyse the substances and determine their
formulee before any progress can be made. It is largely for this
reason that the systematic study of Organic Chemistry, although
the oldest branch of the science, was followed without much
success until analytical methods, and the consequent theories,
were developed. '

Detection and Estimation of Carbon and Hydrogen.—That
alcohol contains carbon and hydrogen is proved by burning some,
and passing the products of combustion through a cold, empty
vessel and a flask of lime water, when water condenses and car-
bonate of lime is precipitated (Lavoisier, 1794). With the ex-
ception of oxygen, the presence o“f which as a rule can only be
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established by quantitative analysis, no other element can be
detected.

The proportions of carbon and hydrogen are determined by
burning the substance in a slow current of air, or oxygen, in
presence of copper oxide. The combustion is effected in a hard-
glass tube ahout three feet long, which is heated in a gas furnace
of special design (Fig.2). The granulated oxide having been
placed between plugs of asbestos in the middle and further end
of the tube, and heated to redness in a current of purified air, to
remove all traces of moisture and organic matter, a known

Fig. 2.—Estimation of Carbon and Hydrogen by Combust:on with Copper uxiue.

weight of the substance, in a small glass bulb, or in the case of
solids, in a narrow platinum boat, is introduced into the end
next the air inlet, and gradually heated to redness. Most of the
substance is burned in the air, whilst the oxidation of any that
is Eolatilised uncombined is completed by the red-hot copper
oxide.

The carbon dioxide and water vapour produced in this manner
are carried with the excess of air and nitrogen through a series
of two vessels containing calcium chloride and potash, or
equivalent absorbent substances, and their amounts are mea-
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sured by the increase in the weights of the vessels during the
(,‘;ombustion (Liebig). The whole operation lasts about two
ours,
In careful combustions of alcohol such results as the following
are obtained :—
I. 02063 gram gives 03931 gram CO, and 0:2476 gram H,0.
II. 02856 gram , 06427 gram CO, and 03365 gram H;0.
III. 01989 gram , 08796 gram CO, and 023851 gram H;0.
Calculation of Percentage Composition.—Since the percent-
age compositions of carbon dioxide and water are known, the
data for the calculation of that of the alcohol are complete.
Inkthe first combustion the weight of the carbon in the portion
taken is

08981 x 2 *=01072 gram,
and its percentage is therefore
5196.4
The weight of hydrogen is similarly

0.2:75=0'0‘275 gram,

and its percentage therefore
1

The oxygen is determined by difference, as there is no really
satisfactory method for its estimation, and in this case there-
fore its percentage, since there is no other element present, is

100-00—(5196+18:38) or 34-71.

The duplicate analyses give results which agree with these
within the limits of experimental error (p. 9), so that the
composition of alcohol, like that of all pure substances, is con-
stant. It was first established by exploding the vapour with
oxygen (De Saussure 1808).

Calculation of Empirical Formula.—It will be remembered
that all other forms of matter must be thought of from a chem-
ical point of view as composed of atoms of definite weight, and
that the relative numbers of the latter are proportional to the
quotients of the percentages by the respective atomic weights
(Dalton, 1808). Now the ratio in the case of alcohol is

NeN,:N,=2196.18:38 8471
12" 1 ' 16
and this on simplification becomes
N:Nu:N,=4'38:18-33 : 2:17,
so that the oxygen atoms are the fewest. But fractions of atoms
are inadmissible. Dividing throughout by the smallest number,
the numbers become
Ne:Nu:N,=199:6:15:1.
Here again fractions are obtained, but if it be assumed that

C_12.3 Hy_2_1 01072
*00,~®I1’ H,071879 t g-2063 X 100.
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the small differences from whole numbers are here due to experi-
mental error the numbers fall into the simple ratio
NgNp:N,=2:6:1,

C.H,O. .
That this assumption is valid is proved by the agreement,
within the limits of experimental error, of the percentages cal-
culated from this formula with those worked out from the three
analyses, and a formula is always checked in this way, apart
from the theoretical considerations.

making the formula

Analysis of Pure Alcohol.
Found. Calculated for

, - -~ C,H,0.

L II. II1.
Carbon . . H1'96 51'83 52:06 5217
Hydrogen . 13'33 1809 1813 1304
Oxygen. . 3477 3508 34:82 8479
100:00 10000 10000 100-00

A formula thus showing merely the composition of the sub-
stance, and the ratio in which its atoms are combined is termed
an empirical formula (Dalton). But it affords no information
as to the size of the chemical units or molecules, and until this
is determined there is no evidence whether the formula of the
reacting unit of the substance is identical with or some multiple
of the simple formula. The molecular weight must therefore be
next determined.

Determination of Vagour Density and Molecular Weight.—
The molecular weight of a volatile liquid, whether organic or
inorganic, is deduced from the ratio of the weight of its vapour
to that of the same volume of hydrogen at the same temperature
and pressure. These volumes, it will be remembered, contain
the same number of molecules (Avogadro, 1811), and the weights
of the individual molecules are therefore in the same ratio. In
practice it is of course inconvenient to compare the vapour di-
rectly with hydrogen, and air is used, the density being cal-
culated from the known specific gravity of the lighter gas.

In Victor Meyer’s method (1879) the air displaced from an
appropriate vessel by the vapour of a known weight of the
liquid is collected and measured, and its weight calculated.

- The displacement vessel (Fig. 8) consists of a long vertical tube
having a cylindrical bulb at the lower end, and near the upper
end a side tube leading to a small pneumatic trough. The
bulb and part of the tube are heated at a constant and suffi-
ciently high temperature by steam or other saturated vapour,
which is generated in a cylindrical glass jacket surrounding
the displacement tube.
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‘When the air has ceased to expand, a weighed quantity of the

liquid in a miniature specimen tube is dropped into the bulb,
and the stopper of the displacement vessel
quickly replaced. The liquid slowly vol-
atilises, but the vapour being heavier than
the air remains at the bottom, and an equal
volume of air at the same temperature
and pressure is thus expelled into the gra-
duated vessel at the trough. Here it is
measured, and its temperature and pres-
sure noted. The air of course contracts
cn passing into the cold measuring tube;
but this is immaterial, as it is the weight
which is ultimately required.

Now the vapour of
0-0628 gram of alcohol
yields approximately
825 c.c. of air,

measured over water at 20° and 752 mm.
The weight of this volume of air is

0-0396 gram,*
and the specific gravity of the vapour is
therefore 006

0628 ..

00396 or 1-57.

Its vapour density, or specific gra.v1ty
referred to hydrogen is thus

Fig. 3.—Determioation of 1-57F
Vapour Density by Air- or 226,
Displtcement method. 00693

and hence, since the vapour is 22'6 times

heavier than hydrogen, the molecular weight of which is 2, the
molecular weight of the substance is
22:6 x 2=452.

The number is more simply obtained by multiplying the
specific gravity of the vapour by 28'8 (=2/0:0693).

There are other methods of determining vapour density, of
which the chief are Dumas’, in which a known volume of the
vapour is actually weighed ; "and Hofmann' s, in which the vol-
ume of a known weight is dlrectly measured, but they are now

little used.

* Determination of Molecular Formula from Vapour Density.
—Remembering that a molecular formula must either be identi-
cal with the empirical formula, or an exact multiple of it, it is

* 0:0306= 325x7%gx22%‘x0001293

0t0201293—wexght of 1c.c. of air at O° and 760 mm. ; pressure of water vapour
al = mm
1 00693 =specific gravity of hydrogen referred to air.
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now easy to determine the molecular weight. The sum of the
atomic weights given by the empirical formula C,HO is 46,
and the molecular weight of alcohol is therefore either 46, or
some multiple of this, such as 92 or 138, for no other values are
consistent with this atomic ratio.

Now the number 452 calculated from the vapour density,
although not actually coincident with any of these, is so near
the first that this must be taken as the actual molecular weight.
It must be borne in mind that the determination of vapour
density does not give such accurate results as analysis, and the
molecular weight calculated from it is used only as an index,
and must not be taken as the actual value.

The formula

’ C,H0

thus represents the actual number of atoms in the molecule or
unit of chemical action as well as the relative numbers in any
particular portion (Gerhardt and Laurent, 1845). It here happens
to be identical with the empirical formula, but thisis not always
the case. The molecular formula of acetic acid, for example, is
double, and that of benzene six times the empirical formula.

Other Methods of Determining Molecular Weight: the
Cryoscopic Method.—There are various other methods of deter-
mining molecular weight. When! for instance a small quantity
of a substance is dissolved in a pure liquid with which it does not
interact, the freezing point of the latter is lowered by an amount
depending on the molecular weights and relative proportions of
the two substances.

The exact relation is given by the equation

M=KP/D (Raoult, 1882),
where M is the molecular weight of the dissolved substance, P
the weight dissolved in 100 grams of the solvent, D the depres-
sion of the freezing point, and K a constant for each particular
solvent. The value of K for water is 19, for acetic acid, 39 ; and
for benzene, 49. :

It is usual to measure the depression with specially con-
structed thermometers graduated in hundredths of a degree, but
sufficiently accurate results can be obtained with an ordinary
physical thermometer graduated in fifths or tenths of a degree,
and reading by estimation to fiftieths or hundredths.

The calculation is simple. Thus

0-492 gram of alcohol
dissolved in
26'8 grams of water,
lowers its freezing point approximately
from 0° to—0-79°,
and from this it follows that the molecular weight is
- 0492
19x o958 % 100 “
M= 079 or 44.
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This result, again, is used purely as an index, in the same way
as that calculated from the vapour-density. The cryoscopic
mf,thod is of great importance when the substance is not vola-
tile.

An analogous method, based on the fact that the boiling point
of a pure liquid is raised by the addition of a‘soluble substance,
is also occasionally used, and there are various chemical methods
of determining molecular weight, which will be dealt with as
occasion arises.

Synopsis.—Pure alcohol, like pure inorganic substances, is
constant in chemical composition, and therefore represented by
a definite formula C,HgO: and from its vapour density and
freezing point of its aqueous solution this formula also repre-

-sents the number of atoms in its molecule.



CHAPTER III
CHEMICAL NATURE OF ALCOHOL

Action of Sodium on Alcohol : Sodinm Ethoxide.—The com-
position and molecular formula of the substance having been
established, its chemical actions can now be studied in detail.

‘When dry sodium is placed in absolute alcohol, a vigorous
action takes place, the metal being dissolved and hydrogen
evolved, just as with water. The liquid becomes viscid, and
after a time ceases to dissolve the metal, even when heated, and
on then cooling, sets to a solid crystalline mass, which is usually
brownish from impurity. To purify the product, the mass is
filtered, and pressed between filter paper from adherent alcohol,
and after picking out undissolved metal is dried in a large test
tube at 180°, in a stream of dry hydrogen or coal gas.

The residue consists of a white amorphous powder termed
sodium ethoxide. It appears to melt when heated, but is really
decomposed, so that here the only criterion of purity is constancy
of composition.

Sodium ethoxide obviously cannot contain alcohol as such,
but it is an organic compound, for carbon and hydrogen, as well
as sodium and oxygen, are present. The presence of the metal is
indicated by the flame test, whilst that of the carbon and hydro-
gen in the difficultly combustible substance, is proved by heating
a portion in a test tube with copper oxide, carbon dioxide and
steam being evolved. The sodium is estimated by dissolving
the ash of the substance in dilute sulphuric acid, and evaporating
and weighing the sodium sulphate thus obtained, and the em-
pirical formula found from (t}hIiIS I%ng the carbon combustion is

9t1sNaU.
The molecular formula is strictly speaking unknown, for the
substance is not volatile, and is decomposed by available sol-
vents, but in the absence of evidence to the contrary, it is assumed
to be the same as the empirical formula. The crystalline pro-
duct first obtained is a molecular compound of the ethoxide with
alcohol of crystallisation,
C,H;Ns0, 2C,H,0.
8
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Rational Formula of Alcohol: Hydrolysis of Sodium Eth-
oxide.—Sodium ethoxide is thus clearly derived from alcohol in
the same way as sodium hydroxide from water, by substitution
of sodium for hydrogen ; and it follows, therefore, that one of the
hydrogen atoms of alcohol is more active than the rest—

C;H40+Na=C,H,;NaO+H;
H,0+Na=NaHO+H.

Now in Inorganic Chemistry, the reactions of compounds are
sufficiently expressed by means of their empirical or molecular
formulee, but the molecular formuls® of organic compounds are
so much alike—in some cases, in fact, identical—that a further
development is necessary. The above result is accordingly ex-
pressed by means of a formula in which the active hydrogen
atom is placed apart, and which, as it gives some indication of
the chemical relations of the substance, is termed a rational
formula (Berzelius)—

C,H,0.H.

But although sodium ethoxide is formed in the same way as
the hydroxide, unlike the latter it is decomposed by water, dilute
alcohol passing over when its aqueous solution is distilled, and
caustic soda remaining in the flask.

In studying such decompositions, the identification of small
quantities is often requisite. This is effected in the first in-
stance, when possible, by means of qualitative “ test-tube” re-
actions. Thus the alcohol in the above distillate can be quickly
converted without further purification, into iodoform, aldehyde,
or ethyl acetate, substances recognisable by their appearance or
odour (see Appendix IL). Such tests are of course preliminary.
and must be supplemented by the isolation and identification of
the suspected substance in the manner previously described.

Small quantities can often be quickly isolated. Thus the
alcohol can be roughly separated by dissolving a stick of caustic
soda in the head fraction of the distillate. Being inscluble in
concentrated soda solution, it slowly rises to the surface, and
can thus be separated with a pipette, and dehydrated and distilled
for its boiling point. Ammonium sulphate has the same effect,
and the organic liquid in such cases is said to be salted out.

The decomposition of sodium ethoxide into alcohol and caustic
soda thus established, is termed a hydrolysis—splitting by water
—the molecule taking up water, and at the same time being re-
solved into simpler molecules. In hydration the first stage
alone is reached—

C,H;0.Na+H,0=C,H,;0.H + NaHO.

Now the hydrogen of caustic soda itself can be displaced by
sodium and replaced hydrolytically by the action of water, and
in this respect therefore alcohol is chemically analogous to the
alkali hydroxide. This relation is represented, however, by the
same rational formula as in the first case—

NaO.H<—>NaO.Na; C;H,0.H<—>C;H,0.Na.
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Action of Phosphorus Bromide and Iodide on Alcohol:
Ethyl Bromide and Iodide.—The analogy of alcohol to water
and caustic soda is amply confirmed by the action of phosphorus
bromide and iodide and the mineral acids, the first of which it
will be remembered replace the hydroxyl of water by halogen,
whilst the last, of course, convert the alkali into salts.

‘When bromine is slowly added to red phosphorus immersed
in absolute alcohol, the phosphorus pentabromide initially
formed acts energetically on the latter, and much heat is
evolved. The action proceeds with explosive violence if the
liquid is not well cooled before each addition. On distilling the
red and turbid product from a water-bath, best after the lapse of
some hours, a yellowish volatile liquid, termed ethyl bromide,
passes over, having a faint odour of garlic. Syrupy phosphoric
acid and some unchanged phosphorus remain in the flask.

The liquid is impure, and contains
unchanged alcohol and phosphorus
bromide, as well as secondary products,
but as ethyl bromide is insoluble in
dilute alkalies, these may be removed
by shaking it with cold dilute caustic
soda in a tap-funnel (Fig. 4). The
alcohol and phosphorus bromide dis-
solve in the alkali, whilst the heavy
ethyl bromide falls to the bottom and
can be drawn off through the tap. If
a tap-funnel is not available, a stoppered
cylinder or corked test-tube may be used,
and the bromide drawn off with a
pipette.

The only impurities now remaining
are dissolved water and a small
quantity of a secondary product con- ¥ig.4.—Separatory Faunel.
taining phosphorus. The water is re-
moved by placing a few small pieces of recently fused calcium
chloride in the liquid for twenty-four hours, and the high-boil-
ing phosphorus compound by fractionating the dry product
from a water-bath.

Ethyl bromide, C;H;Br (Serullas, 1829), is a liquid of ethereal
but garlic odour. It boils at 839°, and its specific gravity is 1-49
at 15°. Like most organic halogen compounds it burns with a
green mantled flame, and the presence of halogen is directly
demonstrated by bringing a fragment of copper oxide moistened
with it into a Bunsen flame. The volatilised copper bromide
tinges the flame green.

The bromine is estimated as silver bromide. The liquid,
weighed in a small bulb, is heated with the strongest nitric
acid and silver nitrate for some hours, at a high temperature.
The carbon and hydrogen are completely oxidised, and the
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bromine unites with the silver, forming silver bromide (Carius).
To attain the necessary temperature; 150-250°, the liquid and
agents are sealed up in a hard glass tube about twelve inches
long, which is enclosed in a strong iron tube to minimise
danger from explosion, and heated in an air-bath (Fig. b). The
complete oxidation requires several hours. When the tube has
cooled, it is well wrapped up in a cloth, and the drawn out end
softened in a flame to allow the confined gases to escape. The

Fig. 6.—Tube-Furnace and Sealed Tubes.

end is then cut off, and the silver precipitate washed, dried and
weighed in the usual manner, and the percentage of bromine
calculated.

Owing to the presence of the halogen a modification of the
carbon combustion is necessary, a long roll of red-hot silver
gauze being placed after the copper oxide to decompose the
volatile copper bromide, which would otherwise pass into the
calcium chloride tube and be weighed as water. The same end
is better attained by substituting lead chromate for the oxide.

The empirical formula calculated from the numbers thus
obtained, is

‘ C,H,Br,
and as the vapour density is 1'89, this is also the molecular
formula of the ethyl bromide. .

The action of phosphorus and iodine on alcohol is precisely
similar, but not violent, and the product is purified and isolated
in the same way. )

Ethyl iodide, C,H,I (Gay-Lussac, 1815), is a heavy, colourless
liquid which boils at 72°, and has a marked garlic odour. It is
less stable than the bromide, and when exposed to light becomes
brown from liberation of traces of iodine.

Relation of Ethyl Bromide to Alcohol and Sodinm Ethoxide :
Second Rational Formula of Alcohol.—With phosphorus brom-
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ide and iodide, alcohol thus behaves in precisely the same way

as water— .
5CHgO+P +5Br=5C,H;Br+ H;PO,+ H,0;
5H;0+P+5Br=5HBr + H;PO,+ H,0,
and as the organic molecule thus contains hydroxyl, it can
be represented by a second rational formula in which this
hydroxyl is placed apart from the remaining atoms—
C,H,.OH.

Fig, 6.—Retlux Apparatus,

This result is confirmed, in the first place by the direct con-
version of alcohol into ethyl bromide by hydrobromic acid in
presence of a dehydrating agent (see Ethyl Chloride below).
Here it behaves in the same way as sodium hydroxide—

C,H,.OH + HBr=C,H, Br+ H,0 ;
Na.OH +HBr=Na.Br+H,0.

It is borne out in the second place by the hydrolysis of the
bromide to alcohol and hydrobromic acid (sodium bromide), when
boiled with caustic soda solution—

C,H;.Br+ NaOH=C,;H,.OH + NaBr.

The conversion-is only slowly effected, and to prevent the
escape of the volatile liquids the hydrolysis is carried out in a
reflux apparatus (Fig. 6), or flask furnished with an inverted
condenser, which condenses and returns the vapours (Frankland

¢
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and Kolbe, 1848). The boiling is continued until the odour of
the bromide is no longer perceptible on disconnecting the flask,
and the alcohol is then distilled off, the sodium bromide remain-
ing with the excess of alkali and the water.

The alcohol and its bromide here behave in much the same
way as the hydroxide and salt of a heavy metal, lead for ex-

ample—
Pb(OH); +2HBr=PbBr,+2H,0:
PbBr, +2NaOH=Pb(OH),+2NaBr.

The bromine of the organic bromide is much more firmly
attached, however, than that of the metallic salt, and is pre-
cipitated by silver nitrate only in presence of alcohol and on
warming.

Ethyl Chloride.—Alcohol is thus a basic hydroxide inter-
mediate in properties between water and caustic soda. It forms
salts, in fact, with most of the acids. Thus ethyl chloride, a
volatile liquid resembling the bromide, is made by the direct
action of the acid, which in the course of months is partially
neutralised. The yield is much increased by the addition of a
dehydrating agent (Groves, 1874).

The spirit is boiled with anhydrous zinc chloride in a reflux
apparatus in an oil-bath, while dry hydrogen chloride is passed