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PREFACE

TO THE

AMERICAN EDITION.

The favorable reception of the American translation of Prof.
von Richter’s Inorganic Chemistry has led to this translation
of the ‘“Chemistry of the Compounds of Carbon,”’ by the same
author. In it will be found an unusually large amount of material,
necessitated by the rapid advances in this department of chemical
science. The portions of the work which suffice for an outline of
the science are presented in large type, while in the smaller print
is given equally important matter for the advanced student. Fre-
quent supplementary references are made to the various journals
containing original articles, in which details in methods and fuller
descriptions of properties, etc., may be found. The volume thus
arranged, will answer not only as a text-book, and indeed as a
reference volume, but also as a guide in carrying out work in the
organic laboratory. To this end numerous methods are given for
the preparation of the most important and the most characteristic
derivatives of the different classes of bodies.
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A TEXT-BOOK

OF

ORGANIC CHEMISTRY.

INTRODUCTION.

The chemistry of the carbon compounds was formerly called
Organic Chemistry. This designation originated in the time of
‘Lavoisier (1743-1794), who announced the fundamental ideas of
the nature of the chemical elements and compounds. He it was,
too, who first recognized the true composition of the so-called
organic substances occurring in the organism of plants and animals.
He discovered that by their combustion, carbon dioxide and water
were always formed, and showed that the component elements were
generally carbon, hydrogen and oxygen, to which sometimes—
especially in animal substances—nitrogen was added. Lavoisier
further gave utterance to the opinion that peculiarly constituted
atomic groups, or radicals, were to be accepted as present in organic
substances; while the mineral substances were regarded by him as
the direct combinations of single elements.

In this way it was proved that the substances peculiar to the
plant and animal kingdoms possess a composition different from
that of mineral matter. As, however, it seemed impossible, for a
long time, to prepare the former from the elements synthetically,
the opinion prevailed that there existed an essential difference
between the organic and inorganic substances; and this led to
the distinction of the chemistry of the first as Orgamc Chenmistry,
and that of the second as Inorganic Chemistry. The prevalent
opinion was, that the chemical elements in the living bodies were
subject to other laws than those in the so-called inanimate nature,
and that the orgamc substances were formed only in the organism
by the intervention of a peculiar vital force, and that they could
not possibly be prepared in an artificial way.

One fact sufficed to prove these limitations, depending upon
negative results, to be unfounded. The first organic substance
artificially prepared was urea (Wohler, 1828). By this synthesis
chiefly, to which others were soon added, the idea of a peculiar
force necessary to the formation of organic compounds, was
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contradlcted However, even as late as 1840, Gerhardt clung to
the view that chemical forces only exercise a destroying action,
and with Berzelius, defined organic substances as those produced
by vital force. Numerous additional syntheses soon showed that
such opinions were no longer tenable. All further attempts to
separate organic substances from the inorganic were futile. At
present we know that these do not differ essentially from each other ;
that the peculiarities of organic compounds are dependent solely
on the nature of their essential constituent, Carbon; and that all
substances belonging to plants and animals, can be artificially pre-
pared from the elements.

Organic Chemistry 1is, therefore, the chemistry of the carbon
compounds.  Its separation from general chemistry is demanded by
practical considerations ; it is occasioned by the very great number
of carbon compounds.

We would here note the difference between the conceptions of
organic and organszed bodies. Different carbon compounds possess
the power to assume in the living organisms an organized structure
—to form cells. The causes and conditions of this power are as
yet unknown to us. We know no more of them than of the cause
of the union of molecules to form crystals, or of the atoms to form
molecules.

Further, notice that organic chemistry does not occupy itself with
the investigation of the chemical processes in vegetable and animal
organisms. This is the office of Physiological Chemistry.

COMPOSITION OF CARBON COMPOUNDS.
ELEMENTARY ORGANIC ANALYSIS.

Most carbon compounds occurring in vegetables and animals
consist of carbon, hydrogen, and oxygen. Many, also, contain
nitrogen, and on this account these elements are termed Organogens.
Sulphur and phosphorus are present in some naturally occurring
substances. Almost all the elements, metalloids and metals, may
be artificially introduced as constituents of carbon compounds in
direct union with carbon. The number of known carbon com-
pounds is exceedingly great, while the possible ones are almost
without limit. The general procedure, therefore, of isolating the
several compounds of a mixture, as is done in mineral chemistry in
the separation of bases from acids, is impracticable. The mixtures
occurring in vegetable and animal bodies, are only separated by
special methods. The task of elementary organic analysis is to
determine, qualitatively and quantitatively, the elements of a carbon
compound after it has been obtained in a pure state and charac-

L___; .._
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DETERMINATION OF CARBON AND HYDROGEN. 11

terized by definite properties. The analysis is generally limited to
the determinations of carbon, hydrogen, and nitrogen. Simple
practical methods for the direct determination of oxygen do not
exist. Its quantity is usually calculated by difference, after the
other constituents have been found.

DETERMINATION OF CARBON AND HYDROGEN.

The presence of carbon in a substance is shown by its charring
when ignited away from air. Ordinarily its quantity, as also that
of the hydrogen, 1s ascertained by combustion. The substance is
mixed in a glass tube with copper oxide and heated. Carbon burns
to carbon dioxide, the hydrogen to water. In quantitative analysis,
these products are collected in separate vessels, and the increase in
weight of the latter determined, Carbon and hydrogen are always

FiG. 1.

a b [ i €

simultaneously determined in one -operation. The details of the
quantitative analysis are fully described in the text-books of analytical
chemistry. It is only necessary here, therefore, to outline the
methods employed. As a usual thing, the combustion is effected
by the aid of copper oxide in a difficultly fusible glass tube, fifty
to sixty centimetres long, and drawn into a point at one end
(Fig. 1).

Igry, freshly ignited, granular copper oxide is first introduced
into the tube (from a to 4) ; then the mixture of the solid substance

FiG. a. FiG. 3.

(about o.2-0.3 gr.) with pulverized cupric oxide (& to ¢), and
afterwards granular copper oxide (to 4), upon which is placed a
wad of asbestos. If the substance to be analyzed is a liquid, it is
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weighed out in a glass bulb drawn out to a point, and this placed
in the combustion tube. When the latter has been filled, the
open end is closed with a cork, carrying a straight or bent calcium
chloride tube (Fig. 2).

This is filled with dried granulated chloride of calcium, which
absorbs the aqueous vapor produced in the combustion tube, while
the carbon dioxide passes on unchanged. To the calcium chlo-
ride tube is attached, by means of rubber tubing, a Liebig bulb
(Fig. 3), containing potassium hydrate (of sp. gr. 1.27); the
potash bulb of Geissler is better. The carbon dioxide formed in
the combustion is absorbed in this. To the potash bulb there
is also attached a small tube; this is filled with stick potash. It
serves to retain the slight quantity of aqueous vapor which might
escape from the bulbs. Before the combustion takes place, the
calcium chloride tube and the apparatus containing potassium
hydrate (also the small tube) are weighed separately. Their

Fic. 4.

connection is then made, and the combustion tube placed in
the furnace. The arrangement of the apparatus is illustrated in

Fig. 4.

%‘he front and back portions of the combustion tube are heated
first. These parts contain only pure cupric oxide. Subsequently
the middle portion containing the substance is gradually and
partially heated. The heat should be so applied that the liberated
carbon dioxide enters the potash bulbs in separate bubbles. The
combustion is complete when this no longer occurs. The flames
are then extinguished, the drawn-out end of the tube is connected,
by means of rubber tubing, with a drying apparatus ; the point of
the tube is broken off and air drawn through, to remove all aqueous
vapor and carbon dioxide from the combustion tube, and to bring
them into their proper absorption vessels (the drying apparatus
removes moisture and carbon dioxide from the aspirated air). When
the substance is difficult to burn, it is advisable finally to conduct
a stream of oxygen through the combustion tube, in order that all
the carbon may be converted into carbon dioxide. After the com-
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bustion tube has become cool, the apparatus is disconnected, and
the various pieces weighed separately. The increase in weight of
the calcium chloride tube represents the quantity of water pro-
duced ; that of the potash bulbs, the amount of carbon dioxide.
From these we can readily calculate the quantity of carbon and
hydrogen in the substance analyzed.

Instead of mixing the substance with cupric oxide, it may be
placed in a porcelain or platinum boat, then introduced into a tube
open at both ends. The combustion in this case is carried out in
a stream of air or oxygen—method of Glazer (Fig. 5).

A layer of granular copper oxide fills the tube from & to ¢ (enclosed
by two asbestos wads). This is ignited in a current of air, then
allowed to cool. The end (/) is connected with the usual apparatus,
previously weighed ; the boat containing the substance (¢) 1s intro-
duced at the opposite end, and the latter joined either to an oxygen
gasometer or some apparatus for purifying gases. The layer of
cupric oxide is brought to a red heat, and the combustion executed
in a slow current of air or oxygen. To avoid a diffusion of the
gases backward in the tube, there is placed immediately behind the
boat a wad (4) of asbestos or some copper ; or a layer of mercury

FiG. s.
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is introduced between the drying apparatus and the combustion
tube. A second analysis may be commenced as soon as the first is
ended.

In this last method, platinum black (mixed with asbestos) may be substituted for
cupric oxide :—method of Kopfer. A much shorter and more simple combus-
tion furnace may then be employed. The method is adapled to the combustion
of compounds containing the halogens (Zeitschrift fiir anal. Chemie, 1878,
Berichte, 17, 1).

When nitrogen is present in the substances burned, oxides of it are sometimes
produced, and these are absorbed in the calcium chloride tube and potash bulbs.
To avoid this source of error, the oxides must be reduced to nitrogen. This

. may be accomplished by condycting the gases of the combustion over a layer of
metallic copper, which, in form of filings or spiral, is placed in the front portion
of the combustion tube. The latter, in such cases, should be a little longer than
usual. The copper is previously reduced in a current of hydrogen, then ignited,
when it often includes hydrogen, which subsequently becomes water. To
remedy this, the copper heated in a current of hydrogen is raised to a tempera-
ture of 200° in an air-bath, or better, in a current of carbon dioxide or in a
vacuum. Its reduction by the vapors of formic acid or methyl alcohol is more
advantageous; this may be done by pouring a small quantity of these liquids into
a dry test tube and then suspending in them the roll of copper heated to redness;
copper thus reduced is perfectly free from hydrogen,

In the presence of chlorine, bromine or iodine, halogen copper compounds
(CuX) arise. These are somewhat volatile and pass over into the calcium
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chloride tube. The placing of a spiral of copper or silver in the front part of
the tube will obviate this. The presence of sulphur in the organic compound
will afford, during combustion with cupric oxide, some sulphur dioxide, which
may be combined by introducing a layer of lead peroxide (Zeitsckrift f. anal.
Chemie, 17, 1). Or lead chromate may be substituted for the cupric oxide.
This would convert the sulphur into non-volatile lead sulphate. 1In the combus
tion of organic salts of the alkalies or earths, a portion of the carbon dioxideis
retained by the base. To prevent this and to expel the CO 2 the substance in the/
boat is mixed with some potassium bichromate or chromic oxide (Berichte 13,

1641).
DETERMINATION OF NITROGEN.

In many instances, the presence of nitrogen is disclosed by the
odor of burnt feathers when heat is applied to the compounds
under examination. Many nitrogenous substances yield ammonia
when heated with alkalies (best with soda-lime). A simple and
very delicate test for the detection of nitrogen is the following :
Heat the substance under examination in a small test tube with
some sodium or potassium. When the substance is explosive, add
dry soda. Cyanide of potash, accompanied by slight detonation,
is the product. Treat the residue with water; to the filtrate add
ferrous sulphate containing a ferric salt and a few drops of potas-
sium hydrate, then apply heat and add an excess of hydrochloric
acid. An undissolved, blue-colored precipitate (Prussian blue), or
a bluish-green coloration, indicates the presence of nitrogen in the
substance examined.

Nitrogen is determined, quantitatively, either by volume, by
burning the substance and collecting the liberated, free nitrogen, or
as ammonia, by igniting the substance with soda-lime. The first
method is applicable with all substances, while the second can only
be employed with the amide and cyanide compounds, not with those
containing the nitro group.

1. Method of Dumas.—In a glass tube fused shut at one end
(length 70-80 cm.), place a layer (about 20 cm.) of dry, primary
sodium carbonate or magnesite, then pure cupric oxide (6 cm.),
afterwards the mixture of the substance with oxide, then again pure
granular cupric oxide (20-30 cm.), and finally fill the tube with
pure copper turnings (page 13) (about 20 cm.). In the open end of
the tube is placed a rubber cork bearing a glass delivery tube,
which extends into a mercury bath.

The back part of the combustion tube containing the carbonate
is heated first; this causes the liberated carbon dioxide to expel
the air from all parts of the apparatus. We can be certain of this
by placing a test tube filled with potassium hydrate over the exit
tube in the mercury trough. Complete absorption of the eliminated
gases proves that air is no longer present. This done, a graduated
cylinder filled with mercury is placed over the end of the exit tube
and into the tube containing mercury is introduced, by means of
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a pipette, several cubic centimetres of concentrated potassium
hydrate. Proceed now with the combustion. First heat the
metallic copper and the layer of cupric oxide in the anterior por-
tion of the tube, and afterwards gradually approach the mixture.
When the combustion is ended, again apply heat to another part of
the sodium carbonate layer, to insure the removal of all the nitrogen
from the tube and its entrance into the graduated tube., The potas-
sium hydrate absorbs all the disengaged carbon dioxide, and only
pure nitrogen remains in the graduated vessel. The latter is then
placed in a large cylinder of water, allowed to stand a short time
until the temperature is equalized, when the volume of gas is read
and the temperature of the surrounding air and the barometer

FiG. 6.

height noted. With these data, the weight (G) of the nitrogen
volume, in grams, may be calculated from the formula—

V (4 — w)
— — . 6:
760 (1 4 0.00367 2.) X 0. co12562, )

in which 7 represents the observed volume in cubic centimetres,
k the barometric pressure, and = the tension of aqueous vapor at
the temperature . The number o.0c012562 is the weight, in grams,
of 1 c.c. nitrogen at 0°C. and 760 mm. pressure.

The nitrogen determinations, as a general thing, are a little high in result, be-
cause it is almost impossible to drive out the air from the combustion tube, and
the metallic copper sometimes contains H (page 13). It is, therefore, well to
remove the air from the tube by a mercury air-pump (Zeitschrift f. anralyt.
Chemie, 17, 409).

Instead of collecting the disengaged nitrogen in an ordinary graduated glass
tube, peculiar ‘‘azotometers” may be employed. Of these the apparatus of
Schiff (Berickte, 13, 886), Zulkowsky (ibid. 1099), and Groves (#bid. 1341), may
be recommended. Consult the Zeitschrift flir analyt, Chemie, 17, 409, for a
method in which carbon, hydrogen, and nitrogen are determined simultaneously.

We can determine the nitrogen of nitro- and nitroso-compounds indirectly with

G=
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a titrated solution of stannous chloride. The latter convertsthe groups NO, and
NO into the amide group, with production of stannic chloride; the quantity of
the latter is learned by the titration of the excess of stannous salt with an iodine
solution. Method of Limpricht (Berickte, 11, p. 40).

2. Method of Will and Varrentrap.—When most nitro-
genous organic compounds (nitro-derivatives excepted) are ignited
with alkalies, all the nitrogen is eliminated in the form of ammo-
nia gas. The so-called soda-lime is best adapted for this decompo-
sition ; it is prepared by adding 2 parts lime hydrate to the aqueous
solution of pure sodium hydrate (1 part), then evaporating the
mixture and gently igniting it. Mix the weighed, finely pulver-
ized substance with soda-lime (about 1o parts), place the mix-
ture in a combustion tube about 30 cm. in length, and fill in with
soda-lime. In the open end of the tube there is placed a rubber
cork bearing a bulb apparatus {Fig. 7), in which there is dilute

F1G. 7.

hydrochloric acid. The anterior portion of the tube is first heated
in the furnace, then that containing the mixture. To carry all the
ammonia into the bulb, conduct air through the tube, after break-
ing off the point. The ammonium chloride in the hydrochloric
acid is precipitated with platinic chloride, as ammonio-platinum
chloride (PtCl,. 2NH,CI), the precipitate ignited, and the residual
Pt weighed ; 1 atom of Pt corresponds to 2 molecules of NH, or 2
atoms of nitrogen.

Generally, too little nitrogen is obtained by this method. A portion of the
ammonia suffets decomposition. This is avoided by adding some sugar to the
mixture of substance and soda-lime, and by not heating the tube too highly
(Zestschrift, 19, 91). A more rapid volumetric method may be substituted for
the gravimetric method in determining the ammonia. A definite volume of acid
is placed in the bulb apparatus, and its excess after combustion ascertained by
residual titration, employing fluorescein or methyl orange as indicator.

DETERMINATION OF THE HALOGENS.

Substances containing chlorine and bromine yield, when burned,
a flame having a green-tinged border. The following reaction is
exceedingly delicate. A little cupric oxide is placed on a platinum
wire, ignited in a flame until it appears colorless, when a little of
the substance under examination is put on the cupric oxide and
this heated in the non-luminous gas flame. The latter is colored
an intense greenish-blue in the presence of chlorine or bromine.
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More decisive is to.ignite the substance in a test tube with burnt
lime, dissolve the mass in nitric acid, and then add silver nitrate.

_ The following guantitative methods for estimating halogens are
in use:—

1. A difficultly fusible glass tube, closed at one end, and about
30 cm. in length, is partly filled with calcium oxide, then the
mixture of the substance with lime, followed by a layer of calcium
oxide. The latter should be free of chlorine. Heat the tube in a
combustion furnace ; after cooling shake its contents into dilute
nitric acid, filter, add silver nitrate and weigh the precipitated
silver haloid.

The decomposition is easier, if we substitute for lime a mixture of lime with ¥

part sodium carbonate, or 1 part sodium carbonate, with 2 parts potassium nitrate, |

and in the case of difficultly volatilizable substances, a platinum or porcelain crucible
heated over a gas lamp may be used (4n#. 195, 295 and 190, 40). With com-
pounds containing iodine, iodic acid is apt to form; but after solution of the
mass this may be reduced by sulphurous acid. The volumetric method of Volhardt
(Ann. 190, 1) for estimating harogens by means of ammonium sulphocyanide may
be employed instead of the customary gravimetric course.

The same decomposition can also be effected by ignition with ferric oxide
(Berichte 10, 290).

2. Method of Carius.—The substance, weighed out in a small glass
tube, is heated together with concentrated HNO, and silver nitrate
to 150—-300° C., in a sealed tube, and the quantity of the resulting
silver haloid determined. The furnace of Babo (Berickte 13,
1219) is especially adapted for the heating of tubes.

3. In many instances, especially when the substances are soluble
in water, the halogens may be separated by the action of sodium
amalgam, and converted into salts, the quantity of which is deter-
mined in the filtered liquid.

DETERMINATION OF SULPHUR AND PHOSPHORUS.

The presence of sulphur is often shown by fusing the substance
examined with potassium hydrate ; potassium sulphide results, and
produces a black stain of silver sulphide on a clean piece of silver.
Heating the substance with metallic sodium is more accurate and
always succeeds (even when sulphur is combined with oxygen):
the aqueous filtrate is tested for sodium sulphide with sodium
nitro-prusside.

In estimating sulphur and phosphorus ignite the weighed sub-
stance with a mixture of saltpetre and potassium carbonate ; or,
according to Carius, oxidize it by heating with nitric acid in a
sealed tube. The resulting sulphuric and phosphoric acids are
estimated by the usual methods.

Brilgelmann employs a method not only applicable in the case of sulphur and
phosphom:". but also adapted for the halogens. He burns the substances in an
2
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open combustion tube in a current of oxygen, condueti.nﬂ the products through
a layer of pure granular lime (or soda-lime), which is placed in the same tube,
and is raised to a red heat. Later, the lime is dissolved in nitric acid, the
halogens precipitated by silver nitrate, the sulphuric acid by barium chloride
and the phosphoric acid (after removal of the excess of silver by HCl) by uranium
acetate. Arsenic may be determined similarly (Zeits. f. anmal. Chemie,
15, I and 16, 1). Sauer recommends collecting the sulphur dioxide, arising in the
combugtion of the substance, in hydrochloric acid containing bromine. (/id
12, 178.)

DETERMINATION OF THE MOLECULAR FORMULA.

The elementary analysis affords the percentage composition of
the analyzed substance. There remains, however, the deduction
of the atomic-molecular formula.

We arrive at the simplest ratio in the number of elementary
atoms contained in a compound, by dividing the percentage
numbers by the respective atomic weights of the elements. Thus,
the analysis of lactic acid gave the following percentage com-
position :— :

Carbon...... vee secrrcnrasnnass ceeeseses 40.0 per cent.

Hydrogen.....coeeereecerencrcrsseens 6.6 o

OXYZED...ccurrerrerssenressscrnsssanee 534 “  (by difference.)
100.0

Dividing these numbers by the corresponding weights (C =12,
H =1, O = 16), the following quotients are obtained :—
400 6_;9 —66 B4

Iz =¥ 16~ 33

Therefore, the ratio of the number of atoms of C, H and O, in
the lactic acid, is as 1: 2: 1. The simplest atomic formula, then, is
CH,O; however, it remains undetermined what multiple of this
formula expresses the true composition. Indeed, we are acquainted
with different substances having the empirical formula CH,0O, for
example, oxymethylene CH,O, acetic acid C,H,0,, lactic acid
" CyH,0O,, grape sugar C(H,,0,, etc. With compounds of complicated
structure, the derivation of the simplest formula is, indeed,
unreliable, because various formulas may be deduced from the
percentage numbers by giving due regard to the possible sources of
error in observation. The true molecular formula, therefore, can
only be ascertained by some other means. Two courses of pro-
cedure are open to us. First, the study of the chemical reactions,
and the derivatives of the substance under consideration, common
to all cases. Second, the determination of the vapor density
(compare Inorganic Chemistry, 4th Edition), especially adapted
to volatile substances, and such as can be vaporized without under-
going decomposition.
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The first method, or course, is rather complicated, and is usually
executed by preparing derivatives, analyzing them and comparing
their formulas with the supposed formula of the original compound.
The problem becomes simpler when the substance is either a base
or an acid. Then it is only necessary to prepare a salt, determine
the quantity of metal combined with the acid, or of the mineral
acid in union with the base, and from this calculate the equivalent
formula. A few examples will serve to illustrate this.

Prepare the silver salt of lactic acid (the silver salts are easily
obtained pure, and generally crystallize without water) and deter-
mine the quantity of silver in it. We find 54.8 per cent. Ag.
As the atomic weight of silver = 104.7, the amount of the other
constituent combined with one atom of Ag in silver lactate, may be
calculated from the proportion—

54.8 : (100—54.8) : : 107.7 : x
x = 89.0.
Granting that lactic acid is monobasic, that in the silver salt one
atom of H is replaced by silver, it follows that the molecular
weight of the free (lactic) acid must = 89 + 1 = go. Conse-
quently, the simplest empirical formula of the acid CH,O = 30
must be tripled. Hence, the molecular formula of the free acid is

C,H,O; = go:

Cp = 36.cieueerircnrenenenes reeresesssnsosesssnen 40.0
(O 6.7
0, =48. . 533

When we are studying a base, the platinum double salt is usually
prepared. The constitution of these double salts is analogous
to that of ammomo-platmum chloride—PtCl,. z(NH,HCl)—the
ammonia being replaced by the base. The quantity of Pt in the
double salt is determined by ignition, and calculating the quantity
of the constituent combined with one atom of Pt (198 parts).

From the number found, subtract six atoms of Cl and two atoms
of H, then divide by two ; the result will be the equivalent or
molecular weight of the base.

It is easier to deduce the molecular weight from the vapor
density. According to the law of Avogadro, in equal volumes of
all gases and vapors at like temperature and like pressure, we have
an equal number of molecules. The molecular weights are,
therefore, the same as the specific gravities. As the specific gravity
is compared with H = 1, but the molecular weights with H, = 2,
we ascertain the molecular weights by multiplying the specific
gravity by two. Should the specific gravity be referred to air=1,
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then the molecular weight is equal to the specific gravity multiplied
by 28.86 (since air is 14.43 times heavier than hydrogen).

Molecular Weight. Specific Gravity.
Al .ereiieiniceicninenes — —_ 14.43 1
Hydrogen.. .. H, =2 1 0.0693
Oxygen.. . O, =32 16 1.1060
Chlorine . Cl, = 70.8 35.4 2.4550
Nitrogen............. . N, =28 14 0.970
Hydrogen Chlorid, HCl =364 18.2 1.262
=18 9 0.622
=17 85 0.589
=16 8 0.553
=30 15 1.037
Pentane.....cc.eeeveenens c: H,, =72 36 2.4
Ethylene. ................ C,H . =28 14 0.964
Amylene......... ceeenene C,H,, =70 35 2.430

The results arrived at by both methods—according to the
chemical, by transpositions ; according to the physical, by the vapor
densnty—are always identical. Experience teaches this. If a
deviation should occur, it is invariably in consequence of the
substance suffering decomposition, or dissociation, in its conversion
into vapor.

DETERMINATION OF THE VAPOR DENSITY.

Two essentially different principles underlie the methods em-
ployed in determining the vapor density. According to one, by
weighing a vessel of known capacity filled with vapor, we ascertain
the weight of the latter—method of Dumas. Or, in accordance
with the other principle, a weighed quantity of substance is vapor-
ized and the volume of the resulting vapor determined. In this
case the vapor volume may be directly measured—methods of Gay-
Lussac and A. W. Hofmann—or it may be calculated from the
equivalent quantity of a liquid expelled by the vapor—displace-
ment methods. The first three methods, of which a fuller descrip-
tion may be found in more extended text-books, are seldom em-
ployed at present in laboratories, because the recently published
method of V. Meyer, characterized by simplicity in execution,
affords sufficiently accurate results for all ordinary purposes. Consult
Berichte, 15, 2777, upon the applicability of the various methods.

Method of Victor Meyer.—Vapor density determination by
air displacement. According to this a weighed quantity of sub-
stance is vaporized in an enclosed space, and its equal volume of
air, displaced by the vapor, measured. Fig. 8 represents the appa-
ratus constructed for this purpose. It consists of a narrow glass
tube about 600 mm. long, to which is fused the cylindrical vessel,
4, of 100 c.cm. capacity. The upper, somewhat enlarged open-
ing, B, is closed with a caoutchouc stopper. There is also a short
capll]ary gas-delivery tube, C, intended to conduct out the dis-
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placed air. It terminates in the water bath, D. The substance is
weighed out in a small glass tube provided with a stopper, and
vaporized in 4. The escaping air is collected in the eudiometer, £.
The vapor bath, used in heating,
consists of a wide glass cylinder, Fic. 8.
F, whose lower, somewhat enlarged
end, is closed and filled with a
liquid of known boiling point.
The liquid employed is determined
by the substance under examina-
tion ; its boiling point must be
above that of the latter; some of
the liquids in use are water (100°),
xylene (about 140°), aniline (184°),
ethyl benzoate (213°), amyl ben-
zoate (261°), ahd diphenylamine
(310°); a lead bath is employed for
higher temperatures (see Berichte,
11, 1867 and 2253).

The method of operation is as
follows: First clean and dry the
apparatus, A B, by drawing air
through it by means of a long,
thin, glass tube, and, for safety,
cover the bottom of 4 with ignited
asbestos or pieces of fine platinum.
Next place it in the heating cylin-
der, %, containing upwards of 200
c.cm. of the heating liquid, close
B and dip the end of C into the
water bath, 2. With a lamp bring
the contents of # to boiling; in this
manner wholly encircling 4 with vapor, which condenses some-
what higher and flows regularly back. The air in A4 is thus
heated, expands, and in part escapes from the side delivery tube
through the water bath. The non-evolution of air bubbles in-
dicates a constan! temperature in A4 B, which is now prepared to
receive the substance. The cork at B is rapidly removed, and the
substance (o.05-0.1 gr.), weighed out in a small glass vessel,
permitted to drop into A4, the opening is again closed, and the
end of the delivery tube, C, placed under the graduated tube
filled with water. Below is described an improved method for the
introduction of the substance. When the substance vaporizes it
displaces an equal volume of air which collects in the graduated
tube. The quantity of substance taken for each determination is
always small, because it is desirable that the volume of its vapors
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should not exceed 15 of the volume of 4. As soon as bubbles are
no longer emitted, the determination is finished. The graduated
tube is stood to one side, the cork at B eased, to admit air and
thus avoid the entrance of water when the apparatus cools. The
volume of vapor formed is represented in the eudiometer by an
equal volume of air, reduced to the temperature of the water bath
and given air pressure. Read off its volume and note the tempera-
ture and barometric pressure.

The calculation of the vapor density, S, from the volume of gas
found and the quantity of substance employed is simple. It equals
the weight of the vapor, P (afforded by the weight of the sub-
stance employed), divided by the weight of an equal volume of
air, P— »

S = F"
1 c. cm, air at o° and 760 mm. pressure weighs o.001293 grams.
The air volume found at the observed temperature is under the
pressure H — w, in which H indicates the barometric pressure
and w the tension of the aqueous vapor at temperature t. The
weight then would be—

I H—-w

14-0.00367¢ 760

P’ = o0.001293. V.

Consequently, the vapor density sought is—

__P(r4 000367¢) 760
~  0.001293. V.H—w

V. Meyer’s method affords results that are perfectly satisfactory practically, al-
though not without some slight error in principle. Results from it, however,
answer, because in deducing the molecular weight from the vapor density, rela-
tively large numbers are considered and the little differences discarded. A greater
inaccuracy may arise in the method in filling in the substances as described, be-
cause air is apt to enter the vessel. This may be avoided as follows (Berichse,
13, 1079) : The end B isattached by a short rubber tube to a glass tube, lying
horizontally, containing the tube holding the substance and closed by a rubber
attachment. When constant temperature is attained in the apparatus, the sub-
stance is dropped into it by raising the horizontal tube, and then restoring it to
its original position. Another method of introducing the substance is described
in the Berickte, 13, 991. To test the decomposability of the substance at the
temperature of the experiment, heat a small portion of it in a glass bulb provided
with a long point (see Berickte, 14, 1466).

Substances boiling above 300° are heated in a lead-bath (Berichee, 11, 2255{.
Porcelain vessels are used when the temperature required is so high as to melt
glass, and the heating is conducted in gas-ovens (Besrichte, 12, 1112). Where air
affects the substances in vapor form, the apparatus is filled with pure nitrogen.
For modifications in methods of determining the density of gases, consult V.
Meyer, Berichte, 13, 2019, and 15, 137, 1161 and 2771; Crafts, Berichte, 13,
851, ;g, 356, and 16, 476. For air-baths and regulators, see L. Meyer, Berichte,
16, 1087.

S
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H. Schwarz recommends the ordinary combustion tubes as substitutes for those
of Meyer. The tubes, too, instead of being vertical, lie horizontally, and are
heated in the common combustion furnace (Berickte, 16, 1051). Consult Berichte,
16, 1293, for a simple modification of Dumas’ method, by Pawlewski.

CHEMICAL STRUCTURE OF THE CARBON COMPOUNDS.

The molecular weight of a given substance, and the absolute
number of atoms contained in the latter, are ascertained by elemen-
tary analysis, and the study of the chemical transpositions, or by the
determination of the vapor density. The problem of establishing
the chemical formula of a compound would soon be solved, did
not experience show that very often entirely different substances
are possessed of the same molecular composition., Jsomerides
(from {(sopeprys, consisting of equal parts), is the name given these.
In a more extended sense, isomerism includes all bodies of like per-
centage composition. When the isomerism depends upon a differ-
ence in molecular weight (p. 18), it is termed polymerism, a special
case of the latter is the allotropy of the elements (see Inorganic
Chenmistry, 4th Ed.).

Real isomerism, ¢. ¢., the phenomenon of bodies of like compo-
sition and like number of atoms, being different, is interpreted only
by granting a different grouping or arrangement of the atoms in
the molecule. That this, indeed, occurs, follows from the investi-
gation of chemical reactions, as it is easy to split off from isomeric
bodies entirely different atomic groups and atoms, or even to

“replace them by others. Hence, the atoms in such compounds are
differently distributed or linked to one another. To investigate
this different chemical union of the atoms, the ckemical constitution
of compounds—as an expression for their entire chemical deport-
ment—is the task presented us. Since, however, the nature of
chemical affinity and the manner of the union of atoms to mole-
cules are absolutely unknown to ‘us, the expression of chemical
constitution can only be hypothetical—a mere formulation of the
actually known regularities in the chemical transpositions of
compounds.

The various attempts to formulate the chemical constitution
of compounds belong to the history of chemistry (p. 32). At
present, the problem, especially in its relation to the derivatives of
carbon, is, to a great extent, solved by the doctrine or theory of
chemical structure. This is based upon the ideas of differences in _
valence in the elementary atoms, and upon their capability of com-
bining by single affinity units (see Inorganic Chemistry).

Although the number of cases of isomerism is but limited in
inorganic chemistry, and there being consequently but little import-
ance attached to the presentation of structural formulas, the phe-



24 ORGANIC CHEMISTRY.

nomena of this kind are exceedingly abundant with the carbon
compounds, so that constitutional or structural formulas, represent-
ing the entire chemical deportment, are absolutely necessary.
Frequently, very complicated relations occur, yet the structure of
all investigated carbon derivatives may be deduced from the
following principles:—

1. The carbon’atoms, in their hydrogen combinations, are con-
stantly quadrivalent. The position of carbon in the periodic
system gives expression to this fact. The only derivative in which
carbon apparently figures as a bivalent element is carbon monoxide
CO (see below).

2. The four affinity units are, as generally represented, equal
and similar, 7. ¢., no differences can be discovered in them when
they form compounds. If these four affinities be attached to
different elements or groups, the order of their combination is
entirely immaterial. The compounds—

CH Cll CH,.NH, CH,.COOH CH,CH,

Mettn Methyl Acetic Di-methyl.
chloride. amine. acid.

/CH /0.CH
CH,Cl,  CO{cH, ©Xoc,H,
Methyl Methyl- Methyl-
dichlonde. ethyl acetone. ethy! carbonate.

are known but in one modification each; their isomerides have
never been prepared.

3. The carbon atoms can unite in a chain-like series, by com-
bining with each other by one or more units. This they can do,
also, with other elementary atoms. )

These principles express the relations really known at present. All investi-
gated compounds prove carbon to be quadrivalent. Carbon monoxide CO is not
a contradiction, as valence is a function of the atoms (compare Inorganic Chem-
istry, 4th Ed.), and its existence is effected in the same way by the nature of
oxygen, as by carbon; we can, with equal correctness, represent O in CO as
quadrivalent and C as bivalent. Because CO does exist, it in no manner follows
that carbon can figure as a dyad in the hydrogen derivatives. Repeated efforts
to prepare compounds containing bivalent carbon were unsuccessful (page 28).

The equi-valence of the four carbon affinities, in the sense above illustrated,
has likewise been positively confirmed. By the early type or substitution theory,
it appeared possible that compounds like

CH,Cl and CCIH, or CH,NH, and NH,CH,, etc.,

were isomeric. All experiments instituted proved that the succession of substitu-
tion or the replacement of the substituting atoms again were without effect;
identical bodies resulted in all analogous cases.

It may be added, in regard to the capability of union of the carbon atoms with
each other and with other elements, that all the imaginable combinations are
really not possible. Certain groupings can in no way be realized, and the union
of two atoms is very often influenced by the atoms present with them in the mole-
cule. The related phenomena, which are of such great interest as regards the
constitution, will be developed later, in special cases.



CHEMICAL STRUCTURE OF THE CARBON COMPOUNDS. 25

The different manner, in the linking of the carbon atoms, shows
itself most plainly in their hydrogen compounds—in the so-called
hydrocarbons. By removing one atom of hydrogen from the
simplest hydrocarbon, methane CH,, the remaining univalent
group CH,, can combine with another, yielding CH,—CH,, or
C,H,, ethane or dimethyl. Here, again, a hydrogen atom may
be replaced by the group CH, resulting in the compound CH,—
CH,—CH, propane. The structure of these derivatives may be
more clearly represented graphically :—

H H H HHH
pebn nbda wdldua

1'1 B i

CH, C,H, C,H,

By continuing this chain-like union of the carbon atoms, there
arises an entire series of hydrocarbons—

CH, —CH, —CH, — CH,  CH, — CH, — CH, — CH, — CH,, etc.
C‘ Hlo CS Hl’

having the common formula C, H,,.,, in which each member
differs from the one immediately preceding and the one follow-
ing, by CH,.

The compounds constituting such a series are said to be Aomolo-
gous. In addition to the hydrocarbons forming such a series,
many others exist, ¢. g., the monohydric alcohols and monobasic
acids :—

CH CH,0 CH,0
C,H, c,H,0 C,H,0,
CoH, CiH0 CiH,0,
CiH;, CiH},0 CiH,0p
C5H13 C5H120 CBHIO 3

The compounds belonging to such an homologous series, because
of their similarity in chemical structure, exhibit great analogy in
their entire chemical character.

The manner of union just considered, that of a simple, open
chain, is designated normal structure. In this we distinguish inter-
mediate and terminal carbon atoms; the first are connected with
two other carbon atoms and have two valence units which may be
saturated by two hydrogen atoms (or other elements). The ter-
minal carbon atoms of the chain are combined with three hydro-
gen atoms. Usually, the normal structure may be expressed by the
following formulas :—

H
CH, — (CH,)n — CH, or (C}I,)n<gﬂ:.
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Carbon atoms can unite with even three or four other carbon
atoms, then fertiary or gquaternary union or structure arises : —

CH, CH,
H-(LCH, H—(i—CH ,—CH,
H
cH,, G,
Temary Temary
butane pentane.
H, CH,
H,c—i—cn, H,c_i—cn,—cx-l,
Cs 1! C ﬁu
Quatemry Quaternary
pentane

This varying union of the carbon atoms explains the numberless
isomerides possible for the higher series. This will be especially
observed in case of the hydrocarbons.

In all the structural cases introduced here, the two carbon
atoms are in simple combination with each other. The number
of valence units (hydrogen atoms) with which the carbon nuclei,
consisting of s atoms, can directly combine equals 2n + 2 (p.
25). This cannot be exceeded without the consequent destruction
of the carbon nucleus. Therefore, compounds constituted accord-
ing to the general formula C,X,, , (in which X represents the
valences directly joined to C), are termed safurated compounds or
paraffins.

Besides the hydrocarbons C H,, .., there exists another homolo-
gous series (p. 25) of the form C,H,,:—

C,H Ethylene.
CaH‘ y pylene.

C‘ Buty{ene.
C H“, Amylene, etc., etc.

Their existence is accounted for by assuming that in them the
carbon atoms are united by two valences—a dowble or bivalent
union. The following structural formulas indicate this :—

CH, =CH, CH, — CH =CH,
Ethylene. Propylene.
For the formula C,H,, three structures are possible :—
CH,—CH,—CH:CH CH, — CH = CH — CH,
and - CHNC = cH,,.
CH s/

As only a simple union is required for the linking of the carbon
atoms, such compounds as the last are capable of saturating two

b 8
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valence units ; they are, therefore, termed wnsafurated compounds.
By the addition of two hydrogen atoms, they pass into C,H,, +,.
The double changes to single union : —

CH, CH,
g + H, = (]: .
H, H,

The acceptance of this double union of the carbon atoms in no manner indi-
cates (as sometimes erroneously supposed) a closer, stronger combination. It
has long been known, that the unsaturated compounds could be much more
readily broken up than the saturated ; and that they possess, too, a greater spe-
cific volume; hence, the double union is less intimate than the simple. (Com.

e 1st Ed. of this book, p. 40.) The use of the double lines represents the
act that only two directly combined carbon atoms are capable of saturation

(p- 27)-

A third series of hydrocarbons arises when a triple union of two
carbon atoms occurs. Their composition corresponds to the com-
mon formula C,Hy,—;:—

CyH, Acetylene.
C:H: Allylene.
C,H; Crotonylene, etc.

Their structural formulas are—

CH=CH CH,—C=CH CH, — CH, — C=CH.

We can view these as unsaturated hydrocarbons of the second
degree. They are capable of combining directly with two and
four valences, passing into the compounds C,H,, or C,H,,,.

Compounds containing a like number of carbon atoms, with a

ually decreasing number of hydrogen atoms, are designated
1sologous compounds. The following are examples : —

C,;H; Ethane C,H, Propane C,H,0 Propyl alcohol

C,H, Ethylene C,H, Propylene C,H,O Allylalcohol

C,H, Acetylene C,H, Allylene C,;H,O Propargylic alcohol.

Finally, there is a large series of carbon compounds bearing the
name aromatic. They all originate from a nucleus composed of
six carbon atoms. Benzene C,H, represents their simplest com-
bination. The simplest structure of this nucleus is probably one
in which the six carbon atoms form a closed ring, with alternating
single and double union, as represented by the following : —

CH=CH
s / AN
HC=CH—CH=CH—CH=CH or CH CH
| T Seu_ch
CH —C

The innumerable aromatic or benzene compounds resulting from
the replacement of H in benzene by other atoms or groups, consti-
tute a distinct class.
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The ring-shaped compounds trimethylene C,H, and tetra-
methylene C,H,, recently described, are forerunners of the stable,
closed benzene ring:—

/CH, CH, —CH,
CH, ' | l_I

\ Hg CH, —C 2

Trimethylene. Tetramethylene.

By the replacement of hydrogen in these, there is likewise de-
rived a series of compounds.

Formerly, another view prevailed relative to the unsaturated carbon com-
pounds. It was assumed that bivalent carbon atoms could occur in the hydrogen
compounds, just as well as in carbon monoxide. The other two affinities re.
mained unsaturated or free. This view would allow the existence of innumerable

isomeric derivatives. Thus two bodies CH, = CH,and CH, — ¢H could corres-
pond to the formula C,H,, but only the first really exists. In addition to the

true propylene CH, — CH = CH,, two other bodies, CH, — CH, — ¢H and

CH,; — ¢— CH, could correspond to the formula C,H,. The preparation of
such isomerides has been fruitless. The compound éH,, methylene (see this),
cannot be made. Inthe case of all sufficiently well-studied unsaturated compounds,
it is established that the two free valences invariably belong to two different car-
bon atoms. By adding two atoms of chlorine to ethylene CH, = CH,, there

arises the compound CH,Cl — CH,Cl; the isomeride CH,&H should yield CH
— CHCI,. Inversely, we get ethylene CH, = CH,, from its chloride CH,C’I

— CH (], while the isomeric, so-called ethylidene CH ,eH cannot be obtained
from ethylidene chloride CH, — CHCl,. If really, as above supposed, the free
affinities of the two carbon atoms are combined with each other—if double union
occur—it cannot be asserted with certainty, and it is entirely irrelevant, as we
Ppossess no representation as to the nature of the union. It is doubtless certain that
the possibility of the so-called free valence of a carbon atom isinfluenced by the free
valence of another atom, which is in direcf union with the first. Itis very likely there

exists CH, — CH, — CH, (propylene), but not the forms CH, — CH, — Yo

CH, — ¢ —CH,. This knowledge, answering the actual facts, considerably
limits the number of possible isomerides, and finds expression in the supposition
of the constant tetravalence of carbon. So long as convincing reasons are not
present, we must refrain from introducing a new, fundamental, and far reaching
hypothesis, which would remove the existing regularities.

In the preceding pages we have discussed the different ways in
which the carbon atoms are bound to each other in their hydrogen
derivatives. We meet these %in all other carbon compounds that
may be regarded as derivatives of the hydrocarbons, resulting from
the replacement of hydrogen by other elements or groups.

Since all the facts go to prove that the four valences of the car-
bon atom are similar (p. 24), isomerisms in similar carbon nuclei can
take place only when the entering elements or groups attach them-
selves to carbon atoms with different functions; or, as ordinarily



CHEMICAL STRUCTURE OF THE CARBON COMPOUNDS. 29

expressed, when they occupy different chemical positions. The fol-
lowing examples serve to illustrate :—

According to the formula C;H;Cl, there can be but one body
of the structure CH; — CH,Cl, because, in the original substance
CH, — CH, dimethyl, both carbon atoms act alike. On the other
hand, two isomeric bodies of the structure— .

CH, — CH, — CH,Cl and CH, — CHCl — CH,

correspond to the formula C,H,Cl, because, in propane CH,—
CH, — CH, from which they originate, the carbon atoms are not
similarly united, consequently, the entering halogen atoms can
occupy relatively different positions. Thus, too, four isomerides
correspond to the formula C.H,Cl, two springing from normal
butane CHy; — CH; — CH; — CH,, two from 1sobutane—

CH

CH:>CH — CH,, etc.

The number of isomerides is further increased by the entrance of
two or several similar or dissimilar atoms or groups. For the
formula C;H(Cl, we have two isomerides CH,Cl — CH,Cl and
CH, — CHCl,. )

For the formula C;H¢Cl; four structural cases are possible :—

CH, CH, CH, CH,Cl
| | | J:

CH, ccl, CHC H,

|

CHCl, (!H, (JH,CI (J:H,cx.

All other possible isomerides are derived in the same manner.
The nature of the atoms or groups entering is immaterial as far as
the isomeric relations (p. 24) are concerned.

Compounds obtained from the hydrogen derivatives by the re-
placement of hydrogen by halogens or the nitro group NO, are
usually designated swdstitution products ; generally, they retain the
chemical character of the parent substance. In a broader sense,
one can consider all carbon compounds as substitution derivatives
of the hydrocarbons or of methane CH,.

Two bivalent elements like S and O can unite with C with either
one or two valences. In the first case, they may be combined with
one or two carbon atoms—

CH; —CH =0 CH,\ CH, —O0—CH,
Aldehyde o Rethyl oxide
Ethylidene oxide. H,/ Dimethyl ether.
Ethyfcne

oxide. .
If the bivalent element unite with but one affinity to carbon, the
other must be saturated by some other element : —

CH; — CH, — OH CH, — CH, — SH.
Ethyl alcohol Ethyl mercaptan.
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Likewise, the trivalent elements, like nitrogen and phosphorus,
may unite with carbon with all or with one affinity—either with one
carbon atom—

CH,—N<g €O =NH CH=N
Ethylamine. Carbimide. Hydr?en
. . cyanide.
or with two or three carbon atoms—
CH, \
CH,\NH CH! —N =
CH,/ CH.
Dimethylamine, Trimethylamine.

In this way two or more carbon atoms may be united to a mole-
cule through the agency of an element of higher valence.

Those isomeric bodies (of like composition) containing several
but different carbon groups, held in combination by an atom of
higher valence, are termed mefameric. Examples are—

CH‘; No and SHsN\o, also

C C,H ’
bedst Biayt
propyl ether ether
CH CH C,H
CH, }N CH,IN  and ‘H’ }N
CH, H H
Trimethylamine  Methylethylamine Propylamine.

These can be resolved by various reactions into their component
carbon groups (or the}: de(xi'ivatives), and inversely be synthesized
from these groups or their derivatives. e

Law of Conjugate Atomic Num&er:.—ln,g;&e;y é‘;ﬁ@%ﬁﬁé‘&i'pound,
the sum of the Alements of uneven valence (of the monads and
triads), like H, Cl, Br, and I, and N, P, As, is an even number.
Thus, in cyanuric acid C,;H,N,Oy, the sum of the hydrogen and
nitrogen atoms = 6 ; in ammonium trichloracetate C,Cl, (NH,)O,,
the sum of the atoms of CI, N and H=28. This law, estab-
lished empirically at first, and of importance in the deduction of
chemical formulas, finds, at present, as observed in preceding
lines, a simple explanation in the quadrivalent nature of carbon
and the property of the elements to unite themselves by single
affinities.

Radicals and Formulas.—Radicals or residues are atomic
groups remaining after the removal of one or more atoms from
saturated molecules. Ordinarily, radicals are groups containing
carbon, while-all others, like OH, SH, NH,, NO,, are residues or
groups. By the successive removal of hydrogen from the hydro-
carbons of the formula C,H,,,, radicals of different, increasing
valence result. These may combine with other elements or groups
until the form C,H,,, is attained—
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Molecules CH C.H C,H C.H
Me(ha‘ne Ea:an‘e Prgpan'e B‘uta;eo

. [ univalent CH C,H C,H C,H
uj Methyl Ethyl Propyl B‘ugf
= | bivalent CH, C,H, C,H, C,H,
[3) Methylene E(ﬂ lene Propylene Butylene
2 | trivalent cH H, Co, H,
< Methine V!n 1 Glyceryl Crotonyl
o | quadrivalent C C,ﬁ 2 4 «Hg

Carbon Acetylene All‘ylene Crotonylene.

It may be observed from the preceding pages, that radicals are
not capable of existing free. When the univalent radicals separate
from their compounds, they double themselves :—

CH,I CH,
+ 2Na = A + 2Nal.
CH,1 H,
2 mols, L*ethyl Dimethyl.
iodide.

The bivalent and quadrivalent radicals can only be isolated from
their compounds when the affinities that are liberated belong to
two adjacent carbon atoms—that is, those mutually uniting each

other—
CH,Cl CH

| + 2Na = 2NaCl 4 I :
CH,Cl H,
Ethy?ene Ethylene.
chloride.

Theradical CH; — CH = cannot beisolated from CH, — CHC],
(comp. p. 28).

As in the examples just given, acetylene may be obtained from
dichlorethylene— ’

CHCl CH NaCl
| 2Na = - 4+ 2NaCl.
(J:HC1 + wH

Dichlorethylene. Acetylene.

The acceptance of radicals leads to a special nomenclature of
the compounds. Monochlorethane C,H,Cl, derived by substitution
from the molecule of ethane C,H,, may be viewed as a compound
of the group ethyl with chlorine, hence, called Ethylchloride.
CH,C), is called dicklormethane or methylene chloride ; C;HNH, is
known as amidocthane or ethylamine, etc. For this reason it is
customary to ascribe especial names to the simpler and more fre-
quently occurring radicals or atomic groups (see above). A/o-
holic radicals or alkyls is the name applied to the univalent radicals
C.Hy4 from their most important compounds—the alcohols
C.H,.+1 OH. Those groups that are bivalent are called e/&y/ens
etc.

The univalent radicals are again distinguished as primary, second-
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ary and ferfiary, according as the unsaturated carbon atom is
attached to one, two or three carbon atoms—

CH, — CH, — CH, — gg=>cu — (CH,),C —
Primary propyl. Secon'dary propyl. Tertiary butyl.

These correspond to the primary, secondary and tertiary alcohols
(see these).

Structural formulas are those indicating the complete grouping
of all the atoms :—

CH, — CH, — CH,.OH gga>cn —OH
Primary propyl alcohol Secondxry’or Isopropy! alcohol.

These are a representation of the whole chemical deportment of
a given compound.  The rational or constitutional formulas only
indicate the union of individual atoms—such as are especiall
characteristic of the compound. Thus, the formula C,;H,.OH indi-
cates that the body is an alcohol ; has properties common to all
alcohols ; it leaves undetermined, however, whether it is a primary
or a secondary alcohol. For simplicity we employ such formulas
and grant special names to the isomeric radicals. The empiric or
unitary formula C,H,O affords no hint as to the character of the
compound, since it belongs to an entire series of bodies that are
isomeric, yet wholly different.

EARLY THEORIES RELATING TO THE CONSTITUTION OF THE CARBON
COMPOUNDS.

The opinion that the cause of chemical affinity resided in electrical forces,
came to light in the commencement of this century, when the remarkable decompo-
sitions of chemical bodies were discovered, through the agency of the electric
current. It was assumed that the elementary atoms possessed different electri-
cal polarities, and the elements were arranged in a series according to their
electrical deportment. Chemical union depended on the obliteration of different
electricities. The dualistic idea of the constitution of compounds wasa necessary
consequence of this hypothesis. According to it, every chemical compound was
composed of two groups, electrically different, and these were further made up of
two different groups or elements. Thus, salts were viewed as combinations of elec- .
tro-positive bases (metallic oxides), with electro-negative acids (acid anhydrides),
and these, in turn, were held to be binary com%ounds of oxygen with metals and
metalloids. (See Inorganic Chemistry, 4th Edition.) With this basis, there
was constructed the electro-chemical, dualistic theory of Berselius. This pre-
vailed almost exclusively in Germany, until about 1860.

The principles predominating in inorganic chemistry were also applied to
organic substances, It was thought that in the latter complex groups (radicals)
pre-existed, and played the same role that the elements did in mineral matter.
Organic chemistry was defined as the chemistry of the compound radicals (Liebig,
1832), and led to the ckemical radical theory, which flourished in Germany
simultaneously with the electro-chemical theory. According to this view, the
object of organic chemistry was the investigation and isolation of radicals, in the
sense of the dualistic idea, as the more intimate components of the organic com-
pounds, and by this means they thought to explain the constitution of the latter.

In the meantime, about 1830, France contributed facts not in harmony with
the electro-chemical, dualistic theory. It had been found that the hydrogen
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in organic compounds, could be replaced (substituted) by chlorine and bromine,
without the character of the compounds, to all appearance, suffering very
essentially. To the electro-negative halogens was ascribed a chemical func-
tion similar to electro-positive hydrogen. This showed the electro-chemical
hypothesis to be erroneous. The dualistic idea was superseded by a unitary
theory. Putting aside all the primitive speculations on the nature of chemical
affinity, the chemical compounds began to be looked upon as constituted in ac-
cordance with definite mechanical ground-forms —¢ypes—in which the individual
elements could be replaced by others (earlytype theory of Dumas, nucleus theory
of Laurent). At the same time the dualistic view on the pre-existence of radicals
was refuted. The correct establishment of the ideas, eguivalent, atom and mole-
esele (Laurent and Gerhardt), are an important consequence of the typical uni-
tary idea of chemical compounds. By means of this, was laid a correct foundation
for further generalization. The molecule having been determined a chemical
unit, the study of the grouping of atoms in the molecule became possible, and
chemical constitution could again be more closely examined. The investigation
of the reactions of double decomposition, whereby single atomic groups (radi-
cals or residues) were preserved and could be exchanged (Gerhardt); the
important discoveries of the amines or substituted ammonias by Wiirtz (1849),
and Hofmann (1850); the epoch-making researches of Williamson, upon the
composition of ethers, and the discovery of acid-forming oxides by Gerhardt—
these all contributed to the announcement of the type theory of Gerkard: (1853),
which is nothing more than an amalgamation of the early type or substitution
theory of Dumas and Laurent with the radical theory of Berzelius and Liebig.
The molecule is its basis—then follows a more extended grouping of the atoms in
the molecule. The conception of radicals became different. They were no
longer held as atomic groups that could be isolated and comparable with elements,
but as molecular residues which remained unaltered in certain reactions.
Comparing the carbon compounds with the simplest inorganic derivatives,
Gerhardt referred them to the following principal ground-forms or types :—

H
H Cl H .
) i} H O ﬁ}“
Hydrogen lgﬁ;orﬁ: Water Ammonia,

From these they could be produced by substituting the compound radicals for
hydrogen atoms. All compounds that could be viewed as consisting of two
directly combined groups were referred to the hydrogen and hydrogen chloride

type, ¢. g. :—

C,H C,H CN C,H C,H,0
’l-i} ’d} H} ‘o : 'cn}
Ethyl Ethyl Cyanogen Ethyl Acetyl

Hydride Chloride ydride Cyanide Chloride.

It is customary to refer all those bodies derivable from water by the replace-
ment of hydrogen to the water type; i. e, those in which two groups are united
by oxygen :—

C,H C,H,0 C,H C,H,0
"} }o Mg to, C;H, ;O C;H,0 0
Alcohol Acetic Acid El?lyl hther Acetic Anhydride.

The compounds containing three groups united by nitrogen are considered
ammonia derivatives :—

CH CH C,H,0 %
ﬁ}N CH:}N : 'H}N N
H CH; H
3
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These types no longer possessed their early restricted meaning. Sometimes
one body was referred to different types, according to the transpositions intended
to be expressed by the formula. Thus aldehyde was referred to the hydrogen
or water type ; cyanic acid to the water or ammonia type :—

C’H'g} and C’Hﬁ}O, Cg}o and CS}N

The development of the idea of polyatomic radicals, the knowledge that the
hydrogen of carbon radicals could be replaced by the groups OH and NH,, etc.,
contributed to the further establishment of multiple and mixed types .—

Compound Types :—

H
H, H, 1 3
H, } H, } ©s 1}: o
e goo—
Cl H o H, } N
C,H Cc,H.” co”
. 1
Ethylene Chloride HjO 2 } N
Ethylene Carbamide.
glycol
Mixed Types :—
H { H N
H,
H
H, } 0, H }o
Cl H H,In
C,H, "’ c, 04N C,H,0”
H, O H HfO
Chlorhydrin Oxamic Amido-acetic Acid.
Acid

The manner of arrangement finding expression in these multiple and mixed types
was this: two or more groups were united into one whole—a molecule—by the
univalent radicals. Upon comparing these typical with the structural formulas
employed at present, we observe that the first constitute the transitional state
from the empirical to the unitary formulas of the present day. The latter aim
to express the perfect grouping of the atoms in the molecule. By granting a
particular function to the atoms—their atomicity or valence—Kekul¢ (1858) indi-
cated the idea of types; the existence and combining valence of radicals was
explained by the tetravalence of the carbon atoms, and their tendency to mutually
combine with each other, according to definite affinity units (Kekulé and Couper).
The type theory, consequently, is not, as sometimes declared, laid aside as
erroneous ; but it has only found generalization and amplification in a broader
principle—just as the present structural theory will, at some future time, find
wider importance in a more general hypothesis which encompasses the nature
of chemical affinity.

PHYSICAL PROPERTIES OF THE CARBON COMPOUNDS.

Usually we can foresee that the physical, as well as the chemical,
properties of the derivatives of carbon must be conditioned by
their composition and constitution. Such a regular connection,
however, has been as yet only approximately established for a few
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properties. Those meriting consideration here, serving, therefore,
chiefly for the external characterization of carbon derivatives, are
the specific gravity in the gaseous and liquid condition ; the melt-
ing and boiling temperatures and the behavior towards light.

SPECIFIC GRAVITY,

By this term is understood the relation of the absolute weights
of equal volumes of bodies, in which case we take as conventional
units of comparison, water for solids and liquids, and air or hydro-
gen for gaseous bodies (see p. 19).

For the latter, as we have already seen, the ratio of the specific
gravity (gas density) to the chemical composition is very simple.
Since, according to Avogadro’s law, an equal number of molecules
are present in equal volumes, the gas densities stand in the same
ratio as the molecular weights. Therefore, the specific volume, i. e.,
the quotient of the molecﬁlar weight and specific gravity, is a con-
stant quantity for all gases (at equal pressure and temperature). The
relations are different in the cases of liquid and solid bodies.
Since in the solid and liquid states the molecules are consider-
ably nearer each other than when in the gas condition, the specific
gravities cannot be, as with gases, proportional to the molecular
weight, and are also modified by the size of the molecules and their
distance from each other. The size and distance are unknown to
us ; the latter increases, too, with the temperature, therefore, the
theoretical groundwork for deduction of specific gravities is far
removed from us. However, some regularities have been empirically
established for the specific gravity of Zguid bodies. These appear,
according to H. Kopp, upon comparing the specific volumes at the
boiling points of the liquids, at which the tension of the vapors is
the same for all ; one can also assume that the relations of the
volumes to the molecular weights will be more regular at such
points.

In determining the specific gravity, a small bottle—a pyknometer—is used. Its
contracted portion is provided with a mark; more complicated apparatus is
employed where greater accuracy is sought (4nnalen 203, 4). Descriptions of
modified pyknometers will be found in Pogg., Annalen 19, 378. To get compar.
able numbers, it is recommended to make all determinations at a temperature of
20° C., and refer these to water at 4°, and a vacuum. Letting m represent the
weight of substance, v that of an equal volume of water at 20°, then the specific
gravity at 20° referred to water at 4°, and a vacuum (with an accuracy of four
decimals), may be ascertained by the following equation (A4nnalen 203, 9) : —

420 _ m-.o99707

4 v + o.0012.

To find the specific volumes at the boiling temperature, the specific gravity at
any temperature, the coefficient of expansion and the boiling point must be ascer-
tained; with these data the specific gravity at the boiling point is calculated, and
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by dividing the molecular weight by this there results the specific or molecular vol-
ume. Kopp’s dilatometer (Annalen 94, 257, compare Thorpe, Jfournal Chem. Soc.
1880, 141, and Weger, Annalen 221, 64), is emgloyed in obtaining the expansion
of liquids. For another method of getting the specific gravity at the boiling
point, consult R. Schiff, Annalen, 220, 78,and Berickte, 14, 2761.

H. Kopp ascertained the following relations existing between the
composition of carbon compoundsand their molecular volumes at
the boiling temperature : —

1. Isqmeric compounds possess approximately like specific
volumes. 2. In homologous compounds the difference, CH,, cor-
responds to a difference of 22* in specific volume, for example—

Molecular  Specific
Weight.  Volume. Difference.

Formic Acid............. .. CH,O 46 42 { 22
Acetic Acid....... “CHO, 6 64 4
Propionic Acid T ClHo, 74 86 !

Butyric Acid.... . C,H,0, 88 108 |} 22

3. The replacement of a carbon atom by two hydrogen atoms,
does not cause any alteration in specific volume e. g.,

Molecular Specific

Weight. Volume,
Cymene.....ccennenee veseene C1oH,y 134 187
Octane......ccceeeenneeciasernes C,H,, 114 187

We perceive the molecular volumes depend on the number of
different atoms contained in the molecules. Since the specific
volume of the group CH, equals 22, the specific volume of one
atom of C, however, being equal to two hydrogen atoms, it follows
that the specific volume of a carbon atom (its atomic volume) is
11, and that of one hydrogen atom s.5.

In a similar manner two different atomic volumes may be deduced
for oxygen. If oxygen be in union with both affinities to one
carbon atom (CO)), its atomic volume would equal 12.2 ; but if it be
combined with two different atoms (as in (CH;) ,0 and CH,;0H) its
atomic volume would be 7.8. Hence, the specific volume of a
compound of the formula C,H,0,0’; (O represents intra- and O’
extra-radical oxygen) may be calculated according to the
equation—

Specific Volume =11 . a4+ 5.5 . b 4122 . ¢4 78 . d.

The other elements exhibit similar definite specific volumes in
their compounds, e. g., chlorine = 22.8, bromine = 27.8, iodine =
37.5. Sulphur, like oxygen, has two values: the atomic volume of
the intra-radical (CS) equals 28.6 ; that of the extra-radical, 22.6.
In ammonia and its derivatives, nitrogen has the specific volume
2.3, in the CN group 17, in NO,, 8.6.

* Recent investigations indicate a difference, varying from 19-24 at the
boiling temperature ; at the melting temperature it is 17.8 (Ber. 1§, 1726).
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With such data the specific volumes, and, of course, the specific
gravities, can be obtained with approximate accuracy. The molecu-
lar volume equals the sum of the atomic volumes. Since the specific
volumes of oxygen, sulphur and nitrogen vary according to their
different compounds, the specific volumes found would afford a key
to the structure of the derivatives.

The regularities cited above were obtained at a time when isomeric relations,
deduced by a different linking of the carbon atoms, found no consideration. The
latest investigations* prove that isomeric bodies do not at all always possess
equal molectﬁar volumes. The different manner in which the carbon atoms are
united exercises an influence upon the molecular volume or the specific gravity,
just as observed in the case of the various combinations of oxygen and nitrogen.
In general bodies possessing normal structure of the carbon atoms exhibit a higher
specific gravity, hence, a smaller molecular volume, than those of tertiary or
quaternary structure (see p. 26). For example, the specific gravity of normal
butyl alcohol CH,. CH,. CH,. CH,. OH equals 0.8099, that of iso-butyl alcohol

CH,), CH. CH,. OH 0.8062. Similarly, the derivatives of primary radicals
see p. 31) possess higher specific gravity than those of the secondary or tertiary.

CH,.CH,.CH,OH = 0.8044 (CH,),CHOH = 0.7887.
Primary Propyl Alcohol. Secondary Propyl Alcohol.

Commonly, substitution upon a terminal carbon atom appears to bring about
greater density than when an intermediate C atom has been acted upon :—

CH,CH,CHO = 0.8066 CH,.CO.CH, = o0.7920.
Propyl Alsehyde. cetone,

The influence of double and triple union of carbon atoms is worthy of con-
sideration. The unsaturated compounds exhibit a higher specific gravity than the
corresponding saturated :—

CH,.CH,.CH,OH CH,:CH.CH,OH CH:C.CH,OH
PBropyl Alcohol Kyl Alcohof Propargylic Alcohol.
Sp. gr. 0.8044 0.8540 0.9715
The molecular volumes of the unsaturated compounds of the fatty series. range,
according to Buff, 1.5-3.0 higher than deduced by Kopp; later research makes the
difference about 4. (Compare Annalen, 214, 121, 220, 291, and 221, 102).
Therefore, the carbon atoms united by two affinities like the oxygen atoms com-
bined doubly with carbon, must occupy a greater volume. In accord with this,
the unsaturated compounds possess higher heat of combustion (Annalen, a1, 125,
220, 320), and exercise greater light refracting power (see p. 40). On the other
hand, the derivatives of benzene do not have as high a specific volume as the un-
saturated derivatives, hence in them the mutal union of the C atoms appears not
to occur in an analogous manner (see Annalen, 214, 130, 220, 303 and 221, 107).

MELTING POINTS—BOILING POINTS.

Every pure carbon compound, if at all fusible or volatile, exhibits
a definite melting and boiling temperature. It is customary to
determine these for the characterization of the substance.

Boiling Points. These are determined in a so-called boiling
flask, . ¢., a small flask with wide neck, and provided on the side

® Lossen, Asnalen 214, 81; Zander, Amnalen zx&. 38; Thorpe, Jours. Chem. Soc. 188t,

14t and 327 ; Staedel, Berichte 15, 2559; R. Schi nnalen 220, 113 and 278; Weger,
Annalen 321, 61.
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with an exit tube. The thermometer is fixed in the opening of
the neck by means of a cork. It should not be allowed to dip into
the liquid ; it must only be surrounded by the vapors.

In accurate determinations it is necessary to apply corrections to the indicated
temperatures. If a thermometer is not wholly immersed in vapor, but as ordi-
narily happens, is partly extended into the air beyond the distillation vessel, the
external mercury column will not be heated the same as that on the interior,
hence the recorded temperature will be less than the real. The necessary cor-
rection will be reached with sufficient accuracy by adding to the observed temp.
erature the quantity n (T —t). 0.000154. Here » indicatesthelength of the mer-
curial column without the vessel, in degrees of the thermometer, T the observed
temperature, t the medium tem‘)erature of the air about the external column
of mercury (this is approximately ascertained by holding a second thermometer
about the middle of the exposed part) ; 0.000145 is the apparent coefficient of
expansion of mercury in glass. The correction is best avoided by having the
entire mercurial column played upon by the vapors of the liquid. Pawlewski
has presented a simple device to effect this (Berichte, 14, 88). It is also appli-

.cable in cases where but slight quantities of liquid are employed.

If the barometric column did not indicate a normal pressure of 760 mm. during
the distillation a second correction in the observed boiling temperature is neces-
sitated. This is ordinarily accomplished by ecither adding to or deducting from
the observed temperature 0.1° C. for a difference of every 2.7 mm. between the
observed and normal barometric height (760 mm.). This correction is, however,
very inaccurate, because the “specific remission”’ for each compound at different
pressures is very different (Berichte, 16, 2476). To avoid this correction it is
advisable to reduce the pressure in the apparatus to the normal. The pressure
regulators of Bunte (Ann., 168, 139) and Lothar Meyer (Ann., 195, 218;
Berichte, 13, 839) are adapted to this purpose.

Liquids of different boiling points are separated by fractional distillation, an
operation performed in almost every distillation. The portions passing over
between definite temperature intervals (from 1-10°, etc.? are caught apart and
subjected to repeated distillation, the portions boiling alike being united. To
attain a more rapid separation of the rising vapors, these should be gused through
a vertical tube. In this the vapors of the higher boiling compound will be con-
densed and flow back, as in the apparatus employed in the rectification of spirit.
To this end there is placed on the boiling flask a so-called fractional tube of
Wiirtz. Excellent modifications of this by Linnemann and Le Bel are described
in Annalen, 160, 195, and Berichte, 7, 1085. It is often required to perform the
distillation in vacuo; and this is best effected by exhausting the boiling cham.-
ber. An apparatus answering this purpose is mentioned in Berickte,9,1870. A
very simple contrivance, regulating the pressure at the same time, is that de-
scribed by F. Krafft (Berichte, 18, 1693).

The connection between the boiling points and chemical consti-
tution of compounds will be discussed later in the several homolo-
gous groups. Generally the boiling point rises with the complica-
tion of the molecule. The unsaturated compounds boil some higher
than those saturated. With isomerides having an equally large car-
bon nucleus those of normal structure possess the highest boiling
points. These fall with the accumulation of methyl groups.

It may also be noted that the lower boiling isomerides possess
a greater specific volume (Ber. 15, 2570).
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Melting Points. To determine these, introduce the substance
into a thin, drawn-out tube, fused shut at one end. This is attached
to a thermometer and allowed to dip into a small beaker containing
water, or a high boiling compound—paraffin. The beaker is warmed
upon a sand bath until the substance in the little tube melts, and
the temperature noted. For convenient apparatus for this purpose,
see Berichte, 10, 1800.

The greater part of the mercury column of the thermometer extends beyond
the heated bath, consequently is not as much heated, and, as a result in accurate
determinations, a correction must be made. This is done as described with the
boiling temperature. Correction for barometric pressure is not required, because
the melting points are but slightly affected by pressure.

Very often slight admixtures, which can hardly be excluded,
even by fractional crystallization, will materially lower the meltmg
point.

The relation between the melting point and the chemical consti-
tution will be more fully considered under the different homologous
groups of bodies.

OPTICAL PROPERTIES,

Refraction. Like all transparent substances, the carbon com-
pounds possess a variable light refracting power, in which, as
known, the quotient of the sine of the angle of refraction (7) into
the sine of the angle of incidence (7) is a constant quantity for
every substance. This number is termed the coeficient of refraction,
or refractive index (n): o

sin 1
sint

The coefficient of refraction varies with the temperature, i e,
with the specific gravity of the substance ; the expression - ) l, in

in which & represents the specific gravity, is, however, according to
experience, an almost constant quantity for all temperatures, and
is called the specific refractive power.*
In a mixture of different liquids, the refractive power (———l)
is equal to the sum of the refractive powers of the separate con-
pu— / —
stituents (" . Ly ET—I

N—1 n—1 n/ —1 n’ —1
T - 0=—73 -P+—g—Pt+ —gr—P+ ...

in which p, p’, p” express the amounts of the ingredients in per

* The relation between refractnon and density is correctly represented, theo-
retically, by the formula (- z) 5 — & constant; this leads to the same rela-
nons between refraction and chemwal constitution, as the simpler expression
- J— (see Berichte 15, 1031).
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cent. From this equation, knowing the coefficients of refraction and
the specific gravities of the constituents, the percentage composi-
tion of the mixture may be calculated with great accuracy.

An analogous equation answers not only for a mixture of two
liquids, but also quite approximately for liquid chemical compounds.
In such cases, we designate the product of the specific refractive

power and the molecular weight, P(n_l) the molecular refrac-

tion, or the refractive equivalent, and the product of the refractive
index of the elements, and the atomic welght, the atomic refrattwn ;
then the proposition finding expression in the preceding equation
would read: ¢ The molecular refraction of a llquld carbon com-
pound is equal to the sum of the atomic refractions.’”” The atomic
refractions of the elements are deduced from the moleculas refrac-
tions of the compounds obtained empirically, in the same manner
as the atomic volumes are obtained from the molecular volumes
(see p 36). These equal, if the refractive index be referred to a
ray of infinite wave-length,* for carbon (in saturated compounds),
4.86 ; for hydrogen, 1.29; for chlorine, 9.9.

Oxygen has two different  atomic refractions’’ ; if it be united
by two affinities to one carbon atom, r, equals 3.29, while in its
combination with any two atoms r, == 2.71. Similarly, sulphur
combined with one or two affinities, exhibits different atomic re-
fractions (Ber. 15, 2878).

It is worthy of note, that in the unsaturated compounds the
doubly combined carbon atoms (C = C) possess a greater refrac-
tive index, and, indeed, their molecular refraction amounts to
about two units more than if calculated from the sum of the above-
cited atomic refractions. In accord with this, the derivatives of
benzene show a molecular refraction greater, by 51x units, which
would confirm the existence of three double unions in the benzene
nucleus. This had already been assumed from chemical considera-
tions. See further, Brithl, 4nnalen, 200, 139, 203, 1 and 255,
211, 121,

These regularities serve, too, for solids, as such, or in solution ;
the refractive power of a solution equals the sum of the refractive
powers of the dissolved substance and the solvent (Berichte 16,

3047).

"% The refractive index # can be determined for any definite wave-length, ¢. g., for
the red ray of the hydrogen light Hq, which coincides with line C of Frauen-
hofer, and is then designated /1,. Since, however, different substances have
different dispersive power, such indices are not directly comparable, but require first
to be reduced to a ray of infinite wave-length. Indices, freed from the influence
of dnsPerswn, are designated with the letter 4. The molecular refraction’
P d of the index A is designated by R,, the atomic refraction by ra. For
further details, consult Landolt, Poggendorf’s Annalen, 123, §95.




OPTICAL PROPERTIES. 41

Rotation of the Plane of Polarization.* Many carbon °

compounds, liquid and solid, are capable of rotating the plane of
polarized light. These are chiefly naturally occurring substances,
like the various vegetable acids,amyl alcohol, the sugars, carbo-
hydrates and glucosides, the terpenes and camphors, alkaloids and
albuminoids; they are said to be gpfically active. The rotation
(of the angle ) is proportional to the length 1 of the rotating plane,

. a . .
hence, the expression 1 Is a constant quantity. To compare sub-

stances of different density, in which very unequal masses fall
upon the same plane, these must be referred to like density, and
hence, the rotation must be divided by the sp. gr. of the substance
a
I-d
the length of the rotating plane is given in decimeters, is called
the specific rotatory power of a substance at a definite temperature and
designated by [a], or [a],, according as the rotation is referred to
the yellow sodium line D or the transitional color j. For solid,
active substances, with an indifferent solvent, the expression

[a] = p’.of :i will answer; in this p represents the quantity of

at a definite temperature. The expression = [a], in which

substance in 100 parts by weight of the solution, and d represents
the specific gravity of the latter.

The specific rotatory power is constant for every substance at a definite tem.

rature; it varies, however, with the latter, and is also influenced more or
ess by the nature and quantity of the solvent. Therefore,in the statement of
the specific rotatory power of a substance, the temperature and-the percentage
amount of the solution must be included. By investigating a number of solu-
tions of different concentration, the influence of the solvent may be established and
the true specific rotation or the true rotatory constant of the pure substance,
designated by Ao, may then be calculated. The product of the specific rotatory
power and the molecular weight p divided by 100 is designated the molecular
rotatory power :—

In crystalline substances, the rotatory power is connected with
the crystalline form, and is usually conditioned by the existence of
hemihedral planes (see Tartaric Acids). As the activity of most of
them is retained by solution or is then first perceptible, it is sup-
posed that crystal molecules exist in the solution, and that these
consist of a union of several chemical molecules. Since, further,
numerous solids and liquids are known in dextro- and lzvo-rotatory
and inactive modifications, in which we can detect no difference in
chemical structure, besides the active modifications mostly con-
vertible into inactive, it was concluded that the activity was caused

* Compare Landolt, « Optical Rotatory Power,” 1879..
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not by single chemical molecules, but by groups of physical mole-
cules. These were called physical isomerides. Since we have ascer-
tained that turpentine oil and camphor, in the form of vapor, possess
the same specific rotatory power as when they are in the liquid or
solid state, it can no longer be doubted, that the activity can
appear as a function of the grouping of the chemical atoms. Of
peculiar interest in this connection is the hypothesis of LeBel and
van’t Hoff, according to which the rotatory power is constantly
brought into relation with the chemical structure.*

According to this theory, the activity of the carbon compounds is influenced
by the presence of asymmetric carbon atoms, i. e., by such as are combined with
four different atoms or atomic groups—e. g.,

CH(OH).CO,H , CHOH)COH
an

H(OH).CO,H AH,CO,H
* Tartaric acid . Malic acid.

The first contains two, the second, however, one asymmetric carbon atom.
According to the provisions of Le Bel, such substances with like chemical struc-
ture can, in consequence of a different arrangement of the atoms in space, appear
in two enantiomorphous forms. These are presumed to cause the optical rotatory
power, as well as the varying chemical deportment of the optical modifications.
It is, indeed, satisfactorily settled at present, that all active carbon derivatives con-
tain asymmetric carbon atoms. On converting active substances into other deriva-
tives, the activity is retained, providing asymmetric carbon atoms are present;
when they disappear the derivatives are inactive. Thus, from the two active
tartaric acids are derived the two corresponding active malic acids; whereas, the
symmetrical succinic acid, obtained from the latter by further reduction, is inac-
tive. Again, active amyl iodide affords an active ethylamyl and diamyl ; on the
other hand, an Mactive amyl hydride (see Active Amyl Alcohol).

The compounds prepared artificially from inactive substances are almost always
inactive; some of them (with asymmetric carbon atoms) can, however, be con-
verted into active modifications. Thus, synthetic inactive tartaric acid, when
heated to 170° C,, is converted into racemic acid, which is decomposable into
leevo- and dextro-tartaric acid (see Inactive Tartaric Acid).

Such a splitting up of inactive substances into dextro- and lzvo-rotatory modi-
fications may be effected by crystallization of the salts gin case of acids their cincho-
nine salts), as shown with inactive racemic acid, malic acid and mandelic acid.
The splitting up and activity can be brought about by ferments. It appears the
one active modification is destroyed by the life process of the ferment. Thus,
from racemic acid arises lzevo-rotatory tartaric acid; from inactive amyl alcohol
(prepared from active amyl alcohol by boiling with sodic hydratee, the dextro-rota-
tory alcohol; from synthetic inactive methyl-propyl carbinol and propylene
glycol spring the levo-rotatory modifications. Dextro-rotatory mandelic acid is
obtained from the synthetic inactive mandelic acid, by the action of Penicillium
glaucum, while by Schizomycetes.fermentation we get the levo-acid (Berichte,
15, 1505, 16, 1568 and 2721). All these observations confirm the proposition
of Le Bel and van’t Hoff, that the asymmetrically constituted inactive carbon
derivatives can be broken up into two oppositely active modifications.

* See van't Hoff, Die Lagerung der Atome im Raum, 1877.
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.

The carbon derivatives may be arranged in two classes—the
fatty and aromatic compounds—on the basis of the chemical
union of the carbon atoms, and the entire character conditioned
by this. The name of the first class is borrowed from the fats and
fatty acids comprising it. These were the first derivatives accu-
rately studied. It would be better to name them marsh gas or
methane derivatives, inasmuch as they all can be obtained from
methane CH,. They are further classified into saturated and
unsaturated compounds. In the first of these, called also paraffins,
the directly united tetravalent carbon atoms are bound to each
other by a single affinity.

The number of 7 carbon atoms possessing affinities capable of
further saturation, therefore, equals zn + 2 (see p. 26). Their
general formula is C,X,,4,. Here X represents the affinities of
the elements or groups directly combined with carbon. The
unsaturated compounds result from the saturated by the exit of an
even number of affinities in union with carbon. According to the
number of affinities yet capable of saturation, the series are distin-
guished as C,X,,,, CoXjosy €tc.  (See p. 26.)

All the aromatic or benzene compounds contain a group consist-
ing of six carbon atoms. The simplest derivative of this series is
benzene C,H, (see p. 27). This accounts for the great similarity
in their entire character. Their direct synthesis from the methane
derivatives is only possible in exceptional cases; as a usual thing
they cannot be converted into the series C,H,,+,. Their relatively
great stability distinguishes them from the fatty bodies. They are
generally more reactive, yielding, for instance, nitro-substitution
products very readily, and forming various derivatives not possible
for the fatty compounds to afford.

The recently investigated trimethylene and tetramethylene
derivatives (see p. 28), with which may be included those of fur-
furol, thiophene and pyrrol, may be viewed as the transition
stage from the methane compounds containing the open carbon
chain, to those of benzene.

43
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CLASS I.

FATTY BODIES, OR METHANE DERIVATIVES.
HYDROCARBONS.

The hydrocarbons show most clearly and simply the different man-
ner in which the carbon atoms are bound to each other. We may
regard them as the parent substances from which all other carbon
compounds arise by the replacement of the hydrogen atoms by
different elements or groups.

The outlines of the linking of carbon atoms were presented in the
Introduction. In consequence of the equivalence (confirmed by
facts) of the four affinities of carbon (see p. 24) no isomerides are
possible for the first three members of the series C,H,y4,:—

CH, CH,—CH, CH,—CH,—CH,
Methane Ethane Propane.
Two structural cases exist for the fourth member C,H,,:—
~CH,
CH,—CH,—CH,—CH, and CH—CH,
Normal Butane \\CH

Trimelhylmeaune.
(Isobutane.)

For the fifth t;xember, pentane C;H,,, three isomerides are
possible :—

. /CH,
CH,—CH,—CH,—CH,—CH,  CH-CH,
Normal Pentane \CH, . CH, and
Dimethyl-cthyl Mcthane
CH CH
N~/ 3
/C\ Tetramethyl methane.
CH,” \CH,

Hexane C¢H,,, the sixth member, has five isomerides (see p. 50).
With reference to the different formulation of these hydrocarbons
(see p. 47).

Formation of Hydrocarbons.—The higher paraffins can be grad-
ually built up synthetically from methane CH,, yet not produced
directly from their elements. Methane itself can be synthesized
from carbon disulphide CS, (produced by direct union of carbon
and sulphur on application of heat) by passing the latter, in form
of gas, together with hydrogen sulphide, over red-hot copper—

CS, + 2H,S 4 8Cu = CH, + 4Cu,S,
or by heating with phosphonium iodide ; further, by the action of
chlorine, carbon disulphide may be changed to carbon tetrachlo-

ride, and this reduced, by means of nascent hydrogen (sodium
amalgam and water), to methane—

CCl, + 4H, = CH, 4 4HCL
The direct union of carbon and hydrogen has only been observed
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in passing the electric spark between carbon points in a hydrogen
atmosphere ; the product is acetylene C,H,, which, with additional
hydrogen (in presence of platinum black), becomes ethylene C,H,
and then ethane C,H,.

A universal method of producing the hydrocarbons consists in
the dry distillation of complex carbon compounds, like wood,
lignite and bituminous coal. At higher temperatures, ¢. g., when
their vapors are conducted through red-hot tubes, the hydro-
carbons can condense to more complicated bodies, hydrogen
separating.  Thus, the compounds C,H,, C,H,, C,H, (benzene),
C,0H, (naphthalene), and others, are obtained from CH,, methane.

A noteworthy formation of the hydrocarbons, especially the
paraffins, is that of the action of hydrochloric acid or dilute sulphuric
acid, and even steam, upon iron carbide.

(1) PARAFFINS OR ETHANES.

Co Hu 4 s
Methane C,H,, Hexane
C l" Ethane C,H,, Heptane
C H Propane C,Hl s Octane
C‘H,o Butane C,H Nonane :
CyH,, Pentane Cw}i,, Decane, etc. (see p. §t).

There is no known limit to these hydrocarbons, or the number of
carbon atoms attaching themselves to each other.

Formerly these hydrocarbons were designated as the hydrides of
the corresponding radicals or alkyls: CH, (methyl), C,H;, (ethyl),
C,H, (propyl), etc. (see p. 31), because they were first obtained
from compounds of these with other elements or groups. Hence
the names methyl hydride for methane, ethyl hydride for ethane,
etc. The most accessible and first known derivatives of the alkyls
C.H,, 1, were their hydroxides or alcohols, and the halogen ethers
of the latter.

The following are the most important methods serving to con-
vert the alkyl C,H,,, derivatives into the corresponding hydro-
carbons : —

1. Treat the alkylogens C,H,,, Cl (readily produced from the
alcohols C,H,; 4, OH) with nascent hydrogen. This may be done
by allowing zinc and hydrochloric acid or sodium amalgam to work
upon the substance dissolved in alcohol :—

C,H,Cl + H, = C,H, + HCl
l'lthy Et ane
chloride Ethyl
hydride.

2. Decompose the zinc alkyl compounds with water or the mer-
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cury derivatives with hydrochloric acid (compare metallic com-
pounds of the alcohol radicals) :—

<C s 1 2H,0 = 2C,H, 4 Za(OH),.
Zinc ethy Ethy! hydride.

A more convenient mode of preparation is a combination of both
methods: heat the iodides of the radicals with zinc and water, in
sealed tubes, to 150°-180°.

3. A mixture of the salts of fatty acids (the carboxyl deriva-
tives of the alkyls) and sodium or potassium hydroxide is sub-
jected to dry distillation. Soda-lime is preferable to the last
reagents :—

CH CO Na 4+ NaOH = CH, + Na,CO,
Sodlulll accuue ethane
Methylhydride.

The dibasic acids are similarly decomposed : —
CO,Na

H 2NaOH =C,H 2CO,4Na,.
L] l’\COaNa + 67 14 + 3 3

The hydrides of the radicals obtained by the preceding methods
were distinguished from the so-called free alcohol radicals. These
were prepared synthetically, as follows : —

1. By the action of sodium (or reduced silver or copper)
upon the bromides or iodides of the alcohol radicals in ethereal
solution : C.H
2C,H,I + Na; = |* ° 4 2Nal.

C,H,
Diethyl.

The iodides react in the same manner with the zinc alkyls: —

C,H,\ C,H,
2C,H,I + Zn = 2 E + Znl,.
C,H, 3 ts

2. By the electrolysis of the alkali salts of the fatty acids in
concentrated aqueous solution: here, as in the decomposition of
inorganic salts, the metal separates at the negative pole, decompos-
ing water with liberation of hydrogen, while the hydrocarbons and
carbon dioxide appear at the positive pole :—

CH

2CH,.CO,K = | ' +2C0, + K,.
Potassium CH
acetate Dimet‘nyl.

Both synthetic methods proceed in an analogous manner, if a
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mixture of the iodides of two different alcohol radicals or the salts
of different acids be employed : —

CH,
CH,I 4 C,H,I + Na, = L g N
Propyrmc‘:hyl.
C,H,
C,H,.CO,K 4 C,H,.CO,K = Ly + 20+ Ke
H

Prop‘yl e:hyl.

It is known that the hydrocarbons obtained by these different
methods are of similar composition and similar structure. Di-
methyl is identical with ethyl hydride (ethane) ; diethyl with methyl
propyl or butyl hydride (butane). This follows from a con-
sideration of the structural formulas. Thus, normal butane
CH, — CH, — CH, — CH,; may be viewed as butyl hydride

C

2H6
h
CH,H, or as diethyl ([ _— propyl methyl J:H CH,CH,.

3°°s
CH
Isobutane CH, —CH<CH‘ can be regarded as isobutyl hydride
HcH, —cud ’ | methyl |
H, — CH i-
\cx,, or as isopropyl methyl J,H (CHy, or tri

methyl methane CH(CH,) o ete.  Thus, the various syntheses of a
given hydrocarbon may be deduced from its structural formula.

Of other synthetic methods we will yet mention the one employed
in the preparation of quaternary hydrocarbons (p. 26). It consists
in the action of the zinc alkyls upon so-called acetone chloride and
bodies sumlarly constituted : —

CH
’\ 78 '\ /
CCl Zn = C + ZnCl
CH,/ : + N\cH, cH,” \CH !
Acetone ch Tetrnmethyl
chloride methyl methane.

The ethanes arise in the dry distillation of wood, turf, bitumi-
nous shales, lignite and bituminous coal, and especially Boghead
and cannel coal, rich in hydrogen ; hence, they are also present
in illuminating gas and the light tar oils. Petroleum contains
them already formed. They are, from methane to the highest
hydrocarbon, almost the sole constituents of this compound.

‘The lowest members, up to butane, ar¢ gases, at ordinary temper-
atures, soluble in alcohol and ether. The intermediate members
form colorless llqulds of faint, characteristic odor, insoluble in
water, but miscible with alcohol and ether. The hlgher members,
finally, are crystalline solids (paraffins), soluble in alcohol, more
readily in ether. The specific gravities of the liquid and solid
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hydrocarbons increase with the molecular weights, but are always
less than that of water. The boiling points, too, rise with the
molecular weights, and, indeed, the difference for CH, in case of
similar structure of homologues, equals 30°, subsequently, with
higher members it varies from 25°-13° (see p. 51). The isomer-
ides of normal structure (p. 25) possess the highest boiling points;
the lowest are those of the quaternary hydrocarbons. The general
rule is—the boiling point of isomeric compounds falls with the
accumulation of methyl groups in the molecule.

The paraffins are not capable of saturating any additional affini-
ties ; hence, they are not absorbed by bromine or sulphuric acid,
being in this way readily distinguished and separated from the
unsaturated hydrocarbons. They are slightly reactive and are
very stable, hence, their designation as parafins (from parum
affinis). Fuming sulphuric acid and even chromic acid are with-
out much effect upon them in the cold ; when heated, however,
they generally burn directly to carbon dioxide and water. When
acted upon by chlorine and bromine they afford substitution pro-
ducts :—

CH, 4 Cl, = CH,Cl + HCl,
CH, 4 4cf, = ca}  } 4HCL

Other derivatives may be easily obtained by employing these

products.

(1) Methane CH, (Methyl hydride) is produced in the decay
of organic substances, therefore disengaged in swamps (marsh
gas) and mines (coal gas), in which, mixed with air, it forms
fire damp.

In certain regions, like Baku in the Caucasus, and the petro-
leum districts of America, it escapes, in great quantities, from
the earth. It is also present, in appreciable amount, in illu-
minating gas.

The synthesis of methane from CS, and CCl, was noticed upon
page 44. It is most conveniently prepared by heating sodium
acetate, in a glass retort, with 2 parts of soda-lime: CH,CO,Na
+ NaOH = CH, + CO,Na,.

Methane is a colorless, odorless gas, compressible under great
pressure and at a low temperature ; its density equals 8 (or 0.5598,
air=1). It is slightly soluble in water, but more readily in
alcohol. It burns with a faintly luminous, yellowish flame, and
forms an explosive mixture with air :—

CHl4 + ZOL’ = COl, + 2H,0
1 vol. 2 volis. I vol. 2 vois.

It is decomposed into carbon and hydrogen by the continued

passage of the electric spark. When mixed with two volumes of
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chlorine it explodes in direct sunhght carbon separating (CH, +
2Cl, = C + 4HCI); in diffused sunlight the substitution products
CH Cl, CH,Cl,, CHC], and CCl, are produced.

(2) Ethane C,H, (Ethyl Hydride, Dimethyl) is a colorless and
odorless gas, condensable at 4° and a pressure of 46 atmospheres.
Its formation from C,H,l, (C,H;),Zn, CH,I and CH,.CO.,K cor-
responds to the given general methods.

To prepare ethane, decompose zinc ethyl with water. It is obtained more
conveniently by heating acetic anhydride with barium peroxide :—

2 (C,H,0),0 + BaO, = C,H, + (C,H,0,), Ba + 2CO,.

The identity of the ethanes prepared by the various methods is ascertained from
their derivatives, and confirmed by their similar heat of combustion ( Berichte, 14,

sot).

Ethane is almost insoluble in water ; alcohol dissolves upwards
of 1.5 vols. Mixed with an-equal volume of chlorine it yields
ethyl chloride C,H,Cl in dispersed sunlight; higher substitution
products arise with excess of chlorine.

(3) Propane C,H,, ethyl methyl, occurs dissolved in crude petroleum, and
is most convemcmly formed by the action of zinc and hydrochloric acid upon the
two propyl iodides CyH,I. It is a gas, but becomes a liquid below 17°.  Aleohol
dissolves upwards of six volumes of it.

(4) Butanes C ,H,, (Tetranes). According to the rules of chemical structure,
two isomerides correspond to this formula :—

1) CH,—CH,—CH,—CH, 2) CH, _en¢™"
( ) NomJbuma ( ) \CH
Trimethyl mclhane

1. Normal butane (or diethyl, or propyl methyl, p 47), occurs in crude petro-
leum, and is obtained synthetically by the action of zinc and sodium upon ethyl
iodide C,H;I. It condenses below o° to a liquid, boiling at 4 1°.

2. Trimethyl methane or isopropyl methyl, also termed isobutane, is prepared
from the iodide of tertiary butyl alcohol (CH,),CI by the action of zinc and
hydrochloric acid. It condenses to a liquid at —17°.

(5) Pentanes C,H,,. There are three possible isomerides :—

(1) CHy—CH,—CH,—CH,—CH, (2) CH,—CH, (!

Normal pentane N CH,
. P. 38é~ Dlmethg cthyl methanc
(3) CH, _ CH,
CH, ’° \CH,

'letramclhyl mcthane
B. P. 10

1. Normal pentane exists in petroleum and the light tar oils of cannel coal, but
has not been obtained by synthesns It is a liquid, boiling at 37-39°, and havmg
a specific gravity 0f0.626 at 17°.
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2. [sopentane is also present in petroleum, and is obtained from the iodide of
the amyl alcohol of fermentation. It is a liquid, boiling at 30°; specific gra vity
= 0.638 at 14°.

3. Tetramethyl methane @uaternary pentane) is made by acting upon the
iodide (CH,),CI of tertiary butyl alcohol, or upon so called acetone chloride,
.>CC13, with zinc methyl (comp. p. 47). It is a liquid, boiling at 9.5°, and
CH
snli&ifying to a white mass at —20°. The addition of methyl groups constantly
lowers the boiling point, but facilitates the transition to the solid state—raises the
melting point.

(6) Hexanes C;H,,. Five isomerides are possible :—

CH
(x) CH,—CH,—CH,—CH,—CH,—CH, (2) CH,—CH,-—-CH,—CH< !

H 5 .
Dl 5 E 7 e
CH, CH, CH,—CH,
3 >CH—CH< @) cn,_cn<
CH, CH, CH,—CH,
Di-isopropyl, B. P. 58°. Diethyl-methyl-me&ane.
CH,_  CH,—CH,
6 . >
CH CH

3
Tri-methyl-ethyl-methane, 13 P. 439-48°.

Four of these are known. Normal hexane, occurring in petroleum, may be
obtained artificially by the action of sodium upon normal propyl iodide, CH,.
CH,.CH,I; by the distillation of suberic acid with barium oxide (p. 46); and
further when nascent hydrogen acts on hexyl iodide, C4H,,I (from mannitol).
It boils at 71.5°, and has the specific gravity 0.663 at 17°.

(7) HeptanesC,H,,. Four of the nine possible isomerides are known.

Normal heptane, CH,;—(CH,),—CH,, is contained in petroleum and the tar
oil from cannel coal. Together with octane it constitutes the chief ingredient
of commercial ligroine (p. 52). It is produced in the distillation of azelaic
acid C,glgz,O‘, with barium oxide. It boils at 9g9°. Its specific gravity at
19°=0.6967.

(8) Octanes C,H,,. Of the eighteen possible isomerides, two are known.
Normal octane is present in petroleum and is obtained from normal butyl iodide,
C,H,I, by action of sodium (hence Dibutyl), also from sebacylic acid,
C,0H,40,, and from octyl iodide, C;H,,I. It boils at 125°, and its specific
gravity at 0° = 0.718.

The higher homologues occur in petroleum and tar oils, but cannot be
isolated perfectly pure by fractional distillation. The different isomerides are
obtained according to the methods already indicated. A series of normal
paraffins in pure condition has been prepared by the reduction of the corres-
ponding acids, Cn H2nO,, acetones, Cn HnO, and alcohols, Cn Han 420 (of
normal structure). The reduction of acids to paraffins ensues when the former
are directly heated to 200-250° with concentrated HI and amorphous phos-
phorus; the acetones (ketones) must first be converted into the chlorides,
Cn HanCl,, through the agency of PCl,, and the alcohols also into chlorides,
Cn Han +1Cl, and alkylens, Cn Han. In this way the following normal paraffins
have been obtained (F. Krafit, Berichte, 15, 1687, 1711, 16, 1714) :—
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Melting Point. B. P. Sp. Gr.¢

Nonane .....c.cceenene . C,H,, —s51° 149.5° 0.7330
Decane......cvieeeenns C,oHg2, —32° g (173° 0.7456
Undecane.. .. C; H,, —26.5° 3 | 194.5° 0.7745
Dodecane.. C,,H,, —12° g | 214° 0.773
Tridecane....... v CiaHyy —6.2° & | 234° 0.775%
Tetradecane............ C; ;Hy, +4.5° E | 252.5° . 0.775
Pentadecane .......... C;;H,, +10° 8 1 270.5° 0.77%
Hexdecane H +-18° € 12875 = o773
Heptdecane +22.5° 5 | 303° 0.776
Octdecane ...... cens +4-28° 2 | 317° 0.776
Nondecarne............ +32° P | 330° 0.777 °
Eicosane...... .. C +36.7° & [205° 0.777
Heneicosane +40.4° g 215° 0.778
Docosane....... C +44.4° & | 224.5° 0.778
Tricosane..... C,,H +47.7° g ] 234° 0.778
Tetracosane............ C,.Hjg, +51.1° g 1243° 0.778
Heptacosane ......... . CyyHy, +59.5° 2 | 270° 0.779
Hentriacontane......... Cy Hgy +68.1° 5 | 302° 0.780
Pentatriacontane....... C44H,, +74.7° 5 t33l° 0.781

The higher normal paraffins, as seen in the table, from hexdecane, C,II,,,
forward, are solids at ordinary temperatures, and crystallize readily from alcohol
or ether. It is very remarkable that the specific gravities of the higher members
are almost equal at their melting points, consequently the molecular volumes are
nearly proportional to the molecular weights ( Berickte, 15, 1719).

The higher members, especially, of this series, are contained in
petroleum and the tar oils produced in the distillation of turf,
lignite and bituminous coal. To isolate them in a pure condition,
crude petroleum or the light tar oils are treated with concentrated
sulphuric acid, which dissolves the non-saturated hydrocarbons,
e. g., C,H,,, and those of the benzene series (in tar oil) and de-
stroys other organic substances. The separated oil is further treated
with fuming nitric acid and sodium hydrate, washed with water,
dried, and fractionated over metallic sodium. In this way a whole
series of hydrocarbons is obtained. From the fraction, boiling
from o° to 130°, of American petroleum two series of hydrocarbons
have been isolated, of which those of the first series possess normal
structure : —

C.H,, o° e —_—
C,H,, 38° C,H., 30°
C.H,, 71° T4 i 61°
C,H,, 99° Coalyg 91°
C,H,, 128° C,H,, 18°

The members, C,H,, to C;;H,, (boiling at 270°), separated from
the higher fractions have not been obtained perfectly pure.
Petroleum or rock-oil (naphtha), was probably produced by the

* The specific gravities correspond to the temperatures at which the bodies melt (for nonane
and decane at o°).
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dry distillation of coal beds, caused by the earth’s heat, perhaps,
too, by the action of steam upon iron containing combined carbon.
It occurs widely distributed in the upper strata of the earth—in
Italy, Hungary, Gallicia, and in very considerable quantities in
the Crimea and the Caucasus (on the shore of the Caspian). Its
occurrence in Alsace and Hanover is not very extensive. It is
obtained in remarkably large quantities in North America (in Penn-
sylvania and Canada) by boring. In a crude condition, it is a
thick, oily liquid, of brownish color, with greenish lustre. Its
more volatile constituents are lost upon exposure to theair ; it then
thickens and eventually passesinto asphaltum. The greatest differ-
ences prevail in the various kinds of petroleum ; it is only of late
years that their thorough study has been commenced.

American petroleum consists almost exclusively of normal paraf-
fins ; yet minute quantities of some of the benzene hydrocarbons
appear to be present. In a crude form it has a specific gravity
of 0.8-0.92, and distils over from 30-360° and beyond this.
Various products, valuable technically, have been obtained from it
by fractional distillation : Petroleum ether, specific gravity 0.665—
0.67, distilling about 50-60°, consists of pentane and hexane ; petro-
leum benzine, not to be confounded with the benzene of coal tar,
has a specific gravity of o.68-0.72, distils at 70-90°, and is com-
posed of hexane and heptane ; ligroine, boiling from go°~120°, con-
sists principally of heptane and octane ; refined petroleum, called
also kerosene, boils from 150-300° and has a specific gravity of o.78-
0.82. The portions boiling at higher temperatures are applied as
lubricants ; small amounts of vaseline and paraffins (see below) are
obtained from them.

Caucasian petroleum (from Baku) has a higher specific gravity than the
American ; it contains far less of the light volatile constituents, and distils about
150°. Upwards of 10 per cent. benzene hydrocarbons (isomerides of cumene,
C,H,, and cymene C, H, ;) may be extracted by shaking it with concentrated
sulphuric acid. The residue consists almost exclusively of C, H,, hydrocarbons,
which, according to Beilstein, are hydrogen addition products of the benzene
hydrocarbons (like xylene hex-hydride C,H, ,—see this), but, in the opinion
of Markownikoff, they are very peculiarfy constituted hydrocarbons, that he
designates naphthenes (Berichte 16, 1873). From its composition, Gallician
petroleum occupies a position intermediate between the American and that from
Baku (Annalen, 220 188).

Products similar to thos® afforded by American petroleum, are
yielded by the tar resulting from the dry distillation of cannel
coal (in Scotland) and a variety of coal found in Saxony. The
combustible oils obtained from the latter usually bear the names,
photogene and solar oil. Large quantities of solid paraffins are also
present in these tar oils.

By paraffins, we ordinarily understand the high-boiling (beyond
300°) solid hydrocarbons, arising from the distillation of the tar
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obtained from turf, lignite and bituminous shales. They are more
abundant in the petroleum from Baku than in that from America.
Mineral wax, ozokerite (in Gallicia and Roumania) and neftigil
(in Baku), are examples existing in a free solid condition. For
their purification, the crude paraffins are treated with concen-
trated sulphuric acid, to destroy the resinous constituents, and then
re-distilled. Ozokerite that has been directly bleached, without
distillation, bears the name ceresine, and is used as a substitute for
beeswax. Paraffins that liquefy readily and fuse between 30-40°,
are known as vaselines ; they find application as salves.

When pure, the paraffins form a white, translucent, leafy, crys-
talline mass, soluble in ether and hot alcohol. They melt between
45° and 70°, and are essentially a mixture of hydrocarbons boiling
above 300°, but appear to contain also those of the formula,
C.H,,. Chemically, paraffin is extremely stable, and is not
attacked by fuming nitric acid. Substitution products are formed
when chlorine acts upon paraffin in a molten state.

The hydrocarbons C,,H,,, C, H,, and C, H,,, were isolated from a com-
mercial paraffin, melting at §2-54°, by fractional distillation and crystallization.
They have been proved identical withthe normal paraffins prepared artificially
(see p. 51).

Caucasian ozokerite consists mainly of one hydrocarbon (called lekene) melt-
ing at 79°, and having the composition, Cn Han 4 2 or’'Cn Han (Berickte, 16,
1548).

(2) UNSATURATED HYDROCARBONS C, Hj,.
ALKYLENS OR OLEFINES.

C,H, Ethylene C¢H,; Hexylene
C,H, Propylene C,H,, Heptylene
C,H, Bautylene C,H,, Cetene

CyH,, Amylene C:oﬂ:o Melene.

The hydrocarbons of this series contain two hydrogen atoms
less than the first series. In their general structure, two adjacent
carbon atoms are united by two affinity units each—by double
binding (see p. 28):

CH, = CH CH;—CH ==CH
E’thylene 2 al’mpylelu:. 2

Three structural cases are possible for the third member—

(1) CH,—CH,—CH=CH, (2) CH,—CH=CH—CH,

Butylene Isobutylene,

CH
@ cH,=c{ °
\CH,
Pscudobutylenc.
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Five isomerides of the formula C;H,, are possible.* The most
important general methods for the preparation of these hydro-
carbons are : — .

(1) Distil the monohydric alcohols C,H,,;,OH with dehy-
drating agents, e. g. sulphuric acid, chloride of zinc, and phos-
phorus or boron trioxide. These remove one molecule of water.

C,H,0 — H,0 =C,H
Afeobol *7 " Ethylenc.

The secondary and tertiary alcohols decompose with special readiness. The
higher alcohols not volatile without decomposition, suffer the above change when
heat is applied to them; thus cetene, C, ;H,,, is formed on distilling cetyl alcohol,
C,,H,,0.

'When sulphuric acid acts upon the alcohols, acid esters of sulphuric acid (the
so-called acid ethereal salts—see these) appear as intermediate products. When
heated these break up into sulphuric acid and C, H,, hydrocarbons—

0.C,H
{ " *—soH,+CH
NoH e +Eth;len:.
Ethylsulphuric
Acid.

The higher olefines may be obtained from the corresponding

alcohols by distilling the esters they form with the fatty acids.

The products are an olefine and an acid (Berichte 16, 3018) :—
CigHy,0.0. Cp My, =C 0.OH + C,,H

H
é{ecyl. E‘;he.; o i’:lmngtfc Acid Dodecylze:ae.
almitic Acl

(2) The halogen derivatives, readily formed from the alcohols, are
digested with alcoholic sodium or potassium hydrate—

CH, CH,
) + KOH = + KBr 4 H,0.
CH,Br H,
Ethyl bromide Ethylene.

In this reaction also, the haloid (especially the iodides)derivatives corresponding
to the secondary and tertiary alcohols break up very readily. Heating with lead
oxide effects the same result (Berichte 11, 414).

(3) Electrolyse the alkali salt of a dibasic acid (see p. 46)—
CH,—CO,K  CH,
| = g + 2CO, + K,.
CH,—CO,K H,

Potassium
Succinate.

This reaction is perfectly analogous to the formation of the dialkyls
from the monobasic fatty acids (see p. 47).

* The ring-shaped atomic linkings, exemplified in trimethylene C,H, and
tetramethylene C,H, (see p. 28) are not included here. Their properties are
different from those of the alkylens, and they at the same time form a transition to
the closed ring of benzene. For this reason they will be considered after the
fatty bodies.
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(4) The olefines also result, on heating some of the dihalogen
compounds C, H,, X, with sodium—

CH,Cl CH,

| + Na, = 2NaCl + y: .

CH,Cl H,
Ethylene chloride Ethylene.

Synthetically the olefines can be prepared according to methods
similar to those employed with normal hydrocarbons (see p. 44).

Worthy of note is the formation of higher alkylens in the action of lower
members with tertiary alcohols or alkyl-iodides. Thus from tertiary butyl alcohol
and isobutylene, with the assistance of zinc chloride or sulphuric acid, we get
isodibutylene (Annalen 189, 65):

(CH,),C.OH + CH, : C(CIl,), = (CH,) CH : C(CH,), + H,O0.

C.
fsodibutylene.

In an analogous way we obtain tetramethyl ethylene (Bericite 16, 398) on heating
f-isoamylene (see p. 59) with methyl iodide and lead oxide.

(CH,),C: CH . CH, + CH,I = (CH,),C: C(CH,), + HL

In the dry distillation of many complicated carbon compounds,
the olefines are produced along with the normal paraffins, hence
their presence in illuminating gas and in tar oils.

As far as physical properties are concerned the olefines resemble
the normal hydrocarbons; the lower members are gases, the in-
termediate ethereal liquids, while the higher (from C,;H,, up) are
solids. Generally their boiling points are a few degrees higher
than those of the corresponding paraffins.

Being unsaturated, they can unite directly with two univalent
atoms or groups; then the double binding becomes single.
With chlorine, bromine and iodine they combine directly:
CH, CH,Br

T B ={up

of ethylene as olefiant gas, and that of olefines for the entire
series. The liquid olefines react very energetically with bromine ;
on this account they should be cooled and diluted with ether.

]Concentrated sulphuric acid absorbs them, forming ethereal
salts : — :

forming oily liquids ; hence the designation

0.C,H,
C,H, + SOH, = SO’<0H .

Very often the absorption takes place only at high temperatures.

They combine, too, directly with HCI, HBr and especially
readily with HIL.
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They yield so-called chlorhydrins with aqueous hypochlorous
acid : —

CH, CH,CI
EH, + CloH = (IZHzOH.

Nascent hydrogen (zinc and hydrochloric acid, or sodium amal-
gam) converts the olefines into the saturated hydrocarbons :
C.H, + H, = C,H,.

Concentrated hydriodic acid effects the same if aided by heat,
and, especially, when phosphorus is present. The iodide formed
at first 1s reduced by a second molecule of HI: — .

C;H, 4 HI =C,H,TI and
C,H,1 + HI = C;H, + I,.

Polymerisation of Olefines. When acted upon by dilute hydro-
chloric acid, zinc chloride, boron fluoride and other substances,
many olefines sustain, even at ordinary temperatures, a polymeri-
sation, in consequence of the union of several molecules. Thus
there result from isoamylene C;H, : di-isoamylene C,\H,; tri-
isoamylene C,;H,, etc., etc. Butylene and propylene behave in
the same way. Ethylene, on the other hand, is neither condensed
by sulphuric acid nor boron fluoride. The polymerides act like
unsaturated compounds, and are capable of binding two affinities.

The nature of the binding of the carbon atoms in polymerisation is, in all
probability, influenced by the different structure of the alkylens. The manner of

formation and structure of the isodibutylene produced from isobutylene corres-
pond to the formulas —
(4

CH,),C: CH CH, : C(CH,), = (CH,),C.CH : C(CH,),.
( 3)s 2 Mols. le;mylenne ( 3)s ( 3) aodibutylenef 2)s
Tertiary butyl alcohol very probably figures as an intermediate product, and
afterwards unites with a second molecule of isobutylene, and condenses to iso-
dibutylene (compare p. 55).
Although ethylene suffers no alteration, yet its substitution products polymerize
very readily.

Potassium permanganate and chromic acid oxidize the olefines,
causing the molecules to break their double union (Annalen 197,
225), while the two components are further oxidized to acids and
ketones. Thus butylene CH,.CH,. CH : CH, is obtained from
propionic and formic acids; but from tetra-methyl-ethylene
(CH,),.C : C(CHj;), we get 2 molecules of acetone (CH,),CO.

Methylene CH,, the first member of the series Cn Han, does not exist. In
all the reactions in which it might be expected to occur, for instance, when
copper acts on methylene iodide CH, I,, we obtain only polymerides: ethylene
C,H,, propylene C,H,, etc.
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(1) Ethylene C,H, (olefiant gas) forms in the dry distillation
of many organic substances, and hence is present in illuminating
gas (6 per cent.). Itis best prepared by the action of sulphuric
acid upon ethyl alcohol.

A mixture of 1 vol. 8o per cent. alcohol and 6 vols. sulphuric acid is permitted to
stand for awhile, then heated, in a capacious vessel, upon a sand bath. The
foaming may be prevented by the addition of sand. The liberated gas is con-
ducted through a vessel containing potassinm hydrate, to remove CO, and SO,,
and, finally, collected over water (A4nnalen, 192, 244).

Ethylene is a colorless gas, with a peculiar, sweetish odor. Its
sp. gr. equals 14 (H = 1). Water dissolves but slight quantities
of it, while alcohol and ether absorb about 2 volumes. It is lique-
fied at 0°, and a pressure of 45 atmospheres. At ordinary pressure
it boils at —105°, and is suitable for the production of very low
temperatures. It burns with a bright, luminous flame, decomposing
into CH, and C. In chlorine gas the flame is very smoky ; a mix-
ture of ethylene and chlorine burns away slowly when ignited. . It
forms a very explosive mixture with oxygen (3 volumes).

When in alcoholic solution ethylene combines readily with
chlorine, bromine and iodine. Fuming hydriodic acid absorbs
it with formation of C,H,I. Aided by platinum black it will
combine with H, at ordinary temperatures, yielding C,H,. At the
ordinary temperature it combines with sulphuric acid only after
continued shaking; the absorption is, however, rapid and com-
plete at 160-174°. By boiling the resulting ethylsulphuric acid
with water we can get alcohol. Potassium permanganate oxidizes
ethylene to oxalic and formic acids; with chromic acid ethylene
yields aldehyde. *

(2) Propylene C,H, = CH,.CH: CH, is obtained from many
organic substances, ¢. g., amyl alcohol, when their vapors are
conducted through red-hot tubes. Propyl and isopropyl iodide
are converted into it when boiled with alcoholic potash—

C,H,I + KOH = C,H, + KI 4 H,0.

The same-end is achieved by the action of nascent hydrogen
(zinc and hydrochloric acid) or hydriodic acid upon allyl iodide :

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

Preparation.—1. Digest a mixture of 8o gr. isopropyl iodide, 50 gr., 95 per
cent. alcohol, and 50gr. KOH upon a water bath; at 40-50° already a regular
stream of propylene escapes. 2. A solution of allyl iodide in glacial acetic acid,
or, better, one in alcohol, is allowed to drop upon granulated zinc.

Propylene is a gas, liquefiable under great pressure. It combines
directly with the halogens and their hydrides. Concentrated
H,SO, dissolves it with formation of isopropyl sulphuric acid and

4
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polymeric propylenes (C;H,),. It dissolves in concentrated HI,
yielding isopropyl iodide—

CH, — CH = CH, 4 HI = CH, — CHI — CH,,.

Trimethylene C,H,, isomeric with propylene, is obtained from trimethylene
bromide (see p. 74), by aid of sodium. Unlike propylene, it unites with difficulty
with bromine and HI, to trimethylene bromide (to normal propyl iodide). Ttap-
pears to contain a closed carbon chain (see p. 28), and, with its derivatives, is
considered after the fatty bodies.

(3) Butylenes C ,H,.—Theoretically, three isomerides are possible—

CH;.CH,.CH:CH, CH,.CH:CH.CH, (CH,),C: CH,

a-Butylene }?-Butylene Isobutylene.

(1) a-Butylene (normal Butylene) is formed from normal butyl iodide
CH, . CH, . CH, . CH,I, by aid of alcoholic potash; and also from brom-
ethylene and zinc.ethyl : 2CH, : CHBr + (C,H,),Zn = 2CH, : CH . C,H,
+ ZoBr,. In the cold it condenses to a liquid, 2boiling at —5°.  With HI,
it forms secondary butyl iodide, CH; . CH, . CHI . CH,. Its bromide,
C H,Br,, boils at 66°.

(2) f3-Butylene (pseudo-butylene) results from secondary butyl iodide (see
above) and alcoholic potash or mercuric cyanide; also (together with isobuty-
lene) from isobutyl alcohol, in which case there occurs a molecular transposition.
It boils at 4 1° and solidifies on cooling. It yields secondary butyl iodide with
HI4Q Its bromide, C,H,Br, boils at 159°, and is changed by alcoholic potash to
crotonylene CH, . C:C. CH, (p. 63).

(3) Zsobutylene is obtained from isobutyl iodide (CH,),CH . CH,I and ter-
tiary butyl iodide (CH,),CI . CH,, when alcoholic potash acts upon them ;
further, from isobutyl alcohol (CH,), . CH . CH,OH, when heated with zinc
chloride or sulphuric acid. Pseudo-butylene appears at the same time ( Bericite,
13, 2395 and 2404, 16, 2284). It boils at — 6° and dissolve sin sulphuric acid
(diluted one-half with water) forming butyl-sulphuric acid. The latter affords
trimethyl carbinol, when boiled with water. Concentrated HI absorbs isobu-
tylene with formation of tertiary butyl iodide. Its bromide boils at 149°.

When isobutylene is digested with H,S0, and H,O (equal volumes) it becomes
isodibutylene (CH;),C . CH : C(CH,),, boiling at 130° (see p. 56).

(4) Amylenes C,H, ,.—Five isomerides are theoretically possible : —
(1) CH,.CH, ."CH, .CH : CH,. (2 CH,.CH,.CH : CH .CH,.

a-Amylene, normal propyl ethylene ﬁ-AmyIcnc, cthyl methyl ethylene.
CH, N CH, N
(3) CH . CH : CH,. (4) C:CH . CH,.
cH,” : cH,” *
a-lsoamylene, isopropyl ethylene ﬁ-lsoamylene, trimethyl ethylene.
CH,

(s) C: CH,.
C,H,”
r-AmyIcnc, unsym. ethyl methylethylene.

(1) a-Amylene C,H, . CH: CH, (normal amylene, propylethylene) has not
yet been prepared in a pure condition; it appears to be that part of ordinary
amylene (see below) which is insoluble in sulphuric acid, boils about 37° and is
oxidized by a KMnO, solution to butyric and formic acids (4nnalen, 197, 253).
It unites with HI to the iodide C;H, . CHI . CH,, boiling at 144°.
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(2) B-Amyleme C,H, .CH : CH . CH, (sym. ethylmethyl-ethylene) is
produced from the iodide C,H; .CHI. C,H of diethylcarbinol, boiling at
145°. The boiling point of B-amylene is 36°; with HI it yields the same
iodide as @-amylene. Its bromide, C,H, ,Br,, boils at 178°. :

(3) @-fsoamylene, (CH,),CH.CH:CH,, (isopropyl ethylene) is formed together
with y-amylene, from the iodide of the amyl alcohol of fermentation (see this), by
the action of alcoholic potash (Annalen, 190, 351). A mixture of these two
amylenes results, and boils at 23-27°.  On shaking with cold H,SO  (diluted one-
balf with water) the y-variety dissolves, leaving a-isoamylene unaltered (about 60
per cent. of the mixture). Similarly, by action of HI (or HBr) upon the mixture
at —20°, y-amylene is changed to the iodide, while a-amylene is not affected.
Isoamylene boils at 21.1°-21.3°. It does not unite in the cold (below 0°) with
H,SO,, HI, or HBr. At ordinary temperatures it combines gradually with
HI, HBr, and HCI, yielding derivatives of methyl isopropyl carbinol (CH,),.
CH.CHX. CH,.

(4) B-ZIsoamylene (CH,),.C:CH.CH, (trimethyl ethylene), produced from
the iodides of methyl isopropyl carbinol (CH,),CH.CHI.CH,, and dimethyl-
ethyl carbinol (CH,),.C1.CH,.CH,, boils at 36-38°. At ordinary temperatures
it reunites with HI to the iodide (CH,),.CI.CH,.CH,. It combines readily,
in the cold, with sulphuric acid to the sulphuric ether, and the latter, when boiled
with water, affords dimethyl-ethyl carbinol (CH,),.C(OH).CH,.CH .

B-Isoamylene is the chief ingredient of the ordinary amylene
obtained from fermentation amyl alcohol by distillation with zinc
chloride. (See Annalen, x9o, 332.) The product, boiling about
25—40°, is a mixture of j§-isoamylene (50 per cent.) with pentane
(boiling about 29°) and probably contains, in addition, y-amylene
and also a-amylene. On shaking crude amylene in the cold
(—20°) with sulphuric acid, diluted with 14-1 vol. of H,O, the
B-isoamylene dissolves (also any y-amylene that may be present) to
amyl-sulphate, which affords dimethyl-ethyl carbinol, (CH,),.
C(OH).CH,.CH,. The chief constituents of the undissolved oil
are pentane and a-amylene, which are oxidized by KMnO, to
butyric and formic acids (p. 58). On shaking ordinary crude
amylene with H,SO, (diluted with 14 vol. water), without cooling,
polymeric amylenes are produced: diamylene, C,,H,, boiling at
156°, triamylene, C;;H,, boiling at 240-250°, and tetramylene,
boiling about 360°. All these are oily liquids, which combine with
bromine.

CH,
(5) y-Amylene, c >C:CH,, (unsym. methyl-ethyl ethylene) is contained
H

(40 per cent.) in crude 5amylene, obtained from the iodide of fermentation amyl
alcohol (see above 3), hence, very probably also present in ordinary amylene. It

very likely comes from the active alcohol, ’>CH.CH3.OH, present in the
fermentation alcohol, although itself not active. 1t cannot be isolated because of its

very ready union with H,SO, and HI, even in the cold. Both the sulphuric acid
ether from it and the iodide yield tertiary amyl alcohol. The iodide of active amyl
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alcohol furnishes an amylene boiling at 31° (Le Bel). This is probably pure
" CH,

>ccx CH,, with HCl. This boils at
C,H,
87°, and decomposes with alcoholic polash into f-isoamylene.

y-amylene. It gives the chloride,

Various higher olefines have been prepared from the correspond-
ing alcohols. The highest can be made by the distillation of the
esters derived from the alcohols and the higher fatty acids (p. 54).
In this way the following olefines of normal structure have been
prepared :

Melting Point. B. P. at 15 mm. Sp. Gr.
Dodecylene................ —31.5° 96° 07954
Tetradecylene —I12° 127° 0.7936
Hexadecylene e +4° 154° 0.7917
Octodecylene............. - +18° 179° 0.7910

Hexadecylene, C,4Hy,, is sometimes called cefene ; it was first ob-
tained from cetyl alcohol, and at ordinary temperatures boils about
274°. Cerotene, from Chinese wax, melts at 58°, while melene,
CyHg, from ordinary wax, melts at 62°.

(3) HYDROCARBONS Cp Hzq —3.
ACETYLENE SERIES.
C,H, Acetylene Cy,H, Valerylene

C,H, Allylene CgH,, Hexoylene.
C,H, Crotonylene

The above hydrocarbons, differing from the normal C,H,, 4, by
four atoms of hydrogen, may be based upon two structurally differ-
ent but possible formulas. In one case we assume a triple union of
two neighboring carbon atoms—

CH=CH CH,—C=CH
®Acetylene Allylene.

while in the second a double union occurs twice—

CH, =C=CH, CH, = CH—CH, —CH,—CH = CH,.
lsomcrlc Allylene Dmllyl

This structural difference is abundantly manifest in the varying
chemical behavior, since only members of the first class (having
the group =CH) that can be regarded as true acetylenes, possess the
power of entering into combination with copper and silver, afford-
ing derivatives in which the H of the group =CH is replaced by
metals (see p. 61).

The hydrocarbons of this series are produced according to the
same methods as those of the ethylene series. They are formed on
heating the haloids C,H,,_, X (corresponding to the alcohols of
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the allyl seriesj and C,H, X, with alcoholic potash ; in the latter
case the reaction proceeds in two phases—

CH,Br CHBr
| + KOH = g + KBr 4+ H,O
CH,Br H,

and CHBr

CH
g + KOH = , + KBr + H,0.
H, H

Regarding the regularity of exit of the halogen-hydride in higher
homologues compare Berichte 10, 2058.
They also arise in the electrolysis of unsaturated dibasic acids
(compare p. 54).
CH.CO,H CH

= + 2CO H,.
ducon = & ++
Fumaric Kcid Acetylene.

As unsaturated compounds of second degree, the hydrocarbons
C.H,, ., are capable of adding to themselves four affinity units.
Hence they unite with one and two molecules of the halogens and
their hydrides. Thus acetylene forms C,H,Br, and C,H,Br,. They
are absorbed by concentrated sulphuric acid with formation of
sulphuric ethers and condensation occurs at the same time. Nascent
hydrogen converts them into the hydrocarbons C,H,, and

-Hn + 2

In the presence of HgBr,; and other salts of mercury, the acetylenes can unite
with water. In this way we get from acetylene, aldehy(ie C,H,O, from allylene
C,H,, acetone C;H,O, from valerylene C,H,, a ketone C;H, O (Berichte 14,
1542 and 17, 28). ‘Very often moderately dilute sulphuric acid will act in the
same way (see Allylene).

A characteristic of the true acetylenes is their power to yield
solid crystalline compounds by the action of ammoniacal solutions
of silver and copper salts. Hydrochloric acid will again liberate
the acetylenes from these salts. A very convenient method for
separating the acetylenes from other gases and for preparing them
pure, is based on this fact.

Like the alkylens (&) 56) the acetylenes condense, and in this manner we
very frequently obtain bodies that belong to the benzene series. At a red heat
benzene C,H, is obtained from acetylene C,H, ; mesitylene CoH,, (trimethyl-
benzene C,H, (CH,),) from allylene C;H by the action of sulphuric acid, and
hexamethyl benzene C,,H,, (see p. 63) from crotonylene C H,.

Acetylene C,H, is formed when many carbon compounds, like
alcohol, ether, marsh gas, methylene, etc., are exposed to intense
heat (their vapors conducted through tubes heated to redness).
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Hence it is present in illuminating gas, to which it imparts a
peculiar odor. Its direct synthesis from carbon and hydrogen is
described on p. 45 ; acetylene results, too, in the decomposition of
calcium carbide by water. Its formation in the electrolysis of the
alkali salts of fumaric and maleic acids is significant :
C;H,(CO,H,;); = C,H, + 2C0, + H,.
It is produced when silver, copper or zinc dust acts upon iodoform.
Preparation.—1. Ethylene bromide C,H,Br, is heated with two parts of
KOH and strong alcohol, in a flask provided with an upright condenser. The
escaping gasis conducted through an ammoniacal silver solution, the precipitate
washed with water and decomposed by hydrochloric acid (Annalen 191, 368).

2. Let the flame of a Bunsen burner strike back, ¢. ¢., burn within the tube, and
then aspirate the gases through a silver solution (Berthelot's apparatus).

Acetylene is a gas of peculiar, penetrating odor, and may be
liquefied at + 1° and under a pressure of 48 atmospheres. It is
slightly soluble in water ; more readily in alcohol and ether. It
burns with a very smoky flame. The color of the copper compound
C,HCu.CuOH is red, while that of the silver C,HAg. AgOH is
white; their composition is not definitely established. When heated,
both explode very violently. When acetylene is conducted through
ammoniacal silver chloride, a white, curdy precipitate C,HAg.
AgCl is thrown out of solution. Sodium heated in acetylene gas
((l:isl%ngages hydrogen, and we obtain the compounds C,HNa and

2INaq.

Nascent hydrogen (zinc and ammonia) converts acetylene into
C;H, and C,H,; and when hydrogen and acetylene are passed over
platinum black C,H, is formed.

Acetylene reacts very energetically with chlorine gas. It forms a crystalline
compound with SbCl,, but heat changes this to dichlor-ethylene CHCl: CHCI
and SbCl,. With bromine it forms C,H,Br, and C,H,Br,. If the first of
these is digested with alcoholic potash, it is altered to monobrom-acetylene
C,HBr, a gas, inflaming in contact with air. An explosive gas, monochlor-
acetylene C,HC], is obtained from dichloracrylic acid. .

Allylene, C,H, = CH,—C=CH. We get this by the action of
alcoholic potash upon monochlor-propylene CH,.CCl:CH,, and by
heating dichloracetone chloride CH,.CCl,.CHCI, with sodium ;
further, in the electrolysis of the alkali salts of mesaconic and citra-
conic acids. It is very similar toacetylene. Its copper compound
is siskin green in color; the silver derivative C;H;Ag is white.
Allylene forms the compound (C;H;),Hg with mercuric oxide.
This crystallizes from alcohol in brilliant needles ; acids decompose
it into allylene and a mercury salt. With bromine we get the liquid
bromides C;H,Br, and C,H,Br,; and with two molecules of the
halogen hydrides the compounds CH,.CX,.CH,.

Allylene is soluble in concentrated sulphuric acid; a large
quantity of acetone is produced by diluting this solution with
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-water ; but on distilling it the allylene condenses to mesitylene:
3C,H, = C,H,, a benzene derivative. In the presence of mercury
salts, allylene combines with water to form acetone (see p. 61).

Isomeric Allylene, CH,:C:CH,. This does not unite with copper andsilver.
It is produced by the electrolysis of potassium itaconate ; by the action of sodium
upon dichlor-propylene C;H,Cl, (from dichlorhydrin, see glycerol) and prob-
ably too from allyl iodide. ‘With bromine it forms a tetrabromide CyH, Br,
crystallizing in leaflets and melting at 195°.

Crotonylene, C,H,, Valerylene C;H,, Hexoylene C;H, ,, or Butine, Pentine,
Hexine, etc., are the higher members of the series C, H,pn — 5.

Crotonylene, CH,.C: C.CH,—dimethyl acetylene, is a strong smelling liquid
obtained from the bromide of pseudo-butylene CH,.CH:CH.CH,, by the action
of alcoholic potash. Its boiling point is 18°. When it is shaken with sulphuric
acid (diluted !{ with water), it is converted into solid hexamethyl benzene
C, (CH,),, melting at 164 :—

3CH, =C,,;H,, =C4(CH,),.

Diallyl, CH,:CH.CH,.CH,.CH:CH,, is produced when sodium or silver acts
upon allyl iodide (see p. 71), and by distilling allyl mercury iodide C,H  Hgl,
with potassium cyanide. It boils at 59° and forms a crystalline tetrabromide C,H,
Br,, melting at 63°. As it does not contain the group =CH, it forms no metal
derivatives.

(4) HYDROCARBONS C,H,n .

Various bodies of this series have been obtained from the tar oil (from cannel
coal) boiling as high as 300°. Inall probability they result from the polymeriza-
tion of the hydrocarbons C, H,u _ ,, contained in the coal tar, through the agency
of sulphuric acid.

The lowest member of this series would be vinyl acetylene C,H,=CH,:CH.C

:CH. It has not been isolated. Its homologue is

Valylene, C;H,, with the structure CH,.CH:CH.C: CH or CH,:C(CH,).
- C:CH. Thisis obtained from valerylene dibromide C;H,Br, by the action of
alcoholic potassium hydroxide. It boils at §0°, and has an alliaceous odor. It
forms precipitates with ammoniacal co, ger and silver solutions, and yields the
hexabromide C,H (Br,, with 6 atoms of bromine.

The terpenes C, ,H, ,, which are hydrogen addition products of benzene com-
pounds, are homollogues of these hydrocarbons.

(5) HYDROCARBONS C,H,q_,.
The only hydrocarbon of the fatty series belonging here is—

Dipropargyl, CCH, =CH:C.CH,.CH,.C:CH. This is isomeric with ben-
zene, but its properties are entirely different. On warming solid crystalline diallyl-
tetrabromide C,H, ,Br, (see above) with KOH, there is formed dibrom-diallyl
C,H Br, (together with ‘a little dipropargyl), a liquid boiling at 205-210°. On
treating the latter compound with alcoholic potash we obtain dipropargyl C,H,.
This is a very mobile liquid, of penetrating odor, and boiling at 85°; its specil'{c
gravity at 18° equals 0.81.

The compound C;H,Cu, 4 2H,0, which it forms with ammoniacal copper
solutions is siskin yellow in color; that with silver C;H Ag, + 2H,0 is white,
but blackens on exposure to the air. Acids again liberate dipropargyl from
these.

If dipropargyl be allowed to stand, or if heat be applied to it, it polymerizes
and becomes thick and resinous. It unites energetically with bromine to C,H ¢
Br, and C,HBr, ; the latter melts at 140°.
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HALOGEN DERIVATIVES OF THE HYDROCARBONS."

The so-called halogen substitution products result from the re-
placement of hydrogen in the hydrocarbons by the halogens. In
general character they resemble the compounds from which they
have their origin. The following are the most important methods
for their preparation—

(1) By direct action of the halogens upon the hydrocarbons,
when one or all the hydrogen atoms will suffer replacement, the
hydrides of the halogens forming at the same time :—

CaHp +xCl, =Co Hg — y Cl 4+ x HCL

The action of chlorine is accelerated, and very often also dependent upon
direct sunlight or the presence of small quantities of jodine. It is the ICl,,
which arites in the latter case, that facilitates the reaction. SbCl, also plays the
role of a chlorine carrier, since upon heating it yields SbCl, and 2Cl.  The
same may be remarked of MoCl,. When the chlorination is very energetic a
rupture of the carbon linking takes place (Berichte, 8, 1296. 10, 801). Heat
hastens the action of bromine. Usually iodine does not replace well, inasmuch
as the final iodine products sustain reduction through the hydriodic acid formed
simultaneously with them :—

C,H, 14+ HI=C,H, +1,.

In the presence of substances (like HIO, and HgO) capable of uniting or
decomposing HI, iodine frequently effects substitution :—

sC;H, + 21, +10,H =5C,H,I 4 3H,0,
2C,H +zl,+HgO =2C,H,I + H, 0+HgI

In direct substitution a mixture of mono- and poly.substitution products generally
results, and these are separated by fractional distillation or crystallization.

(2) By adding halogens to the unsaturated hydrocarbons :—
CH CH, Cl

3
a,=
Ly, T8 J:H,Cl.

3

At ordinary temperatures, chlorine and bromine react very vio-
lently ; in the absence of light the action is more regular, and when
it is present, substitution products also arise. Iodine (in alcoholic
solution) generally enters combination only upon application of
heat.

(3) By adding halogen hydrides to the unsaturated hydrocarbons.
In concentrated aqueous solution, HI reacts very readily : —

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

Here again we observe the common rule that the halogen atom almost
invariably attaches itself to the least hydrogenized carbon atom (Annalen, 179,
296 and 325).

(4) Byreplacing the hydroxyl groups of the alcohols Cn Han +; OH
by halogens. This is the most convenient method of preparing the
mono-halogen products, as the alcohols are very readily obtained.
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The transposition is brought about by heating the alcohol pre-
viously saturated with the halogen hydride : —
C,H,.OH + H Br = C,H,Br 4 H,0.

This rearrangement between the two reacting compounds is, how-
ever, not complete. It depends very much on the mass of the
substances reacting, and upon the temperature (compare esters of
mineral and fatty acids). The alteration is most speedy with HI ;
however, transpositions sometimes occur in this case, in the hlgher
alcohols.  See p. 67.

The change is most complete when effected by the halogen pro-
ducts of phosphorus : —

C,H,.0H + PCl, H,Cl -+ PCl,0 + HC,
3C3H,.0H 4 PCI,0 — 3<’: H, a+ PO(OH),,
3CH .OH + PCl, ._3CH + PO

Even here the reaction is not perfect. Phosphoric and phos-
phorous acids are formed, and these convert a portion of the alcohol
into ethereal salts, which constitute the residue after distilling off
the halogen derivatives.

(5) By the action of PCl; and PBry upon the aldehydes and
ketones, when an atom of oxygen is replaced by two halogen
atoms :—

CH,CHO + PCl, = CH,.CHCl, + PCl,0,
d’ehyde
P /co + Pal, =G >cc1 +PCl1,0.

Kewne

The halogen derivatives prepared according to these methods
are partly identical, as will be seen further on, and partly isomeric.
They are generally colorless, ethereal smelling liquids, insoluble
in water. The iodides redden in sunlight, iodine separating. The
chlorides and bromides burn with a green-edged flame.

Nascent hydrogen (zinc and hydrochloric acid or glacial acetic
acid, sodiut amalgam and water) can reconvert all the halogen
denvatxves, by successive removal of the halogen atoms, into the
corresponding hydrocarbons :

CHCl, + 3H, = CH, + 3HCL

When the mono-halogen compounds are heated with moist silver
oxide, the corresponding alcohols are produced : —
C,H,I + AgOH = C,H,.OH + Agl.
Alcoholic sodium and potassium hydrates occasion the splitting
off of a halogen hydride, and the production of unsaturated com-
pounds: (pp. 54 and 61) :—

CH,.CH,.CH,Br + KOH = CH,.CH:CH, + KBr + H,0.
Pmpyl hmml e ‘Propylene

4*
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In this reaction the halogen attracts to itself the hydrogen of the least hydro-
genized adjacent carbon atom (compare p. 64). Such a splitting sometimes
occurs on application of heat, and it appears that the primary alkylogens are
more easily decomposed than the secondary and tertiary (see p. 67).

(1) HALOGEN COMPOUNDS—CyHan + 1 X.
ALKYLOGENS,

Because of their formation from the alcohols by the action of the
halogen hydrides, the alkylogens are called kaloid esters. They are
perfectly analogous to the true esters produced by the action of
alcohols and oxygen acids.

Monochlormethane, CH;Cl, Methyl chloride, is obtained
from methane or methyl alcohol. At ordinary temperatures it is a
gas, that may be condensed to a liquid (by a freezing mixture of
ice and calcium chloride). It boilsat —22°. Alcohol will dissolve
35 volumes of it, and water 4 volumes.

It is prepared by heating a mixture of 1 part methyl alcohol (wood spirit), 2
parts sodium chloride, and 3 parts sulphuric acid. A better plan is to conduct
HCl into boiling methyl alcohol in the presence of zinc chloride (34 part). The
disengaged gas is washed with KOH, and dried by means of sulphuric acid. The
commercial methyl chloride occurring in compressed condition and finding appli-
cation in the manufacture of the aniline dyes and the production of cold is
obtained by heating trimethylamine hydrochloride N(CH,),.HCI.

Monochlorethane, C,H;Cl, Ethyl chloride, is an ethereal
liquid, boiling at 12.5°; specific gravity at o° = o0.921. It is
miscible with alcohol, but is slightly soluble in water. :

Preparation—Heat a mixture of 1 part ethyl alcohol, 2 parts H,SO,, and 2
parts NaCl. The gas is washed by passing through warm water and condensed in
a strongly cooled receiver. Or HCl may be passed into 95 per cent. alcohol con-
taining }4 part ZnCl,. Heat should be applied.

If heated with water to 100° (in a sealed tube), it changes to
ethyl alcohol. The conversion is more rapid with potassium
hydroxide. In dispersed sunlight, chlorine acts upon it to form
ethylidene chloride CH,.CHCI, and substitution products. Of
these C,HCI, was formerly employed as .&£ther anestheticus.

Monochlorpropane, C,H,Cl. Two isomerides are possible :—

Normal propyl chloride, CH; CH,.CH,.Cl, derived from normal
propyl alcohol, boils at 46.5°. Its specific gravity is 0.8898 at o°.

Isopropyl chloride, CH,.CHCI.CH,, obtained from the corres-
ponding alcohol, and by the union of propylene with HCI, boils at
37°; its specific gravity is 0.874 at 10°.

Monochlor - Butanes, C,H,Cl, Butyl chlorides. Four isomerides are

ssible : two of these arise from the normal and twn from the tertiary butane
?:;e P- 49). These (and also their homologues), will be mentioned under the
corresponding alcohols.
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For the preparation of the bromides from alcohols, the already
made PBr, (or PCL;Br) (see p. 65) is not essential. Amorphous
phosphorus is taken, alcohol poured over it, and while carefully
cooling, bromine is gradually added. The mixture is subsequently

distilled : —
3C,H,.OH + P + 3Br = 3C,HBr 4 PO, H,.

The distillate is washed with H,O and dilute KOH, dried over
CaCl,, and then fractionated. The bromides boil from 22-24°
higher than their corresponding chlorides. '

The bromides may be obtained from the chlorides, by heating
with aluminium bromide (Berickte, 14, 1709) :—

3C,H,Cl + AlBr, = 3C,H,Br + AIC,.

Conversely, the bromides are changed to chlorides through the
agency of HgCl,.

Methyl Bromide, CH,Br—Monobrommethane—boils at -+
4.5°; its specific gravity is 1.73 at o°.

Ethyl Bromide, C,H,Br, boils at 39°; its specific gravity is
1.47 at 13°. Ethylidene Bromide, CH,CHBr,, and ethylene
bromide, CH,Br.CH,Br, are obtained from it by the action of
bromine.

Propyl Bromide, C;H;Br, from the normal alcohol, boils at
71°; its specific gravity is 1.3520 at 20°.

Isopropyl Bromide, C;H;Br, from its corresponding alcohol,
boils at 60-63° ; its specific gravity is 1.3097 at 20°. It is most
conveniently obtained by the action of bromine upon isopropyl
iodide (Berichte 15, 1904).

Upon boiling with aluminium bromide or by heating to 250°, normal propyl
bromide passes over into the isopropyl bromide (not completely, however,
Berichte 16,391.). Such a transposition, due to displacement of the atoms in the
molecule, occurs rather frequently, and is termed molecular transposition. In
many instances it may be explained by the formation of intermediate products.
Thus, it may be assumed that the normal propyl bromide at first breaks up into
propylene CH,.CH:CH, and HBr (sec p. 65) which then, according to a com-
mon rule of addition, (p. 64) unites with the propylene to isopropyl bromide,
CH,.CHBr.CH,. Similarly, isobutyl bromide (CH,),.CH.CH,.Br changes at
240° to tertiary butyl bromide (CH,),.CBr.CH;. The transpositions occurring
on heating the halogen hydrides with the alcohols may be explained in the same
manner.

The iodides are obtained just like the bromides, that is, by heat-
ing a mixture of the alcohols, phosphorus (yellow or amorphous)
and iodine. Concentrated HI converts the alcohols into iodides : —

C,H,.OH + HI = C,H,I + H,0

Excess of HI, however, again reduces them. (Compare p. 64).
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The polyatomic alcohols (containing several hydroxyl groups) also yield mono-

iodides :—
C,H, 501—!3, + 3HI=C,H,I 4+ I,+2H,0
C H, (OH), + sHI =C,H,I +4 21, 4 3H,0
CH (OH)‘+ JHI =C,H,I + 31, 4+ 4H,0
C Hs (OH)g + 11HI =C H,,I + s5I; 4+ 6H,0.

The mechanism of the reaction will be more carefully studied when we reach
allyl and isopropyl iodides.

Many iodides can be obtained from the chlorides by heating
with All, or Cal, (Berichte 16, 392) :—

3C,H,Cl + All, = 3C,;H,I + AICl,.

In some cases HI accomplishes the same. Conversely the
iodides can be changed to chlorides by heating with mercuric or
stannic chlorides : —

2C,H,I + HgCl, = 2C,H,Cl + Hgl,.
Free chlorine and bromine can also replace iodine directly : —
C,H,I + Cl, = C,H,Cl + ICL

On exposure to the air the iodides soon become discolored by
deposition of iodine. The iodides of the secondary and tertiary
alcohols are easily converted by heat into alkylens C, H,, and HL
Their boiling points are about 33° higher than those of the corres-
ponding bromides.

Methyl Iodide, CH,l, is a heavy, sweet-smel]mg liquid, boil-
ing at 45°, and has a sp. gr.—2.19 at o°. In the cold it unites
with H,O to form a crystalline hydrate CH,I + H,0.

Ethyl Iodide, C,H,I, is a colorless, strongly refracting liquid,
boiling at 72° and having a sp. gr. of 1.975 at o°.

Preparation.—Pour 5§ r:ms (90 per cent.) alcohol over 1 part amorphous
phosphorus, then gradually add 10 parts iodine and distil. The distillate is
poured back on the residue and redistilled. It is advisable to previously dissolve

the iodine in alcohol or ethyl iodide, and add this to the alcohol containing
phosphorus. In this case yellow phosphorus may be employed.

Propyl! Iodide, C;H,I, boils at 102°, and has a specific gravity
of 1.7427 at 20°.

Isopropyl Iodide, C,H;I, is formed from isopropyl alcohol,
propylene glycol C,HG(OH),, or from propylene, and is most con-
veniently prepared by distilling a mixture of glycerol, amorphous
phosphorus and iodine :

C,H, (OH), + sHI = C,H,I + 2I, + 3H,0.

Here we have allyl iodide produced first (see p. 71), and this is
further changed to propylene and isopropyl iodide :—
CH, =CH—CH,I + HI=CH, =CH — CH, + I,.

Allyl iodide Propylene
and

CH,:CH—CH + HI = CH, — CHI — CH,.
Propylene lsopropyl iodide.



HALOGEN DERIVATIVES, 69

Preparation.—300 gr. iodine and 200 gr. glycerol (diluted with an equal -
volume of H,O) are placed in a tubulated retort, and 55 gr. of yellow phosphorus
added gradually. The portion passing over first is returned and redistilled. To
remove admixed allyl iodide from the isopropyl iodide, conduct it into HI and let
stand. (Annalen, 138, 364.)

Isopropyl iodide boils at 89.9°, and has a specific gravity of
1.7033 at. 20°,

The higher alkyl iodides are mentioned under the corresponding
alcohols.

HALOGEN DERIVATIVES—CiHzn — X and CoHan —2Xa.

As a general thing, the halogen substitution products of the un-
saturated hydrocarbons cannot be prepared by direct action of the
halogens, since addition products are apt to result (p. 55). They
are produced, however, by the moderated action of alcoholic potash
or Ag,0 upon the substituted hydrocarbons C,H,,X,. This re-
action occurs very readily if we employ the addition products of
the olefines :—

C,H,Cl, 4 KOH = C,H,Cl 4 KCl 4 H,0.
Ezthyfene Monochlor-
chloride ethylene.

If the alcoholic potash acts very energetically the hydrocarbons
of the acetylene series are formed (p. 60). Being unsaturated com-
pounds they unite directly with the halogens, and also the hydrides
of the latter : —

CH,Br

CH,
dypt P = LHB:,.

Monochlorethylene, C,H,Cl = CH,:CHCI, or Vinyl chloride éthe group
CH ,:CH is called Vinyl), derived from ethylene chloride, CH,Cl. CH,Cl, and
(although with greater difficulty) from ethylidene chloride, CH;.CHCl,, is a gas
with garlic-like smell, liquefying at —18° and polymerizing in the sunlight.

Monobromethylene, C,H,Br, Vinyl bromide, is obtained by boiling ethy-
lene bromide with aqueous potassium hydrate. It possesses an odor similar to
that of the chloride, boils at 16°, and has a specific gravity of 1.52. Under cer-
tain conditions, in sunlight, for example, it is converted into a solid polymeric
modification. It dissolves readily in concentrated sulphuric acid, and if the
solution be boiled with water croton aldehyde results (from acetaldehyde that is
formed previously). Vinyl bromide does not react with CNAg or CNK, and,
indeed, does not appear capable of double decompositions. (Berickte, 14, 1532.)

Ethylene Mono-iodide, C,H,I, Vinyl iodide, is obtained from ethylene and
cthylidene iodides, by the aid of alcoholic potash, and boils at §5°; its specific
gravity is 1.98,

Ethylene Dichlorides and Dibromides :—
CH, =Cdl, CHCl=CHCl
Ethylene a-dichloride Ethylene 3-dibromide.
Ethylene a-Dichloride (unsymmetrical), is formed from ethylene chloride,
CH,Cl. CHCl,, by the action of alcoholic potash, and boils at 37°. Ethylene
B-dichloride (symmetrical) is formed by the union of acetylene, C,H,, with
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SbCl,. It boils at 55°. Ethylene a-Dibromide, from bromethylene bromide,
CH,Br.CHBr,, boils at 91°. Ethylene S-dibromide, formed from acetylene
by addition of Br,, and from acetylene tetrabromide, C,H,Br, through the
agency of zinc, boils at 110°. Ethylene a-dibromide, with benzene and AICl,,
yields ethylene diphenyl, CH,:C(C,H,),; but from ethylene f-dibromide
dibenzyl is obtained, C,H,.CH,.CH,.C,H,. (Berickte, 16, 622.)

The unsymmetrical pro&ucts are inclined to polymerize. This is not the case
with the symmetrical (Berichte, 12, 2076). The ethylene mono-haloids polymerize
similarly, but ethylene itself does not change, It appears, too, that the power of
direct union with oxygen, affording the chloranhydrides of substituted acetic
acids, is only possessed by the unsymmetrical substitution products (Berichte, 13,
1980, 16, 2918).

Three different mono-halogen products are derived from propylene : —

(1) CH, —CH=CHX (2) CH;—CX=CH, (3)CH,X —CH=CH,.
@-Derivatives B-Derivatives y-Derivatives.

(1) The a derivatives are obtained from the propylidene compounds, CH,.
CH,.CHX, (from propyl aldehyde), when the latter are heated with alcoholic
potassium hydrate, while from the addition products of propylene, CH,.CHBr.
CH,.Br, we obtain the S-derivatives at the same time. Propylene a@-chloride
boils at 35°, a-Brompropylene boils at 59-60°; its specific gravity at 19°is 1.428.

(2) The S-derivatives, CH,.CX:CH,, are prepared in pure condition from the
halogen compounds derived from acetone. Propylene S-chloride boils at 23°%
its Zp. gr. at g° is 0.918. Propylene S-bromide boils at 48°; its sp. gr. at 19° is
1.364.

Continued heating with alcoholic potash causes both a- and B-varieties
to pass into allylene. Propylene SB-bromide combines in the cold with HBr
to form acetal bromide, CH,.CBr,.CH,, while the alpha variety only unites
with it at 100°, and then yields a mixture of propylene and propylidene
bromide (p. 73). Sulphuric acid and water, aided by heat, convert the 8-chloride
into acetone, CH,.CO.CH,. The a-products especially appear to react with far
more difficulty (like ethylene monochloride) than the f-varieties (compare the
chlorides of styrolene). '

(3) The p-derivatives of propylene CH,X — CH = CH, are
designated A//y/ haloids, because they correspond to allyl alcohol,
CH,;:CH.CH,0H. The so-called allyl group (CH,:CH.CH,),
occurs in some vegetable substances (mustard oil, oil of garlic).
Heated with alcoholic potash the allyl haloids yield allyl ethyl
ether, C;H;.0.C,H;. That which chiefly distinguishes them from
the a- and B-products is their capability of readily undergoing
transpositions.

Allyl chloride, C,;HCl, is formed by the action of PCl, or HCI upon allyl
alcohol, or by the transposition taking place between allyl iodide and HgCl
(p- 68). It is a liquid with an odor resembling that of leeks ; boils at 46°, an
has a specific gravity of 0.9379 at 20°. If heated to 100° with concentrated
hydrochloric acid it affords propylene chloride, CH,.CHCI.CH ;Cl (Trimethylene
chloride, CH,C1.CH,.CH,Cl, is not produced).
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Allyl Bromide, C,H,Br, boils at 70-71°; its specific gravity at o° equals
1.461. Upon warming to 100°C. it combines with concentrated HBr to form
CH,Br.CH,.CH,Br (see p. 74).

Allyl Iodide, C,H,I, is obtained from allyl alcohol, or better,
from glycerol, by the action of HI or iodine and phosphorus (com-
pare p. 68) :—

CH,O0H CH,
| il

CIH.OH 4 3HI = CH 4 3H,0 +1,.
CH,.OH CH,I

We may suppose that at first CH,I.CHI.CH,I forms and is sub-
sequently decomposed into CH,:CH.CH,I and I, With excess of
HI or phosphorus iodide, allyl iodide is further converted into
propylene and isopropyl iodide (p. 68).

Preparation.—150° parts of concentrated glycerol and 100 parts pulverized
iodine are introduced into a tubulated retort, and 6o parts of yellow phosphorus
gradually added to the mixture. When the first action has passed away, the
allyl iodide is distilled off and the distillate washed with dilute potassium hydrate.
When larger quantities are employed explosions sometimes occur ; these may be
obviated if the operation be carried out in a stream of CO,; gas. (Compare
Annalen 185, 191.)

Allyl iodide is a colorless liquid, with a leek-like odor, boil-
ing at 101°.  Its specific gravity equals 1.789 at 16°. By continued
shaking of allyl iodide (in alcoholic solution) with mercury,C,H HgI
scparates in colorless leaflets (see mercury ethyl). Iodine liberates
pure allyl iodide from this : — :

C,H, Hgl + I, = C,H,I 4 Hgl,.

DIHALOGEN COMPOUNDS CpHznXa.

These derivatives of the paraffins arise by direct substitution,
by the addition of halogens to the alkylens C, H.n, and the halogen
hydrides to the substituted alkylens C, H.n—,X; and by the action
of the phosphorus haloids upon the aldehydes and ketones (p. 65).
The products thus obtained are of like composition, and are partly
identical, partly isomeric. The direct addition products Co H.nX,
have the halogen atoms attached to two adjacent carbon atoms (see
P- 55)- In the compounds resulting from the replacement of the
oxygen of aldehydes and ketones, both halogen atoms are in union
with the same carbon atom :—

cH CH CH CH
! NCo yields | Ncdl,.

3
yields
(!HO (!HCI, CH,’ cH,”
Aldehyde Acetone,
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Heated with alcoholic potash, the addition products pass into the
compounds Cp Han—: X and C, H,,—. (page 60). The alkylens
result when the dihalogen compounds are heated with sodium :—

CH,Cl CH,
é + Na, = |  + 2NaClL
H,Cl CH,
Those derivatives, in which the halogens are attached to different
carbon atoms, are capable of forming glycols :—

CH,Cl CH,OH
(! yields é
H,Cl H,OH.

Methylenie Chloride, Dichlormethane, CH,Cl,, is produced in the chlorina-
tion of CH,Cl, by the action of Cl upon CH,I, or &H,I, and by the reduction
of chloroform by means of zinc and ammonia. It is a colorless liquid, boiling at
41°, and having a specific gravity of 1.36 at o°.

Methylene Bromide, CH,Br,, results on heating CH,Br with bromine
stogether with CHBr,) and also by the action of bromine upon methylene iodide.

t boils at 81° (98.5°) and has a specific gravity of 2.493 at0°.

Methylene Iodide, CH, I, is produced in the action of sodium alcoholate upon

iodoform, CHI,, and is best prepared by heating CHCl, or CHI, with fuming

HI to 130°:—
CHCl, 4- 4HI = CH,I, + I, 4 3HCL

Colorless, shining leaflets, fusing at -+ 4° (specific gravity 3.34), and boiling
about 182° with partial decomposition.

The empirical formula C,H X, has two possible structures :—

CH,X CH,
and |
H,X CHX,
Ethylene Ethylidene
compounds compounds.

The first originate from ethylene, the second from aldehyde
CH,.COH (p. 71). The former yield acetylene with alcoholic

<Lally
potash, the latter acetal, CH,.CH/ ; the former yield gly-
col, the latter do not. \O.CzH,

Ethylene chloride, C,H,Cl,, is obtained by the direct union of
equal volumes of ethylene and chlorine gas, or by conducting ethy-
lene through warm SbCl,. It is a colorless, pleasant-smelling
liquid, of specific gravity 1.2521 at 20°, and boils at 84°.

Ethylidene Chloride, CH,.CHCI,, is produced by the chlori-
nation of ethyl chloride (both ‘gases are conducted over animal
charcoal heated to about 300°) and from aldehyde (better paralde-
hyde) by the action of PCl,. On a large scale it appears as a by-
product in the preparation of chloral. It is a liquid, smelling like
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chloroform, with a specific gravity of 1.1743 at 20°, boils at 57.7°,
and is employed as an anzsthetic. By further chlorination it
yields CH,.CCl, together with a little CH,Cl.CHCl,. When AICI,
Is present, the latter is the only product.

Ethylene Bromide, C,H,Br,, is formed by saturating bromine
with ethylene gas (Armalcn, Joz, 244), and is an oily, pleasant-
smellmg liquid, boiling at 131°; its specific gravity is 2 178 at 20°,
At o° it solidifies to a crystalline mass, fusing at 4 g

Ethylidene Bromide, C,H ,Br,=—=CH,.CHBr,, formed together
with ethylene bromide by 'the bromination of C .HsBr (in presence
of AlBry, only ethylene bromide is produced), is obtained by the ac-
tion of PCIBr, upon aldehyde. It boils at 110.5°, and has a spe-
cific gravity of 2.082 at 21°.

The formation of ethylene and ethylidene-bromides from monobromethylene is
quite interesting. When the latter is heated with very concentrated HBr, ethy-
lene-bromide forms, while with more dilute acid ethylidene-bromide results.

Ethylene lodide, C,H I,, is produced in the union of iodine with ethylene,
by conducting the latter into a solution of iodine in alcohol. It crystallizes from
alcohol in brilliant needles, which rapidly become yellow on exposure to light.
The compound melts at 81°, and at higher temperatures decomposes into C,H,
and I,. It may be distilled in an atmosphere of ethylene gas without decom-

smon
pOl?‘.thyhdene Iodide, CH,.CHI,, is obtained from ethylidene chloride by
the action of aluminium iodide (p- '68). It boils at 178°, sustaining partial de-
composition ; its specific gravity is 2.84 at 0°. It also forms by the addition of
2HI to acetylene.

Four different di-halogen products are derived from propane

[ p——

CH,;:

(1) Derivatives of the first structure, called propylidene com-
pounds, arise from propyl aldehyde CH,.CH,.CHO by the action
of PCl,.

Propylidene Chloride, C;H,Cl,, is a liquid, with an odor resembling that of
leeks, and boiling at 84-87°. Its specific gravity at 10° is 1.143. The bromide,
C,H,Br,, from propylene a-bromide, boils at 130°.

(2) Derivatives of the formula CH,.CX,.CH, are obtained from acetone by
the action of PCl and PBr,,

CH
\CO yields N CX,.
CH,” cH,”

3 3

Dimethyl Methylene Chloride, C;H,Cl, = CH,.CCl,.CH,, methyl

chlor acetol or acetone chloride, is formed” by the addition of zHCl to allylene
(together with propylene chloride) :

CH, CH, - CH,
|
C + 2 HC1 yields éCl, and éHCl;
il
CH H, éH ,Cl

and by the chlorination of isopropyl chloride CH,.CHCI.CH,.
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It is a colorless liquid, boiling at 69-70°, and having a specific gravity 1.827 at
16°.  3-Monochlorpropylene is obtained from it by action of alcoholic potash
(p. 70). Heated to 150° with water, it changes in part to acetone,

Dimethyl Methylene Bromide, C;H Br,, from acetone (p. 71) and from
allglene, by the addition of 2 HBr, boils at 113-116°; its specific gravity at o° is
1.875.

(3) We get the derivatives of the structure CH,.CHX.CH,X
by uniting propylene with the halogens:

CH, — CH = CH, affords CH,.CHX.CH,X.

This class passes into propylene glycol when acted upon by moist
silver oxide ; with alcoholic potash they yield CH,.CX:CH,, and
allylene.

Propylene Chloride, C;H,Cl, = CH,.CHCI.CH,C], is pro-
duced, together with acetone chloride, when chlorine acts in sun-
light upon isopropyl-chloride (in presence of iodine the chlorina-
tion extends only to propylene chloride). It boils at 97°, and has
a specific gravity of 1.165 at 14°.

Propylene Bromide, C,HBr, = CH, CHBr.CH,Br, is a
liquid boiling at 141°. It is formed in the bromination of propyl
bromide and isopropyl bromide. Its specific gravity at 17° equals
1.946. Propionic aldehyde and acetone result when propylene
bromide or the chloride is heated, together with H,O, to 200°.

Propylene lodide, C,H,I, = CH,.CHI.CH,I, results by
the union of iodine with propylene at 50°. It is a colorless oil,
that cannot be distilled without suffering decomposition.

(4) The products of the formula CH,X.CH,.CH,Cl are designated trime-
thylene derivatives.

Trimethylene Chloride, C;H,Cl, =CH,CI.CH,.CH,C], is obtained by
heating the corresponding bromide with mercuric chloride to 160°. It is an
agreeably smelling liquid, that boils at 119°, and at 15° has a sp. gr. = 1.201.

Trimethylene Bromide, C;H,Cl,, results on heating allyl bromide CH,:
CH.CH,Br with concentrated hydrobromic acid. Propylene bromide is pro-
duced at the same time. This can be removed by fractional distillation. (With
HCI the only product of allyl chloride is propylene chloride CH,.CHCI.CH,
Cl) Itis obtained in a purer form on saturating allyl bromide with HBr in the
cold, and letting the whole stand some time (4rnalen 197, 184). Trimethylene
bromide is a colorless liquid, boiling at 164°, and has a specific gravity of 2.01
at 0°.  When treated with alcoholic potash, it yields allyl bromide and allyl ethyl
ether. Trimethylene is the product with sodium (p. §8). Continued boiling
with water converts it into trimethylene glycol.

THE HALOGEN COMPOUNDS C,H;, ~1X,.

Chloroform, CHCl,, Trichlormethane, is formed : by the
chlorination of CH, or CH,Cl; by the action of chloride of lime
upon different carbon compounds, e. g., methyl or ethyl alcohol,
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acetone, acetic acid; and by heating chloral with aqueous
potassium or sodium hydrate :
CC1, CHO + KOH = CCL,H + CHKO,.

oral Potassium
formate.

In preparing chloroform a mixture of alcohol, bleaching lime and water is dis-
tilled from a capacious retort (A4nnalen 165, 349). The chloroform produced is
carried over with the steam and collects in the bottom of the receiver as a heavy
oil. It is purified by shaking with H,SO, and repeated distillation. At present
it is generally obtained from chloral. Pure chloroform should not color on
addition of concentrated sulphuric acid.

Chloroform is a colorless liquid of an agreeable ethereal odor and
sweetish taste. It boils at 61°, and its specific gravity at o° equals
1.526. Inhalation of its vapors causes unconsciousness, and at the
same time has an ansthetic effect. It is uninflammable. Chlo-
rine changes it to CCl,. Potassium formate is produced when chlo-
roform is heated with alcoholic potash :—

CHCl, + 4KOH = CHO.OK + 3KCl 4 2H,0.

The so-called tribasic formic acid ester CH (O.C,Hj),, is produced
by treating with sodium alcoholate. When heated to 180° with
aqueous or alcoholic ammonia, it forms ammonium cyanate and
chloride. When KOH is present, an energetic reaction takes place
at ordinary temperatures. The equation is: —

CHCl, 4 NH, + 4KOH = CNK + 3KCl + 4H,0.

Bromoform, CHBr,, is produced in the same way as chloro-
form, by the action of bromine and KOH upon methyl and ethyl
alcohol. It is a colorless, agreeable-smelling liquid, solidifying at
—9°. It boils at 151° and has a specific gravity 2.83 at o°.

Iodoform, CHI,, When iodine and potash act upon ethyl
alcohol, or acetone, aldehyde and other substances containing the
methyl group, this compound results. Pure methyl alcohol, how-

ever, does not yield iodoform. (Berichie, 13, 1002).

Prefaralion.—Dissolve 2 parts crystallized soda in 10 parts of water, add r
part alcohol, bring the whole to 60-80°, and gradually introduce the 1 part of
iodine. The iodoform that separates is filtered off. By renewed warming of the
filtrate with KOH and alcohol, followed by the introduction of chlorine, an addi-
tional quantity of iodoform may be obtained.

Iodoform crystallizes in brilliant, yellow leaflets, soluble in
alcohol and ether. Its odor is saffron-like. It evaporates at medium
temperatures ; fuses at 119° and distils over with the aqueous
vapor. Digested with alcoholic KOH, or HI, it passes into
methylene 10dide, CH,]I,.

Two isomeric tri-halogen derivatives may be obtained from ethane C,H, :—
CH, — CX, and CH,X — CHX,.
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a.Trichlor-Ethane, CH,.CCl;, is produced (together with CH,Cl.CHC],J
by the chlorination of ethyl and ethylidene chloride in sunlight. It is a liqui
with chloroform-like odor, and boils at 74.1°. Its specific gravity at o° is 1.346.
If heated with KOH it yields potassium acetate :—

CH,.CCl, + 4KOH = CH,.CO.0OK + 3KCl 4 2H,0.

Treated with sodium alcoholate it affords the tri-ethyl ester CH,.C(O.C,H,),.
Further chlorination of trichlor-ethane produces CH,Cl.CCl,, boiling at 131°,
CHCI,CCl, at 162°,and perchlor-ethane CCl,.CCl, (see p. 77). CHCI,;.CHCl,,
from dichlor-aldehyde, boils at 113.7° (Berickte, 13, 2563).

B-Trichlor-Ethane, CH;Cl.CHCl,, monochlor-ethylene chloride, is pro-
duced by the union of vinyl chloride CH,.CHCl with Cl,, and boils at 113.7°.
Its specific gravity at o° equals 1.422.

a-Tribrom-Ethane, CH,CBr,, has not been formed.

#3-Tribrom-Ethane, CH,CHBr,, monobrom-ethylene bromide, forms upon
brominating ethyl and ethylene bromides, also by addition of bromine to brom-
ethylene, CH,.CHBr. It boils at 187°; its specific gravity at 21° equals 2.610.

Trisubstituted propane C;H,;X,, can have five structural forms.

The most important derivatives are those having the formula
CH,X.CHX.CH,X. They correspond to glycerol CH,(OH).
CH(OH).CH,(OH). The trivalent group CH,.CH.CH,, present
in them, is termed g/ycery/. They are produced by the addition of
chlorine or bromine to allyl chloride and bromide :—

CH,:CH.CH,.Cl 4 Cl, = CH,CL.CHCL.CH,Cl;

or by the action of PCl; upon dichlorhydrin, which is derived
from glycerol :—

CH,Cl CH,Cl
|
H.OH + PCl, = CHCI + POCl, + HCL
|
CH,Cl CH,Cl

Moist silver oxide converts them into glycerol.

Glyceryl Chloride, C;H,Cl,, allyl trichloride, trichlorhydrin,
is a liquid with an odor resembling chloroform, and boiling at 158°.
Its specific gravity at 15° equals 1.417. i

Glyceryl Bromide, C,H,Br,, tribromhydrin, is best obtained
by the action of bromine upon allyl iodide :

C,H,I + 4Br = C,H,Br, + IBr.

It crystallizes in colorless, shining leaflets, fusing at 16°, and
boiling at 220°.

Glyceryl Iodide, C,H,l,, appears not to exist. It decom-
poses at once into allyl iodide and I, (p. 71).

Among the higher substitution products may be mentioned the
following carbon haloids : —
Tetrachlor-methane or Carbon Tetrachloride, CCl,, is
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formed by the action of chlorine upon chloroform, and by conduct-
ing a mixture of Cl and CS, through tubes heated to redness.

Preparation. Chlorine is conducted through boiling chloroform exposed to
sunlight, or through a mixture of CS, and SbCl,. In the latter case, sulphur
chloride is formed at the same time. This may be decomposed by shaking with
KOH.

A pleasant-smelling liquid, boiling at 76—77°. Its specific
gravity is 1.631 at 0°. At 30° it soldifies to a crystalline mass.
Heated with alcoholic KOH, it decomposes according to the fol-
lowing equation : —

CCl, + 4KOH = CO, + 2H,0 + 4KCL

When the vapors are conducted through a red hot tube, decom-
position occurs, and C,Cl, and C,Cl; are produced.

Tetrabrommethane, CBr,, obtained by the action of brom-iodide upon
bromoform or CS,, crystallizes in shining plates, melting at 92.5°, and boiling,
with but little decomposition, at 189°.

Tetraiodomethane, CI,, carbon iodide, is formed when CCl, is heated with
aluminium iodide (p. 68). It crystallizes from ether in dark red, regular octa-
hedra, of specific gravity 4.32 at 20°. On exposure to air it decomposes into
CO, and I. Heat accelerates the decomposition.

Perchlorethane, C,Cl,, is the final product in the action of Cl upon
C,H,Clor C,H,Cl,. Itis a crystalline mass, with a camphor-like odor and
specitc gravity 2.01. It melts at 187-188°. At ordinary temperatures it vapor-
izes without fusing, as its critical pressure (compare Inorganic Chemistry),
lies above 760 mm. It boils at 185°.5 under a pressure of 776.7 mm. Itis
readily soluble in alcohol and ether. When its vapors are conducted through
tubes heated to redness, it breaks up into Cl; and ethylene perchloride, C,Cl,.
This is a mobile liquid, boiling at 121°. Its specific gravity at 20° is 1.6226.

Perbromethane, C,Br,, is a colorless crystalline compound, difficultly solu-
ble in alcohol and ether. At 200° it decomposes into Br, and ethylene per-
bromide C,Br,, which consists of colorless crystals, melting at 53°.

Perchlormesole, C,Cl,, is formed on heating hexyl iodide or amyl chloride
chloride with ICl,. It meltsat 39°, and boils at 284° (Berickte, 10, go‘;).

NITRO-DERIVATIVES OF THE HYDROCARBONS.

By this designation is understood compounds of carbon in which
the hydrogen combined with the latter 1s replaced by the mono-
valent nitro-group, NO,. The carbon is directly united to the
nitrogen by one affinity. An' universal method for the production
of nitro-compounds consists in acting upon the hydrocarbon deriv-
atives with concentrated nitric acid : —

C,H, + NO,H = C H, (NO,) + H,0.

The reaction is promoted by the presence of H,SO,, which serves
to combine the water that is generated.  The fatty bodies capable
of this reaction are exceptional ; the benzene derivatives, however,
readily yield nitro-derivatives.
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A common method for the preparation of the mono-nitro deriv-
atives of fatty hydrocarbons — the nitro-paraffins — consists in
heating the iodides of the alcohol radicals with silver nitrite
(V. Meyer) :—

C,H,I 4 AgNO, = C,H,.NO, 4 Agl.

The isomeric esters of nitrous acid, such as C,H;.0.NO arise (see Berichte,
15, 1574 ) in this reaction. From this we would infer that silver nitrite con-
ducted itself as if apparently consisting of AgNO, and Ag.0.NO. ( Potassium
nitrite does not act like AgNO,.) Since, however, CH,I only aflords nitro-
methane, and the higher alkyliodides decompose more readily into alkylens the
greater the quantity of nitrous acid esters, it would appear, that the formation of
esters is influenced by the production of alkylens, which afterwards form esters
by the union with HNO, (compare Annalen 180, 157, and Ber. g, 529).

The nitro-compounds generally decompose with an explosion,
if quickly heated. They are not broken up by sodium or potas-
sium hydrate. These reagents convert the isomeric nitrous-esters,
with ease, into nitrous acid and alcohol. Nascent hydrogen re-
duces the mono-nitro derivatives to amido-compounds, by convert-
ing the group NO, into NH, — the amido group :—

C,H,.NO, + 3H, = C,H,.NH, + 2H,0.

The compounds C,H,(NO,),,C,H,(NO,),, etc., resulting from the action
of nitrogen tetroxide upon the unsaturated hydrocarbons, must also be consid-
ered as nitro-derivatives. It appears, however, that, in reality, they represent
nitrous esters, since at least the so-called dinitro-amylene is not changed to an
amido-compound by reducing agents. Again, some alkylens Cy, H,, are capable
of furnishing nitro-compounds by direct nitration. (See p. 80.)

The nitroso-compounds, containing the group NO, attach
themselves to the nitro-compounds. They sometimes arise by the
action of nitrous acid — one hydrogen atom being replaced by
NO (see Pseudo-nitrols, p. 82, and Berickte, 15, 3073). The
nitroso-amines — (CH,),N.NO, form another class of nitroso-
compounds. In them the nitroso-group is bound to nitrogen.

The isonitroso-, or oximido-compounds—(CHj,),.C:N.OH
—containing the bivalent oximid group =N.OH linked to car-
bon — are isomeric with the above nitroso-derivatives. They are
formed, especially when nitrous acid acts upon bodies containing
the group CH, attached to two CO groups. They also result from
gxec aci_ilon of hydroxylamine upon ketones R.CO.R and aldehydes

.COH :—

CH,\, _ CHy\ . :
Cii S0 + H,N.OH = s SC:N.OH - H,0.

Consequently these isonitroso-compounds will be treated with
the derivatives from which they originate. The so-called alkyl-
nitrolic-acids may be included with them. (See p. 81.)
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The nitroso derivatives (of the benzene class and the nitroso-amines) give blue
colorations in their action upon a mixture of phenol and sulphuric acid, especial-
ly after dilution with water and super-saturation with alkali. The isonitroso.
compounds, however, do not afford this reaction (Berickte, 15, 1529).

NITRO-PARAFFINS C,H,, +: (NO,).

Those formed by the action of silver nitrite upon the alkyl-
iodides are colorless liquids almost insoluble in water. They are
rather stable, distil without decomposition and decompose with
difficulty. It is noteworthy that they possess an acidic character
(distinctive from the halogen substitution products): this is indi-
cated by the substitution of metals for one hydrogen atom, through
the action of alkaline hydrates :—

CH,.CH,(NO,) + KOH = CH,.CHK(NO,) + H,0.

The nitro-group always exerts such an acidic influence upon
hydrogen linked to carbon; the further addition of halogens or
nitro-groups increases the same, but it is confined to the hydrogen
bound to the same carbon atom. Thus the compounds: CH,.
CHBr(NO,) brom-nitroethane, CH,;.CH(NO,), di-nitroethane,
CH(NO,), nitroform, etc., are strong acids, while CH,.CBr,(NO,)
and (CH,),C(NO,),, 8-dinitro propane, etc., possess neutral reaction
and do not combine with bases.

Nitromethane, CH,.NO,, is produced by boiling chloracetate
of potassium CH,Cl.COOK with potassium nitrite. In this in-
stance it is very probable nitro-acetic acid is first formed, but it
subsequently breaks up into nitromethane and carbon dioxide : —

CH,.NO,.CO,H = CH,NO, + CO,.

It is an agreeable-smelling, mobile liquid, sinking in water and
boiling at 101°. Mixed with an alcoholic sodium hydrate solution
it gives a crystalline precipitate CH,Na(NO,) + C,H,O which loses
alcohol on standing over sulphuric acid. Salts of the heavy
metals precipitate metallic compounds (like CH,Ag(NO,)) from
the aqueous solution. These are in most cases violently explosive.
Nitromethane is liberated again from the salts by mineral acids.
Heated with concentrated HCl to 150° nitromethane breaks up into
formic acid and hydroxylamine :—

CH,.(NO,) + H,0 = CH,0, + NH,.OH.

Chlorine water converts sodium nitromethane into nitrochlormethane, CH,C
(NO,), which is an oil boiling at 122°.  In like manner, through the agency of
bromine, we obtain bromnitromethane, CH,Br(NO,), a pungent smelling oil,
boiling at 144°, from which are also prepared dibrom-, and tribrom.nitromethane,

CHBr,(NO,) and CBr (NO,).—Bromopicrin (p. 84). The first three bodies
react acid and dissolve in alkalies.
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Nitroethane, C;H;.NO,, is similar-to nitromethane. It boils at
113-114° and its specific gravity at 13° equals 1.058. Nascent
hydrogen converts it into C,H,.NH,. Heated to 140° with con-
centrated hydrochloric acid, it decomposes into acetic acid and
hydroxylamine.  Ferric chloride imparts a blood-red color and
copper sulphate a dark green to the sodium compound. :

Bromine converts nitroethane in alkaline solution into bromnitroethane, CH,.
CHBr(NO,), an oil with a pungent odor and boiling at 147°, and into dibrom-
nitroethane, CH,;.CBr,NO,, boiling at 165°. The first reacts strongly acid and
dissolves in NaOH to CH,.CNaBr(NO,); the second is neutral and insoluble
in alkalies.

a-Nitropropane, C,H,.NO, = CH,.CH,.CH,.NO,, boils at 125-127°.
B-Nitropropane—(CH,),CH.NO,, boils from 115-117°. Both react acid
and yield salts with the alkalies.

Brom-a-nitropropane, CH,.CH,.CHBr(NO,), boiling at 160-165° has a
strong acid reaction and dissolves in alkalies. On the other hand dibrom-a-nitro-
propane, CH,.CH,.CBr,(NO,), boiling at 185°, is a neutral compound insoluble
in alkalies. Brom-f-nitropropane, (CH,),CBr(NO,), boiling at 148-150° is
also a neutral compound (see p. 79).

Nitrobutanes, C,H,.NO, Scompare Butyl alcohols). Normal nitrobutane,
CH,.CH,.CH,.CH,.NO,, boils at 151° and yields normal butylamine by
reduction. Secondary nitrobutane, CH,.CH,,.CH(NO,).CH,CH, = (1118 SCH.
NO,, boils about 140°. Nitroisobutane boils at 137-140° and has an odor resem-
bling that of peppermint. The three nitrobutanes are acid, dissolve in alkalies
and yield bromine derivatives. Tertiary nitrobutane, (CH,),C.NO,, on the con-
trary, boiling at 120° isa neutral compound, insoluble in alkalies.

Nitroisoamyl, C,H,,.NO,, obtained from amyl-alcohol of fermentation, boils
at 150-160° and yields metallic compounds.

Nitropropylene, C,H,.NO,, allyl nitryl, from allyl bromide, is an oil boiling
at g6°.

Nitroalkylens, C, H,,—,(NO,), are formed in the action of nitric acid
upon some alkylens and tertiary alcohols. Thus there is a nitro-butylene, C,H.
(NO,), obtained from isobutylene, (CH,),C:CH,, and trimethyl-carbinol (Cl"i3 )s
C.OH. It boils about 156°. A nitroamylene, C;H,(NO,), is also obtained from

l(cé{f_gz }C.OH. Upon reduction, these nitroalkylens

do not yield amido-compourfds,s but part with the nitrogen as ammonia or hydroxyl-
amine.

dimethyl ethyl carbino

The varying deportment of the nitro-paraffins with nitrous acid (better NO,K
and H,SO,) is very interesting, according as they are derived from primary,
secondary or tertiary radicals. (p. 31).

On mixing the primary nitro-compounds (those in which NO, is attached to
CH,) with a solution of NO,K in concentrated potassium hydrate and adding
dilute H,SO,, the solution assumes in the beginning an infense red color and
the so-cafled Ethyl-nitrolic acids are produced. Their structure very proba-
bly corresponds to the formula

- N.OH
CH ,.C<NO ethyl nitrolic acid.
2
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The nitrolic acids are colorless crystalline bodies, soluble in ether. They be-
have like acids. Their alkali salts are dark red in color—hence the appearance,
in the beginning, of a red coloration which disappears in presence of excess of
sulphuric acid and reappears on addition of alkali.

The nitro-compounds of the secondary radicals (those in which NO, is joined
to CH), when exposed to similar treatment, yield a dar£ 6/ue coloration and then
colorless com})ounds —the pseudo nitrols—separate. These are not turned red

by addition of alkali :—
CH NO
CH,\ . N/
CH,/CHNO’ yields H,/C\NO,'

In the solid state pseudo-nitrols are colorless ; when liquid or in solution they
are dark blue.

The nitro-compounds of tertiary radicals (like (CH,),C.NO,) do not react
with nitrous acid and do not afford colors. Therefore the preceding reactions
serve as a very delicate and characteristic means of distinguishing primary,
secondary and tertiary alcoholic radicals (in their iodides) from each other
(secondary nitro-pentane no longer exhibits the reaction). In a similar manner
the primary and secondary nitro-derivatives may be detected in a mixture at the
same time (Berichte 9, 539 and Annalen 180, 139).

The so-called alkyl-nitrolic acids, produced by the action of
nitrous acid (or NO,K and H,SO,,) upon the primary nitro-paraffins
(see above) :— :

NO,

CH,.CH,(NO,) + NO.OH = CH,.c{ + H,0

N\
N.OH
may be prepared synthetically by treating the dibrom nitro-paraffins
with hydroxylamine :

_No,
CH,.CBr,(NO,) + H,N.OH = CH,.C + 2HBr.
SN.OH

Therefore they are to be regarded as isonitroso- or oximid-com-
pounds (see p. 78).

The nitrolic acids are solid, crystalline, colorless, or faintly-
yellow colored bodies, soluble in water, alcohol, ether, and chloro-
form. They are strong acids, and form salts with alkalies that are
not very stable, yielding at the same time a dark red color. They
are broken up into hydroxylamine, and the corresponding fat
acids, by tin and hydrochloric acid. When heated with dilute
sulphuric acid they split up into oxides of nitrogen and fatty acids.

NO
Methyl Nitrolic Acid, ca{ ° , forms colorless prisms, fusing at §4°.
NN.OH

It decomposes into formic acid and nitrogen oxides.

5
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yl itrolic Acid Cl[ .C/ .
E ] 3 \\

melting at 81-82°, and decomposing when covered with concentrated H,SO,,
into acetic acid and nitrogen oxides.

Bright yellow prisms, of sweet taste,

NO,
Propyl Nitrolic Acid, CH,.CH,.C\<NO  Bright yellow prisms, melting

at 60°, with decomposition.

By the action of sodium amalgam upon the alkyl-nitrolic acids, and also upon
dinitro-paraffins, we have the Leucaurolic acids, like (C,H N,0),, produced.
These probably correspond to the azo-compounds of the benzene group (Anna-
len, 214, 328).

The pseudo-nitrols isomeric with the nitrolic acids, and formed
by the action of nitrous acid upon the secondary nitro-paraffins (see

p. 81),
_No,
(CH,.),CH(NO), + NO.OH = (CH,),C\NO’ + H,0,

Isonitro-Propane.

are to be viewed as nitro-nitroso compounds. They are crys-
talline bodies, colorless in the solid condition, but exhibiting
a deep blue color when fused or dissolved (in alcohol, ether,
chloroform). They react neutral, and are insoluble in water,
alkalies and acids. Dissolved in glacial acetic acid, they are
oxidized by chromic acid to dinitro-compounds.

NO
Propyl Pseudonitrol, (CH,),C<NO’, nitro-nitroso-propane, is a white

powder, crystallizing from alcohol in colorless, brilliant prisms. It melts at 76°,
to a dark blue liquid, and decomposes into oxides of nitrogen and dinitropro-
pane. Chromic acid changes it to S-dinitropropane and acetone.

CuH,  NO,

_ CH,” \NO
ing at 58°. 1In its fused state, or when dissolved, it exhibits a deep blue color.

Butyl Pseudonitrol, , is a colorless, crystalline mass, melt-

The dinitro-derivatives of the paraffins are obtained by the oxi-
dation of the pseudo-nitrols, and by action of KNO, upon the
monobrom-derivatives of the nitro-paraffins :

NO,
CH,.CHBr(NO,) 4 NO,K = CH,.CH{ 4 KBr.
\No,
They also result from the acetones by action of concentrated HNO.. Thus

from diethyl ketone, (C,H,),CO, we get dinitroethane, from di '
(C4H,),CO, g-dinitropropane, etc. (Bericte, 13, 287.) ipropyl ketone,
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They also form in an analogous manner from the alkylized acetic acid esters
(see these) on warming the latter with HNO, (Berickte, 15, 1495)—

CH,.CO.C(R)H.CO,.C,H, yields CH,.CO,H 4 C(R)H(NO,), + CO,.

Dinitroethane, CH;.CH(NO,),, from brom-nitroethane, is a colorless oil, of
specific gravity 1.35 at 23°. It boils at 185-186°. Tin and hydrochloric acid
change it to hydroxylamine, aldehyde and acetic acid. It reacts acid and dis-
solves in potassium hydrate, forming CH,.CK(NO,),, which crystallizes in yellow
prisms. An oil, CH,.CBr(NO,),, that cannot be distilled is produced by the
action of bromine.

a-Dinitropropane, CH,.CH,.CH(NO,),, from brom-nitropropane, is a
colorless oil of specific gravity 1.258 at 22°; it boils at 189°, reacts acid and
dissolves in the alkalies, forming salts.

B-Dinitropropane, (CH,),C(NO,),, is also produced by acting upon iso-
butyric and isovaleric acids (Berichte, 15, 2325) with HNO,. It forms white
mmrhor-like crystals, fusing at 53° and boiling at 185.5°. It is neutral and
insoluble in alkalies. Tin and hydrochloric acid change it to acetone and
hydroxylamine.

B-Dinitrobutane, CH,.CH,.C(NO,),.CH,, from butyl pseudo-nitrol, boils at
199° and does not dissolve in alkalies. Hydroxylamine and methyl ethyl ketone
are the products it furnishes when acted upon by tin and hydrochloric acid.

We may note the following among the nitro-compounds, result-
ing from the action of nitric acid :—

Nitroform, CH(NO,),, Trinitromethane, is produced in slight
quantity when nitric acid acts upon various carbon compounds. It
is most conveniently prepared from trinitro-acetonitrile C,(NO,),N.
(See this.) When the latter is boiled with water, carbon dioxide is
generated, and the ammonium salt of nitroform produced :—

s Reersivtie ™" = Gmirtom Nroorm. ™

The last is a yellow crystalline compound, from which con-
centrated sulphuric acid separates free nitroform. This is a
colorless, thick oil, solidifying below -+ 15° to a solid, consisting
of cubes. It dissolves rather easily in water, imparting to the
latter a yellow color. It explodes when heated rapidly.

Nitroform behaves like a strong acid; the presence of three
nitro-groups imparts to hydrogen, in union with carbon, an acid
character. Therefore it unites with NH, and the alkalies to form
salts like C(NO,),K, from which acids again liberate nitroform
(p. 79). The hydrogen of nitroform can also be replaced by
bromine or NO,. '

Brom-nitroform, C(NO,),Br, Brom-trinitromethane, is produced by per-
mitting bromine to act for several days upon nitroform exposed to sunlight. The
reaction takes place more rapidly by adding bromine to the aqueous solution of
the mercury salt of nitroform. In the cold it solidifies to a white crystalline mass,
fusing at + 12°. It volatilizes in steam without decomposition.
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Tetranitromethane, C(NO,),, results on heating nitroform
with a mixture of fuming nitric acid and sulphuric acid. It is a
colorless oil that solidifies to a crystalline mass, fusing at 13°. It is
insoluble in water, but dissolves readily in alcohol and ether. It
is very stable, and does not explode on application of heat, but
distils at 126° without sustaining any decomposition.

Nitrochloroform, C(NO,)Cl,—Chloropicrin, trichlor-nitro-
methane, is frequently produced in the action of nitric acid upon
chlorinated carbon compounds ( chloral), and also when chlorine
or bleaching powder acts upon nitro-derivatives (fulminating
mercury, picric acid and nitromethane).

In the preparation of chloropicrin, 10 parts of freshly prepared bleaching
powder are mixed to a thick paste with cold water and placed in a retort. To
this is added a saturated solution of picric acid, heated to 30°. Usually the

reaction occurs without any additional heat, and the chloropicrin distils over with
the aqueous vapor (Annalin, 139, 111).

Chloropicrin is a colorless liquid, boiling at 112°, and having a
specific gravity of 1.69z at o°. It possesses a very penetrating
odor that attacks the eyes powerfully. It explodes when rapidly
heated. When treated with acetic acid and iron filings it is con-
verted into methylamine :

CCl,(NO,) 4 6H, = CH,.NH, + 3HCI + 2H,0.

Bromopicrin, CBr,(NO,)—Tribrom-nitromethane, is formed, like the pre-
ceding chlorp-compound, by heating picric acid with calcium hypobromite
(calcium hydroxide and bromine), or by heating nitromethane with bromine (p. 79).
It closely resembles chloropicrin and yields crystals below 4 10°. It can be
distilled ina vacuum without decomposition.

ALCOHOLS, ACIDS AND THEIR DERIVATIVES.

All organic compounds are derived from the hydrocarbons,
the simplest derivatives of carbon, by the replacement of the
hydrogen atoms by other atoms or atomic groups. The different
groups of chemical bodies are characterized in their specific
properties by the presence of such substituting side-groups. Thus
the alcohols contain OH, the aldehydes CHO, the acids COOH,
etc., etc.

In the following pages we will consider the carbon compounds
according to the number of side groups yet capable of replace-
ment—as monovalent, divalent, trivalent, etc., compounds. To
each of these groups other derivatives are attached bearing in-
timate genetic connection with them.

By the replacement of one atom of hydrogen of hydrocarbons
by the hydroxyl group OH we get the monovalent (monohy-
dric) alcohols, ¢. g. C,H;.OH, in which the H of OH is capable
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of further exchange. The thio-alcohols or mercaptans, e. g. ethyl
mercaptan, C,H,.SH, are analogous to these. Ethers result from
the union of two monovalent alcohol radicals through the agency
of an oxygen atom ; corresponding to these are the thio-ethers or
sulphur alkyls :

C,Hy\ o C,H,\g
C,H,/ C,H,/
Exbyl Ether Ethy! Sulphide.

The Amines, C,H, NH,, Phosphines and the so-called
metallo-organic compounds are also derivatives of the alcohol
radicals.

When two hydrogen atoms of a methyl group, CH,, of the
hydrocarbons are replaced by one oxygen atom the aldehydes
result. These are easily obtained from the alcohols by oxida-
tion :

AN +0 = SHygHo + 10
The group CHO (aldehyde group) is characteristic of aldehydes.
The ketones are compounds in which two hydrogen atoms of an
intermediate carbon atom (see p. 25) are replaced by one atom of
oxygen : ’

CH,.CO.CH, = gga>co Dimethyl-Ketone.
3

They are characterized by the group CO, united to two alkyls.

When the two hydrogen atoms attached to the carbon carrying
OH are replaced by oxygen, we obtain the monobasic acids:

CH, CH,
4 yields é
H,.OH 0.0H
Ethyl Aﬂcohol Acetic Acid.

The carboxyl group—CO.OH—is characteristic of organicacids.
The hydrogen atom present in it may be readily replaced by met-
als, giving rise to salts. Or, the acids may be viewed as com-
pounds of OH with residual atomic groups (e. g. CH,.CO = C,H,0,
acetyl) designated acid radicals. The latter, like the alcoholic
radicals, are capable of entering into further combinations:

cHoa SHONo  c,m,0nH,

2 8 3
Acetyl éhlonde Eczeglagx{ie Acetyl Amide.

The following formulas exhibit the connection between alcohols,
aldehydes (or ketones) and acids:

C,H, O C,H,O C,H,0
Aicol?ol AlJchy‘de 2Aci‘:‘l. 2

The unsaturated hydrocarbons also yield wnsafurated alcohols,
aldehydes, acids, etc.
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The dihydric alcohols, known as glycols, are formed when two
hydrogen atoms of the hydrocarbons are replaced by hydroxyl:
CH,.OH
| Ethylene Glycol.
CH,.OH
In these four hydrogen atoms can be replaced by oxygen, giving
rise to the dihydric monobasic and the dihydric dibasic acids.

CH, OH CO.OH
|
0.0H CO.OH
Dihydric Monobasic Acid Dibasic Acid.

The number of CO.OH groups in the acids determines their
basicity. The number of hydroxyl groups present is indicated by
the terms mono-valent, di-valent, etc. In the same manner, tri-
valent (trihydric), mono-, di- and tri-basic acids, etc., are derived
from the trivalent alcohols.

The relations of the alcohols and acids to each other,with reference
to their valence and basicity, is manifest from the following table :—

ACIDS.
ALCOHOLS,
1-basic. 2-basic. 3-basic.
€ | CH,OH CHO.OH
'E Methyl Alcohol. Formic Acid.
g | c,H,0H | CH,.COOH
= | Ethyl Alcohol. Acetic Acid,
CH,.OH CH,.OH CO.0H
£ H,.OH 0.0H J:o.on
§ | Ethylene Glycol. Glycollic Acid. Oxalic Acid.
=) OH CO.0H
c,H oH), | CHi<coon | “Hi<co.ou
Propylene Glycol. Lactic Acid. Malonic Acid.
. CH,;.OH CH,.O0H CO.OH
g I (! é CO,H
§ CH.OH H.OH H.OH C,H,; { CO,H
2 | é A CO,H
= CH,.OH 0.0H 0.0H Tricarballylic Acid.
Glycerine. Glyceric Acid. Oxymalonic Acid.
5 §| C.H,.(OH), | C,H,0.0H), | C,H,0,.(0H), CeH ,0,.(OH),
[ E Erythrite, Erythric Acid. Tartaric Acid. Citric Acid.
£ £| C,H,.(OH), | C,H,0.(OH), | C4H,0,.(OH),
fes) E Mannite. Mannitic Acid. Mucic Acid.
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MONOVALENT COMPOUNDS.
MONOVALENT ALCOHOLS.
MONOHYDRIC ALCOHOLS.

The monovalent alcohols contain one hydroxyl group, OH ;
bivalent oxygen links the monovalent alcohol radical to hydrogen :
CH,.0.H, methyl alcohol. This hydrogen atom is characterized
by its ability, in the action of acids upon alcohol, to exchange
itself for acid residues, forming compound ethers or esters, corres-
ponding to the salts of mineral acids:

C,H,.OH + NO,.OH = C,H,.0.NO, + H,O0.

Ethyl Alcohol Etﬁyl Nitrate or
Nitric Ethyl Ester.

Alkyls and metals can also replace the hydrogen in alcohol—

C,H,.0.CH C,H,.ONa.
Ethyl-methyl Ether Sodfum Ethylate.

Structure of the Monovalent Alcohols. The possible
isomeric alcohols may be readily derived from the hydrocarbons ;
they correspond to the mono-halogen isomerides (p. 29). There is
only one possible structure for the first two members of the normal
alcohols : —

CH,.OH C,H,.OH.
Methy! Alcohol Ethy! Alcohol,

Two isomerides can be obtained from propane, C,H, = CH,.
CH,.CH, :—
H,.CH,.CH,.OH d CH,.CH(OH).CH,.OH.
¢ #mpyl’Alcoh:lo an isopro(pyl A)lcohol?
Two isomerides correspond to the formula C,H,, (p. 49)—

CH,.CH,.CH,.CH d CH(CH,),.
&orma’ Bum:m s A lsol()utan:.) :

Two isomeric alcohols may be obtained from each of these :—
" CH, CH,

| !:H, éH, /CH, /CH,
!: and J:H o CH—SI—;,.OH and C(OH)—CH,
H .OH 1§ CH
s | Prib. lsol:utyl Tert. Isobu(yl'

J:H OH L CH. Alcohol Alcohol.

Prima ﬁutl Secondary Butyl
Alcohol Alconal

The following is a very good method of formulating the alcohols.
They are considered as derivatives of methyl alcohol or caréinol,
CH,.OH. By the replacement of one hydrogen atom in carbinol
by alkyls (p. 31) the primary alcokols result :—

C gﬂ’ EHC C %H, ?1“0
H = H =
OH H,.OH OH CH,.OH
ethyl Carbinol, or Ethyl Carbinol, or

Ethyl Alcohol Propyl Alcohol.
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If the replacing group possesses normal structure, the primary
alcohols are said to be mormal. In alcohols of this class the carbon
atom carrying the hydroxyl group has two additional hydrogen
atoms. Hence compounds of this variety may very easily pass into
aldehydes (with group COH) and acids (with COOH group) on
oxidation (see p. 85) :—

CH, CH, CH,

| yields é and J:

CH,OH OH OOH
anry Alcohol Aldehyde Acid.

The secondary alcokols result when two hydrogen atoms in
carbinol, CH,;.OH, are replaced by alkyls : —

CH, CH, C,H,
c{ e = loon ¢ { Ci‘ - <|:H OH
OH éH' OH éu,
Dimethyl Carbinol, or Ethyl-methyl Carbinol, or
Isopropyl Alcohol sobutyl Alcohol.

In alcohols of this class the carbon atom carrying the OH group
has but one additional hydrogen atom. They do not furnish
corresponding aldehydes and acids. When oxidized they pass into
ketones (p. 85) :— )

CH,

CH CH
c| G yields c{cn: =_"Sco
p o cH,”
Dimethyl Carbinol Acetone.

When, finally, all three hydrogen atoms in carbinol are replaced
by alkyls, we get the tertiary alcohols -—

These are not capable of forming corresponding aldehydes, acids
or ketones. Under the influence of strong oxidizing agents they
suffer a decomposition; and acids having a less number of car-
bon atoms result.

Primary alcohols, therefore, contain the group CH,.OH joined to
one alcohol radical (in methyl alcohol it is linked to H); the
group CH.OH linked to two alkyls is peculiar to secondary
alcohols; while in tertiary alcohols the C in combination with OH
has three alkyls attached to it:—

gg CH,\
C 3 = CH —COH Trimethy! Carbinol.

RN\
R.CH, OH NCH. OH R—C.OH
Primary Alcohol.l /

R/
Secondary Alcohols Tertiary Alcohols.
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The secondary and tertiary alcohols, in distinction from the pri-
mary or true alcohols, are designated pseudo-alcohols. They
have the power of forming esters (p. 87).

Formation of Alcohols.—The most important methods of pre-
paring the monohydric alcohols are the following :—

(1) The replacement of the halogen of monosubstituted hydro-
carbons by hydroxyl. This is most easily effected by the action of
freshly precipitated, moist silver oxide. It acts in this instance
like an hydroxide :—

C,H,I + AgOH = C,H,.OH 4 Agl.

In many cases the change is best brought about by heating the halogen
derivatives with lead oxide and water; the formation of alkylens is avoided in
this way. The iodides are more reactive than the chlorides or bromides. Even
heating with water alone at high temperatures causes a partial transposition of
halogen into hydroxyl derivatives. The halogen derivatives of the secondary and
tertiary radicals are very reactive. If heated for some time with 10-1§ vol-
umes H,O to 100° they are completely converted into alcohols (4nnalen, 186,

390)-

Water at ordinary temperatures converts the tertiary alkyl iodides into alcohols.
Heated to 100° with methyl alcohol they pass into alcohols and methyl iodide
(Annalen, 220, 158).

It is often more practical to first convert the halogen derivatives
into acetic acid esters, by heating with silver or potassium acetate :—

C,H Br 4+ C,H,0.0K = C,H,.0.C,H,0 KBr
e l"ou&iul:: Acetate : !'fthyl Azceti?: Es;*e.r ’

and then boil these with potassium or sodium hydrate (saponifica-
tion), and obtain the alcohols :—

C,H,.0.C,H,0 + KOH = C,H,.OH 4 C,H,0.0K.
(2) By decomposing the acid esters of sulphuric acid with boil-
ing water :—

_O.C,H,
50,{ + H,0= C,H,.0H + SO_H,.
OH

Ethyl Sulphuric Acid.

These esters may be easily obtained by directly combining the
unsaturated hydrocarbons with sulphuric acid (see p. 55):

O0.C,H,
C;H, 4+ SOH, = 502<OH .

A like conversion of unsaturated hydrocarbons is attained by
means of hypochlorous acid; the chlorine derivatives first pro-
duced are further changed by nascent hydrogen :

CH, CH,Cl

|~ + CIOH = é

CH, H,.OH
C,H,CLOH + H, = C,H,.OH + HCL

, and

5*
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Many alkylens (like iso- and pseudo butylene) dissolve at once in dilute
nitric acid, absorb water, and yield alcohols (Annalen, 180, 245.)

(3) By acting on the aldehydes and ketones with nascent
hydrogen. The former yield primary, and the latter secondary,
alcohols (compare p. 88) :—

CH,.CH,.CHO + H, = 'CHFCH”CH’J]OH'

Propyl Aldehyde ropyl Alcohol.

CH,\ _ CH,\

CH:/CO 4+ H,= CH:/CH‘OH‘
Acetone Isopropyl Alcohol.

Sodium amalgam in presence of dilute sulphuric or acetic acid will effect this
reduction. It is, however, best to use iron filings and 50 per cent. acetic acid
}Lieben), or zinc dust and glacial acetic acid, when the acetic esters will be
ormed at first (Berichte, 16, 1715).

(4) A very remarkable synthetic method, which led to the dis-
covery of the tertiary alcohols, consists, in the action of the
zinc compounds of the alkyls upon the chlorides of the acid radi-
cals. The product is then further changed by the action of
water (Butlerow). Thus, from acetyl chloride and zinc methyl, we
obtain trimethyl carbinol (CH,),.C.OH :—

Ao Gotortad 1% Citncogt ol

The acid chloride (1 molecule) is added, drop by drop, to zinc methyl (2
molecules), cooled with ice, and allowed to remain undisturbed for some hours in
the cold, until the mass has become crystalline. After subsequent exposure for
two or three days, at ordinary temperatures, the product is decomposed with ice
water. Ketones are formed if water be added any sooner (4nnalen, 188, 121 u.
113.)

The reaction divides itself into three phases. At first only one molecule of
zinc alkyl reacts : —

CH

0o s
(1) CH,.CZ 4 Zn(CH,), = CH,C{ 0.Zn.CH,.
) 3 \C] + ( I)S 3 Cl 3

Acetyl Chloride.

The resulting compound gives a crystalline product with the second molecule
of the zinc alkyl, and this immediately decomposed with water yields acetone.
By longer standing, however, further reaction takes place :—

CH, CH, a
(2) CH,.C{OZn.CH, + Za (CH,), = CH..C{&?.CH, +zn{Ch,
8

If now water be permitted to take part, a tertiary alcohol will be formed from
the first body. The equation is :

CH, CH,
CH,.C{ 0.Zn.CH,+ H,0 = CH,.C {OH+ ZnO + CH,.
CH, CH,

If in the second stage the zinc compound of another radical be employed, the
latter may be introduced, and in this manner we obtain tertiary alcohols with two
or three different alkyls (4nnalen, 175, 261, and 188, 110, 122).
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It is remarkable that only zinc methyl and ethyl furnish tertiary alcohols, while
zinc propyl affords only those of thesecondary type. (Berickte, 16, 2284.)

(5) Justas we obtained tertiary alcohols from the acid radicals, so can we de-
rive secondary alcohols from the acetic acid esters. Zinc alkyls are allowed to
react in this case (or alkyl iodides and zinc), and two alkyls are introduced.
At first crystalline intermediate products are produced ; these yield the alcohols
when treated with water :

,0 /CH, /CH,
uc? yields HC—0.Zn.CH, and HC—OH

NO.C,H, \CH, \CH
Ethyl Formic Eater Dimethyl Casbinol.

Using some other zinc alkyl in the second stage of the reaction, or by working
with a mixture of two alkyl iodides and zinc, two different alkyls may also be
introduced here (Annalen, 175, 362,374).

Zinc and an alkyl iodide (not ethyl-iodide, however) react similarly upon
acetic acid esters. Two alkyl groups are introduced and unsaturated tertiary alco-
hols formed (Annalen, 18s, 175):

/C,H /C,H
CH,.cZJ . vields CH,C=0Znfand cH,Cc-OM °
C.H, \C. H, \C, H,

Ethyl Acetic Ester Methyl-diallyl Catbinol.

When zinc alkyls act upon aldehydes, only one alkyl group enters, and the re-
action product of the first stage yields a secondary alcohol when treated with
water. (Compare Annalen, 213, 369, and Berichte, 14, 2557) :

. C,H #C,H
CH,.CHO yields CH,.CH{ G718 1 and CH,CH.{G}'™®
Aldehyde NO-Z0.Catls Methyl-ethyl\éarbinol.

We get unsaturated tertiary alcohols from the ketones by the action of zinc and
allyl iodide (not ethyl iodide). An allyl group is introduced :

CH C,H CH C,H
CHiNnco yields "Ncd * "and NeZ *°

CH, v cH,” \zal cH,” “oH
Dimethyl Dimethyl-allyl
Ketone Carbinol.

(6) By the action of nascent hydrogen upon the chlorides of acid radicals
or acid anhydrides:

CH,.COCl 4 2H; = CH,.CH,.OH + HC],
Acetyl
Chloride.

S:g:8>o + 2H, = C,H,.OH 4 C,H,0.0H.
Acetic acid
Anhydride.

Very probably aldehydes are produced at the beginning and are subsequently
reduced to alcohols (see p. go). Only primary alcohols result by this reaction.
Sodium amalgam, or better sodium, serves as the reducing agent. (Berichte, 9,
1312.)

(7) Action of nitrous acid upon the primary amines :

C,H,.NH, 4+ NO.OH = C,H;.OH 4+ N, + H,0.

Very often transpositions occur with the higher alkyl-amines and instead of
the primary we obtain secondary alcohols. (Compare Berickte, 16, 744.)
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In addition to the above universal methods, alcohols are formed
by various other reactions. Their formation in the alcoholic
fermentation of sugars in the presence of ferments is of great
practical importance. Appreciable quantities of methyl alcohol
are produced in the dry distillation of wood. Many alcohols,
too, exist, as already formed natural products in compounds,
chiefly as compound ethers of organic acids.

Conversion of Primary into Secondary and Tertiary Alcokols. By the elimina-
tion of water the primary alcohols become unsaturated hydrocarbons C, Hyq (p.
54). The latter, treated with concentrated HI, yield iodides of secondary alco-
holic radicals, as iodine does not attach itself to the terminal but to the less hydro-
genized carbon atom (p. 64). Secondary alcohols appear when these iodides are
acted upon with silver oxide. The successive conversion is illustrated in the
following formulas :—

CH, . CH, CH, CH,
éu, (J:H c‘m (JH OH
| |
CH,.0OH (!H CH, IAH, 1
1
"m y e os R Alcohol.

Primary alcohols in which the group CH,.OH is joined to a secondary radical,
pass in the same manner into temary alcohols—

CH CH
NCH.CH,.OH e CH, *\c1—cH,
H,” cH,” cH,”
Isobutyl Alcohol Tsobutylene Tertiary Butyl lodide.
’>C(0H).CH,
H
'l’enfary Butyl Alcohol.

The change is more satisfactorily effected by the aid of sulphuric acid.
The sulphuric esters (p. 55) arising from the alkylens have the sulphuric ‘acid
residue linked to the carbon atom, with the least number of attached hydrogen

atoms—
CH, CH,
JH + HO.SO,.0H = (!HOSO H.
&y, du,

When these are boiled with water they pass into alcohols.

Properiies and Transpositions. The alcohols are neutral, being
neither acid nor basic compounds. They resemble the bases, in
that by their action with acids they yield esters (compound ethers),
which correspond to salts. In this change, the hydrogen atom
of the OH group is replaced by an acid radical (p. 87). Na and

K can also replace this hydrogen atom, and then we obtain the so-
called metallic alcoholates.
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In physical properties alcohols exhibit a gradation corresponding
to their increase in molecular weight. This is true of other bodies
belonging to homologous series. The lower alcohols are mobile
liquids, dissolving readily in water, and possessing characteristic
odor; the intermediate members are more oily, and are dlﬁicultly
soluble in water, while the higher are crystalline solids, with-
out odor or taste. They resemble the fats. Their boiling points
increase gradually (with similar structure) in proportlon to the
increase of their molecular weights. This is about 19° for the
difference, CH,. The primary alcohols boil higher (about 5°) than
the isomeric secondary, and the latter higher than the tertiary.
Here we observe again that the boiling points are lowered with the
accumulation of methyl groups (see p. 48). The higher members
are not volatile without decomposition. By distillation they par-
tially break up into water and hydrocarbons C,H,, (p. 54).

Oxidizing agents (K,CrO, and H,SO,) convert the primary
alcohols first into aldehydes and then into acids; those of secon-
dary form yield ketones, and the tertiary suffer a partial decom-
position (p. 88). The three varieties of alcohols may be readily
distinguished by converting them into their iodides and then into the
nitro-derivatives, which afford characteristic color reactions (p. 80).

Primary and secondary alcohols, heated with acetic acid, yield esters of the
latter;6th)e tertiary, on the contrary, lose water and pass into alkylens (Amnsnalesn,
220, 105).

When the alcohols are heated with the hydrogen haloids, or
what is better, with the halogen derivatives of phosphorus, they
are transformed into their corresponding halogen compounds

(see p. 65) :—
C,H;.OH 4+ HCl =C,H,Cl 4+ H,0,
C,H,.8H "} PCl, = C,H, 61+Poc1 rHC.

These derivatives are therefore designated also kalogen esters of
the alcohols.

Hydrogen (nascent) acting on these, causes a change back into
the corresponding hydrocarbons.

Other changes of alcohols will be noted later.

(1) THE ALCOHOLS, Cn Hzn+:.OH.

Methyl Alcohol, CH,O = CH,.OH

Ethyl « c,H,0 =C,H,0H
Propyl Alcohols, C;H,O = C;H,.OH
Butyl “ CH,,0 =CH;.OH
Amyl “ C,H,,0 =C;H,,.0H
Hexyl  « CsH, 0 =C,H,,OH
Heptyl « C,H,,0 =C,H,,.OH, etc
Cetyl Alcohol,  C, H3,0 = C, H}5.0
Ceryl C,,H,0 = C,,H,,.OH
Melissyl ¢ CyoHg30 =Cy0H,,.OH
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1. Methyl Alcohol, CH,.OH, wood spirit, occurs among the
dry distillation products of wood. We find the methyl group in
various natural products, and from them it may be eliminated in
the form of the above alcohol. Thus from wintergreen oil, the
methyl ester of salicylic acid, methyl alcohol is obtained by boiling
with potassium hydroxide.

Methy! alcohol is a mobile liquid, with spirituous odor, boiling
at 66° (the apparent boiling point can vary very much, according
to the nature of the vessel), and having a sp. gr. of 0.796 at 20°.
It mixes with water, alcohol, and ether. Its aqueous mixtures
have a sp. gr. almost like that of mixtures of ethyl alcohol and
equal amounts of water.

The aqueous product obtained in the distillation of wood contains methyl alco-
hol, acetone, acetic acid, methyl acetic ester, and other compounds, and is dis-
tilled over burnt lime. The resulting crude wood spirit contains, yet, chiefly
acetone. To further purify it, anhydrous calcium chloride is added, and with
this it unites to a crystalline compound. The latter is separated, freed from ace-
tone by distillation, and afterward decomposed by distilling with water. Pure
aqueous methyl alcohol s over; this is dehydrated with lime. To procure
it perfectly pure, it is only necessary to break up oxalic methyl ester, or methyl
acetic ester, with KOH.

To detect ethyl in methyl alcohol, heat the latter with concentrated H,SO,,
when acetylene will be formed from the first. Under this treatment, methyl
alcohol becomes methyl ether. The amount of methyl alcohol in wood spirit is
determined, quantitatively, by converting it into methyl iodide, CH,T, through
the agency of PI, (Berichte, 9, 1928). We estimate the quantity of acetone by
the iodoform reaction (Berichte, 73, 1000).

Wood spirit is employed as a source of heat, and as a solvent
for gums and resins. It combines directly with CaCl,, to form
CaCl,.4CH,O, crystallizing in brilliant six-sided plates. The
alcohol in this salt conducts itself like water of crystallization.
Potassium and sodium dissolve in anhydrous alcohol, to form
methylates, ¢.g., CH,.ONa (see potassium ethylate, p. 96). Barium
oxide dissolves in it to yield a crystalline compound (BaO.2CH,0).
Wh(;n methyl alcohol is heated with soda-lime, sodium formate
results : —

CH,.OH + NaOH = CHO.ONa +2H,.

Oxidizing agents and also air, in presence of platinum black, change
methyl alcohol to formic aldehyde and formic acid.

2. Ethyl Alcohol, C,H,.OH, may be obtained from ethyl
chloride, C,H,Cl, and from ethylene, C,H,, according to the
general methods previously described (p. 89). Its formation in
the spirituous fermentation of different varieties of sugar, e. g., grape
sugar, invert sugar, maltose—is practically very important. It is
induced by yeast cells, occurs only in dilute aqueous solution at
temperatures ranging from §-30°, and demands the presence of
mineral salts (especially phosphates) and nitrogenous substances
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(compare Fermentation). Alcoholic fermentation may set in
under certain conditions, in ripe fruits, even in the absence of
yeast. The various sugars when fermenting break up principally
into ethyl alcohol and carbon dioxide : —

CyH150 = 2C,H,0 + 2C0,.

Other compounds, like propyl, butyl and amyl alcohols (the
fusel alcohols), glycerol, and succinic acid, are produced in small
quantities at the same time.

The crude spirit obtained from the fermented aqueous solution (of the fer-
mented mash) by distillation is further guriﬁed on an extensive scale by fractional
distillation in a column apparatus (p. 3 & The first portion of the distillate con-
tains the more volatile bogiaes, like aldehyde, acetal and other substances. Next
comes a purer spirit, containing 9o-96 per cent. alcohol, and after this common
spirit, containing the fusel oils. To remove the latter entirely, the spirit, before
distillation and after dilution with water, is filtered through ignited wood char-
coal, which retains the fusel oils.

To prepare anhydrous alcohol, the rectified spirit (go—95 per cent. alcohol) is
distilled with substances having greater attraction for water than alcohol itself.
For this purpose calcium chloride, ignited potashes, or, better, caustic lime
(Annalen, 160, 249), or barium oxide may be employed. Absolute alcohol dis-
solves barium oxide, assuming a yellow color at the same time. It is soluble
without turbidity in a little benzene; when more than three per cent. water is
present cloudiness ensues. On adding anhydrous or absolute alcohol to a mix-
ture of very little anthraquinone and some sodium amalgam it becomes dark green
in color, but in the presence of traces of water a red coloration appears (Berichte,
10, 927). Traces of alcohol in solutions are detected and determined either by
oxidation to aldehyde (see this) or by converting it by means of dilute potash and
some iodine into iodoform (Berickte, 13, 1002).

Absolutely pure alcohol possesses an agreeable ethereal odor,
boils at 78.3°, and has a specific gravity of o0.80625 at o°, or
0.78945 at 20°. At —go° it is a thick liquid, at —r130° it solidi-

. fies to a white mass. It absorbs water energetically from the air.
When mixed with water a contraction occurs, accompanied by rise
of temperature; the maximum is reached when one molecule of
alcohol is mixed with three molecules of water, corresponding to
the formula, C,H,O 4 3H;0. The amount of alcohol in aqueous
solutions is given either in per cents. by weight (degrees according
to Richter) or volume per cents. (degrees according to Tralles).

Alcohol dissolves many mineral salts, the alkalies, hydrocarbons,
resins, fatty acids, and almost all the carbon derivatives. The most
of the gases are more readily soluble in it than in water; 100
volumes of alcohol dissolve 7 volumes of hydrogen, 25 volumes of
oxygen, and 13 volumes of nitrogen.

Ethyl alcohol forms crystalline compounds with some salts, like
calcium chloride and magnesium chloride. It plays the réle of
water of crystallization in them.

Potassium and sodium dissolve in it (also in all other alcohols),
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separating hydrogen from the hydroxyl group and yielding the so-
called metal alcoholates, e. g., C;H;.ONa. All the alcohol cannot be
thus changed ; on evaporating the excess, white crystalline com-
pounds C,H;.ONa or C,H;.OK, having two and three molecules
of alcohol, remain. The pure ethylates are white voluminous
powders, after heating to 200°. Excess of water converts them into
alcohol and sodium hydroxide. When but little water is employed,
the transposition is only partial. Hence the ethylates are also
formed in dissolving KOH and NaOH in strong alcohol. Other
metallic oxides, e. g., barium oxide, afford similar derivatives. When
aluminium and iodine act upon ethyl and other alcohols, alumi-
nium alcoholates ¢. g., aluminium ethylate, AlI(OC,H;),, result ;
these can be distilled in vacuo.

Oxidizing agents (MnO, and H,SO,, chromic acid, platinum
black and air) convert ethyl alcohol into acetaldehyde and acetic
acid. Nitric acid changes it at 20-30° into glyoxal, glyoxalic
acid, glycollic acid and oxalic acid. When acted upon by chlorine
and bromine, chloral and bromal (CCl,.CHO and CBr,. CHO) are
produced.

Trichlor-Ethyl Alcohol, CCl;.CH,.OH, resulting from the action of zinc
ethyl upon chloral, consists of whne rhombxc crystals fusing at 17 .8° and boiling
at 151°; specific gravity 1.55 at 23°. It is slightly soluble in water, but readily
soluble in alcohol and ether. When oxidized with nitric acid, it yields trichlor-
acetic acid (Annalen, 210, 83).

3. Propyl Alcohols, C,H,.OH :—
CH,.CH,.CH,.OH CH,.CH(OH)—CH,.
l’ropyl Alcohol lsopropyl Alcohol.

(1) Normal Propyl Alcohol, CH,.CH,.CH,.OH, is produced
in the fermentation of sugars, etc. It may be obtained from fusel
oil by distillation (p. 95). To get it perfectly pure, the corres-
ponding bromide is converted into the acetate, and this broken up
by potassium hydrate. It may be artificially prepared from propyl
aldehyde and propionic anhydride by the action of nascent hydro-
gen (sodium amalgam). It is an agreeable-smellmg liquid of
specific gravity 0.8044 at 20°, and boiling at 97.4°. The boiling
point is very materially aﬁ'ected by slight additions of water, as
a hydrate, C,H,O + H,0, is formed, which boils at 87°. It is -
miscible in every proportion with water, but on the addition of
calcium chloride and other easily soluble salts, it separates again
from its aqueous solution. Hence it is insoluble in a saturated, cold
calcium chloride solution, and this distinguishes it from ethyl
alcohol.

It passes into propionic aldehyde and propionic acid, under the
influence of oxidizing agents. When heated with 5 volumes of
H,SO,, it yields propylene. Its chloride boils at 46.5°, the bromide
at 71°, the iodide at 102° (p. 68).
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(2) Secondary or Isopropyl Alcohol, (CH,),.CH.OH,
dimethyl carbinol, is prepared from the iso-iodide (p. 68); from
acetone by the action of sodium amalgam ; from acrolein, C;H,O,
propylene oxide, C;H;O, and dichlorhydrin, C;H,Cl,.OH, by means
of nascent hydrogen ; from glycol iodhydrin, C,H,I.OH, by action
of zinc methyl; from propylamine (p. g1) by action of nitrous acid,
and from formic ester by the aid of zinc and methyl iodide (p. 91).

To prepare isopropy! alcohol, a mixture of one volume acetone and five
volumes of water is shaken with liquid sodium amalgam, and the distillate re-
peatedly subjected to the same treatment, until an energetic liberation of hydro-
gen is perceptible. It is then distilled and the distillate dehydrated with ignited
potashes and afterwards mixed with pulverized calcium chloride. The result-
ing crystalline compound is deprived of all adhering acetone by standing over
sulphuric acid. If heated, it breaks up into CaCl, and isopropyl alcohol.

The most practical method of obtaining it is to boil the iodide with ten parts of
water and freshly prepared lead hydroxide in a vessel connected with a return
condenser, or simply by heating the iodide with twenty volumes of water to 100°
(Annalen, 186, 391).

Isopropyl alcohol boils at 82.8°, and has a specific gravity o.7887
at 20° It is miscible with water, alcohol and ether ; potash will
separate it again from the aqueous solution. Oxidizing agents
convert it into acetone. Its chloride, C,H,Cl, boils at 37°, the
bromide at ‘60-63°, and the iodide at 89° (p. 69). The benzoic
ester, C;H,0.C,H,O, breaks up on distillation into benzoic acid
and propylene.

CCly

/

H
zinc methyl on chloral. It is cryst;lline, fuses at 49°, and boils about 155°
(Annalen, ax0, 78).
4. Butyl Alcohols, C,H,.OH. According to theory four isomerides are
possible : 2 primary, I secondary, and I tertiary (p. 87) :—

Trichlorisopropyl Alcohol, CH.OH, is produced in the action of

CH,.CH,.CH CH
Lo oorTE 2. SH<cH}
CH,.0H CH,.OH
Normal Butyl Alcohol IsobutyrAlcohol.
Propyl Carbinol Isopropyl Carbinol.
CH,\_
/CH.OH 4. (CH,),.COH

CH,.CH, Trimethyl Carbinol.
Methyl-Ethyl Carbinol :

(1) Normal Butyl Alcohol,C,H,.CH,.OH, forms in the action of sodium
amalgam upon normal butyl aldehyde, C,H,.COH, upon butyryl chloride,
C,H,.CO.Cl, and upon butyric anhydride. It is further produced by a peculiar
fermentation of glycerol, brought about in the presence of a schizomycetes
(Berichte, 16, 1438). It is a liquid with an agreeable odor, has a sp. gr. of
0.8099 at 20° and boils at 116.8. It is soluble at 22° in 12 volumes of water.
Calcium chloride and other salts separate it again from its solution. When oxi-
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dized it passes into butyl aldehyde and butyric acid. Its chloride, C,H,.CH,Cl,
boils at 77.6°, the bromide at 99.8°, and the iodide at 120°.

Trichlorbutyl Alcohol, CH,.CHCI.CCI,.CH,.OH, results when zinc ethyl
and butyl chloral (see Trichlor-ethyl alcohol, p. 96) are brought together. It
crystallizes in prisms, fuses at 62°, and boils under 45 mm. pressure at 120°, If
oxidized with nitric acid it yields trichlorbutyric acid (Annalen, 213, 374).

(2) Isobutyl Alcohol, C,H,.CH,.OH, butyl alcohol of fer-
mentation, occurs in several fusel oils and especially in the spirit
from potatoes. It is a liquid possessing a fusel-oil odor, has a sp.
gr. of 0.80z0 at 20° and boils at 108.4°. It is soluble in ten parts
of water, and is again separated from solution on the addition of
salts. When oxidized it affords isobutyric acid. Its chloride,
C,H,Cl, boils at 69°, the bromide at 92°, and the iodide at 121°.
When the bromide is heated to 240° it is converted into tertiary
butyl bromide ; very probably (CH,),.C:CH, forms at first, which
subsequently yields (CH,);CBr with HBr (p. 67).

When isobutyl aleohol is heated with HCI, HBr or HI there result, in addition
to the normal halogen esters, also those of trimethyl carbinol, (CH,),CX,
because isobutylene, SCH 3)3-C:CH,, is produced from the former, and this then
combines with the halogen hydrides to compounds of the type (CH,),.CX.CH,

(see p. 92).
CH, '
(3) Methyl-ethyl Carbinol, >CH.OH (Butylene Hydrate), is obtained
C,H

2
from its iodide, produced by heatiné erythrite with hydriodic acid (p. 67) ; the
same iodide is also formed from normal butylene (pp. 58 and 92). The alcohol
may further be made by treating formic ester with Zn and CH,I and C,H,I;
and from the dichlor-ether, CH,Cl.CHCL.O.C,H , (see Ether) by the action of zinc-
ethyl and HI. It is a strongly smelling liquid, boiling at 98°-100°. Its sp, gr.
at o° is 0.827. Heated to-240°-250° it decomposes into water and § butylene,

CH, CH:CHL.CH,. It gives methylethyl ketone, H'>co, when oxidized.
Its iodide boils at 119-120°, e

(4) Trimethyl Carbinol, (CH,),.C.OH, tertiary butyl alcohol, is found in
slight quantity in fusel oil, and arises in the action of acetyl chloride upon zinc
methyl (p. 9o). It can also be obtained from the butyl alcohol of fermentation
by means of isobutylene (p. 92).

When perfectly anhydrous it crystallizes in rhombic prisms or plates, fusing at
28° and boiling at 83-84°. Its sp. gr. at 30° is0.7788. It is miscible with water
in all proportions, forming an hydrate (2C,H, ;O 4 H,0) which crystallizes in a
freezing mixture and boils at 80°. When oxidized with chromic acid it yields
carbon dioxide, acetic acid, acetone, and a little isobutyric acid.

Its chloride, C,H,Cl, boils at §0°-51°, and the iodide at 99°. When the latter
is heated with zinc and water trimethyl methane, C,H,,, and isobutylene,
C,H, = (CH,),C:CH,, result. On combining tﬁe latter with CIOH,
(éH 3)2CCLCH,.OH will be formed, from which, through the agency of nascent
hydrogen, isobutyl alcohol, (CH,),.CH.CH,.OH, is obtained.

5. Amyl Alcohols, C,H, l.()l-%. Theoretically 8 isomerides are possible : 4
primary alcohols, 3 secondary, and 1 tertiary :—
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. CH
Primary: . ?H,—CH,—CH, , CHa—CH<Gy?
CH,—CH,.OH CH,.0H
) CH<L CfFI C(CH,),
3 4 CH,.OH
(l:H OH 2
C,H
Secondary : 5. ‘>CH.0H 6. ’>CH0H
QHS H
CH
7. *NCH.OH
C'H7/
CH,.CH,\
Tertiary : 8. "CH,—COH.
CH, /

(1) Normal Amyl Alcohol, C,H,.CH,.OH (contains the normal butyl
group), is obtained from valemldehyde and from normal pentane It is almost
insoluble in water, has a fusel-oil odor, and boils at 137°. Its sp. gr. at 20°
equals 0.8168. On oxidation it yields normal valeric acid.

Its chloride boils at 106-107° C.; itis produced (together with C,H,.CHCI.CH,)
in the chlorination of normal pentane. The bromide boils at 129°, and the
iodide at 155.5°.

(2) Isobutyl Carbinol, (CH,),CH.CH,.CH,.OH (Inactive amyl
alcohol, isopentyl alcohol), constitutes the chief ingredient of the
amyl alcohol of fermentation obtained from fusel oil (p. 95) and
occurs as esters of angelic and tiglic acids in Roman camomile
oil. It may be obtained in a pure condition by synthesis from iso-
butyl a]cohol, (CH,),.CH.CH,.OH, by converting the latter into
the cyanide, the acid, the aldehyde, and finally into the alcohol.
It boils at 131.4°, and its sp. gr. at 20° is o0.8104. At 13° it dis-
solves in 5o parts water Its chloride, C;H,,Cl, boils at 100°, the
bromide at 120.4°, and the iodide at 148°. When oxidized it
yields valeric acid.

The so-called alcohol of fermentatlon, _possessing a disagreeable
odor and boiling at 129-130°, occurs in fusel oil and consists
mainly of inactive isobutyl carbinol. In addition, methyl-ethyl
carbinol (active amyl alcohol) and probably, too, normal amyl
alcohol are present. It rotates the plane of polarization to the left ;
its activity is due to the presence of active amyl alcohol. The
latter distils over first when fusel oil is thus treated.

Fermentation amyl-alcohol, treated with sulphuric acid, yields two amyl-
sulphuric acids. The different solubilities and crystalline forms of their barium
salts distinguish them. From the more difficultly soluble salt, which forms in
rather large quantity, isobutyl carbinol may be obtained by boiling its acid with
water. Active amyl alcohol is prepared from the more readily soluble salt. The
first alcohol affords inactive valeric acid on oxidation, the second the active acid.
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An easier separation of the alcohols is reached by conducting HCI into the mix-
ture. Isobutyl carbinol will be etherified first, the active amyl alcohol remaining
(Le Bel). When the crude fermentation alcohol is distilled with zinc chloride
ordinary amylene is the product. This consists mainly of (CH,;),C:CH.CH,,
resulting from a transposition of isobutyl carbinol ; it contains, besides, y-amylene
and a-amylene (compare p. 5§8). The iodide of the fermentation alcohol is

CH
made up principally of (CH;),.CH.CH,.CH,I and 3>CH.CP[,I,MA(1 yields
H
CH‘\ 278
the amylenes, (CH;),.CH.CH:CH, and /C:CH, (page 59).

CHa\ 2575
/CH.CH,.OH, secondary butyl carbinol,
H
28
methyl-ethyl carbinol, is the active ingredient (about 13 per cent.) of the fermen-
tation alcohol, and may be separated from this by the method above described,
1t boils a;nlz7°. In accordance with its asymmetric structure (p. 47) it is

(3) Active Amyl Alcohol,

optically jmactive and is indeed lzvo-rotatory [a]6 = 4.4°. Its chloride,

C,H,,C} boils from 97-99°, the bromide from 117-120° and the iodide from

144-145°. These are all optically active. The same may be noted in

regard to ethyl amyl and diamyl obtained from the iodide. Those derivatives, on

the contrary, not containing an asymmetric carbon atom, are inactive, e. g., amyl
CH,\ CH,\

hydride, CH.CH,, and y-amylene, C:CH; (p. 42 and Annalen,
C,H, ,H,”

C

220, 157). Active valeric acid, a>CH.CO,H, results from the oxidation of
aH,

amyl alcohol.

Active amyl alcohol becomes inactive on boiling with NaOH, otherwise it
manifests all the properties of the active modification. A mucor will render it
again active, but dextro-rotatory (Berickte, 15, 1506).

(4) Tertiary Butyl Carbinol, (CH,),.C.CH,.OH, has not been obtained as
yet, but no doubt may be prepared from tertiary butyl alcohol through the cyanide
(as in the case of isobutyl carbinol). -

(5) Diethyl Carbinol, (C,H,),.CH.OH, is formed by the action of zinc and
ethyl iodide upon ethyl formate (p. 91). It boils at 116-117°, and has a specific
gravity at o® of 0.832. Its iodide boils at 145°, and the acetate at 132°,
f-amylene (p. 59) is obtained from the iodide. Diethyl ketone, (C,H;),CO,
results from the oxidation of the alcohol. Since 3 amylene, C,H,;.CH:CH.CH,,
yields C,H,.CH,.CHI.CH, with HI, from which methyl normal propyl carbinol
isI ob':ailned, we can in this manner convert the diethyl carbinol into the latter
alcohol.

CH
(6) Methyl Normal Propyl Carbinol, ' >CH.OH, is formed from methyl
sHy
propyl ketone by the action of nascent hydrogen, It may be obtained, too, from
the iodide, C,H,.CHI.CH, (from a- and j-amylene, see above), and the chlo-
ride, C,H,.CHCL.CH, (from normal pentane). It boils at 118.5°. Its sp. gr.
at 0° is 0.824. Its iodide boils at 144-145° and the chloride at 103-105°.
Methyl normal propyl ketone is the oxidation product of the alcohol. The jodide
yields §-amylene.
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CH .
(7) Methyl Isopropyl Carbinol, . H’>CH.0H, is obtained by the action of

3
sodium amalgam upon an aqueous solution of the corresponding ketone. It is an
oil with a fusel odor, boils at 112.5°% and has a sp. gr. at 0° of 0.833. When
oxidized it yields methyl isopropyl ketone.
Wh(e::;_I acted upon by halogen hydrides and also PCl;, the derivatives of the

type,c H.>CHX, do n})t form, but,in a singular manner, those of tertiary amyl
alcoho’ :—1-
CH N
CH.OH yijelds (CH,),CX.CH,.CH,.
(CH,),CH/ (CH,), 2 s

Very probably amylene, (CH,),C:CH.CH,, is the first product, and this by
addition of the halogen hydrides yields the derivatives of tertiary amyl alcohol
(compare p. 92).

The real derivatives of methyl-isopropyl carbinol are afforded by a-isoamylene,
(CH,),.CH.CH:CH, (p. 59), by the addition of halogen hydrides at ordi-
nary temperatures or when warmed. The resulting iodide, (CH,),.CH.CHI.CH,,
boils at 137-139°, the bromide, at 114-116°, and the chloride at g1°. The iodide
yields 8-isoamylene, (CH,),C:CH.CH,. :

(8) Tertiary Amyl Aleohel, (Ct4)s } C.OH, Dimethyl.ethyl-carbincl, Amy-
2°%8
lene hydrate. This is synthetically prepared by the action of zinc methyl

CH
on propionyl chloride. It may be obtained from y-amylene, a>C:CH,,and
C,H,

2
p-isoamylene, (CH,),C:CH.CH,, when their HI compounds are heated with
lead oxide and water. Since ordinary amylene consists chiefly of 3-isoamylene
(P- 59), tertiary amyl alcohol is most practically prepared from the first by shaking
it with sulphuric acid and boiling the solution with water (Annalen, 190, 345).

Tertiary amy! alcohol has an odor like that of camphor, boils at 102.5°, solidifies
at —12.5° and melts at —12°. Its specific gravity at 0° is 0.827. Its iodide boils
at 127-128°, the bromide at 108-109°, and the chloride at 86°. At 200° it de-
composes into water and 3-isoamylene. Acetic acid and acetone are its oxidation
products.

6. Hexyl and Caproyl Alcohols, C,H,,.OH. Seventeen isomerides are
theoretically possible: 8 primary (as there are eight amyl radicals), 6 secondary,
and 3 tertiary. Of the eight known at present there may be mentioned :—

(1) Normal Hexyl Alcohol, CH,.(CH,),.CH,.OH. This was first obtained
(together with methyl butyl carbinol) from normal hexane. It can be prepared

ure from caproic acid, C;H,,;0,, by reduction, and by the transformation of
Eexylamine (from oenant‘ilylic acd, C,H,,0,, Berickte, 16, 744). Hexyl
butyrate occurs in the volatile products of some Heracleum varieties (together
with octyl acetate). The alcohol may be obtained from these by saponification
with caustic potash. It boils at 157°, and has a specific gravity at 23° of 0.819.
Normal caproic acid is its oxidation product. The iodide, C;H, I, boils at
180°, and the chloride, C,H, ,Cl, at 130-133°.

(2) Methyl-tertiary Butyl Carbinol, (CH,),;.C.CH.OH.CH,, Pinacolyl
alcchol. Nascent hydrogen acting on pinacoline (see this) affords the above
alcohol. When cooled it crystallizes and melts at +4°. It boils at 120°, and
has a specific gravity of 0.834. If oxidized with a chromic acid mixture it first
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(CH,),C.

cH,”
carbon dioxide and trimethyf acetic acid.

(3) Fermentation Hexyl Alcohol or Caproyl Alcohol, C,H, ;OH, is found
in the fusel oil of grape spirit. It boils at 150°. Its constitution is not well
determined. That it is a primary alcohol is evident from the fact that when
oxidized caproic acid results.

7. Heptyl or (Enanthyl Alcohols, C,H,,.OH. Thirteen of the thirty-
eight possible isomerides are known. The following may be noticed :—

(1) Normal Heptyl Alcohol, CH,(CH,),.CH,.OH, from cenanthyl aldehyde
and normal heptane, boils at 175° and yields normal cenanthylic acid on oxidation.

(2) Dimethyl-tertiary Butyl Carbinol, C(CH,},.C(CH,),.OH, or Penta-me-
thyl-ethyl alcohol, obtained from trichlor-methyl acetic anhydricfe, C(CH,),.COCl,
by means of zinc methyl, melts at 4 17° and boils at 131-132°, It affords a
crystalline hydrate, 2C,H, ,0O + H,0, with water. This melts at 83°. Its
chloride boils at 136°, and the iodide at 141°.

The following higher normal alcohols are known. Octyl, cetyl, ceryl, and
melissyl alcohols occur naturally as esters; the others are obtained from the cor-
responding aldehydes by reduction (p. o).

Octyl Alcohol, C,H,,O, occurs as octyl acetate in the volatile oil of Herac-
leum spondylium, as butyrate in the oil of Pastinaca sativa, and together with
hexyl butyrate in the oil from Heracleum giganteum. 1t boils at 19go-192°, and
at 16° it has a sp. gr. = 0.830. Caprylic acid is its oxidatios product.

Decyl Alcohol, C,,H,,.OH, from capric aldehyde, melts at - 7°, and under
15 mm. pressure boils at 119°.

Dodecatyl Alcohol, C, ,H,;.OH, from lauraldehyde, melts at 24°, and boils
at 143.5° under a pressure of 15 mm,

Tetradecatyl Alcohol, C, ;H,,.OH, from myrisitaldehyde, melts at 32°, and -
under a pressure like that given with the preceding compounds boils at 167°.

Cetyl Alcohol, C,H,.OH, formerly called ethal, is prepared

from the cetyl ester of palmitic acid, the chief ingredient of
spermaceti, by saponification with alcoholic potash :—

CIOHOIO\
>0 + KOH = Cy H,,.OH + C, H,;0.0K.

C,,H otassium
167733 Palmitate.,

yields the ketone, CO, pinacoline ; subsequently this breaks up into

It may also be obtained by the reduction of palmitic aldehyde.

Ethal is a white, crystalline mass fusing at 49.5°, and distilling
about 340° with scarcely any decomposition (under 15 mm. pressure
it boils at 189°). When fused with potassium hydroxide it yields
palmitic acid.

Octodecyl Alcohol, C,,H,,.OH, from stearaldehyde, fuses at §9°, and boils
at 210° (under 15 mm.).

Ceryl Alcohol, C,H{(,.OH—Cerolin—as ceryl cerotic ester
constitutes Chinese wax. ‘It is obtained by melting the latter with
caustic potash:—

C,,H, 0
e >o + KOH = C,,H,,.0ll + C,,H,,0.0K.

2
C,,H;, écrolin otassium
’ Cerotate.
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Ceryl alcohol is a white, crystalline mass, fusing at 79°. It yields
- cerotic acid when fused with KOH.

Melissyl Alcohol, C,Hg.OH, myricyl alcohol, occurs as myri-
cyl palmitate in beeswax. It is isolated in the same manner as
the preceding compound, and melts at 85°. Its chloride melts at
64°, and the iodide at 69.5°.

2. UNSATURATED ALCOHOLS, CnHzn—:.OH.

These are derived from the unsaturated alkylens, C,H,, in
the same manner as the normal alcohols are obtained from their
hydrocarbons. In addition to the general character of alcohols
they possess also the capability of directly binding two additional
affinities.

The lowest member of the series—the so-called viny/ alcoko/—C,H,.OH =
CH,:CH.OH, does not appear to exist, because in all the reactions in which it
should form, the isomeric acetaldehyde, CH,.CHO, is produced. It seems to be
the universal rule, that the atomic grouping — C:CH.OH in the act of formation is
transposed into — CH.CHO, as aldehydes result instead of the expected secondary
alcohols. The group C.C(OH):CH, (with tertiary alcohol group) passes over
into C.CO.CH,, since ketones are always produced (compare acetone). These
facts explain many abnormal reactions (compare Berickte, 13, 309, and 14, 320).
The same rule holds good for the unsaturated oxy-acids in free condition, but
does not apply to their salts and esters (Berichte, 16, 2824).

1. Allyl Alcohol, C;H,.OH = CH,:CH.CH,.OH. This may
be prepared by heating allyl iodide to 100° (p. 71) with 20 parts
water. It is produced, also, when nascent hydrogen acts upon
acrolein, CH,:CH.COH, and sodium upon dichlorhydrin, CH,CI.
CHCIL.CH,.OH. It is best prepared from glycerol by heating the
latter with formic or oxalic acid.

Preparation.— A mixture of 4 parts glycerol and 1 part crystallized oxalic acid,
with addition of d}{ per cent. ammonium chloride, is slowly heated to 100° in a
retort. Carbon dioxide is disengaged, while formic acid and some allyl alcohol

over. When the liberation of gas has ceased somewhat, the heat is raised to
200°, and the distillate collected. The latter contains, besides allyl alcohol, some
allyl formate and acrolein. To further purify it the distillation is repeated, the
product warmed with KOH and dehydrated by distillation over barium oxide
(Annalen, 167, 222).

In this reaction the oxalic acid at first breaks up into carbon dioxide and formic
acid, which forms an ester with the glycerol; this then decomposes into allyl
alcohol, carbon dioxide, and water :—

CH,.0.CHO CH,
|
H.OH _du + €O, + H,0.

I
H,.OH CH,.OH
By this method 20-25 per cent. of the glycerol is changed to allyl alcohol.
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Allyl alcohol is a mobile liquid with a pungent odor, boiling at
96-97°, and having at 20° a specific gravity of o0.8540. It solidi-
ges at —50°. It is miscible with water and burns with a bright

ame.

It yields acrolein and acrylic acid when oxidized with silver
oxide, and only formic acid (no acetic) when chromic acid is the
oxidizing agent. Nascent hydrogen is apparently without effect
upon it; when heated to 150° with KOH formic acid, normal
propyl alcohol and other products are obtained.

For the halogen esters of allyl alcohol see page 70.

It combines with Cl, and Br, to form the f-dichlorhydrins of glycerol (see
this). The monosubstituted allyl alcohols are represented by two isomerides:—

CH,:CCL.CH,;.OH and CHCI:CH.CH,.OH.
a-Chlorallyl Alcohol [-Chlorallyl Alcohol.

The first of these is formed from a-dichlorpropylene, CH,:CCl.CH,CI, on
boiling with a sodium carbonate solution; it boils at 136°. When it is dissolved
ié'l l_sxulphuric acid and distilled with water it becomes acetone alcohol, CH,.CO.

5-OH.

B-Chlorallyl Alcohol, from J-dichlorpropylene, CHCL:CH.CH,Cl, boils at
153°, and causes painful blisters.

f-Bromallyl Alcohol, CHBr:CH.CH,.OH, from £.dibrompropylene, boils at
152°, and yields propargylic alcohol with KOH.

2. Crotyl Alcohol, C,H,.OH = CH,.CH:CH.CH,.OH, is obtained from
crotonaldehyde by means of nascent hydrogen. It boils at 117-120°.

3. Higher unsaturated alcohols of the allyl series, having tertiary structure,
arise in the action of zinc and allyl iodide upon ketones and in the decomposition
of the resulting product with water (p. 91). ‘

(3) UNSATURATED ALCOHOLS, CyH2zp — 3.0H.

The only known alcohol of the acetylene series in which there
exists triple union of two carbon atoms is Propargyl Alcohol,
C,H,0 = CH:C.CH,.OH, which is derived from §-bromallyl alco-
hol (see above) on heating it with KOH and some water :—

CHBr:CH.CH,.OH yields CH:C.CH,.OH.

Propargyl alcohol (or propinyl alcohol) is a mobile, agreeable-
smelling liquid, with a sp. gr. at 20° of o.9715. It boils at 114~
115°, and dissolves readily in water. With an ammoniacal cuprous
chloride solution (p. 61) it gives a yellow precipitate, (C,H,.
OH),Cu,, from which the alcohol is again set free by acid. Silver
solutions produce a white precipitate, C;H,Ag.OH.

Trichloride of phosphorus converts the alcohol into the chloride, C,H,Cl.
This boils at 65°. The bromide, C,H ;Br, formed by PBr,, boils at 88-9o°; the
iodide boils at 48-49°. The acetate, C;H,.0.C,H,O, results when acetyl
chloride acts upon the alcohol. Its boiling point is 125°.

Ethyl-Propinyl Ether, C;H,.0.C,H,, is made from glyceryl bromide,
CyH,Br,, and the various dichlor. and tfibrom-propylenes, C,H Br,, by the
aid of alcoholic potash. Itis a liquid with a penetrating odor, of sp. gr. 0.8326
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at 20°, and boilsat 80°. Its copper compound, (C,H,.0.C,H;),Cu, is yellow
colored while that with silver, C;H,Ag.O.C,H,, is whne

ngher alcohols, in which the double union of carbon atoms occurs twice, are
produced by the action of zinc and allyl iodide upon ethers of formic acid and
even of acetic acid, whereby secondary and tertiary alcohols result (p. 9r).
These alcohols absorb four bromine atoms, but do not, however, enter into combina-
tion with copper and silver. This accords with their structure.

ETHERS.

The oxides of the alcohol radicals are thus designated. In the
ethers of the monohydric alcohols two alkyls are present, joined to
each other by an oxygen atom. They may be considered also as
anhydrides of the alcohols, formed by the elimination of water from
two molecules of alcohol :—

C,H,

C,H,.OH + C,H,.OH — >o + H,0.
H
2°°5

Ethers containing two similar alcohol radicals are termed simple
ethers ; those with different radicals, mixed ellm-: —

H
o Hso.
c,H,” CH, /°
Elhyl Ether, or Methyl-cdlyl -
Diethyl Ether Ether.

We must make a distinction between the above and the so-called
comppund ethers or esters, in which both an alcohol radical and
an acid radical are present, e. g.,—

C.H,
No Ethyl acetic ester.
C,H,0”
The properties of these are entirely different from those of the
alcohol ethers. In the following pages they will always be termed
esters.
The following are the most important methods of preparing
ethers:—
1. Action of the alkylogens upon metallic oxides, especially silver
oxide :—
2C,H,I 4+ Ag,0 = (C,H,),0 4 2Agl.
2. The action of the alkylogens upon the sodium alcoholates in
alcoholic solution. Mixed ethers are also formed here : —

C,H
C,H,ONa 4+ C,H,Cl= "0 4 NaCl.
CZHB/
‘ C,H
C,H,ONa 4 C,H,Cl = = 'O { NaCl
c,H,”

t et
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3. Heating the sulphuric esters with alcohols :—

0.C,H, C,H,
s0,{ + C,H,.OH = >0 +50,H
’\OH 3% C H + 442
Edby! Sulphuric Dicthyl
Aci Ether
O.CH, C,H,
50, + C,H,.OH = N0 + so,H
u: l\sol}%uﬁc o cH,” o
Meth
Methyl Sub et

The formation of ethers by directly heating the alcohols with
sulphuric acid is based on this reaction :—

2C,H,.OH 4 SO,H, = (C,H,),0 + SO,H, + H,0.

By mixing and warming alcohol with sulphuric acid, a sulphuric
ester (together with water) is produced (p. 89). With excess of alco-
hol, on application of heat, this breaks up into ether and sulphuric
acxd The ether and water distil over while the sulphuric acid
remains behind. If a new portion of alcohol be added to this residue
the process repeats itself. In this way, an unlimited amount of
alcohol can be changed to ether by one and the same quantity of
sulphuric acid, providing the latter does not sustain a slight and
otherwise different transposition. Formerly this process, when the
" mechanism of the reaction was yet unexplained, was included in
the category of catalytic actions. The explanation of the etheri-
fication process (by Williamson, in 1852) marks an important
turning point in the history of chemistry.

When a mixture of two alcohols is permitted to act upon
sulphuric acid, three ethers are simultaneously formed ; two are
simple and one a mixed ether. Other polybasic acids, like phos-
phoric, arsenic, and boric, behave like sulphuric acid.

Ethers are neutral, volatile bodies, nearly insoluble in water.
The lowest members are liquid ; the highest, ¢. g., cetyl ether, are
solids. Their boiling points lie markedly lower than those of the
corresponding alcohols.

Chemically, ethers are very indifferent, because all the hydrogen
is attached to carbon. When oxidized they yield the same pro-
ducts as their alcohols. Heated with concentrated sulphuric acid
they afford ethereal salts. Phosphorus chloride converts them
into alkyl chlorides:—

éHs\o + PCl, = C,H,Cl + cH ,Cl + POCI,.
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The same occurs when they are heated with the haloid acids,
especially with HI :—

Cég:>o + 2HI = C,H,I 4 CH,I + H,O0.

‘When acted upon by HI in the cold, they decompose into alcohol and an iodide.
With mixed ethers it is the iodide of the lower radical that is invariably pro-
duced (Berichte, 9, 852) :—

CH
c,H:>° + HI =CH,I 4 C,H,.0H.

Many ethers, especially those with secondary and tertiary alkyls and those with
unsaturated alkyls, break up into alcohols (Berichse, 10, 1903), when heated
with water or dilute sulphuric acid to 150°.

Methyl Ether, (CH,),0, is prepared by heating methyl alcohol
with sulphuric acid. It is an agreeable-smelling gas, which may be
condensed to a liquid at about — 23°. Water dissolves 37 volumes
and sulphuric acid upwards of 600 volumes of the gas.

In preparing it 4 parts methyl alcohol and 6 concentrated sulphuric acid
are heated to 140°, in a flask, in connection with a return condenser. The liber-
ated gas is purified by conducting it through potash. (Berickse, 7, 699.)

Substitution products form when chlorine is allowed to act
gradually : CH,C1.0.CH, boils at 60°, (CH,CI),0 boils at 105°,
and at last perchlormethyl ether, (CCl,),0, which decomposes
about 100°. '

Ethyl Ether, (C,H,),0, is prepared by heating ethyl alcohol
with sulphuric acid (p. 106).

A mixture of § parts &80—90 per cent.) alcohol and g parts H,SO, is warmed
in a flask connected with a condenser. A thermometer passes through the cork
of the vessel and dips into the liquid. When the temperature has reached 140°,
a slow stream of alcohol is allowed to enter the flask through a tube leading into
the latter. The temperature given must be maintained. The ethyl sulphuric
acid produced at the beginning reacts at 140° upon the entering alcohol forming
sulphuric acid and ether, which regularly distils over with the water formed in
the reaction. The distillate is a mixture of ether, water, and some alcohol. It is
shaken with soda, to combine sulphurous acid, the lighter layer of ether is
siphoned off and distilled over lime. There is always some alcohol in the
product. To remove this entirely distil repeatedly over sodium, until hydrogen
is no longer evolved. Any water in the ether may be detected by shaking the
latter with an equal volame of CS,, when a turbidity will ensue. To detect
alcohol, ether is agitated with aniline violet. When the former is absent the
ether remains uncolored.

Ethyl ether is a mobile liquid with peculiar odor and specific
gravity at o° of 0.736. Anhydrous, it does not congeal at — 80°.
It boils at 35° and evaporates very rapidly even at medium tem-
peratures. It dissolves in 10 parts water and is miscible with
alcohol. Nearly all the carbon compounds insoluble in water,
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such as the fats and resins, are soluble in ether. It is extremely
inflammable, burning with a luminous flame. Its vapor forms a
highly explosive mixture with air. When inhaled, ether vapor
brings about unconsciousness. Hoffmann’'s Anodyne is a mixture of
3 parts alcohol and 1 part ether.

Ether unites with bromine to form peculiar, crystalline addition products,
somewhat like bromine hydrate; it combines, too, with water and metallic salts.
When heated with water and sulphuric acid to 180° ethyl alcohol results.
Chlorine acting upon cooled ether forms various substitution products: mono-
chlorether, CH,.CHCL.O.C,H,, boiling point 98°, dichlorethyl oxide, CH,Cl.
CHCIL.0.C;H,, boiling point 145° and hiﬁher derivatives. An isomeric dichlor-
cther, 5CH,.C'HCI),O, is produced when HCl acts upon aldehyde. It boilsat 116°.
Perchlorinated Ether, (C;Cl;),0, the last product of the action of chlorine on
ethyl oxide, is a crystalline body, fusing at 68° and decomposing upon distillation
into C,Cl, and trichloracetyl chloride, C,Cl,0.Cl.

When ozone is conducted into anhydrous ether, a thick liquid, having the com-
position C{H, ,O,, is formed. This explodes on being heated. It is considered
an ethzl peroxide, (CyH;),O,. Water converts it into alcohol and hydrogen
peroxide,

Methyl Ethyl Ether, CH,.0.C,H,, boils at 11°. Methyl Propyl Ether,
CH,.0.C,H,, at 50°.

Normal l-z’ropyl Ether, (C,H,),0, boils at 86°. Isopropyl Ether, from
isopropyl iodide, boils at 60-62°.

Isoamyl Ether, (C;H,,),0, is formed together with amylene, and its poly-
merides when fermentation amyl alcohol is heated with sulphuric acid. It boils
at 176°, and has a specific gravity of 0.779.

Cetyl Ether, (C,,H,,),0, from cetyl iodide, crystallizes from ether in bril-
liant leaflets, fuses at 55°, and boils at 300°.

Allyl Ether, (C,H;),0, from allyl iodide, boils at 85°.

Vinyl Ethyl Etf:et, C,H,.0.C,H,,is produced when chloracetal, CH,Cl.CH.
(O.C H,),, (obtained from acetal by chlorination and from dichlor-ether,
CH ('Jl.él-f(,’l.O.C,H s» by aid of sodium alcoholate) is heated with sodium. It
is a‘iquid with an allyl.like odor, and boils at 35 5°. Chlorine added to it gives
again dichlorether. When boiled with dilute sulphuric acid it decomposes into
ethyl alcohol and aldehyde l_ﬁp. 103).

Allyl Ethyl Ether, C,H;.0 C,H,, from allyl iodide and sodium ethylate,
boils at 66°. It combines directly with Br,,Cl; and CIOH.

MERCAPTANS AND THIO-ETHERS.

Just as the metallic oxides and hydroxides have their analogous
sulphur compounds, so we find corresponding to the alcohols and
ethers thio-alcokols or mercaptans and thio-ethers ot alkyl-sulphides —

C,H,.SH C.H,\g
ulphi C *
Ethyl fiydrosulphide Ethyl'sl;ll; z

Although in general they closely resemble the alcohols and ethers,
the sulphur in them imparts additional specific properties. Ia
the alcohols the H of OH is replaceable by alkali metals almost
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exclusively ; in the mercaptans it can also be replaced by heavy
metals (by action of metallic oxides). The mercaptans react very
readily with mercuric oxide, whereby crystalline compounds
result : —
2C,H,.SH + HgO = (C,H,.S),Hg + H,0.

Hence their designation as mercaptans (from Mercurium captans).

The methods resorted to for their formation are perfectly analogous to those
employed for the alcohols. They are produced :—

(1) By the action of the alkylogens upon potassium sulphydrate in alcoholic

solution :—
C,H,Cl 4+ KSH = C,H;.SH + KCI.
Similarly, the thio-ethers are formed by action of the alkylogens upon potassium

sulphide :—
2C,H,Cl 4 K,S = (C,H;),S + 2KCL

‘When polysulphides are employed instead of K S, polysulphides of the alcohol

radicals, like S1H }8, are obtained.
Ethy( disulphide.

The alkyl sulphides are also produced when the alkylogens act upon the
metallic compounds of the mercaptans. Mixed thio-ethers can also be made by
this method :—

C,H, SK 4{C,H, A =5 g»>s + KQL

Further, they are produéed when the mercury mercaptides are subjected to heat:—

(C,H,.8),Hg = (C,H,),S + HgS.
(2) By distilling salts of the sulphuric esters with potassium sulphydrate or
potassium sulphide (see p. 89):—
so,<8f=“5 + KSH = C,H,.SH + SO,K,.

0.C,H
zso,<oxz 5 4+ K,S = (C,H,),S + 250,K,.

The neutral esters of sulphuric acid, e.g., SO,(0.C,H,;), (p. 116), also yield
mercaptans when heated with KSH.
L A direct re; lacement of the O of alcohols and ethers by S may be attained
osphorus su phtde —
OH+PS,_5 .SH + P,O, and
s(c’,H" );0 + B;S, — 5(C, H )2S + P30,
The P,O, is likely to react further upon the alcohols, and then phosphoric
acid esters will appear simultaneously with the preceding compounds.

The mercaptans and thio-ethers are colorless liquids, for the
most part insoluble in water, and possessed of a disagreeable, garlic-
like odor. The alcoholic polysulphides are yellow-colored liquids.
The metallic derivatives of the mercaptans—termed mercaptides—
may be obtained by the double decomposition of the alkali com-
pounds, and also by the direct action of the metallic oxides.

.
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A solution of ferric chloride is colored deep red by all the mer-
captans; the color soon disappears (Berichte 13, 44). When
oxidized with nitric acid the mercaptans unite with three atoms
of oxygen, and yield the so-called sulphonic acids (p. 119):—

C,H,.SH + 30 = C,H,.SO,H.
e +3 E&hyrSufphom’c acid.

The sulphur ethers, also, take up one and two sulphur atoms when

treated with HNO,, and yield sulphoxides and sulphones :—

C.H \IV ' d C.H \Vl
CH, /59 = C,H, /SO
Diethyl sulph-oxide Diethyl-sulphone.

These compounds may be compared to the ketones. Nascent
hydrogen (Zn and H,SO,) deoxidizes the sulphoxides to sulphides.

Some thio-compounds can be changed to the oxygen derivatives
by the action of silver oxide :—

(C3H;),S + Ag,0 = (C,H,),0 + Ag, S.

Methyl Mercaptan, CH,.SH, is a light liquid, that will swim on water, and
boils at 20°. Methy! sulphide, (CH,),S, boils at 37.5°,and combines with bromine
to yield a crystalline compound, (Cf-I,) SBr,. Concentrated nitric acid oxidizes
methyl sulphide to sulphoxide, (CH ),S’O, which forms the salt (CH,),SO.NO,H
with an excess of acid. Barium carbonate separates the free sulphoxide from this.
Silver oxide produces the same compound when it acts upon the bromide,
(CH,),SBr;. The sulphoxide is an oil, soluble in water,and congealed by cold.
On heating methyl sulphide with fuming nitric acid we obtain dimethyl.sulphone,
(CH,),SO,. This is a crystalline body, fusing at 109°, and boiling at z3g°.

Ethyl Mercaptan,C,H;.SH, is a colorless liquid, boiling at 36°,
and solidifying to a crystalline mass upon rapid evaporation. It is
but slightly soluble in water ; readily in alcohol and ether.

It may be prepared by saturating a concentrated KOH solution with hydrogen
sulphide, adding potassium ethyl sulphate to this, and then distilling, when the light
mercaptan will swim upon the aqueous distillate. To obtain it perfectly pure, shake
wi.tll: l:lg(g, recrystallize the solid mercaptide from alcohol, and then decompose it
with H,S.

Mercury mercaptide, (C,H;.S),Hg, crystallizes from alcohol in
brilliant leaflets, fusing at 86°, and is only slightly soluble in water.
When mercaptan is mixed with an alcoholic solution of HgCl, there
is precipitated the compound C,H,.S.HgCl. The potassium and
sodium compounds are best obtained by dissolving the metals in
mercaptan diluted with ether ; they crystallize in white needles.

The disulphides are produced when iodine acts upon the mercap-
tides:—

2C,H,SK + I, = (C,H,),S, + 2KL.

Ethyl Sulphide, (C,H;),S, obtained by the distillation of ethyl chloride with
an alcoholic solution of K,S, boils at g1°. It combines with some metallic chlo-
rides to yield double compounds, like (C;H,),S.HgCl; and [(C,H,),S],.PtCl,.
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If oxidized with dilute nitric acid it forms the sulphoxide, (C,H,),SO, an
oily liquid, which decomposes when distilled. Fuming nitric acid produces
diethy! sulphone, (C;H,),SO,, soluble in water and alcohol, and crystallizing in
large, colorless plates. ft mels at 70° and boils, undecomposed, at 248°.
Nascent hydrogen (zinc and sulphuric acid) converts the sulphoxide into ethyl
sulphide.

Propyl Mercaptan, C,H,.SH, boils at 68°, and the iso-derivative at 58-60°.
Dipropy! sulphide, (C,H,),S, boils at 130-135°.

Normal Butyl Mercaptan, C,H,.SH, boils at 98°; dibutyl sulphide at 182°;
di-isobutyl sulphide at 173°. The latter yields only one monoxide with nitric
acid, while a dioxide is also obtained from dibutyl sulphide (4nnalen 175, 349).

Cety! Sulphide, (C,4H,,),S, crystallizes in shining leaflets, fusing at 57°.

Allyl Mercaptan, C,H,.SH, is very similar to ethyl mer-
captan, and boils at go°.

Allyl Sulphide, (C,H;),S, is the chief constituent of the oil of
garlic (from A/ium sativum), and is obtained by the distillation of
garlic with water. It occurs in many of the Crucifere. It may be
prepared artificially by digesting allyl iodide with potassium sul-
phide in alcoholic solution. It is a colorless, disagreeable-smelling
oil, but slightly soluble in water. It boils at 140°. It affords
crystalline precipitates with alcoholic solutions of HgCl, and PtCl.,
With silver nitrate it yields the crystalline compound (C;Hs),S.
3A8N03.’

The sulphinic acids are nearly related to the sulphones :—

C,H
2 3\30’ Cz“a\sor
C,H,” H”
Die:hyl sulphone Ethyl Sulphinic Acid.

They contain the group —SO,H, in which the H is linked to sulphur (see
below), and in this instance it plays the réle of acid hydrogen. Perhaps, too,
these compounds might be considered derivatives of hyposulphurousacid, SO, H,.
Their zinc salts are produced by the action of sulphur dioxide upon the zinc

alkyls: —
C,H,\ _ C,H,.S0,\., .
CH,Zn +280;= clylso) JZns

also from chlorides of the sulphonic acids by the action of zinc dust :—
2C,H,.S0,Cl 4 2 Zn = (C;H,.S0,),Zn + ZnCl,.
Barium hydrate will change the zinc salts into barium salts; these decomposed
by sulphuric acid give the free sulphinic acids as thick, strongly acid liquids, which
decompose on application of heat. Zinc ethyl sulphinate crystallizes in shining

leaflets.
Oxidized by nitric acid the sulphinic acids readily become sulphonic acids (see

p- 119).
C,H,.S0.0H + 0 = C,H,.S0,.OH.
Ethyl Sulphinic Acid _ Ethyl Sulphonic Acid.
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Sulphones result when the alkyl iodides act on the sodium salts of the salphinic
acids:—
C,H C,H
zN;\/\SO, +C,H,I = C:H:>503 + Nal.

These facts demonstrate that in the sulphinic acids hydrogen is in union with
sulphur (Berichte, 13, 1281).

Sulphine Compounds. The sulphides of the alcohol radicals
(thio-ethers) combine with the iodides (also with bromides and
chlorides) of the alcohol radicals at ordinary temperatures, more
rapidly on application of heat, and form crystalline compounds:—

C;H,),S + C,H, I = CH)SI
(C:Ha),S + Tne(d:yl Sulphine Todide.

These are perfectly analogous to the halogen derivatives of the
strong basic radicals (the alkali metals). By the action of moist
silver oxide the halogen atom in them may be replaced by hydroxyl,
and we get hydroxides similar to potassium hydroxide : —

(C,H,),SI + AgOH = (C,H,),S.0H + Agl

The sulphine haloids are also obtained on heating the sulphur ethers with the

halogen hydrides:—
2(C,H,),S + HI = (C,H,),SI + C,H,.SH.

The acid chlorides act similarly. Often when the alkyl iodides act on the

sulphides of higher alkyls the latter are displaced (Berichte, 8, 325) :—
(C,H,),S + 3CH,I = (CH,);SI + 2C,H, L

(C,H,),S.CH, I and c, H'\S C,H,I are to be isomeric (?), in which case a

difference of the 4 valences of S would be proven ( Journ. pract. Chemie, 14,
193).

The sulphine hydroxides are crystalline, efflorescent, strongly
basic bodies, readily soluble in water. Like the alkalies they pre-
cipitate metallic hydroxides from metallic salts, set ammonia free
from ammoniacal salts, absorb CO, and saturate acids, with the
formation of neutral salts:—

(C,H,),S.0H 4 NO,H = (C,H,),S.NO, + H,0.

We thus observe that relations similar to those noted with nitro-
gen and phosphorus prevail with sulphur (also with selenium and
tellurium).  Nitrogen and phosphorus combine with four hydrogen
atoms (also with alcoholic radicals) to form the groups ammonium,
NH,, and phosphonium, PH,, which afford compounds similar to
those of the alkali metals. Sulphur and its analogues combine in
like manner with three monovalent alkyls, and give sulphonium and
sulphine derivatives. Other metalloids and the less positive metals,

-
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like lead and tin, exhibit a perfectly similar behavior. By addition
of hydrogen or alkyls they acquire a strongly basic, metallic char-
acter (see the metallo-organic compounds).

Only the sulphine derivatives of methane and ethane have been carefully
studied ; the former are perfectly similar to the latter.

Triethyl Sulphine Iodide, (C,H,),SI, obtained by heating ethyl sulphide
and iodide to 100°, crystallizes from water and alcohol in rhombic plates. Pla-
tinum chloride precipitates the double salt [(C,H,),SCl],.PtCl,, from a
solution of the chloride. It forms red needles.

Triethyl Sulphine Hydroxide, (C,H,),S.0H, forms efflorescent crystals and
possesses an alkaline reaction. Its nitrate, (C,H,),S.0.NO,, crystallizes in
efflorescent scales. Hydrochloric acid converts the hydroxide into chloride,
(C,H;),SCL

SELENIUM AND TELLURIUM COMPOUNDS.

These are perfectly analogous to the sulphur compounds. The methods of
formation are also similar.

Ethyl Hydroselenide, C,H;.SeH, is a colorless, unpleasant-smelling, very
mobile liquid. It combines readily with mercuric oxide to form a mercaptide.

Ethyl Selenide, (C,H,),Se, is a heavy, yellow oil, boiling at 108°. It unites
directly with the halogens, ¢. g., (C,H,),SeCl,. It dissolves in nitric acid with
formation of the oxide, (C,H,),SeO, which yields the salt, (C,H,),Se(NO,),.

Methyl Telluride, (CH,},Te, is obtained by distilling barium methyl sul-
phate with potassium telluride. It is a heavy, yellow oil, boiling from 80-82°.
Dilute nitric acid converts it into the nitrate of the oxide, (CH,),Te(NO,),.
From an aqueous solution of this salt hydrochloric acid precipitates a white,
crystalline chloride, (CH,),TeCl,; this yields the oxide, (CH,),TeO, with
silver oxide. This is a crystalline, efflorescent compound. In properties it
resembles CaO and PbO. It reacts strongly alkaline, expels ammonia from am-.
monium salts, and forms salts by neutralizing acids.

Methyl telluride combines with methyl iodide to form Trimethyl tellurium
iodide, (CH,),Tel, which passes into the strongly basic hydroxide,
(CH,),Te.OH, by the action of moist silver oxide. It resembles potassium
hydroxide.

Ethyl Telluride, (C,H;),Te, is a reddish.colored oil, soluble in nitric acid
with formation of (C,H,),Te(NO,),. Hydrochloric acid precipitates the
chloride, (C,H,),TeCl,, from an aqueous solution of the salt. Hydriodic acid
pr:ocipitates the iodide, (C,H;),Tel,. Thisis an orange-red powder, fusing at
50°.

ESTERS OF THE MINERAL ACIDS.

If we compare the alcohols with the metallic bases, the esters or
compound ethers (see p. 105) are perfectly analogous in constitution
to the salts. We can regard them as alcohol derivatives, arising
by the substitution of acid radicals for alcoholic hydrogen, or they
may be viewed as derivatives of the acids formed by substituting
alcohol radicals for the hydrogen of acids. The various designa-
tions of esters would indicate this:—

C,H,.O.NO, or NO,O0.C,H,.

Bihyl Nitrate Nitric Ethyl Ester.
6%
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The first view is better adapted for esters of the polyhydric
alcohols, while the second answers best for thosc of the polybasic
acids. In these all or only one hydrogen can be replaced by
alcohol radicals ; thus arise the neutra/ esters and the so-called ether-
acids, which correspond to the acid salts :—

70.C,H, /0.C,H
50:{ 0.C;H; 50, o °
Sulphuric Ethyl Enet Ethyl Sulphuric Acid.

Almost all the neutral esters are volatile ; therefore the determi-
nation of their vapor density is a convenient means of establishing
the molecular size and also the basicity of the acids. The ether-acids
are not volatile, but soluble in water and yield salts with the bases.

All esters, and especially the ether-acids are decomposed into
alcohols and acids when heated with water. Sodium and potassium
hydrates, in aqueous or alkaline solution, accomplish this with great
readiness when aided by heat. The process is termed saponifi-
cation :—

Pocusmm acetate.

C,H,\ _
c,A,8)0 + KOH —Ciu OH + C,H,0.0K.
Ethyl acetate, ethyl acetic ester

There are two synthetic methods of producing the esters that
favor the views of considering them derivatives of alcohols or acids.
These are : — .

71) By reacting on the acids (their silver or alkali salts) with
alkylogens:—

NO,.0.Ag 4 C,H,I = NO,.0.C,H, + Agl.

(2) By acting upon the alcohols or metallic alcoholates with acid
chlorides: —

0.C,H
2C,H,.OH + SO,Cl, = so,<o C'H’ + 2HCL
3C;H;.OH + BCl, =B(0.C,H,), + 3HCL.

In addition to these reactions, which generally occur with ease,
the esters can also be prepared by letting alcohols and acids act
directly ; water is also produced.

C,H,.0OH 4 NO,.OH =C,H,.0.NO, + H,0.

This transposition, however, only takes place gradually, progressing with time ;
it is accelerated by heat, but is never complete. We a'lways find alcohols and
acids together with the esters, and they do not react any further upon each other,
If the ester be removed, e. g., by distillation, from the mixture, as it is formed, an
almost perfect reaction may be attained. These relations are perfectly similar to
those observed in the action of two salts (compare Inorganic Chemistry). A
more comprehensive statement of the processes taking place in the action of
acids and alcohols will be given under the esters of the fatty acids.

When acted upon by alcohols, the polybasic acids mostly yield
" the primary esters or ether-acids. The haloid acids behave just like
the mono-basic acids; the alkylogens formed (see p. 65) may be
termed Aaloid esters of the alcohols,
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NITRIC ACID ETHERS (ESTERS).

Methyl Nitrate, CH,.0.NO,, Nitric Methy! E.rier, is produced
by distilling methyl alcohol with nitric acid. It is a colorless
liquid, sllghtly soluble in water, and boiling at 66°. Its speclﬁc
gravity, at 20°, is 1.182. When struck or heated to 150° it ex-
plodes very violently.

It is prepared by distilling a mixture of methyl alcohol (5 pts.) with sulphuric

acid (10 pts.) and nitre (2 pts.), or a mixture of wood spirit and nitric acid,
adding at the same time some urea (compare ethyl nitrate).

Ethyl Nitrate, C,H;.0.NO,, Nitric Ethy! Ester. When
alcohol is heated with nitric acid, there is a partial oxidation of
the alcohol, which causes the formation of nitrous acid and nitrous
ethyl ester. If, however, we destroy the nitrous acid (best by
addition of urea), pure nitric ethyl ester results.

Distil 120-150 grms. of a mixture consisting of 1 volume nitric acid (of specific
El:"ty 1.4) and 2 volumes alcohol (80-go per cent.),to which 1-2 grams urea

ve been added. The distillate is shaken with water, and the heavier ester sepa-
rated from the aqueous liquid.

Ethyl nitrate is a colorless, pleasant-smelling liquid, boiling at
86°, and having a specific gravity of 1.112, at 15° It is almost
msoluble in water, and burns with a white light. It will explode
if suddenly exposed to high heat. Heated with ammonia it passes
into ethylamine nitrate. Tin and hydrochloric acid convert it into
hydroxylamine,

The propyl ester, C,H,.0.NO,, (Berichte 14, 421) boils at 110°, the iso-propyl

ester at 101-102°, and the isobutyl ester at 123°, tyl ester, C,.H, 3-O.NO,,
solidifies at 10°.

NITROUS ACID ETHERS (ESTERS).

These are isomeric with the nitro-paraffins (p. 79). The group
NO, is present in both; while, however, in the mtro-compounds
nitrogen is combined wnh carbon, in the esters the union is effected
by oxygen:—

C,H,.NO, C,H,.0.NO.
Nmocthane Niuous ethyl ester,

The nitrous esters, as might be inferred from their different
structure, decompose into alcohols and nitrous acid when acted on
by alkalies. Similar treatment will not decompose the nitro-com-
pounds. Nascent hydrogen (tin and hydrochloric acid) converts
the latter into amines, while the esters yield alcohols.

Nitrous acid esters are produced in the action of nitrous acid
upon the alcohols. The latter are saturated with nitrous acid vapors
:lnd l<lh(s‘ltxlled ; or a mixture of alcohol, KNO, and H,SO, is

istille
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Methyl Nitrite, Nitrous Methyl Ester, CH,.0.NO, is an agreeable-smelling
gas, that, by great cold, is condensed to a yellowish liquid, boiling at — 12°.

Ethyl Nitrite, Nitrous Ethyl Ester, C,H,.0.NO, is a mobile, yellowish
liquid, of specific gravity 0.947, at 15°, and boils at 4 16°. In water it is insol-
uble, and possesses an odor resembling that of apples. It is best obtained by
heating a mixture of alcohol and nitric acid with copper turnings, or may be
made by distilling a mixture of alcohol and fuming nitric acid, after having
stood for some hours. The distillate is shaken with water (to withdraw alcohol)
and a soda solution, then dehydrated and distilled (see Annalen 126, 71).

When ethyl nitrite stands with water it gradually decomposes, nitrogen oxide
being eliminated; an explosion may occur under some conditions. Hydrogen
sulphide changes it into alcohol and ammonia.

Tertiary Butyl Nitrite, C(CH,),.0.NO, boils at 77°.

Amyl Nitrite, C,;H, ,.O.NQ, obtained by the distillation of fermentation amyl
alcohol with nitric acid, is a yellow liquid, boiling at 96°. An explosion takes
place when the vapors are heated to 250°. Nascent hydrogen changes it into
amyl alcohol and ammonia. Heated with methyl alcohol it is transformed into
methyl nitrite and amyl alcohol. i

ESTERS OF SULPHURIC ACID (ETHYL SULPHATES).

Sulphuric acid being dibasic forms two series of esters—the neu-
tral esters and the primary esters or ether-acids (ethereal salts),
(see p. 114).

(x) The neutral esters are formed by the action of the alkyl
iodides upon silver sulphate, SO,Ag,; they are also produced, in
slight quantity on heating the primary esters, or alcohols with sul-
phuric acid. They can be extracted with chloroform from the
product, and are heavy liquids, soluble in ether, possess an odor
like that of peppermint, and boil without decomposition. They
will sink in water, and gradually decompose into a primary ester
and alcohol: —

so,<8:g:g: + H,0=50,{ 3i{*""® + C,H,.OH.

The Dimethyl Ester, SO,(0.CH,),—normal methyl sulphate—boils, without
decomposition, at 188°. The dicthyl-ester, SO,(0.C,;H,),, normal ethyl sul-
ghate, boils at 208°, sustaining at the same time a partial decomposition. When

eated with alcohol, ethyl sulphuric acid and ethyl ether are formed (Berichte
13, 1699, 15, 947).

If sulphuryl chloride be permitted to act upon the alcohols esters
of chlorsulphonic acid result :—

C,H,.0H + so,c1=so,<8"C’H’ + HQL

These are converted into ether-acids and alkyl chlorides when
heated with more alcohol. They are strongly-smelling liquids,
boiling without decomposition (ethyl chlorsulphonate CLSO,.O.
C,H, boils at about 150°), and are broken up into their components
by water.
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(2) The primary esters or ether-acids arise when the alcohols are
mixed with concentrated sulphuric acid:—

0.C,H
SO,(OH), + C,H,.OH = so,<0H- 54 H,0.

The reaction takes place only when aided by heat, and it is not complete, be-
cause the mixture always contains free sulphuric acid and alcohol (compare p.
114). To isolate the ether-acids, the product of the reaction s diluted with water
and boiled up with an excess of barium carbonate. In this way the unaffected sul-
phuric acid is thrown out as barium sulphate ; the barium salts of the ether-acids
are soluble and crystallize out when the solution is evaporated. To obtain the
acids in a free state their salts are treated with sulphuricacid or the lead salts (ob-
tained by saturating the acids with lead carbonate) may be decomposed by
hydrogen sulphide, and the solution allowed to evaporate over sulphuric acid.

These acids are also prepared by the union of the alkylens with
concentrated sulphuric acid (p. 54). They are thick liquids, that
cannot be distilled. They sometimes crystallize. In water, and
alcohol they dissolve readily, but are insoluble in ether. When
boiled or warmed with water they break up into sulphuric acid
and water:—

so,<8-§=“s + H,0 = SO,H, + C,H,.OH.

When distilled they yield sulphuric acid and alkylens (p. 54) ;
when heated with alcohols the products are simple and mixed
ethers (p. 105).

They show. a strongly acid reaction and furnish salts readily
soluble in water, which are also mostly crystallized without great
trouble. The salts gradually change to sulphates and alcohol when
they are boiled with water. Those with the alkalies are frequently
applied in different reactions. Thus with KSH and K,S they yield
mercaptans and thio-ethers (p. 108) ; with salts of fatty acids they
furnish esters, and with KCN the alkyl cyanides, etc.

Methy! Sulphuric Acid, SO (CH,4)H, is a thick oil, that does not solidify at
—30°. The potassium salt, (SO,)CH,K + ¥ H,0), forms deliquescent leaflets.
The barium salt, (CH,.SO,),Ba + 2H 10 crystailizes in plates.

Ethyl Sulphuric Acid, S(s‘(C,H,)H, is obtained by mixing 1 part alcohol with
2 parts concentrated sulphuric acid, and by the union of C,H, with sulphuric acid
(p- 55). Itis a thick, non-crystallizable liquid, having, at 16°, a specific gravity
of 1.316. ’l‘hg{otassium salt, SO, (C,H ,)12, is anhydrous and forms readily sol-
uble tables. e barium and calcium salts crystallize in large tablets with two
molecules of H;O each., Consult Annalen 218, 299, for two different barium
salts of methyl and ethyl sulphuric acid.

Amyl Sulphuric Acid, SO, C,H,,)H. Two isomeric barium amyl sulphates
are obtained by mixing ordinary fermentation amyl alcohol with sulphuric acid,
and then neutralizing with barium carbonate. These salts both crystallize in
large tablets, but show varying solubility in water, and may be separated by
repeated crystallization. The more difficultly soluble salt is produced in the
greater abundance and furnishes isobutyl carbinol, while active amyl alcohol is
obtained from the more readily soluble salt (p. 100),
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SULPHUROUS ACID ETHERS (ESTERS).

The empirical formula of sulphurous acid, SO,H,, may have one
of two possible structures:—

v
/OH VI
SO on or HSO, .OH.
Symm. sulphurous acid Unsymm. uﬂphums acid.

The ordinary sulphites correspond to formula 2, and it appears
that in them one atom of metal is in direct combination with
sulphur :—

.S0,.0A; K.SO,.0H.
Qilgvor Siphice Prim, Pot. Sulphite.

This is evident from the following considerations : —

(1) Esters of Symmetrical Sulphurous Acid.

These arise in the action of thionyl chloride, SOCl,, or sulphur
mono-chloride, S,Cl,, upon alcohol :—

S0,Cl, + 2C,H,.OH = so<8:g:g: + 2HCl and
.C,H
S,Cl, 4+ 3C,H,.OH = so<8_C:H: + C,H,.SH + 2HCL.

The mercaptan that is simultaneously formed sustains further
decomposition. The sulphites thus produced are volatile liquids,
insoluble in water, with an odor resembling that of peppermint, and
decomposed by water, especially when heated, into alcohols and
sulphurous acid.

Sulphurous Methyl Ester, SO(O.CH,),,m&hyl sulphite, boils at 121°,
The Ethyl Ester, SO(O.C,H;),, boils at 161°. Its specific gravity at o° is

1.106. PCl, converts it into the chloride,SO<glC H.* ® liquid boiling at
>z

122°, and decomposed by H,0 into alcohol, SO, and HEL It is isomeric with
ethyl sulphonic chloride, C,H,.SO,Cl (p. 120). On mixing the ester with a

dilute solution of the equivalent amount of KOH, a potassium salt, so.{ 8'12:’}1"
separates in glistening scales. This is viewed as a salt of the unstable ethyl sul-
phurous acid.

(2) Esters of the Unsymmetrical Sulphurous Acid.—These are
formed by the action of silver sulphite upon the alkyl iodides in
ethereal solution:—

Ag.SO,.0Ag + 2C,H,I = C,H,.S0,.0.C,H, + 2Agl.

One of the alkyl groups is joined to sulphur, the other to
oxygen. When heated with water the latter one only is separated
as alcohol, and sulphonic acids result : —

C,H,.S0O,.0.C,.H H,0=C,H, SO,.0H 4 C,H,.OH.
1Hs-50,.0.C,H, + H, Ethyl Sulphonic i Gl

Conversely, the esters can be prepared from the sulphonic acids,
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by acting on their salts with alkyl iodides or upon the sodium alco-
holates with the chlorides of the sulphonic acids:—
C,H,.50,Cl +C,;H;.ONa = C,H,.S0,.0.C,;H, +4-NaCl,
Ethyl Sulphonic Chlonde Ethyl Sn?phonic Ethyl Ester.

Hence, the esters formed from silver sulphite may be regarded
as esters of the sulpho-acids. They boil much higher than the
isomeric esters of symmetrical sulphurous acid. They are distin-
guished from the latter by having but one of their alkyl groups

separated out by alkalies (see above).

Ethyl Sulphonic Ethyl Ester, C,H,.S0,.0.C,H,, produced as above
described, boils at 213.4°, and has a sp. gr oft 171 at o°

The methyl ester, C, H 5-50,.0.CH,, boils at 198°.

3. Sulpho-acids, C,H,, +.50,.OH.

.The sulpho- or sulphonic acids, which contain the group
—S0,.0H attached to carbon, may be viewed as esters of unsym-
metrical sulphurous acid, HSO,0OH, inasmuch as they are produced
from its neutral esters by the separation of an alkyl group
(p. 118). Furthermore, their salts are directly obtained from the
alkaline sulphites by heating them with alkylogens (in concen-
trated aqueous solution to 120-150°) :—

K.$0,.0K + C,H,I = C,H,.S0, OK + KL
:\ 2 y Q I'L

2K.S0,.0K + C,H,Br, =C,H ‘<$z OK + 2KBr.
P i Ethylene Disulph

Just as sulphurous acid (its salts) unites with alkyl iodides to form alkyl sul-
phonic acids, so can other unsaturated mineral acids (nitrous and arsenious acid
give rise to derivatives of analogous constitution (compare the nitro-paraffins an
methyl arsinic acid). The usual explanation of this is found in the unsymmet-
rical constitution of these acids; it may, perhaps, depend on the fact, that the
lower acids are also unsaturated (Bemlm, 16, 1439).

The oxidation of mercaptans and alkyl disulphides (p. 110)
(also sulphocyanides) with nitric acid also affords the sulpho-acids:
Bt Bioscapin > B Shiphobic Ac.

Therefore, these sulpho-acids can be again reduced to mercaptans
(by action of zinc and hydrochloric acid upon their chlorides—as
C,H,.SO,Cl): C,H,.SO,Cl 4+ 3H, = C,H,.SH + HCI + 2H,0.
They may also be obtained by oxidizing the sulphinic acids and
can be again converted into the latter (see p. 111). All these
reactions plainly indicate that in the sulpho-acids the alkyl group
is joined to sulphur, and that, therefore, it is very probable that in
the sulphites the one atom of metal is directly combined with sul-
phur.  Finally, the sulpho-acids can be prepared by the action of
sulphuric acid or sulphur trioxide (SO,) upon alcohols, ethers and
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various other bodies. This reaction is very general and easily
executed with the benzene derivatives.

These acids are thick liquids, readily soluble in water, and, as a
usual thing, generally crystallizable. They suffer decomposition
when exposed to heat but are not altered when boiled with alkaline’
hydrates. When fused with solid alkalies they break up into su/-
phites and alcohols : —

C,H,.50,.0K + KOH = KS0,.0K + C,H,.OH.

PCl, changes them to chlorides, ¢. g., C,H,.SO,Cl, which become
mercaptans through the agency of hydrogen, or by the action of
sodium alcoholates pass into the neutral esters—C,H,.SO,.C,H;
(p. 118).

Methyl Sulphonic Acid, CH,.SO,H, is a thick, uncrystalliz-
able liquid, soluble in water. When heated above 130° it sustains
decomposition. In order to obtain the pure acid it is converted
into the lead salt, the solution of which is treated with H,S, the
lead sulphide filtered off and the filtrate concentrated.

Its salts are readily soluble in water and crystallize well. The
barium salt, (CH,.SOy),Ba + 14H,0O, crystallizes in rhombic
plates. Methyl sulphonic chloride, CH,.SO,Cl, boils near 160°
and is slowly decomposed by water into the acid and hydrogen
chloride.

The following is an interesting method of preparing methyl sulphonic acid.
Moist chlorine is allowed to act upon carbon disulphide, CS,, when there is pro-
duced the compound, CCl,.SO,, which we must consider as the chloride of tri-
chlormethyl sulphonic acia, CCl4.SO,Cl. This is a colorless, crystalline body,
fusing at 135°, and boiling at 170°. it is soluble in alcohol and ether, but not in
water. Its odor resembles that of camphor and excites tears. To prepare the
chloride a mixture of 500 gr. HCl, 300 grms. coarse grained Cr,0,K,, 200 gr.
nitric acid and 30 gr. CS,, are allowed to stand in an open flask. ﬁ’azer is then
added, to dissolve the salts, and the crystals of CC1,.SO, are filtered off.

On boiling the chloride with potassium or barium hydrate salts of trichlormethyl
sulphonic acid, CCl,.SO,H, are formed. The barium salt, (CCl;.SO,),Ba +
H,O0, crystallizes in leaflets. Sulphuric acid releases the acid from it. It con-
sists of deliquescent prisms. Nascent hydrogen (sodium amalgam) in an aqueous
solution of the acid produces successively CHCl,.SO,H, CH,ClL.SO ,l-?, and
finally CH,.SO,H—methyl sulphonic acid. These reactions represent one of
the first instances of the conversion of an inorganic (mineral) substance (CS,)
into a so-called organic derivative.

Ethyl Sulphonic Acid, C,H,;.SOH, is a thick, crystallizable
liquid. Its lead salt, (C,H;.SOy),Pb, crystallizes in readily soluble
leaflets. Nitric acid oxidizes it to ethyl sulphuric acid, SO,(C,H,)H.
Its chloride, C,H;.SO,C], is a liquid, boiling at 173°.
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ESTERS OF THIO-SULPHURIC ACID.

On p. 119 we saw how the alkyl sulphonic acids were obtained from the sul-
phites by the alkyl iodides. In the same way the corresponding alky!/ thiosul-
Phonic acids can be prepared from the salts of thiosulphuric acid (hypcsul-
phurous acid) :(—

KS.SO,K 4 C,H,I = C,H,.S.SO,K + KI.

Only the primary saturated alkyl iodides, however, react in this way (Berickte,
15, 1939). The ethyl compound can be made, too, by letting iodine act on a
mixture of mercaptan and sodium sulphite, Na SO,.

‘The salts of these acids crystallize well. When boiled with hydrochloric acid
they are decomposed into mercaptans and sulphurous acid. When heated they

break up into alkyl disulphides, (C,H,),S;, and dithionates (SO,K, + SO,).

ESTERS OF PERCHLORIC ACID.

Ethyl Perchlorate, C,H,.ClO,, is obtained by the action of ethyl iodide
upon silver perchlorate. A colorless liquid that explodes when heated.

ESTERS OF BORIC ACID.

The esters of the tribasic acid, B(OH),, are formed along with those of the
monobasic acid, BO.OH, when BCl, acts upon the alcohols. The first are
volatile, thick liquids, while the second decompose when distilled. Acid esters
are not known. Water decomposes both the preceding varieties.

Methyl Borate, B(O.CH,),, boils at 65°.

Ethyl Borate, B(O.C,H,),, is obtained by distilling potassium ethyl sul-
phate together with borax. It boils at 119°,

ESTERS OF THE PHOSPHORIC ACIDS.

Tribasic phosphoric acid, PO(OH),, yields three series of esters—the primary,
secondary and tertiary, all of which are thick liquids. Only the last volatilize
without decomposition.

Phosphoric Triethyl Ester, PO.(O.C,H,),, is formed when phosphorus
oxychloride acts upon sodium ethylate : —

POCI, + 3C,H,.ONa = PO(0.C,H,), + 3NaCl

A thick liquid, soluble in water, alcohol and ether, and boiling at 215°. The
aqueous solution decomposes readily into diethyl-phosphoric acid, the lead salt of
which is made by boiling with PbO.

Diethyl Phosphoric Acid, PO { {0.CsHa)s, Obtained by decomposing the

lead salt with H,S. It is a thick syrup. The lead salt crystallizes in silky
needles. When heated it passes into the triethyl ester and lead monoethyl
phosphate, insoluble in water. The acid of this last salt has the formula
PO(OH),.0.C,H,.

‘The esters of symmetrical phosphorous acid, P(OH),, result when PCl, acts
on the alcohols. Triethyl phosphite, P(O.C,H,),, boils at 191°.

Acids of the structure C,H,.PO(OH),, corresponding to the sulpho-acids,
C,H,.SO,.OH, (p. 119) may be derived from the unsymmetrical phosphorous
acid, HPO(OH),. They are produced by the oxidation of primary phosphines
(see these) with nitric acid :—

P(CH,)H, + O, = CH,.PO(OH),.
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They are spermaceti-like, crystalline bodies, soluble in water and reacting
strongly acid. They furnish both acid and neutral salts, that are mostly crystal-
lizable.

Methyl Phosphite, CH;PO(OH),, melts at 105°. PCl, converts it into
CH,.POCl,, which fuses at 32° and boils at 163°. Water again produces the
acid from the chloride.

Ethyl Phosphite, C,H;.PO(OH),, melts at 44°. .

From hypophosphorous acid, H,.PO.OH, we obtain similar compounds that can
be called phosphinic acids. They result when nitric acid acts on the secondary
phosphines : —

P(CH,),H 4 O, = (CH,),PO.OH.

Dimethyl Phosphinic Acid, (CH,),PO.OH, resembles paraffin, fuses at 76°

and volatilizes without decomposition.

ESTERS OF ARSENIC ACIDS.

Ethyl Arsenate, AsO(O.C,H,),, is the product of the action of ethyl iodide
upon silver arsenate, AsO,Ag,. I[tis a liquid, boiling at 235°.

The Esters of arsenious acid, As(OH),, form when AsBr, is distilled with
sodium alcoholates. They distil without decomposition. Water immediately
changes them to arsenious acid and alcohols. The methy! ester, As(O.CH,),, boils
at 128°; the ethyl ester at 166°.

Arsenic compounds analogous to the phosphorous and phosphinic acids,
(C,H,;.PO(OH), and (C,H,),PO.OH), exist. They are: methyl arsinic acid,
Cli,.AsO(OH),, and dimethyl arsinic acid, (CH,),AsO.OH, or cacodylic acid.
These will be considered with arsenic alcoholic radicals.

ESTERS OF SILICIC ACID.

These are obtained by the action of SiCl, and SiFl, upon alcohols or sodium
alcoholates. The esters of normal silicic acid, Si(OH),, of metasilicic acid,
SiO(OH),,and disilicic acid, Si, O, H,, are formed together and can be separated
by fractional distillation.

The normal Methyl Ester, Si(O.CH,),, boils at 120-122°; methyl disilicate,
Si,0,(CH,),, at 202°.

he £ iyl Ester, Si(0.C,H,),, boils at 165°. Ethyl disilicate, Si,O,
(C,H,),, which can also be produced by action of silicon oxychloride, Si,OCl,,
on alcohol, boils at 236°; ethyl-metasilicate, SiO.(O.C,H,),, boils at 360°.

These derivatives on standing awhile in moist air, or by addition of water, slowly
decompose with separation of silicic acid, which sometimes solidifies to a trans-
parent hard glass.

AMINES.

Among the derivatives of carbon exists a series of strong basic
bodies, which have been designated organic bases or alkaloids.
They all contain nitrogen and are viewed as ammonia derivatives ;
this accounts for their basic character. We will consider here only
the monamines derived from ammonia by the replacement of hydro-
gen by monovalent alkyls.

One, two and three hydrogen atoms of the ammonia molecule
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may suffer this replacement, thus affording the primary, secondary
and Zertiary amines :—

/CaHy /CsH, /C;H,

N—H N—-C;H, » N—C;H,
\H \H \C,H,.
Ethylamine Diethylamine Triethylamine.

Derivatives also exist that correspond to the ammonium salts and
hypothetical ammonium hydroxide, NH,.OH :—

v v
(C,H,),NCl C,H,),N.OH.
Tetra-ethyl ammonium chloride Tetra-et yfammonium hydroxide.

The following methods are the most important for preparing the
above compounds:—

(1) The iodides or bromides of the alcohol radicals are heated
to 100°, in sealed tubes, with alcoholic ammonia (4. W. Hoffmann,
1849). In this way the alkyl displaces the hydrogen of ammonia ;
the hydrogen haloid formed at the same time combines with the
amine and yields ammonium salts : —

NH C,H,I == NH,(C,H,).HI
NH i 28, 0,1 = Nﬁ((c’uﬁz.m + HI
NH, 4 3C.H,I = N(C,H,);.HI + 2HL

When these salts are distilled with sodium or potassium hydroxide,
free amines pass over :—

NH(C,H,),.HI + KOH = NH(C,H,), + KI + H,0.

It is interesting to know that the primary alkyl iodides form both secondary and
tertiary amines, while the secondary alkyl iodides (like isopropyl iodide) only
furnish primary amines (also alkylens) (Berichte 15, 1288).

In the same process tertiary amines further unite with alkyl
iodides and form tetra-alkyl ammonium salts : —

v
N(C,H,), + C,H,I = N(C,H,),L

These are nof decomposed when distilled with KOH ; but if

treated with moist silver oxide they yield ammonium hydroxides :—
N(C,H;),I + AgOH = N(C,H;),.OH + Agl.

By the action of primary alkylogens upon ammonia, a mixture of primary,
secondary and tertiary amine salts and those of the ammonium bases, always
results. The latter may be easily obtained pure by distilling the mixture with
KOH, when the amines pass over and the ammonium bases make up the residue,
inasmuch as their halogen compounds are not decomposed by alkalies.

Fractional distillation is a poor means of separating the amines. The follow-
ing procedure serves this dpurpose better (Berichte 8,760): The mixture of the
dry bases is treated with diethyl oxalate, when the primary amine, e. g., methyl-
amine, is changed to diethyl oxamide, which is soluble in water; dimethylamine
is converted into the ester of dimethyl oxamic acid (see oxalic acid compounds) ;
and trimethylamine is not acted upon:—

2NH,(CH,) + C,0,{QCHs _ c,0,¢/NH.CH, | ,c,H,.0H.

\O.C;H; = \.NH.CH
" Diethyl oxalate Diethyl oxamide.
/6.C H

0.
NH(CH,), + c,o,<o.g:g: =C,0,{N(@1, + CaHyOH.
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When the reaction-product is distilled the unaltered trimethylamine passes
over. Water will extract the dimethyl oxamide from the residue; on distillation
with caustic potash it becomes methylamine and potassium oxalate :—

NH.CH
Cz°=<NH.cu: + $KOH = C,0,K, + 2NH,(CH,).

The insoluble dimethyl-oxamic ester is converted, by distillation with potash,
into dimethylamine ~—

0.C,H
c,o,<N(C:H:), + 2KOH = C,0,K, + NH(CH,), + C,H,.OH.
Another procedure furnishing a partial separation of the amines depends on
their varying behavior towards carbon disulphide. The free bases (in aqueous,
alcoholic or ethereal solution) are dijested with CS,;, when the primary and
secondary amines form salts of the alkyl dithio-carbaminic acids (see these),
while the tertiary amines remain unaffected, and may be distilled off. On boil-
ing the residue with HgCl,; or FeCl,, a part of the primary amine is expelled
from the compound as mustard oil (E‘m‘:kte, 14, 2754 and 1§, 1290).
The esters of nitric acid, when heated to 100° with alcoholic
ammonia, react in a manner analogous to the alkyl iodides:—

C,H,.0.NO, + NH, = C,H,.NH, + HNO,.
This reaction is often very convenient for the preparation of
the primary amines (Berichle 14, 421).
(2) The ethers of isocyanic or isocyanuric acid are distilled with
potassium hydrate ( Wiirtz, 1848):—
CO:N.CH, + 2KOH = NH,.CH, + CO,K,.
Cyanic acid affords ammonia in precisely the same manner:—
CO:NH +2KOH = NH, + CO,K,.
In the above reaction only primary amines are produced.

To convert alcoholic radicals into corresponding amines, the iodides are heated
together with silver cyanate ; the product of the reaction is then mixed with pul-
verized caustic soda, and distilled in an oil bath (Berickte 10, 131).

Above we observed the decomposition of the isocyanic ethers
by alkalies. Their analogues in constitution—the isothio-cyanic
ethers (the mustard oils, etc.,)—are also broken up into primary
amines by sulphuric acid.

3. Warm the isocyanides of the alkyls with dilute hydrochloric acid; formic
acid will split off (4. W. Hoffmann):—

C,H,.NC + 2H,0 = C,H,.NH,; + CH,0,.

Th; isocyanides are obtained by heating the alkyl iodides with silver cyanide
(see this).

(4) By the action of nascent hydrogen upon the nitrites or alkyl cyanides

(Mendius):—
HCN 4 2H, = CH,.NH,.
Hydrogen cyanide  Methylamine.
CH,.CN + zH, = CH,.CH,.NH,.
Acetonitrile E&lyh.mme.
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(5) By action of nascent hydrogen (HCl and Zn) upon the nitro-paraffins
(p- 78):—
CH,.NO, + 3H, == CH,.NH, + 2H,0.

(6) A method entirely new, and especially adapted to the form-
ation of primary amines, consists in the transformation of fatty acids
(A. W. Hoffmann, Berichte 14, 762). The amides of these acids
are converted, through the agency of Br and KOH, into brom-
amides:—

C,H,.CO.NH, + Br, + KOH = C,H,.CO.NHBr + KBr + H,0.

On further heating with alkali, carbon dioxide escapes and
primary amines result : —

C,H,.CO.NHBr + 3KOH = C,H,.NH, + CO,K, +KBr 4 H,0.

The methods above are the ordinary ones ; others exist for the
production of amines; e. g., they arise in the decomposition of
complex nitrogenous derivatives, as shown in the case of the amido-
acids.

Tertiary, secondary and primary amines may also be obtained
by the dry distillation of the halogen salts of the ammonium bases: —

N(CH,),Cl =N(CH,), + CH,Cl
N(CH});HCl — NH(CH}), £ CH,Cl
NH(CH,),HCl = NH,(CH,) + CH,Cl, etc.

These reactions serve for the commercial production of methyl

chloride from trimethylamine.

The amines are very similar to ammonia in their deportment.
The lower members are gases, with ammoniacal odor, and are
very readily soluble in water; their combustibility distinguishes
them from ammonia. The higher members are liquids, soluble in
water, and only the highest are difficultly soluble. The amines are
best dehydrated by distillation over barium oxide. Their basicity
is greater than that of ammonia, and increases with the number of
alkyls introduced ; the tertiary amines are stronger bases than the
secondary, and the latter stronger than the primary. Therefore,
they can expel ammonia from the ammonium salts. Like ammonia,
they unite directly with acids to form salts, which differ from
ammoniacal salts by their solubility in alcohol. They combine
with some metallic chlorides, and afford compounds perfectly analo-
gous to the ammonium double salts ; ¢. g-—

[N(CH,)H,Cl],PCl,. N(CH,)H,CLAuCl,. [N(CH,),HCl],HgCl,.
The ammonia in the alums, the cuprammonium salts and other
compounds may be replaced by amines.

The behavior of amines with nitrous acid is very characteristic.
The latter compound converts the primary amines (better to act on
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the haloid salts with AgNO,) into the corresponding alcohols (see
p. 91):—

C,H,.NH, 4 NO.OH = C,H,.OH + N, + H,0.
This is a reaction analogous in every respect to the decomposition
of ammonium nitrite into water and nitrogen :—

NH, + NO.OH = H,0 + N, + H,0.

Nitrous acid changes the secondary amines to nitroso-amines (p.
128):—
CH,),NH + NO.OH = (CH,),N.NO 4 H,0.
( ')2 + Ngtmofd)iglelhyhm_ite. 2
The tertiary amines remain intact or suffer decomposition.

When aided by heat KMnO, breaks up the amines, nitrogen being eliminated
and the alkyls being oxidized to aldehydes and acids (Ber., 8, 1237).

Bromine in alkaline solution converts the primary amines (their HCI salts) into
alkylized nitrogen dibromides, e. g., C,H,.NBr,, the secondary amines at the
same time throw off alkylen bromides and become primary amines (Ber., 16,

558):—
) (C3H;),NH + Br, = C,H,.NH, 4 C,H,Br,.

The possible isomerides of the amines are very numerous ; they
are determined not only by the isomerism of alcoholic radicals, but
also by the number of replacing groups, as is manifest from the fol-
lowing examples:—

C,H C,H CH
N{H’ ! N{ch,’ N{CH:
H H CH,.
Propyl and Methyl- Trimethyl-
Isopropylamine ethylamine amine.

They are thus distinguished : by the action of ethyl iodide the
primary amines can receive two, the secondary, however, only one
additional ethyl group. The power of forming carbylamines and
mustard oils (see these) is especially characteristic of the primary
amines ; these are easily recognized by the odor (Ber., 8, 108 and
461).

PRIMARY AMINES.

Methylamine, CH,.NH,, is produced when the methyl ester of
cyanic acid is heated with potash (p. 124); by the action of tin
and hydrochloric acid upen chloropicrin, CCI(NO,) ; when nascent
hydrogen acts upon hydrogen cyanide; and by the decomposition
of various natural alkaloids, like theine, creatine, and morphine.
The best way of preparing it is to warm brom-acetamide with
caustic potash (see p. 125 and Ber., 14, 764) :—

CH,.CO.NHBr + 3KOH = CH,.NH, + CO,K, + KBr + H,0.

R
L —— T
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Methylamine is a colorless gas, with ammoniacal odor, and
condenses to a liquid below 0°. Its combustibility in the air dis-
tinguishes it from ammonia. At 12° 1 volume of water dissolves
1150 volumes of the gas. The aqueous solution manifests all the
properties of aqueous ammonia, but does not, however, dissolve the
oxides of cobalt, nickel and cadmium. Iodine (also Br) throws
out a dark red precipitate, CH,.NI,, from the solution :—

2CH,.NH, + 2I, = CH,.NI, + 2CH,.NH,.HL

When methylamine is passed over heated potassium it decom-
poses into potassium cyanide and hydrogen :—

CH,.NH, 4+ K = CNK + sH.

‘The salts of methylamine are soluble in water. Its hydrochloride crystallizes
in large, deliquescent leaflets, fusing at 100° and distilling without decomposition.
It affords a yellow, crystalline, double salt—[NH,(CH,)HCI],.PtCl,—with
PCl,.

Ethylamine, C,H;.NH,, is a mobile liquid, that boils at 18°
and has a sp. gr. of 0.696 at 8°. It expels ammonia from ammon-
iacal salts, and when in excess redissolves aluminium hydrate;
otherwise it deports itself in every respect like ammonia.

Its HCI salt, NH  (C,H,)C], crystallizes in large, deliquescent leaflets, fusing
at 80°. Its platinum double salt crystallizes in orange red rhombohedra. Like
ammonia, it also combines with PtCl, to form PtCl,(C,H;.NH,),. It existsas
a white mass when in union with CO, and in this condition if added to a BaCl,
solution it gradually precipitates barium carbonate. It probably corresponds to
ammonium carbaminate.

Propylamine, C,H,.NH,, boils at 49°; isopropylamine, C,H,.NH,, at

1°-32°.
3 Butylamine, C,H,.NH, (normal), boils at 76°; isobutylamine, C,.H,.NH,,
obtained from fermentation 1>utyl alcohol and from ordinary valeramide, boils at
66°. :

Normal Amylamine, C;H,,.NH,, from normal caproylamide, C,H,,.
CO.NH,, boils at 103°.

Isoamylamine, C;H,,.NH,, is a liquid boiling at 95°; it is obtained from
leucine by distillation with caustic potash or from isocaproylamide. It is miscible
with water, and burns with a luminous flame. Nonylamine, C,H,,.NH,, ob-
tained from normal caprylamide, boils about 195°, and is diﬁicultfy soluble in
water.

Allylamine, C,H,.NH,, is obtained by the action of concentrated sulphuric
acid or zinc and hydrochloric acid upon mustard oil (C,H;.N:CS); it is a liquid
boiling at 58°.

SECONDARY AMINES.

Dimethylamine, NH(CH,),, is a gas that dissolves readily in
water, and that can be condensed to a liquid below - 8°. It is
most conveniently obtained by boiling nitroso-dimethyl aniline or
dinitro-dimethyl aniline with caustic potash (Annalen, 222, 119).
The platinum double salt crystallizes in large needles.
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Diethylamine, NH(C,Hy),, isa liquid boiling at 57° and readily
soluble in water. Its HCI salt fuses at 216° and boils at 325°.
The secondary amines are also designated imide-bases.

Sulphamides, ¢. ¢., SO,<§E€E:;:, are formed by the action of sulphuryl

.chloride, S0,Cl,, upon the free secondary amines, whereas when the HCI salts
are employed their chlorides result, SO 7/ NR’; these are converted, through

the agency of water, into sulphaminic acids, SO,<§§’ (Annalen, 223, 118).

Nitroso-amines. These are compounds having the nitroso-group attached to
N (p- 78). All basic secondary amines (imines) like (CH,;),NH and
c ﬁ 6>N H can become nitroso-amines through the replacement of the hydro-
ge’n of the imide group. They are obtained from the free imides by the action of
nitrous acid upon their aqueous, ethereal, or glacial acetic acid solutions, or by
warming their salts in aqueous or acid solution with potassium nitrite (Berickse,
9, 112). They are mostly oily, yellow liquids, insoluble in water, and may be
distilled without suffering decomposition. Alkalies and acids are usually without
effect upon them; with phenol and sulphuric acid they give the nitroso reaction
(see p. 79). When reduced in alcoholic solution by means of zinc dust and
acetic acid they become hydrazines (p. 129).

Dimethyl Nitrosamine, (CH,),N.NO, is a yellow oil, of penetrating odor.
Diethyl Nitrosamine, (C,H;),N.NO, is also an oil, boiling at 177°; it is ob-
tained from HCl.diethylamine by distilling it with KNO, in aqueous solution.
Concentrated hydrochloric acid regenerates diethylamine from it.

TERTIARY AMINES.

Trimethylamine, N(CH,);,. This is isomeric with propyl-
amine, C;H,.NH,, and is present in herring-brine ; it is produced
by distilling betaine (from the beet) with caustic potash. It is
prepared from herring-brine in large quantities, and also by the
distillation of the *‘ vinasses '’ of the French beet root. Trimethyl-
amine is a liquid, very soluble in water, and boils at 9.3°. The
penetrating, fish-like smell is characteristic of it. The HCl-salt is
very deliquescent.

Triethylamine, N(C,H,),, boils at 89° and is not very soluble
in water. It is also produced by heating ethyl isocyanate with
sodium ethylate :—

CO:N.C,H, + 2C,H,.ONa = N(C,H,), + CO,Na,.

AMMONIUM BASES.

The tertiary amines combine with alkyl iodides and yield am-
monium iodides ; these are scarcely affected by the alkalies, even on
boiling (p. 123); but when treated with moist silver oxide the am-
monium hydroxides are formed :—

N(C,H,),1 4 AgOH = N(C,H,),.0H + Agl.
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These hydroxides are perfectly analogous to those of potassium
and sodium. They possess strong alkaline reaction, saponify fats,
and deliquesce in the air. They crystallize when their aqueous
solution is concentrated in vacuo. With the acids they yield

ammonium salts, that, for the most part, crystallize well.

When they are exposed to strong heat they break up into tertiary
amines and alcohols or their decomposition products (C,H,, and
H,0):—

9 N(C,H,),.OH = N(C,H,), + C,H, + H,0.

If the ammonium base should contain different alkyls, those higher in structure
split off (Berichte, 14, 494).

If iodine is added to the aqueous solution of the iodides, we have
compounds precipitated which contain three and five atoms of
iodine H (C,Hb)‘NI Iz and (C’Hb)‘N[ 21,

The tri-1odides are mostly dark violet bodies; the penta-iodides
resemble iodine very much.

Tetracthyl Ammonium Iodide, N(C,H;,) I, is obtained by mixing triethyl-
amine with ethyl iodide; the mixture becomes warm and when it cools is crys-
taltine: It separates from water or alcohol in large prisms, that fuse when heated
and then decompose into N(C,Hj), and C;H,I. Moist silver oxide converts
1t 1nto

Tetracthyl Ammonium Hydroxide, N(C,H,),OH, which crystallizes in
delicate, deliquescent needles. It absorbs CO, from the air with avidity, Its
platinum double salt, [N(C,H,),Cl],.PCl,, crystalllzes in octahedrons.

Tetraethyl Amn:mmm Cyam:ie. (C,H;) N.CN, is a white, crystalline
mass. It is obtained by acting on the hydroxlde with HCN, or upon the iodide
with barium cyanide. Waen boiled with alkalies it decomposes into NH,,
formic acid and ammonium hydroxide.

Dimethyl.diethy]l Ammonium Chloride, éC"H‘=;= }NCl, is obtained from
. 3 3
dimethylamine and ethyl iodide and also from iethy’famine and methyl iodide :
CH, } }
CH, } N.C,;H,I and N.CH,I.
] G
These two are identical (Annalen, 180, 273). They demon-
strate, too, that the ammonium compounds are not molecular de-
rivatives as formerly assumed (the above formulasare only intended
to exhibip the different manner of formation), but represent true
atomic compounds. The equivalence of the five nitrogen valences
is also thus proven.

HYDRAZINES.

Just as the amines are derived from ammonia, NH;, so the hydra-
zines are derived from Aydrazine or diamide, HN—NH,. This is
not known, but analogues of it are liquid hydrogen phosphide,
H,P—PH,, and dimethylarsine (cacodyl), (CH,),As—As(CHj),.

;-
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The only derivatives of hydrazine as yet known are those with one
or two alkyls (alcohol radicals) (see Phenylhydrazine), like—
(CH,)HN—NH, and (CH,),N—NH,.
Methylhydrazine imethylhydrazine.
These are prepared by acting upon the aqueous or alcoholic so-
lution of the nitroso-amines with zinc dust and acetic acid :—
(CH,),N.NO + 2H, = (CH,),N.NH,.
Nitroso-amines containing acid radicals, e. g., C%%>N.NO,
2
do not give corresponding hydrazines, but the amides, on reduc-
tion.

As respects physical and chemical properties the hydrazines
closely resemble the amines; they are distinguished from them by
their ability to reduce alkaline copper solutions. The hydrazines
are powerful bases, uniting with one and two equivalents of acids
to form salts.

Dimethyl Hydrazine, (CH,),N.NH,, and Diethyl Hydrazine, (C,H,),N.
NH,, are easily volatihzed liquids, of ammoniacal odor, and readily soluble in
water, alcohol and ether; the diethyl hydrazine boils at 96-99°.

Diethylhydrazine unites with ethyl iodide and yields the compound (C,H,),
N.NH,.C,H,]I (triethylazonium iodide), which is to be viewed as the ammonium

v
sodide, (CzH,),N< * This is not decomposed by alkalies; moist silver
1

oxide converts it into a strong alkaline hydroxide. Nascent hydrogen (zinc and
sulphuric acid) decomposes this iodide in the manner indicated in the following
equation .— .

_NH,
(C’H’)'N\I + 2H = (C,H,),N + NH, + HIL

This reaction is an additional proof that the ammonium compounds represent
atomic derivatives of pentavalent nitrogen (Ansnalen, 199, 318). When mercuric
oxide acts upon diethylhydrazine tetrazome, (C,H;),N.N:N.N(C,Hy),, is
formed. This is a strong basic liquid with an alliaceous odor.

Ethyl Hydrazine, (C,H;)HN.NH,, is obtained from diethyl urea, through
the nitroso and hydrazine compounds :—

C,H,.NH C,H, .NH\ C,H,.NH\
NGO yielas 1° CO g *° co
C,H,.NH” C,H,.N-NO C,H,.N'NH,.

The latter, like all urea derivatives, decomposes, on boiling with acids or alka-
lies, into C,H,.NH,, CO, and ethyl-hydrazine. The latter is very similar to
diethylhydrazine, and boils at 100°. It reduces Fehling’s solution in the cold.
When ethyl hydrazine is acted upon by potassium disulphate, and the product
treated with monopotassium carbonate, potussium ethyl hydrazine sulphonate,
C,H,.NH—NH.SO,K, is formed. Mercuric oxide changes this to polassium
diazo-ethyl sulphonate, C,H, N=N.SO,K. This is the only well known repre-
sentative in the fatty-series of a numerous and highly important class of derivatives
of the benzene series—the diago-compounds. They are characterized by the
diazo group —N=N— which is on one side united with carbon radicals.
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PHOSPHINES OR PHOSPHORUS BASES.

Hydrogen phosphide, PH,;, has slight basic properties. Its
compound with HI—phosphonium iodide, PH,I—is not very
stable. Through the introduction of alkyls (alcohol radicals), it
acquires the strong basic character of ammonia; its derivatives—
the phosphines or phosphorus bases—correspond perfectly to the
amines.

When the alkyl iodides act upon phosphine, tertiary phosphines
and phosphonium iodides (Thénard) are the sole products : —

PH, + 3C,H,I = P(C,H,),.HI + 2HI,and
P(C zﬁs)u + C,H,I = P(C;H,),L

It is only recently that A. W. Hofmann has prepared the pri-
mary and secondary derivatives by letting the alkyl iodides act upon
phosphonium iodide in the presence of certain metallic oxides,
chiefly zinc oxide, the mixture being at the same time heated to
about 150°. This procedure affords a mixture of the two classes
(their HI salts) :—

2PH, I + 2C,H,T + ZnO = 2P(C,11,)H,.2HI 4 Znl
PH1+zCH1+Zn0_P(ci1 ) H.HI + zaf, {-le

Water releases the monophosphine from the crystalline mass:—
P(C,H,)H,I + H,0 = P(C,H,)H, + HI + H,0.

This is like the decomposition of PH,I by water into PH; and
HI. The HI salt of the diethylphosphine is not affected. But by
boiling the latter with sodium hydroxide, diethylphosphine is set
free.

Thénard (1846) first discovered the tertiary phosphines by act-
ing upon calcium phosphide with alkyl iodides. They also result
when zinc alkyls are brought in contact with phosphorous chloride :

2PCl, + 3(CH,),Zn = 2P(CH,), + 3 ZnCl,,

and upon heating alkyl iodides to 100° with amorphous phosphorus.
The easiest course is to heat phosphonium iodide with alkyl iodides
to 150°-180°, whereby phosphonium iodides are produced at the
same time :—

0, and

PH,I 4 3CH,I — P(CH,), .HI + 3HI, and
P(CH,), HI & CH,I = P(CH,),I + HI.

If these be warmed with potassium hydrate, the tertiary phos-
phine is eliminated, while the iodide of the phosphonium base is
unaltered (the case with the amines).

The phosphines are colorless, strongly refracting, extremely
powerful-smelling, volatile liquids. They are nearly insoluble in
water. On exposure to the air they are energetically oxidized and
usually inflame spontaneously ; hence, they must be prepared away



132 ORGANIC CHEMISTRY.

from air contact. With sulphur and carbon disulphide they com-
bine readily. They form salts with the acids. Primary phosphines
are very slightly basic, therefore, water decomposes their salts (see
above). .
PRIMARY PHOSPHINES.

Methyl Phosphine, P(CH,)H,, is a gas, condensing at — 20° to a mobile
liquid. It is readily soluble in alcohol and ether. Concentrated hydrochloric
acid does not decompose its HCl-salt, P(CH;)H,.HCI; it yields a double salt
with platinic chloride. Fuming nitric acid oxidizes it to methyl phosphinic acid,
CH,.PO.(OH,) (p.122).

Ethyl Phosphine, P(C,H,)H,, beils at 4 25° and swims upon water. It is
very energetically oxidized by air contact, and ignites when brought near chlorine
and bromine. Its platinum double salt consists of red needles.

Isopropyl Phosphine, P(C,H,)H,, boils at 41°, and the isobutyl deriva-
tive, P(C,11,)H,, at 62°.

SECONDARY PHOSPHINES.

Dimethyl Phosphine, P(CH, ), H, boils at 25° C,, and takes fire on exposure
to the air. Concentrated nitric acid converts it into dimethyl phosphinic acid,
(CH,),; PO.OH (p.122).

Diethyl Phosphine, P(C,H;),H, boils at 85° and inflames spontaneously.
Nitric acid oxidizes it to diethyl phosphinic acid, (C,H,),PO.OH.

Di isopropyl Phosphine, P(C,H,),H, boils at 118°. Di isoamyl Phos-
phine, P(C,H, ), H, buils at 210°-215°, fumes in the air, but is not s¢lf-inflam-
mal.le.

Water does not decompose the salts of the secondary phosphines. The HI
salts and the double salts with platinic chloride are prepared with the least diffi-
culty.

TERTIARY PHOSPHINES.

Trimethyl Phosphine, P(CH,),. Inaddition to the methods
already described for the preparation of this compound, another
may be employed, which consists in heating carbon disulphide
with phosphonium iodide.

Trimethyl phosphine is a colorless, very disagreeably smelling
liquid which will swim upon water. It boils at 40°. It fumes in
the air, absorbing oxygen and igniting. When slowly oxidized it
changes to trimethyl phosphine oxide, P(CH,),0, which forms
crystals that are deliquescent in the air. Sulphur will dissolve in
the base and give a crystalline sulphide, P(CH,),S. It combines in
a like manner with the halogens, their hydrides, and also with CS,.
It yields salts with the acids, which are very soluble in water.

Triethyl Phosphine, P(C,H,),, is analogous to the above compound. It
boils at 127°, and has a specific gravity of 0.812 at 15°. It has a neutral reac-
tion. It dissolves slowly in acids, yielding salts. Its platinum double salt,
[P(C,H,),HCI],.PtCl,, is difficultly soluble in water and crystallizes in red
needles. It forms crystalline halogen derivatives, P(C,H,),X,.

Triethyl Phosphine Oxide, P(C,H,),0, results from the slow oxidation of
phosphine in the air and also by the action of mercuric oxide :—

P(C,H,), + HgO = P(C,H,),0 + Hg.
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It forms deliquescent needles, melting at 53°, and distilling without decom(gm
sition at 243°. With the haloid acids it yields dihaloids, e. g., P(C,H,),Cl,,
from which triethyl phosphine is regenerated on warming with sodium.

Triethyl phosphine dissolves sulphur to form a sulphide, P(C,H,),S, which
crystallizes £om water in brilliant needles, fusing at 94° and distilling about 100°.
Mercury or lead oxide converts it into the oxide. Carbon disulphide also com-
bines with triethyl phosphine, and the product is P(C,H,),.CS,, crystallizing in
red leaflets. It is insoluble in water, fuses at 9§5°, and sub‘imes without decom-

sition.

PoAccotding to almost all these reactions, triethyl phosphine resembles a strongly
positive bivalent metal; for example, calcium. By the addition of three alkyl
groups, the pentavalent, metalloidal phosphorus atom acquires the character of
a bivalent alkaline earth metal. By the further addition of an alkyl to the phos-
phorus in the phosphonium group, P(CH, ) ,, the former acquires the properties of a
monovalent alkali metal. Similar conditions manifest themselves with sulphur,
with tellurium, with arsenic, and also with almost all the less positive metals.

PHOSPHONIUM BASES.

The tertiary phosphines combine with the alkyl iodides to form phosphonium

iodides, which are not decomposed by alkalies:—
P(CH,), + CH,I = P(CH,),I.

If, however, the iodides be treated with moist silver oxide the phosphomium
bases result :—

P(CH,)I + AgOH = P(CH,),.OH + Agl.

These are perfectly analogous to the ammonium bases ; they react alkaline, ab-
sorb carbon dioxide, and saturate the acids to form salts. When strongly heated
they break up into phosphine oxide and hydrocarbons of the paraffin series :—

P(CH,),.OH = P(CH,),0 + CH,.

Tetraethyl Phosphonium Iodide, P(C,H,), I, consists of very soluble,
white needles. When heated these decompose into P(C;H,), and C,H,I.

Tetraethyl Phosphonium Hydroxide, P(C,H;),.OH, is a crystalline com-
pound that deliquesces on exposure. With acids it affords crystalline salts. The
platinum double salt crystallizes in orange-red octahedra.

ARSENIC BASES.

Arsenic is quite metallic in its character; its alkyl compounds
fill out the gap between the nitrogen and phosphorus bases and the
so-called metallo-organic derivatives, 7. ¢., the compounds of the
alkyls with the metals (p. 139). The similarity to the amines and
phosphines is observed in the existence of tertiary arsines, As(CH,),,
but these do not possess basic properties, nor do they unite with
acids. They show in a marked degree the property of the tertiary
phosphines, in their uniting with oxygen, sulphur and the halogens,
to form compounds of the type As(CH,);X,. They yield arsonium
fodides with the alkyl iodides :—

As(CH,), + CH,I = As(CH,),],
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and these in turn become Aydroxides by the action of moist silver
oxide : —
As(CH,),I + AgOH = As(CH,),.OH + Agl.

The hydroxides are analogous to the ammonium and phosphonium
bases; they are very alkaline and, with acids, yield salts.

The arsines analogous to the primary and secondary amines and
phosphines, such as As(CH,)H, and As(CH,),H are unknown, and
probably cannot exist. Through an accumulation of alkyls, arsenic,
like the metals, receives a more positive character; As(CH,),Cl
and As(CH,)Cl, act like the chlorides of the more positive metals.

By the acquisition of two halogen atoms the compounds of the
form AsX, pass into AsXy:—

As§CH,\, yields As(CH,),Cl,
As(CH,),Cl~ « As(CH
As(CH,)b “ As(cu,)bl
Heat converts these into the compounds of the form AsX, and
alkylogens :—
As(CH,),Cl = As(CH,), 4 CH,Cl
As(CH,),C] = As(CH,), cn + ch,a
As(CH}).Cly — As(CH})CI + CH,Cl and
As(CH3)C1," = AsCl, + CA,C

The decomposition is the more easy, the greater the number of
the halogen atoms; As(CH;)CI, breaks up at o°, while AsCl; has
not been obtained.

TERTIARY ARSINES AND ARSONIUM COMPOUNDS.

The tertiary arsines are formed by the action of the zinc alkyls
upon arsenic trichloride:—

2AsCl, + 3Zn(CH,), = 2As(CH,), + 3ZnCl, ;
and also by heating the alkyl iodides with sodium arsenide : —
AsNa, 4 3C,H,I = As(C,H,), + 3Nal.

Cacodyl, formed simultaneously, is separated by fractional dis-
tillation.

Trimethylarsine, (CH,);As. It is a colorless liquid, insoluble in water, and
boils below 100° C. ~ Its odor is very disagreeable. It fumes in the air, and ab-
sorbs oxygen, to form the oxide, As(CH,),O, consisting of large Jeliquescent
crystals. It also unites with the halogens and sulphur, forming As(Cli,),Br, and
As(CH,),S, insoluble in water. At ordinary temperatures it combines with
methyl 10dide, formmg tetramethyl-arsonium iodide, As(CH,),I, which
crystalhzes from water in brilliant tables. Heat decomposes this last derivative
into As(CH,), and CH,I. By the action of moist silver oxide tetramethyl-
arsonium hydroxlde, As(CH 3)4-OH, is obtained. This substance hus a strongly
alkaline reaction, is deliquescent, expels ammonia from its salts, and affords
crystalline salts with the acids.
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Triethylarsine, As(C,H,),, is 2 liquid difficultly soluble in water, and boil-
ing at 140°, with partial Aecomposition. It fumes in the air, but only takes fire
when heated. From its ethereal solution iodine precipitates the iodide,
As(C,H;),I,, a yellow amorphous substance. The oxide, As(C,H;);0, is a
heavy oil, of disagreeable odor. It seems to combine to a salt with nitric acid.
The sulphide, As(C,H;),S, is a crystalline substance, soluble in water.

Tetraethyl-arsonium Iodide, As(C,H;),l, is produced by the union of
triethyl arsine and ethyl iodide. It is a crystalline compound, which forms an
hydroxide, As(C,H,),.OH, when treated with silver oxide. This is a strongly
basic, deliquescent body, and with acids it yields salts. The platinum double
salt consists of difficultly soluble, orange-red crystals.

DIMETHYLARSINE COMPOUNDS.

The monovalent group, As(CH,),, is strongly basic (see p. 134),
and can form a series of derivatives, which, owing to their ex-
tremely disgusting odor, are termed cacodyl compounds (from xazés
and ddeiv): —

f(gg,),ﬂ Cacody! chloride As(CH,), E oyl
c
A.:SCH:;:>O Cacodyl oxide As(CH,), e

As(CH,;);.CN  Cacodyl cyanide
v
As(CH,),0.0H Cacodylicacid.

Cacodyl Chloride, As(CH,),Cl], is formed by heating trimethyl arsen-
dichloride, As(CH,),Cl, (see above), and by acting upon cacodyl oxide with
hydrochloric acid. It is more readily obtained by heating the corrosive subli-
mate compound of the oxide with hydrochloric acid. It is a colorless liquid,
boiling at about 100°, and possessing a stupefying odor. It acts like a chloride
of the alkali metals, and yields an insoluble double salt with PtCl,. It unites
with chlorine to form the ¢richloride, As(CH;),Cl,, which decomposes at 50°
already into As(CH,)Cl, and CH,CL

The bromide and iodide, As(CH,),1, resemble the chloride, and are prepared
in an analogous way.

As(CH,),

Cacodyl, As,(CH,), = | » Diarsentetramethyl. It is formed by
As

ﬁggg: ’:>S Cacodyl sulphide

3/2
heating the chloride with zinc in an atmosphere of CO,. It is a colorless liquid,
insoluble in water. It boils at 170°, and solidifies at — 6°. Its odor is fright-
fully strong, and may induce vomiting. Cacodyl takes fire very readily in the
air and burns to As;O,, carbon dioxide and water. It yields cacodyl chloride
with chlorine and the sulphide with sulphur. Nitric acid converts it into a
nitrate, As(CH,),.0.NO,.

Cacodyl Oxide, ﬁ:ggg:}:/\,o, also termed alcarsin, is most
easily made by distilling arsenic trioxide with potassium acétate :—

_ As(CH,),\
4CH,.CO,K + As,0, = ASECH:): 0 4 200,K, + 2C0,.
The distillate ignites spontaneously, because it contains some
free cacodyl ; the pure oxide does not act in this way.
Cacodyl oxide is a liquid with stupefying odor; it boils at 150°,
and at — 25° solidifies to a scaly mass; its specific gravity at 15° is
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1.462. It is insoluble in water, but dissolves very readily in
alcohol and ether. It unites with acids to form salts, which are,
however, purified with great difficulty. The sulphate appears to

have the formula SOz<82:((gg:g’
. 2

Slow oxidation converts the oxide into cacodyl cacodylate, which breaks up
when distilled with H,O into the oxide and cacodylic acid :—

zA:(séﬁ!:)")é\)o + H,0 = [As(CH,),],0 + 24As (CH,),0.0H.

Cacodyl Sulphide, 2:{ggt;’>s, is obtained by distilling cacodyl chloride
with barium hydrosulphide. 1tis an oily liquid insoluble in water and inflames
in the air. Hydrochloric acid decomposes it into cacodyl chloride and H,S.
Sulphur dissolves in both it and cacodyl, forming the disulphide, [ As(CH a)a]zgz’o
crystallizing in rhombic tables, which fuse at 50°.

Cacodyl Cyanide, As(CH,),.CN, is formed by heating cacodyl chloride with
mercuric cyanide, or by the action of CNH upon cacodylic oxide. It crystallizes
in glistening prisms, which fuse at 37°, and boil at 140°.

Cacodylic Acid, (CH,),;AsO.OH (see p. 122), (dimethyl-arsinic acid), is
obtained by the action of mercuric oxide upon cacodylic oxide :—

As(CH

M{CH:;?O + 2HgO + H,0 = 2As(CH,),0.0H + 2Hg.
It is easily soluble in water, and crystallizes in large prisms, which melt at 200°,
with partial decomposition. Cacodylic acid is odorless, and appears to be non-
poisonous. Its solution reacts acid and forms crystallizable salts with the metallic
oxides, ¢. £., (CH,),As0.0Ag.

Hydriodic acid reduces the acid to iodide :—

As(CH,),0.0H + 3HI = As(CH,), I 4 2H,0 + I,.

Hydrogen sulphide changes it to sulphide.

The salts of the thio cacodylic acid, (CH,),AsS.SH, corresponding to caco-
dylic acid, are formed by the action of salts of the heavy metals upon cacodyl
disulphide. =

There are ethyl compounds analogous in constitution to the preceding methyl
derivatives, but they have not been well investigated.

As(C,H,)
Ethyl Cacodyl, A C’H‘)” diethylarsine, is formed together with triethyl.
s(
arsine on heating sodium arsenide with ethyl iodide. It is an oil, boiling at
185-190°, and takes fire in the air. When its alcoholic solution is permitted to
slowly oxidize in the air, diethy! arsinic acid, (C,H,);AsO.OH (see p. 122), is
produced ; this crystallizes in deliquescent leaflets.

MONOMETHYL ARSINE COMPOUNDS.

Methylarsen-Dichloride, As(CH,)Cl,, results in the decomposition of
As{CH,),Cl, (p. 134) when heated, also by the distillation of cacodylic acid
with hydrochloric acid :—

As(CH,),0.0H + 3HCl = As(CH,)Cl, 4+ CH,Cl 4 2H,0.
It is a heavy liquid, soluble in water, and boils at 133°. At —10° it unites with
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chlorine, forming As(CH,)Cl,, which at o° breaks up into AsCl, and CH,Cl.
From the alcoholic solution hydrogen sulphide precipitates the suiphide,
As(CH,)S, crystallizing in colorless needles, which melt at 110°. ’

When sodium carbonate acts upon the aqueous solution of the dichloride
methyl-arsenoxide, As(CH,)O, is formed. This is soluble, with difficulty, in
water, and crystallizes from alcohol in colorless prisms, which fuse at 95°, and
distil along with steam. The oxide is basic, and may be converted by the haloid
acids and H,S into the halogen derivatives, AsCH,X,, and the sulphide,
AsCH,S.

Silver oxide acting upon the aqueous solution of the above oxide changes it
into the silver salt of mono-methyl arsiuic acid, (CH,)AsO(OH),, an analogue of
methyl phosphinic acid (p. 121). The free acid crystallizes in large plates, reacts
acid, expels CO, from carbonates, and combines with bases to yield salts, like
(CH,)AsO(O.Ag),. Phosphorus pentachloride converts it into As(CH,)Cl,.
When ethyl iodide acts upon sodium arsenite, AsO,Na, (p. 119), sodium mono-
ethyl arsinate, C,H;.AsO(ONa),, is produced.

ANTIMONY COMPOUNDS.

The derivatives of antimony and the alkyls are perfectly analagous to those of
arsenic ; but those containing one and two alkyl groups do not exist.

Tnmethylstibine, Sb(CH,),, antimony trimethyl, is obtained by heating
methyl iodide with an alloy of antimony and potassium. It is a heavy liquid,
insoluble in water, fuming and also taking fire in the air. It boils at 80°. It
dissolves with difficulty in alcohol, but readily in ether. It forms compounds
similar to those of triethyl stibine with the halogens and with oxygen. Antimony
pentamethyl, Sb(CH,),, is formed when zinc methyl is permitted to act upon
trimethyl stibine di-iodide. It is a liquid, and boils at about 100° It does not
ignite spontaneously.

Methyl iodide and trimethyl stibine unite and yield tetramethylstibonium iodide,
Sb(CH,),I, which crystallizes from water in beautiful tables. Warmed with
moist silver oxide it passes into the hydroxide, Sb(CH,),.OH,—a deliquescent,
crystalline mass with strong alkaline reaction. The hydroxide affords beautifully
crystallized salts with acids.

Triethylstibine or Stibethyl, SL(C,H,),. This is perfectly analogous to
the methyl derivative. In its reactions it manifests throughout the character of a
bivalent metal, perhaps calcium or zinc (cee p. 133). With oxygen, sulphur,
and the halogens it combines energetically and decomposes the concentrated
haloid acids, expelling their hydrogen : —

Sb(C,H;), + 2HCl = Sb(C,H,),Cl, + H,.

The dichloride, Sb(C,H,),Cl,, is a thick liquid, having an odor like that of
turpentine. The bromide solidities at — 10°; the iodide crystallizes in needles,
fusing at 70°. Stibethyl slowly oxidized in the air becomes triethylstibine oxide,

Sb(C,H,),0, an amorphous solid, soluble in water. It behaves like a di-acidic
oxide, forming basic and neutral salts, which crystallize well, ¢. g. :—

Sb(c,H,),<8:§8: and Sb(c,H,),<8ﬁ°=
Neutral Nitrate Basic Nitrate.

Triethylstibine Sulphide, Sb(C,H,;),S, is formed by the union of stibethyl
and sulphur. It consists of shining crystals, melting at about 100°. It behaves
somewhat like calcium sulphide. It dissolves readily in water, precipitates sul-

7*
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?hldes from solutions of the heavy metals and is decomposed by acids with the
ormation of hydrogen sulphide and salts of triethylstibine oxide.

Tetracthylstibonium lodide, S(C,Hy), I, is obtained from ethyl iodide and
triethylstibine. It separates from water in large prisms. Silver oxide converts
the iodide into fetracthylstibonium hydroxide, Sb(C,H,),.OH, a thick liquid,
reacting strongly alkaline and yielding well crysu.lhzed salts with acids.

BORON COMPOUNDS.

Triethylborine, or Borethyl, B(C,H,),, is formed by the action of zinc
ethyl upon boric ethyl ester (p. 121):—
2B(0.C,H,); + 3Zn(C,H,), = 2B(C,H,), + 3(C,H,.0),Zn.
Itisa colorless, mobile liquid, of penetrating odor; its boiling point is 95°, and
its sp. gr. at 23° equals og96 When heated together with hydrochloric acid it
decomposes into diethylborine chloride and ethane :—
B(C,H,), + HCl = B(C,H,),Cl 4+ C,H,.

Slowly oxidized in the air triethylborine passes into the diethyl ester of ethyl
boric acid or Boron Etho-diethoxide, B(C,H,;)(0.C;H;),. Thisis a liquid

boiling at 125°; water decomposes it into alcohol and ethyl boric acid, C,H,.
B(OH),. The latter is a crystalline, volatile body, which has a famtly *acid
reactlon and is soluble in water, alcohol and ether.

b Bar:inel/lyl tnmethylbonne, B(CH,),, is a colorless gas, that may be condensed
y col

SILICON COMPOUNDS.

The nearest analogue of carbon issilicon, therefore its derivatives
with alcoholic radicals are very similar to the hydrocarbons.

Silicon-methyl, Si(CHj),, is formed on heating SiCl, with
zinc methyl :—

SiCl, + 2Zn(CH,), = Si(CH,), + 2ZnCl,.

It is a mobile liquid which boilsat 30°. Itis not changed by water,
and behaves like a hydrocarbon (carbon tetramethane, C(CH,),,
boils at +10°).

Silicon-Ethyl, Silicon Tetraethide, Si(C,Hj),, is similar to
the preceding, and boils at 153°. By the action of chlorine there

is formed a substitution product, Si { C.HCP boiling at 185°,

which acts exactly like a chloride of a hydrocarbon. By the
action of potassium acetate on this an acetic ester results : —

(C,H,),Si.C,H,.0.C,H,0,
which alkalies decompose into acetic acid and the alcohol : —

v
(C;H,),Si.C,H,.0H.
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This so-called silico-nonyl alcohol corresponds to nonyl alco-
hol, (C,H;),C.CH,.CH,OH. It boils at 105°, and is insoluble in
water.

Silicon Hexethyl, or Hexethyl-silicoethane, Si,(C,Hy),, is
formed by the action of zinc ethyl upon Si,[, (obtained from LSi by
means of silver). It is a liquid, boiling from 250-253°.

On heating ethyl silicate, Si{O.C,H;), (p. 122), with zinc ethyl and sodium,
the ethoxyl groups, (O.C,Hj), are successively replaced by ethyl groups. The
prodact is a mixture of mono-, di- and triethylsilicon esters and silicon tetraethide,
which are separated by fractional distillation.

v

Triethylsilicon Ethylate, (C,H,),Si.0.C,H,, is a liquid, boiling at 153°,
insoluble in water, and having a sp. gr. 0.841 at 0°. Acetyl oxide converts it
into the acetic ester, which, when saponified with potash, yields sriethy/silicon
hydroxide, (C,H),Si.OH. The latter is sometimes called triethylsilicol; it is
analogous to triethyl carbinol, (C,H,),C.OH, and deports itself like an alcohol.
It is an oily liquid, insoluble in water.

Diethylsilicon-diethylate, (C,H,),Si.(0.C;H,),. An agreeable-smelling
liquid, insoluble in water, and boiling at 155.8°.  Its sp. gr. equals 0.875 at o°.

On treating it with acetyl chloride the compounds (C,H,,),Si< 8I’C2H-", and

(C,H,),SiCl, are formed. The latter is a liquid, boiling at 148°, It fumes in
air and with water yields diethylsilicon oxide, (C,H),SiO, analogous to diethyl
ketone,(C,H,),CO.

Ethylsilicon-triethylate, (C,H,)Si(0.C,Hj),,isa liquid with a camphor-like
odor, boiling at 159°, and decomposed slowly by water. Heated with acetyl
chlorice it forms ethyl silicon trichloride, (C,H,)SiCl,. This liquid fumes
strongly in the air, boils at about 100°, and when treated with water passes into
ethyl silicic acid, (C,H,)SiO.OH (Silico-propionic acid), which is analogous to
propionic acid, C,H,.CU.OH, in constitution. It is a white, amorphous powder,
which on heating in the air hbecomes incandescent. It dissolves in potassium and
sodium hydroxides to form salts,

METALLO-ORGANIC COMPOUNDS.

The metallo-organic compounds are those resulting from the
union of metals with monovalent alkyls; those with the bivalent
alkylens have not yet been prepared. Inasmuch as we have no
marked line of difference between metals and metalloids, the
metallo-organic derivatives attach themselves on the one side by
the derivatives of antimony and arsenic, to the phosphorus and
nitrogen bases ; and on the other, through the selenium compounds
to the sulphur alkyls and ethers. The tin derivatives approach the
silicon alkyls and the hydrocarbons.

It is remarkable that only those metals are capable of yielding alkyl deriva-
tives which, in accord with their position in the periodic system, attach them-
selves to the electro-negative metalloids. In the three large periods this power
manifests and extends itself only as far as the group of zinc (Zn, Cd, Hg).
(Compare /norganic Chemistry.) The alkyl derivatives of potassium and sodium
which cannot be isolated and are non-volatile, appear to possess a constitution
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analogous to that of the hydrogen compounds, Na,H and K,H, or sodium
acetylene, C;HNa.

Those compounds, which correspond to the maximum valence of
the metals, e. g.,

ﬁG(CHa)a Ki(CH:): lSvn(CH,)‘ ?b(CH.)‘ S'b(CH,),,

are volatile liquids, usually distilling undecomposed in vapor form ;
therefore, the determination of their vapor density is an accurate
means of establishing their molecular weight and the valence of the
metals. Being saturated compounds, they are incapable of taking
up additional affinities.

The behavior of the metallo-organic radicals, derived from the molecules by
the separation of single alkyls, is especially noteworthy. The monovalent radi-
cals, e. g,

Hg(CH,)— TICH,),— Su(CH,),— Pb(CH,),— Sb(CH,),—,

similar to all other monovalent radicals in that they cannot be isolated, show in all
their derivatives great resemblance to the alkali metals. They yield hydroxides,

i Hg(C,H,)OH TI(CH,),OH  Sn(CH,),.0H,

which are perfectly similar to KOH and NaOH. Oun separating the monovalent
radicals from their compounds, some can double themselves (derivatives of metals
of the silicon group),—

Si(CH,), Sn(CH,), Eb(CH,),

Si(CH,), Sn(CH,), Pb(CH,),

B{ the exit of two alkyls from the saturated compounds, the bivalent radicals
result :—

=Bi(CH,) =Te(CH,), =Sn(C,H,); =Sb(CH,),.

In their compounds (oxides and salts) these resemble the bivalent alkaline
earth metals, or the metals of the zinc group. Just as we find with other radi-
cals, some occur in free condition. As unsaturated molecules, however, they are -
highly inclined to saturate two affinities directly. Antimony triethyl, Sb(C,H),
(see p. 137), and apparently, too, tellurium diethyl, Te(C,H,),, have the power of
uniting with acids to form salts, liberating hydrogen at the same time. This
would indicate a distinct metallic character.

v

Finally, the trivalent radicals, like As(CH,),, can also figure as monovalent.
This is the case, too, with vinyl, C,H,. These may be compared to aluminium,
and the so-called cacodylic acid, As(CH,),0.0H (p. 122), to aluminium mecta-
hydrate, A10.OH.

We conclude, therefore, that the electro-negative metals, by the successive
union of alcohol radicals, always acquire a more strongly impressed basic, alka-
line character. This also finds expression with the metalloids (sulphur, phos-
phorus, arsenic, etc. (Compare pp. 112 and 133.) All the reactions of the
alkyl compounds indicate that the various properties of the elementary atoms
may be explained by the supposition of yet simpler primordial substances. (See
Inorganic Chemistry.)
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Most of the metallo-organic compounds can be prepared by the
direct action of the metals or their sodium amalgams upon the
bromides and iodides of the alkyls:—

C,H
ZnNa, + 2C,H,1 = Zn<C: {® + 2Nal.

Derivatives of the electro-negative metals can be formed also from
the metallic chlorides by the action of zinc and mercury alkyls:—

SnCl, 4+ 2Zn(CH,), = Sn(CH,), + 2ZnCl,.

COMPOUNDS OF THE ALKALI METALS.

When sodium or potassium is added to zinc methide or ethide,
zinc separates at the ordinary temperature, and from the solution
that is thus produced, crystalline compounds deposit on cooling.
The liquid retains a great deal of unaltered zinc alkyl, but it also
appears to contain the sodium and potassium compounds—at least
it sometimes reacts quite differently from the zinc alkyls. Thus, it
absorbs carbon dioxide, forming salts of the fatty acids:—

CoHNa £ 00, =Gl QO

By the action of carbon monoxide, the ketones arise. These
supposed alkali derivatives (p. 139) cannot be isolated, because
when heat is applied to them, potassium and sodium separate and
decomposition ensues. Their solutions are energetically oxidized
in the air. Water decomposes them with extreme violence.

COMPOUNDS OF THE METALS OF THE MAGNESIUM GROUP.

1. Beryllium Ethide, Be(C,H,),, is formed by heating beryllium with mer-
cury ethyl. It is a colorless liquid, which boils from 185°-188°. It fumes
strongly in the air and ignites spontaneously. Water decomposes it with vio-
lence, beryllium hydroxide, Be(OH),, separating.  Berylliam Propyl,
Be(C,H,),, boils about 245°.

2. Magnesium Ethide, Mg(C,H,),. On warming magnesium filings with
ethyl iodide away from contact with the air, magnesium ethyl iodide first results :

C,H
Mg + C,H,I = Mg<I Lt
on applying heat to this it decomposes according to the following equation :—

2Mg(C,H,)l = Mg(C,H,), + Mgl,.
Magnesium ethide is a liquid that takes fire on exposure to the air, and is decom-
posed by water with the production of ethane:—
Mg(C,;H,), 4+ H,;0 = 2C,H, + MgO.
3. Zinc compounds.
The reaction observed above with magnesium may occur here,
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i. e., when zinc filings act upon iodides of the alcohol radicals
in sunlight, iodides are formed, which decompose when heated : —

zZn<szs = Zn(C,H,), + ZnI,.

The dialkyl derivatives may be obtained by heating a solution
of the alkyl iodides in absolute ether, with granulated zinc or zinc
turnings, in closed vessels, to 100°-120° (Frankland).

The reaction occurs at a lower temperature if an alloy of zinc and sodium be
employed as a substitute for the metallic zinc. The operation is as follows: in a
flask provided with a doubly perforated caoutchouc cork, bearing an inverted
condenser, there is introduced a mixture of the alkyl iodide with ether and zinc
sodium. The air is expelled from the vessel by a current of carbon dioxide, and
heat of a water bath is then applied to it. When the reaction is complete, the
condenser is reversed and the zinc compound distilled off in a current of CO,.

Pure zinc turnings may replace the zinc sodium if they have been previously
attacked by sulphuric acid and the pressure of the apparatus increased. This
may be accomplished by connecting the inner tube of the condenser with another
tube extending into mercury. The most convenient method of preparing zinc
ethide is to let ethyl iodide act upon zinc-copper. (Berichte, 6, 200.)

The zinc alkyls are colorless liquids, fuming strongly in the air
and igniting readily; therefore, they can only be handled in a
carbon dioxide atmosphere. They inflict painful wounds when
brought in contact with the skin. Water decomposes them very
energetically, forming hydrocarbons and zinc hydroxide : —

Zn(CH,), + 2H,0 = 2CH, + Zn(OH),.
When slowly oxidized in the air (in ethereal solution), the zinc
alcoholates are produced (see p. 96).

/C,H __ . /O0.C,H
Zo{ CiH; 1 0s = 20 o CH;.
Water decomposes these into alcchols and zinc hydroxide :—
(C,H,.0),Zn + 2H,Q = 2C,H,.OH + Zn(OH),.

The free halogens decompose both the zinc alkyls and those of
other metals very energetically : —

Zn(C,H;), + 2Br, = 2C_H Br + ZnBr,.

Zinc Methide, Zn(CH,),, is a disagreeably smelling, mobile liquid, which
boils at 46°. Its sp. gr. at 10° is 1.386.

Zinc Ethide, Zn(C,Hj),, boils at 118°, and has the sp. gr. 1.182 at 18°,
With alcohol it yields zinc alcoholate and ethane : —

Zn(C,H,), + 2C,H,.OH = Zn(0.C,H,), + 2C,H,.
It dissolves in sulphur, forming zinc mercaptide, Zn(S.C H;),.

Zinc Isoamyl, Zn(C,H,,),, boils al 220° fumes strongly in the air, but
does not 1gnite spontaneously.

_ The zinc alkyls are very reactive, hence, serve for the prepara-
tion of many other compounds. Thus, they readily react with
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chlorides of the heavy metals and the metalloids, whereby alkyl
derivatives of the latter are produced (p. 141). The hydrocarbons
(see p. 46), are produced when they are heated to 150° with alkyl

iodides :—
Zn(C,H,), + 2C,H,I = Z(E:é.l;[l.‘;lcn:y H, + Zal,.

Carbon oxychloride converts them into ketones :—

COCl, + Zn(CH,), = co<g‘;:
The ketones are also produced in the action of the zinc alkyls
upon the chlorides of the acid radicals in the cold :—

CH
2CH,.CO.Cl + Zn(C,H,), = ’C°<c,ﬁ, + ZnCl,.

Acetyl Chloride Methyl-ethyl Ketone.

‘When an excess of the zinc alkyl is employed, tertiary alcohols are
formed (p. 9o).

The zinc alkyls absorb sulphur dioxide and become zinc salts of
the sulphinic acids (p. 111). Nitric oxide dissolves in zinc
diethyl and forms a crystalline compound, from which water and
CO, produce the zinc salt of the so-called dinitroethylic acid,
C.H,.N,O,H.

4. Mercury compounds.

These are formed according to methods similar to those em-
ployed for the zinc compounds. The alkyl iodides unite with
mercury at ordinary temperatures to yield iodides (sunlight is
favorable) : —

+ ZaCl,.

Hg + 2C,H,I = Hg<f_=Hu

To get the dialkyl compounds, sodium amalgam is permitted to act
upon the alkyl iodides :—
— Ho/C:H
HgNa, 4 2C,H,I = Hg\C:H: + 2Nal.

The reaction may be executed as follows: Liquid sodium amalgam is gradu-
ally added to a mixture of the iodide or bromide with J; volume ethyl acetate,
accompanied by frequent shaking of the vessel; the reaction occurs then with
increase of heat. When the mass becomes syrupy, it is distilled, and the opera-
tion repeated until all the iodide is decomposed (until on boiling with HNOy,,
iodine no longer separates). The oily distillate is shaken with potassium hydrate
to decompose the etiiyl acetate, the heavy oily mercury alkyl separated, and after
drying with calcium chloride it is distilled. (Annalen, 103, 105 and 109.)

The action of zinc alkyls upon mercuric chloride also produces
them :—
HgCl, + (C,H,),Zn = Hg(C,H,), + ZnCl,.
These compounds are colorless, heavy liquids, possessing a faint,
peculiar odor. Their vapors are extremely poisonous. Water and
air occasion 70 change in them, but when heated they ignite easily.
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The haloid acids cause one alkyl group to split off, leaving salts
of the monoalkyl derivatives :—

<é:g: + HCl = Hg<(C:fH5 + C,H,,

and when moist silver oxide acts on the halogen derivatives,
hydroxy! compounds are produced :—

Hg(C,H,)Cl 4 AgOH = Hg(C,H,).OH + AgCl;

these are strongly alkaline, and form crystalline salts with the acids.
One and two alkyls separate from the mercury alkyls by the
action of the halogens:—

Hg(C,H,), + I, = Hg(C,H,)I 4 C,H,I and
Hg(CH) + 1} = Hgl, 4 C,H,1.

Mercury-Methyl, Hg(CH,),, is a liquid having a specific gravity of 3.069;
it boils at 95°, and is but slightly soluble in water. When a molecule of iodine
is added to its alcoholic solution there is formed mercury methyl iodide,
Hg(CH,)]I, insoluble in water, but soluble in alcohol, from which it crystallizes
in shining leaflets, which fuse at 143°. Potassium cyanide converts the .iodide
again into mercury-methyl. When treated with silver nitrate the salt, Hg(CH,).
O.NO,, is produced.

Mercury Ethide, Hg(C,H,;),, has a specific gravity of 2.44, and boils at
159°. At 200° it decomposes into Hg and C H,,. lts chloride, Hg(C,H,)Cl,
separates in brilliant needles, when its alcoholic solution is digested with HgCl,.
Direct sunlight decomposes the iodide into Hg and C,H,,. These halogen
derivatives when treated with moist silver oxide, yield mercury ethyl hydroxide,
Hg(C,H,).OH, a thick liquid of strong alkaline reaction, and soluble in both
water and alcohol. It forms crystalline salts with the acids.

Mercury-Allyl Iodide, Hg(C,H;)I, is obtained when allyl iodide is shaken
with mercury. It crystallizes from alcohol in shining leaflets, fusing at 135°.
Propylene results when hydriodic acid acts on the iodide :—

Hg(C,H,)I 4+ HI = Hgl, + C,H,.

Hg

COMPOUNDS OF THE METALS OF THE ALUMINIUM GROUP.

The aluminium alkyl derivatives attach themselves to those springing from
boron (p. 138); however, it appears that only those exist in which three alkyls
are present. They are produced by the action of the mercury alkyls upon
aluminium filings :—

2Al 4 3Hg(CH,), = 2Al(CH,), + 3Hg.

Aluminium-Methyl, Al(CH,),, boils at 130°, and crystallizes at o°. It
fumes in the air, and is spontaneously inflammable. Water decomposes it with
** » fon ing ethane and aluminium hydrate. Its vapor density has
(or 35.6, H = 1) at 240°; this would answer to the mole-
s)s = 72.3. It, however, appears that at low temperatures
H,), also exist.

vl, Al(C,Hy),, is perfectly analogous to the preceding com-
solidify in the c {)(: It boils at 194°. At 240° its vapor
id equal to 4.5 (or 64, H = 1), almost corresponding to the

JC;H,); = 114.3.



COMPOUNDS OF TIN AND LEAD. 146

The derivatives of trivalent gallium and indium have not been prepared.
Two thallium-diethyl compounds, TI(C,H),X, are known.
Thallium-Diethyl Chloride, TI(C, H ),Cl is formed when zinc ethide is
allowed to act upon thallium chloride : —
TICl, + Zn(C,H,), = T1(C,H;),Cl 4 ZnCl,.

Thallium-diethyl salts, e. g., TI(C,H,),0.NO,, are obtained from this by double
decomposition with silver salts. 1t the sulphate be decomposed with barium
hydrate, thallium-diethy! hydroxide, TI(C;H,),.OH, is obtained. ‘This is readily
soluble in water, crystallizes therefrom in glistening needles, and has a strong
alkaline reaction.

COMPOUNDS OF TIN AND LEAD.

The alkyl derivatives of these two elements are analogous in con-
stitution to those of silicon (p. 138) belonging to the same group;
their differences in reaction are induced by the more positive,
metallic nature of tin and lead (see p. 140).

In addition to the saturated dervatives with four alkyls, &7 is
also capable of uniting with three and two alkyls to groups which
act like dasic radicals, forming salt-like compounds with negative
groups :—

Sn(C,H;), Tin tetraethyl
Sn(C,H,) 3Cl  Tin triethyl ch]onde
Sn(C,H;),Cl; Tin diethyl chloride.

Tin diethyl, Sn(C,H,),, appears to exist as an unsaturated mole-
cule (like tin dichloride, SnCl,), while the group, Sn(C,Hy),, in
free condition doubles itself :—

Sn(C,H
Sn,(C,H,)e = é (CaFla)s — Di-tintriethyl.
n(C,H;),

Tin Tetraethyl, Stannic Ethide, Sn(C,H;),, is best pre-

pared by distilling tin chloride with zinc ethyl :—

SuCl, + 2Zn(C,H,), = Sn(C,H,), + 2ZnCl,.
It is a colorless, ethereal smelling liquid boiling at 181° and pos-
sessing a specific gravity of 1.187 at 23°. Its vapor density equals
8.02 or 116 (H = 1). It is insoluble in water and does not suffer
change on exposure to the air. By the action of the halogens the
alkyls are successively eliminated : —

SniC,H,), + I, =Sn(C,H,I + C,H,I
Sn(C Hy1sl + I — Sn(C3Hpal, + CyH,l
Sn(C,Hy),l, 4 15 = Snl, o 2C ,ﬁ,l.

Hydrochloric acid acts similarly :—
Sn(C,H,), + HCl = Sn(C,H,),Cl + 2C,H,, etc.

Tin Tetramethyl, Sn(CHj),, is similar to the preceding, boils
at 78°, and has a specific gravity at o° of 1.314.
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On heating an alloy of tin and a little sodium (about 2 per cent.) with ethyl
iodide, there results a mixture consisting of SniC,H,),I and Sn(C,H;),I,,
which may be separated by fractionation. With an alloy rich in sodium (about
20 per cent) the products are Sn(C,H;), and Sn,(C,H;),; the latter is almost
insoluble in alcohol, while the first is very soluble and can be re-precipitated by
water.

Tin-Triethyl Iodide,Sn(C,H,), 1, isa colorless oil, insoluble in water, and hav-
ing a disagreeable smell. It boils at 231°, and has a specific gravity of 1.833 at
22°. Hydrochloric acid precipitates the cA/oride, Sn(C,H,),Cl, from tin triethyl
salts, as a heavy oil, which solidifies at 0°. It boils from 208-210° and has a
specific gravity of 1.428. Alcohol is a solvent for both. When either one is
acted upon by silver oxide or caustic potash, there is produced : —

Tin-Triethyl Hydroxide, Sn(C, H,),.OH,which crystallizes in shining prisms,
melting at 66°, and boiling undecomposed at 272°. It volatilizes along with the
steam. Difficultly soluble in water, it dissolves readily in alcoho] and ether. It
reacts strongly alkaline, absorbs carbon dioxide, and affords crystalline salts with
the acids, ¢. ¢., Snﬁ,H,) s-O.NO,. When the hydroxide is heated for some
time to almost the boiling temperature, it breaks up into water and tim-triethyl
oxide, S“(C’H5)'\O, an oily liquid, which in the presence of water at once

Sn(C,Hy), / :
regenerates the hydrate.
) ., Sn(C,H,), i .

Free Tin.Triethyl, | = Sn,(C,H,),, or Stannoso-stannic Ethide,

Sn(C,H;)
is produced, as already descr%bec?l,‘by heating tin-sodium with ethyl iodide; also
on warming tin-triethyl iodide with sodium :—
2Sn(C,H,),I + Na, = Sn,(C,H;), + 2Nal.

It is a liquid, of mustard like odor, insoluble in alcohol, but readily soluble in
ether, It distils with slight decomposition at 265-270°. It combines with

e .1 Sn(C,Hj),\
oxygen, forming tin-triethyl oxide, 3 0513
YEEn, € yhoxide So(C,Hy)s/

triethyl iodide : —

0, and with iodine yielding tin-

pr(Catta)s + 1, = 250(C, H,),1
= n .
n(C,H,), ’ pen

Tin-Diethyl, or Stannous Ethide, Sn(C,H,),. Its preparation is described
above. It is a thick oil, decomposing when distilled, therefore its molecular
weight has not been determined. It combines with oxygen and the halogens: —

Sn(C,H,), + I, = 5n(C,H,),1,
When distilled it decomposes completely into tin and tin-tetraethyl :—
2Sn(C,H;), = Sn(C;H;), + Sn.

Tin-Diethyl Chloride, Su(C3H,),Cl,, is best prepared by dissolving tin-diethyl
oxide in hydrochloric acid. It is insoluble in water, alcohol and ether, crystal-
lizes in needles, fusing at 69°, and boils at 220°. The iodide, Sn(C,H,),I,, is
also produced by the action of ethyl iodide in sunlight upon zinc filings. It crys-
tallizes in needles, fuses at 44.5°, and boils at 245°.

Ammonium hydrate and the alkalies precipitate from aqueous solutions of both
the halogen compoun is: —

Tin-DiethylOxide,Sa(C,H,),0,a white,insoluble powder. It issoluble in excess

of alkali, and forms crystalline salts with the acids, e. ., Sn(C,HB)z\/\(O)'gga
.NO,.
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LEAD COMPOUNDS.

These are very similar to the preceding; derivatives with two alkyls do not,
however, exist:—
Pb(C,H,), Lead tetraethyl
Pb(C,H,),Cl Lead triethyl chloride
Pb,(C,H;)e  Di-leadtriethyl.

Lead-Tetraethyl, PL(C,H,),, is obtained by heating lead chloride with zinc
ethide :—
2PbCl, + 2Zn(C,H,), = Pb(C,H,), + 2ZaCl; + Pb.

It is an oily liquid, distilling out of air contact at about 200°, with partial decom-
position. When heated in the air it takes fire and burns with an orange colored
flame. When hydrogen chloride acts upon it, ethane is evolved and Lead 77:-
ethyl chloride, Pb(C,H,),Cl, formed, which crystallizes in silky, shining needles.
The dodide, Pb(C,H,), 1, is very similar to the last, and is produced when iodine
acts upon lead-tetraethyl. On heating either of these derivatives with silver
oxide or caustic potash, lead-triethy! hydroxide, Pb(C,H);.OH, distils over.
This reacts very alkaline, and forms crystalline salts with the acids. The sul-
phate, EPb(C,Hs),],SO‘, is soluble in water with difficulty.

Lead-Triethyl, Pb,(C,H,),, is obtained by the action of ethyl iodide on an
alloy of lead and sodium :—

2PbNa, 4 6C,H,I = Pb,(C,H,), + 6Nal.

Lead-triethyl is a yellowish liquid, insoluble in water, possessing a sp. gr. of
1.471 at 10° and boiling with partial decomposition. It reacts energetically with

the halogens : —
Pb,(C,H,)s + I, = 2Pb(C,H,),L
The lead-methyl derivatives are perfectly analogous to the ethyl compounds.

COMPOUNDS OF BISMUTH.

These arrange themselves with those derived from antimony and arsenic; but
in accordance with the complete metallic nature of bismuth, we do not meet any
compounds here analogous to stibonium (p. 138) or arsonium.

Bismuth-Triethyl, Bi(C,H;),, is formed by acting upon an alloy of bismuth
and potassium (obtained by igniting crude tartar and bismuth) with ethyl iodide.
It is a mobile, disagreeable-smelling liquid, with a specific gravity of 1.8200. It
is insoluble in water, but readily dissolved by ether. It fumes in the air and
inflames spontaneously. When heat is applied it decomposts below 100°. It
reacts very energetically with the halogens, according to the equation :—

Bi(C,H,); + 21, = Bi(C,H,)I, 4 2C,H,1.
Bismuth.ethyl Chloride, Bi(C,H,)Cl,, is formed when mercuric chloride
acts on bismuth-triethyl:—
Bi(C,H,); + 2HgCl, = Bi(C,H,)Cl, + 2Hg(C,H,)CL
The iodide, Bi(Cst)IT results when the chloride is warmed with KI. This

salt crystallizes in yellow leaflets. From its alcoholic solution the alkalies pre-
cipitate Bismuth-ethy! oxide, Bi(C,H,)O, an amorphous, yellow powder, which

takes fire readily in theair. The nitrate, Bi(C.‘,H&)<8',§82, is produced by
.NO,
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