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PREFACE

As it is quite impossible to learn organic chemistry properly
by reading only, it has been my endeavour in this work, not
only to give students an intelligible and connected account of
the theory of the subject, but also to provide them with such
information as shall enable therh ‘to gain a practical acquaint-
ance with it.

In furtherance of these aims, cross-references have been
copiously inserted; processes for the preparation of a large
number of compounds have been given, with short (but, it
is hoped, sufficient) working detail; and those most suitable
for students’ work are distinguished by a dagger (). The
principal tests for the best-known compounds are also supplied ;
and, finally, numerous illustrations have been introduced.

Amongst the many works referred to during the preparation
of this volume, the following have been freely employed :
Watts’ « Dictionary of Chemistry,” Thorpe’s “ Dictionary of
Applied Chemistry,” Roscoe and Schorlemmer’s “ Treatise on
Chemistry,” and Richter’s ¢ Organic Chemistry.”

I am indebted to Messrs. Matthews and Lott for permis-
sion to copy Figures 33, 40, and 44 from their work on “ The
Microscope in the Brewery;” and to Mr. G. S. Newth for
Figures 24, 26, 27, and 28, which are taken from his “ Chemical
Lecture Experiments.”

The starches (Fig. 45) were kindly drawn for me by Mr.
E. A. Smith, demonstrator of biology in University College,

Nottingham. : , .
358836



iv Preface

Many of the remaining figures are from the above-men-
tioned dictionaries, by permission of the publishers, while
about half of the total number are from photographs of
apparatus, which were prepared for me by Mr. J. B. Pursglove.

My hearty thanks are due to my late colleagues, Messrs.
J. B. Coleman, A.R.C.Sc., and M. E. Feilmann, B.Sc., for
many suggestions, and to them and to Mr. John Allport, M.A.,
of Richmond, for reading through the proofs.

R. L. W.
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ORGANIC CHEMISTRY

SECTION 1.
INTRODUCTORY SUBJECTS.

'~ CHAPTER 1.
INTRODUCTION.

THE science of organic chemistry is of comparatively recent
growth ; for although much practically useful knowledge was
shown in the manufacture of vinegar and of the acetates, of
soap and of various fermented liquors, neither the labours of
the alchemists, nor those of the medical chemists who followed
them, did much to increase our knowledge of the chemistry
of organic substances.

It is true that during their times a number of substances
were isolated and chemical processes were improved, but it
was only about the end of the seventeenth century that the
function of chemistry was more fully understood, and that
Lémery first separated the study of the science into the three
branches of mineral, vegetable, and animal chemistry.

Scheele, however, in the latter part of the eighteenth
century, was the great pioneer in organic research. Amongst
other things he discovered oxalic acid, and distinguished as
distinct substances citric, tartaric, and malic acids. Lavoisier
about the same time recognised that both animal and vege-
table products contain carbon, hydrogen, and oxygen, and
more rarely nitrogen and phosphorus ; but the term “organic
chemistry ” was not originated by him, although the division of
the science into the two branches inorganic and organic

B
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chemisfty ‘wis consequent. ipoh- his labours and those of his
contemporaries. It was about 1815 that Berzelius first per-
ceived that organic, as well as inorganic substances, had constant
compositions, and he explained the difference between the two
classes of compounds by saying that the crganic compounds
were oxides of compound radicles* He, however, still believed
that organic bodies could not, like inorganic compounds, be
artificially produced ; that is, that they could only result from
the action of vital processes in plants or animals.

This belief received its deathblow in 1828, when the
German chemist Wohler prepared urea synthetically, It had
hitherto been supposed unquestionable that urea could only
be obtained from urine ; yet Wohler found that when a solution
of ammonium cyanate, which can be readily prepared from
inorganic sources, was evaporated to dryness, it yielded that
substance. In consequence of this result, it became necessary
to believe that organic substances, like inorganic, could be
produced by artificial means. Some time elapsed before other
discoveries were made which confirmed this opinion, but we
are now quite released from the trammels of the old ideas,
and fully realise that identical laws govern the formation of
both inorganic and organic compounds.

Notwithstanding this, it is usual, for purposes of study, to
separate what is still termed organic from inorganic chemistry.
The main reason for this lies in the specific properties of the
carbon atom itself. It stands alone amongst the elements in
its extraordinary power of combination, not only with other
elements, but also with itself Its atoms can unite with each
other, to an almost infinite extent, to form more or less com-
plex open and closed chains, in which some of its affinities
remain free to combine with other elements. There is, indeed,
no theoretical limit to the number of such compounds which
are producible. The great number of its possible combinations,
therefore, renders it convenient to consider the compounds
of carbon apart from those of other elements.

! By a compound radicle is meant a group of atoms which occurs in
a series of compounds, and which can be replaced as a whole by other
radicles or by elements,
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Organic chemistry is therefore the chemistry of the carbon
compounds, or (as carbon dioxide and disulphide, and the
carbonates are generally studied in inorganic chemistry) it
might be even better defined as the ckemistry of the hydro-
carbons and their derivatives.

Having now realised why it is advisable to divide the
study of chemistry into two main branches, the characteristics
of. that which deals with organic chemistry may now be more
fully discussed, certain preliminary and general subjects being
first considered in order, as below—

1. The general sources of organic compounds.

2. Methods employed for obtaining such substances in a
pure state.

3. Methods used for the determination of the purity of
compounds.

4. Principles of elementary analysis.

5. Calculation of empirical formulz.

6. Processes employed in the determination of molecular
weights. '

7. Structure of organic compounds.

CHAPTER IIL

SOURCES AND PURIFICATION OF ORGANIC BODIES.

SOURCES OF ORGANIC COMPOUNDS.

ORrGANIC compounds are obtained from four principal sources.
Firstly, many are produced as the direct result of vital
action, and may generally be prepared from the animal or
vegetable substances containing them; eg urea, the alkaloids,
whether of animal or vegetable origin, and the sugars.

Secondly, others are found in naturally occurring sub-
stances, which are decomposition products of animal, vegetable,
or other materials, e.g. ozokerit, hatchettine, fossil-wax, and crude
petroleum yield many of the paraffinoid and benzenoid hydro-
carbons.
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Thirdly, many organic compounds are produced as the
result of the destructive distillation of other organic substances.
Thus from coal-tar, benzene, naphthalene, carbolic acid, and
other materials too numerous to mention, have been isolated.
The distillation of wood, too, yields wood spirit (methyl
alcohol), acetone, and acetic acid; while that of bones pro-
duces many nitrogenous and other substances.

Lastly, a vast number of compounds are prepared in the
laboratory by directly synthetical processes; for these, how-
ever, it must be remembered that some of the substances
in the above-mentioned groups usually form the starting-points.

PuriFicaTioN oF COMPOUNDS. :

It is seldom possible to prepare a compound at once in a
state of purity. As a rule it is more or less contaminated with
other substances, and has to undergo some special treatment
before it is sufficiently pure to be analysed for the determina-
tion of its percentage composition.

The methods of purification. principally employed are the
following :—~

1. Recrystallisation.—This process is employed when
a crystallisable substance is found associated with some other
material, either not so readily crystallisable as it ; or which
is more soluble in some particular solvent. In this case, a
solution is made of the material in question, from which on
cooling or, if necessary, after concentration, the more readily
crystallisable and less soluble body separates out, leaving the
impurities in solution. The crystals are collected on a filter,
washed with a little of the solvent,and dried. If still not pure
(see p. 9), they are recrystallised till the requisite purity is
obtained. Thus, in the manufacture of ordinary sugar, the
purified juice is concentrated, and on cooling the sugar
separates as crystals from the coloured mother liquor. If the
crystals are redissolved and the concentration repeated, the
sugar will be obtained in a still purer form. Of course, with
an unknown substance it will be necessary to experimentally
determine the most suitable solvent to employ. In organic
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investigations, water, alcohol, ether, chloroform, and acetone,
amongst other bodies, find frequent employment.

2. Separation by Solvents.—In many cases two sub-
stances may be separated from each other by employing
solvents in which one of the substances only is soluble.
Thus if some dried soap is treated with petroleum ether, that
solvent will dissolve out from it any unsaponified oil which
remains, and leave the soap itself behind. Similarly, if several
substances are in solution together, it is frequently possible to
add an immiscible solvent, which on
shaking up will abstract a dissolved sub-
stance from the first solvent, and as the
solutions then form two layers of liquid
more or less readily, they can be separated
by means of the separating funnel (Fig. 1).
This apparatus permits the more dense
liquid to be drawn away first, and the dis-
solved substance is then recovered by
distilling off the solvent, or by other means
as required.

3. Practional Distillation, both in
its simpler as well as in its more complex
form, is of very great service in purifying
organic substances. As an example of its
simpler use may be instanced the purifica- |[===—" "
tion of ethylene glycol (p. 218), in which the =
crude product is simply distilled from an
ordinary distillation flask, which is provided with a thermometer
connected with a Liebig’s condenser (see Fig. 2). The portion
of the glycol which distils over while the thermometer rises
from 185° to 205° C. is collected apart. That distillate is
redistilled, and the fraction collected between 195° and z00°
is nearly pure glycol. ,

There are many cases, however, in which it is impossible,
by so simple a process of distillation, to separate liquids from
each other by difference of their boiling points; eg. water
boils at 100° alcohol at 78°, yet when a mixture of the two
substances is distilled, the distillate is always a mixture,
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This difficulty of separation depends upon the different solu-
bilities of the compounds in each other, their varying vapour
pressures, etc. ; but the laws governing the influence of these
conditions are too complex to be discussed in any elementary
work.?

In such cases the apparatus employed may be the same
as that just described, but the manner of operation differs.
The mixture of substances to be separated is placed in the
flask, which is then heated, and the temperature at which the
liquid begins to distil is noted. It is allowed to go on distilling
while the thermometer rises through an interval of three or

FiG. 2.

”

five degrees, when the receiver is changed; that *fraction
coming over during the next similar interval is also collected
apart, and the receiver again changed; and so on till the
whole, or nearly the whole, of the liquid has distilled. (See
first fractionation in the example, p. 7.)

The distillation flask is then cleaned, and fraction No. 1 is
returned to it and redistilled ; that which comes over between
the same intervals as before is collected in No. 1 receiver, and
the distillation is stopped whilst No, 2 fraction is returned to

! Reference may be made, if required, to “ Distillation,” vol. ii., Watts’
¢ Dict.,” new edit. ; and also Thorpe’s ¢ Dict. App. Chem.,” vol. i.
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the flask, which is again heated, and all that which comes over
between the same degrees as the last is added to No. 1 receiver.
Then that which comes over during the second interval is
collected in-No. 2 receiver; when fraction 3 is added and a
similar course pursued as with fraction 2, till the whole has
been refractionated.

This system of redistillation is repeated as many times as is
necessary, and it is usually found that the liquid tends to form
large “fractions” at certain intervals of temperature (see the
third to sixth fractionations in the example given). If these
larger quantities are refractionated using smaller differences of
temperature, eventually pure compounds may be obtained.

The following example, due to Kreis, will illustrate the
method. The mixture used was composed of equal weights of
benzene and toluene.

Volume of distillate in c.c.
Temperature | Frac- .
intervals, tion. |  First Second Third Fourth Fifth Sixth
fraction- | fraction- | fraction- | fraction- | fraction- | fraction-

ation. ation. ation. ation. ation. ation.

I 1'o 9’0 17°0 19°§ 21°§ 22°0

2| 100 | o5 | 70 | 55 | 45 | 3

3| 1475 85 45 | a0 | 30 2'0

4| 80 | so | 35 | 25 | i 15

5 6°0 35 30 2'0 2'0 3]

6 5°'5 3’5 2'0 2'5 1’5 1'0

7 2°5 2’5 2'5 I's I's 1o

8 35 40 2'5 20 1’5 1o

9| 35 | 35 | 25 | 5 | 15 | 1%

108-111.... | IO 3’5 7°'5 10°5 130 4°5 16'0

Experiment 1.—Fractionally distil a mixture of 50 c.c. benzene,
b.p.80°5° and 50 c.c. toluene, b.p. 110° collect the fractions every five
degrees, and note the large fractions near 81° and 110° respectively.

The separation into large fractions occurs more rapidly if a
modified still head, such as suggested by Wurtz (Fig. 3), or if
the dephlegmating apparatus of Linnemann (Fig. 4), Le Bel
and Henniger (Fig. 5), or Glinsky (Fig. 6), is employed.

A simple column filled with glass beads (Hempel) will
also answer the same purpose. All these pieces of apparatus
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hasten the separation of the constituents of a mixture because
they effect a partial condensation of the vapours of the higher-
boiling liquids, which thus flow back to the boiling flask and
distil over at a higher temperature later.

In some cases it is necessary, so as to prevent the decom-
position of the substance, to distil it under low pressure, in
which case the receiver is fitted air-tight to the condenser and
connected with some form of air-pump which will produce the
necessary lowering of pressure, and consequent reduction of
boiling point.

a [

FiG. 3. FiG. 4. ¥iG. 5. FiG. 6.

Distillation in a Current of Steam serves in some
cases to separate a compound from impurities which are not
volatile under the same conditions ; and in other cases aids
the distillation of compounds which would otherwise decom-
pose at ordinary pressures. The apparatus for this purpose
may be arranged as in Fig. 7, in which the first vessel is a
tin can which serves as a boiler for providing the steam, which
is blown in a rapid current through the liquid in the flask.
The volatile substance is then found either dissolved in, or
mixed with water, in the condenser, and is freed from water
by extraction with ether, or by other suitable means.

Experiment 2.—Fit up the apparatus, Fig. 7, and distil some
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aniline and water in it, and notice that aniline is present in the
distillate.

4. Fractional Precipitation frequently enables us to
separate substances from each other. So, if a solution of
magnesium acetate is added in small quantities at a time to
an ammoniacal alcoholic solution of fatty acids, a series of
precipitates is obtained of different compositions. The first
fraction will contain principally the salt of the acid of Aigkest

FiG. 7.

molecular weight, and the last that of the Jowess. By decom-
posing the fractions with HCl and refractionating them, a fairly
complete separation of the mixture is eventually obtained.

DETERMINATION OF THE PURrITY OF COMPOUNDS.

If possible, the purity of an organic compound should
always be checked before analysis, by a determination of either
its doiling point or its melting point. Substances to which
these tests cannot be applied, must be purified until they are
shown by analysis to possess the theoretical percentage com-
position ; or, if they are newly discovered bodies, until after
repeated purification they are found to have an unvarying
composition.

1. Determination of Boiling Point.—Every substance
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capable of ebullition without decomposition possesses, if pure,
a constant boiling point, and the determination of this “‘constant ”
is very important for confirming the purity of such a body.

The ordinary method of performing the operation is to
place some of the compound in a tubulated distillation flask
fitted with a thermometer as shown in Fig. 8. Heat is then
applied, and as soon as the thermometer is constant the
temperature is noted. If possible, the whole of the mercury
thread should be exposed to the vapour of the substance
being tested ; if, however, that is
not possible, another small ther-
mometer may be fastened to the
stem of the first-named in such a
fashion that its bulb is fixed about
the middle of the exposed mercury
thread. The following correction
can then be applied, and gives a
fairly correct result :—

Let N be the number of
degrees over which the mercury
is 7ot heated, T the temperature
as read on the thermometer, and
¢ the mean temperature of the
mercury column not heated by
the vapour (this is given by the
small thermometer). The cor-
rection to be added to the observed temperature is
0'000143(T — AN.

In accurate determinations, the barometric reading should be
taken and corrected to o°>. The following corrections may be
applied :—

. 273 +£¢
(i.) For water or the lower alcohols, § = (# — 760) 173 ;

(ii.) for other liquids, 6 = (4 — 760) 23, where 6 is the true

boiling point, # the atmospheric pressure, and ¢ the observed
boiling point.

If the amount of substance to be tested is small, since the
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vapour will easily become superheated, too high a temperature
may be registered. This may be prevented by wrapping round
the bulb of the thermometer either a /it#/e cotton wool or,

for high temperatures, a little asbestos, which keeps the bulb
moist, :

Experiment 3.—Determine the boiling points of absolute alcohol
and of aniline by the method described, and in the latter case
apply the correction for the mercury thread exposed to the air.

2. Determination of Melting Point.—Pure substances
which fuse without undergoing change possess a constant
melting point, which may be deter-
mined by the aid of the apparatus
shown in Fig. 9. This consists
of a small test-tube, or a piece of
thin quill tubing, 4-5 mm. in
diameter, which is drawn out into a
capillary of about 1°5 mm. external
diameter, and the fine end of the
tube fused up. For the estimation,
a small portion of the solid whose
melting point is required is intro-
duced into the tube at the top of
the capillary portion. The tube
is fastened by means of fine wire
or a small indiarubber ring to the
bulb of a delicate thermometer, Fio
as shown in the figure. The "o
whole is next suspended in a beaker that contains a transparent
liquid which boils at a higher temperature than that required
to liquefy the solid. The liquid is then gently heated while
being continuouslystirred by the twisted glass rod. As soon
as the substance melts, the temperature is noted. This ex-
periment should be repeated two or three times, and the
mean of the results taken as the correct melting point.

For certain substances, e.g. fats, it is advisable to leave
the end of the tube ggen. Some of the compound is then
melted and the fine end of the tube inserted in it. That
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which enters is allowed to solidify there, and the tube is
attached to the thermometer and heated in the bath as
before; but the temperature at which the liquid rises in
the tube is taken as the melting point of the solid.!

Experiment 4.—Ascertain the melting points of chloral hydrate
and of urea, after drying them between filter paper.

CHAPTER III
ELEMENTARY ORGANIC ANALYSIS.

HAvING established the purity of an organic substance, the
next step is to ascertain its elementary composition.
This is determined by ultimate analysis, either qualita-
tive or quantitative, as may be requisite.

The number of elements usually present in naturally

occurring substances is small, although most of the known
elements may be found in one or other of the artificially
prepared compounds. The ordinarily occurring elements are
carbon, hydrogen, and oxygen, more rarely nitrogen; these
are sometimes termed the organogens. Less frequently
sulphur, phosphorus, the halogens, arsenic, and silicon are
found ; other elements are rarely present.
Al substances under investigation must be subjected to
qualitative analysis before they are quantitatively examined,
as their qualitative composition frequently determines the
method to be employed for their quantitative analysis. In
the following pages the qualitative tests for the elements
immediately precede and are associated with the like quantita-
tive ones.

Carbon and Hydrogen.—Carbon may frequently be
detected by the blackening which occurs when the substance

! When a solid has had to be melted for insertion in the tube, it is best
to allow it to remain a day before taking the melting point ; this precau-
tion will obviate inaccurate results in those cases where an abnormal
result is obtained after recent fusion.



Estimation of Carbon and Hydrogen 13

is heated on platinum foil or in a test-tube. If the dis-
coloration is due to separated carbon, this will disappear
wholly or in part on continued ignition, and only leave as
ash any metallic residue. Blackening due to the separation
of carbonaceous matter also often happens when a compound
is heated with concentrated sulphuric acid.

Many compounds, however, do not give these results,
in which case the carbon may be detected either by burning
them in a current of oxygen, or by mixing them with cupric
oxide in a tube, and heating the mixture to redness. By
these means the carbon is oxidised to CO, which is detected
by passing the evolved gases through lime-water. A simple
apparatus, such as shown in Fig. 10, may be employed for

FiG. ro.

performing this test, and will at the same time demonstrate
the presence of hydrogen by the condensation of moisture
which will occur in the bulb-tube. If the amount of sub-
stance tested is small, the hydrogen can be detected best by
passing the gases over dry P,O, which readily deliquesces
in the presence of moisture. Of course, for these tests the
substance itself must be perfectly dry.

Experiment 5.—Prove the presence of carbon and hydrogen in
sugar, starch, or gelatine by either of the above methods.

For the Quantitative Estimation of Carbon and
Hydrogen, the method employed to-day is essentially that
devised by Lavoisier, which was carried to a high state of
perfection by Liebig. It depends upon the reaction just
illustrated in describing the qualitative detection of these
elements, 7. oxidising them to carbon dioxide and water
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either by means of oxygen
or air, or of some oxidis-
ing substance such as
CuO or PbCrO, The
weights of the carbon
dioxide and water pro-
duced from a given weight
of material are ascer-
tained, and from them the
corresponding  amounts
of carbon and hydrogen
are easily calculated, be-
cause % of the weight
of the CO; is carbon, and
¥ of the weight of the
H,0 is hydrogen.
When only carbon,
. hydrogen, and oxygen are
: present, the process is
i quite simple; but if ni-
trogen, sulphur, or the
halogens occur, it requires
suitable modification,
Open-Tube Method.
—The method which is
now usually employed
may be called the open-
tube method, to distin-
guish it from the earlier
or closed-tube process, in
which one end of the
combustion tube is closed
by fusion.

The combustion is
performed in a current of
air or of oxygen, and aided
by copper oxide, and the
products are absorbed by
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calcium chloride or concentrated sulphuric acid, and caustic
potash or soda-lime respectively.

The process is carried out as follows, in the apparatus
shown in Fig. 11. A tube, DD', about 85 cm. in length,
14-16 mm. in diameter, and made of hard Bohemian glass
1°5-2 mm. thick, is thoroughly cleaned and dried. A strip of
copper gauze @, 25-30 mm. wide, is made into a roll which fits
the tube tightly, and pushed into it to about 3 cm. from one end.
The tube is next filled to within 25-30 cm. of the other end with
copper oxide, preferably made from wire, which is kept in posi-
tion by another roll of gauze & A space is then left for the
introduction of the platinum or porcelain boat ¢, and another
plug of wire gauze arranged to be easily removable is put in at 4.

The tube so prepared is placed in a combustion furnace,
which in the illustration is Erlenmeyer’s furnace, and con-
sists essentially of a number of Bunsen burners, ¢, ¢, the flame
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of which plays directly upon the trough that supports the
tube, is there deflected, and then thrown down again upon
the combustion tube by the movable tiles, f /',

At the end of the tube farthest from the boat there are
attached to it, in order, the U-tube E, filled with granulated
calcium chloride or with broken pumice or glass beads
moistened with strong sulphuric acid, for the absorption of
the water; Geissler's bulbs F, filled with strong potash, and
the U-tube G, with soda-lime, in which the carbon dioxide is
absorbed. The U-tube H-is filled with calcium chloride,
and serves to prevent any moistyre passing back from the
aspirator I. A useful CaCl, tube is shown in Fig. 12, and
the potash bulbs, which may be either Liebig’s or Geissler’s,
are shown in detail in Figs. 13 and 14.
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The air or oxygen which is used during the operation is
stored in a suitable gas-holder, and is dried and freed from
carbon dioxide by bubbling it through strong sulphuric acid
in the vessel A, then passing it through the eprouvette B,
which is packed at the bottom with soda-lime and at the
top with calcium chloride, and finally through the U-tube C,
which also contains calcium chloride. The aspirator I may
be employed either to keep a slightly diminished pressure in
the tube during the operation, or for drawing air through the
apparatus instead of forcing it through from a gas-holder.

It is necessary, before making a combustion, to thoroughly
dry the copper oxide, and also to free it from all traces of organic
matter. This is done by heating the tube and its contents
to redness for some time while passing through it a current
of dry air. Since, too, the first analysis which is made with
the apparatus is almost invariably incorrect, it is customary
to make one or more combustions of cane-sugar first, and
when a correct result is obtained, then to proceed with others.

After the tube has been allowed to cool down, a known
weight of the solid substance to be analysed, say o*25-0°30 gm.,
is introduced, in a platinum or porcélain boat, into the tube
at ¢, and the various connections carefully made. The copper
oxide is first heated to redness, and then the burner nearest
to the boat is lighted, and the substance gradually heated
while a slow current of oxygen is sent through the apparatus.
The heat is increased gradually, and the passage of oxygen
continued until the gas passes unabsorbed through the potash
bulbs, when it is discontinued, and air is passed through to
displace it in those tubes which have to be weighed. These
are then disconnected, wiped clean, and weighed, after cooling
for about half an hour.

In the presence of nitrogen, the halogens, or sulphur,
certain modifications are necessary.

When nitrogen is present, a roll of bright copper gauze,
about ro-12 cm. in length, or a layer of reduced copper
oxide, must be placed at the end of the tube nearest the potash
bulbs., If this is kept at a bright red heat, it decomposes the
oxides of nitrogen, which are formed during the combustion,
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and would otherwise be absorbed by the potash. The copper
may be replaced by a layer of precipitated manganic hydrate,
which has been made into a paste with a saturated solution
of K,CrO, containing 10 per cent. of K,Cr,0, dried and
granulated. This is heated to a black heat (about 200°)
during the combustion, and absorbs the nitrogen oxides.

When halogens are present the copper must either be
replaced by silver foil, or the whole or part of the CuO
replaced by lead chromate. The latter compound should
also be used in the presence of sulphur or phosphorus.
The lead retains the halogens, sulphur, etc., as lead salts,
etc., otherwise the halogens, sulphur dioxide, etc., would pass
into the potash bulbs and be absorbed and weighed there.

The directions just given apply when the substance is
solid ; if liquid and non-volatile, it may be treated in the same
way. If, however, the liquid is volatile, the process must be
modified according as it is difficultly or easily vaporised. In
the former case, it is weighed in a quill tube sealed at one
end, and having the other drawn into a capillary, and which is
subsequently introduced into the boat. In the latter case, -
special arrangements have to be made for vaporising it at a
slow rate outside the combustion tube.

Closed-Tube Method.—In the older or closed-tube method,
a tube of hard glass about 45 cm. in length and 1°2-1'5 cm. in
diameter is drawn out as shown in Fig. 15, and, after being

@ c b @
Fig. 15.

thoroughly cleaned and dried, is filled as far as @ with granulated
and ignited copper oxide. About o'5 gram of the substance to be
analysed is then introduced in intimate mixture with powdered
copper oxide, and fills up the distance « to 4 ; the mortar or other
vessel used for mixing is rinsed out with more powdered copper
oxide, filling the tube to ¢, and from ¢ to 4 is filled with the
granulated oxide, which is kept in position by a plug of copper
gauze or asbestos. The tube is tapped gently so as to cause a
o}
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passage for the gas all along the tube, and is then fitted with
absorption tubes as described above. During the combustion the
granular oxide is first heated to redness, and then the oxide
mixed with the compound to be analysed is heated little by little.
Finally, when no more gas passes into the absorption bulbs, the
end of the tube is broken off, and a current of air freed from
carbon dioxide and water is aspirated through the apparatus.

Nitrogen.—1. If the substance tested is not a compound
which contains a nitro (NO,), nitroso (NO), azo, or diazo
(—N=N—) group, the nitrogen may be readily detected by
heating it with recently ignited soda-lime,! when ammoniacal
vapours will be evolved, recognisable by their smell and their
action on turmeric paper.

Experiment 6—Show the presence of nitrogen in hair, albumen,
or cheese by igniting with soda-lime, and testing for ammonia in
the evolved gases.

2. A more delicate test for nitrogen, applicable to a// but
diazo-compounds, depends upon the formation of a cyanide
when the compound is strongly heated with potassium or
sodium ; if the substance is explosive, dry sodium carbonate
must be also mixed with it'; and if sulphur is present, fine iron
filings or reduced iron must be added, to prevent the formation
of thio-cyanate. The cyanide can then be detected by the
formation of Prussian blue, as described in Experiment 7.

Experiment 7.—Ignite a little dry urea, in a test-tube, with one
or two small pieces of sodium, and, while still hot, drop the tube
into a larger one containing a little water. Warm gently and filter.
Add a few drops of a solution containing a ferrous and a ferric
salt to the filtrate, and make alkaline with NaOH solution. Warm
gently and acidify with HCl; a precipitate of Prussian blue will
show the presence of nitrogen.

Quantitative Estimation.—Nitrogen may be estimated
by converting it into ammonia and determining it as such
(Will and Varrentrap, Kjeldahl), or else it may be measured
as nitrogen (Dumas).

Will and Varrentrap’s method is not available for nitro,

! Prepared by slaking two parts good CaO in a solution of one part
NaOH free from nitrates, drying, and then igniting the mixture.
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nitroso, azo, or diazo bodies, and occasionally the nitrogen
cannot be determined in other substances by its means. It
depends upon the fact that many compounds, when heated
with NaOH or KOH, yield their nitrogen as ammonia, while
the carbon is oxidised to CO,.

For carrying out the determination, a piece of combustion
tubing about 40 cm. long is fused up at one end, as shown in
Fig. 16.

About 5 cm. of dry oxalic acid or powdered magnesite
is put into the tube, and then a little soda-lime. About 0°3 gram
of the substance for analysis is intimately mixed in a mortar with
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sufficient powdered soda-lime to form a layer 12-15 cm. long;
this is poured into the tube, the mortar rinsed out with a little
more of the powder, and finally the tube is filled to within
4 cm. of the mouth with the granular soda-lime. A plug of
asbestos is introduced, and the tube can then be attached by
means of a cork to the absorption bulbs, which contain a
solution of sulphuric or hydrochloric acid.

The tube is then heated in a furnace. Beginning at the
open end the soda-lime is first heated to dull redness, and then
the mixture is gradually ignited till, when no more ammonia
is evolved, the last traces of it are swept out by heating the
oxalic acid.

Two courses are now open to the operator. If the acid
employed is hydrochloric acid, platinum chloride can be added,
and the platino-ammonio-chloride collected, dried, ignited, and
the resulting platinum weighed. Now, since by the formula
(NH,),PtCl,, 195 of Pt are equal to 28 of nitrogen, the
percentage of the nitrogen present is readily calculated.

It may be more convenient, however, to employ a solution
of acid of known strength. The amount of acid neutralised
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during the combustion is then a measure of the nitrogen
evolved as ammonia (see Example, p. 24).

If the substance analysed contains a large percentage of
nitrogen, it should be mixed with some sugar, so as to dilute
the ammonia and cause more regular absorption.

If the compound is liquid, it may be mixed with the soda-
lime in the manner described under the estimation of carbon
and hydrogen. If reducing substances are added to the soda-
lime, the method described is much more widely applicable.

The nitrogen in a large nmmber of compounds can be
determined by Kjeldahl’s method, which essentially consists
in oxidising the carbonaceous matter by
means of strong H;SO,, the nitrogen being
simultaneously changed into ammonia;
this remains in the solution combined with
the acid, and can afterwards be obtained
from it by decomposing the salt with excess
of alkali, and estimating the evolved
ammonia in the ordinary manner.

In Dumas’ process or its modifica-
tions, the compound is burnt with copper
oxide, and the nitrogen collected as such.

A piece of combustion tubing about 8o
cm. long is closed at one end by fusion
and filled with the following substances,
in order: sodium bicarbonate for about
15 cm., then a little copper oxide, next a
mixture of 0°3—0'6 cm. of the substance to
be analysed with powdered cupric oxide,
followed by the rinsings, and finally granular
oxide up to within 16-18 cm. of the open
end. A roll of copper gauze ro-15 cm. long is then intro-
duced, and the tube fitted with a cork and tube for connection
with the vessel employed for collecting the gas.

For this purpose Schiff’s burette, shown in Fig. 17, is very
useful, and consists of a burette graduated from the top and
fixed into a heavy foot. A movable reservoir, B, is connected
by indiarubber tubing to a tubulus at @ Mercury is then

FiG. 17.
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poured in through the tubulus 4, which is at an angle of 45°,
till it is 2-3 mm. above the lower opening. A strong solution
of caustic potash is then put in the reservoir, and the burette
filled with that, while the tubulus & is closed with a cork, and
the reservoir then lowered.

The combustion tube is now placed in the furnace, and
the air entirely driven out by heating part of the sodium
bicarbonate. When this has taken place (which is ascertained
by inserting the exit tube into the tubulus 4, and watching
whether the gas is a/most totally absorbed by the potash), the
combustion is performed in the ordinary manner, till at its
close the rest of the bicarbonate is heated and all traces of
nitrogen are swept into the burette. The reservoir is now
raised till the liquid in it and the burette are at the same level,
when the volume V of gas is read off, and the temperature and
atmospheric pressure noted.

The weight W of nitrogen can be found from the formula—

- T 273
760 X 273+ ¢

W= Vx0001256><P

_ V(P — T)oroor1256
or W= (1 X 0'003662)760

where P is the barometric pressure, # the temperature at
time of measurement, T the pressure of aqueous vapour, and
1 c.c. of nitrogen at N.T.P weighs o'oo1256 gram.

The calculation may be much facilitated by tables, which
give the weight of 1 c.c. of nitrogen at any temperature and
pressure within ordinary limits.

Halogens.—The presence of these elements may be
shown by fixing a lump of copper oxide in a platinum wire,
strongly igniting it, then dipping it in the haloid substance,
and again igniting it, first in the inner, and finally in the outer
flame: a green flame indicates a halogen compound. They
may also be detected by suitable modifications of the two
following methods, which are employed for their estimation.

1. Ignition with Lime.— The haloid compound is
mixed with pure lime, or, better, with soda-lime, and ignited
in a combustion tube closed at one end; the contents are
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then dissolved in nitric acid, and the halogen estimated as the
silver salt by precipitation with silver nitrate,

2. Carius’ Method.—In this process the organic sub-
stance is oxidised by heating to a high temperature with strong
nitric acid. A piece of strong glass tubing is well fused up at
one end. About 4 c.c. of strong nitric acid and 1 gram of
silver nitrate are placed in it, and a thin weighed and closed
tube containing about o‘5 gram of the substance is then intro-
duced. The tube is now drawn out to a thick point, and the
end carefully fused up, as in Fig. 18, is shaken so as to
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fracture the small bulb, and is then introduced into an air-
bath, such as shown in Fig. 19.

This contains four stout iron tubes, which can be covered
over by a loose case. In this air-bath the tube is heated
for two hours to a temperature which varies from 160° to
250°% according to the substance analysed (frequently the
tubes burst, but damage is prevented by the cover). The
tube is then allowed to become perfectly cold, is wrapped
round with a cloth, and the extreme point softened in a Bunsen
flame. The gas inside, being under pressure, forces its way
through the softened part, and when it has escaped, the end
of the tube is cut off, and the silver salt and fragments of glass
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bulb are collected and weighed, and from the weight of the
silver haloid the percentage of halogen can be calculated.

Experiment 8.—Test for the presence of halogens, by means
of copper oxide as above, in chloroform, ethyl or methyl bromide,
and iodoform.

Sulphur may be detected (1) by igniting the suspected
substance with sodium, and "adding sodium nitro-prusside to
an aqueous solution of the residue, when a violet coloration
indicates the presence of that element. (2) It may also be
detected or estimated by fusion with a mixture of four parts
pure dry sodium carbonate and one part potassium nitrate.
The resultant product is then dissolved in hydrochloric acid,
and the sulphate precipitated as barium sulphate ; or (3) volatile
substances may be heated with nitric acid, as in Carius’ halogen
method, and the sulphate precipitated in the ordinary way.

Experiment 9.—Test for sulphur in egg albumen by the first
method.

Phosphorus.—This element can be detected and esti-
mated by either method 2 or method 3 given for sulphur, the
phosphorus being detected by solution of ammonium molyb-
date, and estimated by precipitation as magnesium ammonium
phosphate. It may also be detected by carbonising the sub-
stance, and then igniting it with magnesium powder. The
product, which contains magnesium phosphide, glows in the
dark, and gives off PH; when moistened with water.

Experiment 10—Try the last test for phosphorus, employing
yolk of egg for the purpose.

Oxygen is usually estimated by difference. The direct
methods proposed are not satisfactory.
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CHAPTER 1V.
PERCENTAGE COMPOSITION—EMPIRICAL FORMULZ,

Percentage Composition.—From analytical results ob-
tained by the methods described, it is easy to calculate the
percentage composition of a given substance, and from that to
ascertain the ratio of the number of atoms in the molecule
to each other.

The following results actually obtained in the analysis of
urea will illustrate the method employed.

0'481 gram of urea was burnt in a current of oxygen, and yielded
0°2918 gram of water and 0°363 gram of carbon dioxide.
The percentage amount of hydrogen present in the urea is 6'76—

for 02918 x §- = 00324 H, and 00324 x m = 676
The percentage amount of carbon is 20'11—
for 0°363 X3 3= o'099 C, and 0099 xo--48—- = 2011

0°300 gram of the urea was ignited with soda-lime, and 10c.c.
of normal (N) sulphuric acid was neutralised by the ammonia
evolved.! Now, 1 c.c. of (N) H,SO, = 0049 gram H,SO,, and is
equivalent to o'o17 gram NHj, or o'o14 gram N. _

Therefore the percentage amount of nitrogen present is

. 100 _ ..
10 xoox4xa_4666

The percentage composition, then, of urea is C, 20’11 ; H, 676
N, 4666 ; and O (by difference), 26'47 per cent.

Empirical Formula.—From the percentage numbers
the empirical formula of urea can be readily calculated in the
usual manner by dividing those numbers by the atomic weights
of the respective elements, and calculating the ratios of the
nnmber of atoms to each other. Thus—

! For an example in which the NH, is precipitated as (NH,),PtCl,,
see Appendix, p. 281.
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Percentage .
composition. Ratio.

C=2011+12=167 =1
H= 676 - 1 =676 =4
N = 4666 + 14 = 333 = 2
O = 2647 + 16 = 165 = 1
or the simplest formula for urea is CH,N,O.

This process of analysis and calculation serves one of two
ends: (1) either to assist us in the identification of a known
body ; or (z) it is the first step in fixing the formula of a sub-
stance hitherto unknown. Whether the empirical is also the
molecular formula depends upon other facts, which will be
considered in the next chapter.

CHAPTER V.
DETERMINATION OF MOLECULAR FORMULZE.

IN order to establish the molecular formula of a substance,
itis necessary to determine its molecular weight. The methods
applicable to such an end differ with the nature of the com-
pound under consideration.

1. If the substance is volatile, it is sufficient to determine
either the vapour density, or specific gravity of its vapour.

2. If it is not volatile, nothing could be done till recently
except to study its chemical properties, and from its different
combinations and decompositions draw conclusions as to its
molecular weight. Latterly, however, several methods have
been devised which can be employed, provided only that the
body is capable of solution in some suitable medium. The
principal of these are (i) Raoult’s method of determining
the molecular reduction of freezing point, and (ii.) Beckmann’s
and Wiley’s process of finding the molecular increase of
boiling point. The first only will be described.

3. When physical methods such as the preceding are not
available, chemical methods are resorted to; thus if the
substance is non-volatile, and either acid or basic, its basicity
or acidity is determined, and its molecular weight ascertained
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from the analysis of it and its salts. If it is a neutral sub-
stance, then its substitution derivatives, and its oxidation and
other products are examined, and from the results, it is
frequently possible to form just conclusions as to the mole-
cular formula of the substance. These methods are not,
however, so satisfactory as the preceding ones.

1. DETERMINATION OF VAPOUR DENSITY.

Three methods can be employed for this purpose ; namely,
those due respectively to Hofmann, Dumas, and V. and C.
Meyer. The difference in principle between these processes
should be carefully noted:
thus, in Hofmann’s method
the volume of vapour pro-
duced by a known weight of
material is found ; Dumas
finds the weight of material
after vaporising it, and then
determines its volume; while,
finally, the Meyers measure
the volume of a@ir displaced
by a given weight of material
when in a state of vapour.
Of course, in all these
methods the temperature of
measurement and the baro-
metric pressure are duly
recorded.

Of these three processes,
that due to the Meyers finds most frequent use in organic
investigations on account of its simplicity, and will therefore
be described more fully than the other two.

Meyers’ Method.—The essential apparatus in this process
is the vapour-tube A (Fig. 20), which consists of a tube about
5o cm. long, on the lower end of which is blown an elongated
bulb of about 150 c.c. capacity. The upper end of the tube
is slightly enlarged so as to receive a cork, and about 10 cm.
from the top the bent capillary tube & is fused into it. The

F1G. 20.



Determination of Vapour Density 27

whole is fitted by means of a cork into the wide glass vessel B,
which serves as boiler and vapour jacket. Besides this, a
glass dish C, a graduated measuring-tube D, and a stoppered
tube sufficiently small to drop down the tube A, are required.
The entire apparatus may be fitted tcgether in some such
manner as indicated.

The following is the method of use :—

Water or other liquid of known and consfant boiling point is
placed in B and heated to free ebullition, and the carefully
dried and stoppered tube A thus heated until no further
expulsion of air occurs. The measuring tube filled with water
is next brought over the mouth of the capillary tube g, and,
lastly, the little weighing bottle f// of a weighed portion
(o05-0°2 gram) of the substance is dropped into A, the cork
being rapidly withdrawn and replaced for that purpose.! The
heat of the apparatus causes the substance in the weighing
bottle to volatilise, and it loosens the stopper and drives a
quantity of air over from A into D.

When no further expulsion of air occurs, the tube D is
removed and immersed in a deep vessel of water so as to bring
it all to one temperature, and the volume of air collected is
read off when the level of the water inside the tube is coinci-
_dent with that of the water outside it. The data required for
the calculation of the vapour density are (i.) The volume V
of air expelled ; (ii.) the temperature # of the air at the time
of measurement; (iii.) the barometric pressure P in mm.;
(iv.) the pressure T of aqueous vapour in mm.; (v.) the
weight W, of substance taken; and (vi.) the weight W of a
volume of hydrogen equivalent to the volume of the expelled
air, and therefore equivalent to the volume of the substance
vaporised.

Then V.D. = ‘VXVI’ and W can be found from the expression—
. P-T 273
Vv
X 0°0000896 X 760 X 773+ 7

! A layer of asbestos is usually placed at the bottom of A, to prevent
its fracture.
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where 0'0000896 is the weight in grams of 1 c.c. of hydrogen
at o°C. and 760 mm.

Example—o0'2162 gram of chloroform expelled 437 c.c. of air
when vaporised in Meyers’ apparatus. The temperature of the
air was 18° C. ; the barometric pressure was 760’5 mm. ; and the
pressure of aqueous vapour at 18° C. is 15'4 mm.

By the formula above—

W, _ 02162 = 6003
W« o 7605—15'4 273
43'7 X 00000896 X 760 x273+18

Dumas’ Method.—The apparatusfor this processisillustrated in
Fig. 21, the essential part being the glass
bulb A, of about 250 c.c. capacity, which
is welghed dry and empty. An unknown
weight, say 5-10 grams of substance, is
then placed in itand volatilised by heat-
ing in the bath. When the excess of
the substance is driven out and the bulb
is full of vapour, it is sealed at the neck
by means of a blowpipe flame. The bulb
is then wiped, cooled, and weighed.

The temperature T of the bath at
the time of sealing, the barometric pres-
sure P at the same time, and the tem-
perature #and barometric pressure p at
the second weighing, are noted. Be-
sides these data, the weight w, of the
empty bulb, the apparent weight w, of
&' the bulb and vapour, and the capacity
W Care required ;
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w

Then, as before, V.D. = Wl

Now, since the true weight of the vapour is equal to the apparent

weight (w,—w,) plus the weight of the volume of air displaced by
the bulb during weighing—

2, _273

VD __Vﬁ_wz—fwl (Cxooo1293x760><273+t)
S VD.=gr = B 7T
C><00000896><760 2734 T

where 0'001293 is the weight in grams of 1 c.c. air at c® C. and
760 mm.
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Hofmann’s Method.—The apparatus for this is shown in
Fig. 22, and consists essentially of the long graduated vapour tube
A, which is surrounded by the vapour jacket B. At the com-
mencement of the operation A is filled with mercury, so that when
a weighed portion of the substance is introduced in a tiny bottle
at the bottom of the tube, it rises at once to the top of the mercury,
and is vaporised under considerably reduced pressure by the heat
obtained by blowing steam or other vapour into the jacket from
the boiler C.

Then, as before, %‘ gives the vapour density, W, being known,

and W can be calculated by the aid of the following data : (i.) the
volume V of the vapour, (ii.) the temperature # of the vapour, (iii.)
the height # of the mercury column in A, and (iv.) the barometric
pressure P, and the full expression is—
w, W,
W . P—p 273
onomo896xWx 273 7

Now, since the number representing the vapour density
(specific gravity H = 1) of a compound a
is half that which represents its molecular '
weight, that number only requires doubling
in order to fix the weight of the molecule.
If, however, the specific gravity is calcu-
lated against air = 1, the relation is ex-
pressed by the formula: mol. wt = sp.

. SP. @T- @i _ 1444

ST-XI444X25p_gr_H 1)

By this means the results obtained
from the analysis of a compound and the
deduction of its empirical formula, can be
confirmed or extended. Thus the empirical
formula for chloroform, CHCl,, represents a
molecular weight of 119°5, and as an actual
determination of its vapour density gave
the number 59°38, which doubled becomes
11976, it is evident that the empirical
formula is in this case identical with the molecular formula,
On the other hand, the empirical formula of hexane is C;H,,
which equals 43; its vapour density experimentally determined
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is 42°99, which doubled gives 85°98 as its molecular weight ;
consequently its empirical formula must also be doubled to
bring the molecular formula into accordance with that result,

2. RaouLtr’s Cryoscoric METHOD.

When a substance is disolved in a solvent, the freezing
point of which is known, and the liquid is frozen after the ad-
dition of such substance, it is found that the freezing point of
the solvent is lower than before ; and Raoult has proved by
numerous researches that the amount of the depression is
dependent both upon the substance dissolved and the solvent
itself.

It has been further shown that molecularly equivalent
weights of chemically similar bodies produce approximately
the same depression in the same weight of a given solvent,
provided that the solutions are sufficiently dilute.

Strong acids, bases, and salts (Ze. electrolytes) usually give
(especially in aqueous solutions) an abnormally large depression,
probably due to their dissociation when in solution. On the
contrary, some other substances yield in certain solvents ab-
normally small numbers.

In order to use these facts for the determination of mo-
lecular weights, it is only necessary to observe the lowering
of freezing point produced by the solution of a known weight
of a substance in a given weight of solvent. It is then easy
to calculate the molecular weight of the body in question.
For let A be the “coefficient of lowering of freezing point”
or “ specific depression,” produced by the solution of 1 gram
of substance in 100 grams of solvent; if M is the molecular
weight of the compound, then MA is the * molecular coeffi-
cient of lowering of freezing point” or “ molecular depres-
sion = T.

Consequently, f MA =T .. M = {.

The general value of T for any solvent is ascertained by
careful experiment with several different substances of known



Raoult's Cryoscopic Method 3t

molecular weight. Approximate values for T are: water = 19,
acetic acid = 39, benzene = 50, and nitro-benzene = 7o0.
The determination may be carried out in Beckmann’s

apparatus (Fig. 23), which consists
essentially of a tube A, which contains
the solvent; this is surrounded by
the tube B, which serves as an air-
bath, and which is in its turn im-
mersed in C, which contains the
freezing mixture, A delicate ther-
mometer D graduated in y}5 of a
degree is inserted into A, and, both
A and C have stirrers to keep their
contents well mixed. The experi-
ment is made as follows: C is filled
with water or a freezing mixture 2°-5°
below the freezing point of the
solvent, A suitable weight, G, of the
solvent, is introduced into A and
stirred thoroughly ; the temperature
will sink below its freezing point,
and, when a solid separates, will rise
and become stationary. ‘This is
taken as the freezing point of the
solvent. A weighed quantity, g, of the
substance under examination is then
introduced by the side-tube into A,
and the freezing point again noted.
From the difference of the readings
the observed depression of freezing
point, A, due to the dissolved sub-
stance, is found.

_The specific depression A is then
calculated by the proportion—

g1

loo:G} itATAjorA

=A

1B

FiG. 23.
G
£ X 100

Example.—7°5382 grams of mannitol were dissolved in 95°09
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grams of water, and the observed depression of freezing point was
0835°. T =19. By the formula given—

= G =0 .___9509 =0
A Agxxoo 0835xmoxm_orosz

T 19 _ .
orM=g= o'1052 1803

Mannitol theoretically is CgH,;,O4 = 182, which is in sufficiently
close agreement.

3. MoLECULAR WEIGHTS OF ACIDS AND BASEs.

Acids.—In determining the molecular weight of a non-
volatile acid, it is necessary to ascertain its basicity by finding
out how many different kinds of salts it can yield; next, to
prepare its silver, lead, or barium salts in a pure state, and
to determine the amount of the metal present in them, and
from such data to calculate the molecular weight of the salt.
If the silver salt is employed, it is dried, ignited, and the
residual silver weighed ; while if the barium salt is used,
BaSO, is formed from it, and that is weighed and gives a
measure of the Ba present. Then, knowing the basicity of
the acid, and the percentage of silver or barium in the salt,
it is easy to deduce from those data the molecular weight
of the acid, and thus control its formula.

Ezample—The silver salt of a tribasic acid contains 631 per
cent. of silver : what is the molecular weight of the acid ?

Since the acid is tribasic, its salt may be written Ag;Ac, and
consequently the percentage of silver found is proportionate to 3
atoms of Ag in the molecule.

Mol. wt. of

silver salt.
. Percentage of . .. . .
. AgI;'ougr:edo t 3Ag :: 100 ¢ AgsAc

631 : 324 :: 100 : AgAc
° Ac = .3_2& =
s AgiAc = 631 513
And 513 — 324 of silver + 3 of hydrogen = 192, which is the mole-
cular weight of the acid in question.

Of course, if the empirical formula yields a different
number, it must be brought into accordance with this result.
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Bases.—The molecular weights of basic nitrogenous sub-
stances can be found in a very similar fashion to that just
described for acids. Just as two molecules of ammonium
chloride combine with platinum tetra-chloride to form a well-
defined double salt, so many hydrochloric acid salts of nitro-
genous bases also combine with the platinum haloid to form
definite compounds.

If, then, we can ascertain how many nitrogen atoms in a
given compound possess basic properties, transform the base
into the platinum compound, finally ignite it, and thus deter-
mine the amount of that metal present, we have a measure of
the molecular weight of the base ; since 1 atom of Pt is equiva-
lent to 2z atoms of nitrogen, as will be seen by the formula
2R'HCLPtCl,, where R' is a nitrogenous base containing 1
atom of basic nitrogen. But if Pt is equivalent to 2N, it is
therefore equivalent to 2R', so that the magnitude of R’ can
be calculated if the percentage amount of the Pt is known.
Of course, if the compound in question is di-acid, and con-
tains two atoms of basic nitrogen, then Pt equals R".

Example—A substance containing carbon, hydrogen, and
nitrogen was combined with hydrochloric acid and converted into
a platinum salt. The platinum salt weighed 07516 gram, and
yielded 02192 gram of metallic platinum: what is the probable
molecular weight of the original substance ?

In the compound—

Pt found. At, wt, Pt. Salt taken. Mol. wt. of salt.
02192 : 195 :: 07516 : 2R'"HCLPtCI,

. 2R'HCLPC], = 195 X 07516 _ 4656

02192
- 2R’ = 6686 — 2HCLPtCl,
= 6686 — 410
= 2586 °
& R = 1293

For further examples of the preceding calculations, see
the author’s “ Chemical Calculations ” (Longmans & Co.).

[+
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CHAPTER VL
CONSTITUTION OF CARBON COMPOUNDS.

WHEN the chemist has succeeded, by any of the methods
described, in fixing the molecular formula of an organic sub-
stance, he has really only just commenced his study of it.
He knows, it is true, the correct ratio of the number of atoms
to each other, and also the total number of atoms in the mole-
cule; but besides that, he desires to ascertain how these atoms
are grouped together, and much further research is reqlured in
order to explain the structure of the molecule.

When this has been done, he is in a position to write the
formula given to a substance in an extended fashion as a
Rational or Constitutional Formula. For example, by
a series of experiments it can be shown, assuming carbon to
be tetravalent, that the formula of acetic acid, C,H,O,, may
be more fully expressed by the constitutional formula
CH,.CO.0H, which may be still further extended into the

H O—H

I
Graphic Formula H—C—(!?

[
H O

Already, in writing the above formula, certain assumptions
have been made ; and in considering the constitution of organic
bodies we have to be guided materially by the following
considerations :—

1. The carbon atom appears to be constantly tetravalent,
carbon monoxide is apparently an exception.

2. Carbon is remarkable for the facility with which it forms
compounds with elements very diverse in their properties, and
its affinity for hydrogen is especially noticeable,

3. Carbon atoms possess in a very special degree the
power of linking with each other, and this linkage is remark-
ably stable.
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4. So far as can be ascertained, the four affinities of the
carbon atom are a// of equal value.

These considerations are supported by all our experience,
and they render the number of possible carbon compounds
very great. For not only can a carbon atom combine with
four atoms of one monovalent element, say hydrogen ; but it
can also unite with two or more elements at the same time :
and not only can it be saturated by elements, but wholly or
partly by compound radicles, which may themselves be either
comparatively simple or complex.

Besides this, the carbon atom also possesses, as above
mentioned, an almost unlimited power of linkage with other
carbon atoms, to form chains which possess free valencies,
that can also be satisfied by monad or polyad elements or
by radicles of the same or different types.

But let us consider more fully the manner in which one
carbon atom can link or combine with another. If its four
valencies are denoted by four points or short lines, the
“bonds” (Cior C=), and if it is granted, as facts seem
to indicate, that a carbon atom can link itself with other carbon
atoms in more than one manner, it can be seen that one atom
can link with another in three ways (since it is tetravalent),
and yet leave bonds free to combine with other elements or
radicles.

If these facts are expressed graphically, the carbon atom
itself and the three different methods of linkage may be re-
presented thus :

I R N
—Cl— ;5 —C—C—; (I3=(|3; —C=C—
[

(i) (ii.) (iii.) (iv.)

When compounds contain no carbon atoms which are
linked to each other by more than one bond, they are termed
“saturated” compounds ; if, however, they contain one or
more pairs of atoms linked, as in cases (iii.) and (iv.), they are
said to be “unsaturated.”

It must, however, be distinctly understood that #e * donds”
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have no actual existence, but only serve as a convenient method
of indicating graphically on a plane the union in space of
atoms which possess volume.

If the different affinities of a single carbon atom are saturated
by monad or other radicles, such molecular groups as the
following are obtained :—

H Cl H H

I | I I
H—C—H; CI—C—Cl; H—C—Cl; H—C—OH;

| I I |
H Cl H H

0]
I NH
. O=C~ 1
H—C—0—H; 0=Cyy’

while if two atoms of carbon are bound together by a single
linkage, then such compounds as the following can be found : —

II{ H III H H
| |
H—(IZ—-C—H ; H—?—(I:=O; H—C—(IJ—H;
| | ]
HH - H O—H Cl O—H

and if more than two atoms are united together, compounds
of similar types are obtained.
The unsaturated carbon groups also behave similarly

to the saturated; eg. the group >C=C< will give the follow-

ing compounds amongst others :—

Hw ~H H- ~H H _H

and the group —C=C— yields—
H—C=C—H, H-C=C-Br
In all such combinations, the sum of the valencies of
such atoms or of the radicles combined with one or any
number of carbon atoms, must be an ever number. The

necessity of this follows from the tetravalency of the carbon
atom, and is known as “* Kekulé’s law of even numbers,”
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From these few and simple illustrations, it will be seen
that before the constitution of an organic body can be fixed
a great many questions must be considered. It is necessary
not only to ascertain the empirical formula and the molecular
weight of a body; but also to find out both the method in
which the carbon atoms themselves are combined, and that
in which the other elements are linked to them ; Ze. to which
carbon atom and in what manner they are linked; if the
combining elements arc monovalent, only the first has to be
determined, if polyvalent, both are necessary.

Thus oxygen may be united with a carbon atom directly
by both its bonds, or it may at the same time be in union

with hydrogen, as in the compound CH3.Cf8 o’ nitrogen,

which is either tri- or penta-valent, may combine in a still greater
number of ways, thus: CHaNH, (CH,);NH, (CH,);:N,
HN:C:O, etc.

The manner in which combinations occur may be ascer-
tained, according to circumstances, either by analytical or
synthetical methods. The first of these methods may be illus-
trated by the decompositions which acetic acid undergoes when
it is heated with soda-lime or is electrolysed (see pp. 41, 44) ;
the second by the processes by which it is synthesised (see
p. 143); or by the synthesis of the paraffin hydrocarbons
(PP 42, 43). Of course these are comparatively simple cases,
but the principles are the same as those involved in more
complex problems. In fact, the student must earnestly en-
deavour, throughout the whole of this work, to grasp the facts
from which formule are deduced.

Carbon compounds are usually divided, for purposes of
study, into two groups. The first of these is called the Fatty
or Aliphatic Series, the members of which can all be
derived from the hydrocarbon methane, CH,; the second is
. termed the Aromatic Series, the simplest member of which
is benzene, CgHg.  Only the fatty series will be studied in the
following sections of this work.
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SECTION 1II.-

FATTY HYDROCARBONS ; HALOID PARAFF[NS ;
MONOHYDRIC ALCOHOLS AND THEIR
DERIVATIVES.

CHAPTER VIL
INTRODUCTORY REMARKS.

PerHAPS the greatest difficulty, which the student beginning
the study of organic chemistry experiences, arises from the
readiness with which compounds of one class may be formed
from those of another of which he knows nothing. Before,
therefore, studying the typical groups of compounds in detail,
it may be helpful to tabulate and indicate the relations of some
of them.

The hydrocarbons form the starting-points from which
other compounds are derived ; and it must be remembered
that these readily exchange their hydrogen by suitable means,
either directly or indirectly, for other elements, and the residue
appears to act as a compound radicle in a series of its
compounds. .

Take, for example, the hydrocarbon ethane C,H, and
note the following compounds which are derivable from it,
remembering that other hydrocarbons of the same series yield
similarly named derivatives.

DERIVATIVES OF ETHANE, C,H,, OoR ETHYL HYDRIDE, C,H,H.
Examples.

1. Halogen 8ubstitution Compounds, or
Haloid Esters, are formed by direct re- | Ethyl chloride, or
placement of hydrogen in ethane by chlor-ethane,
halogens ; or indirectly by the action of C,H,ClL
phosphorus haloids on the alcohol (hy- | Ethyl bromide,
droxide), e.¢. C,H,OH + PCl; = C,H,Cl C,H,Br, etc.
+ POCl, + HCL



Introductory Remarks 30

2. Alcohols, the first hydroxyl derivatives of
hydrocarbons, are obtained indirectly from \ C,H,OH,
halogen compounds ; e.g. by the typical re- ethyl alcohol.
action C;H,;I+ AgOH = C,H,OH + Agl.

3. Ethereal 8alts, Compound Ethers, or

Esters, are formed either by action of C“I-tll‘;slo l:l-fi,ro en
an acid on the alcohol, eg. C,H,OH + etny’ hydrog
sulphate.

H,SO0, = {Cﬂgﬁ: SO, + H,0; or from \C,H,NO,,

halogen compounds and silver or potash ethyl nitrate.

—_ C2H5C2H302’
;{ag:, eg CaH;Br + KSH = G,H,SH + ethyl acetate

4. Amines are produced when the radicle
ethyl displaces hydrogen in NHj,, e.g. by | C;H,NH,,
the action of ammonia on a haloid ester, ethylamine.
C,H;Br + NH; = C;H;NH, + HBr.

5. Ethers are formed by abstraction of a mole- | C;H;~ o)
cule of water from two molecules of an ) C;H;” '
alcohol, e.¢. 2C,H;OH—H,0 =(C,H,),0. ethyl ether.

Alcohols can be oxidised still further, yielding an aldehyde
and an acid.
idati duct
Aldehydes are the first oxidation products } C,H,0,

of primary alcohols, 2C,H;OH + O, = 2 deh
2C,H,0 + 2H,0. acetaldehyde.

Carboxyl Acids are produced when the} C,H,0,,

oxidation of the alcohol is carried further cetic acid.

still, C,H,OH + 0, = C,H,0,; + H,;0.

Carbon acids yield a similar series of derivatives to those
just mentioned, in which it will be seen that the group
CH,.CO', acetyl, recurs, just as in the others there is always
present the group C,H's, ez4yl.

Thus Acetic Acid ... ... CH,CO.OH
yields Acetyl or Acetic Chloride; ... CH,CO.Cl
Acetamide ... e ... CH4CO.NH,
and Acetic Anhydride, ... ... CH4CO« 0

or Acetyl Oxide; ... CH;CO~
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METHOD OF STUDY.

The student is strongly advised to first study Sections
I1. and IIL, omitting all hydrocarbons containing more than
two carbon atoms and their derivatives. Then to go through
those sections again, mastering the general reactions and pro-
perties of the various series of compounds, as well as studying
the higher members of such groups. After that the other
sections can be taken in turn.

It must also be remembered that the only way in which
the student can really learn the subject is by acquainting him-
self practically, not only with the appearance of the compounds
or with the tests for recognising them, but with the reactions
and methods employed in their production. For this purpose
a number of the preparations, processes for which are given,
should be undertaken. Those which are marked by a dagger (1)
are suitable for such purpose; and the purity of the com-
pounds prepared should be checked, as far as possible, by a
determination of their boiling or melting points.

It may also be noted, once for all, that the simple mole-
cular formule assigned to the compounds mentioned in this
work are usually supported by determinations of their mole-
cular weights ; so that, when reasons for assigning constitutional
formule are discussed, that fact is constantly assumed.

Contractions.—b.p.=boiling point; m.p. = melting point ;
sp. gr. at 13° = specific gravity at 15° compared with water at 4°

CHAPTER VIIL
SATURATED OR PARAFFIN HYDROCARBONS.

IN systematically studying the carbon compounds, it is both
most natural and most convenient to commence with the
simple compounds of carbon and hydrogen, or hydrocarbons,
sometimes also termed the hydrocarbides.

It is also'most natural to start with the saturated hydro-
carbons, of which the simplest member is methane, or marsh
gas, CH,. A series of hydrocarbons is formed from this by
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successive increments of CH,, because when a hydrogen atom
is displaced by the group —CH,, the total increase in the
compound is only CH, Also if four is the free valency of
the first carbon atom, 8ince two valencies are saturated by the
carbon atoms themselves for every addition of one carbon atom,
the increased valency of a saturated compound will not be four,
but two, or the general formula will be C,H,, .2 where 7 is
the number of carbon atoms present.

METHANE OR PARAFFIN SERIES, C,H,, .

Methane, CH,, marsk gas, methyl hydride, is the first
member of the series, and is very widely distributed. It occurs
in the gases which escape from the surface of the coal in
coal-mines, and since it forms, when mixed with sufficient air,
a highly explosive mixture, it renders coal-mining a dangerous
occupation, the danger of which can only be overcome by
highly efficient ventilation and the use of safety-lamps. It is
produced when organic matter decomposes under water, hence
the name “marsh gas.” Huge quantities of methane, mixed
with hydrogen and other hydrocarbons, are given off from the
Pennsylvanian oil-springs, and are collected and conveyed in
pipes to a distance for use as fuel. It is also evolved from
mud volcanoes in Italy, the Crimea, and other places; and,
finally, is produced when carbonaceous matter undergoes dry
distillation, and is thus present, for example, in large amounts
in ordinary coal gas.

(*1) Methane is usually prepared by heating sodium acetate.
with soda-lime, the reaction being represented by—

CH; COONa + NaOH = CH, 4 Na,CO,

Note.—Reactions marked with a star (%) are types
of general reactions.

Process—~A mixture of three parts soda-lime and one part of
the acetate is strongly heated in a copper flask or a piece of iron
tubing closed at one end, and the gas collected over water in the
ordinary manner. A glass vessel may be employed, but is very
likely to be cracked if the materials are not dry.

Methane prepared in this manner is always mixed with
about 8 per cent. of hydrogen and some ethylene.
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(*2) A better way of preparing it is by acting with the
zinc-copper couple on a mixture of equal volumes of methyl
alcohol and methyl iodide—

CH,I + CH,OH + Zn = CH, + ZnI(OCH,)

Process.—Dry zinc filings are heated with one-tenth their weight
of copper powder (obtained by reducing granulated CuO) till they
_ just become yellow, and some of the couples
so formed are introduced into the wide-
necked flask fitted with a drop funnel and
scrubber tube shown in Fig. 24. The
scrubber contains granulated zinc which
has been immersed in a solution of copper
sulphate, and is fitted with a delivery tube.
When a mixture of equal parts of methyl
alcohol and methyl iodide is allowed to fall
upon the couple, methane is evolved, is freed
from vapour of CH,I by the scrubber, and
may be collected in the usual manner.

Other interesting ways of formation
of methane are (*3) its production in a
pure condition by decomposing zinc-
methyl (p. 180) with water—
Zn(CHs)z + 2HQO = 2CH4 + Zn(OH)g

or (4), when water vapour or H,S is mixed with CS, and
passed over heated copper, the following reactions occur : —

CS; 4+ 2H,S + 8Cu = CH, + 4Cu,S
CS, 4+ 2H,0 4 6Cu = CH, + 2Cu,S + 2Cu0

while, finally, (5) when carbon monoxide and hydrogen are
subjected to the action of electricity in an induction tube,
methane is formed in small quantity. '

Reactions No. 4 and No. 5 should be carefully noted, as
by means of them the gas can be synthesised from inorganic
- materials. :

Properties.—Methane is a colourless, odourless gas,
slightly soluble in water, more so in alcohol. Its specific
gravity is 0’559 (air = 1). It is inflammable, but its flame
has very slight illuminating power, the whitish flame usually
obtained bzing due to the traces of ethylene produced during

FiG. 24.
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its preparation, from which it can be freed by washing it
with strong H,SO,. It forms an explosive mixture with air—
CH, + 20, = CO, + 2H,0

Intense cold and pressure condense it to a liquid of specific
gravity o415, which boils at —-164° (Olszewski). It is decom-
posed by the passage of an electric spark (see Formation 5),
carbon and hydrogen being freed and some acetylene formed.
Methane resists the action of HNO; and P,0,, but a mixture
of it and 2z volumes of chlorine exposed to direc? daylight
explodes with the formation of hydrochloric acid and free
carbon; in diffuse daylight, however, substitution occurs with
the production of CH;Cl, CH,CI,, etc.

Experiment 11.—Prepare methane from sodium acetate, and
note (i.) its inflammability ; (ii.) its explosive power when mixed
with twice its volume of oxygen or ten times its volume of air.

Ethane, C,Hy, = CH, CH,, Etiy! hydride, dimethyl, the
second member of the paraffin series, is found in solution
in the crude petroleum of Pennsylvania and in the gases
evolved from oil-wells. Ethane can be prepared in a state
of purity (*1) by decomposing zinc ethyl with water; but a
useful method for ordinary purposes is (*2) the decomposition
of ethyl iodide by the Zn-Cu couple in presence of alcohol—

C.H,;0H + C,H,I + Zn = C,Hs + Zn IOC2H“

Process—An apparatus similar to that described for the
preparation of CH, can be employed, with the addition of
scrubbers containing alcoholic soda, bromine water, caustic soda,
and lime respectively, in order to free the gas from various
impurities, which are absorbed by the reagents named. If, then,
a mixture of alcohol and ethyl iodide is added to the Zn-Cu in the
flask, and the whole heated to 80° gas is obtained which after
scrubbing contains 98 per cent. ethane and no other combustible
gases.

(*3) Another important method for the synthesis of ethane
is that in which methyl iodide is treated in ethereal solution
with metallic sodium—

: CH,
gg:g{}+Nag= | 4 2Nal
CH,
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while (*4) when potassium acetate is subjected to electrolysis,
it decomposes as follows :—

CH;iCOOK CH,

+2H,0= | +2CO,+ 2KOH + H,

CH,:COOK CH, '
the C,;H,g and CO, being evolved together at the positive pole.
Both the last two methods of formation are important, as
they give an important clue to the constitution of ethane.

Properties—Ethane is an odourless, colourless gas, which
is condensible to a liquid at 4°, under a pressure of 46 atmo-
spheres, Itisinflammable, and has greater illuminating power
than methane. It is almost insoluble in water, but alcohol
dissolves 1°5 volumes of the gas. With chlorine in diffuse
daylight it forms substitution products.

HomMoLogy.

We have now studied the properties of two hydrocarbons
whose formule differ from each other by CH,. Thus ethane
can be looked upon as derived from methane by the substi-
tution of the radicle methyl, CH,, in place of one of its
hydrogen atoms, or as formed from two molecules of methane
by the elimination of an atom of hydrogen from each, with
subsequent linkage of the radicles remaining—

| | L
H—(IZ—H +H—C—H =H—-C—-C—H+H,
: F | |
H seeressssee s H H H
and this reaction is indirectly realised by the formation of
ethane from methyl iodide and sodium (p. 43).

If, instead of methyl iodide, ethyl iodide, C,H,I, is
employed, a hydrocarbon bdutane, C,H,.C,Hj, is formed ; and
it a mixture of the two iodides is used, the hydrocarbon
propane, CHy.C,Hj, results. That is—

CH,.CH,I + CH;,I yield CH,.CH,.CH,, and
CH,.CH..I + CH,.CH,I yield CH, CH,.CH,.CH,

These hydrocarbons are, with methane and ethane, the
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first members of a series of hydrocarbons which differ from
each other by —CH,—; and such a series of hydrocarbons,
or of their derivatives, is termed a Homologous Series,
while the individual members are called Homologues.

HIGHER MEMBERS OF THE PARAFFIN SERIES.
Among the principal members of the paraffin series are—

Methane, CH, Pentane, C;H,,
Ethane, C,H, Hexane, C;H,,
Propane, C;H, Heptane, C,H,,
Butane, C,H,, Octane, C;H,g

The paraffinoid hydrocarbons occur in large quantities in
the petroleum which is found in many parts of the world, but
notably in North America and Burmah. The deposits of
crude paraffin, known as fossil wax and ozokerit, found in
Galicia, Roumania, and other places, and the products of
the distillation of brown coal and bituminous shale, also yield
considerable quantities. Caucasian petroleum contains only
small quantities of the paraffins.

Crude petroleum is a mixture of liquid and solid hydro-
carbons, and possesses the specific gravity o'78-0°88, its
colour varying from pale yellow or brown to black. Its
chemical composition varies very much, and the hydrocarbons
present are by no means confined to the methane series;
while, besides hydrocarbons, it also contains small quantities
of bodies which contain nitrogen and sulphur.

Purifleation of Crude Petroleum.—To prepare this complex
mixture for use it undergoes fractional distillation.

In America two fractions are distilled from the crude oil
still, the “benzine” distillate, and that of the “ burning o0il.” The
residue is then transferred to another still, where it is distilled till
coking takes place ; the resulting products yield more burning oils,
oils suitable for lubricating purposes, vaseline, and paraffin.

From the “ benzine ” fraction further distillation separates the
following different products: (i.) Cymogene, b.p. 0° C., sp. gr.
about 0600, which is principally butane ; (ii.) rhigolene, b.p. 18'3°
C., sp. gr. 0600 ; (iii.) petroleum ether, b.p. 70-90° C., sp. gr.
0'650-0666, which consists of pentane and hexane ; (iv.) gasoline,
b.p. 70-90° C., sp. gr. 0'666-0'690 ; (v.) naphtha, b.p. 8o-110° C.,,
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sp. gr. 0'6go-0"700 ; (vi.) ligroine, b.p. 8o-120° C., which is mainly
heptane and octane, sp. gr. 0'710-c730; and (vii.) deodorised
benzine, b.p. 120-150° C., sp. gr. 0"730~0"750.

Of these bodies the first two are liquefiable by cold or pressure,
and find use for producing artificial cold ; numbers iii. to vi. are
used as solvents in different processes; numbers v. and vi. are
used in sponge lamps; while the benzine is used as a substitute
for turpentine as a cleansing material.!

Both the bensine and the burning oil from the first distillation
are deodorised by treatment with sulphuric acid, followed by
washing first with water and then with dilute caustic soda, when
the latter oil forms the ordinary petroleum, “kerosene,” or
mineral sperm.

From the distillate from the tar stills paraffin wax is separated,
after washing with acid and soda, by crystallisation from the more
liquid hydrocarbons with which it is associated. The more pasty
hydrocarbons find employment in the preparation of vaseline,
while those between them and the burning oils are used as
lubricants.

Since many of these oils evolve combustible vapour at very low
temperatures, their use in ordinary lamps would be excessively
dangerous. To prevent this danger, it has been enacted in this
country that oil whose vapour flashes below 27°8° C. when a light
is applied in ggen cups must not be sold for lighting purposes.
As many circumstances modify the accuracy of this test, it is now
performed in a closed tester specially designed by Prof. Abel, in
which the flashing point is allowed to be 22:7°.

Besides the oily and solid paraffins obtained in quantity from
crude petroleum, large quantities of paraffinoid hydrocarbons are
present, along with olefines, etc., in the oils obtained by the dry
distillation of parafin skale, which is so largely carried on in the
south of Scotland. The crude oil is refractionated and deodorised
somewhat similarly to the oils from the crude petroleum, with the
production of “ naphtha,”  burning oil ” (paraffin oil), “ lubricating
oils,” and “ paraffin wax.”

From the above-mentioned products, prepared from natural
sources, it is possible, by special purification with H,SO, and
HNO; and subsequent fractional distillation, to prepare pure
paraffins ; but before considering any of the higher members

! This must not be confounded with the denseme obtained from coal-
tar oils.
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of the series it will be wise to study their general methods of
formation and properties.

GENERAL REMARKS ON THE PARAFFINS.

The following reactions which have been illustrated in
studying methane and ethane, are general in their application
to the preparation of paraffins.

1. Heating the acids of the acetic series with alkalis or
alkaline earths. For higher members sodium methylate re-
places the alkalis.

2. The action of the Zn-Cu couple on alkyl® iodides.

3. The decomposition of zinc alkyls by water.

4. The action of metals such as sodium, or reduced silver
or zinc at 150° upon alkyl iodides. Sodium is the most con-
venient, as it acts at a low temperature ; it is often necessary
to modify the violence of its action by dilution with ether.

5. The electrolysis of the fatty acids.

Besides the above may be mentioned: 6. The reduction
of alkyl iodides by such reagents as Zn and H,SO,, sodium
amalgam, or HL

Properties—The members of this group of hydrocarbons
are distinguished by their chemical indifference; hence the
name ‘ paraffins ” which is from the word “ paraffin” (parum
affinis), a term first applied to the white crystalline product
obtained by Reichenbach from. wood-tar. They are not
attacked by KOH, by concentrated H,SO,, and hardly by
concentrated HNO; at ordinary temperatures. If, on the
contrary, they are heated with Zi/ufz HNO;, H,CrO,, or MnO,
and H,SO, they undergo slow oxidation, CO, and H,O princi-
pally resulting, although according to circumstances acids are
also formed ; strong HNO; acts upon the higher members,
forming nitro-paraffins. Since they are safurafed compounds
they do not form additive compounds with the haloid acids,
and are not absorbed by H,SO, or bromine. Chlorine and
bromine act on them, replacing hydrogen and forming haloid

! The term ““alkyl” or *‘ alcokolic” gadicle is applied to the residual

group of atoms derived from a paraffin hydrocarbon by the loss of one
atom of hydrogen : thus CH, gives CH';, C;H, gives C;H',.
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substitution derivatives, one molecule of the haloid acid being
formed for every atom of hydrogen which is thus replaced—
C,H,; + Cl, = C,H,Cl + HCl

The lowest members of the series—methane, ethane, and
propane—are gases at o°, above' that to tridecane inclusive
they are liquids, and the remainder are solids.

The paraffins are almost or entirely insoluble in water;
in alcohol the gases are slightly soluble, the liquids readily so,
and the solids little soluble, the solubility decreasing with
increase of molecular weight. The specific gravities of the
liquid and solid paraffins increase with the molecular weight,
but never reach unity. The boiling points of similarly con-
stituted hydrocarbons increase (with each increment of CH,)
by decreasing amounts; until after nonane every increase
is about 19° till the limit of temperature is reached at which
the hydrocarbons boil under ordinary atmospheric pressure
without decomposition.

HIGHER PARAFFINS.

Propane, C;H,, CH,.CH,CH,, progyl %ydride—Propane
occurs in crude petroleum. It may be prepared according
to Schorlemmer’s method by the reduction of normal propyl
iodide, or by the action of sodium on a mixture of C,H,l
and CH;l.

Properties.—Propane is a colourless gas which at —25° to
—30° C. condenses to a liquid, b.p. —17° C. It is inflam-
mable, is slightly soluble in water, more so in alcohol.
Chlorine forms both primary and secondary propyl chlorides,
CH,.CH,CH,C! and CH,CHC),. Its constitutional formula
follows from its formation from C,H,I and CH;l, and from
the fact that there is only one formula possible if the con-
siderations mentioned on p. 34 are kept in mind.

Parafiins, C,H,, or Butanes.—Although there is only
one possible form of the hydrocarbons, CH,, C;He, and C;H,,
when we consider those containing four or more carbon atoms,
it can be easily shown that those atoms can be linked together
in more than one manner ; thus there can be #wo compounds
with the formula C,H,,, as given on p. 49,
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This, then, is the first example of a fact which makes the
difficulty of elucidating the constitution of organic bodies
much greater, viz. that it is frequently possible for bodies
that possess identical percentage composition and the same
molecular weight to differ very materially in chemical and
physical properties, and so evidently to be very differently
constituted. This phenomenon is called isomerism, and the
substances which differ in this manner are termed isomers,
or are said to be isomeric with each other.

How the two butanes can be formed will be seen if the

a ()
formula for propane, CHa.éIZI,C(I?Ia, is considered. There it
will be noted that hydrogen atoms linked to the carbon atoms
@ and & evidently bear different relations to the molecule, since
e is linked to two other carbon atoms, while 4 is attached to
only one. Let, then, a hydrogen atom attached to & be re-
placed by ?Hs, and the formula for the butane produced is

@ @)
Cl-Ia.C‘i-I,.CH,.CHs. If, on the contrary, an atom attached to.

a is replaced, then the butane is CH,, CH(%E’ The former
is called the normal (n), the latter the iso hydrocarbon.

n-Butane, CH,CH,CH,CH,, b&uty/ hydride, di-cthyl,
occurs in petroleum, and is formed from ethyl iodide by
the action of sodium—

2CH,CH, { I + Na, = CH,.CH,.CH, CH, + 2Nal

hence its formula. It is gaseous at ordinary temperatures,
but on cooling forms a liquid, b.p. 1° sp. gr. o°6.

Iso-butane, (CH,),CH, #:-methyl-methane, formed when
zinc and water act on tertiary butyl iodide (CHj),CI, is a gas
which condenses to a liquid, b.p. —17°.

Pentanes, C;H,;;.—Of the hydrocarbons with this general
formula there are #i7ee isomers—

1. Normal pentane, CH, CH,.CH, CH, CH,
2. Iso-pentane, gH CH.CH,.CH;,

3. Tetra-methyl-methane, gHB\C<ggs
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n-Pentane is found in petroleum, in resin oil, and in
cannel-coal tar. It is a colourless, inflammable liquid, b.p. 37°,
sp. gr. 0633 at 12, has an ethereal odour, and is attacked
by chlorine with the formation of primary and secondary
chlorides.

Iso-pentane occurs in petroleum and cannel-coal tar.
It can be formed from iso-amyl iodide or zinc iso-amyl by
general methods. It is a mobile liquid, b.p. 30° C, sp. gr.
0'6248 at 12;. It burns with a brilliant white flame.

Tetra-methyl-methane, obtained from tertiary butyl
iodide and zinc methyl—

2C(CH3)3I + Zn(CHg)g = 2C(CH’)‘ + anz

is a colourless liquid, b.p. ¢°5°; it can be frozen to a solid,
m.p. —20°

The constitutional formule of these substances follow from
their methods of formation.

Hexanes, C;H,,—Of these there are five forms, whose
formule are—

1. Normal hexane, CH,. CH,.CH,CH, CH, CH,

2. Iso-hexane, CH CH CHz CH,CH
CH

CH
3. Tri-methyl- ethyl-methane,cH /C<CH;CH,

H,.CH H
4. Methyl-di-ethyl-methane, g[-]a gH2>C\SI ’ ?

CH’\ /CHs

5. Tetra-methyl-ethane, CH, > CH. CH\CH,
The number of isomers rapidly increases as the series is
ascended, until the number is theoretically almost unlimited.
Thus for C,, and C, there are theoretically 355 and 8o2
different forms respectively. It is, however, very doubtful if
they would be distinguishable if prepared.

Nomenclature of Paraffins.—If these different groups
of hydrocarbons are carefully examined, it will be seen that
they can be classified under four heads; viz.—

1. Those in which no carbon atom is linked to more than
fwo others, the normal or primary paraffins, ¢g. propane.
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2. Those which contain one carbon atom linked to #iree
other carbon atoms, termed secondary or iso-paraffins, e.g.
tri-methyl-methane or iso-butane.

3. There are hydrocarbons which contain a carbon atom
linked to four others, and it has been proposed to term these
tertiary or neo-paraffins, ¢.g. tetra-methyl-methane, or neo-
pentane.

4. When hydrocarbons include fwo carbon atoms eack of
which is linked to three others, thesegmay be termed meso-
paraflins, ¢g. tetra-methyl-ethane, or meso-hexane,

This nomenclature has not, however, been generally adopted
except for normal and iso-paraffins ; but preference has been
given to that method which describes a hydrocarbon as being
derived from a simpler one by the introduction of some well-
known radicle into it. Thus all the normal paraffins can be
named as methyl derivatives of the preceding member of the
series; and the isomeric paraffins can be similarly treated
(see the Pentanes and Hexanes mentioned above). It will
be evident that this method has the advantage of indicating
clearly the constitution of the hydrocarbon.

CHAPTER IX.

UNSATURATED HYDROCARBONS.

BesipEs the paraffins, which are saturated compounds, there
are other series of hydrocarbons which are unsaturated, z.e.
the number of hydrogen atoms in each member of the series
falls short of that which is possible if the carbon atoms are
combined to their fullest extent. Only those unsaturated
compounds, which differ from the corresponding paraffins by
an even number of hydrogen atoms, can exist in the free state.
Thus amongst the fatty compounds there are, besides the
paraffins, C,H,,,; the following unsaturated homologous
series: The Olefine or Ethylene series, general formula C,H,, ;
the Acetylene or Ethinene series, general formula C,H,,_,;
and besides there are others corresponding to C,H,,, and
‘C,H,,_e but the above-mentioned are the principal families.
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Nomenclature of Hydrocarbons.—Hofmann proposed
to distinguish the different families of the hydrocarbons by
their terminology. The first series to have names ending in
-ane, the second in -ene, the third in -ine, and so on; eg.
C,H, is ethane, C,H, is ethene, and C,H, is ethine. Although
this nomenclature possesses certain advantages, it has not been
generally adopted ; and it is proposed to follow in this work
the method adopted in Watts’ “ Dictionary ” (new edit.), and
to give names ending in -ene to all unsaturated hydro-
carbons, while distinguishing each series by the use of a
significant letter before such ending.

Thus the names of the hydrocarbons C,H,, end in -ylene ;
C.H,,_. in -inene, and so forth.

Unsaturated combinations of hydrogen and carbon, the
valency of which is an odd number, cannot exist free, and are
given names derived from those of the hydrocarbons and end-
ing in the syllable -yl; eg. methane yields methyl], ethane
ethyl, etc.

OLEFINES OR ALKYLENES, C, H,,.

Ethylene, C,H, Hexylene, C.H,,
Propylene, C;H, Heptylene, C,H,,
Butylene, C,H, Octylene, CgH,q, etc.

Amylene, C;H,,

It might have been expected that this series of hydro-
carbons, isologous ! with those of the methane series, would
have included methylene, CH,, corresponding to methane in
the same way that ethylene does to ethane; but hitherto all
attempts to prepare it have utterly failed. Thus when di-
iodo-methane is treated with sodium, or methyl chloride with
potash, ethylene, and not methylene, is produced.

CH,:1 CH,
CH: I:} + 2Na, = y: + 4Nal

! An isologous series is one in which the members differ from each other
by H; ; e.g. C4H, and C4H, are isologous.
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and ggzgg} + 2KOH = C,H, + 2KCl + 2 H,0

Ethylene or Ethene, CH,=CH,, okfiant gas.—Since
methylene, CH,, cannot exist, this is the first of the olefines
to be considered. It occurs in coal gas, of which it is an
important illuminating constituent, and is a product of the
dry distillation of many organic bodies.

(*1) It is produced when ordinary alcohol, C,H,OH, is
heated with concentrated H,SO, to about 165°; water is elimi-
nated and ethylene is evolved. The reaction probably occurs
in two stages—

(i) C,H,OH + H,SO, = C,H,SO,H + H,0

Ethyl h{drogen
sulphate

(ii.) C,H,SO,H = C,H, + H,SO,

t Process.—Mix 25 grams of absolute alcohol with .150 grams
conc. H,SO,, place in 2-3 litre flask (Fig. 25), and heat upon a

F1G. 23.

sand-bath till the gas is rapidly evolved, which takes place
at about 165°.

Then run in slowly a mixture of 2 parts H,SO, and 1 part
alcohol. Wash the gas first with conc. H,S0O, and then with NaOH,
and collect over water. The addition of sand to the mixture, or of
a thin layer of paraffin oil, tends to prevent frothing.

(*z) Another important method of producing ethylene is by



54 Unsaturated Hydrocarbons

heating ethyl iodide, C,HjI, with alcoholic potash, when HKI is
withdrawn and ethylene evolved—

C,H,I + KOH = C,H, + KI + H,0

Process—The apparatus shown in Fig. 26 may be employed.
It consists of a small flask provided with a drop funnel and reflux
condenser, which latter is
in turn connected with
another flask fitted with a
reflux condenser and an
_ exit tube. Alcoholic pot-
b ash is placed in both
flasks and boiled, while
C,H,I is dropped in from
\ the funnel. The con-
f densers prevent loss of
" alcohol, and the second
flask ensures thecomplete
decomposition of the

= jodide.
(*3) It may be also
conveniently prepared from ethylene bromide, C,H,Br,, by
reduction with zinc; (*4) by the electrolysis of sodium suc-

cinate—
CQH‘ (COONa)2 + HQO = CQH‘ + COg + Na-gco:; + Ha

and (5) notably by the direct combination of acetylene, C,H,,
with hydrogen.

Properties.—Ethylene is a colourless gas with a faint,
peculiar odour, condensible to a liquid, b.p. — 103° and
can be frozen to a solid, m.p. —169° It is very slightly
soluble in water, more so in alcohol and ether; readily
inflammable, and burns with a luminous flame. It forms an
explosive mixture with air or oxygen, and when brought into
contact with ozonised oxygen spontaneously explodes. A
mixture of ethylene and chlorine burns, when ignited, with
a smoky flame, forming HCI and free carbon. Ethylene in
alcoholic solution readily combines with Cl,, Br, or I,—

CH,+Cl, = CHCl,
Ethylene dichloride

Fic. 26.
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It also unites with HI and HBr, but #o# with HC/—
C,H,+ HI = C,H,I;
and an aqueous solution of HOCI forms etkylene cklorkydrin—
CH,=CH, + HOCl = CH,C1L.CH,0H

It dissolves in strong H,SO, to form ethyl hydrogen
sulphate, C;H,SOH, and in presence of platinum black
unites with hydrogen to form ethane. Ethylene is oxidised
by HNO; to glycol, and by other oxidising agents to glycol,
and oxalic and formic acids.

Experiment 12.—Prepare ethylene by the first method, note its
inflammability, its explosive power when mixed with 3 volumes of
oxygen, and the oily compound produced on mixing it with its own
volume of chlorine.

Constitution of Ethylene.—Ethylene can only have one
of three formule, viz.—

CH,CH=, Cle,.(!:Hz, and CH,—=CH,
@) (ii.) - (iii.)

The first two of these three are rendered very improbable
by the failure of all experiments hitherto to produce hydro-
carbon radicles of any sort possessing free valencies; eg.
neither —CH,, C,H;, nor —CH,— have ever been obtained
in the free condition, but reactions expected to yield them
always give C,H,, C,H,, and C,H, respectively. It is more
in accordance, too, with the tetravalent behaviour of carbon
that the “ bonds” should be saturated, if not by other elements,
by carbon itself.

There is, however, more positive evidence which can be
adduced in favour of a symmetrical formula for ethylene, as
opposed to that first given. Its formation from methylene
iodide or methyl chloride is most readily explicable on the
assumption that =CH, is freed and unites to form ethylene,
H,C = CH,; and its production from succinic acid by
electrolysis also supports the same conclusion.

Besides this, ethylene combines with chlorine to form a
compound C,H,Cl,; now, the formula of ethane, CH; CH;,
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would lead us to expect #wo possible compounds of that
general formula, viz. CH,CHCI], and CH,CL.CH,Cl. It will
be shown later (p. 73) that that which is formed by the addition
of chlorine to ethylene has probably the second of these
formule ; and its formation is most easily understood on the
assumption that a reaction such as the following occurs :—

Cl CH, CICH,
|+l = _|
Cl CH, CICH,

or that the ethylene molecule is symmetrical.

GENERAL REMARKS ON THE OLEFINES.

Ethylene has furnished us with several methods which are
of general value in the formation of olefines. Thus they are
obtained—

1. By the abstraction of the elements of water from
alcohols. The use of conc. H,SO, for this purpose has been
illustrated and explained. Frequently ZnCl, or P,O; may be
advantageously employed, and in some cases the higher
alcohols yield olefines by mere application of heat.

2. By elimination of HCIl, HBr, or HI from haloid
paraffins by heating with alcoholic KOH. In some cases
the vapour must be passed over heated CaO or PbO, and in
others simple distillation of the chlor-paraffin suffices to yield
them. :
3. By electrolysis of the alkaline salts of acids of the
succinic series. .

4. By the action of metals upon di-haloid paraffins, e.g.
upon C,H,CL,.

5. Besides the above-named methods, olefines are produced
in the destructive distillation of many organic substances.

Properties—In physical properties the olefines closely
resemble the paraffins. At the ordinary temperature the lower
members of the series are gaseous, up to hexadecylene they
are liquid, and above that they are solid. They burn with
luminous flames, which become more smoky as the molecular
weight of the hydrocarbons increases. Their specific
gravities lie between about 063 and o'80 ; their boiling points
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are very near to those of the corresponding paraffins, but
their melting points are much lower than theirs.

In chemical properties the olefines differ from the paraffins
in a striking manner, on account of being unsaturated com-
pounds. Many of their reactions have already been illustrated
in studying ethylene. They unite directly with the halogens,
the halogen acids, and with hypochlorous acid to form re-
spectively di-haloid and mono-haloid hydrocarbons and the
so-called “chlorhydrins,” although all do not combine with
equal readiness, Olefines are more or less readily absorbed
by strong H,SO,, with the formation of acid sulphates. These
salts, when boiled with water, become hydrolysed,! and yield
the acid and an alcohol—

CH,.CH(SO,H).CH; +H,0 = CH,; CH(OH).CH + H,SO,
Iso-propyl hydrogen sulphate Iso-propyl alcohol

It may be noted that in most cases when these acids combine
with the olefines, the acid radicle attaches itself to the least
hydrogenised carbon atom, of which general law the combination
of propylene with sulphuric acid is an example.

The oxidation products of olefines differ with the oxidising
agents employed, rupture of the double bond usually occurring,
The olefines readily polymerise in presence of strong H,SO,,
ZnCl,, BF,, etc., i.e. form polymers, which are substances of
the same percentage composition, but different molecular
weight. Ethylene is an exception to this rule,

Propylene, CH;.CH:CH,, propene, methyl-ethylene.—This
gas occurs in coal-gas, and is a frequent product of the
decomposition of organic bodies by heat; thus it is produced
when the vapour of amyl alcohol is passed through a red-hot
tube. Propylene may be produced in a pure state either
(1) from iso-propyl alcohol, CH,CH(OH).CH;,, or (2) from
the propyl iodides. Also it is formed (3) when allyl iodide,
C;H;,I, is reduced by pure zinc in alcoholic solution.

Properties—Propylene is a gas with a garlic-like odour; it
is liquefiable by pressure to a liquid. It is moderately soluble

1 ¢ Hydrolysis ” is a term used to express the taking up of the elements
of water by ethers or esters with resolution into two molecules of an

alcohol, or into a molecule of an alcohol and an acid. The latter case is
very frequently distinguished as ¢‘ saponification.”
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in alcohol, and readily in H,SO,, forming iso-propy! hydrogen
sulphate. It combines readily with the halogens and the
halogen hydrides, and easily undergoes polymerisation.

Butylenes, C,;H,—There are three isomeric hydrocarbons
of this formula. All are known, and all occur in the oils from
compressed coal-gas. They are: (1) Normal or a-butylene,
CH,CH,.CH:CH,, obtained from n-butyl iodide, CH; CH,.-
CH,.CH,I, by KOH, is a gas condensible to a liquid, b.p.
—4°; (2) ¢ or B-butylene, CH; CH:CH.CHj, obtained by the
action of KOH on secondary butyl iodide, CH;.CH, CHI.CH,,
is a gas which forms a liquid, b.p. 1° sp. gr. 0635 ; and
(3) Iso-butylene, (CH;),:C:CH,, which can be obhtained
from tertiary butyl iodide, (CH,);CI, is an unpleasant-smelling
gas, which yields a liquid, b.p. —6° sp. gr. 0637 at =1&°
From its solution in H,SO; tertiary butyl alcohol is formed on
boiling with water.

Of the amylenes or pentylenes, C,H,, five isomeric
forms might be expected, and five are known, Two of these
are found in quantity along with a trace of a third in—

“ Iso-amylene,” or commercial amylene, which is obtained
when ZnCl, is distilled with iso-amyl alcohol (p. 101). The
distillate boils at 25-40° and contains go per cent. tri-
methyl-ethylene, 10 per cent. methyl-ethyl-ethylene, and a
trace of iso-propyl-ethylene.

The amylenes are the following:—(1) a-amylene or
n-pentylene, CH,.CH,.CH,.CH:CH,, has not been obtained
pure; it is a liquid, b.p. about 40°; (2) iso-amylene or
iso-pentylene, (CH,),:CH.CH:CH,, found in commercial
amylene in small quantity, is a fragrant liquid, b.p. 21°1°; (3)
B-amylene, CH, CH:CH.CH,.CH,, found in commercial
amylene, and also formed from a-amyl iodide, is a liquid,
b.p. 36°; (4) y-amylene, CH,.CH, C.(CH,):CH,, found in
Alsatian petroleum, and obtained from active amyl iodide,
is a liquid, b.p. 32°; while (5) tri-methyl-ethylene,
(CH,),:C:CH.CHj, forms go per cent. of commercial amylene.
It is a liquid, b.p. 36° and polymerised by ZnCl, or H,SO, to
di-amylene.
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CHAPTER X.
UNSATURATED HYDROCARBONS—Continued.

HYDROCARBONS OF THE ACETYLENE SERIES, C,H,, ;. —
Acetylene, ethine, or ethinene, C,H,

Allylene or propinene, C:H,
Crotonylene or butinene, C.H,
Valerylene or pentinene, C:H,, etc.

The first member of this series does not permit, according
to our present ideas on the linkage of atoms, of more than one
constitutional formula, but two modifications are possible in
the case of allylene, and the isomers increase in number as
the series ascends. The hydrocarbons of this group may be
classed under three heads :—

1. Those which contain two carbon atoms linked together
by #hree bonds. Of these acetylene, HC=CH, is the simplest
instance ; and there are producible from this two varieties of
derivatives: (i) those which are unsymmetrical and corre-
spond to the type R'C=CH, e¢g. allylene, CH,.C:CH, and
which are “true acetylenes,” because they contain the
group —C=CH ; and (ii.) the symmetrical derivatives, of
which R'C=CR' is the general formula, eg. crotonylene,
CH,.C:C.CH,

2. There are hydrocarbons which contain a tetravalent triad
of carbon atoms, one of which is united to each of the other
two atoms by two bonds, =C=C=C= of this class allene,
H,C=C=CH,, is the first example.

3. There are, finally, hydrocarbons that may be termed
di-ethylenic, and contain two groups, =C=C=, of which di-
allyl, H,C=CH.CH,.CH,,HC=CH,, is an illustration.

Acetylene, CH:CH, ¢thine or ethinene, is found in coal
gas. It is formed— (1) By the direct union of hydrogen and
carbon when a powerful electric current is passed from carbon
poles through an atmosphere of hydrogen, as in Fig. 27.
The hydrogen passes in at H, and the stream of gases is
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passed over an ammoniacal solution of cuprous chloride !
contained in the flask, where red copper acetylide is formed—

Cu,Cl,2NH; + H,0 + C,H,= 2NH,Cl 4C,Cy,H,0

A little sand at the bottom of the globe prevents it being
cracked by pieces of red-hot charcoal from the poles.

(*2) Acetylene is also readily prepared by the action of
alcoholic potash upon di-brom-ethane or brom-ethylene. In
the latter case—

CH,:CHBr + KOH = CH:CH + KBr +H,0

This is quite similar in principle to the preparation of an
olefine from a bromo- or iodo-paraffin (see Ethylene, p. 54).

Process.—Employ the apparatus shown in Fig. 26, p. 54 (for small

FiG. 27. FiG. 28.

quantities the simpler arrangement shown in Fig. 28), and collect
the gas over water ; or form from it the red copper compound.

(*3) Itis yielded by the electrolysis of sodium fumarate or
maleate—
CHiCOOH CH
o = |l _+ 2C0O, + H,
CH:COOH CH
This, again, is analogous to the formation of ethylene from
succinic acid (¢.2.); while (4) it can be produced from chloro-
form, bromoform, or iodoform by decomposing them with such
metals as copper, silver, or zinc—

! Cuprous chloride is best prepared by dissolving CuO in cold HCI,
pouring the solution on copper turnings, and, when it is decolourised,
almost neutralising it by well-cooled strong ammonia, and finally making
alkaline with it. : ’
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CHC, CH
+3 Cu= || + 3 CuCl,
CHCl, CH
Chloroform .
a reaction analogous to the production of ethylene from CH,I,
(p- 52), or of ethane from CH,I (p. 43).

5. Acetylene is formed in considerable quantities during the
incomplete combustion of coal-gas, as, for example, when a
Bunsen burner burns only
at the bottom,

Process.—Allow a Bunsen
burner to burn back, and
draw the products of incom-
plete combustion by means
of an aspirator through am-
moniacal cuprous chloride
(Fig. 29). The red copper
compound is formed, and,
after washing, the acetylene
may be liberated from it by
means of HCL

Finally (6), the gas is
readily prepared, and in a
remarkably pure condition,
by the action of barium or of calcium carbide ! upon water.

BaC, + 2H,0 = C,H, + Ba(OH),

Properties.—Acetylene is a colourless gas with a very dis-
agreeable and characteristic odour ; it is poisonous, burns with
a smoky flame, and is condensible to a mobile refractive liquid
whose sp. gr. is o451 at 2, 1In presence of platinum black,
it unites with hydrogen to form successively ethylene and
ethane (see Ethylene, p. 55). It forms a very explosive mixture
with 24 volumes of oxygen. When an induction spark is passed
through it, it is decomposed with separation of carbon; this
is remarkable, seeing that it is formed by the union of its
elements under the influence of the electric arc. If, however,

! Prepared by igniting barium carbonate, magnesium, and carbon

together—
' BaCO,.+ 3Mg + C.= BaC, + 3MgO
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the sparks are passed through a mixture of nitrogen and
acetylene, hydrocyanic acid, HCN, is formed. Acetylene can
also be resolved into its elements by explodmg a percussion
capinit; andit readn]y polymerises on passing through heated
tubes, w1th the formation of benzene, CgHj, styrene, C;H,, and
other hydrocarbons. Being unsaturated, acetylene unites with
the halogens and with the haloid hydrides, to form substituted
olefines or paraffins according to the stage to which the
reaction proceeds; etkylidene derivatives being ultimately
produced by union with the haloid acids (see pp. 71, 72).
C,H, + Br, = C,H,Br,
C.H, 4 Br, = C,H,Br,
C.H, + HBr = CH,;:CHBr
C,H; 4+ 2HBr = CH,CHBr,

It is absorbed by concentrated sulphuric acid, forming an
acid sulphate, which, when decomposed by water, yields
aldehyde. Chromic acid oxidises it to acetic acid. One or
both atoms of hydrogen in acetylene can be replaced by such
metals as Na, K, Ag, and Cu, with the formation of highly
unstable and explosive metallic derivatives; of these the silver
salt is white, and the copper salt red,

GENERAL REMARKS ON THE ACETYLENES.

The following methods, which are general in their appli-
cation to the hydrocarbons of the Acetylene series, have been
illustrated in the case of acetylene :—

1. Acetylenes are formed when di-haloid paraffins or mono-
haloid olefines are treated with alcoholic potash.

2. They are formed when unsaturated dibasic acids of the
fumaric series (p. 241) undergo electrolysis. Besides thesg syn-
thetical processes, they often result along with other hydro-
carbons as the product of the dry distillation of organic
substances.

The student should again specially note the analogy of the
two methods given to those which are employed in preparing
olefines.

Properties—Since the hydrocarbons possess four unsatu-
rated affinities, they can combine with either one or two
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molecules of a halogen, or of a haloid acid. In the first case,
ethylenic substitution products are formed ; in the second, true
fatty compounds. They can also combine with hydrogen to
form olefines or paraffins.

Those which have been termed “ true acetylenes ” possess
one very characteristic property. The triple linkage of the
carbon atoms renders the hydrogen atoms very negative or
acid in their character, so that in the case of acetylene two
hydrogen atoms, and in substituted acetylenes of the type
R'C=CH one hydrogen atom, are replaceable by metals.
Thus the true acetylenes form precipitates in ammoniacal
silver nitrate or cuprous chloride solutions, the precipitate
which is formed being decomposed by acids, with liberation
of the hydrocarbons. They also give precipitates with HgCl,,
which, when treated with acids, yield derivatives of aldehydes
or ketones. ,

They are slowly absorbed by concentrated sulphuric acid,
and the compounds formed on distillation with water yield
aldehydes or ketones (difference from olefines). Several of
the acetylenes also undergo polymerisation by heat or other
agent with great facility, forming aromatic hydrocarbons.
Very many of these properties have already received ample
illustration in the case of acetylene itself.

Of the higher hydrocarbons mention may be made of
allylene, allene, and crotonylene.

Allylene, CH,C:CH, propinene, methyl-acetylene, is
formed from (1) propylene bromide, CH,,CHBr.CH,Br, and
chloro- or bromo-propylene, CH,,CH:CHBr; and (2) citra-
conic or mesaconic acids, C;H,(COOH),, by the methods
indicated above. It is a colourless gas with a disagreeable
odour, burns with a smoky flame, and is similar to acetylene
in its properties, forming metallic derivatives, in which, how-
ever, only one hydrogen atom is replaceable by a metal. Its
solution in sulphuric acid when distilled with water yields
tri-methyl benzene, C,H,;,.

Allene, H,C:C:CH,, iso-allylene, isomeric with the last
body, is formed in the electrolysis of potassium itaconate and
from the di-chlor-propylene, CHCI:CH.CH,Cl. It is a gas
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which smells like allylene, and does not give a precipitate with
ammoniacal silver or copper solutions.

Crotonylene, CH,C:C.CH,, butinene, di-methy!-di-
acetylene, from butylene bromide, is a liquid with a pungent
odour, b.p. 18°. Shaken with H,SO, diluted with 4 part of
water, it polymerises to solid hexamethyl-benzene, C,,H,.
The syntheses of benzene derivatives from acetylenes are
specially noteworthy.

CHAPTER XI.

HALOGEN SUBSTITUTION DERIVATIVES OF THE
PARAFFINS.

By substitution derivatives are meant compounds formed
by replacing an element, or group of elements, in a compound,
by some other element or radicle.

The halogen derivatives of the paraffins may be prepared
as a rule by one or other of the following reactions :—

1. By the direct action of halogens upon hydrocarbons.
Many compounds containing chlorine can be so prepared,
a molecule of hydrochloric acid being formed for every atom
of chlorine introduced. Thus—

CH, + Cl, = CH,Cl + HCl
CzHe + C]g = CﬁHgCl + HCl

This action is not so simple as it appears, since in the prepara-
tion of the lower substitution products a méxture of mono- and
poly-haloid compounds always results. Thus if equal volumes
of chlorine and methane act on each other, as in the equation
given, other chlorinated bodies are formed besides mono-chlor-
methane, and a certain amount of unchanged methane remains.

In the case of higher hydrocarbons, this further action may.
be partially avoided by allowing the vapour only to react with
the halogen ; then, since the chloro-derivative boils at a higher
temperature than the hydrocarbon, it condenses as it forms,
and is thus removed from the sphere of action, The action
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of chlorine upon hydrocarbons is very much accelerated by
the action of light, and also by the presence (in liquid hydro-
carbons) of a little iodine dissolved in them. This latter
action depends upon the preliminary formation of ICl,.
Amongst other substances which act as chlorine-carriers may
be mentioned SbCly and FeCl;, As light aids the action of
chlorine, so heat assists that of bromine, but iodine substitutes
with more difficulty than either chlorine or bromine; for when
it acts alone, the hydriodic acid which is produced 4t the same
time reacts upon the iodo-derivative, and once more produces
the hydrocarbon. If, however, HgO or HIO, is used along
with the iodine, it will react upon the HI formed, and thus
prevent its reducing action. Their action may be re-
presented— :

HgO + 2HI = Hgl, 4+ H,0
HIO; + sHI = 31, + 3H,0

2. Another very important method for producing these com-
pounds depends upon the action of the haloid acids, or haloid
phosphorus compounds, upon the corresponding alcohols; e.g.—

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

Ethyl alcohol Ethyl chloride
CH;0OH + PCIl; = CH,Cl 4+ POCl; 4+ HCI
Methyl alcohol Methyl chloride

3CH,0H + POC], = 3CH,Cl + PO(OH),
3CH,0H + PCl, = 3CH,CI + P(OH),

In the first case the reaction is never complete; it de-
pends in part upon the relative masses of the two reacting
substances, in part upon the temperature at which they react.
It is analogous to the formation of metallic salts from
hydroxides (compare * Constitution of Alcohols,” pp. 83, 96),
and is an example of “esterification,” which is more fully
discussed in dealing with the formation of ethereal salts, or
“esters” (p. 119). Of the three haloid acids, HI acts with
the most readiness.

The phosphorus haloid compounds are the most generally
useful, but the phosphoric and phosphorous acids formed in

F
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the last two reactions react with the alcohols to form salts, so
that there is always considerable loss of alcohol.

To prepare the bromides and iodides it is customary
to use phosphorus and bromine, and phosphorus and iodine
respectively, instead of the ready-prepared phosphorus com-
pounds, e.g.—

SCHQOH + P + Brs = 3CH3B[ + P(OH)s
5CH;0H + P 4 Iy = 5CH,I + PO(OH), + H,0
In studying these compounds the chlorine derivatives will

be taken first, then the bromine, and finally the iodine
compounds, grouped as shown below :— .

Chlorine derivatives. Bromine derivatives. Iodine derivatives.

-

{Meth?'l chloride, CH3Cl Methlyl bromide, CHgBr Methyl iodide, CHQI
Ethyl o CoHsCl | Ethyl . CaHgBr | Ethyl  »  Cablsl

{Methylene chloride, CH3Cly| Methylene bromide, CH3Brg Meth{lene iodide,CHglg

Ethylene ” Ethylene " Ethylene
Ethylidene ,, }C3H4Clz Ethylidene ,, }CgH,Brg Ethylidene . }C’H*l2

Chloroform, CHCly Bromoform, CHBrg Iodoform,CHIg
Carbon tetra-chloride, CCly | Carbon tetra-bromide, CBry | Carbon tetra-iodide, CI4

halll Rl |

This grouping enables compounds of like type to be taken
together, and the student should carefully compare not only
those connected together in the vertical column, but also
those which occur in the same horizontal line.

GRroUP I.—MoNO-HALOGEN DERIVATIVES.

Methyl Chloride, CH;Cl, chlor-methane.—The forma- -
tion of methyl chloride (1) from CH, and Cl,, and (z) from
methyl alcohol and HCI, have been mentioned already
(pp- 64, 65).

Process.—The latter reaction may be carried out either (i.) by
heating methyl alcohol (1 part) with salt (2 parts) and sulphuric
acid (3 parts); or (ii.) by passing gaseous HCI into a boiling
mixture of 1 part fused ZnCl, and 2 parts CH;OH contained
in a flask provided with a reversed condenser, which method
yields it in a pure state.
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(3) It is produced on a large scale by neutralising the tri-
methylamine, obtained in the distillation of beet-root  vinasse,”
with hydrochloric acid, and distilling the salt at 260°.

3N(CH,);HCl = 2CH,Cl + 2N(CH,), + CH,NH, + HCl

Tri-methylamine Methyl  Tri-methylamine Methylamine
hydrochloride chloride

Pra}erties.—lt is a colourless gas with ethereal odour,
burns ‘with a green-edged flame, is condensible by pressure to
a liquid, b.p. —237° sp. gr. o'gg1 at 23:° js little soluble
in water, more so in alcohol, forms a crystalline hydrate with
water at —7°3°% and its neutral solution gives no precipitate
with AgNO,, thus differing in a marked manner from its
analogue KCl. It yields methyl alcohol when heated under
pressure with water or dilute KOH—

CH,CI + H,0 = CH;0H + HC]

It is used in a compressed condition for producing intense
cold, and also in the manufacture of artificial colouring
matters.

Ethyl Chloride, CH,CH,Cl, cklor-ethane.—This sub-
stance can be formed quite similarly to methyl chloride, (1) by
direct chlorination of ethane, (2) by the action of PCI; upon
ethyl alcohol, and (3) by the action of HCI .upon the alcohol
alone or, most conveniently, in presence of ZnCl, (see
reactions above, p. 65).

tProcess.—Dissolve 150 grams ZnCl, in 300 grams 95 per cent.
alcohol ; boil the- mixture in a flask provided with an inverted
condenser and delivery tube (arranged for example as in Fig. 39),
and pass gaseous HCI through it. The gaseous product is then
washed through KOH solution and either dissolved in alcohol,
or else condensed by cold to a liquid and sealed up in tubes.
It can also be prepared by distilling together 5 parts alcohol, 2
parts H,SO,, and 12 parts NaCl

Propertics—Below 12'5° ethyl chloride is a colourless,
mobile liquid, with an ethereal odour and a burning taste,
sp. gr. 0'923 at §.. It burns with a green-edged flame, is little
soluble in water, but readily in alcohol. It gives no precipitate
with AgNO; in the cold; on heating however, in aqueous or
alcoholic solution, a precipitate of AgCl is obtained. It yields
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alcohol when heated with water, or dilute KOH, under pressure ;
and when heated with soda-lime, marsh gas and hydrogen are
obtained.

Methyl Bromide, CH;Br, bromo-methane.—It has been
already pointed out that the bromine derivatives are readily
prepared by acting upon the corresponding alcohol with
phosphorus and bromine ; and methyl bromide is formed thus
from methyl alcohol.

Process.—Heat a well-cooled mixture of 6 parts methyl alcohol,
1 part phosphorus, with 6 parts of bromine ; wash the evolved gas
through KOH, and condense it in a vessel surrounded by a
freezing mixture.

Properties—Methyl bromide is thus obtained as a colour-

Fia. 30.

less mobile liquid, somewhat resembling chloroform, b.p. 4°5°,
sp. gr. 1'73 at ., which burns difficultly with a greenish-brown
flame, o

Ethyl Bromide, CH; CH,Br, brom-¢thane, is formed by
the action of phosphorus and bromine upon ethyl alcohol—

3C,H;OH 4 P + Br; = 3C,H,Br + H,PO,
tProcess—Mix together in a §-litre distilling flask connected

with condenser and receiver (Fig. 30), 13'3 grams of red phosphorus,
and 8o grams of absolute alcohol. Add to this slowly from the
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dropping-funnel 8o grams of bromine, cooling if necessary. Allow
to stand two or three hours, and then distil from the water-bath.
Wash the distillate in a separating funnel, first with weak NaOH,
then threg times with water. Dehydrate over CaCl, or K,CO,
and distil, collecting that apart which boils between 36° and 40°.
This can be further rectified if required, by redistillation.

Properties—Ethyl bromide is a colourless liquid similar to
the chloride in taste and smell. Its b.p. is 38'4° and sp. gr.
at 18¢ is 1°4189. It burns with a green smokeless flame with
evolution of bromine, and is employed as an anzsthetic.

Methyl Iodide, CH,l, fodo-methane, is most readily
formed by the action of phosphorus and iodine upon methyl
alcohol. The following quantities may be used: 35 parts
CH;OH, 100 parts I, and 10 parts red P. (for working details
see Ethyl iodide).

Properties.—Methyl iodide is a colourless, mobile, re-
fractive liquid, which turns brown on exposure to light from
the liberation of iodine, b.p. 42°3°, sp. gr. 2°2529 at $§3 It has
an ethereal odour, is difficultly combustible, and unites with
water in the cold to form a hydrate, 2CH;I.H,0.

Ethyl Iodide, CH,.CH,l, sodo-cthane, is formed by the
action of hydriodic acid, or of phosphorus and iodine upon
the alcohol, most readily by the latter method—

5C.H,0H + P + sI = 5C,H,I + H,PO, + H,0

tProcess.—Mix 10 grams of red phosphorus and 50 grams of
absolute alcohol in a tubulated retort of 500 c.c. capacity, which is
connected with a condenser and receiver. Next introduce little
by little 100 grams of iodine, and allow the mixture to stand twenty-
four hours. Then distil, and free the distillate from I by shaking
with dilute NaOH ; wash with water, dry over CaCl,, and rectify
by distillation. Both the P and the C,H;OH are in excess of the
guantities calculated from the equation ; the former hastens the
reaction, while part of the alcohol forms ethyl phosphate.

Properties.—Ethyl iodide is a colourless refractive liquid,
b.p. 72°4°% sp. gr. 1°9433 at 1§, which rapidly turns brown on
exposure to light, owing to liberation of iodine, butane being
also formed. It has a pleasant smell, is little soluble in water,
readily in alcohol and ether, difficultly inflammable.
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The bromides and iodides are chemically similar to
methyl and ethyl chlorides, ¢.g in their reactions with water.

Propyl Compounds.—These derivatives can exist in two
forms according as the hydrogen atom displaced was attached
to the end or central carbon atom of propane ; ze. they possess
the general formule, CH; CH,.CH,X or CH; CHX.CH;. The
first is the normal propyl derivative, the second the iso-
propyl compound. They can all be prepared by general
methods, and are liquids insoluble in, and heavier than, water.

Isopropyl Iodide should be noted, as it is usually pre-
pared from glycerin (which is a trihydric alcohol, p. 243) by
distilling it with phosphorus and iodine, or with amorphous
phosphorus and hydriodic acid in excess. The reaction is
noteworthy as illustrating the manner in which hydriodic acid
acts on the polyhydric alcohols, by replacing all the hydroxyl
groups by hydrogen and iodine—

C;H,(OH); + sHI = CH:s.CHI.CH; + 3H,0 + 2I,
Iso-propyl iodide
It takes place in two stages—
(i) C;Hy(OH); + 3HI = C,H,I + 3H,0 + I,
Allyl iodide
(ii.) CH,;:CH.CH,I + 2zHI = CH, CHI.CH; + I,

GROUP I1.—Di1-HALOGEN DERIVATIVES OF THE PARAFFINS.

Methylene Chloride, CH.Cl,, di-cilor-methane, methene
chloride, can be prepared (1) by the action of chlorine on
methyl chloride in sunlight; and (2) by the reduction of
chloroform— ]

CHC|; + H, = CH,Cl, + HCl
It is a colourless, oily liquid, with an odour like chloroform,
b.p. 41'6° sp. gr. 1°37 at o°

Di-chlor-ethanes, C,H,Cl;, Di-brom-ethanes, C,H,Br,,
and Di-iodo-ethanes, C,H,I,—Of these there are two possible
isomers, according as both the halogen atoms are attached
to the same carbon atom, or one is attached to each of them.

Ethylene Chloride, CH,C1.CH,Cl, ethene ckloride, is the
symmetrical form. This substance, originally known as Du’ck
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Jiguid, is readily formed (1) by the direct union of ethylene
and moist chlorine, by passing ethylene into a slightly heated
mixture of 2 parts MnO,, 3 parts NaCl, 5 parts H,SO,, and
4 parts H,O; and (2) by the action of HCI or PCl; upon
the di-hydric alcohol, glycol, CH,OH.CH,OH.

Properties.—Ethylene chloride is a colourless, thin oily
liquid, b.p. 83°7° (cor.), sp. gr. 1'2808 at §. It has a sweetish
odour and taste, is insoluble in water, soluble in alcohol and
ether, and dissolves phosphorus. It burns with a green flame.
It is said to be a useful anzsthetic in operations on the eye.

Ethylidene Chloride, CH; CHCL, ethidene chloride, the
unsymmetrical derivative, is formed (1) by the direct action
of chlorine upon ethyl chloride either in daylight or in presence
of red-hot charcoal ; (2) by heating aldehyde with PCl,—

CH,.CHO + PCl; = CH,CHCI, 4+ POCJ;

but is best obtained (3) by fractional distillation of the by-
products of chloral manufacture, in which it occurs along with
ethylene chloride.

Properties.—Ethylidene chloride is a colourless liquid,
b.p. 60°1°% sp. gr. 1°2039 at $.. It resembles chloroform in
taste and smell, and finds some employment as an anasthetic.
It is a very stable compound, being attacked only difficultly by
KOH, and may be distilled unchanged over potassium.

Ethylene Bromide, CH,Br.CH,Br, ethene bromide, tne
symmetrical compound, can be obtained (1) by the action
of bromine on ethyl bromide, but (2) is most readily and
usually prepared by passing ethylene into bromine—

C.H, 4 Br, =C,H,Br,

{Process—Pass ethylene (preparation, p. 53) through the wash-
bottles (Fig. 31), which contain strong H,SO, and NaOH respec-
tively, by which it is freed from ether, CO, and SO,. The second
pair of Woulffe’s bottles each contain 50 c.c. of bromine covered with
water, and the gas is passed through till it is decolourised. The
flask contains soda, which absorbs any bromine that escapes. When
the reaction is finished, shake the product with NaOH, wash with
water, dry over CaCl,, and rectify by distillation. Z%e corks used
in the bromine bottles must be well soaked in paraffin wax before use.
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Properties—Ethylene bromide is a colourless oily liquid
with a pleasant smell, b.p. 131'5° (cor.), sp. gr. 2'189 at }4:;
it freezes to a crystalline mass, m.p. 9°2°. It is insoluble in
water, but dissolves in alcohol and ether. On boiling with
alcoholic potash, it forms vinyl bromide, C,H,Br, and acetylene ;
with aqueous potash, vinyl bromide ; and with Na,CO,, glycol,
C,H,(OH),

Ethylidene Bromide, CH, CHBr,, etkidene bromide, the
unsymmetrical di-brom-ethane, is formed by brominating
ethyl bromide in sunlight, and by the action of PCI;Br, upon

FIG. 31.

aldehyde in the cold. It is a liquid, b.p. 113° sp. gr. 2'1029
at 3.

Ethylene Iodide, CH.I.CH,], is formed by direct com-
bination of iodine and ethylene by passing ethylene into a
paste of iodine and alcohol. It forms colourless needles, m.p.
82°which when heated in air are decomposed into C,H, and
I, but may be sublimed unchanged in an atmosphere of
hydrogen or ethylene. It has an aromatic smell, and is insoluble
in water, but soluble in ether and alcohol.

Ethylidene Iodide, CH, CHI,, is formed by the action of
All; or Cal, upon ethylidene chloride. This may be specially
noted as an instance of iodine replacing chlorine. It is a
liquid, b.p. about 178° sp. gr. 2'84 at 2
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CONSTITUTION OF THE ETHYLENE AND ETHYLIDENE
COMPOUNDS.

The constitution of these bodies has been so far assumed,
but the reasons which lead to the formule assigned may now
be discussed. With regard to ethylene chloride, it is natural
to assume, from its mode of formation, that it is a symmetrical
body, s.e. if it is granted that ethylene possesses the formula
assigned to it, H,C=CH, (see p. 55), we should expect it to
form, when Cl, is added to it, the compound Cl1H,C—CH,C],
and not H;C — CHCI,, since the former formula necessitates
less internal alteration of the molecule.

But, apart from this reasoning, the fact that a chloride
with other properties is actually produced by replacing the
oxygen in acetaldehyde, CH; CHO, in which there is every
evidence that the oxygen atom is only bound to one carbon
atom, leads to the second formula, CH;.CHCI, for ethylidene
chloride ; and as, according to our present knowledge, there
are only two possible dichlor-ethanes, ethylene chloride must,
by elimination of the last named, possess the formula
CH,CL.CH,Cl. A precisely similar argument, of course,
applies to the bromo- and iodo- derivatives.

GroUP III.—TRI-HALOGEN DERIVATIVES.

Chloroform, CHC), #ricklor-methane—This important
substitution derivative of methane was discovered in 1831 by
Liebig and by Soubeiran, by the first and second methods of
formation. (1) By the action of alkalis upon tri-chlor-aldehyde
(chloral, p. 131), sodium formate being also formed—

CCl;.CHO + NaOH = CHCI, + H.CO,Na

a process which is still employed when exceptionally pure
chloroform is required. (z) It is formed when calcium hypo-
chlorite acts upon dilute alcohol. The explanation of this
reaction, which is employed on a large scale, is somewhat
involved, but probably chloral is first formed, which is decom-
posed in turn by the alkali liberated from the bleaching powder,
yielding chloroform (see Chloral, p. 131)—
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8CaOCl, + 2C,H,0H = 2CHCl, + (HCO,)Ca + 5CaCl,

Calcium formate

+ 2Ca(OH), + 2H,0

Manufacture.—The following is a sketch of its production by
this method. A mixture of 3 parts 85 per cent. alcohol, diluted
with 6o parts of water, is placed in an iron generating still provided
with a stirrer and connected with a suitable condenser; 12 parts
of bleaching powder, containing 35 per cent. available chlorine, are
next added, and steam-heat is applied to raise the temperature to
40° (it must not rise above 60°). The distillate thus obtained
consists of chloroform, water, and alcohol; it is collected and washed
from alcohol, and afterwards rectified by a further distillation.

Chloroform can also be obtained (3) from methane or
methyl chloride, by the action of chlorine in sunlight; and
finally, (4) considerable quantities are now prepared by running
acetone into a thin cream of bleaching powder and water—

2(CH,),CO + 6CaOCl, = 2CHCl; 4 2Ca(OH), + 3CaCl,
+ (CH;.COO),Ca
Calcium acetate

The proportions for this process, which gives an excellent
yield, are 58 parts of acetone, and 166 parts of bleaching powder
containing 35 per cent. available chlorine. '

tProcess—Add 60 c.c. of acetone, little by little, with constant
cooling, to a cream of 300 grams bleaching powder and 300 c.c. of
water. Then distil off the chloroform by heating on a water-bath.,
The distillate consists of two layers, the lower of which is impure
chloroform. Wash it once or twice with water, then dry over
calcium chloride, and distil.

Purification.—For surgical purposes the chloroform obtained
both from alcohol and acetone requires purification. It is first
washed with water to remove traces of alcohol, then allowed
to stand over strong H,SO, (free from nitrous compounds) to
char organic impurities, next freed from acid by Na,CO; or
lime-water, then dried over CaCl,, and finally distilled at a
temperature not exceeding 64°.

Properties.—Chloroform is a colourless liquid, b.p. 614°,
sp. gr. 1'5 at }4:, and can be frozen to a solid, m.p.—70° It
has a faint but characteristic smell and a sweet taste ; is only
slightly soluble in water, but mixes in all proportions with



Chloroform, Bromoform 75

alcohol and ether. It burns, when mixed with alcohol and
boiled, with a very smoky green-edged flame.

Chloroform is a powerful solvent, readily dissolving resins,
fats, caoutchouc, alkaloids, sulphur, phosphorus, iodine, etc.
It is antiseptic, and possesses a powerful anasthetic action,
which was discovered by Sir J. Simpson, of Edinburgh, in 1848,
since which time it has been very largely used. In excess it
is poisonous, hence care is needed in its administration,
Warmed with alcoholic KOH, it yields potassium formate
and chloride—

CHCJ; + 4KOH = 3KCI + HCOOK + 2H,0

Detection of Impurities.—Perfectly pure chloroform should
not react either with litmus paper or AgNO, (absence of HCI
and free Cl); neither strong H;SO, nor KOH should turn it
brown (absence of hydrocarbons and aldehyde). Alcohol is
frequently present in small quantity, 1 per cent., to prevent
the decomposition of the chloroform; its presence may be
detected by the iodoform test (see p. 86).

Identsificalion.—Chloroform undergoes many important re-
actions, which serve for its detection. Thus when a solution
containing it is heated with alcoholic potash and oze drop of
aniline, the very disgusting odour of phenyl isocyanide is pro-
duced (the isonitrile test). This is a very delicate test; 1 part
in 5000 can be detected by it. If chloroform is added to a solution
of a- or B-napthol in KOH and warmed, an intense blue colour
is obtained; addition of alcohol aids, water destroys it. An
alcoholic solution of resorcinol, to which KOH and then chloro-
form is added, gives a beautiful red liquid on warming ; dilution
turns it violet. When chloroform is heated with Fehling’s
solution, it reduces it with precipitation of Cu,O.

Bromoform, CHBr,, #i-brom-methane, is found in crude
bromine, and is formed (1) by decomposing bromal with
alkalis, or (2) by acting with bromine and potash on alcohol
or acetone, Itis a liquid similar in appearance and smell to
chloroform, b.p. 151° sp. gr. 2°9o45 at }§:, and freezes to a
solid, m.p. 8° but does zof yield a formate on decomposition
with KOH (distinction from CHCly).

Iodoform, CHI;, #ri-todo-methane, is usually prepared by
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the action of iodine upon alcohol, although acetone and other
substances may be used—
CH,CH,0H + 41, 4+ 6KOH = CHI; + H.COOK + 5KI

Ethyl alcohol Potassium formate
+ 5H;0

tProcess.—Mix 20 grams of alcohol with 40 grams of Na,COj.-
10H,0, and 200 grams of water, and heat in a flask to 60-80°,
add gradually 20 grams of iodine, and filter off the iodoform
which separates. Heat the filtrate to 80° add 40 grams more soda,
and pass in chlorine until no further separation of iodoform occurs.
Collect the iodoform, wash thoroughly with water, and dry between
filter paper. A new method now employed on a large scale
depends upon the careful addition of a slight excess of dilute
sodium hypochlorite to 50 parts KI, 6 parts acetone, and 2 parts
NaOH, dissolved in 1-2 litres of water. The iodoform which
separates is purified in the ordinary manner:

Properties—Todoform crystallises in characteristic six-sided,
yellow tables, sp. gr. 2, which smell like saffron. It melts at
119°,and sublimes on heating, with partial decomposition, iodine
and HI being formed; it is, however, volatile in a current of
steam. It is insoluble in water, but soluble in ether, alcohol,
and carbon disulphide. Its solution in alcohol or CS; (espe-
cially CS,) is very sensitive to light; iodine is liberated, and
methylene iodide produced. Boiling aqueous KOH decom-
poses iodoform with formation of potassium formate, alcoholic
KOH forms methylene iodide. If mixed with finely divided
moist silver acetylene is evolved.

It is an anesthetic, with special action on the muscles.

Identification.— A solution of phenol and solid KOH, gently
warmed with an alcoholic solution of iodoform, gives a red substance
soluble in alcohol with a carmine red colour. Its reactions with
napthol and resorcinol are similar to those of chloroform (p. 75).

GRrOUP IV, —TETRA-HALOGEN DERIVATIVES.

Carbon tetra-chloride, CCl,, ftra-chlor-methane,is formed
(1) by the action of chlorine on methane in sunlight ; but most
readily (2) by passing chlorine into boiling chloroform contain-
ing a little iodine in solution ; or (3) by passing chlorine and
carbon bisulphide vapours through a red-hot tube, decomposing
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the sulphur chloride formed simultaneously by potash, and
rectifying. It is a thin colourless liquid, with aromatic smell,
b.p. 767°, sp. gr. 1°63 at .. It is insoluble in water, soluble in
alcohol and ether; it is decomposed by alcoholic KOH, thus :
CCl, 4+ 4KOH = CO, + 2H,0 + 4KCl (compare chloroform).

Carbon tetra-bromide, CBr, ##ra-bromo- methane,
occurs in crude bromine, and can be prepared by acting on
CHBr,, CHI,, or CS,, with bromine in presence of iodine. It
is a white crystalline solid, m.p. 91°, b.p. 189°5° sp. gr. 3'42,
has a camphor-like smell, and very readily sublimes.

Carbon tetra-iodide, Cl,, sefra-iodo-methane, is obtained
by heating CCl,with All; or Cal,. It is a red solid, crystallises
in octahedra, sp. gr. 4°32 at 22°, and slowly decomposes in air.

GENERAL REMARKS ON THE HALOGEN DERIVATIVES.

Two general methods of prod{lction have been already
mentioned on pp. 64, 65. It may be noted that they are also
notably formed (1) by addition of halogen hydrides to olefines;
(2) by addition of a molecule of a halogen to an olefine ; and
(3) sometimes by the action of PCl; on bodies containing a
CO group, e.gc. CH,.CHO.

Properties.—The haloid derivatives of the paraffins are
very little soluble in water, but dissolve readily in all pro-
portions in alcohol and ether, and also in acetic acid. The
liquids are generally colourless and possess an ethereal smell,
and are stable with the exception of the iodine compounds,
which redden when exposed to light, owing to the liberation of
iodine.

The chlorine derivatives boil at a lower temperature than
the bromine compounds, and those than the iodine derivatives,
and the primary derivatives possess.a higher boiling point than
the secondary. They burn with a green-edged flame, and their
inflammability decreases with increase of the amount of
halogen.

It is important to remember that AgNO; cannot be
employed as a reagent for the detection of the halogens,
although under certain circumstances the halogen derivatives
do react with it. The halogens can be displaced by moist
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silver oxide with introduction of hydroxyl (see Alcohols),
Many of the haloid paraffins also yield alcohols when treated
under pressure with water or a dilute solution of KOH ; but,
on the other hand, alcoholic potash splits off a molecule of the
halogen hydride and forms olefines (see p. 56).

Nascent hydrogen from sodium amalgam and dilute alcohol,
and from Zn and HC], reduces the halogen compound to the
corresponding hydrocarbon, ¢.g.—

CHC; + 3H, = CH, + 3HCl
Ammonia acts on the monohaloid derivatives, forming amines
(p. 163).

CHAPTER XIIL
ALCOHOLS.

THE general term “alcohol” is given to a class of bodies
composed of carbon, hydrogen, and oxygen, which are
derived from hydrocarbons by the replacement of one or
more atoms of hydrogen by an equal number of hydroxyl
(OH') groups; thus from ethane are derived ethyl alcohol,
C,H,0H, and glycol, C,H(OH),. They are termed mono-,
di-, or polyhydric alcohols, according to the number of OH
groups which they contain.

The name was originally applied solely to spirits of wine,
and is supposed to be a corruption of the term vinum alcalisa-
tum to vinum aleokolisatum, whence alcohol vini.

The alcohols are substances which bear a certain re-
semblance to the metallic hydroxides. Thus the OH is re-
placeable by acid radicles; for example, just as KOH yields
KCl, KHSO,, KC,H;0,, so methyl alcohol, CH;OH, yields
CH,Cl, CH;HSO,, and CH,C,H,0,.

The number of hydrogen atoms replaceable by hydroxyl
in a hydrocarbon is, however, practically limited by the number
of carbon atoms in the molecule, since, except under special
circumstances, compounds containing more than oz hydroxyl
group to each atom of carbon cannot be obtained ; ¢.g. glycerin,
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C;H;(OH),, the first stable alcohol which contains three
hydroxyl groups, also contains three carbon atoms.

Isomerism of Alcohols,—The two first paraffins, methane
and ethane, each yield only one mono-hydric alcohol ; propane,
butane, and the higher paraffins can yield isomeric forms, the
isomerism of which is due to two different causes: (i) that
produced by the position in the hydrocarbon of the replaced
hydrogen atom ; and (ii.) that owing to the isomerism of the
hydrocarbon itself.

Thus in methane and ethane the hydrogen atoms are pre-
sumably of the same relative value, and only one alcohol is
obtainable in each case, viz. H.CH,0H, and CH,,CH,0H ; but

@ @&

propane, CH,CH,CH,, can yield two alcohols, viz. (i)
CH,CH,.CH,0OH and (ii.) CH,;.CH(OH).CH,, according as
the OH group is attached to the carbon atom (4) or (a), because
the carbon atoms (¢) and (&) occupy relatively different
positions in the molecule. Similarly, the two butanes,
CH,.CH,.CH,.CH,; and (CH,),CH.CH; can eack yield two
isomers according to the carbon atom to which the OH is
linked. Thus the first yields (i) CH,.CH,CH,CH,0H
and (ii.) CH,CH,;CH(OH).CH,;; and the second (iii.)
(CH,),CH.CH,;OH and (iv.) (CH,);COH.

It will be seen that the alcohols derived from methane
and ethane, one of those from propane (i), and two of those
from butane (i. and iii.) contain the group —CH,OH, which is
characteristic of primary alecohols. The second one derived
from propane and the second from butane contain the divalent
group =CHOH, that is distinctive of secondary alcohols;
while the fourth alcohol derived from butane contains the
trivalent group =COH, and is a tertiary alcohol.

All alcohols (from whatever hydrocarbon they are derived)
comprise one or other of the above-named groups; so that
there may be normal-primary, and iso-primary alcohols derived
from isomeric hydrocarbons. Thus the alcohols yielded by
the butanes may be named (i.) normal primary butyl alcohol ;
(ii.) secondary butyl alcohol; (iii.) iso-primary butyl alcohol;
and (iv.) tertiary butyl alcohol, respectively.
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Nomenclature of Alcohols.—Kolbe proposed that,
for the sake of simplicity, the simplest alcohol, CH;OH or
H.CH,0OH, should be called carbinol, and that all others
should be looked upon as derived from it, and designated
accordingly ; thus ethyl alcohol would become methyl carbinol,
the propyl alcohols would be termed ethyl and di-methyl
carbinol respectively, and so forth. This proposal has not,
however, received universal acceptance, and the alcohols are
more generally named according to the hydrocarbon radicles
which they contain, the word “ alcohol ” being employed as the
generic termination.

MonoHnyDRIC ALcoHoLs oF THE C,H,,,;OH SERIEs.

Methyl alcohol, CH;OH Butyl alcohols, C,H,O0H
Ethyl alcohol, C,H;OH Pentyl alcobhols, C;H,,0OH
Propyl alcohols, C;H,OH Hexyl alcohols, C¢H,;0H, etc.

The alcohols derived from the hydrocarbons of the methane
series by replacing one hydrogen atom by hydroxyl, ze. the
saturated monohydric alcohols, must naturally receive earliest
consideration, and of these that derived from methane is the
simplest.

Methyl Alcohol, CH,OH or H.CH,OH, methy! hydrate,
carbinol, wood spirit, wood naphtha.

(1) The chief source of methyl alcohol is the watery distillate
obtained in the destructive distillation of wood ; indeed, it was
in that substance that Boyle first discovered it.

Manufacture—The above-mentioned liquid, which contains
besides the alcohol, acetone, acctic acid, and other substances, is
separated by settling and filtration from suspended tarry matters,
and then distilled in copper stills heated by steam. The first
tenth of the distillate is then distilled off caustic lime, again
distilled after the addition of a little sulphuric acid, and finally
rectified over quicklime. Each ton of wood distilled yields from
1 to 3 gallons of wood spirit.

(2) Considerable quantities of the alcohol are also obtained
from the spent wash or “vinasse” left when alcohol is pre-
pared from beet-root molasses.
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Manufacture —The “vinasse” is evaporated to dryness, the
residue calcined, and the vapours condensed. The liquid so
obtained contains tri-methylamine, ammoniacal salts, methyl
cyanide, and methyl alcohol. It is neutralised with H,SO,, and
again distilled. The distillate contains the cyanide and the
alcohol, and is freed from the former by distillation over lime.
The weak alcohol which is so obtained is concentrated by means of
quicklime.

Ordinary wood spirit varies very much in strength, the
amount of alcohol in it varying from 45 to g5 per cent.

Preparation of the Pure Alcokol—In order to prepare
the pure alcohol, the acetone present in crade wood spirit may
be partially removed by fractional distillation ; or the crude
spirit is saturated with calcium chloride, the acetone dis-
tilled off, and the alcohol separated from the calcium chloride
by adding water and then distilling. The still impure
methyl alcohol thus obtained is dehydrated by lime, heated to
the boiling point, anhydrous oxalic acid dissolved in it, and
then allowed to cool. Crystals of di-methyl oxalate separate
out, and are washed with water till the washings no longer
give the iodoform reaction (see p. 86) showing the absence
of acetone ; they are then boiled with water or dilute soda,
and the alcohol distilled off. It may then be dehydrated by
means of lime or baryta,

(3) Almost pure alcohol may be obtained by saponifying
oil of winter-green with potash and distilling off the alcohol.
And (4) it is also formed synthetically by heating methyl
chloride with KOH for some days to 100°—

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

or (5) by heating it to 200° with potassium acetate and acetic
acid, and saponifying the product with KOH.

(i.) CH3C]. + HCgHsog = CH3C2H302 + HCl
(iio) CHaCzHaOg + KOH = CHsOH + KCgHaOg

Properties,—Pure methyl alcohol is a colourless, limpid
liquid, b.p. 65°8-66° (cor.), sp. gr. 1%, 0*7972. It has a pure
spirituous odour, and burns with a pale blue flame. It mixes

: G
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with water in all proportions, heat being evolved and contrac-
tion taking place, this latter being greatest when the propor-
tions present are 1 mol. CH,O : 3 mols. H,O. It mixes
with water, alcohol, and ether, and possesses great solvent
powers, dissolving oils, fats, resins, etc., with ease, and hence
is much used as a solvent. Anhydrous copper sulphate is
slightly soluble in it, although the hydrated salt is not. Tt
combines with many salts to form combinations in which
it acts as ‘“alcohol of crystallisation,” eg. CaCl,.4CH;OH,
LiCL3CH;OH, and CuSO,2CH;OH; the first of these is
employed in purifying it.

On oxidation it yields formic aldehyde and formic acid,
the latter being also formed when it is heated with soda-lime.
When taken internally it acts as an intoxicant.

Methyl alcohol finds considerable employment in the
manufacture of aniline colours, for which purpose it should
be free from ethyl alcohol and acetone ; it is also employed for
making varnishes and as a source of heat.

Identification.—The following tests assist in the detection of
methyl alcohol: It gives, when heated with H,SO, and sodium
salicylate, the odour of oil of winter-green. When it is oxidised by
K,Cr,0, and H,SO; it yields formic acid, which can be distilled
off, and gives a black precipitate or silver mirror with AgNO,
solution. It gives no iodoform when warmed with KOH and
iodine (difference from ethyl alcokol).

Constitution—Some of the reactions of methyl alcohol
are specially interesting, because they help to elucidate its
constitution, and are also typical of those undergone by the
higher members of the series. It has been already pointed
out (p. 78) that the monohydric alcohols bear some resem-
blance to metallic hydroxides, ze. they may be looked upon
as hydroxides of organic radicles.

Thus methyl alcohol is a neutral substance, and yet it
possesses slight basic properties, for its hydroxyl can be
replaced by halogens similarly to t