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T H E C H E M I S T R Y O F T H E C A R B O N

C O M P O U N D S .

INTRODUCTION.

CAKBON is one of the most widely distributed elements occurring on
our planet. l a the free state it is found in two allotropic modifications,
as Graphite and as Diamond. In combination with oxygen, it occurs
as Carbm Dioxide, forming a small but normal and important con-
stituent of out atmosphere, whilst Carbonates are met with in all
geological formations, often in immense layers, sometimes forming
whole mountain chains.

Far more numerous and varying, however, are the carbon compounds
existing in the bodies of plants and animals, carbon being the most
characteristic and important constituent of all organisms. When any
organized structure is heated out of contact with air, carbon is left
behind in the form of porous, amorphous charcoal Animal and
vegetable substances are the chief sources from whioh other carbon
compounds are prepared, and the number of these is so great as to
to exceed the compounds of the other elements taken together: more-
over, new ones are being daily brought to light.

By far the largest proportion of the carbon compounds, and chiefly
those occurring ready formed, contain only a few elements; most of
them being formed by the union of oarbon with hydrogen and oxygen;
many also contain nitrogen; some only carbon, hydrogen, and nitrogen,
whilst others consist only of carbon and hydrogen.

The substances of which the bodies of plants and animals are built up,
as well as most of the compounds that can be obtained from these
by chemtoal changes, exhibit certain peculiarities, enabling us to
distinguish them easily from mineral bodies. Formerly chemists
believed that the cause of this difference was, that life was necessary
to their f ormaUo n, and that there existed an essential difference between
organic and inorganic bodies. Hence chemistry has been divided into
organic and inorganic chemistiy. At that time it was understood
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both how to decompose mineral compounds into their elements, and
also how to build them up again. With organic bodies, however, it
was not so; whilst their composition could easily be ascertained, their
synthesis was found to be surrounded by difficulties so great as to
appear insurmountable, and hence it was assumed that the elements
present in living bodies obeyed laws entirely different from those
which rule inanimate nature. It was said that organic bodies might
be changed into other organic compounds, but that it was impossible
to prepare any such body by synthesis.

The further development of chemistry has shown, however, that
such views were erroneous, and as soon as a clearer insight into the
chemical constitution of organic compounds was gained, methods were
found by which compounds, which hitherto had only been formed by
the process of life, could be built up from their constituent elements.

There exist, however, certain organio substances possessing a
structure essentially different from that of any inorganic body. This
organized structure, which is the sole and direct product of life, is seen
in the simple cell, the germ of all living organisms. This cannot be
artificially prepared, whereas liquid and crystalline organic compounds
have been produced by synthetical methods in such numbers that
there can hardly be any doubt that all of them can be built up from
their elements.

We have now come to the conviction that the same chemical laws
rule animate and inanimate nature, and that the distinctive behaviour
which the compounds formed by the vital process exhibit, depends
only on the fact that they are carbon compounds. The cause of their
peculiar properties is consequently to lie looked for in the chemical
nature of carbon itself, and we must therefore first enter upon the
study of the chemical properties of this element, and compare them
with those of the other elements.



THE CARBON COMPOUNDS.

QUANTIVALENCE OF THE ELEMENTS.

CHEMICAL NATURE OF CABBON.

Elements combine either in the proportion of their combining
weights or in simple multiples of them. To explain this fact, we
assume with Dalton that matter is made up of small particles, which
are cliemicatty indivisible and are therefore called eJiemicai atoms. Of
these atoms there exist as many kinds as there are elements. Simple
bodies consist of the same kind of atoms, all of which have the same
weight, whilst the atoms of different elements possess different weights.
The ratio existing between these different weights is expressed by the
combining weights of the elements, which ate hence also called atomic
weights. By two or more heterogeneous atoms being joined together,
a chemical compound is formed. The smallest particle of such a
compound consists of a coalition of atoms, only capable of destruction
by chemical, not by mechanical means, and this is called a molecule.
The smallest portion of a simple body also consists of a group of
atoms or a molecule, not mechanically divisible.

As our unit for the atomic weights, we use that of hydrogen;
its molecule consisting of two atoms. The same element also serves
as the unit for the density of gases and vapours. It las now been
found that the densities of all gases and vapours are equal to half
their moleoular weights, and that, consequently, equal volumes of
different gases always contain the same number of molecules, or that
any molecule in the gaseous state occupies the same space as two
parts by weight of hydrogen.

When a chemical change occurs,certain atoms contained indifferent
molecules replace eaoh other. Formerly it was believed that one atom
always changed place with another, but we now know that this is
not the case, but that one atom of a certain element often replaces
two, three, or four atoms of other elements. Hence the atoms of
different elements differ in their qiumUvalence.

Hydrogen is distinguished amongst all the elements by its fornuii^
the most simple compounds, and for this reason this element is best
adapted for ascertaining the qnantivalence of other elements, of which
those forming volatile hydrides can be divided into tour groups:—

n_,Imm. Hydrogen Hydrogen Hydrogen Hydrogen
Hydrogen. Culorfto Bromide. loUide. Fluoride.

H ) H ) H | R\ H )
H j Clj" B r J I J F j

w«t«r Hydrogen Hydrogen Hydrogen
Water. Sulphide. Solenfio. Tellnnde.
H l H U H U H UH J ° H f S H / S e HJ

B 2



THE CHEMISTRY OF

Eaoh molecule of the compounds of the first group contains one
atom of hydrogen combined with one atom of another element; the
elements of the second group unite with two atoms of hydrogen; in
the third group, each element requires three, in the fourth group four,
atoms of hydrogen to form a molecula

The same relations hold good when these different elements
combine with chlorine, or another member of the first group, instead
of with hydrogen.

Hypobromous Aoid.Chlorine Monoxide.
C 1 ! o
C l } °Phosphorus

Trichloride.
Cl)
C U P
c i j
Carbon

Tetmchloride.
Cl\
C l ( p

Cl)

Hypoohlotoua I

H } °

Arsenic
Tribromide.
Br)
B r U s
BrJ
Methyl
Iodide.
H \

Antimony
TrioMoride.

ClS-Sb
01)
Silicon

Totroohloride.

Cl ( «
C l ( S l

c i )

Those elements which do not combine with hydrogen may also be
divided into suoh groups by comparing the compounds whioh they form
with chlorine or other elements of the first group.

Chloride.

Cl
Calcium
Chloride.
Cl
Cl

8odinm
Iodide.
Na)

i f
Zino

Bromide.

BUvcr
Bromiito.
Agf
Br J

Maanosium
Todide.

*
Boron

Chloride.
Cl)
ClVBo

Br
Biamnth
Chloride.
Cl
Cl
Cl

Gold
Chloride.
Clf- It
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Titanium
Chloride.

Cl)

ClJ

Tin
Chloride.
0 1 )

§ «•
c i ;

platinum
Chloride.

Cl
Cl
Cl
01

ide.

Thus all the elements maybe divided into different groups, according
to their power of combining with or replacing hydrogen. Those
which combine with this element atom for atom are termed univalent
elements or monads. Those of the second group are bivalent or Dyads,
each atom of them requiring two monad elements to form a molecule.
The elements of the nitrogen group, as well as boron and gold, are
trimlmt or Triads; and carbon, silicon, titanium, tin, and platinum, are
quadrivalent elements or Tetrads,

Monad elements form with one another only few and simple com-
pounds, whilst the compounds of the other groups are much more
numerous and complicated. Thus chlorine and hydrogen combine
only iu one proportion, whilst oxygen and hydrogen form two com-
pounds; of oxygen and chlorine we know three compounds; and of
oxygen, chlorine, and hydrogen, as many as five compounds.

In hydrochloric acid the combining capacity of hydrogen is satu-
rated by chlorine, but if one atom of hydrogen enters into combination
with one atom of oxygen, only half the combining capacity of the
latter element is saturated, and the other half can not only be saturated
by hydrogen or by chlorine, but also again by anotheratom of oxygen;
but in the latter case again one of the combining units of oxygen is
left free, and in order to form a closed molecule must be combined
with a monad element. The constitution of the oxides of hydrogen
and the oxides and acids of chlorine is illustrated by the following
graphical formulas :—

Water H - O - H
Hydrogen Dioxide . H - 0 - 0 — H
Chlorine Monoxide . Cl — 0 — Cl
Chlorine Trioxide . . C l - 0 - 0 - 0 - C l
Chlorine Tetroxide . C l - 0 - 0 - 0 - 0 - C l
Hydrochloric Acid . 01 - H
Hypoehlorous Acid . 01 - 0 - H
Chlorous Acid . . . Cl - 0 - 0 - H
Chloric Acid . . . C l - 0 - O - O - H
Perchloric Acid . . C l - 0 - 0 - 0 — 0 - H

In a similar manner we can explain the existence of the different
sulphides of potassium and the acids of phosphorus:—

K - S - K
K - S - S - K

K - S - S - S - K
K - S - S - S - S - K

K - S - S - S - S - S - K
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/Xi.HypophosphorousAcidH - 0 — 0 - P \ J J

Phosphorous Acid . H - 0 - 0 - P (£~ H

Phosphoric Acid . . H - 0 - 0 -

It is thus seen that the atoms of a polyvalent element have the
property of combining with each other in different proportions. This
property is also possessed by carbon, but in a much greater extent; for
whilst in the case of other elements the number of atoms uniting in
this way is very limited, we find it most characteristic of tetrad carbon,
thai a very large number of atoms can combine with each other
to form groups acting in a great number of reactions like a single
atom.

Bat carbon possesses another peculiarity in common with no othei
element; all tlve units of combining capacity in such a group, which are
not saturated by carbon itself, can be saturated with hydrogen.

Thus, whilst most of the metals do not combine with hydrogen
at all, and the non-metallic elements only form one, two, or at
the most three compounds with hydrogen, we find that there exists
a great number of hydrocarbons, whioh is daily increased by new
discoveries.

1 The hydrocarbons are not only the most simple of the carbon
compounds, but from a theoretical point of view are also the most
important, because all the other carbon compounds can be regarded as
derivatives of them, and as being formed, by hydrogen being replaced
by other elements. Thus a considerable number of compounds found
in nature can be prepared artificially from hydrocarbons, and on the
other hand, as soon as tha constitution of a certain compound is under-
stood, we are in a position to convert it into the hydrocarbon from
which it has been theoretically derived. In most of these compounds
apart of the hydrogen is replaced by oxygen or by the monad group
Hydroxyl HO, and m others by nitrogen, or the monad group NHg.

However, all the other elements can be artificially introduced into
carbon compounds, but there are only a few cases in whioh all the
hydrogen can be substituted. Thus, the number of carbon chlorides
is very much smaller than that of the hydrocarbons; with, oxygen,
carbon forms only two cpmpounds, the monoxide CO and the dioxide
COa; and with nitrogen it only combines in one proportion to form
cyanogen, CgNj. From this it follows that the great majority of carbon
compounds always contains hydrogen; that there is present ia them a
residue of the original hydrocarbon.

We may therefore define that part of our science which is generally
known as Oi^anic Chemistry as: The Chemistry of tlte Hydrocarbons
and their Derivatives.
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CONSTITUTION OF THE CABBON COMPOUNDS.

Carbon is a tetrad element: its most simple compound is marsh gas,
or methane, Cffj. Of the four hydrogen atoms of this compound, one
after the other can be replaced by other elements. For instance, if they
are substituted by chlorine, the following bodies are formed:—

Methane. Methyl
Chloride.
OH8C1

Hetheue mi .
Chloride. u " 0 1

CHJJCIJ CE

„»_, Carbon

[Clg CCL

By replacing the hydrogen by dyad or triad elements, we obtain
compounds such as—

Carbon Dioxide. Carbon Disulphide. Hydrocyanic Acid.
COa CSS CNH

When two atoms of carbon unite with each other, we have as the
most simple case two of the eight units of combining capacity saturat-
ing each other, six being, left free, and thus a hexad group is formed,
from which the hydrocarbon C2He is derived; by linking in the same
manner another atom of carbon to the hexad group, we obtain an octad
group, &c. The constitution of such groups is illustrated by the fol-
lowing formula of the corresponding hydrocarbons:—

f*%in /~\ TT /I TT rt TT
VUJ ^2 0 ^3 "ft 4 XO
H H H H

H - C - H H - C - H H - C - H H - C - H

H H - C - H H - C - H H - C - H

H - C - H H - C - H

H H - C - H

We are acquainted with a very large number of hydrocarbons con-
stituted in this manner, forming a series in which each higher
member contains one atom of carbon and two atoms of hydrogen
more than the preceding one, and having the general formulae CnHa+a«

CH. . . . . Methana C4Hl0 . . Butane. !

GjH6 . . . Ethane. C6HW . . Pentane.
CjH8 . . . Propane. C«HU . . Hexane.

Parallel with this series there ran other series containing less
hydrogen.
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Series C Him. Series Co H&> -a.
. . Ethene. C2H8 . . Ethine.
. . Propene. C8H< . . Promina
. . Butene. O4Hg . . Butane.
. . Pentene. O6H8 . . Pentine.
. , Hexene. O8HM . . Hexine,

To explain the constitution of these series we must assume that
two or more carbon, atoms are linked together with more than one unit
of combining capacity.

Etheuo. Propene. Ethine.
CH» CH. CH
II. II ill
CHj CH CH

CH8

In each of these hydrocarbons we can replace one or more atoms ot
hydrogen by other elements or radicals, and therefore each forms the
starting-point for a number of compounds containing the same
number of atoms of carbon in the molecule,. If we replace one atom
of hydrogen, the compounds thus formed contain in common a group
of atoms, having one atom of hydrogen less than the original hydro-
carbon, and acting therefore as a monad radical, as the hydride of
which the hydrocarbon itself may be regarded.

By acting with chlorine on the hydrocarbons of the first series,
hydrochloric acid is formed, and the hydrogen thus removed is replaced
by chlorine. By the replacement of one atom of hydrogen, the fol-
lowing series of chlorides of monad radicals is obtained:—

CH.C1 . Methyl Chloride. C ^ C l . Butyl Chloride.
C,HSC1 . Ethyl Chloride. C8HnCl . Pentyl Chloride.
C H C l PropyX Chloride. C,HUC1 . Hexyl Chlorida

In the same way, by substituting bromine or iodine for hydrogen,
we obtain series of bromides and iodides.

Dyad oxygen or triad nitrogen cannot replace one atom of hydrogen,
but the monad groups OH and NH8 can do this. In the former case
we obtain a series of important compounds which are the hydroxides
of monad radicals and are called alcohols, and in the latter oase
compound ammonias or amines are formed. Like the hydrocarbons,
the chlorides, &c., these new series consist of a number of compounds,
each differing from the preceding by the addition of CHj. Such
series are called homologous. Compounds are called homologous when
they have an analogous constitution and differ in their composition by
CH, or a multiple thereof.

Homologous Series of Alcohols. Hotnologons Series of Amines.
CH. .OH Methyl Alcohol CH..NH. Methylamine.
C2H6 .OH Ethyl Alcohol. G A - N H , Ethylamine.
CSH7 .OH Propyl Alcohol. C8H7.NH2 Propylamine.
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Homologous Series of Alcohols. Homologous Series of Amines.
C J L . O H Butyl Alcohol. C4B^.NH8 Butylamine.
C B H U . O H Pentyl AlcohoL CBHU.:NB2 Pentylamine.
C6H18.OH Hexyl AlcohoL OjHjj.NHg Hexylamine.
The oxygen of the alcohols may be replaced by sulphur or other

dyad elements, and the nitrogen of the amines by other triads, as
phosphorus, aisenio, &c.

In the alcohols, two atoms of hydrogen are easily replaced by one
atom of oxygen, and thus the following homologous series of mono-
basic acids is formed:—

COH. OH . Formio Acid. C4OIL. OH . Butyric Acid.
CJOHJ . OH . Acetic Acid. C6OH9. OH . Valerianic Acid.
CgOH6. OH . Propionio Acid. CgOB^,. OH . Caproic Acid.
These acids contain the group hydroxyl OH combined -with an

oxygenated radical, which, like the alcohol radicals, form a large
number of compounds such as—

Acotaldehyde. Acetyl Chloride.
CaOH8.H C2OH8.C1
Acetamide. Thiacetio Acid.

OjOHg.NHjj C20H8 .SH
From the hydrocarbons which contain less hydrogen than those of

the first group, similar compounds are derived:—
Propone. Allyl Alcohol. ' Allyl Chloride. Allylamhte.
CJHJ C8H6.OH CjH^Cl C g H j . N ^

Aoiylaldchydo. Acrylic Acid.
C8OHg.H C8OH8.OH

y Those compounds, in which two atoms of carbon are linked
together by more than one of their combining \mits, possess the
characteristic property of being easily transformed into compounds
in which the oarhon atoms are joined together in as simple a manner
as in the methane series. Thus ethine combines with hydrogen to
form first ethene, whioh hydrocarbon, by taking up another molecule
of hydrogen, is converted into ethane >—

g 4 s a 0
Ry the same reaction, allyl compounds yield compounds of the

propyl series:—
CSH5.OH +H S ! «C S H- .OH
Ca0H3. OH + H8 - C8O H6. OH

Such compounds combine more easily still with the elements of
the chlorine group:—-

The hydrocarbons of the ethene series behave therefore like dyad
radicals; their chlorides, &c., can also be obtained by substituting
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two atoms of chlorine for hydrogen ia the members of the methane
series:—

DSSSESSL.
2C18» 08H6Clg + 2HC1

The chlorine or bromine in these compounds can, as is the case
with the chlorides of the monad radicals, be displaced by other ele-
ments or radicals, and thus we obtain alcohols, amines, &c, of dyad
radicals:—

Ethene Alcohol. Ethene-diamine.
0 H P T / H

If two atoms of chlorine are replaced by one atom of oxygen, the
oxides of these dyad radicals are obtained, and by the substitution of
oxygen for hydrogen in the alcohols, acids are formed containing
oxygenated dyad radicals:—
Ethene Oxide. Ethane Alcohol. Olycollic Acid. Oxalic Acid.

The hydrocarbons of the ethine series can either combine with
two or with four atoms of chlorine, and play the part of dyad as well
as of tetrad radicals.

In other compounds we have to assume the existence of triad,
pentad, hexad, &&, radicals. Thus glycerin C.H6(OH)8 is the alcohol
of the radical propenyl CgHj, which contains three atoms of hydrogen
less than propane, and is therefore a triad radical in which the carhon
atoms are linked together exactly as they are in propane; whilst in
the monad radical allyl, which has the same composition as propenyl,
the carbon atoms are combined in the same manner as in propene
CgHfl. Propenyl and allyl compounds are nearly related to the propyl
and propene compounds, and from a member of one group, compounds
belonging to another group may be easily obtained. Thus, by the
action of chlorine upon propane the chloride's of propyl, propene, and
propenyl are formed :—

C8H8+ Cl3 = C8H7Cl +HC1
8 8 + 8 8 a 8 f

C8H8 + SClj = C ^ C l , + 3HC1

When propyl alcohol is heated with sulphuric acid, propene and
water are prodnced:—

By the action of iodine and phosphorus on glycerin, allyl iodide is
formed :—

fOH
C3H5] OH + P + I - C8H6I + P0 sH,

( O H
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All compounds m which the catbon atoms aie linseed together in
the same manner as in the hydrooarbons of the methane series, form
one large group, which has been called the group of the fatty sub-
stances, because most of the monobasic acids, belonging to it, occur in
vegetable and animal fats; and these acids form a homologous series
which is very complete and has been long known. The most cha-
racteristic property of the members of this group is that they undergo
chemical changes principally by substitution, ie. atoms or groups of
atoms are taken out and displaced by others.

A second group includes those compounds in which two or more
atoms of carbon are linked together with more than one of their
combining units. These bodies possess the characteristic property of
combining directly with hydrogen, chlorine, &a, and thus by addition
are changed into compounds belonging to the first group. This group
is usually called the group of the non-saturated compounds, a term
which, however, would imply that these bodies contained carbon
atoms with free combining units, an assumption which for several
reasons appears improbable.

Besides these two groups there exist other groups of carbon com-
pounds, "which are richer in carbon than the fatty substances, but,
these comport themselves in most of their chemical metamorphoses
like the latter, and only in a few cases form new compounds by
addition, which, however, always contain less hydrogen than fatty
bodies. This class of compounds is again subdivided into different
groups, the best known of which is that of the aromatic sitbstances,
this name being derived from the fact that many of them are found
in essential oils, balsams, resins, &c. Mo compound belonging to
this group contains less than six atoms of carbon, the most simple
hydrocarbon of the group being bciizenc C8H0, in which of the twenty-
four combining units of carbon, eighteen are taken up by the union
of carbon with carbon, whilst the remaining six are combined with
hydrogen, thus;—

HC—CH
// \

HC CH

HC=CH

This linking of the carbon atoms may fignratively be expressed by
saying that they are joined together in an annular or closed chain,
whilst in the fatty and the non-saturated compounds they form an
open chain.

All hydrocarbons contain an even number of atoms of hydrogen; this
is, 03 it will easily be seen, a consequence of carbon being a tetrad.
From this fact it follows further that the sum of the atoms of monad
and triad elements contained in the molecule of a carbon compound must
also always be an even number.

The observation that by replacing in a hydrocarbon one or more
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atoms of hydrogen by other elements, compounds are obtained which
contain in common the same residue of the original hydrocarbon, led
to the theory of compound radicals. For a time organic chemistry
was defined as the chemistry of the compound radicals. This definition,
however, does not hold good, because a great number of inorganic
compounds also contain such groups of atoms, which in a great
number of reaotions remain together, and act as compound radicals.
Thus the following compounds contain the radical nitroxyl NO.,
which is a monad, nitrogen and oxygen being combined in the fol-
lowing manner:—

Nitrous Acid N02H
Nitric Acid N0 3 .OH
Nitroxyl Chloride . , . . NOaCl

The dyad radical Sulphuryl SOS forms the following compounds.—

Sulphuryl Chloride . . . . S

Sulphur Trioxide . . . . SO,.O
C TT

Hydroaulphurous Acid . . . S O <

Sulphurous Acid S O * { o H

{ o HSulphurio Acid S O »{

Hyposulphurous Acid . . .

Many phosphorus compounds contain the triad radical Pho$-
phoryl PO:—

Phosphoryl Chloride .

Hypophosphorous Acid

Phosphorous Acid . .

Phosphoric Acid . . ,

. PO

. PO

. PO

. PO

(01
4 c i
(Cl
f H

1 H

(OH
( H

-<0H
(OH

(OH
^ O H
IOH
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The monad group Uranyl UO exists in a number of uranium
compounds:—

Uranyl Chloride UO Cl
Uranyl Nitrate UO NO8

Uranyl Sulphate , u o { S O *

Uranyl Sulphide UO { S

Such compound radicals are nothing but groups of atoms which
remain unchanged in a great number of reactions, and so far act like
a single atom ; it is therefore quite a matter of indifference whether
compound radicals can exist m the free state or not Thus the
monad and triad alcohol radicals cannot be isolated, but dyad and
tetrad radicals exist in the free state, as for example the hydrocarbons
of the ethene and ethine series.

Whilst in a great number of metamorphoses the compound radicals
remain unaltered, they undergo by other reactions manifold changes.
In some of these the carbon group is left intact: thus ethyl alcohol
yields by oxidation acetic aoid, the radical ethyl C2H6 being con*
verted into acefcyl C2H8O : ~

O + O8 = °»H8g J-0 + H.O

When we act with chlorine upon propyl chloride, the monad radical
propyl is changed into dyad propene:—

HC1

The dyad radical ethene combines with hydroiodio acid, the iodide
of monad ethyl being formed :—

But in many other chemical changes the group of carbon atoms
is broken up into two or more fragments: thm by heating acetic
aoid with an excess of caustio soda, it splits up into carbon dioxide
and methane s—<

C
4 4

By the action of the galvanic cvinent, succinio acid is decomposed
into ethene, carbon dioxide, and hydrogen:—

CaH< + 2CO4 + Ha

Such a breaking up of groups of carbon atoms takes place most
easily in those derivatives of hydrocarbons in which hydrogen has
been displaced by oxygen.

On the other hand, by joining two carbon atoms together, we are
able to bxiild up more complicated compounds from simple ones.
By heating methyl iodide with ziuc, the iodine combines with the
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metal ahd methyl with methyl, and we obtain ethane or ethyl
hydride:—

20 H8I + Za = Znlg + C8Hfl

By the same reaction ethyl iodide yields butane or butyl hydride:—

2 C W + Zn = Znl4 + C4HM

If we replace the chlorine in methyl chloride by cyanogen we
obtain acetonitril C2H3N, a body which does not behave like a com-
pound of cyanogen and methyl, because it contains the two carbon
atoms linked together exactly in the same manner as they are in ethyl
and acetyl compounds, and we can in fact easily obtain from acetonitril
other ethyl and acetyl compounds.

By these and other similar reactions -we are enabled to prepare from
compounds containing only one atom of carbon in the molecule, others
containing a great number, and thus to build up whole homologous
series.

The existence of such series is particularly characteristic of the
carbon compounds. The ckemkal character of the different series of

togetlicr, whilst the physical properties of each member depend on the
number of carbon atoms it contains. This number may range from
one to thirty or more; and in such a case the lowest members of
the series are often gaseous at the ordinary temperature, the highest
solid, and the intermediate ones liquid (the boiling point rising with
the increase of carbon atoms). They nevertheless all resemble each
other in chemical properties.

If we now, in all the members of such a series, replace hydrogen by
chlorine or another element or compound radical, we obtain other ho-
mologous series, the members of which, as might have been expected,
possess also varying physioal properties, and a very similar chemical
character.

A consequence of this is, that whilst the proportionally limited
number of compounds of other elements allows us to elucidate the
nature and composition of a substance by a few reactions, there exist
only a few carbon compounds which can be recognised by quali-
tative analysis. In most cases it is necessary to obtain the compound
to be examined, in a perfectly pure state, to examine its physical pro-
perties, and particularly, when the body is volatile, to determine its
vapour density; and beyond that, not only to study its chemical pro-
perties, but also to find its exact composition by quantitative analysis.

Newly discovered compounds are not the only ones which require
such a complete investigation; in many cases well-known bodies con
only be identified by determining their quantitative composition and
their vapour density.

It is therefore of the greatest importance to be well acquainted
with the methods employed for the ultimate analysis of carbon com-
pounds and those in use for the determination of vapour density.
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ULTIMATE ANALYSIS OF CAEBON COMPOUNDS.

Determination of Carbon and Sydrogm.—To ascertain the pre-
sence of carbon in a substance, it is best to convert it into carbon
dioxide; most compounds <5f this element are combustible, and when
a sufficient quantity of oxygen is present the whole of the carbon is
oxidized to carbon dioxide and the hydrogen to water. This is always
the case if the substance is heated to redness with an excess of copper
oxide. On this fact Liebig haa founded a method for determining carbon
and hydrogen quantitatively. To effect this analysis by combustion, a
tube of hard Bohemian glass (Fig. 1 A A) is used which is about 50-60
centimetres long, drawn out to a fine closed point at one end and open

Fm. 1.
at the other. One-fourth of the tube is filled with freshly ignited
copper oxide and well mixed with a weighed quantity (about 02 to 0 3
grams) of the substance by means of a brass wire, one end of which
is twisted like a corkscrew (B) ; more oxide is now added, and the
brass wire is well cleaned from every trace of adhering substance until
the tube is filled.

The tube (c), which is filled with pieces of porous calcium chloride,
by which all the water formed in the combustion is completely
absorbed, is now attached to the open end of the tube by means of a
tightly fitting cork. The carbon dioxide passes through this tube
unabsorbed into a concentrated solution of caustic potash which is
contained in the bulb apparatus (p) and connected with the drying tube
by a piece of tightly fitting india-rubber tubing (E). Both absorption
tubes are carefully weighed before the analysis. <

The combustion tube is now placed in a long furnace heated either
by charcoal or gas. After the whole arrangement has been found to
be perfectly air-tight, the part of the tube near the oork which
contains only pure oxide is heated, and when red-hot the portion of
the tube containing the substance is gradually heated, the heat being
so regulated that a slow evolution of carbon dioxide goes on until
the whole of the tube is red-hot. As soon as gas-bubbles cease to
enter the potash apparatus, and the potash solution begins to pass back
into the bulb nearest to the apparatus (owing to the absorption of carbon
dioxide), the source of heat near to the drawn out end is removed, the
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point of the tube broken off, and air drawn through, the whole appa-
ratus by means of an india-rubber tube fixed to the end of the potash
bulbs. This operation is necessary in order to pass the aqueous
vapour and carbonic dioxide filling the combustion tube into the
absorption apparatus. It now only remains to weigh the absorption
tubes again, the increase of weight giving respectively the quantities
of water and carbon dioxide produced.

If the solution be a liquid, it is weighed in a little sealed glass bulb
drawn out to a fine point. A little copper oxide is put into the tube
first, then the bulb with the point broken off, and afterwards, the tube
being filled with the oxide, the combustion is conducted as before.

Substances rich in carbon which are combustible only with diffi-
culty, are, by using this method, often incompletely burnt; the re-
duced copper gets covered with carbon, -which, not being in contact
with the oxide, is not burned. In such a case the combustion must
be finished by passing a current of pure oxygen through the apparatus,
which is easily effected by placing a little fused potassium chlorate
at the far end of the combustion tube.

Instead of the method just described another is now generally
employed, which is to be recommended on account of its greater sim-
plicity and the more exact results obtained (Fig. 2). A combustion
tube is used which is open at both ends, one end being connected with
the absorption tubes and the other with a drying apparatus through
which either dry air or oxygen can be passed. The part of the
tube near the chloride of calcium tube is to two-thirds of its length
filled with granulated copper oxide, behind which the substance to be
analysed is placed in a platinum boat. In front of and in connection
with the absorption tubes is placed an aspirator, in order to ensure
the passage of the products of combustion through the absorption
tubes, and to prevent them by any chance from passing into the
drying apparatus. After the copper oxide has been heated to redness
the substance is gradually heated, a slow current of air being passed
at the same time through the apparatus in order to drive the products
of the combustion into the absorption tubes. As soon as the whole
tube is red-hot the current of air is changed for one of oxygen, by
which all the carbon left in the platinum boat is completely burned
and all the reduced copper re-oxidized.

This method fs very convenient, as after each combustion the appa-
ratus is exactly in the same state as it was before; and as soon as it is
cooled down a new combustion may be commenced.

If the body to be analysed contains nitrogen, a coil of copper is
placed in the fore part of the tube, and kept red-hot in order to
decompose any oxides of nitrogen which might be formed. Without
this precaution they -would be absorbed by the potash, and the weight
of the carbon be found too high.

Compounds containing chlorine, bromine, or iodine, yield on com-
bustion these elements in the free state. In order to prevent these
getting into the potash bulb, a coil of copper gauze, or, better still, a
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spiral of silver, is placed in the part of the tube next to the absorp-

apparatus. Instead of using copper oxide, such bodies may be
C 0



THE CHEMISTRY OF

burned with fused and finely-powdered lead chromate, when lead
chloride, &c., is formed. lead chromate is also employed for the
combustion of compounds containing alkali-metals or sulphur, to
avoid the formation of alkaline carbonates or sulphur dioxide.

Determination of Nitrogen.—Most carbon compomids containing
nitrogen, when heated with caustic soda, yield the whole of this ele-
ment in the form of ammonia. This formation of ammonia is easily
rendered evident by heating some oheese or the white of egg with
caustic soda. There are, however, some nitrogenous bodies, such as
certain cyanogen compounds, which are not acted upon at all by caustic
alkalies, whilst others, such as indigo, morphine, quinine, &c, give
volatile bases containing carbon. There exist further certain com-
pounds, known as nitro-compounds, which are artificially obtained
by the action of nitric acid on different carbon compounds, and
which, on heating with caustic alkalis, give either no ammonia
or only a part of the nitrogen in this form. To detect nitrogen in
such compounds it is necessary to heat them with metallic sodium.
A deflagration takes place with the separation of carbon, and sodium
cyanide is formed, the presence of which is easily detected Dy treating
the residue with water, and adding to the filtrate first a solution con-
taining a ferric and ferrous salt (a solution of ferrous sulphate which
has been exposed to the air answers well for this purpose), and then
an excess of hydrochloric acid, to dissolve the oxides of iron, whilst
Prussian blue is left behind. Very small quantities of nitrogen can
be found by means of this method. In this case the liquid appears
green after the addition of the hydrochloric acid, but after standing
for some time blue flakes collect together.

For the quantitative determination of nitrogen two methods are in
use. Compounds which give off all their nitrogen in the form of
ammonia are heated in ft combustion tube (Fig. 3) with soda-lime,
which is prepared by slacking lime with a solution of caustic soda
and heating the powder to redness. This mixture does not fuse at a
red heat, and thus prevents the glass from being destroyed. The
ammonia formed is absorbed by hydroclilorio acid contained in a bulb
apparatus, and its weight determined by adding platinic chloride to
the solution and weighing the ammonium-platinio chloride (NH4C1)2
+ PtCl, thus formed. This simple and exact method, which was
originally proposed by Varrentrapp and Will, can also be employed
for such substances as indigo, quinine, &c, since the volatile bases
yielded by these compounds are compound ammonias, forming with
platinic chlorides also double salts, which, like the ammonium salt,
contain two atoms of nitrogen for each atom of platinum But in
this case the double salt is not weighed, but is ignited, and the quan-
tity of platinum left behind determined. It is safer also, when only
ammonia has been formed, to find the weight of the platinum by
ignition, as the double salt may have volatile carbon compounds
adhering to i t

If the nitrogen cannot be completely converted into ammonia, it
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most be obtained in the free state To effect this the compound is
burned with copper oxide, or, better, a mixture of copper oxide and
mercuric oxide, in a tube, the fore part of which is filled with red*
hot metallic copper. Previous to the combustion all the air must be
driven out of the apparatus, which is easily done by placing some
magnesite in the closed end of the tube, and heating it until all the
gas given off is completely absorbed by caustic potash. The mixture
of nitrogen and carbon dioxide given off during the combustion is

Fro 3

collected over mercury in a wide graduated glass tube, and the nitrogen
which remains in the conibitstiou tube when the combustion is finished
also driven in the graduated tube by heating the magnesite again.
After absorbing the carbon dioxide by caustic potash, the volume of
the remaining nitrogen is read off, and from it, measured under given
circumstances of temperature and pressure, its weight can be easily
calculated.

Determination of oilier Elements.—-Compounds containing cMorim,
bromine, or iodine, are heated in a narrow combustion tube with pure
caustic lime. After cooling, the contents of the tube are dissolved
in dilute nitric acid, and the quantity of chlorine, &c, determined by
precipitation with silver nitrate. Chlorine may also be oonverted
into silver ohloride by heating the substance to be analysed in a
sealed glass tube with nitric acid and silver nitrate. To ensure
complete oxidation it is advisable to add some potassium diohromate.
There exist a few chlorine compounds, which are decomposed by
water, with the formation of hydrochloric acid; others yield the
whole of the chlorine by bringing them in contact with water and
sodium amalgam. From these solutions all the chlorine is pre-
cipitated by silver nitrate.

Sulphur and 'phosphorus are determined by heating the substance
with pure nitre and sodium carbonate, or by oxidizing it with nitric
acid HI sealed tubes, sulphuric or phosphoric acid being formed,
which are estimated by known methods.

In a similar way boron, silicon, arsenic, &c, are determined.
Compounds containing metals leave on ignition the metal either in the
free state as silver, gold, platinum, or as an oxide or carbonate. Some-
times it i3 preferable to oxidize the compound with nitric acid or with

c 2
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a mixture of nitre nnd sodium carbonate. The metallic compounds
thus formed are converted according to well-known methods of
quantitative analysis into compounds fit for weighing.

Oxygen, cannot be determined directly, but its quantity is always
found by difference; by subtracting all the constituents which have
been directly estimated from the total weight of the substance taken,
the difference gives the weight of the oxygen.

CatmMiori, of (he Analysts*—In order to compare the results of
different analyses the percentage composition is first calculated
as follows:—

(1) 0*1460 grams of hexane yielded, by combustion with copper
oxide, 0-4490 of carbon dioxide and 0-2135 water.

Now, as 44 parts by weight of carbon dioxide contain 12 parts of
carbon, we find the weight of carbon by multiplying by £f or -̂ r, and
the weight of the hydrogen is obtained by dividing the weight of the
water by 9. The following equations therefore give the percentage of
carbon and hydrogen in hexane:—

0 4 4 9 x 3 x 1 0 0
0146 x 11

0*2135 x 100 1 r _
0140 x 9 " = 1 C a

100 parts of hexane consist therefore of—
Carbon 838
Hydrogen 163

1001

(2) 0395 grams of acetic acid gave 0580 of carbon dioxide and
0*235 of water, 100 parts contain therefore-"

Carbon 400
Hydrogen , G'o

As these numbers do not add up to 100, the difference must be
caused by the presence of oxygen, for qualitative analysis has shown
that acetic aoid does not contain any other elements but these three.
Its percentage composition is therefore—

Carbon 40-0
Hydrogen 6*6'
Oxygen 534

1000

(3) The analysis of caffeine, au organic base contained in coffee
and tea, gave the following results:—

0*3827 of substance gave on combustion with copper oxide in pre-
sence of metallic copper 0*6948 of carbon dioxide and 0*1800 of water.

0*1350 of substance was heated with soda lime, and the ammonia
(or compound ammonia) evolved was absorbed by hydrochloric acid.
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To this solution platinio chloride was added, and, after evaporation on
a water-bath, the excess of platinic chloride was washed out with
alcohol. On igniting the remaining double salt, 0-2750 of platinum
was left behind. Now as the salt (NH4 Cl)2 + Pt Cl4 contains 2 atoms
or 28 parts by weight of nitrogen for each atom of platinum, or
197-5 parts by weight, 100 parts of caffeine contain :—

0-2750 x 28 x 100 n o A _, , .
0-135O"x 1975 = 28<9 p a r t s c f m t r °8 e n -

If we calculate the percentage of carbon and hydrogen as above,
we find the following percentage composition of caffeine:—

Carbon 49-5
Hydrogen 6*2
Nitrogen 28'9
Oxygen 1C4 by difference.

100-0
The methods employed for determining the molecular formula from

the analytical data will be hereafter explained, If the substance be vola-
tile, this can be easily done by the determination of its vapour density.

DETERMINATION OF THE VAPOUR DENSITY.

Two methods are employed for determining the vapour density -.
we ascertain either the weight of a given volume of vapour, or wo
mid the volume of a given weight of vapour.

(I) Dumas' method.—In the first pro-
cess a thin glass globe is employed of
150—300 cubic centimetres in capacity,
provided with a neck finely drawn out.
The exact weight of this globe filled with
dry air having been found, and the tem-
perature during the •weighing noted, 5—10
grams of the substance are introduced, and
the globe then heated in an oil or paraffin
bath (Fig 4) to a temperature at least 30°
above (he boiling point of the substance.
The reason for this is that vapours obey
the laws of expansion by heat and by pres-,
sure only at a temperature considerably
above the boiling-point. Tho air in the
globe is expelled by the vapour of the boiling substance, and as soon
as vapour ceases to issue from the neck, the orifice is sealed before
the blowpipe, tho temperature of the oil bath being read off at the
same time. After cooling, the previously well-cleaned globe is
weighed again and the sealed point broken off under mercury, which
rushes into the globe, owing to the condensation of the vapour, and
completely fills it, if the experiment has been properly conducted."
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To find the volume of the mercury which now fills the globe, it is
poured into a graduated cylinder, and thus the capacity ot the globe
ascertained, From the numbers thus found the density is calculated
as follows 5 as an example we again take hexane:—

Weight of globe with air at 15-6° «= 23*449 grams
Ditto ditto vapour at 110° = 23-720 „

Capacity of globe . . . . . . = 178 cb. cm.

1 ub. cm. of air at 0° weighs 0-001293 grams; 178 cb. cm. at 15-5°
weigh therefore—

0-001293 x 178 x 273
288*5

. 0-218.

The weight of the vacuous globe is therefore 23-449 - 0-218 = 23-231
and that of the vapour 23-720 - 23-231 = 0-489.

1 cb. cm. of hydrogen at 0° weighs 0 00008936 grams, and 178 cb. cm.
at 110° weigh—

0-00008936 x 273 x 178 „_, ,_ .
383 =0-01134

By dividing the weight of the vapour by this number, we obtain the
vapour density of hexane—

0-489
0-01134

> 43-1.

As during the experiment the height of the barometer and the
temperature of the air do not change at all, or only very inconsiderably,
corrections for pressnre and temperature are only necessary when a
very exact determination is required, whioh is however never the
case when the vapour density is only used as a means for finding the
molecular formula.

Oay-Ltmac's mtJwd.—A high narrow bell-jar (Fig. 5, C) divided
into cb. cm. is filled with dry mercury and inverted into an iron vessel
(V) containing mercury. The substance, of which only about a
deoigmm is required, is weighed in a very small and thin glass bulb,
or, better, in a little tube provided with a well-ground stopper, and
this is allowed to ascend in the jar, the latter being surrounded
by a wide glass cylinder, which is open at both ends and filled with
water, ^ The iron vessel is now heated by gas or charcoal By the
expansion caused by the heat the bulb either bursts or the stopper is
driven out of the tube, and the liquid is soon converted into vapour.
To effect an equal distribution of heat, the water is continually
moved by means of a stirrer (p, m, n). As soon as the temperature lias
reached the point at which the determination is to be made, the
volume of the vapour, the temperature of the water, and the height of the
barometer are noted, and at the same time the temperature of the air and
the difference between the height of the mercury inside and outside
the globe ascertained.
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A determination of the va
method gave the following resu

Weight of pentane . .
Temperature of air
Temperature of vapour
Volume of vapour . .
Height of barometer .
Difference of level .

91'
59'5 cb. cm.
752 mm.
220 mm.

The pressure inside the bell-jar was conse-
quently equal to that of a columu of mercury
of 752 mm. at 16° minus that of a column of
220 mm. at 91°. In order to be able to sub-
tract one from the other we must first reduce
them to the same temperature. The coefficient
of expansion of mercury is 0-00018; the heights
at 0° would therefore be—

(000018 x 16)
220

1 + (0O0018 x 91)
216-4.

The pressure inside the bell-jar was therefore—
7499-216-4 = 533-5. fto.6.

59-5 ob. cm. of pentane weigh at 91°, and under a pressure of
533 5 mm. of mercury, 0-101 grams. An equal volume of hydrogen
weighs under the same conditions—

000008936 x 595 x 533-5 x 273 ft nno^ f t a< ,
760-7364 " 0-0027092 gmms,

and the vapour of density of pentane is—
0-101

0-0027992 : = 36.

This method can only be employed conveniently when the
boils below 100°. If such determinations have to be made above
this temperature, oil must be used in the place of water; but the
higher the temperature rises, the more difficult it is to cause the
whole of the liquid to be uniformly heated, and besides there is great
danger of poisonous mercury vapour being given off. But as this
method possesses the great advantage of reqniring \ery little sub-
stance, whilst by Dumas' method several grams are lost in driving
the air out, several endeavours have been made to modify Gay-Lussac's
method, so that it might also be employed for high boiling bodies.
Of the different modifications, that described by Hofmann has begun
to come into general use, as the process is simple and easily effected.
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The apparatus (Fig. 6) con-
sists of a glass tube one
metre in length, and about
20 mm. vide, closed at one
end and calibrated. This
tube is filled with mercury
nnd stauds in the little cup
(A), ako containing mercury.
A vacuum is thus obtained,
in which the substance (about
a decigram) contained in a
very8mall stoppered tube is
introduced. The Ion™ tube
is surrounded by another
tube, 30—40 mm. wide,
drawn out at the upper
end, and widening out at
the lower end, which rests
on a large cork provided
with ftn open narrower tube
(C). Through the xipper end
of the wider tube the vapour
of a licjuid having a con-
stant boiling-point is passed.
As the vapour of the sub-
stance of which the density
is to be determined forms in
vacuo, the boiling-point of
the substance is so much
lowered that the vapoxir den-
sities of bodies boiling at
150° and even higher may
be determined by means of
steam. For prodxwsing higher
temperatures, amyl alcohol
(boiliug-point 132°), oil of
turpentine (b. p. 160°), or
aniline (h. p. 182°), are used,
the vapour of these sub-
stances escaping, together
with the replaced mercury,
through the tube (C), which
may be connected with a
condenser. When the liquid
used for heating, toils
briskly, the space between
the inner nnd outer tubes
soon reaches a constant tent-
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perature, and aa.soon as the volume of the vapour remains constant,
the height of the mercurial column, of the barometer, and also the
temperature of the air are observed, and from these numbers the vapour
density is calculated as before. At higher temperatures the tension
of mercury vapour must be taken into consideration.

DETERMINATION OM THE MOLECULAR FORMULA.

The vapour of hexane is, as we have seen, 43'1 times heavierthan
hydrogen; the molecular weight of this hydrocarbon is consequently
43'1 X 2 cs 86-2. Now, as we know its percentage composition, we
can easily calculate how much carbon and hydrogen are contained
in 86-2 parts by weight :—

7 2 < 2 3 ' o r 6 x 1 2 P a r t s o t <

16-8 x 8G-> , , . . . . ' , ,
-ijj,»-- • = 14;15 parts ol hydrogen.

Co = 72

86
The molecular weight of hexane is 86, and its formula C»HH. The

discrepancy between the 'numbers found and those calculated from
the formula is caused by! unavoidable experimental errors, which,
however, being within certain limits, have no disturbing influence.

The vaponr density of pentane is 36, and its molecular weight 72.
The percentage composition of this hydrocarbon was found to h e -

Carbon 83-3
• Hydrogen 167

100-0
One molecule therefore contains—

8 3 3
1 Q 0

7 2 • 59-976 or 5 x 12 parts of carbon,

^ ~ ^ = 12-0 parts of hydrogen,

and it3 molecular formula is C6HK.

A great number of carbon compounds are acids. To find the
molecular weight of such a compound we have only to ascertain
the basicity of the acid, and then to determine the quantity of a
metal contained in one of its anhydrous normal salts. The silver salts
are generally best adapted for this pnrpose, as they usually crystallize
without water, and moreover can bo easily obtained in a- pure state.

Acotic acid is monobasic; 100 parts of silver acetate leave on
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ignition 64*67 parts of pure silver; the molecular weight of this salt
is therefore—

100 x 108 1ft(_
6 * 7 - 1 6 7 -

Silver acetate differs from acetio acid by containing one atom of
silver in the place of one atom of hydrogen, and the molecular weight
of the acid is therefore—

(167 - 108)-f 1 = 60.
100 parts of acetio acid contain—

Carbon 400
Hydrogen. . . . . . . . . 6-6
Oxygen 594

100-0
Consequently, one molecule consists of—

Carbon . . . 2 4 = 2 x 12 = 2 atoms of carbon.
Hydrogen . . 3-96 = 4 x 1 = 4 „ hydrogen.
Oxygen, . . 3204 = 2 x 16 = 2 „ oxygen.

The molecular formula of acetic acid is therefore C3H4Og, and that of
silver acetate CJIaAgOy

Meconic acid, a compound found in opium, is a polybasic acid.
On adding silver nitrate to its aqueous solution, a white silver salt
is precipitated; but when silver nitrate is added to a solution neutral-
ized by ammonia, a yellow insoluble salt is obtained. The composition
of the acid and the two silver salts is as follows;—

Moconio White Yellow
Aoid. SilvorSolt. Silver Salt

Carbon . . . 42-0 202 159
Hydrogen . . 2*0 0-5 0-2
Oxygen . , . 56-0 27-0 21-9
Silver . . . . — 623 630

100-0 1000 100-0

If we divide these numbers, respectively^ by the atomic weights of
the elements, we obtain the relation between the number of atoms of
the constituents—

42:12=3-5
2 : 1 = 2

56 :16 = 3-5
The most simple formula of meconic aoid deducted from these

numbers is Q7Hp>t> ^ whether this, or a multiple of it, expresses
the molecular formula cannot be decided b"y analysis. In the two
salts different quantities of hydrogen are replaced by silver. The
white salt contains for each seven atoms of carbon—
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= 2*1 parts, or 2 atoms of hydrogen,

v oA
no » 217 parts, or 2 atpms of silver.

In the yellow salt we find—

--•!•,*," = 1-05 parts of hydrogen,

6 2 ' ° x ^ 4 = 327-5 parts, or 3 atoms of silver.
io-y

From this we conclude that the acid is tribasic, and that the
formula C7H4O7 represents a molecule; and, as a further confirmation,
we find that we also know acid salts containing only one atom of a
monad metal The molecular formulas of the above compounds are
therefore— Meconic acid . . . . . C7H4O7

White salt C^AggO,
Yellow salt CjHAggO,

A great number of carbon compounds containing nitrogen are
bases, which combine with acids like ammonia; some are monacid
bases, others are polyacid. To fiud the molecular weight of such a
compound, we have only to ascertain the quantity of acid contained
in an anhydrous normal salt, or, better still, to find the quantity, of
platinum present in the double salts, formed by the combination of
the hydrochloride "with platinic chloride, and which, like ammonium-
platinic chloride, contain two molecules of hydrochloric acid for each
molecule of platinio chloride.

Caffeine is a monacid base; its platinum double salt contains two
molecules of caffeine, and two molecules of hydrochloric acid, combined
with one molecule of platinio chloride; 100 parts of this compound
leave on ignition 24-6 per cent, of platinum; consequently, to find
out in how much of the platinum salt one atom or 197*5 parts of
platinum are contained, we have—

197-5 x l O O _ 9

24-6 '
From thU we find the molecular weightof vaffeine by the equation—

2» + (2 x 36-5) + 339-5 = 806-9
x = 197-2.

As we know the percentage composition of this base, we can easily
find its molecular formula:—

197-2x49-5 ana „ .
——Y7>»5— ~ 97'6 of carbon.

—7 ' \*0
 5 ' 2 - 103 of hydrogen.

197-2x28-9 KIyft , ..
J Q Q — a 570 of nitrogen.

1072 x 164 rtO„ .
j-00 = 32-3 of oxygen.
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One molecule of caffeine consists, therefore, of—
97'6
-pr- =a 8*1 atoms of carbon

- y - = 10-3 atoms of hydrogen.

Yg « 41 atoms of nitrogen.

32'3
= 2'0 atoms of oxygen.

As these numbers must be simple multiples, the formula of
caffeine is 08H10N402.

The largest number of carbon compounds are neither acids nor
bases, and when the body under examination is neither volatile nor
capable of forming definite compounds, its molecular weight can bo
ascertained only by an exact study of its chemical metamorphoses.
Thus, grape-sugar has the same percentage composition as acetic acid,
its most simple formula being CH2O. It belongs to the so-called
non-saturated compounds, and combines with hydrogen to form
mannite C0Hj,O0, an alcohol of the hexad radical CaH3, being hexane
C0H14, in which six atoms of hydrogen are replaced by six of hydroxyl
CjHg (OH)a. This is proved by the fact that we can easily transform
it into hexane by the substitution of hydrogen for hydroxyl. From
this we conclude that grape-sugar likewise contains six atoms of
carbon in the molecule, and has the molecular formula CaH12O6.

Starch contains in 100 paits—
Carbon 44-44
Hydrogen 618
Oxygen 4938

100 00
By dividing these numbers by their atomic weights we obtain the

f Mowing relation between the number of atoms of the constituent
elements:—

The most simple relation between these numbers is 6:10: 5; but
oa we have not so far been able to ascertain the molecular weight of
starch, we use for the present the most simple formula, or as the
whole chemical character of starch shows that it must have a very
high molecular weight, we write the formula (C0HloO6\.
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EMPIRICAL, RATIONAL, AND CONSTITUTIONAL
EOWLVL2E,

The simplest mode of expressing the composition of a body is to
write side by side the symbols and numbers of the constituent
atoms: —

C«H. . . Ethane. CJHJCIOJ Chloracetic Acid.
Ethyl Chloride. C4H8O4 . Ethyl Acetate.

Ethene.
Ethene Chloride.
Ethene Alcohol.
Glycollic Acid.
Oxalic Add.

8 6 y
C2HBO . . Ethyl Alcohol.
C.H.N . . Ethylarnine. CgH Ĉ
C.BLO. . Diethvl Ether. C2H0O,
OJLO. . Acetic Acid. Cfifi.
CHOUl . Acetyl Chloride. OftO
Such formula are called empirical formula: But as the number

of carbon compounds is so very large, and as there exists amongst them
a considerable number of Isomrides, Le. compounds having the same
percentage composition bnt possessing very different physical and
chemical properties, it has been found necessary to use othera as well
as these empirical forniulre, for the purpose of giving an idea of the
chemioal character of the body, or to express the relation it bears to other
compounds. We call such formulse rational formula. Thus, all the
ethyl compounds contain the monad radical C4H5, and we can repre-
sent those contained in the table given above as follows:—

j | 10 Ethyl Alcohol. rf i N Ethylamine.

These formulas express that, when we replace, for instance, in ethanl)
one atom of hydrogen by one of chlorine, we obtain ethyl chloride ;
and that, by substituting the chloride by monad hydroxyl or the
monad group NHL ethyl alcohol or ethylamine are formed. The
formula of alcohol lurtber indicates that its constitution is analogous to
water, and that it may be regarded as water in which hydrogen has
been replaced by ethyL From the rational formula of ethylamine it
follows that it has a constitution similar to that of ammonia. By
replacing the hydrogen in the hydroxyl of alcohol by ethyl we obtain

diethvl ether A / !• 0, which may be regarded as water in which

ethyl occupies the place of hydrogjeo.
By acting on alcohol with oxidizing agents, two atoms of hydrogen

are taken otit and their places are occupied by oue atom of oxygen,
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acetic add being formed, which stands in the same relation to acetyl
chloride as alcohol does to ethyl chloride. Acetic acid contains like
alcohol the group OH, the hydrogen of which can be replaced by
ethyl, ethyl acetate being fotmed. These acetyl compounds can
therefore be represented by the following rational formulae;—

0 A O I o Acetic Acid. C * H § J Acetyl Chloride.

C f t F } E t h y l A c e t a t e -

The monad radical acetyl is contained in a large number of com-
pounds ; it is derived from ethyl by the substitution of two atoms of
hydrogen by one of oxygen. The constitution of ethyl may be repre-
sented in the following manner;—

CHS

CHa

What is now the constitution of acetyl? It may be obtained from
ethyl in three different ways; either each of the two carbon atoms
loses one atom of hydrogen, or the oxygen combines with only one of
the two carbon atoms, thus:—

/ C H 2 CH8 CHO

NCH CO CHj
I I I

Now all transformations of acetic acid and other acetyl compounds
show, that acetyl contains the group CHg, from which it follows that
the second formula represents the constitution of acetyl, and to
express this we may write the acetyl compounds in the foHowing
way :—

CK,. CO J 0 A c e t i ( J A c i i CHS. CO J A c e | y l C h l o r i d e >

By taking two atoms of hydrogen out of ethane we produce ethene
CgH4. in which one carbon atom is linked to the other with two com-
bining units :—

CH2

CH2

This hydrocarbon combines readily with chlorine, ethene dichloride
being formed, in which the carbon atoms are linked together again as
they were in ethane:—
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On replacing the chlorine by hydroxyl we obtain ethene alcohol:—
CHj.OH

CH,.OH

The constitution of the ethene compounds may also be expressed
in a more simple way, thus:—

which means that both these compounds contain the dyad radical
ethene.

Ethene alcohol yields by oxidation glycollic acid, a compound
which can also be obtained from acetic acid. By the action of chlorine
on the latter compound, chloracetic acid is formed, one atom of
chlorine substituting one atom of hydrogen in the group CEL When

OFT Cl CO }cliloracetic acid ^ n a u • ^ V 0 is acted upon by caustic potash, the

chlorine is replaced by hydroxyl, and potassium chloride and glycollic
acid are formed:—

CHaCl. CO ) 0 + KOH = CH^OH) CO j Q + K C 1

By further oxidation of glyeollic acid we obtain oxalic acid, the
two remaining atoms of hydrogen of the ethene being substituted
by oxygen. The constitution of these different acids we may
represent thus:—

Chloracetio Glycollio Oxalic
Aoid. Acid. Aoid.

CH^Cl CHg.OH CO. OH

CO. OH CO.OH CO. OH
In some cases it is convenient to resolve such amstUtttional

formulas still further, in order to explain oases of isomerism, &c. In
order to do this we may represent the quantivalence of elements by
straight lines, thus;—

Hydrogim. Oxygen. Nitrogen. Carbon.

A ' 4 ~
H— —0-

And by aid of these symbols the following graphical formulte are
arrived at:—

Ethane. Ethylamine.
H H H H

H—C C ~ H H-h C - N 7
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Ohlomcotic AoM.
H

c i _ c c - ^

H, O - H
Kthene Diohloride.

H H

C l - C C—Cl
1 1

H H

OP

Ethone.
H \ / \ / H

C C
H ' ^ ' ^ H

Oxalic Acid.

H — 0 0 -

It need hardly be mentioned that such formula are not intended
to express how the atoms are arranged in space, because of this we
are totally ignorant; they simply are intended to give an idea of the
manner in which the attractive forces of the atoms, forming the
molecnle, are distributed.

LSOMERISM.

Carbon compounds having the same percentage composition, but
differing in their physical and chemical properties, are called Isome-
ridea; they are divided into three groxips.

(1) Iaommsm proper.—The isomeric compounds belonging to this
division contain the same number of carbon atoms linked together.
It is easily understood that isomeric hydrocarbons of the marsh-gas
series can only be produced by the carbon atoms being differently
grouped, and Mint of the three first members no isoiueviden nnt
possible.

CH4 O H , OH,

CHS

The fourth member C4H,0 is derived from the third by methyl
taking the place of one atom of hydrogen. Now this substitution
can either take place in one of the two methyl groups of propane, or
in the gronp C H 2 ; consequently two isomerides C4HW are possible,
and both are known:—

CH 9 0H 3 CH 3

CH 4 UH

C H , CH,

CH a
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Of the fifth member CjH^ three isoraevic forms are possible,
which are also known :—

CH8 CH8CH8 CHS

CH2 CH CH3-C—CH8

CHS

CH3

CHS

Amongst the higher members the number of possible isomerides
increases rapidly.

In the same way the isomerides existing amongst the non-saturated
hydrocarbons are constituted, bit the number of isomerides which
may exist in these groups is much larger than those of the marsh-gas
series, because hydrogen may be wanting in different places. Thus
tluee isomeric forms of C4H8 ore possible :—

CHS CHS CH,CH,

CH2 CH C

CH CH CJL
ii I
CH2 CH3

The isomeric hydrocarbons of other series are produced by similar
causes; llms from benzene C0H0 a great number of hydrocarbons are
derived by hydrogen Wng replaced by alcohol radicals.

If, for instance, ethyl be substituted for one atom of hydrogen, we
obtain ethyl-benzene, which is isomeric with dimethyl-benzene:—

It has already been pointed out that all other carbon compounds
may be regarded as derivatives of hydrocarbons, simple or compound
radicals taking the place of hydrogen. By snch substitutions, how-
ever, one and the same radical may replace hydrogen in different
positions, and thus the number of possible isomeric carbon com-
pounds is very lavge. The following examples represent some of
the simpler cases:—

PfioPYii IODIDE CJHJT.
Primary. Secondary.

CHS CH8

CH2 CHI
! i

CH,
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Normal.

CH3

CH2

CH8.OH

BUTYL ALCOHOL.

Secondary. From Fnsel Oil.
CHS

CH2

CH.OH

CH 8 CH S

CH

3H,.0H

Tertiary.
CH8CH8

C.OH

CH8

Ethene
Chloride.
CH2C1

A:

Propionaldoliyd
CH,

COH

H2C1

Acetone.

CHS

CO

Kthidcne
Chloride.
CH,

CHC1,

C3H6O
Propone Oxide.

CH8

C H

CH2

Allvl Alcohol.

CH

CH,.OH

(2) Metamerism.—Compounds having the same composition and
the same molecular weight, may also be formed by different radicals
being linked together by the same polygenic element, Of snch
bodies, which are called inolammo compounds, a very large number
are known. In ammonia, for instance, one atom of hydrogen after
the other may be replaced by alcohol radicals, and thus we are
acquainted with the following nietameric amines having the empirical
formula CgHoN:—

Proiiylmuiua. Mcthvl'Ethylamine. Trimothylnmino,

H

By introducing an alcohol radical in the place of hydrogeu in the
hydroxyl of an alcohol, ethers are obtained, which are metaiueric
with other ethers as well as with an alcohol, as the following examplo
shows:—•

Hoxyl
Alcohol.

H

EMPIRICAL FOIIMULA C O H M O .

llrthyl-Peutyl Ethyl- Butyl
Mcr. - •

Dipropyl
£thor.

A very large uuniber of metamerlbs ire fonud amongst the ethers
of the monobasic acids.
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EMPIRICAL FORMULA. C0H,2O2.
Caprolc Acid. Methyl Pentylato. Ethyl Butyrate. Propyl Propionate.

^ } c x \ c m ° $ \
Pentyl Forminte.

(3) Polymrisni.—Compounds having the same percentage composi-
tion, but different molecular weights, are polymeric. A very striking
example of polymeric compounds is furnished by the hydrocarbons of
the general formula C.H,,.

Ethene . . . . C2H4 Pentene . . . C6HW
P r o p e n e . . . . CgH6 Hexene . . . CflHK
Butene . . . . C4H8 Heptene . . . C7HM

The following compounds are also polymeric :—
Acetylene . . . CjH8 Formaldehyde. CH20
B e u z e u e . . . . C6H9 Acetic Acid . C2H<02
Styroleue . . . CgH, Lactic Acid . CsHaOs
Hydrounnhthalene Cl0Hw Grape Sugar . C8HKO0

rilYSlCAL I'liOl^UTlES OF THE CARBON COMPOUNDS.

Specific Gravity.— It has been already pointed out that the specific
gravity of gaseous cowpownds, or their vapour density, is equal to hatf
their molecular weight; equal volumes of diffeicnt gases contain the
same member of molecules, or all gases luxve the same specific volume.

Amongst liquid carbon compounds also, simple relations between
their specific gravity on the one hand, and their molecular weight
and chemical constitution on the other, have been found to exist.
These relations are most clearly recognized by comparing the specific
volume of liquids. To find the specific volume of a liqnid we divide
the molecular weight by the specific gravity. Bub as the specific
weight changes with the temperature, it is obvious that such a com-
parison of specific volumes cannot be made at any arbitrary tempera-
ture, and it has been found that they are only comparable at a
temperature at which their vapours have the same tension, as for
instance at their boiling-points.

Elhyl alcohol boils at 78'4°, aud has at this temperature the specific
gravity 0*7360; its specific volume is therefore:—

Which means that 40 grams of alcohol have at "84° a volume of
02"5 cb. cm.
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By comparing tlie specific volume of different liquids, the following
laws have been found:—

(1) The difference of CHS in homologous series corresponds to a
difference of 22 in the specific volume :—

Difference.

'. 22
. 22
. 22
. 22

From this it follows that the group CH2 has the specific volume 22.
(2) Compounds containing as many times two atoms of hydrogen

less, as others contain one atom of carbon more, have the same specific
volume or the specific volume of one atom of carbon is equal to that
of two atoms of hydrogen:—

Molecular Specific
Weight. Volume.

Octane C8H,8 . . . . 114 . . . . 187

Formic Acid . .
Acetic Acid . .
Propionic Acid .
Butyric Acid . .
Valeric Acid . .

Molecular
Weight.

. . 46 . .

. . 60 . .

. . 74 . .

. . 88 . .

. . 102 . .

Specific
Volume.
. 42
. 64
. 86
. 108
. 130

Cymene C l0Hu. . . . 134 . . . . 187

Ethyl Ether C.H.OO . . . 74 . . . . 1068
Phenol C6H8O . . . 94 . . . . 1068

Now as the specific volume of CH2 is 22, and that; of hydrogen
half that of carbon, it follows that the specific volume of carbon is 11,
and that of hydrogen 5-5.

(3) I8omeric and metamerie compounds have generally the same
speoific volume; amongst the exceptions we find a number of oxygen
compounds. Whilst, therefore, the specific volumes of carbon and
hydrogen remain the same, that of oxygen varies. Thm variation
depends on the manner in which the oxygen is combined with the
carbon. When one atom of oxygen is linked to the carbon atom hy
one combining unit only, its specific volume is 78 ; but when com-
bined to carbon by both units its specific volume becomes 122. The
specific volume of dyad sulphur varies also: when united with one
combining unit it is 23, but when with both it is 28-6.

The specific volume of nitrogen in the amines is 2*3, in cyanogen
compounds 17, and in nitroxyl NO417"4 The specific volumes of the
monad elemeuts of the chlorine group do not exhibit such variations.
They are Cl = 228. Br = 278. 1=37-5.

By means of these numbers the specific gravity of a liquid carbon
compound can easily be calculated. The following table shows how
near these calculated numbers agree with those deduced from the
specific gravity:—
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SPECIFIC VOLUME AT TUB BOILING POINT.

Water . . .
Formic Acid .
Ethyl Alcohol.
Acetone. . .
Mercaptan . .
Aniline . . .
Acetonitrile .

Ethyl Nitrate.

Chloroform
Bromine . .
Ethene Bromide
Ethyl Iodide .

H , 0 .
COH.OH
CJJELOH
CO(CH,)2

C0H6.NH2

C2H6.CN

C2H6NO3

CHCL .
Br . . .
C2H4Br4 .
C2H6I .

Fouml
18-8 . 2
41-8 .11
62-5 . 2
77-6 . 3
76-1 . 2

106-8 . 6
77-2 . 3

901

84-8. 11
28-1 .
990 . 2
86-4 . 2

Calculated.
X 5-5+7-8
+ 2 x 5-5 + 7-8 +12-2
x 11 + 6 x 5-5 + 78
x 1 1 + 6 x 5-5+12-2
x 1 1 + 6 x 5-5+23
x 11 + 7 x 5-5 + 2-3 =
x 11 + 5 x 5-5 + 17
x 11 + 5 x 5-5 + 3 )
x 7 8 + 1 7 4 . • . J
+ 5-5 + 3 x 22-8

x 11 + 4 x 5-5+27-8
x l l + 5 x 5-5 + 37-5

37

= 18-8
= 4 2 0
= 62-8
= 78-2
= 78-0
= LO6-8
= 77-5

= 90-3

= 84-9
= 27-8
= 996
= 87-0

There exist also certain relations between the specific gravity and
the molecular weights of solids, hut only a few carbon compounds
have been stndied as yet in this direction.

Melting Point and Soiling Point.—The nunVber of carbon com-
pounds which are gaseous at the ordinary temperature is very limited,
most of them being liquids or solids. A great number of solids melt
on heating, and most of the liquids boil and volatilize; but there
exist also many which undergo a chemical change by the action of
heat, decomposition taking place and the molecule being broken up,
with the formation of a smaller or larger number of new compounds.

Generally speaking a body is tbe more volatile the more simple
the constitation of the molecule, and the more complicated the latter
is, the more liable is the compound to be decomposed by heat. Thus
formaldehyde CH2O is a gas; of its polymerides acetic acid C2H4O2

boils at 118°, lactic acid CaHBOs volatilizes at 200°, but at the same
time a large proportion undergoes decomposition, whilst grape sugar
CUHJJO,, is not volatile at all, but is completely destroyed at a high
temperature.

The more volatile a substauce is the more simple is its constitution,
from which follows that, in homologous series, the boiling-point must
rise with every increase of CH 2 ; hi some cases this increase is very
regulat, although different in different scries, as the following ex-
amples show:—-

N O R M M ALCOHOLS.

Ethyl
Propyl
Butyl
Peutyl
Hexyl
Heptyl
Octyl

< W > .
C,H8O .
04HwO .
C6HKO .

CjIT^O .
C8H18O .

Observed.
. . 78-4° .
. . 97
. . l i e
. . 137
. . 156-6 .

. —
. . 192

Calculated.
. 78-4°. .
. 97 . .
. 1 1 6 . .
. 135 . .
. 1 5 4 . .
. 1 7 3 . .
. 1 9 2 . .

Diflcrc
, —
. 19
. 19
. 19
. 19
. 19
. 19
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In the series of the normal fatty acids the difference between tho
boiling-points of the lower members is also constant, being 22°, but
afterwards it becomes less;—

Acetic
Propionic
Butyric
Pentylic
Hexylic
Heptylic
Octyuc
Nonylic

NofiM

0^4°* •

c X ° * •
C6HUO2 .
C0HBO2 .

c 8 < o 2 :

AL FATTY

Observed.
. 118°
. 140'6
. 163-2
. 184-5
. 204-5
. 220
. 233
. 254

ACIDS.

Calculated.
. . 118° .
. . 140
. . 162 .
. . 184 .
. . 206 .
. . —
. . —
. . —

Difference.
. —
. 22°
. 22
. 22
. 22
. —
. —
. —

In other cases, however, the difference between the boiling-points
of the lower members of a series is not the same. Thus in the series
of the normal paraffins it decreases regularly by about 4°, until it
becomes a constant difference of 19°:—

Boiling-jioiuts.

Found (mean). Calculated. Diflcrouco.
Methane C H4 . . — . . — . . —
Ethane C2 H8 . . — . . — . . —
Propane C3 H8 . . — . . — . .
Butane C4 H,o .
Pentane C6 H,2 .
Hexane C6 H M .
Heptane C7 H w .
Octane C8 H w .
Dodeoane C,8HM.
Hecdecane CMH34.

In the haloid-ethera of the alcohol radicals and their acetates, the
decrease appears to be about 2°:—

NORMAL IODIDES.

Boiling-points.

1° .
38 .
70 .
99 .

124 .
202 .
278 .

1° .
. 38 .
. 71 .
. 100 .
. 125 .
. 201 .
. 278 .

37
33
29
25

. 4 x 19

. 4 x 19

Observed. Calculated. Diflbvenco.
Methyl C R, I . . 40° . . . 40° . . . —
Ethyl C ^ I . . 72 . . . 72 . . . 32°
Propyl CoHjI . . 102 . . . 102 . . . 30
Butyl C.ILI . . 1296. . . 130 . . . 28
Pentyl C6IL,I . . 1554. . . 156 . . . 26
Hexyl 0 ^ 1 . . 1795. . . 180 . . . 24
Heptyl C7H,6I . . — . . . 202 . . . 22
Octyl C8H17I . . 221 . . . 222 . . . 20
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N O R M A L B R O M I D E S .

Observed. Calculated.

E t h y l Cfi6 B r . . 3 9 ° . . . 3 9 ° .

P r o p y l C g H j B r . . 7 1 . . . 7 1 .

B u t y l C 4 H 0 B r . . 1 0 0 4 . . . 1 0 1 .

P e n t y l C g H ^ r . . 1 2 8 7 . . . 1 2 9 .

H e x y l C g E y B r . . — . . . 1 5 5 .

H e p t y l C 7 H , 6 B r . . — . . . 1 7 9 .

O c t y l C 8 H r t B r . . 1 9 9 . . . 2 0 1 .

Difference.

32°
30
28
26
24
22

E t h y l

P r o p y l

B u t y l

P e n t y l

H e x y l

C l

NORMAL CHLORIDES.
Obsorved. Calculated.

9
C 6 H U C 1

12-5°
464
77-6

105-6

1 3 °

4 6

7 7

1 0 6

1 3 3y e^
Heptyl C7H,6C1 . . — . . . 158
Otl CHC1 180 . . . 181

py 7,6Octyl C8HWC1
NORMAL ACETATES.

C4 H8 O2C6 Ĥ O,
E t h y l

P r o p y l

B u t y l C 6 H K O 2

P e n t y l C , H 1 4 O 8

H e x y l C 8 H 1 6 0 ,

H e p t y l C H v . 0 ,

O c t y l
9HBO2

Observed.

74°
102
125-1
148-4
168-7

207

Calculated,
74'

101
.126
149
170
189
208

Difference.
33°
31
29
27
25
23

Difference.

27°
25
23
21
19
19

It is generally stated, that metameric compounds, having an
analogous constitution, boil at the same temperature, hit, as the
following examples show, this is not always the case -.—

Butyl Acetate . . 124-3"
Propyl Propionate. 122-4
Ethyl Butyrate . 121-0

Formula C,H,40,.
Pentyl Acetate .
Bxityl Propionate
Propyl Butyrate

Boiling,
point
1484°

. 1460

. 143-4

I8omerfc compounds boil- at different tempevahires, the boiling-
point being higher the mot-e simple the constitution of the com-
pound -.—

Boiling-point.
Hexane C«HU 69-5°
Dimethyl-ethyl-methane.

Tetramethyl-ethane . .

Trhaethyl-ethyl-methane

62

CO

4 5
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Boiling-point.
Propyl-benzene . . . . C0H6.C8H7 . . . . 153

Ethyl-methyl-benzene . C8PM Q|J 6 . . . . 159

Trimethyl-benzene . . C8H4(CH3)8 . . . . 166

Normal Butyl Alcohol . C ^ O H . . . . 116
Isobutyl Alcohol . . . O ^ C H ^ O H . . 108

Secondary Butyl Alcohol £ % j-CH.OH . . . 96

Tertiary Butyl Alcohol . C(CH8)gOH . . . . 82

By the subtraction of hydrogen tho boiling-point is generally
raised :—

Heptane. Heivtenc, Heptiue.

99° 100* 107°
Anthracene. Dibyilroauthuicuiic. Hcxbydroanthmceno.

above 360* 3oVB 290°19

Hydrocarbons always boil at a lower temperature than their
derivatives, and the boiling-points of the latter rise when more
hydrogen is displaced :—

Ethane. Kthyliunim1. Ktliyl Chloiide.

gas* 2 18- J 0 2 'M0

Ethyl Alcohol. Etheiio Chlondo. Etheno Alcohol.
, 4 2 4 (

78;4° 82-5°" 197-5-5°
- Aoul Ohloracptic Acid.

C,lf3O.t)H C.H.C2O.0H
" 118° P6°

Bou<!i>m>. Aniline. Chloi-olicnzenc 1'henol.
CtlHtt CuHr,XIT2 CUH.C1 C8HVOH
82° .182° 135° 184°

Dichloidliiii/unc. Tuchloioheu/ciH'.
C,H,.NOS CH/ ' l , W l 3 C,H4(NH.),

205° 172° 210° 287°
Optical Properties.—"When a vay of light passes from one medium

into another, it is, as is well known, bent or refracted. This refractiou
is very different for different media, but for the same two media the
ratio between the sine of the angle of incidence and that of tho angle
of refraction is constant. Calling the angle of incidence i, and (hat
of refraction r, this law is expressed by—



THE CARBON COMPOUND!*. 41

sin i
—.— = n
sair

The •value of n is called the index of refraction, and by speaking of
the index of refraction of a body, we mean generally, the ratio exist-
ing between the sines of the two angles, when a ray enters the body
from the air. The index of refraction changes with the temperature
as well as with the specific gravity (d) in snch a way that the value

— j — , called the specific refractive energy, remains constant. By multi-

plying this value by the molecular weight of the substance, we obtain
its molecular refractive energy, which depends on the chemical compo-
sition. The relations existing between the molecular refractive
energy and the chemical composition have been best studied for
the liquid compounds belonging to the group of fatty substances, and
the nou-snturated compounds associated with them.

The following are the most important xesnlts:—
(1) Isomerides and metamerides have the same molecular refractive

energy.
(2) The molecular refractive energy increases in homologous series

7-6, for each increase of CH2.
(3) By the addition of two atoms of hydrogen the molecular

refractive energy increases 2-6.
(4) The refractive molecular energy* of the acids of the series

CnHjnO2 is equal to 7-6«.+ 6.
From these results we can calculate the atomic refractive energy of

carbon, hydrogen, and oxygen; we find that in these liquid compounds
these elements have the following refractive energies:—

Carbon . . . . . . . 5
Hydrogen 13
Oxygen 3

By means of these members the molecular refractive energy of a
liqnid of known composition can easily be calculated* The following
example shows how well the value thus obtained agrees with that
fonnd by means of the observed index of refraction. To find the
latter, a hollow prism consisting of glass plates was filled with the
liquid, and by means of it, the deviation of the yellow sodium line
observed; the temperature being 20°.

Ethyl Alcohol C2H0O. d « 07964 n = 1-3606

— • ^ = 0-4528.

By multiplying the latter number by 46, the molecxilar weight of
alcohol, we obtain the molecular refractive energy = 20-8, whilst
calculating it from the chemical formula we have—

2 x 5 + 6 x 1 - 3 + 3 = 20-8.
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Acetic Acid CtlLfiv d = 1053. n = 1-H72.

^ = - ^ « 0-3533. 60 x 0-3533 = 21-2.
a

Calculated from the composition—
2 x 5 + 4x1 -3 + 2 x 3 = 21-2.

Ethyl Acetate C4H8O2. d = 08977. n = 1-3715.

^ 1 « 0-4138. 88 x 0-4138 = 364.

Butyric Acid 0 ^ 0 ^ . d = 0-9608. n = 1-3973.

^ - i = 0-4135. 88 x 0-4135 = 3«-4.

The two latter compounds are metameric, and have therefore the
same specific and molecular refractive energy, which latter found
by calculation is—

4 x 5 + 8x1-3 + 2 x 3 = 36-4.

The specific refractive power of mixtures is the mean of that of
their constituents, and if we know what compounds are present in a
mixture of liquids, we are able to find by means of this optical
analysis the quantity of each, which by chemical analysis can only
be done when the composition of the two bodies is widely different.
It often happens that such mixtures containing two alcohols, or two
hydrocarbons, &c, cannot be completely separated, either by chemical
or by physical means, but yet by means of an optical analysis we cau
find the quantity of each.

Mixture of Ethyl Alcohol, and Water.
n-_L

d
TAhjl Alcohol 04528
Water 0-3324
Mixture 0-4225

Calling the quantity of alcohol contained in 100 parts a;, and that of
the water y, we have the simultaneous equations—

(1) to + y«. 100.
(2) 0-4528S+ O-3324y= 0-4225 x 100.

From this we find—
a; = 74-84
y - 25-16

100-00
which agrees as nearly as possible with the real composition—

Alcohol 74-9
Water 25-1

1000
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Mixture of Ethyl Alcohol aud Anayl Alcohol.

d
Ethyl Alcohol 04528
Arayl Alcohol 0-5033
Mixture 0-4940

(1) » + y = 1 0 0
(2) 04528a; + 0-5033^ = 494

y = 81-5
x » 18-4

Tlie liquid being prepared by mixing together—

Amyl Alcohol 81'3
Ethyl Alcohol 18-7

Not only the composition of mixtures, but also that of compounds
can be ascertained by means of the optical analysis. As this method,
however, depends entirely on the exact determination of the specific
refractive energy of the elements, and as that of oxyger. is not
yet accurately known, reliable results have been only obtained in the
analysis of hydrocarbons. Thus the composition of amylene CBHl0
was found from the following data :—

d « 0-6733. n « 1-3706. ^ ~ = 0-5504.

n — 1
The value of , •• for carbon is /y, or more exactly 0-4220, and

that of hydrogen 1-3016. Calling the percentage of carbon y, and
that of hydrogen «, we have the equations -.—•

( ) y
(2) 0-4222/+ l-3016o:« 55-04

* «* 14-6. y = 85-4
Cnloalatocl comjiosition of C0H10. Fonnd.
C b 8 6 ' 7 . . . . 85-4
Hydrogen . . . . 143 . . . . 14-6

Similar 'relations between refractive energy and composition are
exhibited by liquid carbon compounds belonging to the aromatio
group and other groups richer in carbon, but they have not yet been
so completely investigated. As yet it has only been shown that their
molecular refractive energies are higher than those calculated from
the values given above, and the higher they are, the more compactly
the oarbon atoms are linked together.

Oimdair Polarmlion,.~-'Those carbon compounds which possess the
power of turning the plane of polarized lighfc are either a product of
life, or derivatives of such bodies; no carbon compound prepared by
synthesis has been found to be optically active. Solid optically active
componnds form crystals generally having hemihedral faces, and often
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exist in two modifications, one turning the polarized ray to the right,
and the other to the left. In such a case the heraihedral faces are
differently arranged, and when the two kinds of crystals are placed iu
the same position it will be found that the hemihedral faces appear
in one crystal on the right, and iu the other on the left side, or one of
the crystals looks like the image of the other in a mirror. These
bodies are not only optically active in the solid state, but also in
solution; and there exist also many liquids having this property, as
for instance, amyl alcohol, oil of turpentine, &c.

This optical property has been made use of in the arts; it is used
to determine the quantity of sugar contained in syrups. Under the
head of caDe-sugar it will be explained how, by simply measuring the
angle of deviation, the quantity of sugar contained in. a liquid can he
ascertained.

Colour of th Carbon Compounds.—Most carbon compounds are
colourless, when in the pure state; but there exist also a great number
having characteristic colours, and many of these are used as dye stuffs
or for the preparation of pigments, such as indigo, the colours of
madder-root, cochineal, aniline colours, &c. I t appears that the colour
of these bodies depends on their chemical constitution; they contain
certain elements, as oxygen and nitrogen, combined in a peculiar
manner, as we shall see when we come to the study of these bodies.

Odour end Tmte.—~The odours of volatile carbon compounds vary
very much, as the following examples show: spirits of wine, ether, acetic
ether, acetic acid, chloroform, camphor, oil of cloves, &c. Compounds
having a similar constitution often possess a similar smell. Thus the
marsh-gas hydrocarbons all possess a.faint smell of flowers, which is
more or less perceptible according to the volatility of the body. The
compound ethers of the fatty acids smell like various kinds of fruit,
and are on that account used by confectioners and perfumers. Most
sulphur compounds, in which this element is not combined with oxy-
gen, are characterized by their disagreeable odour, and many chlorides
have a smell similnr to that of chloroform.

Delations between odour and chemical constitution certainly exist j
but only a few such are known. Thus the amines or compound
ammonias have an odour resembling that of ammonia, and many
aldehydes, compounds which readily absorb oxygen from, the air,
possess a peculiar suffbeatiug smell.

The taste of carbon compounds is equally as varying as their
odour; we find here also that analogous constitution produces a
similar taste. The alkaloids, as quinine, strychnine, &c, have an
intensely bitter taste, whilst the taste of the alcohols of polygenic
radicals, as glycerin, mannite, and sugar, is pleasantly sweet,

Solubility.—A. great number of carbon compouuds are soluble in
water, others only in alcohol, ether, acetic acid, benzene, &c. These
different solvents arc made use of in separating OT purifying them.
In homologous series the first members are generally more soluble in
water than the higher ones. Thus in the seiies of the alcohols and
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fatty acids, the lower members are miscible with water in all pro-
portions, whilst those following next dissolve only in certain propor-
tions, and the highest are insoluble in water. All hydrocarbons are
either very sparingly soluble, or quite insoluble in water; by replacing
ia them a part of the hydrogen by hydroxyl or oxygen, compounds
are formed which are more soluble, generally in proportion to the
more oxygen they contain. Thus butyl C4H,0 is almost insoluble in
water, butyl alcohol C4H9(OH)2 readily soluble, and butylene alcohol
C4H,,(OH) mixes with water in all proportions. Succinic acid C4HBO4
is more soluble than butyric acid" Tr " - J —"' -"" r' " n "
very deliquescent.

!4H8O2, and malic acid C4H006 is

PEAOTIONAL DISTILLATION.

This is an operation often made use of in the preparation of pure
carbon-compounds to isolate the different constituents contained in
a mixture of volatile bodies. On subjecting a mixture of two
liquids to distillation, at the beginning a large proportion of the more
volatile body comes over; but the boiling-point rises continually, and
more and more of the vapoxir of the less volatile compound mixes with
that of the more volatile. It is only when the difference between the
boiling-points of the two bodies is very considerable that it is possible
to effect an almost complete separation Toy one distillation. In this
case, when the operation is carried on very slowly, the more volatile
body distils at a nearly constant temperature; and as soon as all of it
has passed over, the thermometer rises rapidly to the boiling-point of
the less volatile compound. But in most cases it is impossible even
to approach a separation by only one distillation. By collecting sepa-
rately the portions distilling between certain intervals of temperature,
say between each 5°, or 10°, the first wiH consist chiefly of the lower
boiling body, and the last of the less volatile substance; whilst the
composition of the greatest portion boiling between these two ap-
proaches more or leas to that of the original mixture.

The following example shows well how very imperfectly even bodies
whose boiling-points are not close together are separated by one
distillation. A mixture of 100 grams of ethyl alcohol (boiling-point
78 4°) and 1.00 grams of amyl alcohol (boiling-point 132°) was distilled
from a long-necked flask, and the distillate collected in 7 fractions,
the composition of which was found by optical analysis:—

Boiling-point....

Woiglitor fraction . . .

Pot cost, ot Ethyl Alcohol
Poi-cont. of AinylAlcoliol

80°~90°

47

88'1
w-o

100-0

0O6-W0"

45

8S
18

100

ioo»-no°

29

01-5
386

IOO-O

noM*o»

M

58-1
470

100-0

129MS0"

18

18*
Sl-8

100-0

i3o»-m«

ii

05-5

100O

131MS2"

30

0-2
9U 3

100-0
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In the flask remained 4 grains of pure amyl alcohol.
It is easy to understand the reason why, in such a distillation, the

less volatile body distils so much below its boiling-point. As is well
known, all volatile bodies evaporate below their boiling-points, and
this takes place with greater facility when the tension of the vapour
is higher, and the quicker the surrounding atmosphere is changed.
Now these very conditions are fulfilled on boiling a mixture of two
liquids ; the vapour of the lower boiling body carries that of the less
volatile substance with it on passing through the mixture, and being
quickly condensed, a new atmosphere is continually formed.

In most eases such mixtures contain more than two compounds;
thus the so-called fusel oil is a mixture of several homologous alco-

hols, and American petroleum contains a large uninbcr of marsh gas
hydrocarbons, whilst the light oils of coal-tar coutain bciwene and
homologous hydrocarbons. In order to isolate from such mixtures
tolerably pure compounds, the different fractions obtained in the first
distillation are again submitted to the same operation, and those por-
tions which distil between the same intervals of temperature collected
separately; and this process is repeated until bodies with a nearly
constant boiling-point have been obtained.

A complete separation cannot be effected in this way; since sub-
stances obtained by this method, thoxigh having a constant boiling-
point, are never quite pure, and thus require to be further treated iu
different ways in order to effect a complete separation.
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The apparatus used in the laboratory for fractional distillation is
seen in Fig. 7. The boiling liquid is contained in a flask, A, the vapours
euter the bulb tube c, containing the thermometer; the large sur-
face allows the less volatile substance to condense, whilst the more
volatile vapours enter the condenser, round which cold water flows.
By such an arrangement the number of distillations required ia much
diminished.

CLASSIFICATION OF THE CARBON COMPOUNDS.

It has already been fully explained that the carbon compounds are
divided into several large groups, according to the manner in which
the carbon atoms are linked together; each of these may again be
subdivided into compounds of monad, dyad, triad, &c, radicals. It
is, however, at present impossible to arrange all carbon compounds
according to such a system, because several of these groups have been
very incompletely studied, and there exists a very large number of
organic bodies the constitution of which is not known at all. We
shall therefore arrange the carbon compounds in the following order.

(1) The oxides and the sulphide of carbon, as well as the cyanogen
compounds, exhibit in their behaviour more resemblance to the
compounds of the other elements than the remainder of the carbon
compounds, and for this reason they are generally treated of under
the head of inorganic chemistry.

We shall consider these compounds fitst, as the radicals contained
in these occur also in a large number of other carbon compounds, the
chemical constitution of which will be only properly understood by
being well acquainted with that of the former.

(2) The large group of fatty substances coming next has been very
fully investigated; they are subdivided again according to the quanti-
valence of their radicals. Much less complete, however, is our
knowledge of the non-saturated compounds. As most of them are
very nearly connected with compounds of the fatty group, being
either obtained from the latter, or transformed into such by the addi-
tion of hydrogen, they will be considered along with them.

(3) Next como the compounds which are richer in carbon thau the
fatty substances, and which are not converted into such by the addition
of hydrogen, These are again subdivided into several groups, amongst
which that of the aromatic compounds has been most fully investi-
gated. They are so arranged that all the compounds containing the
same number of carbon atoms in the molecule are placed together.

The last group consists of a number of compounds existing in
plants and animals, the constitution of which is not yet known.
Most of them have a very complicated constitution, and exhibit only
a few relations to compounds of known structure.
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CYANOGEN COMPOUNDS.

Carbon aad nitrogen do not combine directly; but when nitrogen
is passed over a white-hot mixture of charcoal and an alkali or an
alkaline carbonate, combination takes place, aad a metallic cyanide is
formed:—

N, + G, + K2CO3 » 2KCN +3CO
N2 + C8 + BaO = Ba(CN)8 + CO

Cyanides are formed much more abundantly when nitrogenous
carbon compounds are heated with alkalis, and this is the principal
method by which potassium cyanide is prepared on a large scale.
This compound forms the starting point for the preparation of other
cyanogen compounds, amongst which prussic acid, prussian blue, and
prussiate of potash are best known. All these compounds contain the
monad group CN, in which the three combining units of nitrogen
are saturated with three of tetrad carbon; this radical has been called
cyanogen (ici/aco? blue), and it is contained in a large number of com-
pounds, of which the following are examples :—

Cyanogen Hydride . CNH Cyanamide . . . . CN.NH2

Cyanogen Chloride . CNC1 Potassium Cyanide . CNK
Cyanogen Sidphide . (CN)2S TWanoffen i C N

Cyanic Acid . . . CN.OH Cyanogen . . . . ^
Besides these simple compounds we also know a number of poly-

meric modifications:—
Cyamwic Chloride C8N8C1,
Cyanuric Acid CSNS(OH)S
Cyanuric Amide . C8N8(NHjj)a

These compounds contain the triad radical CgNg, which has probably
the following constitution:—

-~-C=N—0—
\ y
N N
V

I
The metallic cyanides have a great tendency to unite with one

another to form double cyanides ; in some of these salts the heavy
metal cannot be detected by the usual reagents; being contained in
them in a mode of combination different from that exhibited in other
salts. The most important of them are Potassium Fcrrocyanide
Fe(CN)8K4, and Potassium Fcrrwyanide Fe(CN)0Ks.

When these salts are acted upon by hydrochloric acid, the potassium
is replaced by hydrogen, and the compounds Hydric Ferrocyawide
Fe(CN)0H4 and Hydric Ferrieyanide Fe(CN)aH8 are formed; both of
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whioh are powerful acids. The constitution of these compounds
may be explained by means of the quantivalence of iron, which is a
tetrad, and forms two series of compounds—ferrou3 compounds, which
contain two atoms of iron as a tetrad group, and feme compounds, in
which two atoms of the metal are combined forming a hexad group,
thus:—

Fe=Cl
Ferrous Chloride || Ferric Chloride

Fe=Cl

If in ferrous chloride each atom of chlorine be replaced by the triad
radical CgNg, the octad radical Fmocyanogcn is obtained, whilst the
hexad radical Fcrricyanogm is formed by iCglTj combining with the
hexad ferric group, thus:—

Hvdiio Fcrrocyauidc Hytlrie Ferricyanide.
C£J. CjNft H ^ A C3N3H

Fe=Fe Fe~Fe

The formulae given above, and which are those generally used for
their simplicity, represent, as we now see, only half a molecule.

CN
CYANOGEN GAS OB, DICYANOO1N CJNJ = |

CN

Tin's gns, which occurs in small quantities in the gases of iron blast
furnaces, is obtained by the action of heat on the cyanides of mercury,
silver, or gold, and is best prepared by heating dry mercuric cyanide
in a tube or retort of hard glass, and collecting the gas over mercury.
I t is colourless, has a pungent smell like prussic acid, and is poisonous.
Cyanogen gas condenses to a liquid under a pressure of about 4
atmospheres, or by exposure to extreme cold under tlio ordinary
pressure; it boils at - 21°, and solidifies at — 34° to a radiated icy
mass. I t burns with a beautiful purple flame, forming nitrogen and
carbonic dioxide. Cold water absorbs 4—5 vol. of the gas, and it is
also freely soluble in alcohol These solutions soon assume a brows
colour; after some time a brown powder is deposited, and the aqueous
solution now contains carbon dioxide, ammonia, urea, and a large
quantity of ammonium oxalate :-~

C2Na + 4ELO = C2O4 (NHJ,

When the gas is passed into strong hydrochloric acid, or when a
small quantity of aldehyde is added to its aqueous solution, it takes
up only 2 molecules of water, oxamide being formed:—

ON.. + 2H4O = Co0o(NHa)«V ' - - - E
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By the inverse reaction, that is by taking the elements of water
out of ammonium oxalate and oxamide, which may be done by heating
them with phosphorus peutoxide, cyanogen gas is again formed

Potassium combines directly with cyanogen gaa under the influence
of heat, and by passing the gas into potash solution or over red-hot
potassium carbonate, a mixture of cyanide and cyanate is formed :—

C9N2 + K2CO8 * CNK + CNOK + COg

In the preparation of cyanogen a brown powder is left behind
which is a polymeric modification of the gas, and is called para-
eyanogm. By continued application of heat this body is completely
transformed into gaseous cyanogen.

HYDROGEN CYANIDE, HYDKOCYANIC OR PHUSSIC ACID CNH.

This compound is formed by replacing the metal in metallic
cyanides by hydrogen, and may be obtained by acting on potassium
cyanide with a dilute acid, or by decomposing mercuric eyanide with
hydrogen sulphide. It is, however, best prepared by heating a mixture
of 10 parts of coarsely powdered potassium ferrocyanide with a per-
fectly cold mixture of 7 parts of sulphuric acid with (according to the
strength of the prussic acid required) 14—40 parts of water. The
flask must be connected with a good condenser, the lower end of
which dips under water contained in a receiver. To prepare the
anhydrous acid, the sulphuric acid is diluted with twice its weight of
water, and the vaponr after having passed a U tube which is filled
with calcium chloride, and immersed in water of 30°, is condensed in
a vessel surrounded by a freezing mixture.

Pure hydrocyanic acid is a colourless liquid, boiling at 26*5', and
solidifying at — 15° to a mass like ice. It is excessively poisonous,
a drop producing instant death when swallowed, and the inhalation
of its vapour ia likewise instantly fatal. It has a peculiar odour, and
its vapour when diluted with au" produces, when inhaled, a peculiar
irritation in the throat. It dissolves in water, alcohol, and ether, ia
all proportion^ and is, as well ns its concentrated aqueous solution,
inflammable, burning with a purple flame.

The anhydrous acid soon undergoes spontaneous decomposition;
giving off ammonia, aud leaving a brown residua It suffers the aanie
decomposition in an aqueous solution, a part, however, being con-
verted into iininiouiuiii formate. This decomposition is almost en-
tirely prevented by the presence of a small quantity of formic or a
miueral acid; but when it is mixed with strong acids, water is taken
up, and ammonia and formic acid are produced. On the other hand,
when ammonium formate is heated, it splits up into water and prussic
acid:—

NGH
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Hydrocyanic acid is also formed by passing the electric discharge
through a mixture of acetylene and nitrogen, thus :—

Hydrocyanic acid is used as a medicine, and is contained in certain
officinal preparations such as laurel water, bitter almond water, &c,
which are obtained by distilling the leaves of the common laurel, or
bitter almouds with water. These plants do not contain the prussic
acid ready formed; but, in common with most of the plants of the
same family, contain amygdalin, a complicated compound which,
under certain circumstances, splits up into sugar, oil of bitter almonds,
and prussic acid.

To estimate the quantity contained in these preparations, to a
measured or weighed quantity an excess of potash solution is added,
and then by means of a burette a solution of silver nitrate containing
6'3 grams in one litre. The silver solution is added, until a perma-
nent precipitate appears; each cb.ctu. corresponds to two milligrams
of anhydrous prussic acid. In this reaction the double cyanide
AgCN + KON is formed, which is not decomposed by alkalis, and is
soluble in water; but as soon as exactly half tho quantity of prussic
acid present is converted into silver cyanide, one drop more of the
silver solution will produce a permanent precipitate of silver cyanide.

To detect hydrocyanic acid, as in cases of poisoning, the suspected
matter is acidulated with tartaric acid, and the prussic acid distilled
off by means of a water bath. The distillate is made alkaline with
caustic soda, and a mixture of a ferrous and ferric salt (a solution of
ferrous sulphate oxidised by exposure to the air) is added, and then an
excess of hydrochloric acid; prussjan blue remains undissolved if
prussic acid is present; if the quantify contained is very small, the
solution appears first of a green colour, and on standing deposits dark
blue flakes. When dilute prussic acid is mixed with yellow ammo-
nium sulphide, aud the liquid evaporated over a water bath, am-
monium sulphocyanate is formed; the presence of this body is made
known by means of ferric chloride, which produces a deep blood-red
coloration.

METALLIC CYANIDES.

Potassium Cyanide KCN.—The different modes of formation of this
salt have already beeu mentioned; it is often prodnced in large
quantities in the blast furnaces in which iron ores are smelted with
coke or coal. Pure potassium cyanide is obtained by passing the
vapour of prussic ncid into an alcoholic solution of potash; the salt,
being but slightly soluble in alcohol, crystallizes out in cubes. The
pure compound is also formed by the ignition of potassium ferro-
cyanide, which is decomposed at a red heat into potassium cyanide,
iron carbide, and nitrogen:—

Fe(CN)6K4 = 4KCN + FeCs + N2

E 2
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The commeroial product is prepared by fusing the ferrocyanide
with potassium carbonate:—

Fe(CN)0K4 + K2COS - 5KCN + KOCN + Fe + CO,
On heating the mixture, carbon dioxide escapes, and the iron

separates in the form of a spongy mass, from which the fused cyanide
is poured off. The salt thus obtained is mixed with some cyanato,
the presence of which, however, is of little or no consequence for
moat of the purposes for which potassium cyanide is used.

Potassium cyanide is largely used as a chemical reagent, in gal-
vanic silvering and gilding, and in photography, &c, It is very
soluble in water, sparingly in cold, more so in not alcohol. At a red
heat it fuses to a clear liquid, which slowly takes up oxygen from the
air. This takes place more quickly in presence of metallic oxides,
the cyanide being converted into the cyanate; on this account it is
used as a reducing agent in blow-pipe experiments. On fusing it
with sulphur, potassium sulphocyanide is formed, KSCN. Potassium
cyanide is decomposed by the weakest acids, even by moist carbon di-
oxide ; it therefore smells of prussic acid, and is as dangerous a poison.

Sodium Cyanide NaCN crystallizes likewise in cubes, and bas the
greatest resemblance to the potassium salt.

Ammonium Cyanide NH4CN is formed by the direct union of am-
monia and prussic acid, and can also be obtained by heating a mixture
of sal-ammoniac and potassium cyanide in a retort connected with a
well-cooled receiver. It crystallizes in cubes, smells strongly of am-
monia and prussic acid, and boils at 36°. Its vapour is inflammable,
and bwns with a yellow flame. It is a very unstable compound,
gradually changing into a brown matter, a decomposition which takes
place more quickly in the moist state.

Silver Cyanide, AgCN.—Soluble cyanides produce in a solution of
silver nitrate a white precipitate of silver cyanide, resembling silver
chloride; it is insoluble in dilute nitric acid, but dissolves readily in
ammonia and in potassium cyanide, from which solution the double
salt, AgCN + KCN, can be obtained in octahedrons on evaporation.
This salt is used for electro-silvering.

Zme Cyatride, Zn(CN)2 is obtained as a white precipitate by adding
potassium cyanide to a solution of a zinc salt; it is soluble in an
excess of potassium cyanide.

fficfal Cyanide Ni(CN)a.—Nickel salts are precipitated by potas-
sium cyanide; the apple-green precipitate produced is readily soluble
in an excess of potassium cyanide solution, forming the double salt,
Ni(CN)o + 2KCN; by adding hydrocliloric acid to a solution of this
salt, nickel cyanide is again precipitated.

Cobalt Cyanide Co(CN)2 is a brownish red nrecipitate, which also
dissolves easily in an excess of potassium cyanide. When this solu-
tion is slightly acidulated and boiled, hydrogen is given off, and potas-
sium cobalticyanide is formed:—

2Co(CN)2 + 6KCN + 2HCN" = Co2(C3Na)4Ko + H,



THE CARBON COMPOUNDS. 63

The solution thus obtained is not precipitated by hydrochloric acid,
and this reaction is therefore used for the separation of cobalt from
nickel.

Mercuric Cyanide Hg(CN)2 is obtained by dissolving mercuric
oxide in aqueous prussic acid, or by boiliDg this oxide with prussian
blue and wafer. It crystallizes hi colourless, quadratic prisms, and is
very poisonous.

Cyanides of Gold.—On precipitating a solution of gold trichloride
with ammonia and dissolving the precipitate in a solution of potassium,
cyanide, the double salt Au2(CN)2 + 2KCH" is formed, which is
used for electro-gilding. If a neutral solution of gold trichloride is
added to a hot solution of potassium cyanide the salt Au(CN)3+K.CN
is formed, which crystallizes on cooling, forming colourless crystals.

Mtrocyanideof Titanium Ti(CN).+3 TigN?—This remarkable coni-
ponnd, which was formerly believed to be metallic titanium, occurs
as a furnace product in the form of opacpte copper-coloured cubes in
iron blast furnaces.

The same compound is obtained,by exposing a mixture of potassium
ferrocyanide and titanic dioxide to a strong white heat. "When this
body is heated to redness in a current of steam, titanic dioxide is
formed with the evolution of hydrogen, ammonia, and hydrocyanic
acid;—

Ti(ON)2 + 3Ti3N5 + 20H2O = 10TiO2 + 10H2 + 2CNH + 6NH
3

FEKROCYANIDES AND FERBICYANIDES.

The constitution of these compounds has already been discussed.
Of the two isomeric radicals, Fe^CjN^j, Fervacyanogen, is an octad
and Fcrricyanogen a hexad. We shall however, in the following
pages use the simplest formulie aud express half the molecule of
ferocyanogon by Cfy, and half that of Fcmcyanogcn by Cfdy, whilst
Fe will stand for ferrous and Fe2 for ferric iron.

Potassium Ferrocyanide K4Cfy can be obtained by mixing solutions
of potassium cyanide and terrous sulphate; a brown precipitate is
first formed, Fo2(CN)6K, which dissolves in an excess of potassium
cyanide,forming potassium ferrocyanide;—

+ 7KCN »

This compound, commonly known by the name of yellow p-ussiatc
of potash, forms the starting point for preparing most of the other
cyanogen compounds, and is prepared on the large scale by fusing
together crude potashes, iron filings, aud animal matter such as horns,
hoofs, hair, blood, leather clippings, or the charcoal obtained from
them.

The products formed are potassium cyanide, ferrous sulphide, and
potassium-ferrous sulphide K^S+FeS; the two latter originating from
the sulphates contained in potashes, and the sulphur existing in the
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animal matter. By exhausting the melt with witter, the following
reaction sets in:—

6KCN + FeS = re(CN)0«4 + K2S

By employing materials free from sulphur a greater yield of cyanide
is obtained. Some manufacturers therefore use purified potashes and
no iron, and add to the liquor, ferrous carbonate which has been
freshly precipitated or finely powdered spathoso iron :—

6KCKT + FeC03 . Fe(CN)oK4 + CO8K2

Potassium ferrocyanide crystallizes from its concentrated solution
in large yellow crystals, containing 3 mol. of water of crystalljzation,
and belonging to the quadratic system (Fig. 8). It is readily soluble

in water, and is not poisonous; when given m
largo doses it acts as a laxative. The crystals
lose their water at 100°, and are converted into
a white powder. Heated to a dull red heat it
decomposes, potassium cyanide, iron carbide, and
free nitrogen being formed. Ferrous salts produce

Fl°'"' iu its solution a white precipitate, which when
exposed to the air rapidly absorbs oxygen, and tnras blue; ferric salts

produce a deep blue precipitate having the composition j | 2 J- Cfy2;

this compound is insoluble in salt solutions, but dissolves freely, and
with a beautiful blue colour, in water; it loses its solubility on drying
it at 110° when it loses water. Its aqueous solution is not changed
by ferric salts, but on addition of ferrous sulphate a deep blue pre-
cipitate is formed, potassium being replaced by dyad iron:—

fy* + F e S 0 * -

This compound is the chief constituent of pntssUtv- bhie, which is
obtained by precipitating prussiate of potash with commercial iron
sulphate (a mixture of ferrous and ferric svdphates), and washing
the precipitate with water in the presence of air or chlorine water,
and treating it with dilute hydrochloric acid, in order to remove
ferric oxide or basic iron salts. The commercial product always
contains potassium, and appears to be a mixture of the two com-
pounds described above. I t forms blue masses having a conchoidal
fracture and a coppery bistre. It is insoluble in acids with the
exception of oxalic acid, which dissolves it with a fine blue colour;
this solution is used as a blue ink. By alkalis it is decomposed, a
ferrocyanide of the alkali-metal being formed.

Hydric Ftnocyanide or Hydroferrocyank Add CfyH4.—On adding
strong hydrochloric acid to a concentrated solution of potassium
ferrocyamde, a white precipitate of hydric ferrocyanide is obtained,
which is purified by pressing between blotting paper, dissolving iu
spirits of wine,&nd pouring on this solution a layer of ether; after
some time the pure acid separates out in colourless crystals. On
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mixing the alcoholic solution with ether, the compound is precipi-
tated as a crystalline powder. When exposed to the air, it absorbs
oxygen; prussic acid is given off, and prhssian blue formed; this
change takes place more quickly on the application of heat Hydrir
ferrocyanide is a strong acid which decomposes not only carbonates
but also acetates and oxaktes. On boiling its aqueous solution hydro
cyanic acid is given off and a white precipitate of ferrous ferrocyanidi1

FeaCfy = Fe3(CN)fl is formed :—

3H4(CN)0 « 12HCN + Fe8(CNj6
This decomposition occurs in the preparation of prussic acid from

potassium ferrocyanide and dilnte sulphuric acid.
The ferrocyamdes of other metals are either sparingly soluble in

water or insoluble, and are therefore obtained as precipitates by adding
a solution of potassium ferrocyanide to solutions of metallic salts;
potassium ferrocyanide is for this reason used as a reagent-. Tints
with solutions of barium salts it gives a crystalline precipitate having
the composition BaK2Cfy, and by adding a solution of the ferro-
cyaoide to a solution of copper sulphate, a red precipitate of copper
ferrocyanide Cu1|SOfy 19 formed; whilst by adding a solution of a
cupric salt to, an excess of potassium ferrocyanide a brown precipitate
CuKaCfy is obtained.

Potassium Ferricyanidc K3Cfdy.—This compound, commonly
known as red prussiate of potash, is prepared by passing chlorine int©
a solution of potassium ferrocynnide:—

K4(CN)8Fe + Cl = KC1 + K3(CN)4Fo

Potassium chloride and ferricyauide are formed and separated from-
one another by crystallization. The red prussiate crystallizes in large,
dark red, mouoclinic prisms, solnble in water with a brownish green
colour. By reducing agents it is re-converted into a ferrocyanide;
this is easily effected by adding potassium amalgam to its aqueous
solution. Its alkaline solution is, therefore, a powerful oxidizing
agent; it converts chromic oxide into chromic acid, and manganese
monoxide into the dioxide:—

6TCg(CN)0Fe + 10HOK + Cr8O3 = 6K4(CN)6Fe + 2K2Cr0, +• 5HjO

Ferric salts are not precipitated by the addition of potassium ferri-
eyauide, the solution only assumes a dark brown colour ; but with
ferrons salts it produces a dark bhte precipitate, called Turnlults
bhte, which is generally considered to consist of ferrous ferricijanidi
Fes(Cfdy)2. This precipitate, however, has the same composition.

and the same properties as the compound %|N [ Cfya, \vhich, aa we-

have seen, forms the chief constituent of prussiatt blue, and it appears
highly probable that the two compounds are identical. Its formation
is easily explained. By bringing together ferricyanide of potassium
and a ferrous salt, a part of the latter is oxidized, a ferric salt being
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formed and a ferrocyanide, from which the mixture of the two iron
salts then precipitates prussian blue:—

2K3(CN)0Fe + SFeCl,, + HjO « 2HK3(CN)0Fe + FeO + Fe2Cl0 =

Hydric Fmiicyanidc, Hydroferricyanic Add, HsCfdy.—To pre-
pare this acid a solution of red prussiate of potash is precipitated with
acetate of lead, and the precipitate, after washing, decomposed hy
dilute sulphuric acid. On evaporating the filtrate, the acid crystal-
lizes in brown needles, which have a sour and astringent taste.
Exposed to the air they give off prussic acid, and assume a blue
colour.

NITROPRUSSIDES.

By adding a solution of potassium nitrite to the precipitate, pro-
duced by adding potassium cyanide to a solution of ferrous sulphate,
jwlassium nitropnusich is formed, according to the following equa-
tion :—

KFe2Cy6 + KNO8 = KjFeCy^O + FeO, "

An excess of the nitrite at the same time oxidizes the ferrous oxide
to ferrio oxide. The nitroprussides are distinguished by their fine
red colour; the sodium salt, which crystallizes the best of all, is gene-
rally prepared from potassium ferrocyanide, by heating it with dilute
nitric acid, until the solution no longer gives with ferrous sulphate a
blue but a slate-coloured precipitate. During this reaction gases are
evolved, containing nitrogen, carbon dioxide, cyanogen, and hydro-
cyanic acid. On cooling the solution, potassium nitrate crystallizes
out, the mother liquor is neutralized with sodium carbonate, the solu-
tion concentrated by evaporation, and the nitroprusside separated from
potassium and sodium nitrate by crystallization.

Sodium Nitropnisside NaJ?eCy6NO forms ruby-red crystals. Its
aqueous solution gives with alkaline sulphidea an intense purple
coloration, which soon disappears; it is therefore used as a reagent
for the detection of soluble sulphides; free hydrogen sulphide ia not-
coloured hy it.

PLATINOCYANIDES.

By suspending a mixture of barium carbonate and platinum
dichloride in boiling water, and passing hydrocyanic acid throxigh
the liquid, barium platinoeyanidc is formed, which, on cooling,
crystallizes in large mouoclinic prisms, Pt(CN)4Ba + 4H2O. This
salt, like all other soluble platinocyauides, is remarkable for the
beautiful colours which it exhibits, the crystals appearing greeu
when viewed along the principal axis, sulphur-yellow at right angles
to it, and in reflected light the faces of the crystals exhibit a blue
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violet lustre. By decomposing this salt with the sulphates of the
othei metals the whole series of platinocyanides can be obtained,
amongst which the magnesium salt Pt(CN)4 Mg + 7H2O is one of
the most beautiful; it forms fine large square prisms, of a deep red
colour by transmitted light; but when viewed by reflected light the
aides of the prisms exhibit a brilliant beetle-green, and their ex-
tremities a deep blue or purple colour. On adding sulphuric acid to
a solution of the platinum salt, hydrogen platinocyanide Pt(CN)4H2 is
obtained, which crystallizes from a concentrated solution in long
prisms, having a splendid vermilion colour, accompanied by a blue
iridescence.

COMPOUNDS OF CYANOGEN WITH THE HALOID ELEMENTS.

Cyanogen GlUoride CNC1.—To piepaie this compound chlorine is
passed in the absence of light into a mixture of one part of an-
hydrous hydrocyanic acid, and five parts of water, the vessel being
surrounded by a freezing mixture. Cyanogen chloride separates out
as a mobile colourless liquid, heavier than water. It possesses a very
irritating odour, attacking the eyes and producing a copious flow of
tears; it boils at 15-5°, and solidifies at-5°. l i e pure compound
may be kept for yearg without undergoing any change, but in the
impure state it very soon changes into the polymeric cyan/uric
cUoride.

Cyanogen Bromide CNBr is a very volatile solid body, subliming
in needles, soon changing however into cubes; it smells like the
chloride.

Cyanogen Iodide CNI is easily obtained by heating an intimate
mixture of mercuric cyanide and iodine. It forms fine colourless
needles, and has a pungent smell. It is frequently found in large
quantities in commercial iodine.

Cyaniiric Chloride (C^Ng^Clj.—This compound is formed as already
mentioned by the polymerisation of cyanogen chloride, and is also
obtained by acting in annlight with chlorine on anhydrous hydrocyanic
acid or its solution iu ether. I t crystallizes in shining needles or
scales, which melt at 145° and boil at 190°. Its odour is, especially
on heating, pungent and producing a flow of tears.

CYANIC ACID AND CYANATES.

Metallic cyanides readily absorb oxygen, cyanates being formed.
To prepare polassitm cyatwie KOC'N, prussiate of potash and potassium
carbonate are fused together, and red lead is gradually added. The
melt is exhausted with hot spirits of wine; frorn this solution the
salt crystallizes on cooling, in needles or plates. It is readily soluble
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ifi water; this solution soon undergoes decomposition, ammonia and
acid potassium carbonate being formed :—

KOCN + 2H2O * KHC03 + NH8

CN1Cyanic Add rr {• 0.—Cyanates are readily decomposed by dilute

acids, but the cyanic acid at the same time takes up water, and carbon
dioxide and ammonia are formed. Therefore on adding a dilute acid
to potassium cyanate effervescence takes place, carbon dioxide being
given off, which has a pungent smell, due to the presence of a trace
of cyanic acid. By acting on ft cyanate with dry hydrochloric
acid, cyanic acid is set free, which, however, at once combines with
hydrochloric acid to form the compound HCLHOCN, a colourless
liquid, fuming in the air. From this compound also it is impossible
to isolate cyanic acid because it at once changes into polymeric
cyanuric acid (CN)S(OH)S There is only one reaction by which cyanic
acid can be obtained, and this is by the decomposition of cyanuric by
heat, when it splits up into 3 moL of cyanic acid, the vapours of which
must be condensed by means of a freezing mixture. Cyanic acid is
a colourless mobile liquid with a most pungent smell. On taking the
vessel containing it out of the freezing mixture the liquid soon
becomes turbid and hot, and with a crackling noise, or in large
quantities with explosive ebullitions, is soon converted into a white
porcelain-like mass, a polymeric modification, called cyamdich, the
molecular weight of which is unknown. On heating cyamelide it is
reconverted into cyanio acid.

Of the cyanates the most interesting salt is the ammonium cyanate

™ - VO, obtained as a white crystalline mass, by mixing the vapour

of dry cyanic acid with dry ammonia. The freshly prepared aqueous
solution gives the reactions of cyanic acid and ammonia, but on
standing for some time, or on heating, the ammonium cyanate is
transformed into the isonxeric carbamide or wva, CO(NH2)j. The
dry salt also undergoes the same transformation on heating.

Oyanwric Acid (CN),(0H)8.~-Ou heating carbamide it behaves like
the ammonium salt of this acid, splitting up into ammonia and
cyanurio acid. The best method for prepariug this compound is to
pass dry chlorine over fused carbamide; nitrogen, hydrochloric acid,
and vapours of sal-ammoniac are given off, and a residue is left, which
is exhausted with cold water to remove ammonium chloride, and the
remaining cyanuric acid is CTyatoliized from boiling water. Cyanuric
acid is also formed by boiling cyanuric chloride with a solution of
caustic potash. It crystallizes in clear monoclinic prisms (CN)3(OH)S
+ 2H8O. When exposed to the air it loses water, and crumbles into
a white powder. It is a tribasic acid; of its salts the sodium salt
ia most characteristic, from the fact that it is only sparingly soluble
in a hot concentrated solution of caustic soda, and therefore separates
in fine needles on heating a cold saturated solntion. By adding



THE CARBON COMPOUNDS. 59

an ammoniaoal solution of copper sulphate to an aqueous solution
of cyanuric acid, a crystalline violet precipitate is fowned, having the
formula:—

SULPHOCYANIC ACID AND SULPHOCYANATES.

Potamnm Snlphocyanatc ^ U S.—To prepare this salt, anhydrous

potassium ferrooyanide, potassium carbonate, and sulphur are fused
together, and the melt exhausted -with spirits of wine, On evapora-
ting this solution the salt crystallizes in large colourless prisms. It
is very readily soluble in watev, the temperature being at the same
time so much lowered that it is sometimes used as a freezing mixture.
On mixing 500 grams with 400 grams of cold water the ternperatnre
goes down to - 20°.

CN1Amnumuni Sulphoeyaiwie yra f S, is formed by lieating pmssic

acid with yellow ammoninm sulphide:—

CN > , NH4> „ CN > „ . NH
H | + N H ; } & 2 = N H ; S +

The best method to prepare it in quantity is to mix carbon disul-
phide with alcohol and strong aqueous ammonium, and distil the
alcohol off after some time. On evaporating the residue on a water
bath the ammonium snlphocyanate crystallizes out. The reaction
which takes place will be explained under sulphocarbonic acid.
Ammonium sulphocyanate crystallizes in colourless deliquescent
plates, which melt at 147°, and readily dissolve in water, with the
production of cold. When heated for some time to 170° it is trans-
formed into the isomeric sulphocarbamide.

Sit&phocyanates of Mercury.—The two nitrates of mercury are pre-
cipitated by soluble sulphocyanates. The mercuric sulphocyanate is
decomposed by heat, the mass swelling up and leaving a very volu-
minous residue behind. It is used for the preparation of the so-called
Pharaoh's Serpents.

CN1Sulphocyanic Acid „ \ S.—To obtain the anhydrous acid, snlphu-

retted hydrogen is passed over heated mercuric snlphocyanate. It is
a colourless, oily liquid, having a pungent odour, like acetic acid, and
solidifying at -12-5". It readily undergoes decomposition, prussic
acid Being given off, and a yellow crystalline residue left behind,
which has been called persulphoci/anic add HaC2N4Sj. Aqueous
sulphocyanic acid can be obtained by distilling potassium sulpho-
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cyanate with dilute sulphuric acid, but a part of the acid easily
undergoes a change by taking water up and forming ammonia and
carbon oxysulphide COS, a decomposition analogous to the forma-
tion of ammonia and carbon dioxide from cyanic acid. By adding
ferric chloride to a solution of snlphocyanic ncid or a sulphocyanate
the liquid assumes a deep blood-red colour. This very characteristic

reaction is caused by the formation oifcrrie sulpluxyanidc ^ -*'* [ So,

a salt which may be obtained in small blackish red crystals on evapo-
rating a solution of ferric hydroxide in sulphocyanic acid.

Gyanogcn Sulphide Q-M- J- S, is formed by heating a mixture of

eyanogen iodide and silver sulphocyanate :—

CN) can,, n can-
l } + A g } S - A g | + C N } S -

It sublimes in transparent rhombic plates, which smell like
cyanogen iodide, and readily dissolve in water, alcohol, and ether. By
caustic potash it is decomposed thus:—

+ 2 | O = JS+ JO +

I&omtyiliocyaHxtes.—When persulphocyanio acid is treated with an
alcoholic solution of potash, it yields potassium isosnlphocyanate,
which is obtained by slow evaporation from an aqueous solution in
hard crystals having the composition CSNK + H2O. This body may
be easily.'distinguished from potassium snlphocyanate by adding to its
aqueous solution a drop of ferric chloride, a brown coloration being
produced, which disappears agnin on adding more of the ferric salts.
When the isosulphocyanate is heated, it melts and undergoes a mole-
cular change, being transformed into the common sulphocyanate.

The free isoswlphocyanic acid has not yet been obtained, but we are
acquainted with a series of ethers of this acid, of which the best
known is oil of mustard or allyl isosnlphocyanate, having the con-

f CSstitutioa N •< PV , from which it follows that iaosulphocyanio acid is
(CSsulplwcarhimich N j TT .

AMIDES OF CYANOGEN.
csn

Cyanamidc H > N.—On passing gaseons cyanic acid into a solu-
H II

tion of ammonia in ether, ammonium chloride separates out, and the
solution yields oa evaporation cyanamidc in colourless crystals, which
melt at 40° and are readily soluble in water. On adding nitric acid
to its aqueous solution it is converted into carbamide:—
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( NH
JDicyanamide orParameCJXA j ^ , — T i n s polymeric modification

is formed on adding ammonia to an aqueous solution of cyanamide
when, after some time, the parame crystallizes out in rhombic plates,
which are readily soluble in water and alcohol, and sparingly in
ethet; i t melts at 205°. By evaporating the aqueous solution, in
presence of an acid, dicyandiatninc CoH0N40 is formed, a white
crystalline substance, which forms with water a strongly alkaline
solution, and combines with acids forming crystalline salts.

The constitution of these compounds is probably the following:—

Dioyaiiamiile. Dicyandiamine.
NH9 CO.NIL

i
N H

V

NH2

f N H ,
Cyanuric Amide or Mclamine C3Ns-< NHa.—On heating cyanamide

to 150° a violent reaction sets in, uielaminc being formed, which
crystallizes in shining, rhombic octahedrons, readily soluble in water
but insoluble in alcohol and ether. It combines like ammonia with
acids, forming compounds like CSHS(NH2)?HC3.

When cyanuric amide is boiled with dilute nitric acid it assimi-
lates water, ammonia is formed, and it is converted successively into

Anuneline . . . . CjBLNX)
Ammelide . . . . O3H4N4O2

Cyanuric Acid . . . C ^ i y ^ O

Ammdinc C3JTa < O J J i 3 a powder inaohxble in water, alcohol,

and ether, but soluble in alkalies and acids, and forms salts which
are decomposed by water.

f NH
Ammelide C3N3 -j ^QJA is a white powder which, like annneline,C3N3 -j ^QJ

dissolves in alkalis and acids, but does not combine with the latter.
Its ammoniacal solution gives with silver nitrate a whito precipitate

f OH
having the composition C9N3(NHj) < Q »

Fliosplutrus Tncyatvulc P(CN};,.—To prepare this compound silver
cyanide and phosphorus trichloride, diluted with chloroform, are
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heated in sealed tubes. After cooling, the contents of the tubes are
heated in a retort, through which a current of carbon dioxide is
passed; at 160° the phosphorus tricyanide begins to sublime in long
white needles or plates. On gently heating them in the air they take
fire, and by water they are resolved into prussic acid and phos-
phorous acid:—

P(CN)8 + 3H2O = 3CNH + PO8H8

CAEBONYL AND SULPHOCAKBONH, COMPOUNDS.
The dyad radical carbonyl CO exists in the free state as carbonmonoxide; it is a non-saturated compound combining directly withseveral elements or radicals, forming the following compounds :—

Carbonyl Oxide or rn f OK Hydric PotassiumCarbon Dioxide. ou.t0H Carbonate.
00{SI OaSnX CaS b̂ony! Sulphide.
COJgJ Carbouyl Chloride CO j JJJ Carbamide.

The sulphocarbonyl compounds contain the dyad radical sulpho-carbonyl CS, which is not known in the free state, bat from which thefollowing compounds are derived:—
CS.S Sulphocarbonyl sulphide or carbon disulpbide.

Sulphocarbouic f̂SK Potassium Sulpho-Acid. ostSK carbonate.
j{

Carbon Monoxide or Carbonyl CO.—This gas is always formed bythe abstractioa of oxygen from carbon dioxide or carbonates ; thus itis obtained by passing carbon dioxide over red-hot charcoal, or byheating chalk with iron or zinc:—.
CO2 + C - 2CO

CaCO* + Zn = CaO + ZnO + COIt is also produced by heating certain metallic oxides, swell as thoseof iron, zino, lead, &c., with charcoal, and further occurs as a pro-duct of the decomposition of several carbon compounds; for instance,formio acid when heated with strong sulphuric acid is resolved intowater and carbon monoxide ;•—COH
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By acting with sulphuric acid on oxalic acid, water is formed, and a

mixture of equal volumes of carbon monoxide and dioxide is given
off:—

CO.OHJ =CO + CO2

The most couvenient method for preparing carbon monoxide is to
heat coarsely powdered potassium ferroeyanide with eight times its
weight of commercial sulphuric acid; this acid contains about 10—
15 per cent, of water, which take part in the reaction. Iu the first
stage prussic acid is set free, which by the action of the sulphuric
acid is transformed into ammonia and formic acid, and the latter
then splits up into water and carbon monoxide. The final reaction is
expressed by the following equation:—
K4FC6N0 + 6H2SO4 + 6H2O « 6CO + K.SO, + 3(NH4)SO, + PeSO4

Carbon monoxide is a colourless, tasteless gas, which has not yet
been condensed to a liquid; its specific gravity is 0-969. It is but
sparingly soluble in water, and acts as a strong poison, producing
death when inhaled even in small quantities. It is readily inflam-
mable, burning with a characteristic blue flame, and it acts as a reducing
agent on many metallic oxides, which when heated in this gas part
with their oxygen :—

Fe2Os f 3CO =• 2Fe + 3C02

Chlorine and carbon monoxide combine under the inilncuce of
sunlight, carbonyl chloride COClj being formed, and by heating carbon
monoxide with caustic potash it is absorbed with the formation of
potassium formate:—

icy0

It also combines with metallic potassium; from the compound
C?O2K2 tlms produced a series of remarkable acids is derived, which
will be described later on.

(Jarhm Dioxide COS is always produced by heating carbon or carbon
compounds with au excess of oxygen, and is also formed by different
processes of slow oxidation, as in those of inspiration, putrefaction, &c.
It exists in the free state iu the air and iu mineral springs, <rad is
emitted in large quantities from the craters of active volcanoes as well
us from fissnres in districts of extinct volcanic action.

To prepare pure carbon dioxide a carbonate is decomposed by an
acid; calciuin carbouate (chalk or warble) and hydrochloric acid,
or sodium bicarbonate. and dilute sulphuric acid being nsxially
employed.

Carbon dioxide is a colourless, inodorous gas, possessing a pungent,
slightly add taste. It is tolerably soluble in watey, more readily in
cold than in warm, and is found in all spring water, which owes its
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refreshing taste to the presence of this gas; it is contained in larger
quantities in soda-water, champagne, and other sparkling drinks, which
have been saturated with this gas under pressure.

By the application of strong pressure or by exposxire to a very low
temperature it is condensed to a mobile liquid, boiling a t - 78°, which
on rapid evaporation absorbs so much heat that a part of it freezes to
a snow-like mass. When a tube containing liquid carbon dioxide is
placed in liquid ammonia allowed to evaporate very quickly, so much
cold is produced that the carbon dioxide solidifies to a transparent ice-
like mass, which by pressure is easily divided into cubical crystals.
On heating potassium or magnesium in carbon dioxide a carbonate
is formed with the separation of finely divided carbon.

Carbonic Acid and Carbonates.—The aqueons solution of carbon
dioxide has a slight acid reaction, and may be considered to contain
the dibasic carbonic acid. This latter body, however, has not yet been
isolated, but from it is derived a series of salts, called carbonates:—

The carbonates of the alkaline metals are soluble in water, those
of the other metals insoluble. By passing carbon dioxide into lime-
water or baryta-water a white precipitate is formed,a most characteristic
reaction of carbon dioxide.

"When, moist carbon dioxide is brought in contact with potassium
formic acid is produced:—

When carbon dioxide is passed over strongly heated sodium it com-
bines with it and forms sodium oxalate:—

CO., Na CO.ONa
*+ ~ I

CO, Na CO.ONa

Gavlonyl ClUoride COClj.—This compound, also called mrlon oxy-
rMoridd or plwsyenc gas, is" obtained by exposing a mixture of equal
volumes of pure carbon monoxide and dry chlorine in large white
glass balloons to the sxtnlight (^w? and yevda). In preparing ifc a
slight excess of chlorine is used, and the gas after combination has
taken place is passed through a tube filled with metallic antimony,
by which the ft-ce. chlorine is absorbed. Carbonyl chloride is a colour-
less gas, filming strongly in the air, and possessing a most unpleasant
suffocating odour. By the application of cold it is condensed to a
mobile liqnid boiling at + 8°; it is heavier than water, which, however,
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rapidly nets on it, carbon dioxide and hydrochloric acid being
formed :—

COClj + H2O = CO2 4- 2HC1

Carbonyl chloride is also formed by heathig chloroform with potas-
sium dichromate and an excess of sulphuric acid:—

2CHC13 + 2CrO8 = 2COC13 + C^ + H2O + Cr2Os

By exposing a mixture of bromine vapour and carbon monoxide,
to the sunlight carbonyl dibromide COBr2 is formed, a compound
which is very little known.

Carbamic Acid CO j Q , , 2 is not known in the free state; its

ammonium salt CO j Q N ^ is obtained by mixing dry carton di-
oxide with dry ammonia. It is a white solid, which is very volatile,
being decomposed at a gentle heat into its constituents. It dissolves
in water, forming ammonium carbonate. Other metallic carbamates
have not yet been obtained, bitt.there exists a series of ethers of this
acid or compounds containing alcohol radicals in the place of the
hydrogen of the hydroxyl.

Carbamide or Urea CO-J >JTIS-—This body is formed when carbonyl

chloride is acted upon by dry ammonia :—

CO I £ | + 4NH8 m CO I ^ y 2 + 2NH4C1

It is also produced whnn ammonium carbonate or the commercial
sesqnicarbonate are boated to 130° to 140° in closed tubes:—

Carbamide ocenrs in the virine of mammals, birds, and reptiles, and
is also found in other animal liquids; it was known for a long time
before its constitution was determined, by the name of urea. 3b may
be obtained from urine by evaporating it to the consistency of a
syrup, and adding to the cold residue strong, pure nitric acid, which
precipitates urea nitrate, a salt easily purified by recrystalliiiatiQn.
Urea ia, however, most conveniently prepared from ammonium
cyanate, a compound which, as has already been mentioned, under-
goes on heating a remarkable molecular change, being transformed
into urea.

To obtain it by this method eight parts of anhydrous potassium
ferrocyanide are fused with three parts of potassium carbonate, and
fifteen parts of red lead are gradually added. The cooled mass is
exhausted with water, and the solution of potassium cyanate is
evaporated with eight parts of ammonimn sulphate, The dry residue,

G v
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consisting of potassium sulphate and urea, is treated with warm
alcohol, by which the latter compound is dissolved.

Urea can be reconverted into a cyanate; thus on evaporating its
aqueous solution with silver nitrate, ammonium nitrate and silver
cyanate are formed.

Urea crystallizes in colourless needles or long striated prisms; it is
readily soluble in water and alcohol, but almost insoluble in ether,
and has a cooling taste like saltpetre. Its solution has a neutral re-
action, yet urea has marked basic properties, combining like ammonia
with acids, forming crystalline salts.

Urea Nitrate CO(NHg)4.NO8H is readily soluble in water, but only
sparingly in strong nitric acid, and is therefore obtained as a crystalline
precipitate by adding nitric acid to an aqueous solution of urea;
from water it crystallizes in long prisms.

Urea Oxalate 2[CO(NEL)2].C2O4H2 is obtained as a white crystalline
precipitate by mixing solutions of oxalic acid and area; it is only
sparingly soluble in water.

Urea also enters into combination with metallic oxides and several
salts. Mercuric nitrate produces in a solution of urea a white precipi-
tate having the composition 200(^113)2 + 3HgO + Hg(N08)j. This
reaction is made use of to determine the quantity of urea in urine.
Two volumes of urine are mixed with one volume of a mixture con-
sistiug of equal volumes of baryta-water and a cold saturated solution
of barium nitrate, in order to precipitate the phosphates and sulphates
contained in urine. To 15 cb.cm. of the filtrate (corresponding to 10
cb.cm. of urine) a solution of mercuric nitrate of known liln is added
by means of a burette, as long as a precipitate is formed. The end of
the reaction is easily recognized by adding a solution of sodium
carbonate to a drop of tho liquid, which assumes a yellow coloration
as soon as a slight excess of mercury has been added. It is convenient
to have the mercury solution of such a strength, that 1 cbxin. should
correspond to 001 gram of urea.

When urea and water are heated together in sealed tubes to
above 100°, carbonic dioxide and ammonia are produced; the same
change occurs in the putrefaction of urine. Thjs reaction mny also
be used for the quantitative determination of urea; the urine has
only to be heated with an ammoniacal solution of barium chloride,
and the barium carbonate formed, to be weighed.

Nitrogen trioxide acts readily upon urea, as it does on all other
amido-compounds, the products of the reaction being carbon dioxide,
water, and free nitrogen :—

0 0 { NH* + N A * 2 N» + ° ° t + 2H*°

lihtrd C2H6N3O3 is formed when urea is heated to 150°—1GO°:—
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c o 7

V
NH

9

NHL, /
/ H CO

CO \

Biuret is sparingly soluble in cold, but more readily iii hot water,
from which it crystallizes in colourless needles. On heuting it above
170°, ammonia escapes and cyanuric acid is left behind, and when it
is heated in a current of dry hydrochloric acid, carbon dioxide and
gnanidinc CHBN8 are formed, together with cyanuric acid:—

NH,

CO7 Nfi3

NH a CO, + CO-NIt

Gunnidine is a stoong base, which will be described later on.
Isuretine CH4N2O.—This isomeride of \irea is produced by digest-

ins in alcoholic solution of hydroxylnmine with strong hydrocyanic
acid at 40°—50°. By evaporation it is obtained in long, colourless
crystals, having a strong alkaline reaction and melting at 104°. The
hydrochloride CH4NaO,HCl forms deliquescent rhombic plates; the
sulphate and oxalate are also crystallusable.

Heated above its melting-point isuietine readily decomposes, giving
a considerable sublimate of ammonium carbonate and yielding a resi-
due containing ammclidc (p. 61).

An aqueoxis solution of istiretine evaporated ou a watcv bath under-
goes decomposition with evolution of nitrogen, ammonia, and carbon
dioxide, and a residne is left containing urea and bmrtl. The consti-
tution of iauretine is probably expressed by one of the following
formula):—-

-^NI
I H

C fNH
C-^NILOH orC-Jo.NIL

I ( H

Hydrmjl Carbamide C O J ^ J j | ^ j is produced by acting upon

cyanic acid with hydroxylamine NH4(0H). To prepare it a solution
of hydroxylammouium nitrate is cooled down to - 10°, and mixed
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with a concentrated aqueous solution of potassium cyanate. It
crystallizes in white ueedlea, melting at 130°,

Carbonyl Sulphide or Carbon Oxysitlphide COS.—This compound
is formed by passing carbon monoxide and sulphur vapour through a
red-hot porcelain tube. It is, however, best prepared by adding
potassium sulphocyanate to a cold mixture of four parts of water
and five parta of concentrated sulphuric acid, the sulphooyanic acW
which is first set free, taking up water, forms ammonia and carbonyl
sulphide:—

C H } S + H 2 ° * C 0 S + N H 3

Carbonyl sulphide is a colourless gas possessing a peculiar resinous
smell, resembling at the same time that of hydrogen sulphide; it is
very inflammable, burning with a blue flame. It is slightly soluble
in water, and appears to occur in some sulphur springs. Caustic
potash absorbs it but slowly, potassium carbonate and sulphide being
formed:—

COS + 4 KOH = K,CO, + K2S + 2H2O

Carbon, Bisulphide CS4 is obtained as a heavy colourless liquid by
passing sulphur vapour over red-hot charcoal. The commercial pro-
duct has a very unpleasant odour, due to impurities contained in it;
these may be destroyed by heating the crude sulphide with water in
closed tubes to 100°.

Pure carbon disulphide boils at 43-3°, and possesses an ethereal
odour. On evaporating it rapidly, by means of a strong current of
air, so much heat becomes latent that a portion of the sulphide soli-
difies to a white mass resembling cauliflowers, and melting again at
— 12°. Carbon disulphide i3 insoluble in water, and has at 0° the
specific gravity l-0272 ; it is highly inflammable; its vapour, when
mixed with air, takes five at 149'. It is poisonous; the inhalation of
its vapour produces giddiness, congestion, and vomiting. It i3 manu-
factured on a large scale, as it is found to be an excellent solvent
for resins, oils, fats, caoutchouc, phosphorus, sulphur, &o. On account
of its inflammability and poisonous properties great care must be taken
in using it.

SuIpJwcarhonic Acid and 8iUphoc<irbonalcs,-~Just as carbon dioxide
and metallic oxides combine to form carbonates, carbon disulphide
combines with metallic sulphides, forming mlplwcarbonatcs. Sodium
sulphocarbonate CS3Na2 is obtained by dissolving carbon disulphide
in a solution of sodium sulphide ; on adding alcohol to this solution
the compound separates out as a thick brownish red liquid, from
which the free sulpbocarbonlc acid may bo obtained by adding hydro-
chloric acid and water; it is a heavy brown oil having a peculiar
disagreeable odour. The sulphocarbonates of the metals of the alkalis
and alkaline earths are soluble in water; those of the other metals
are insoluble.
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Sulplwarlonyl Chloride CSC12 is a colourless liquid possessing an
irritating smell; it boils at 70° aud is formed amongst other products
by the action of chlorine upon carbon disulphide.

Sulphocarbamic Acid CS -J on-2.—The ammonium salt of this acid

is formed together with ammonium sulphocarbonate by adding carbon
diswlphide to a solution of ammonia in absolute alcohol. It crystal-
lizes in large yellow prisms; on heating it to 100° it is decomposed,
with the formation of ammonium sulphocyauate and hydrogen
sulphide:—

The free sulphocarbamic acid is obtained by decomposing the am-
monium salt with hydrochloric acid; it is a reddish oil, which soon
decomposes into hydrogen sulphide and siilphocyauic acid.

Sulphocarbamide or Sulphur Urea CS j •KTJ.2 is formed by heating

ammonium sulphocyanate for some hours to 170°; a molecular change
takes place analogous to the transformation of ammonium cyanate
mto urea. Sulphocarbamide crystallizes iu silky needles and com-
bines like common \irea with acids; the nitrate crystallizes ex-
ceedingly welL When sulphocarbamide is heated above 170°, carbon
disulphide, hydrogen sulphide, and ammonia are given off, and a
yellowish powder called mellam C1IH(lXll is left beliiud.

ACIDS FROM POTASSIUM CAEBOX1DE.

On passing carbon mouoxide over fused potassium the gas is
absorbed, the metal being converted into a black porous mass,
having the composition C2O2Kg; the same body is formed as a bye-
product in the manufacture of potassium. It is not altered in dry
air, but in presence of moisture it soon colours red and afterwards
yellow. By water it is decomposed with great violence, and often
with an explosion. By adding the freshly prepared compound very
cautiously to dilute hydrochloric acid, trihydroearhrylie aeid C,O?Ha
is, formed, crystallizing in white needles. Its colourless solution
darkens when it is exposed to the air, and black needles of bihydrox-
ylio acid t!3H,H2 gradually crystallize ont, whilst the compound
0oO2K2, after haviug been exposed a short time to moist air, yields
hydivcurboMjlic aeid C4O4H2. When the black mass has become red
by longer exposure to the air, it contains the potassium salt of rlwdi-
zonic acid C6O8IL; the free acid is obtained by acting on the red
mass with hydrochloric acid. It forms colourless needles, which lose
water at 100° and turn black. Ehodizonic acid is bibasic; the silver
salt C6OaH2Ag2 is a red precipitate. On boiling a solution of potas-
sium rhodizonate with potash, potassium emanate C6O6K2 is formed,
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a salt wbiob is also oontained in the original substance after being
coloured yellow by long exposure to the air. Free croconic acid
C6H6H8 is obtained by adding sulphuric acid and aleohol to the
potassium salt and evaporating the solution; it crystallizes in yellow
lamina). Both rhodizonic and oroconic aoid are oxidized by nitric acid
to kiuonde aoid C6Q0H8, which is tribasio and obtained as a colourless
syrup by adding aloohol to the aqueous solution.

Neither the moleoular weights «or the constitution of these remark-
able compounds are known.

HYDROCARBONS OF THE SERIES C ^ H ^ , OR PARAFFINS.

Of the hydrocarbons homologous with marsh-gas those containing
less than five atoms of carbon are gases at the onlinary temperature;
the next higher ones are mobile, colourless liquids, having a faint but
characteristic ethereal odour; and those richest in carbon are crystal-
line solids. A mixture of the latter has been known for a long time
under the name of paraffin (parum affinis), a name given to them
from the fact that they resist in the cold the action of strong oxidizing
agents. But as the gaseous and liquid hydrocarbons of this group
show the same resistance against nitric acid, chromic acid, &c, it
appears appropriate to give to the whole group the name the
paraffins. Whilst they ara not acted upon in the cold even by a
mixture of fuming nitrio and sulphuric acids, on the application of
heat they are oxidized, even by dilute nitric acid, the produots con-
sisting of carbon dioxide and water, besides small quantities of fatty
acids, succinic acid, and uitriles, whilst chromic acid produces carbon
dioxide and water, as well as a little acetic acid.

By acting on the paraffins with chlorine in diffused daylight,
substitution products are formed, the first product being the chloride
of a monad radical, marsh-gas or methane yielding methyl chloride :—

CH4 + Cla » CHgCl + HC1

By continued action of chlorine a further exchange of chlorine for
hydrogen takes place; thus frominarsh-gas the following bodies have
been obtained:—

CH4 +CL=CHSC1 +HC1
CH3C1 + CL = CH2CL + HC1
CH2CL + C12= CHCla + HC1
CH Cls + Cla = CC14 + HOI

In the same way the six atoms of hydrogeu in ethane C2H0 have
been substituted one after the other by chlorine, whilst in propauo
0»Ha and hexane CBH,4 ouly six have thus been replaced.
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"When chlorine is passed into a liquid paraffin, a portion of the
monochloride first formed is always further acted upon by chlorine
before all the hydrocarbon has been attacked, but the formation of
such higher chlorides caa be almost completely avoided, when chlorine
is brought in contact with the vapour of the boiling hydrocarbon ;
the monochlorides being less volatile condense at once, and thus are
brought out of the reach of an excess of chlorine.

Bromine acts on the paraffins in a manner similar to that of
chlorine, only much less energetically, whilst iodine has uo action
whatever.

The monochlorides can by double decompositions easily be trans-
formed into the alcohols and other derivatives. Thus on heating
methyl chloride with caustic potash we obtain methyl alcohol :—

CH8C1 + KOH « C1K + CH8.OH

By heating the chlorides with concentrated hydriodic acid, the
iodides are formed; which compounds are also obtained by acting
upon alcohols with hydriodic acid. Thus amyl alcohol yields aniyl
iodide :—

C5HU.OH + H I = C6HnI + H2O

On the other hand these derivatives of the paraffins can agaiu be
transformed into the original hydrocarbons. Thus by treating the
substitution products of marsh-gas with zinc and hydrochloric acid,
an invem substitution takes place, hydrogen again replacing one atom
of chlorine after the other:—-

CC14 H
CH Cl8 -
CHoCL -
CH3C1 •

|- II2 :
t" Ho =
t-H2 =

= CH Cl8 H
= CH2C12 H
= CH8C1 A
~ CH, H

hHCl
hHCl
I-HC1
hHCl

The iodide3 are even more easily reduced by the same reaction,
and thus from any alcohol the corresponding paraffin may be obtained,
The alcohols of dyad, triad, tetrad, and hexad radicals can also bo
converted into paraffins, inasmuch as these bodies arc readily trans*
formed into iodides of monad radicals by the action of hydriodic acid.
Thus mannite C6H8(OH)8 yields hexyl iodide:—

C8H8(0H)0 + 11HI = C6H,SI + 6H8O + 5I8

And this iodide is transformed by nascent hydrogen into hexane:—
COH1SI + H, = C0HM + HI

Instead of acting on the iodides with nascent hydrogen they may
l)e heated with zinc and water in sealed tubes to 150°, when basic
zinc iodide and a paraffin are formed:—

CjH^ + H2O + Zu = C6HK + Zn { o u

The paraffins obtained from the iodides by these two methods
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have been oalled hydrides; methane being considered as methyl

hydride -J > and hexane as hexyl hydride ° jf • But from

these names it might appear that the paraffins contain one atom of
hydrogen combined with carbon in a manner different from that in
•which the remainder of the hydrogen is attached to the carbon, which
is not the case; for on further action of chlorine on the monochlorides
•we obtain chlorides of dyad, triad, &c. radicals, propane for instance
yielding :—

Pronyl Chloride. Prommo Dielilorido. I'roneuyl Trichloride.
b3HrCl CsHuCla C5H6C1S

And therefore propane might he called propene hydride and propenyl
hydride, as well as propyl hydride.

A second general method to obtain paraffins is to act with a metal
upon an iodide of an alcohol radical; in this reaction the radicals
are set free, but as a monad radical, as we have seen, cannot exist in
the free state, two of them are linked together by the two free com-
bining units. Thus by heating dry methyl iodide and zinc to 150°,
ethane is formed :—

2CHS + Zn = C2H0 + Znr2

Sodium acts violently upon a mixture of ethyl and amyl iodide, the
hydrocarbon C7H10 being formed:—

C2H6I + C6HUI + Na2 = C7HW + 2NaI

The paraffins formed by this synthetical process have beon called
alcolwl radicals, because it was formerly believed that their constitu-
tion was different from the so-called hydrides; they were regarded as
the free radicals, of which two were united to form a molecule, just as
the molecule of hydrogen consists of two atoms. But we now know
that hydride of ethyl is identical with dimethyl; both possessing the
same physical and chemioal properties, and yielding by the action of
chlorine Us the first product, ethyl chloride.

In ethyUamyl one atom of carbon iu the ethyl group is linked to
one atom of carbon in aruyl, exactly iu the same manner as all the
other carbon atoms are attached to each other, and thus on acting
with chlorine on this hydrocarbon, wo obtain hcjityl chloride C7H,6C1,
and not, as might have been expected according to the old theory, a
mixture of ethyl chloride and amyl chloride.

A third general method of obtaining paraffins consists in the
decomposition of an alkaline salt of a fatty acid by the galvanic
current. When an acid or a salt is decomposed by electrolysis, the
basic hydrogen or the metal is set free from the — pole, and the
remainder of the compound from the •+• pole. The first action of a
galvanic current upon a concentrated solution of potassium acetate is
consequently to resolve the salt into K and O4H302. But as this
decomposition takes place in presence of water, the latter is acted
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upon by the potassium, and hydrogen is given oft' from the - pole,
whilst the group Cfifip which cannot exist in the free state, is
decomposed into carbon dioxide and methyl CHj, of which latter two
combine to form ethane. Tliis electrolysis of acetates nmy be ex-
pressed by the following equation :•—

CH3 0H3 CH,
i - + | - | + 2CO, + H,
COtH C02H <JH3

Paraffins are also formed by heating the fatty acids aud the acids
of the series C!nHao(C02H)2 with an alkali Whew sodium acetate
is heated strongly with caustic soda, pure methane is given off:—

CO2Na

By heating suberic acid with caustic baryta hexauc is formed:—

CCHK { £ Q « ! + 2BaO = C,Hl4 + 2CO3Ba

There is one method by which, it appears, paraffins can be obtaiued
from almost evevy carbon compound. This method consists iix heating
the substance with a large excess of fuming hydriodie acid in sealed
tubes to a very high temperature. The products consist of one or
several paraffins, besides free iodine, oxides of carbon, ammonia (when
the substance contained nitrogen), aud other bodies. By this reaction
ethyl alcohol C2HeO and acetic acid C2H4O, were converted into
ethane C^, , ; butyric acid C4HSO4 aud succiuic acid C!4H6O4 yielded
butane C4H10% whilst benzene C0H0 and phenol C?H0O were transformed
into hexane C0H,4. From wood, charcoal, aud coal, a mixture of a
great number of paraffins was obtained, but graphite underwent no
ehauge.

Paraffins also generally occuv amongst the products of destructive
distillation of organic substances, aud are consequently found in
wood tar and coal tar, chiefly in such which have heeu obtained from
coal rich in hydrogen, as that known as boghead nnd cannel coal.
Some kinds of petroleum, as for instance that now largely exported
from Pennsylvania, consist chiefly of a mixture of paniffins, which
may be isolated by treating the oils with sulphuric acid, and after-
wards with fuming nitric acid, or a mixture of concentrated sulphuric
acid and commercial nitric acid. All other compounds oconrring
besides paraffius in these oils will thus be removed, beni" either
oxidized or converted into uitro compounds, which are either dis-
solved by the acids or are much less volatile than the hydrocarbons.
The oils are now washed with water, dried over caustic potash, and
rectified over sodium. The distillate now consists only of paraffins,
which are separated by fractional distillation.

In the chapter on isomerism, it has already been mentioned that



74 THE CHEMISTRY OF

among the paraffins a great number of isomerides may exist. Those
of which the constitution has been ascertained may be divided into
the following four groups :—

(1) Normal Paraffins.—The carbon atoms are linked together to a
single chain, or no atom of carbon is united with more than two
others, thus :—

C—C—C—C—&c.

The following are known !—

Boiling- Boiling-
point, point.

Methane . . C H4 gas Hexane . . C6 HM 71°
Ethane . . . C2 H,, — Heptane . . C7 HM 100
Propane . . C8 H8 — Octane. . . C8 Hw 125
Butane . . . C4 Hw +1° Dodecane . . C^Hjg 201
Pentane . . C6H ia 38 Hecdecane . C10HM 278

(2) The paraffins of the second group are derived from propane by
a single chain of carbon atoms being linked to the middle carbor.
atom:—

CH8

CH

01

The lowest member of this group contains, therefore, four atoms of
carbon, and can be considered as marsh-gas in which tlnee atoms of
hydrogen have been replaced by methyl, and may therefore be oalled
trimethyl-metliane. The following are known:—

Boiling-point.

Triniethyl-methane CH-J CH8 - 15°

Dimethyl-ethyl-methane f<Tr) n n 8 . Qn
(Amyl Hydride) C H ^ C H » + 3 0

Dimethyl-propyl-niethane
(Ethyl-butyl)

Dimethyl-butyl-methane n t , j pfj8 »i
(Ethyl-amyl) (C4H9

(3) The paraffins of the third group contain the group CHS—CH
—CH8 twice, the lowest member being tetramethyl-ethane.—
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CHS CH8

X C H - C ^

CH8 CH3

The following belong to this group :—

Boiling-point.
Tetramethyl-ethane n „ /nvr •> ro»

(Di-isopropyl) ^^(^"aft 6»

Tettaraethyl-butane n „ ,nTX s •, n o

(Di-isobutyl) *'fWS'*h)t l o a

Tetramethyl-pentane r „ ,rTf x , , „
(Amyl-isobutyl) WH

8(^H3)« 132

Tetramethyl-hexane „ „ , P T T , ^ -ft

(Diamyl) C A o t O ^ 158

(4) One atom of carbon is linked together with four others ;—
Boiling-point.

Tetranxethyl-methane C(CH8)4 955

Trimethyl-ethyl-methane C { £ J P » 45

Dimethyl-diethyl-methane c | [ ^ | 86

The paraffins found in coal naphtha and in American petroleum
belong to the first group; besides these, petroleum contains smaller
quantities of hydrocarbons belonging to other groups. Solid paraffins
occur also in nature ; thus attar of roses contains one which appears
to be CjjHg.. Boghead coal, which on distillation yields a large
quantity of liquid and solid paraflms, contains solid paraffin ready
formed, which can be extracted by means of ether; and similar com-
pounds are found in coal measures and other bituminous strata,
forming .the minerals known as fossil wax, ozocerite, &c. Solid
paraffin exists also in large quantities in Canadian petroleum and
other kinds of rock oil.

COMPOUNDS OF MONAD RADICALS.

By substituting in a paraffin one atom of hydrogen by another
element or radical, compounds are formed in which the residue of
the hydrocarbons acts as a monad radical. These radicals have been
called the alcohol radicals^ as of their compounds the alcohols have
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been known longest, and they moreover generally serve us starting-
points for the preparation of other compounds. The alcohols ure
hydroxides or compounds of the alcohol radicals with the monad
group hjdvoxyl OH. Thus common alcohol C2IL.OH may be looked
upon as ethane in which one atom of hydrogeu has been exchanged
for OH, or may be considered as water iu which one atom of hydra-
gen has been substituted by the monad radical ethyl:—

H ) M w . C2H6 \ , . Ethyl Hydroxide or
H j O Water «H«}O E thyl Alcohol.

The alcohols have therefore a constitution analogous to that of the
hydroxides of monad elements, such as potassium hydroxide KOH,
and as by acting with an acid on the latter we get a potassium salt
und water, so by treating an alcohol with an acid it yields a com/ponncl
or saline ether, the alcohol radical replacing the hydrogen of the
acid:—

C2H6.0H + HC1 = H8O + C2U5C1 Ethyl Chloride.
C2H5.OH + HNOS = HSO + C2H5.NO3 Ethyl Nitrate.

CaH6.0H + JJ j ,SO4 - H2O + Q*\ ISO4 Ethyl-sulphuric Acid.

l a a great number of other Teactions the alcohols behave in a
manner quite analogous to water, as the chemical properties of their
radicals have much greater resemblance to those of hydrogen than, to
those of the metals. By acting with iodine and phosphorus upon
water we obtain phosphorous acid and hydriodic acid or hydrogen
iodide, whilst by the action of these elements on an alcohol the corre-
sponding iodide is formed :—

P + 31 + 3H,0 - l'O3H3 + HI

P + 31 + 3C2H5.OH = PO,H, + 3C2HBl

Phosphorus trichloride aud water yield phosphorous acid and
hydrochloric acid, and by the action of the trichloride on alcohol
ethyl phosphite is formed:—

PC13 + SH.0 « POSHS + 3HC1

PCI 3 + 3C2H5 .OH m r o ^ c y y , + SHCI

The alkaU-metals act violently npon the alcohols, hydrogen being
given off, and a mixed oxide or an alcohol, in which oue atom of
hydrogen has been replaced by the metal, beiug formed:—

By acting npon this compound with ethyl iodide the metal is
replaced by ethyl, and we obtain ethyl oxide or didhyl ether:—
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By using the iodide of other alcohol radicals mixed ethers are

formed, as n g 3 r 0.

Tbe oxygen of the alcohols or the ethers may he suhstituted by
dyad sulphur; such compounds are formed by acting with alkaline
sulphides upon the chlorides of the alcohol radicate:—

2C2H6C1 + | J S * 2KC1 + g»g* J S

But the analogy between hydrogen and the alcohol radicals appears
most striking when the latter replace hydrogen in ammonia. The
compound ammonias or amines thus fonned are volatile hodies, pos-
sessing an nmmoniacal smell, having a strong alkaline reactron, and
combining with acids like ammonia. Tho amines are obtained by
heating the iodides of the alcohol radicals with ammonia:—

Etliylaminr-.

= HI

By acting again upon ethylamiue with ethyl iodide a second atom
of hydrogen is replaced by ethyl :—

Dicthylnmiuc.
GH

H J
C J U + H ^ N = III

Oa subjecting diethylamine to the same reaction we obtain triethyla-

mine 02H6 [-N. Instead of substitating the three atoms of hydrogen

in ammonia by one and the same radical, we may replace them by
different radicals, and thus obtain mixed amines, m methyl-ethyl-

amylamiue C.

The trianiines combine directly with iodides, just as ammonia
combines with hydriodic acid. The compounds thus obtained are
not decomposed by alkalis as (he salts of the amines are, but are
acted upon by moist oxide of silver, a hydroxide being formed:—

0 ^ J o
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Tetrethylammoiiium iodide yields tetrethylammonium hydroxide.
These hydroxides are non-volatile solids and very soluble in water;
they have a very strong alkaline reaction, and are as caustic as caustic
potash, and give with metallic salts reactions like those of the caustic
alkalis, like the latter they neutralize acids, a salt and water being
produced. The chlorides of these compound ammoniums, as well as
the hydrochlorides of the amines, form crystalline double compounds
with platinum tetrachloride and gold trichloride, corresponding to
the double salts of potassium- and ammonium chloride, and their
sulphates combine •with aluminium sulphate, forming alums isomor-
phous with common alum.

The monamines are readily acted upon by nitrous acid; just as
ammonium nitrite easily splits up into nitrogen and water, so a
solution of ethylammonium nitrite (which maybe obtained by decom-
posing the chloride with silver nitrite) yields on heating, nitrogen,
ethyl alcohol, and water:—

, = C3H6.OH + Ng + H2O

The other elements of the nitrogen group form compounds corre-
sponding to the amines, &c. :—

Kthylnhospltine. Ditstliylphosphlno. Triethylpliosphhie.

TmnctliylnTaino. ftiothylstitane. Tnethylbismutbiuo.

'-' • CLH,J-Sb
n TT I P'TT"

Alcohol radicals can also be combined with several metals; these
compounds correspond to the chlorides of the metals :—

itfaCl NaCaH6 Sodium Ethide

Zn I ^ s Zinc Ethide
\. i 6
(

8n -j £«||« Stannic Ethide.

The compound ethers of the acids of cyanogen have a particular
theoretical interest on account of each occurring in two isomeric
forms.

By acting -With silver fcyainde up'Oii ethyl Iodide we obtain ethyl
cyanide, a volatile liquid, Vhich is acted up̂ on by aqueous acids with
the formation of ethylttmihe and formic acid. Ethyl cyanide or ethyl

$*»<} i | also tornleti ty acting with caustic potash upon a
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solution of ethylamine in chloroform CC1?H. These reactions show
that in these carbamines, the alcohol radical is combined with the
nitrogen of cyanogen:—

(1) CN.CA + 2H8O . H ^ N . C ^ + CH2O2

(2) CC18H + H4N.CBH6« CN.C2H6 + 3HC1

The carbamines are transformed by the action of heat into
isomerides called" nitrites, which are therefore always obtained when
the metal in a metallic cyanide is replaced by an alcohol radical in a
reaction taking place only at a high temperature. The nitriles are not
acted upon by aqueous acids, but they are decomposed on heating
them with alkalis, ammonia being formed and a fatty acid, containing
one atom of carbon more than the alcohol radical. This reaction
shows that the carbon of the cyanogen is combined with the alcohol
radical. Thus the isomeric ethyl cyanide or propionitrile yields
propionic acid:—

C f t C2HD
| + 2H2O = | + Ntf8
CN CO.OH

"Whilst ethyl carbamine is still an ethyl compound, its isomeride
propionitrile does not belong to this group; but is a derivative of
propane C3H8, three atoms of hydrogen of this paraffin being replaced
by nitrogen.

The nitriles combine with hydrogen in the nascent state, forming an
amine. Thus propionitrile yields propylamine :—

CH3 CH8

CHj + 2H2 = CH4

CN CH?.NH2

ffliyl Cyanate Q „ j- 0 is formed by passing the vapour of cyanogen

chloride into sodium ethylate:—

By the action of alkalis it is decomposed in the same manner as
other compound ethers, alcohol and potassium cyanate being formed.

A body isomeric with ethyl cyanate is obtained by distilling a
mixture of potassium cyanate and potassium ethyl sulphate. In this
reaction most probably othyl cyanate is first formed, which how-
ever, at the high temperature at which the reaction takes place,
undergoes a molecular change, being converted into ethyl carbimide

N j p p , On heating this compound with caustic potash, we obtain
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ethylamine and carbon dioxide, which proves that the alcohol radical
is combined with nitrogen:—

C 02

The same kinds of isomerism occur amongst the ethers of aulpbo-
cyanic acid :~-

10-

T h e first o f t h e s e c o m p o u n d s y i e l d s , o n t r e a t i n g it w i t h c a u s t i c
p o t a s h , p o t a s s i u m s u l p h o c y a n a t e a n d e thy l a l coho l , w h i l s t t h e s e c o n d
w h e n h e a t e d w i t h w a t e r forms e t h y l a m i n e , carbon d i o x i d e , a n d
h y d r o g e n s u l p h i d e : —

N { o f 6 + 2 H * ° * N

T h e a l coho l s a n d t h e i r der iva t ive s fvro d i v i d e d in to t h r e e v e r y
d i s t i n c t groups .

( 1 ) PKtMARY ALCOHOLS AND FATTY ACIDS.

A l l paraffins c o n t a i n t h o group C H S twice ov m o r e . B y r e p l a c i n g
o n e a t o m of h y d r o g e n in o n e of these methy l g r o u p s b y h y d r o x y l w e
o b t a i n a primary a l coho l : —

Ethyl Alcohol. Prnpyl Alcohol. Isobutyl Alcohol.
C H , C H . O H . C H 3

| ' | S ^
0 H a . 0 H C H 2 C H

C l I O H O

T h e m o s t character i s t i c p r o p e r t y of the p r i m a r y a lcohols i s t h a t b y
t h e m o d e r a t e a c t i o n of o x i d i z i n g a g e n t s , t h e y f irst l o s e t w o a ton i3 of*
h y d r o g e n , a c o m p o n n d b e i n g termed ca l l ed a n aldehyde ( a l coho l
d e h y d r o g e n a t u m ) . E t h y l a lcohol y i e l d s a c e t n l d e h y d e : —

C 8HOO + 0 = C a H 4 O + H , 0

T h e a l d e h y d e s c o m b i n e a g a i n w i t h nascent hydrogen , b e i n g r e c o n -
v e r t e d i n t o a l c o h o l s , b n t t h e y m u c h more read i ly t a k e u p o n e a t o m
of o x y g e n a n d form m o n o b a s i c acids, w h i c h are c o m p o u n d s o f
m o n a d o x y g e n a t e d radicals , c o n t a i n i n g one a t o m of o x y g e n i n p lace
of t w o a t o m s o f h y d r o g e n i n the a lcohol r a d i c a l : —

Ethyl Alcohol. Acotic A d i
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These monobasic acids have been called fatty acids, because many
of them occur ready formed in different fats and oils. The hydroxyl
of these acids can be replaced by the elements of the chlorine group.
Thus by acting with phosphorus trichloride upon acetic acid, we
obtain acetyl uhloride:—

0 ) + PCI, -

The chlorides of the acid radicals differ from those of the alcohol
radicals by being less stable compounds ; they are rapidly acted upon
by water with the formation of the original fatty acid aud hydro-
chloric acid.

The hydrogen in the hydroxyl group can also be replaced by alcohol
radicals as well as by metals; the compounds thus formed are named
saline or compound ethers. These ethers may be formed by different
reactions. Thus ethyl acetate may be obtained—

(1) By heating potassium acetate with ethyl chloride :—

(2) By acting upon ethyl alcohol with acetyl chloride:—

(3) By distilling a mixture of ethyl alcohol and sulphuric acid with
potassium acetate:—

The oxides of the acid radicals, commonly called anhydridei, are
also known. Tims we obtain acetyl oxide or acetic anhydride by
acting with acetyl chloride upon potassium acetate:—

These anhydrides are readily acted upon by water, thus:

By acting on fatty acids with phosphovns pontasulphide we obtain
so-called thio-acids:—

0 ) + P2S6= 5 (C*H*° } S ) + P2OP2O6

These thio-acids are also monobasic, and form salts, saline ethers,
anhydrides, &c.:—

C H O I .
2 ' , . b Putassmni Thiacetate

a
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-S Etbyl Thiacetate

' 0 y S Thiacctic Anhydride or Acetyl Sulphide
I J

T h e a c i d r a d i c a l s c a n a l s o r e p l a c e h y d r o g e n i n a m m o n i a a n d i n t h e

a m i n e s ; s u c h c o m p o u n d a m m o n i a s a r e c a l l e d amides:—

A c e t - ^ n l j i D i a c e t - Q 2 & Q ) N E t h y l -

a m i d e p f a m i d e 2 V j d i a c e t a m i d e

I n a g r e a t n u m b e r o f r e a c t i o n s t h e f a t t y a c i d s a r e d e c o m p o s e d i n

s u c h a m a n n e r t h a t o n e a t o m o f c a r b o n i s s e p a r a t e d from t h e m o l e -

c u l e . W e h a v e a l r e a d y s e e n t h a t b y e l e c t r o l y s i s a c e t i c a c i d s p l i t s u p

i n t o h y d r o g e n , c a r b o n d i o x i d e , a n d m e t h y l , w h i c h l a t t e r i n t h e n a s c e n t

s t a t e c o m b i n e s w i t h a n o t h e r m e t h y l t o f o r m e t h a n e : —

O ) = 2 C O 2 + H ! 8 H

B y t h e s a m e r e a c t i o n b x i t y r i e a c i d C 4 H 8 O 2 y i e l d s h e x a n e C , U M : —

On heating a mixture of sodium acetate and caustic soda, marsh-gas
is formed:—

O n t h e o t h e r h a n d , a n y f a t t y a c i d c a n b e b n i l t u p s y n t h e t i c a l l y f r o m

a n a l c o h o l c o n t a i n i n g o n e a t o m o f h y d r o g e n l e s s .

S o d i u m n i e t h i d e c o m b i n e s d i r e c t l y w i t h c a r b o n d i o x i d e , f o r m i n g

s o d i u m a c e t a t e : - ~

N a C H s + C O 2 - N a C J I . 0 ,

B y c o m b i n i n g c y a n o g e n w i t h m e t h y l w e o b t a i n , a s a l r e a d y e x p l a i n e d ,

a c e t o n i t r i l e , w h i c h o n h e a t i n g w i t h c a u s t i c p o t a s h y i e l d s a m m o n i a

a n d p o t a s s i u m a c e t a t e : —

C H 8 C H ,

| + K O H + H . 0 = | + N I L

C N C O 8 K

F r o m f i l l t h e s e d i f f e r e n t d e c o m p o s i t i o n s a n d f o r m a t i o n s o f a c e t i c

a c i d i t a p p e a r s t h a t i t c o n t a i u s t h e g r o f l p C H S , a n d w e c a n e x p l a i n

a l l t h e s e r e a c t i o n s b y g i v i n g t o a c e t i c a c i d t h e r a t i o n a l f o r m u l a

P H C O 1
3 { i \ O , b e i n g a c o m p o u n d o f m e t h y l w i t h t h e m o n a d g r o u p

"• ) n o
r * o 7 —

u r O o r i w h i c h h a s b e e n c a l l e d carboxyl o r osmtyl. T h i s

1 1 » O H
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compound radical is present in most of the organic acids, and the
basicity of an acid depends on the number of times il occurs. Thus
the fatty acids are compounds of carboxyl with monad alcohol
radicals, their general formula being CnIL> + . CO ) n

HfU -
The group carboxyl is derived from methyl by oxidation :—

OH, CH8 CH,
I Ethane | Ethyl Alcohol j Acetic Acid
CH8 CHj-OH CO.OH

Carhoxyl is also, as we have already seen, easily derived from
cyanogen, which by the action of alkalis takes up water and forms
ammonia and carboxyl:—

CH» CH,

CN
+NHL

CO OH

OQ the other hand, carboxyl can again be reconverted to cyano-
gen ; by heating ammonium acetate, it decomposes into water and
acetemide:—

CH8 CH8

I » I + HaO
CO.ONH4 CO.NH2

And on distilling acetamide with phosphorus pentoxide another
molecule of water is taken, out and acetonitrile is formed:—

CH. CH.
I - I
JO.NE, UNA c ' - - - ' - ' * " *

By acting on fatty acids with chlorine, substitution take3 place in
the alcohol radical; thus from acetic acid the following three chlo-
rinated acids ha,ve been obtained •.—

MonocWoracolio Dichlorocotio Triclilomcotic
Acid. AeiJ, Acid.

CH.01 CHW8 OUla
I I I
CO.OH CO.OH CO.OH

In the place of chlorine we may nlso introduce bromine or iodine,
and these elements can again be exchanged by other monad radicals.
By replacing them by alcohol radicals we obtain higher members of
the series of fatty acids-, tlms,by heating iodacetie acid with ethyl
iodide and finely divided silver, butyric acid is formed:—
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CH8 CH,

CH8t

CO.OH CO.OH
If we act upon the compound ether of a fatty acid with sodium,

hydrogen is replaced by the metal; thus ethyl acetate yields aa the

first product of the reaction sodacetic ether |
CO.OC?H5.

By treating this compound with ethyl iodide the ethyl and sodium
change places, and the ethyl ether of ethyl-acetic acid or butyric add
is formed.

It will be easily understood how, by employing other alcoholic
iodides, the whole series of the fatty acids may be built up syntheti-
cally.

By the further action of sodium upon sodacetic ether the compounds
CHNaa CNaj
| and | are formed, which are acted upon by the

CO.OCjH6 CO.OCjHg
iodides of the alcohol radicals in the same manner as sodacetic ether.
Thus by treating them with methyl iodide disodacetic ether yields
the ethyl ether of dimetkyl-acetic or isobutyric acid, and trisodacetic
ether gives the ethyl compound of trimthyl-acetic or tertiary valeriauic
acid:—

Igobutyric Acid. Tertiary Valerianic Acid.
CH 3CH a CH3

, - C - C H ,

'«"• COaH

All fatty acids can he again reduced to the alcohols from which
they are derived by oxidation.

(1) By distilling an intimate mixture of dry calcium formate with
the calcium salt of a fatty acid, the aldehyde of the latter is pro-
duced :—

H CHa

CO2H

I + I = | + CO2 + H2O
CO.OH CO.OH COH

The aldehydes combine readily with nascent hydrogen, as we have
already seen, and ace converted into alcohols.

(2) On acting on a mixture of an acid and its chloride wifh sodium
amalgam the chlorine is replaced by hydrogen, and the aldehyde thus
formed combines with a molecule of hydrogen:—
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The following table contains all the primary alcohols and fatty
acids which have been more closely studied :—

SERIES OF PRIMARY ALCOHOLS. SEMES OF FATTY ACIDS.

Methyl Alcohol
Ethyl
Propyl
Butyl
Pentyl „
Hexyl „
Heptyl „
Octyl

Isobutyl Alcohol
Amyl „
bohexyl „
Isoheptyl „

Oetyl Alcohol

Ceryl
Meliasyl „

CH<0
CjHeO
C8H8O
C4H1OO
C6 H,,0
C.H«O
C7HWO

C4HMO
C6HMO
C8HMO
C7HWO

CMHMO

CMHMO
CsoEJd

Boiling-
point.
66°
78-4
97

116
137
157
176
195

109"
132
150
165

Molting-
point.

50°

79
85

Formic Acid
Acetic „
Propionic „
Butyric „
Pentylic „
Hexylic „
Heptylio „
Octylic „
tfonylio „

IsobutyricAcid
Valerianic „
Isohexylic „
Isoheptylic „

Capric Acid
Laurie „
Myristic „
Palmitic „
Stearic „
Arachidic „
Behenic „
Cerotio „
Melissic „

CH2O2
C2H4O2

CSH9O2

C4H Oa

C0HwO2

c ^ o ^
C6 HWO2
Co H12Oa
CrH14O2

C10H82Oa
OjgH^Oj

Boiling-
point.
100°
118
141
163
185
205
224
233
254

153°
175
199
212

Molting-
point.

30°
43-6
53-8
€2
69-2
75
76
78
80

The alcohols and acids forming the first group contain the carbon-
atoms linked together in a single chain, and are called normal
compounds, whilst those constituting the second group have the
carbon-atoms arranged in the same way as in the second group of the
paraffins. The constitution of the members of the third group, which
all occur ready formed in nature, is not yet exactly known.
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(2) SECONDARY ALCOHOLS AND KETONES.

In the secondary alcohols the group OH is linked to a carbon atom,
itself combined with two other atoms of carbon. The lowest member
in the series contains consequently three atoms of carbon, and is the
secondary propjl alcohol or dimethyl carbinol:—

CH8

OH = £*[

C

CH.OH = £*[» 1CH.OH

This body may be regarded as methyl alcohol in which two hydro-
gen atoms are substituted by methyl, and has therefore received the
name dimethyl carbinol, the term carbinol being used for methyl
alcohol in order to avoid such cumbrous terms as dimethylated
methyl alcohol, &c.

Secondary alcohols are formed by several general reactions:—
(1) On acting with chlorine upon the paraffins there is always a

mixture of a primary and a secondary chloride formed at the same
time.

(2) All alcohols of polygenic radicals yield, on heating them with
an excess of concentrated hydriodic acid, secondary iodides. Thus
mannite COH8(OH)O is converted by this reaction into a secondary
hexyl iodide:—

C6H8(OH)O + 11HI » C6H18I + 6H2O + 61,

(3) The hydrocarbons of the series CJS^ combine directly with
the hydraeids forming secondary chlorides, bromides, or iodides:—

OH, CHS

CH + HI - CHI
II I
0H2 CH3

From those chlorides, &c, the alcohols are obtained by the same
reactions by which the primary chlorides are converted into alcohols.

The secondary alcohols, as well as their haloid ethers, differ from
the primary compounds by being much more easily resolved into an
define and water or a hydracid. Both groups, however, are most
readily distinguished by their products of oxidation. The secondary
alcohols lose in the first instance, like the primary alcohols, two
atoms of hydrogen, but the compound thus formed is not an aldehyde
but an acetone or ketow;—•
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Dimethyl Cnfbinol. Dimethyl Ketono.

CH8 CH8

CH.OH - H, . CO

CH8 CH8

The ketones contain two alcohol radicals combined with carbonyl;
they may be obtained by different other reactions besides the oxidation
of secondary alcohols.

(1) By the action of the zinc compounds of the alcohol radicals
upon the chlorides of the fatty acids. Thus zinc methide and acetyl
chloride yield dimethyl carbinol, and by acting upon the same chloride
with zinc ethide, methyl-ethyl ketoue is produced :—

ZnCl2

(2) Ketones are also formed by the destructive distillation of the
calcium- and other salts of fatty acids, or by passing the vapours of
these acids through a red-hot tube:—

CH8
CO.OH |

= CO + CO, + H2O
CO.OH

CH4

The ketones are capable of combining with nascent hydrogen like
the aldehydes, a secondary alcohol being again formed; but on
further oxidation they do not yield like the aldehydes an acid
containing the same number of onrbon atoms, bnt the molecule is
broken up into two fragments according to tho following law. The
most simple alcohol radical remains combined with the carboxyl and
forms a fatty acid, whilst tho other alcohol radical is oxidked exactly
in the same way as the alcohol corresponding to it would be. Tims

dimethyl Jcelone Q 5 S [ CO yields acetic acid and formic acid (or carbon

CII 1dioxide); methyl-ethyl ketone X , | [CO yields only acetic acid, and

iiethjl ketonc ^ 2 S 6 \ CO acetic and propionic acids, and the same

CH >
two acids are obtained from mdhyl-propyl ketone ^ j£> S-CO, whilst

CII } .
mthyl-i&opropiil MOM ,nr( s ^rf \ CO is first resolved into acetic^ •r" (unco i l , )
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acid and dimethyl ketone, which latter is then further oxidized as
stated above.

The constitution of a secondary alcohol, as well as a ketone, cau
therefore be easily ascertained by examining their products of oxida-
tion. Thus the secondary hexyl alcohol from mannite was found to

he mdhyliutyl carbinol Q g 8 > CH.OH; for it yields on oxidation

first a ketone, which on further oxidation is resolved into acetic and
butyric acids.

The following table contains the secondary alcohol? wbicli have so
far been prepared:—

Boiling point.

Dimethyl Carhinol j ^ j CH.OH 84°

Methykthyl Carbinol ^ 3 } c H . O H 97

Methyl-isopropylOarbinol,CH, qfil Cff.OH 108

Methyl-propyl Carbinol ^ s } c H . O H 120

Methyl-butyl Carbinol ^ 1 CH.OH 136

Methyl-amyl Carbinol ( C H . c ° M c H . O H 147

Methyl-pentyl Carbinol ^ s l c R O H 160

Methyl-hexyl Carbinol . ^ » 1 CH.OH 181

Methyl-nonyl Carbinol P
C

TFS} CH.O.H 229

(3) TEBTURY AiCOHOtS.

In these alcohols the hydroxyl is combined "with a carbon atom
itself linked to. throe others, the lowest member of the group being
trimethyl carbinol or tertiary butyl alcohol (CH3),C.OH. Tertiary
alcohols ar.e formed by one general reaction, viz. the action of the
chlorides of the fatty acids upon the zinc compounds of the
alcohol radicals. As we have already seen, acetones are formed by
acting with hvo molecules of these chlorides upon oue molecule of
the zinc compound, but when an excess of the latter is employed the
acetone combines •with it just as it combines with one molecule of
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hydrogen. Thus on adding an excess of zinc methide to acetyl chloride

we obtain the compound CHg VCO.ZuCHj, which is decomposed by
CH s j

water with the formation of trimethyl carbinol, marsh-gas, and zinc
hydroxide :—

CH8) CH8-)
CHS VCO.ZnCH8 + 2H2O = CHS J-C.OH + CH, + Zn(OH).
O H j C H j

The oxidation of tertiary alcohols takes place according to a law
similar to that which rules the oxidation of the ketones; the most
simple alcohol radical remaining combined with the carbon-atom by
which the whole group is kept together, whilst the two other radicals
are oxidized separately.

The following tertiary alcohols are known :—
Boiling-point.

Trimethyl Carbinol CH, VC.OH 82°
C H j

Dimethyl-ethyl Carbinol CH, VC.OK 100

CH8)
Dimethylisopropyl Carbinol UHS J-C.OH 112

(CH3),CHJ

CHS)
Dimethyl-propyl Carbinol CHg VC.OH 115

C H J

Methyl-diethyl Carhinol

Triothyl Carbinol

Diethyl-propyl Carbinol

c X }c.OH

C!H! ic .oH
C A i

c X J-CLOff
C 3 H J

120

140

—

A very singular reaction must be mentioned here by which normal
primary alcohols may \>Q converted into isoalcohols, secondary, and
tertiary alcohols. This general method consists in heating the hydro-
chlorides of the amines with silver nitrite and water. Thus when
normal propylaniine is submitted to this reaction it is converted into
secondary propyl alcohol:—-
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CH8 CH,

CH8 + NO.OH = CHOH + N2

CH2.NH2 CH,

By the same reaction primary normal butylamine is transformed
into isobutyl alcohol, and isobutylainine into tertiary butyl alcohol:—

CH8 CH8

CH, CH2
• + NO.OH = I + N2 + H20
3H, CH.OH

C
I
C

CH2.NH2 CHj

CH
3 CHS CH»

H2 \ /A
I " + NO.OH = C . 0 H + N 2 + H 2 0
CH.0H I

CH8
 8

The action of nitrous acid on the monamines may thus be described
as always producing the alcohol of a radical containing one more
methyl group than the original amine, provided the amine be capable
of forming an isoineride containing one more methyl; thus tertiary
butylamine cannot contain more than three methyl-groups, and yields,
therefore, by the above reaction again the tertiary alcohol.

METHYL COMPOUNDS.

Mdhyl Alcohol CH3.OH.—-This compound, commonly called wood
spirit (jtiOv wine, SXJJ wood), occurs amongst the products of the de-
structive distillation of wood, forming about one per cent, of the
aqueous distillate. To isolate it, the liquid, which contains a large
quantity of acetic acid, is distilled, and the first portion of the distil-
late, consisting of aqueous methyl alcohol mixed with other volatile
bodies, such as methyl acetate, acetone, dimethyl aoetal, and empy-
reunmtic oils, is rectified over quicklime. On adding anhydrous cal-
cium chloride to the liquid, heat is evolved, the methyl alcohol
combining with the calcinm chloride forming a solid crystalline com-
pound, whilst the other bodies present remain as an oily layer which
is poured off, the last traces of these being removed by heating the
solid mass to 100°, at which temperature the compound is not decom-
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posed. The dry residue yields, on distillation with water, aqueous
methyl alcohol, which ia dried ove* quicklime and again distilled
from a water bath.

The alcohol thus obtained is not quite pure. To prepare the pure
compound, purified wood Bpirit is carefully mixed with its own weight
of sulphuric acid, two parts of potassium binoxnlate are added, and
the mixture distilled As soon as crystals of methyl oxalate appear
in the neck of the retort, the receiver is changed and the distillation
continued as long as this compound conies over. These crystals are
finely powdered, pressed between filter paper, and dried over sulphuric
acid. On distilling the pure ether with water it splits up into methyl
alcohol and oxalic acid:—

The dilute methyl alcohol thus obtained is distilled from a water
bath, to remove the greater part of the water, dried over quicklime,
and rectiiied.

The winter-green oil from GaiUtheria prommbens, a plant indi-
genous to North America, consists chiefly of the methyl ether of
salicylic acid. On distilling this oil with caustic potash pure methyl
alcohol is obtained.

Methyl alcohol is a colourless, mobile liquid, possessing a pure
spirituous smell; its specific gravity is 0-8142 at 0°, and it boils at
66°. I t burns with a bluish non-huninous flame, and is miscible
with water in all proportions. With caustic baryta and with cal-
cium chloride it forms crystalline compounds which are decomposed
by water.

Methyl alcohol is used instead of spirits of wino as a solvent for
resins, essential oils, &c, for heating purposes, and in the manufacture
of aniline colours.

On oxidation it is converted into formic acid; this acid is also
formed by passing the vapour over heated soda-lime:—

CHyOH + NaOH = CHO.ONa + 2 ^

Potassium and sodium dissolve in methyl alcohol with the evolu-
tion of hydrogen. On cooling, the compounds CH8.OK or CHs.ONa
crystallize out, whicli are decomposed by water, methyl alcohol and
caustic alkali being formed.

Methyl Chloride CHSC1 is obtained by heating a mixture of one
part of methyl alcohol and three ports of sulphuric acid with two
parts of common salt :—

CHyOH + NaCl + H(jSO4 « CH8C1 -t- NaHSO4 + H2O

It is a colourless gas, possessing an ethereal smell. When exposed
to a low temperature it is condensed to a mobile liquid, boiliug at
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~ 21°. It burns with a fine green flame, like most organic chlorine
compounds. On heating it for some time in closed vessels with
caustic potash to 100° methyl alcohol is formed :—

CH8C1 + KOH . CH3.OH + EC1

Methyl Bromide CH8Br is formed by acting on methyl alcohol
with phosphorus and bromine. It is a colourless liquid, heavier than
water, and boiling at + 13°.

Methyl Iodide CHjI.—To prepare this compound 100 parts of
iodine are gradually added to a mixture of thirty-five parts of puri-
fied wood spirit and ten parts of amorphous phospnorus. Alter
standing for some hours the methyl iodide is distilled off:—

6CH3.OH + 51 + P « 5CH3I + HSPO4 4- H2O

Methyl iodide is a colourless liquid with the specific gravity 2'2 at
0°. It boils at 43°, and possesses a peculiar smell somewhat resem-
bling that of garlic. Like other alcoholic iodides it becomes brown
when exposed to light and air by the separation of free iodine. It is
used in the manufacture of aniline violets and green.

Methyl Mitrate N Q
3 \ O, a colourless liquid with a pleasant smell,

is obtained by distilling a mixture of methyl alcohol, saltpetre, and
sulphuric acid. It boils at 66° and its vapour, when heated to 150°,
decomposes with a violent explosion. I t is also used in the manu-
facture of aniline colours.

Metkylsdphurie Acid C^JSO 4 .—On mixing methyl alcohol with

concentrated sulphuric acid much heat is evolved, the following
reaction taking place:—

CH3.OH + S } S 04 = C I { | } SO, + H2O

To obtain the pure compound the mixture, which contains some
free methyl alcohol aud an excess of sulphuric acid, is diluted with
water, and carefully neutralized in the cold with freshly precipitated
barium carbonate, and the filtrate evaporated at a low temperature
to obtain the barium salt of the monobasic methylsulphuricj acid,
which forms colourless crystals having the composition (CH^SO^JBa
+ 2H2O. On adding dilute sulphuric acid to the aqueous solution
of this salt until all the barium is precipitated, a solution of the free
raethylsulphuric acid is obtained, which on evaporation in vacua
crystallizes in white needles which are readily soluble in water,
forming a strongly acid solution.

Methyl Sulphate (CHS)»SO4 is produced by distilling a mixture of
one part of methyl alcohol and eight parts of sulphuric acid. It is a
colourless liquid, smelling like leek, and boiling at 188°, On heating
it with water it yields methyl alcohol and methylsulphuric acid.
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CH 1
Dimethyl Ether or Methyl Oxide CTT8 f 0. — This compound is

formed by the action of methyl alcohol on mefchylsulphuric acid:—

CH.,
H

To prepare it methyl alcohol is distilled with four times its weight
of sulphuric acid, whilst by using a larger quantity of the acid an
exchange occurs in the opposite direction, methyl sulphate and
water being produced.

Dimethyl ether is a colourless gas, smelling like common ether;
it can be condensed to a liquid, boSing at - 21°, and combines with
sulphur trioxide, forming methyl sulphate:—

METHYL CYANIDKS.

Methyl Cyanide w Methyl CarbamiM CN.CH8.—To obtain this com-
pound two molecules of silver cyanide and one molecule of methyl
iodide diluted with some ether are heated together for some hours in
sealed tubes. The products of the reaction consist of silver iodide and
a crystalline double compound CN.CHS + AgCN, which is decomposed
on distilling it with potassium cyanide and water.

Methyl carbamine is a colourless liquid, boiling at 58° and possess-
ing a most penetrating, unbearable smell; the inhalation of its vapour
produces a bitter taste in the mouth and deep down in the throat.
In larger quantities it causes giddiness, nausea, and headache. Water
acts on it slowly, move quickly, however, in presence of acids, formic
acid and methylaniine being formed :—

CN.CHS + 2H2O = H2N.CHS + CH2OS

On heating it gently with mercuric oxide, different products are
formed, amongst which methyl carbimide is found :—

Acetmiitrile j pS3.-—On distilling a mixture of potassium cyanide

and potassium methylsolphate, only a small quantity of methyl
carbamine is obtained, the greater portion undergoing a molecular
change, and forming the isomeric nitrile, a colourless liquid, boiling at
77°,*and possessing a penetrating but not disagreeable smell. It is
not acted upon by dilute acids, but on heating it with a solution of
caustic potash it yields ammonia and potassium acetate:—

CH3.CN + KOH + H,0 = »
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Methyl CarbhnUe N j Q Q 8 is obtained by distilling a mixture of

potassium cyanate and potassium methylsulphate. It is a colour-
less, very volatile liquid, having a very pungent and irritating smell.
This body has for a long time beeu regarded as methyl cyanate,
a compound which ia not known; on heating it with caustic potash
it does not yield potassium cyanate and methyl alcohol, as would be
the case if it were a cyanic ether, but it gives potassium carbonate
and methylamiue:—

PH 1
Methyl Sidphocyanate QJJ J S, a colourless liquid, boiling at 133°,

and smelling like leek, is produced by the distillation of potassium
8ulphocyanate with potassium methyl sulphate.

Methyl Sulplwcarbimidc 181 Qg$>—Methylamine combines with

( NH CH
carbon disulphide, forming wethylsulphocarbonic acid, CS < g j . ' 8<

On heating the silver salt of this acid with water, the following de-
composition occurs:—

Methyl stilphocarbimide forms white crystals, melting at 34° and
boiling at 119°; its odour ia pungent, and resembles that of horse-
radish. The 8ulphocarbimides are also called mustard oils, because
they all have a great resemblance to the essential oil of mustard,

which consists of allyl aulphocathimide N

NITROGEN BASES OF METEYL.

When melhyl iodide is heated in closed vessels with an alcoholic
solution of ammonia, the hydriodides of the three aniines, together
with tetramethylamraonium iodide, are formed at the same time.
To separate these compounds the liquid is filtered., the greater part
of the tetraminoDium iodide, which is sparingly soluble, in alcohol,
being left behind. The filtrate is evaporated to dryness, and the resi-
due distilled with caustic potash. The vapour is passed into a veil-
cooled receiver, in order to condense the diinethylainine and trime-*
thylamine, whilst the greater part of the methylamjne escapes and is
absorbed by dilute hydrochloric aoid. The mixture of the two bases,
containing a little methylamine, is mixed with ethyl oxalate, when the
following reactions take place:—
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Methylamine forms methyloxamide :—
2(NH2.CHS) + CJOJCOCJH,), _- CjO^NH.CH^ + 2(CaH5.OH)

Dimethylarnine is converted into the ethyl ether of dimethyl-
oxaiaiuic acid:—

Trimethylamine, which is not acted upon by the oxalic ether, is
removed by distillation from a water bath, and the residue exhausted
with water, which dissolves the dimethyl-oxamic ether, whilst
methyloxamide is left behind.

(CH,
Methylamine N< H is obtained by distilling the bydrochloride

( H
or methyloxamide with caustic potash. It is also formed by heating
methyl nitrate with aqueous ammonia to 100°:—

CH8,NO8 + NHS = ° 2 4 N.N08H

On bringing hydrocyanic acid in contact with tin and hydrochloric
acid it combines with the nascent hydrogen to form methylamine:—

A fourth method to obtain this base is the decomposition of methyl
carbimide by alkalis; this is the reaction by which it was dis-
covered.

Methylamine is a colourless gas, condensible by means of a freezing
mixture to a colourless, mobile liquid. It possesses a strong ammo-
niacal smell, and is more soluble in water than ammonia, one volume of
water at the common temperature dissolving about 1,000 volumes of
the gas. Methylamine is inflammable, and burns with a yellowish
flame. The aqueous solution precipitates metallic salts like ammo-
nia; the precipitate produced in copper salts is soluble in excess,
forming a deep blue liquid, but the hydroxides of cobalt, nickel, and
cadmium are insoluble in methylamine, whilst silver chloride is readily
dissolved. With acids it forms neutral soluble salts; the platinum
double chloride (N(CHg)aHCl)8 + PtCl4 crystallizes from boiling
water in golden yellow plates.

Methylamine occurs in the brine of herrings and amongst tho pro-
ducts of the destructive distillation of animal matter and wood.

CH8)
Dimihylamine CH, 5-N is obtained by distilling ethyl dimethyl-

oxamate with caustic potash:—

{ H
 3)2 + ° A { OK

2 K 0 H - N { H3)2 + ° A {
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It is a colourless gas possessing an ammoniacal smell, and con-
densing at + 8° to a mobile liquid.

Trimethylamine CH, J-N boils at -f 9-3°, possesses a strong smell of
CH.J

ammonia and herrings brine, and is miscible with water. It occurs
in many plants, as in the flowers of the hawthorn and the pear-tree,
and in Chmopodiuvi mdvaria, as well as in different animal liquids.'
Very often it is met with as a product of the decomposition of nitro-
genous animal or vegetable compounds; thus herrings' brine contains
it in so large a quantity that it can be easily prepared from it by dis-
tillation with alkalis.

When trimethylamine is mixed with methyl iodide, heat is evolved,
tetramethylammmium iodide "S(CB^tl being formed, a salt which
forms colourless crystals and is not decomposed by alkalis. Ou treat-
ing its aqueous solution with freshly precipitated silver oxide, a
strongly alkaline solution of the hydroxide N(CHg)40H is obtained,
which by evaporation in, vacuo over sulphuric acid is left behiud as a
crystalline mass, which is as caustic ns caustic potash. When exposed
to the air it rapidly absorbs water and carbon dioxide.

PHOSPHORUS BASES OF METHYL.

MethylphospJdiu H >-P.—The hydriodide of this base is produced
H J

on heating a mixture of methyl iodide, phosphoninm iodide, and
zinc oxide in sealed tubes for four hours to 150 :—

2CH8I + 2PH4I +• ZnO = 2(P(CHS)HS!.HI) + Zur, + H8O

On adding water the hydriodide splits up into hydriodic acid and
methylphosphine, a colourless gas, having a most penetrating and
overpowering smell. By pressure or cold it is condensed to a light
liquid, which boils at — 14°. On mixing the gas with air it takes
oxygen up, forming white fumes, and when gently heated it takes
fire. With acids it readily combines, forming well-defined salts,
which are all decomposed by water. These salts possess the remark-
able property of bleaching vegetable colours, whilst the free base does
not act upon them. This can be easily shown by holding litmus
paper, which has been partly moistened with an acid and partly with
water, in the gaseous base, when only the portion moistened with the
acid will be bleached. Amongst the salts the most characteristic is
the hydriodide N(CHg)HsI, obtained In compact crystals by passing
the gaa into most concentrated hydriodio acid, whilst from hydriodic
acid diluted with ether it crystallizes in iridescent platea

On passing methylphosphine into fuming nitric acid it is oxidised
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dibasic methylphosphinic acid PO8(CH3)H2 being formed, a white
crystalline mass, readily soluble in water, and possessing an acid taste.

Dimthylphosphine CH.VP.—The hydrio&ide of this base is

y

H.VP.—

h l hformed together with methylphosphine, and remains behind after the
addition of water in combination with zinc iodide :—

2CHSI + PH4I + ZnO = (CH^HP.HI, Znl4 + HjO

This double compound is decomposed by caustic potash, and the
free base obtained as a colourless liquid boiling at 25°. Exposed to
the air it takes fire, and burns with a luminous phosphorus-like flame.

By the action of nitric acid it is converted into dimethylphospbioic
acid POJCHgJgH, which is monobasic and forms a white crystalline
mass melting at 76° and volatilizing at a higher temperature without
decompositioa

CH3)
TrimtJt/ylpltospMne CH8J-P ia formed by tlxe action of zinc

^H 8 j
methyl upon phosphorus trichloride. It is a colourless liquid, boiling
at 40° and possessing a peculiar penetrating smell It combines with
methyl iodide to form tetmmethjlpiwsphoniurii iodide P(CH,)4I, white
crystals, the solution of which is decomposed by moist silver oxida
with the formation of the strongly alkaline and caustic hydroxide
P(CH.)4OH. The iodide is also formed together with trimethyl-
phospnine hydriodide by heating methyl alcohol with phoaphonhira
iodide in sealed tubes :—

3 ° ^ 1 0 + PH4I = (CH^P, HI + 3** j 0

0 + PH 4 I« ( C I ^ P I + 4*J J 0

ABSENIC BASKS OP METIIYL.

The compounds of methyl with arsenic may lie considered as being
derived from arsenic trichloride:—

Arsonio Trichloride. Areenraothyl Dichlorido.
f C l f C H 3

l A ^ Cl '
c i

Trichloride. Areenraothyl Di
f C l f C

s-^ Cl As-^ Cl
( c i ( c i

Arwndimothyl CMorido. Arsentrimotliyl.
f C H s r C H ,

As-JCHg A 8 i 9 M 3

c

y y

I C l ( C H ,
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These componnds combine (in a manner analogous to phosphorus
trichloride) directly with one molecule of chlorine, and the com-
pounds thus obtained are decomposed by heat with the elimination
of methyl chloride :~-

CH8C1

CH3C1

The compound of arsenmethyl diohloride with chlorine can only
exist at a very low temperature, as it is rapidly decomposed even
below 0° s—

Trimefhylqmne As(CH,)8 is easily formed by the action of
methyl iodide upon sodium arsenide AsNa,. It is a colourless
liquid, boiling at 120° and possessing an unbearable garlic-like odour.
It combines readily with the iodides of the alcohol radicals.

Ttiramethylarsotwtm Iodide A s ^ H ^ I crystallizes in shining
plates; its aqueous solution is easily acted upon by silver oxide. On
evaporating the alkaline solution thus formed over sulphuric acid,
the hydroxide As(CHg)4OH is obtained in deliquescent crystals; it
combines readily with acids, forming well-crystallized salts.

Compounds of Arsmdimethyl.—The starting-point for the prepara-
tion of these compounds is the so- called alcanine or cacodyl oxide,
a highly poisonous liquid possessing a most horrible smell. This
body is obtained on distilling a mixture of arsenic trioxide and
potassium acetate, a mixture of arsmdimethyl oxide with some arsen-
dimethyl being thus formed, which owing to the presence of the
latter compound, takes fire in the air. With fuming hydrochloric acid
it yields arsmdimethyl chloride A8(CH3),C1, a colourless liquid boiling
at 100% and possessing a nauseous smell; its vapour attacks the eyes
and the mucous membranes. By distilling the chloride with a solution

of oaxwtic potash it yields pure arsendimeihyl oxide . Mn j ? \ 2 c 0> am

oily liquid boiling at 120°, which is not spontaneously inflammable
ana does not fume when exposed to the air,

Arsendimethyl^^^jor Cacodyl («<*«<>?, 38«i»), obtained by

heating the chloride with zinc, is a heavy liquid, boiling at 170°, It
possesses an arsenical penetrating smell, and is a very strong poison.
In contact with the air it takes fire and burns with a yellow flame,
giving off dense clouds of arsenio trioxide. "When air is brought
slowly in contact with it, it is oxidized to cacodyl oxide and cacodylic
acid.

Caeodylic Acid 8 ^**s )^ I o is best prepared by adding mercuric

oxide to arsenditmthyl oxide, which is covered by a layer of water \
metallic mercury separates out, and on evaporating the solution, the
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acid is obtained in large colourless crystals, which are odourless and
have a slightly acid taste. It is not poisonous.

Arsmrmmomethyl Compound*.—Araendimethyl trichloride yields, as
we have seen, on heating, methyl chloride and arsenmonomethyl
dichloride. The latter compound is also obtained by the action of
dry hydrochloric acid upon cacodylic acid:—

A8(CH,)«2 J 0 + 3HC1 = AsCCH^Clj + CH8C1 + 2H,0

Arsenmonomethyl CMorvk AsCHsCls is a colourless strotigly refract-
ing liquid boiling at 135°; its vapours violently attack the mucous
membranes. On adding water and potassium carbonate to it the
oxide AsCHgO is obtained in colourless crystals, which smell like
asafcetida. By the action of water and silver oxide upon the oxidey p
or chloride the silver salt arsenmonomcthylic acid AsCHg I QJ^J is

formed. The free acid, obtained by decomposing the barium salt with
sulphuric acid, crystallizes in colourless plates and possesses a jnire
acid taste.

METHTTIiBORINE OR BOltON-METHYl, B(CH3)8

is formed by a singular reaction; it is obtained by acting on ethyl
borote with zinc-methyl:—

3
It is a colourless gas, having a pungent smell •, exposed to air it

takes fire, burning with a smoky green flame. By strong pressure or
* cold it can be condensed to a liquid. It combines with dry ammonia,
forming the compound B^H^gNHg, a white crystalline mass.

COMPOUNDS OF JJKTHYL WITH METAW.

Zinc Methidc or Zmcmdhyl Zn(CHs)a is produced by heating ssinc
with methyl iodide. It is, however, much mote readily formed when
mercuric methide is heated vrith grannlated zinc in a sealed tube for
24 hours to 120°. Zinc tnetlude is a colourless mobile liquid, pos-
sessing a peculiar disagreeable smell. It takes fire in the axe, burning
with a greenish blue flame, and with the formation of dense clouds of
zinc oxide. With water it forms zinc hydroxide and methane:—
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On adding sodium to zinc methide, zino separates out, and a
crystalline compound Zn(CH3)2 + NaCHs is formed. It has not
been possible so far to isolate from thi3 compound pure sodium
methide NaCHj. On passing carbonic dioxide over it, it is absorbed,
with evolution of heat and formation of sodium acetate:—

NaCH8 + C02 = NaC2H3O2

Merewrie Methide Hg^Hg)^—Methyl iodide is not acted upon by
liquid sodium amalgam, but on adding a small quantity of acetic
ether, a brisk reaction set in, sodium iodide and mercury methide
being formed. It is not understood what part the acetic ether plays
in this reaction, as it remains unaltered.

Mercuric methide is a heavy colourless liquid with a peculiar though
not an unpleasant smell. It is most poisonous, is not acted upon by
the air, and boils at 95°,

METHANE AND ITS SUBSTITCHON PRODUCTS.

Methane, Methyl Hydride, CH4.—This gas occurs in nature, being
always formed when vegetable matters decay in the absence of air.
It ia found in coal mines (firedamp), and in marshes and stagnant
waters (marsh-gas), and in many districts it is evolved from the
soil, as in Baku on the Caspian Sea, where the holy fires have been
burning from time immemorial. Although the most simple of all
hydrocarbons, it cannot be produced by direct combination of carbon
and hydrogen, but is formed by passing hydrogen sulphide, mixed
with the vapour of carbon disulphide, over red-hot copper;—

CSa + 2SHa + 4Cua = CH4 + 4CuaS

Pure methane is obtained by the action of water upon zinc methyl,
but a readier method to prepare it is to heat a mixture of dry sodium
acetate with twice its weight of soda lime;—

Methane is a colourless, inodorous gas, which burns with a pale
flame. It has not yet been oondensed to a liquid by the strongest pres-
sure or cold. With ten volumes of air or with two volumes of oxygen
it forms a mixture, which on applying a light ignites with a violent
explosion. By exposing a mixture of equal volumes of marsh-gas and
chlorine to direct sunlight an explosion takes place, with the separa-
tion of carbon; but in diffused light the action goes on more gently,
the principal product being methyl chloride, and if an excess of
chlorine is present higher chlorinated substitution products are
formed, These bodies are generally regarded as compounds of dyad
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triad radicals, but as they bear very little relation to other groups
of carbon compounds they will be treated of here.

Afethene BvMoride, Dichkromelhane CILClj can be obtained by the
action of chlorine upon marsh-gas, or by adding hydrochloric acid and
zinc to an alcoholic solution of chloroform. It is a heavy liquid,
smelling like chloroform and boiling at 41°.

Chloroform, Trichloromethane CHCL,.—The third substitution pro-
duct of marsh-gas is also formed by the action of bleaching powder on
ethyl alcohol, and other carbon compounds. To prepare it ten parts
of bleaching powder are mixed with forty parts of hot water in a
large still, and one part of spirits of wine is added; a reaction soon
sets in by which sufficient heat is evolved to drive the chloroform
over.

Chloroform is a colourless mobile liquid, possessing a peculiar
sweetish smell and taste. It boils at 62°, and has at 0° the specific
gravity 1-525. The inhalation of its vapour produces anaesthesia,
and it is therefore largely employed in surgical operations. I t is also
used as a solvent for iodine, bromine, alkaloids, gutta percha, &c.

The smallest quantity of chloroform can be easily detected by
adding to the liquid to be tested a monamine (or aniline) and an
alcoholic solution of caustic potash. When it is present in larger
quantities the peculiar odour of the carbamines is given off at once,
or after gently heating when only traces are present. Vice versd,
chloroform can be used for detecting the presence of a monamine.

TetrachlorometAane, Carbon TetrackloruU CCL is best prepared by
acting with chlorine upon chloroform in the sunlight; it may also be
obtained by passing chlorine and carbon disulphide through a porcelain
tube filled with fragments of porcelain. It is a heavy liquid, boiling
at IT and possessing the odour of chloroform. On heating it with an
alcoholic solution of potash it yields potassium chloride, potassium
carbonate, and water :—

CC1, + 6E0H = CO 15J! + 4KC1 + 3HaO

When its vapour mixed with hydrogen is passed through a glass-
tube filled with broken glass, and lmted to a dull red beat, hexa-
eltforethane CaCl0 is formed :—

2CC1, + H3 = 2HC1 +

Bromqfwm, Tnhrommdlmm CHBr., a liquid resembling chloroform
and boiling at 152°, is obtained by adding bromine to a solution of
potash in ethyl alcohol; bromoform very often occurs in commercial
bromine.

Tetrahwnomethane, Carbon Tdrabromide CBr4.—On heating bromine
with carbon disulphide in sealed tubes to 180°, an exceediugly slow
action sets in, which is very much accelerated by adding some iodine.
To prepare tetrabromomethane, two parts of carbon disulphide, four,
teen parts of bromine, and three parts of iodine are heated to 150°



102 TEE CHEMI8THY OF

in sealed tubes for forty-eight hours. It is also readily formed by
heating bromoform -with bromine and iodine. Tetrabromomethane
crystallizes in white shining plates, melting at 91°, and boiling with
slight decomposition at 189-5°.

lodofom., Tri-wdomethane CHIy—This compound is formed by
acting with potash or potassium carbonate and iodine upon ethyl
alcohol, aldehyde, acetone, and many other carbon compounds, but
pure methyl alcohol yields no iodoform. It crystallizes in yellow
scales, emells like saffron, melts at 120°, and is decomposed at a
higher temperature, but may be volatilized in a current of steam.
On heating it in a closed tube for some time to 150°, methene di-
iodide or di-iodmnetlianc CH2I2 is formed, a compound which can also
be obtained by heating chloroform with fuming hydriodic acid:—

CHCls + 4HI = CH2Ig + 3HC1 + I3

This compound is a yellowish heavy liquid, which boils at 181° and
at — 2° solidifies to a crystalline mass.

Nitroehioroform, Nitrotrkhloivmetlmne, or CJdoi-opicrin C(NO2)C1S is
formed when methyl- or ethyl alcohol are distilled with salt, saltpetre,
and sulphuric aeid, and also by the distillation of many nitro-com-
pounds with a solution of bleaching powder.

It is best prepared by mixing in a still, ten parts of bleaching
powder with water to form a paste, and adding one part of picric
acid CaH2(N02)sOH; a violent reaction sets in and the chloropicrin
distils over. It is a colourless liquid, possessing a most irritating
smell, and boiling at 112°. On distilling it with acetic"acid and iron-
filings it is reduced to methylamine:—

61fa = CH^NH, + SHC1 4 2fla0

Nitroform, Trinilromctlianc, CHtNO^g.—This body is produced by
decomposing trijiitroacetonilriU C2(NO3)3N (see Fulminates) with
water :—

Nitroform .is a weak acid; the product of the reaction consists
therefore of the ammonium salt. On acting on trinitroacetonitrile with
caustic potash, tbe potassium salt CKfNO^g is obtained, which forms
yellow crystals. On adding concentrated sulphuric acid to one of
these salts, nitroform separates out as a light oily layer, which on
cooling solidifies, forming colourless, cubical crystals. It has an un-
pleasant smell and bitter taste, and is highly inflammable, In water
it dissolves with a yellow colour. On quickly heating it or oue of its
salts, it decomposes with a violent explosion.

Tetranitromthane (/(NO^.—-By passing a current of air through a
solution of nitroform in a mixture of concentrated nitric and sulphuric
adds, tetranitromethane distils over:—
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+ J } 0

It is a colourless mobile liquid, boiling at 126°, and solidifying at
— 13?. I t is not explosive, aud not inflammable, but on pouring it
over red-hot charcoal a vivid combustion sets in.

Methine-trisulpiumicAddGRJ. SUgH.-—This acid is formed by
(SOSH

heating calcium methyl-sulphate with a large excess of fuming
sulphuric acid for some time to 100°. To obtain the free acid, the
lead salt is decomposed by hydrogen sulphide; it crystallizes in long
deliquescent needles. It is a powerful tribasic acid, decomposing
nitrates and chlorides, and forming well-crystallized salts, of which
the lead and barium salt are sparingly soluble in water.

Ghtanidine C(NH)(NH3)2.—This powerful base was first obtained
from guanine C6H6N6O, a compound occurring in guano. It is also
formed by heating biuret (see page 67) in a current of dry hydro-
chloric acid gas.

Gnanidine is also easily produced by heating cyanogen iodide •with
an alcoholic solution of ammonia:—

ION + 2NHS = C(NH) j JJJJ* + HI

or by the action of alcoholic ammonia upon chloropicrin:—

CC18NO2-+ 4NH8 = C(NH)(NH2)2 + 3HC1 4 N2 + 2HaO

Guanidine combines with acids, forming crystalline salts, of which
the nitrate is only sparingly soluble in water. When a solution
of silver nitrate is added to its solntion the compound CH6N3.AgN03
separates in colourless needles. On adding gold chloride to a mode'-
rately concentrated solution of guanidine hydrochloride the double
salt CH.N3 C1H + AuCl3 crystallizes after some timo in beautiful,
deep-yellow, long needles.

To obtain the free base the hydrocliloride or hydriodide is decom-
posed with a solution of silver sulphate, and baryta-water is added as
long as a precipitate is formed. On evaporating the filtrate in vacua,
guanidine is left behind in colourless crystals, which are soluble in
water and alcohol; it possesses a strongly alkaline taste, and readily
absorbs carbon dioxide from the air.

FOBMYL COMPOUNDS.

Methyl Aldehyde or Formalddiyde CH2O is a colourless gas,
possessing a pungent and suffocating smell. It is formed by passing
a current of air charged with vapour of methyl alcohol over a coil of
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red-hot platinum wire. The product condensed in a well-cooled
receiver consists of a solution of the aldehyde in methyl alcohol.
Exposed to the air, it absorbs oxygen, the aldehyde being oxidized
to formic acid. This oxidation takes place quickly on adding a little
ammonia and silver nitrate to the liquid and heating the mixture
gently; metallic silver separates out, which coats the sides of the
vessel with a brilliant metallic mirror :—

CH2O + Ag2O = CH2O2 + Ag2

like other aldehydes, i
modification; for this'reason it is impossible to isolate the pure com-
pound from its solution, which, on evaporation in vacuo over sulphuric
acid, leaves a white solid residue of parqformaldehyde C8H6Og, a body

which is also formed by heating dichloromethyl ether QJJVJI [ 0

with water, and further by the action of silver oxalate on methene
iodide:—

30A A g Z + 3CH2t2 = C,H8O8 + 6AgI + 3CO + 3CO2

Paraformaldehyde (formerly called dioocymcihene) is a white in-
distinctly crystalline mass, which sublimes below 100° without pre-
viously melting. When it is heated in a closed vessel, it melts at
152°, and boils at a few degrees higher, at the same time being resolved
into three molecules of gaseous formaldehyde. This gas can only
be kept for a short time at the common temperature; when it is
coDected over mercury, the mercury soon begins to rise, the aldehyde
being rapidly reconverted into the paraldehyde.

Formic Add JT J0.—This acid exists in the free state in sting-
ing-nettles, in red ants, and in several species of caterpillars. It may
be obtained by oxidizing methyl alcohol by means of dilute sulphuric
acid and potassium chromate or manganese dioxide. Besides methyl
alcohol a great number of other carbon compounds, such as sugar,
gum, and starch, yield formic acid as a product of oxidation.

Formic acid is obtained synthetically by heating carbon oxide and
caustic potash in closed vessels, to 100":—

or by the action of moist carbon dioxide on potassium :

0 H , T C r

The best method, however, for preparing large quantities of formic
acid consists in decomposing oxalic acid by heat in jpresence of
glycerin :—

C2HaO4 - CO, +
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The best yield is obtained by heating a mixtirre of anhydrous
glycerin and crystallized oxalic acid CiBLO4 + 2H,0 from 90° to
100° as long as carbon dioxide is evolved; the residue is again heated
with oxalic acid, and this process several times repeated. During the
operation aqueous formic acid distils over; at first a dilute acid,
which after each addition of oxalic acid becomes more concentrated,
until, according to the equation—

4 + 2 H 2 ° = C°s + C H A + 2 H s °

from each 126 parts of oxalic acid, 82 parts of aqueous formic acid,
containing 56 per cent, of real acid, have been formed.

To prepare anhydrous formic acid, the hot aqueous acid is neutral-
ized with litharge or white lead; on cooling, lead formate crystallizes
out, which after having been well dried is placed in a retort, and dry
hydrogen sulphide passed over it, at the same time applying a gentle
heat The distillate is freed from an excess of hydrogen sulphide by
rectifying it over a little lead formate.

Pure formic acid is a colourless liquid, solidifying at -f- 1° in
shining plates, and boiling at lOO*. It possesses a sour and pungent
odour, and a very acid taste, and is so corrosive that it produces
blisters on the skin.

The salts of formic acid or formates are for the most part soluble
in water, and crystallize well. When calcium formate is subjected
to fractional distillation different products are formed, amongst which
formaldehyde is found:—

On heating the sodium salt, hydrogen is given off and sodium
oxalateis formed:—

HCO.ONa CO.ONa
= 2H+ |

HCO.ONa CO.ONa

COH)
Formate \r jx }• 0 is obtained by bringing together diy

ammonia and anhydrous formic acid. On rapidly heating it, it
decomposes into water and hydrocyanic acid :-—

It has alrendy been mentioned thai by the inverse reaction hydro-
cyanic acid takes up water and yields ammonium formate. Hydro-
cyanic acid is therefore the nitrite of formic acid, or it stands in
the same relation to formic acid as acetonitrile (methyl cyanide)
to acetic acid.

The most characteristic of the salts of formic acid is lead formate
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(CHO2)aPb, crystallizing from a hot aqueous solution in white, shining,rhombic priBms, which are only sparingly soluble in cold water.JSUver Formate CHOaAg is a white precipitate, which on exposureto the light rapidly blackens. When healed with water it is decom-posed, metallic silver separating out, whilst carbon dioxide escapes:—

When aqueous formic acid is gently heated with mercuric oxide,carbon dioxide is given off, and mercuroufl formate crystallizes out inwhite shining scales J—
3C0| J o + 2HgO

On boiling this salt with water, a decomposition analogous to thatof the silver salt ensues, metallic mercury and carbon dioxide beingformed. These reactions of the silver and mercury salts are madeuse of as a means for detecting formic acid.
Methyl Formate QJT I- 0 is obtained by distilling methyl sulphate

with sodium formate:—
2C0H2 ffa

It is a colourless liquid, having a pleasant smell, and boiling at33**4. Chlorine acts on it slowly in the sunlight, perehloromeihyl
formate f,™ Y O being formed, a colourless liquid, possessing a very
pungent smell, and boiling at about 180°. When its vapour is passedthrough a glass tube heated to 350°, it is transformed into carbonyldichloride;—

8}
COG1)Methyl CbloroformaU or Methyl CMorocarlomte QJ/ \ 0, a heavy

colourless liquid, possessing a suffocating smell, and boiling at 76°, isformed by the action of carbonyl dichloride upon anhydrous methylalcoholFornmmide COH-NHg.—This compound, standing intermediatebetween ammonium formate and hydrocyanic acid, is obtained byheating ammonium formate to 140° in the presence of urea, whichis transformed into ammonium carbonate by the water given off,Fonnamide can also be obtained by saturating ethyl formate withdry ammonia, and heating the mixture in sealed glass tubes for twodays in a water-bath:—
° ° J } 0 + NH8 = COH.NH, + C3H6.0H

2 5/
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It is a colourless liquid which boils at about 194°, at the same time
being partially decomposed into ammonia, and carbon monoxide, and
partially into hydrocyanic acid and water. By treating it with a cold
solution of caustic potash, ammonia and potassium formate are
produced.

ETHYL COMPOUNDS.

ETHYL ALCOHOL

This compound is manufactured on the large scale, and is the most
important body of the whole group, being the starting-point for the
preparation of all the other ethyl compounds, which have been most
fully investigated. Ethyl alcohol or Bpirits of wine is obtained by
the vinous fermentation of sugar, a decomposition taking place in
dilute solutions of sugar in the presence of yeast, and by which the
greatest portion of the sugar is resolved into carbon dioxide and ethyl
akohol:—

Besides these two products other compounds are also formed in
smaller quantities, such as glycerin, succinic acid, &c. A more com-
plete account of this decomposition will be found under the head of
Fermentation,

Fermented liquors are prepared from the juice of grapes, apples,
beet-roots, and from corn and potatoes, the two latter being first
treated with an infusion of malt, to convert the starch which they
contain into sugar {vide Sugar).

The fermented liquid is first distilled to separate the dilute aqueous
spirit from the non-volatile substances, and then rectified in stills
which have an arrangement by which the more volatile alcohol
distils whilst the greater portion of the water remains behind. The
spirit thus obtained contains besides water also fusel-oil (which con-
sists of higher members of the alcohol series), and which is removed
by treating the raw spirit with freshly heated charcoal

Although the boiling-point of water is much higher than that of
alcohol, the latter cannot be completely separated by distillation; the
strongest spirit thus obtained containing still about ten per cent, of
water.

To obtain pure anhydrous ethyl alcohol, or absolute alcohol, a retort
is filled with fragments of freshly burnt quicklime, and the strongest
spirit poured on to it. After standing for a day, it is distilled with
the aid of a water-bath; the distillate is nearly anhydrous; to remove
the last traces of water it is necessary to leave it for some time in
contact with caustic baryta, and to rectify it again.

Perfectly pure ethyl alcohol is a colourless mobile liquid, which is
almost odourless; it boils at 78°*4, and when it is cooled down to
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—100° it becomes viscid, but does not solidify. Its specific gravity
at 0° is 0-80625, and at 15° 079367. Ethyl alcohol is very inflam-
mable, and burns with a blue, non-luminous flame. It absorbs moisture
with great avidity, and is miscible with water iu all proportions, the
mixture evolving heat and undergoing contraction. The greatest con-
traction takes place when forty-six parts by weight of alcohol or one
molecule are mixed with fifty-four parts or three molecules of water.

Alcohol is a solvent for resins, fats, essential oils, and many other
bodies which are insoluble in water. Many salts and also gases
dissolve in it too, some of them being even more soluble in it than
in water.

As the value of spirits of wine depends on the quantify of alcohol
contained in it, it is of great importance to have a rapid and exact
method for ascertaining its strength. When the spirit only contains
water, the amount of alcohol is easily obtained by ascertaining the
specific gravity of the liquid by means of a delicate hydrometer, and
subsequent reference to accurate tables, showing the percentage of
alcohol. When the liquid to be tested contains sugar or other non-
volatile substances, as those found in wine and beer, one-third of a
measured quantity of the liquid is distilled off, all the alcohol coming
over with the first portion. The distillate is then diluted with water
up to the original volume, and examined with the hydrometer. In
these determinations the temperature must be observed, and correc-
tions for deviations be made, when the temperature differs from that
at which the instrument has been graduated, from the fact that
alcohol expands considerably with an increase of temperature.

The " proof spirit" of the excise contains 50*8 per cent, by weight
of alcohol, and has at 15'-5 (60° F.) the specific gravity 0'92O. Owing
to the high duty on pure spirit the Government allow the sale of a
mixture of ninety parts of strong spirit, and ten parts of crude wood
spirit, called "methylated spirit," for manufacturing and scientific
purposes.

The quantities of alcohol in different spirituous liquors vary very
much. Brandy, whisky, &c, contain 40—50 per cent.; wines from
17 per cent. (Madeira, port]) to 7—8 per cent, (light claret and hock);
whilst ale and porter contain 6—8 per cent., and German beer about
4 per cent.

The least trace of alcohol in an aqueous solution can be readily
detected by adding to the liquid a little benzoyl chloride, which is
only slowly acted upon by water, but forms with alcohol at once ethyl
benzoate, a liquid having a very characteristic aromatic odour, and
which will be readily perceived after the excess of the chloride has
been destroyed by caustic potash. By means of this reaction the
presence of 0*1 per cent, of alcohol in a few cb.cm. of water can be
shown,

Sodium Mlvyhte \& \ O.—Sodium dissolves in absolute alcohol

with the evolution of hydrogen; on cooliug colourless crystals separate,
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consisting of a compound of sodium ethylate with aloohol, the latter
acting like water of crystallization. Oa heating these crystals in a
current of pure, dry hydrogen to 180°—200°, all the alcohol is
expelled and pure sodium ethylate is left behind, a white, light,
porous mass, which is decomposed by water into caustic soda and
alcohol. Potassium ethylate is a similar compound.

Ethyl GMoride C2H6C1 is a colourless gas, possessing a pleasant
ethereal odour; on cooling it condenses to a liquid, which boils at
12°S. It is inflammable, and burns with a smoky green-bordered
flame. To prepare it, absolute alcohol is saturated with dry hydro-
chloric acid gas, and the liquid, after standing for a few days, is heated.
The vapour is washed with warm water, dried over fused calcium
chloride, and condensed in a receiver, surrounded by a freezing mixture.
Ethyl chloride is formed in large quantities as a bye-product in the
manufacture of ohloral hydrate (vide Chloral).

Ethyl Bromide CgH6Br is best prepared by adding gradually six
parts of bromine to a well-cooled mixture of six parts of spirits of
wine and one part of amorphous phosphorus. After standing for
some tune the bromide is distilled off, the distillate washed with
caustic soda solution, dried over calcium chloride, and rectified.
Ethyl bromide is a colourless heavy liquid, possessing a sweet ethereal
odour and boiling at 39°.

Ethyl Iodide CgH6I.—To obtain this compound one part of amor-
phous phosphorus and five parts of alcohol are placed into a retort, and
ten parts of powdered iodine are gradually added, and the mixture
allowed to stand over night. The iodide is distilled off next day and
purified like the bromide. The formation of ethyl iodide takes place
according to the equation :—

5(CaH6.OH) + 51 + P =• 5CaH6I + PO4H8 + H,0
It is a colonrless heavy liquid, having a peculiar, somewhat garlic-

like odour, and boiling at 72°. When it ia exposed to the light and
air it assumes a brown colour, iodine being set free. Ethyl iodide is
very largely used for the preparation of other ethyl compounds, «s it
very readily exchangos its iodine by double decomposition. It is
prepared on the large scale, and used hi the manufacture of the violets
known as Hofmann's.

Ethyl Oxide, Diethyl Ether ^ 6 \ 0.—This body, commonly called

"ether,"1 can be formed by several reactions, the most simple being
the action of ethyl iodide upon sodium ethylate:—

Ether is manufactured on the large scale by heating a mixture of
1 The name of the radical ettyl is derived ftora ether; the affix "yl," which lias

boon introduced for the purposo of designating organic radioals, being derived from
S\i) " the matter or stuff of whioh a sutotance is made."
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strong alcohol and concentrated sulphuric acid to 140°. The reaction
takes place in two stages; in the first ethylsulphuric acid and water
are formed:—

The efchylsulphuric acid acts e& 140° upon another molecule of
alcohol; hydrogen and ethyl change places, and ether and sulphuric
acid are formed:—

C,

The ether and the water produced distil off, whilst the sulphuric
acid remains behind, ready to convert another quantity of alcohol into

Flo. «.

ether. This method is called the process of " continuous etherisa-
tion," as a current of alcohol may be passed without interruption
through the acid heated up to 140°, and thus large quantities he
converted into ether by means of a small quantity of sulphuric
acid. The reason why we are unable to transform, as the theory
indicates, an unlimited quantity of alcohol into ether with a given
quantity of sulphuric acid, is that, besides the chief reaction, secondary
reactions take place at the same lime, by which more water is formed
than is removed by the distillation, and the acid becoming too weak
the formation of ethylsulphuric acid at last ceases.
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To illustrate in the lecture room the preparation of ether by this
process, the apparatus (Fig. 9) is used.

The crude ether thus obtained swims as a light layer upon the
water, and generally contains besides alcohol also sulphuric dioxide.
To obtain it in a pure state it is washed with dilute soda solution,
dried over quicklime, and rectified with the aid of a water-bath.
To obtain it completely free from water and alcohol, it must be left
in contact with metallic sodium so long as any action takes place,
and then be distilled off.

Pure ethyl ether is a very mobile liquid, possessing a characteristic
penetrating odour and a burning taste. I t boils at 34O#5, and haa at
0° the specific gravity 0*736. It is somewhat soluble in water, and
mixes with alcohol in all proportions. It is highly inflammable,
burning with a luminous flame. Its vapour, which is 2*557 times
heavier than water, and which can be poured from vessel to vessel
like carbon dioxide, forms with air an explosive mixture; great
care must therefore be taken, in working with large quantities of
such a volatile and inflammable body, to avoid the presence of any
light.

Methyl-ethyl MIUTQ^ \ 0 is obtained by the action of ethyl iodide

upon sodium methylate, and may also be prepared by heating methyl
sulphuric acid with ethyl alcohol It is a very volatile liquid, boiling
at 12°.

On acting upon well-cooled ether with chlorine in the diffused
daylight, substitution products are formed.

Mmocklweihyl (kade °aQ ̂  ]• 0 is a limpid liquid boiling at 97°

IHchlorethyl Oxide Q^ \ 0 boils at 140°, and possesses a pungent

smell; when heated with water in sealed tubes to 120°, it yields
ethyl alcohol and monoohloraoetaldehyde:—

= 1 * +H0.CjH5-|-
CHO

HC1

By the action of zinc ethide on dichlorethyl oxide, the compounds
C^CKPM^ | O a n d C2Hs(CjH,), | Q a r e p r o d u c e d > W h e n t h e fiwt

of these is heated with fuming hydriodic acid, it is decomposed with
the formation of ethyl iodide and secondary butyl iodide;—

CH8C1

C2H6O.CH + 4HI = CjHsI + CHI + H2O + HC1 + 1 ,
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Diethylated ethyl oxide is converted by hydriodic acid into ethyl
iodide and a secondary hexyl iodide;—

C2H6O.CH + 2Ht = C2H6I + CHI + H8O

CH CH

TetracMarethyl Oxide ^ C H * } 0 " a l i ( l u i d f i l ing at 189°, and
smelling like fennel. On heating it with water to 100° it yields
alcohol and trichloracetaldehyde (chloral):—

CCI3 CCL
I + H2O = I + H0.CaH6 + HC1

OHO

C Cl )
PercMorethyl Oxide Q2™6 >-0 is the final product obtained by acting
th h l r i t t h l t h l id i th l i h t It f hitwith chlorine on tetrachlorethyl oxide in the sunlight. It forms white

crystals melting at 69°, and decomposing at 300° into hexachloretbane
and triacetyl chloride:—

ffihyl Nitrate -X:6 \ 0 may bo obtained by gradually adding

perfectly pure concentrated nitric acid to absolute alcohol, which is
contained in a vessel surrounded by ice. Common nitric acid exerts
a violent action on alcohol, oxidation takes place, and nitric trioxide is
given off, which acts on a portion of the alcohol, forming ethyl nitrite;
but if a substance is present which is capable of destroying any
nitrogen trioxide as soon as it is formed, ethyl nitrate will be pro-
duced. This compound can easily be prepared in quantities by
mixing one part of urea with five parts of pure nitric acid and three
parts of commercial absolute alcohol, and distilling the mixture. To
the residue the same quantities of acid and alcohol may be added,
and the operation be repeated so long as no red fames appear.

Ethyl nitrate is a liquid possessing a fragrant odour and boiling at
86°. It bums with a bright white flame, and its vapour, when heated
above the boiling-point, decomposes with a violent explosion,

Efliyl MtrUt CJHJ.NOJ is a mobile, very volatile liquid, having a
very agreeable odour of apples, and boiling at 16*5°. It is best pre-
pared by acting upon potassium nitrite with a cold mixture of alcohol
and sulphuric acid. Caustic potash decomposes it into alcohol, and
potassium nitrite and nascent hydrogen acta on it in the following
way:—

CaH6NO2 + 3Ha a CjH8.OH + H2O
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The sweet spirit of nitre of pharmacy, which is prepared by distil-
ling a mixture of alcohol, sulphuric and nitric acid with copper wire,
consists chiefly of a solution of ethyl nitrite in spitits of wine, but
contains also aldehyde and other, products.

Ifitro-ethajie C2H6.NO2.-~This isomeride of ethyl nitrite is pro-
duced by heating ethyl iodide with silver nitrite. I t is a limpid and
very refractive liquid, boiling at 112°, and possessing a peculiar
pleasant smell. It lias acid properties; with alcoholic soda it solidi-
fies to a white magma, which after expelling the alcohol has the
composition C2H4Na.NO8. On heating this compound it explodes
like gun-cotton. By the action of nascent hydrogen it is converted
into ethylamine :—

CJH^NOJ + 3H2 = C2H6.NH2 + 2H2O

This reaction shows that in this compound the nitrogen is com-
bined with carbon, whilst in ethyl nitrite the nitrogen is linked
to the ethyl by means of an atom of oxygen, the constitution of the
isomerides being:—

Ethyl Nitrito. tfitro-cthano.

caH60.N0 < W {

Ethyl PerMoraie, C2H6.C1O4.—Tbis is the only ether of the oxyacida
of chlorine kuown. It is obtained by distilling small quantities of
an intimate mixture of potassium perchlorate and potassium ethyl-
sulphate, as a colourless liquid having an agreeable smell; the dry
compound explodes most violently by the faintest concussion.

Mffiyl Hydrosulphate or Ethykwlphuric Acid ° a ^ IS04.—This

compound, also called sulplweinic add, is formed by mixing sulphuric
acid with alcohoL The yield varies according to the strength of the
alcohol and the heat evolved on mixing it with the acid. By heat-
ing the mixture and allowing it to stand for some time, more will be
formed, but it is not possible to convert all the alcohol or all the sul-
phuric acid present into ethylsulphuric acid. The liquid is diluted
with a large quantity of water, neutralized in the cold with barium
carbonate or lead oxide, and the filtrate evaporated to a small bulk
on a water-bath, and left to crystallize. From the solution of the
barium or lead salt the free acid is obtained by dilute sulphuric acid
and evaporating the filtrate in a vacuum. I t forms a strongly acid,
syrupy liquid, which is very easily decomposed, and has not yefc
been obtained quite free from sulphuric acid. Ethylsulphuric acid
is monobasic, and forms well-crystallized salts, which are all soluble
in water; on heating them with water they decompose, alcohol and ft
sulphate being formed.

Mtiiyl SnlpJtate Q 8 ^ j. SO, is jiot formed, lilce methyl sulphate, by

the action of ethylsulphuric apic( upon ethyl alcohol, but is ob-
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tained by passing the vapour of sulphur trioxide into well-cooled
anhydrous ether, a reaction perfectly analogous to the formation of
sulphuric acid from the trioxide and water:—

The product of the reaction, when shaken with four volumes of water
and one of ether, separates into two layers, the lower consisting of
an aqueous solution of ethylaulphuric acid and other products, whilst
the upper layer consists of an ethereal solution of ethyl sulphate. By
heating it gently the ether is volatilized, and ethyl sulphate remains
as a syrupy liquid, smelling like peppermint. It cannot be distilled,
as it is decomposed by heat Ethyl sulphate is also produced by the
action of sulphuryl chlorhydrate on absolute alcohol:—

Oa + HC1 + H.0

Ethyl Sulphite X'fF6 \ SOg is obtained by acting on alcohol with

tbionyl chloride SOClj (the chloride of sulphurous acid) r—

SOC1S + 2CjH6.0H = &JJ»Q } SO + 2HC1

and is also formed, together with other products, by adding absolute
alcohol to chlorine bisulphide S ^ . It is a limpid liquid, boiling at
160", and smelling like peppermint; it is slowly decomposed by water,
and quickly when heated with a solution of caustic potash. By act-
ing on it with caustic potash in the cold, potassium ethylsulphile

SOa is formed, which crystallizes in silky scales. The free

ethylsulphurous acid is not known, but an iaomerio compound called
cthylsulplumic add exists, which is formed by oxidizing ethyl sul-
phide, hydrosulphide, and other sulphur compounds of ethyl. The
potassium salt of this acid is also obtained by heating ethyl iodide
with a concentrated solution of potassium sulphite. The free etbyl-
sulphonio acid is best prepared by decomposing the lead salt with
hydrogen sulphide. On evaporating the solution it is left as a
heavy oil, which after some time solidifies to a crystalline mass. It
is a monobasic acid and a very stable compound; its salts crystal-
lize well.

The existence of these isomerio compounds shows that the two
hydrogen atoms of sulphurous acid have not the same value, or
occupy different positions in the molecule, the constitution of these
different compounds being probably as follows:—

Sulphurous Acid. Ethyl Sulphite,
H—O-S—0—O-H C,H6-0—S—0-0—C8HB
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Potassium EthyhubMte. Ethylsnlplionic Add.

K - 0 - S - O - O — C J H J CjH6--O—S—0-O—H

Ethyl Phosphates.—Orthophosphoric acid forms three ethyl com-
pounds :—

Triethyl Phosphate C & W Die%lphosphoric %j

CJEL)
Ethylphosphoric Acid H >PO*

H j

Triethyl Phosphate is obtained by heating silver phosphate with
ethyl iodide, or by acting with phosphorus oxychloride upon sodium
ethylate. It is a colourless liquid, boiling at 215°, and having a pecu-
liar smell I t is soluble in water, by which it is slowly decomposed.

Diethylphosphoric Acid is a monobasic acid, which is only known
in solution. It is formed by bringing alcohol vapour gradually in
contact with phosphorus pentoxide:—

O + P2O6 = O2rl! j P0 4 + HPO

Lead diethylphosphate is soluble in water and crystallizes in
needles. When heated it melts, and at a higher temperature it is
decomposed into triethyl phosphate and lead ethylphosphate :—

C2H6

Pb
C A
c2ti8)

6 )

bB

PO,

Ethylplwsplwric Add is also formed by heating alcohol with syrupy
phosphoric acid. It is a colourless, syrupy liquid, of a very sour
taste. The lead salt is almost insoluble in water ; the barium salt is
readily soluble, and crystallizes in brilliant hexagonal prisms.

Ethyl Pyrophosphate PgOj(C2HB)4, obtained by the action of ethyl
iodide on silver pyrophosphate, is a viscid liquid.

Ethyl Phosphite3.--Ry aoting with phosphorus trichloride on abso-
lute alcohol or sodium ethylate, triethyl phosphite TOa(Cfi6)3 is
formed, a liquid boiling at 191° and possessing a disagreeable odour.
By avoiding an excess of alcohol the first product of the reaction
consists of P(O02H0Ol2, a limpid liquid boiling at 117°; water
decomposes it with the formation of alcohol, phosphorous acid, and
hydrochloric acid.

EthylphospTiortm Add arrs fPOs.—This monobasic acid is pro-
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duced by the action of aqueous alcohol on phosphorus trichloride.
Its barium salt is deliquescent; the lead salt crystallizes from a hot
aqueous solution in white scaled.

Ethyl ArseTtate C2H6 VAaO^ a colourless liquid, is produced by
C H )2 s )

the action of silver araenate upon ethyl iodide. I t boils at 235° with
slight decomposition, and in contact with water it is resolved into
ethyl alcohol and arsenic acid.

Ethyl Arsenite C2H6 V AsO8 is prepared from ethyl iodide and silver

arsenite. It is a colourless liquid, boding at 166°: water decomposes
it into alcohol and arsenic trioxide.

il2 6 )
Ethyl Iterate CSH6 >BoOs is formed by the action of boron tri-

chloride upon alcohol, and by heating boron trioxide with alcohol,or by distilling a mixture of anhydrous borax with potassium ethyl-sulphate It is a mobile liquid possessing a peculiar smell and bittertaste, and boiling at 119°. It is decomposed by wat̂r; its alcoholicsolution burns with a green flame, giving off white clouds of borioacid.Ethyl Silicates.—When absolute alcohol is added to silicon tetra-ohloride as long as hydrochloric acid is given off, and the mixturesubjected to distillation, first normal ethyl silicate 8i(OC,Hj)4 passesover, a colourless liquid, having a pleasant ethereal odour, boilingat 162°, and burning with a brilliant white flame, emitting a densewhite smoke of finely divided silica. After the normal silicic ether hasdistilled over, the temperature rises and diethyl silicate Si0(0CaH5)adistils, a colourless liquid, boiling at 350°. Both compounds are slowlydecomposed by water, and when in contact with moist* air they becomegradually thicker and thicker, until at last silicic acid is left behindin the form of a perfectly transparent, hard mass.By the action of silicon tetrachloride upon silicio ether the volatile
compounds (Wg|} Si, ^QJ* } Si, and °*H^ } Si are formed} } ^ }
By acting on these compounds with different alcohols, a groatnumber of silicic ethers, containing two or more alcohol radicals, canbe obtained
Ethyl Carbonate p̂g6 !• COS is a limpid liquid, having a pleasant

smell and boiling at 126°, It is obtained by the action of silver car-bonate upon ethyl iodide.When carbon dioxide is passed into an ajcoholic solution of potas-sium ethylate, a white compound, consisting of potassium ethylcar-
bonate ^ JJ [ CO, separates out, which is decomposed by water with
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the formation of alcohol and acid potassium carbonate; the free ethyl-
carbonic acid is not known.

Ethyl Orlhocarbonate CKOCJHJ)^—This compound, corresponding
to the normal ethyl silicate, is formed by acting with sodium upon a
solution of chloropicrin in absolute alcohol:—

, + 3NaCl + NaNOa

It is a colourless liquid, boiling at 158° and having an aromatic
smell When heated with alcoholic potash it is decomposed, potas-
sium carbonate, ether, and alcohol being formed.

Ethyl Carbamate CO ( r j? h -—This compound is formed when dry

ammonia acts upon ethyl carbonate at the common temperature, whilst
if the two substances are heated together to 100°, carbamide is pro-
duced. Ethyl carbamate, also called urethane, is a colourless crystal-
line solid, melting and boiling without decomposition at 180°; it is
also obtained when cyanogen chloride is passed into alcohol:—

CNC1 + 2(C^Ht.OH) = C2H6C1 + CO { o o f e

Ethyl Sulphocarbonate 9,«56 \ CSS is a yellow oil, boiling at 240°,
2 6 J

w h i c h i s p r o d u c e d b y a c t i n g w i t h s o d i u m s u l p h o c a r b o n a t e u p o n a n

a l c o h o l i c s o l u t i o n o f e t h y l i o d i d e . N i t r i c a c i d o x i d i z e s i t t o e t h y l s u l -

p h o n i o a c i d .

XaiUhic Add or Ethyldisulplwcarhnic Add *~JjJ [ C O S ^ — T h e

p o t a s s i u m s a l t o f t h i s a c i d s e p a r a t e s i n w h i t e s i l k y n e e d l e s w h e n

c a r b o n d i s u l p h i d e i s a d d e d t o a h o t a l c o h o l i c s o l u t i o n o f p o t a s h . B y

a d d i n g c o l d d i l u t e s u l p h u r i c a c i d to t h i s s a l t , x a n t h i c a c i d i s o b -

t a i n e d a s a c o l o u r l e s s o i l , h a v i n g a p e n e t r a t i n g s m e l l . I t i s a v e r y

u n s t a b l e c o m p o u n d , b e i n g r e s o l v e d a t a b o u t 2 5 ° i n t o c a r b o n c t i s u l *

p h i d e a n d a l c o h o l . T h e x a u t l i a t e a o f t h e m e t a l s o f t h e a l k a l i s

a n d a l k a l i n e e a r t h s a r e s o l u b l e i n w a t e r , a n d p r e c i p i t a t e d b y m o s t

m e t a l l i c s a l t s . Lead mntluxte ( C ? H j . C O S a ) 2 P b i s a w h i t e p r e c i p i t a t e ,

c r y s t a l l i z i n g from h o t a l c o h o l i n n e e d l e s . T h e c o p p e r s a l t i s a

b e a u t i f u l y e l l o w p o w d e r .

W h e n i o d i n e i s a d d e d t o a n a l c o h o l i c s o l u t i o n o f a x a n t h a t e , t h e

f o l l o w i n g r e a c t i o n t a k e s p l a c e : • — •

c s { ° c ° H >

C S i 0 C 2 H 6

Ethyldisidphotarbonyl disulphide i s f o r m e d , c r y s t a l l i z i n g i n b r i l l i a n t

w h i t e p r i s m s , m e l t i n g a t 2 8 ° , a n d p o s s e s s i n g a p e c u l i a r b u t n o t u n -

p l e a s a n t o d o u r .
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Ethyl Xanthate CS { i$?r? k produced when ethyl chloride and

potassium xanthate are left together in an alcoholic solution for some
time. It is a colourless liquid of high refractive power, boiling at
200°, and possessing a powerful alliaceous odour.

Ethyl Ckforoformate or Ethyl Chlorocarhnate CO j Q 0 w a colour-
less liquid, possessing a suffocating smell, is produced by the action of
carbonyl chloride on alcohoL On mixing it with an alcoholic solution

Jof sodium sulphide, ethyl dicarbothioiiaU S J c o O C t i k Produce<*»
a colourless oil with a peculiar odour, and boiling at 180. By treat-
ing it with caustic potash potassium carbonate and ethyl sulphide

( CO OHare formed. Neither the free dicarbothionio acid S \ QQ'QJT nor any

of its metallic salts have been obtained.
c o n y

Ethyl Formate, Formic Ether Q rj f 0 is prepared by distilling a
mixture of alcohol and sulphuric acid with sodium formate. A
cheaper method consists in heating glycerin, oxalic acid, and alcohol
together in a flask, which is connected with a reversed condenser.
Formic acid is formed, which in the nascent state acts upon the
alcohol, ethyl formate and water being produced. Formic ether
boils at 55°, and possesses a fragrant smell like peaches; it is used
for the preparation of artificial rum and arrack.

When sodium is added to a mixture of chloroform and alcohol, the
so-called tribasio formic ether or dhyl orthoformate CE(OCjHJ)8 is
obtained:—

CHClj + 3C,H6.Olfa = 3ClNa + CH(0CaH6)8

This ether is a colourless liquid, possessing a pleasant smell, and
boiling at 146°. On heating it with aoetic aoid it yields ethyl for-
mate and ethyl acetate:—

01(00,11,),+

CYANOGEN COMPOUNDS 07 ETHYL,
Ethyl Cyanide or Ethyl Carianiw CN.CaH6 is formed by heatingethyl iodide with silver cyanide, but is beat prepared by adding analcoholic solution of chloroform and ethylamine to powdered caustiolent reaction ensues, and the c

CHC18 + CjH5.NH, - 3HCI

ethyl iodide with silver cyanide, but is beat prepared by adding analcoholic solution of chloroform and ethylamine to powdered caustiopotash; a violent reaction ensues, and the cyanide distils over:
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It is a colourless liquid, boiling at 77°, and possessing, like all
carbamines, a most penetrating and overpowering smell; it is
poisonous. With dry hydrochloric acid it combines with a violent
reaction; to obtain the pure compound both substances must be mixed
in an ethereal solution at a very low temperature. A crystalline body
is obtained, having a sour and bitter taste; it dissolves in water with
decomposition, ethylamine and formic acid being formed. The same
decomposition occurs by the action of dilute acids on ethyl car-
bamine:—

C'2H6NC + 2H2O = CssHj-NHij + CH8O8

On heating the carbamine with a concentrated solution of potash
a complicated reaction gets in, and amongst other products ethylf<yr-

(COH

mamide N-j C,H6 is obtained, a liquid having a sweet taste, and boil-

ing at 200°.
Propimitrile C2H6.CN is the chief product obtained on distilling a

mixture of potassium cyanide and potassium ethylsulphate. The dis-
tillate must be treated with a dilute acid in order to remove small
quantities of the isomeric carbamine. Propionitrile boils at 97°, and
possesses a penetrating but not unpleasant smell. It combines with
acids; thus with anhydrous hydrobromic acid it forms the compound
CjHjN^HBr, which is decomposed by water with the formation of
propionic acid:—

C8H6N + 2HBr + 2H2O = CSH8O2 + NH4Br + HBr
A similar reaction takes place on boiling the aitrilc with a solution

of caustic potash :—

2
I
CN

2 6
+ H a O + K O H = | + N H 3

CO.OK
CN)Ethyl Cyanate, Oyctnetholine « „ | O i s a thick non-volatile liquid,

insoluble in water, which is formed when cyanogen chloride acts upon
sodium etbylate. It absorbs hydrochloric acid and is converted into
a white crystalline mass, which on heating gives off ethyl chloride,
whilst cyanuric acid remains behind,

CO 1
Ethyl Carbimide p „ > N, a compound isomeric with ethyl cyanate,

is obtained by distilling a mixture of potassium cyanate and potas-
sium ethylsulphate. It appears most likely that in this reaction
first ethyl oyanate is formed, which, however, at the high temperature
undergoes a molecular change, being converted into the carbimide.
This body, prior to the discovery of the real cyanate, was believed to
be the latter compound, and is still called cyanic ether. I t is a
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colourless liquid, boiling at 60°, and possessing a pungent smell, irri-
.taMng the eyes. With hydrochloric acid it forms a liquid compound
boiling at 95°, which by water is decomposed into carbon dioxide
and ethylamine. The same products are formed when the carbimide
is boiled with cauBtic potash:—

N + H2O = C***<>} N + CO2

When gaseous cyanic acid is passed into absolute alcohol, so much
heat is evolved that the liquid begins to boil. On cooling, colourless
shining prisms of ethyl allophanate C2H8N!Og.Ci!H6 crystallize out.
By the action of caustic baryta on this ether the barium salt of
allophanic acid C2H4N30? is obtained, but from this salt the free acid
cannot be isolated, nor indeed are other salts known. A series of
allophanic ethers, however, has been prepared by acting with cyanic
acid on different alcohols.

When barium allophanate is treated with a dilute acid, carbon
dioxide is given off and urea is formed. This decomposition explains
the constitution of allophanic acid, which stands to biuret in the
same relation as carbamic acid to urea:—

Biuret. Allophanic Acid.
/ C O N ^ fCONH

Ethyl SnlpJiocyanate ^ J- S, a colourless oily liquid, boiling at

146°, and possessing a smell like leek, is formed by distilh'ng a mix-
ture of potassium sulphocyanate and potassium ethylsulphate, When
this ether is heated with sulphuric acid, a copious evolution of carbon
dioxide take3 place, and a colourless volatile liquid, having a strong
alliaceous smell, is formed, which has the composition and the same
boiling-point as ethyl xanthate. These bodies are, however, not iden-
tical, for whilst the latter compound is decomposed by an alcoholic
solution of potash into potassium ethyl sulphocarbonate and ethyl
hydrosulphide, the isomeric compouud, which has been called car-
bonyMisulpluhdiethyl, yields by the same treatment potassium car-
bonate and ethyl hydrosulpliide. The cause of this isomerism is
explained by the following equations:—-

Ethyl Xanthate.

c s \ O G ; H 5
+ H

Carbonyl'disulpho-
diothyl.

ElhykidphocarUmide or Ethyl Mustard-oil N-< A^r, which is iso-
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meric with ethyl sulphoeyanate, is prepared from ethyiamine in
exactly the same way as the methyl compound is obtained from
methylamine. It is a colourless liquid, possessing a pungent smell
and irritating the eyes; in contact with the skin, it produces red-
dening, and a burning pain.

ETHYLAMINES.

The different amines of ethyl are prepared from ethyl chloride or
iodide in the same way as the methylamines are obtained from
methyl iodide. To obtain them on the small scale ethyl iodide is
heated with alcohol and strong aqueous ammonia in sealed glass
tubes to 100°. To prepare large quantities of them it is best to use
the crude ethyl chloride, which is obtained as a bye-product in the
manufacture of chloral hydrate, and which is heated in large iron
digesters with alcoholic ammonia. After the reaction is finished
the liquid is separated by filtration from the ammonium chloride,
and the alcohol distilled off. The residue, after drying on a water-
lath, is decomposed by a concentrated solution of caustic soda, and
the light layer consisting of the three bases treated with oxalic
ether in exactly the same way as the amines of methyl, for although
the boiling-points of the ethyl bases differ very much, it is singular
that it is not possible to separate them by fractional distillation.

Ethyiamine H >N is a very mobile liquid, smelling like am-
TT I
X I J

m o n i a , a n d b o i l i n g a t 1 8 * 7 ° . I t i s m i s c i b l e w i t h w a t e r , a n d i s a s t r o n g e r

b a s e t h a n a m m o n i a , f r o m w h i c h i t d i f f e r s i n i t s r e a c t i o n s c h i e f l y b y

x e d i s s o l v i n g p r e c i p i t a t e d a l u m i n i u m h y d r o x i d e , w h e n a d d e d i n e x c e s s .

T h e h y d r o c h l o r i d e o r e t h y l a m m o n i u m c h l o r i d e N ( O J S 5 ) H ? C 1 c r y s t a l -

l i z e s i n t h i n p l a t e s ; i t i s a d e l i q u e s c e n t s a l t , a n d s o l u b l e i n a b s o l u t e '

a l c o h o L T h e s u l p h a t e d o e a n o t c r y s t a l l i z e , a n d i s v e r y s o l u b l e i n

w a t e r a n d a l c o h o l .

W h e n c h l o r i n e i s p a s s e d i n t o a n a q u e o u s s o l u t i o n o f e t h y i a m i n e ,

d i c h l o r e t h y l a m i n e C ^ C l y N H j s e p a r a t e s a s a y e l l o w h e a v y o i l , h a v i n g

a v e r y p e n e t r a t i n g s m e l l a n d b o i l i n g a t 9 1 ° . B y a l k a l i s i t i s d e c o m -

p o s e d w i t h t h e f o r m a t i o n o f a c e t i c a c i d : —

C H 8 C H 3

I + 3 K 0 H « I + 2 K C 1 + N H 3 + H 2 O

C C l ^ N H a C O . O K

O n p a s s i n g d r y c a r b o n d i o x i d e i n t o e t h y i a m i n e , e t h y l a m m o n i u m

c a r b a m a t e C O \ Q w j S f y R * * ^ o r m e ^ ' a w n i * e s o ^ ' c o r r e s p o n d i n g

t o a m m o n i u m c a r b a m a t e ( v i d e p a g e 6 5 ) .

E t h y i a m i n e h a s a l s o b e e n o b t a i n e d b y s e v e r a l o t h e r r e a c t i o n s . I t
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was discovered by the action of caustic potash on ethyl oarbitaide,
and is produced by heating ethyl nitrate with ammonia, and by acting
with nascent hydrogen upon acetonitrile. It occurs also amongst the
volatile bases formed by the destructive distillation of bones and other
animal substances.

IHethylamine C2IL * N is a liquid boiling at 57°, and possessing an

ammoniacal smell; it is soluble in water. On distilling its hydro-
chloride with a concentrated solution of potassium nitrate nitroso-

diethyline ̂ $ J 1N is formed, a liquid boiling at 177°, and which

by the action of aqueous hydrochloric acid is again converted into
diethylamine.

N is a light colourless liquid, strongly alka-
line, and only sparingly soluble in water, boiling at 89°. On heating
its hydrochloride with potassium nitrite, 3thyl alcohol and nitrosodi-
ethyline are formed.

Triethylamine combines readily with ethyl iodide, heat being evolved
during the reaction, and.tetrethylammmiwn iodide N(CtH()4I is formed,
a salt which is soluble in water and forms large colourless crystals.
On treating its solution with freshly precipitated silver oxide, the
hydroxide N(C9H,)4OH is obtained, which has a bitter and very
caustic taste. On evaporating its solution in vacua it is left as a
crystalline, deliquescent mass. Like caustic potash it attacks and
dissolves the skin, saponifies fats, and precipitates metallio salts, but
does not redissolve chromic hydroxide. On heating the hydroxide
it is resolved into water, ethene, and triethylamine.

With acids it forms soluble salts, which crystallize well On add-
ing platinum chloride to a solution of tetrethylammoniura chloride,
2£N(C8H6)<C1] + PtOl4 is obtained as a yellow, crystalline preci-
pitate.

ETHYUTED DREAS.

Compound ureas, or carbamide in which hydrogen is replaced by
alcohol radicals, can be obtained in a manner similar to that in which
common urea is produced from ammonia and cyanic acid, viz. either
by acting with cyanic acid upon an amine or by treating a carbimide
with ammonia or an amine.

Ethyl-carbamide CO -I *JH 6 # — ^ 8 compound is obtained by

the action of ammonia upon ethyl carbimide, as well as by com-
bining cyanic acid with ethylamine. It crystallizes from water in
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long colourless prisms, and combines with acids like common urea;
its nitrate is readily soluble in water.

Methyl-carbamide exists in two metameric modifications; one

having the constitution CQ \ JJJJ'(VJJ6 is produced by acting with

ethylamine upon ethyl carbimide. It crystallizes in long prisms,
fuses at 107°, boils at 263° and yields on boiling with potash solution,
potassium carbonate and ethylamine.

Itsisomeride CO<-^/Qa^v is formed by treating diethylamine

-with cyanic acid. It is decomposed by caustic potash with the forma-
tion of potassium carbonate, ammonia, and diethylamine.

Triethyl-carbamide CO-j SYQJ? V , a crystalline solid, soluble in

water, fusing at 63° and boiling at 223°, has been prepared from
diethylamine and ethyl carbimide.

Ureas containing more than three alcohol radicals have not yet
been obtained, as triainines do not act either upon carbimides or on
cyanic acid.

Mhylated Sulplwcarbamidts have been produced by analogous
reactions from the so-called mustard oils. Thus ammonia and ethyl

sulphocarbimide form etkyl-sulpJwcarbamide CS •! VTTV TT white

crystals, which melt at 106°. By acting with ethylamine on the same
(NH C Hmustard-oil, we obtain diethyl-sulplwcarbamide CS-J xTTx'n8Tx6> a white,
( £4 H.U'g.tlg

crystalline solid. When its aqueous solution is boiled with mercuric
oxide, oxygen is exchanged for sulphur, and diethyl-carbamide and
mercuric sulphide aTe formed, On heating its alcoholic solution
with ethylamine and mercuric oxide, a strongly alkaline solution ia
obtained, iriethyl-guanidine being formed:—

+ N . C ^ H , , + HgO . C «j N.CjHL + HaO + HgS

This compound is as powerful a base as common guanidine; its
solution rapidly absorbs carbon dioxide from the air, and is converted
into a crystalliue mass.

PHOSPHORUS BASE8 OF KTBTl.

-The hydriodide of this base is obtained

from ethyl iodide, phosphonium iodide, and zinc oxide, in the same
way as the corresponding compound in the methyl series. The base,
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set free by means of water, is a colourless l iquid having a strong
refractive power, lighter than water, boiling at 25°, and without
any action on vegetable colours. I ts odour is most overpowering,
resembling that of the carbamines, and producing an intensely
bitter taste in the mouth and deep down in the throat. In con-
tact with chlorine, bromine, or fuming nitric acid it takes fire. Its
vapour bleaches cork like chlorine, and india-rubber in oontact with
it becomes transparent and brittle. It combines with sulphur and
carbon disulphide, forming liquid compounds, and with concentrated
hydrochloric, hydrobromic, and hydriodic acid it forms crystalline
salts. The hydrocbloride gives with platinum chloride the double salt
[P(C 2IL)H ?C1] 2 + PtCl4, crystallizing in splendid crimson needles.
The hydriodide forms large, four-sided, thin, iridescent plates.

Nitric acid acts on the base in a similar way as on the methyl base,
elhylphosphinic add TO^C^U^E, being formed, a crystalline solid,
which melts at 44°, and at a higher temperature volatilizes without
decomposition. This compound is isomeric with ethylphosphorous
acid, from which it differs by being a bibasio acid whilst the latter
is monobasic; the constitution of the two acids being represented
by the following formulffl:—

Ethylphosphinio Acid. EthylnliosphorouB Acid.

PCK O H PCK O H
( O H ( H

f C 8 5

Diethyl^ikospMne P < CgH6 is formed together with ethylphosphine,
t H

and isolated in the same way as the dimethyl-compound. I t is a
colourless, light, refractive liquid, boiling at 85°, and having a neutral
reaction. The odour is penetrating and very persistent, but quite
different from that of ethylphosphine. I t absorbs oxygen rapidly,
with much evolution of heat, the liquid sometimes taking fire. With
sulphur and carbon disulphide it forms liquid compounds, and with
acids salts, which, with the exception of the hydriodide, do not
crystallize well.

DiethylphospMnic Acid P O J C C J H J J H is a liquid, and forms crystal-
line salts.

f C 3 H 6

TrieihylpkospMne P < CjHg.—>The hydriodide of this base i s pro-
C Hl . j6

duced b y heating absolute alcohol with phosphonium iodide in sealed
tubes for some hours to 160° :—

3(C8H6 .OH) + P H , I « ( C J H J J P H I + 3HjO

Triethylphosphine is also formed by the action of zinc ethide upon
phosphorus trichloride. Phosphotus trichloride ia added drop by
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drop to a solution of zinc-ethyl in ether, contained in a flask filled
with carbon dioxide; a violent reaction sets in, zinc chloride and
triethylphosphine being formed, which are separated by adding solid
caustic potash and water, by which sufficient heat is evolved to vola-
tilize the base.

It is a colourless, refractive liquid, lighter than water, and boiling
at 127'5°. Its odour in the concentrated state is most powerful and
unpleasant, but when diluted it becomes fragrant, and resembles very
much that of hyacinths. When it comes in contact with the air
it absorbs oxygen and is converted into tmthylplwsphiiie oxide
PO(O2H^S, white needle-shaped crystals, boiling at 240°. When this
oxidation goes on very rapidly, so much heat is evolved that the
liquid takes fire. Triethylphosphine is only a weak base, and forms
salts which do not crystallize well; the hydrochloride combines with
platinum chloride forming [PlCjjHJgHCl^ + PtCl<, a crystalline
precipitate.

Triethylphosphiue also combines with sulphur, forming triethyl-
phosphite sulphide P S ^ J H ^ J , which crystallizes from water in long
needles, melting at 94°. The most characteristic property of this
base is, however, that with carbon disulphide it forms the compound
^(CaHAjCSg, which is insoluble in water and crystallizes in beautiful
red needles. This reaction is made use of to detect traces of carbon
disulphide, as in coal gas.

Iodide of ethyl and triethylphosphine combine readily, with evolu-
tion of much heat, to tetrethjlpliosphonium iodide, separating from
water in fine crystals. It has also been obtained by heating absolute
alcohol and phosphonium iodide:—

4(C2HS.OH) + PH4I = P t C ^ I + 4H2O

This salt, which is not decomposed by alkalis, yields with silver
oxide and water the hydroxide P(C,Hfi)tOH, a white crystalline and
very alkaline mass, which readily aosorbs carton dioxide from the air,
and yields with acids soluble and crystalline salts. On heating
the hydroxide, ethane is evolved and triothylphosBuine oxide is left
behind.

ARSENIC BASF.» OF KTHVU

Sodium arsenide AsNaa is violently attacked by ethyl iodide, arscjt-
Methyl As4(C8H5)4 and trieihylarsinc As(CaH6)g being formed, which
can be separated by distilling the product in on apparatus filled with
carbon dioxide; triethylarmie, being the more volatile compound,
distilling first. It is a colourless liquid, which refracts light strongly
and boils with partial decomposition at 140°. It possesses a most
disagreable odour; when exposed to the air it absorbs oxygen,
emitting white fumes without taking fire ; the oxide AsO(C,.H.,)s, an



186 THE CHEMISTRY OF

oily liquid, being formed. On heating trietbylarsine with sulphur,
the sulphide AaStCgHg) is obtained, which crystallizes in large
prisms. Triethylarsine also readily combines with ethyl iodide to
form tetrethyla.rm.vwm iodide Aa(C2H6)4I, a salt which with moist
silver oxide yields the hydroxide, a colourless, deliquescent mass,
and a very powerful base.

Arsendiethyl or Ethyl-cacodylX / W Q J J 6 ^ ** a yellowish liquid

possessing a most intolerable smell, boiling at about 190°, and
taking fire in the air. It combines directly with sulphur and with
the elements of the chlorine group. By admitting air gradually to

an alcoholic solution, ethyl-cacodylic add * 2 6 \ r [ 0 is formed,

crystallizing in deliquescent plates. It has a sour taste and forms
crystalline salts, which are soluble in water.

Arsenmonethyl compounds have not yet been obtained.

ANTtMOSY BASES OF ETHYL.

TriethyhHUne or Stibethyl Sb-J C2H6 is obtained by heating ethyl

iodide with an alloy of potassium and antimony (ShK3) in an
atmosphere of carbon dioxide. I t is a heavy, mobile, colourless
liquid, boiling at 1588, and possessing a powerful odour resembling
that of onions. Exposed to the air it takes fire, but when it is
slowly oxidized in an alcoholic solution, atibethyl oxide S ^ C J H ^ J O is
obtained, a visoid mass, readily soluble in water and combining with
acids. On adding hydrochloric acid to its solution, stibethyl chloride
StyCjB^jClg is precipitated, a colourless liquid, which smells like
turpentine, and is also formed by the direct union of stibethyl and
chlorine.

Telrethyklibonium Iodide StyCgH^I forms larger transparent
crystals; it is readily acted upon by silver oxide and water; the
hydroxide thus formed is a thick, strongly alkaline liquid.

BiaSIUTH BASES OF ETHYL.

Triethylbimuthine Bi-1 C,H6 is obtained by the action of ethyl
S a 6

iodide upon an alloy of bismuth and potassium; it is a heavy colour*
less liquid, possessing a disagreeable smell, and resembling triethyl-
stibine in most of its properties, its compounds, however, being less
stable than those of the latter. On adding mercuric chloride to its
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( C H
solution mercuric ehloreihide Hg •! Q? 6 is precipitated, and the solu-
tion contains Usmutheihyl dichloride Bi(C2H6)Cl2> which on evapora-
tion is obtained in small crystals.

BOBETHYI, OB TBIETHYÎ ORINE Bo

T h i s c o m p o u n d i s p r e p a r e d b y g r a d u a l l y a d d i n g e t h y l b o r a t e t o

z i n c - e t h y l : —

3 Z n ( C 2 H 6 ) 2 =

Trietbylborine is a colourless liquid, boiling at 95°, and possessing
an irritating odour; its vapour strongly attacks the mucous mem-
branes and eyes. In contact with air it takes fire, burning -with a
smoky green flame; but when air is only very gradually brought in

/n TT

c o n t a c t w i t h i t , t h e c o m p o u n d B o < O C « H R i s f o r m e d , a l i q u i d b o i l -
i n o r t

ing at 125°, and which is decomposed by water into alcohol and
Bo(OH)2CaHs, a crystalline solid, liaving a sweet taste. On heating
triethylborine with concentrated hydrochloric acid, ethane is evolved,
andbor-diethyl chloride BoCl(C2H6)2 left behind.

COMPOUNDS OF ETHYL AND SULPHUR.

Ethyl ffydrosulphide, or Mercapian a J J {• S i s f o r m e d b y t h e a c t i o n

o f e t h y l c h l o r i d e , i o d i d e , o r p o t a s s i u m e t h y l s u l p h a t e u p o n p o t a s s i u m

h y d r o s u l p h i d e . T o p r e p a r e i t a s o l u t i o n o f c a u s t i c p o t a s h i s s a t u r a t e d

w i t h h y d r o g e n s u l p h i d e a n d t h e n d i s t i l l e d w i t h a c o n c e n t r a t e d s o l u -

t i o n o f p o t a s s i u m e t h y l s u l p h a t e . I t m a y a l s o b e o b t a i n e d b y t h e

a c t i o n o f p h o s p h o r u s p e n t a s u l p h i d e u p o n a l c o h o l : —

0

Mercaptan is a colourless liquid, having a nauseous, intolerable
smell, like onions, and boiling at 36°. It is almost insoluble in water
and very inflammable, burning with a blue flame. On evaporating it
by a rapid current of air, so much heat is absorbed that a portion of
the liquid solidifies into a crystalline mass. The alkaline metals dis-
solve in it with evolution of hydrogen and formation of mercaptides as

S. Other metals also are capable of replacing hydrogen in
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mercaptan, this compound having the character of a weak acid
like hydrogen sulphide. By adding mercuric oxide to mercaptan
a violent reaction ensues, -water and mercuric mercaptide Hg(SC,H6)3
being formed (mercurio aptwn). This compound is insoluble in
water; from an alcoholic solution it crystallizes in white, silky
scales; it is readily decomposed by dry hydrogen sulphide, the pro-
ducts being mercuric sulphide and mercaptan, which by this method
is readily obtained in a perfectly pure state.

rt TT \

Ethyl Sulphide p V I- S . — T o p r e p a r e t h i s c o m p o u n d e t h y l c h l o r i d e

i s p a s s e d i n t o a b o i l i n g a l c o h o l i c s o l u t i o n o f p o t a s s i u m s u l p h i d e . I t

i s a m o b i l e , c o l o u r l e s s l i q u i d , b o i l i n g a t 9 1 ° , a n d p o s s e s s i n g a n a u s e o u s

s m e l l l i k e m e r c a p t a n . D i l u t e n i t r i c a c i d o x i d i z e s i t , ethyl sulpkoxide

( C J J H ^ O , a n o i l y , n o n - v o l a t i l e l i q u i d , b e i n g f o r m e d . B y f u m i n g

n i t r i c a c i d i t i s t r a n s f o r m e d i n t o diethylsulpltane ( C 2 H 6 ) 2 S O 8 , w h i c h

f o r m s c o l o u r l e s s c r y s t a l s , f u s i n g a t 7 0 ° a n d b o i h u g a t 2 4 8 ° . B y

a d d i n g z i n c a n d h y d r o c h l o r i c a c i d t o i t s a q u e o u s s o l u t i o n i t i s

r e d u c e d t o e t h y l s u l p h i d e , a n d o n b o i l i n g i t f o r s o m e t i m e w i t h

n i t r i c a c i d i t i s o x i d i z e d t o e t h y l s u l p h o n i c a c i d .

E t h y l s u l p h i d e r e a d i l y c o m b i n e s w i t h e t h y l i o d i d e , f o r m i n g triethyl-

sulphim ioaide §(QJI^L, a c r y s t a l l i n e c o m p o u n d s o l u b l e i n w a t e r ,

a n d w h i c h b y t h e a c t i o n o f w a t e r a n d s i l v e r o x i d e i s c o n v e r t e d i n t o

triethylsulpftine hydroxide S ( C , j H 6 ) s O H , a p o w e r f u l b a s e , f o r m i n g d e l i -

q u e s c e n t c r y s t a l s a n d c o m b i n i n g w i t h a c i d s , y i e l d i n g w e l l - d e f i n e d

s a l t s .

Ethyl Bisulphide Q 2&sf ' a c o l o u r l e s s l i^ u i d ' f i l ing at 151°»
h a v i n g a v e r y d i s a g r e e a b l e s m e l l , i s f o r m e d b y d i s t i l l i n g a m i x t u r e

o f p o t a s s i u m d i s u l p h i d e a n d p o t a s s i u m e t h y l s u l p h a t e , o r b y a c t i n g

w i t h i o d i n e u p o n s o d i u m m e r c a p t i d e : —

2 C a H 6 S N a + I a = 2 N a I

C O M P O U N D S O P E T H Y L W I T t t S E L E N I U M A N D T E L L M U B M .

T h e s e c o m p o u n d s a r e f o r m e d b y r e a c t i o n s q u i t e a n a l o g o u s t o t h o s e

b y w h i c h t h e s u l p h i d e s o f e t h y l a r e o b t a i n e d , t h e c o r r e s p o n d i n g

m e t a l l i c s e l e n i d e s a n d t e l l u r i d e s b e i n g e m p l o y e d i n p l a c e o f m e t a l l i c

s u l p h i d e s .

Ethyl Hydrosclcnidc, or Selenium Mercaptan ^ !• S e i s a l i q u i d

p o s s e s s i n g a m o s t i n t o l e r a b l e s m e l l , a n d f o r m i n g w i t h m e r c u r i o o x i d e

a c v y s t a U i n e m e r c a p t i d e .

Ethyl Selenide Q 8 J J 6 > S e i s a y e l l o w l i q u i d w i t h a m o s t d i s a g r e e -

a b l e s m e l l , w h i c h i s o x i d i z e d b y n i t r i c a c i d to ethyl selenoxide
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C*H! I ̂ e ^ ' a '3 a s ' c c o mP0 U n (li forming crystallized salts. On adding
hydrochloric acid to its solution ethyl-selenium chloride (CjjH^SeOl,
separates as a heavy oil.

Ethyl Tetturiderfg > Te is a reddish yellow liquid, possessing an

intolerably nasty smell. It is soluble in nitric acid; on the addi-
tion of hydrochloric acid to this solution, elhyl-tdhrimm Moride
(CgH^jTeC^ separates out, a colourless oil, -which by treatment with
silver oxide yields ethyl-tellurium oxide (CyHjVTeO, a crystalline
solid, soluble in water, and possessing a faint alkaline reaction.

COMPOUNDS OF ETHYL WITH THE METALS.

ETHYL COMPOUNDS OF ZINC.

O H )
Zinc-ethyl or Zinc Ethide n V >Zn,—This important compound ia

most conveniently prepared By heating ethyl iodide with an excess
of coarse zinc filings in a flask connected with a reversed con-
denser. The upper end of the condenser is provided -with, a long
descending toibe dipping under mercury ; thus the entrance of air in
the apparatus is prevented, and the reaction proceeds quicker under
the increased pressure. The end of the reaction is recognized by
iodide of ethyl ceasing to flow back from the condenser. The flask
is now connected with the upper end of a condenser, and heated in
an oil-bath as long as zinc-ethyl distils over, whicli must be col-
lected in a receiver filled with dry carbon dioxide. It is absolutely
necessary that the materials used, and all parts of the apparatus, bs
perfectly dry.

C H I
When zinc acts upon ethyl iodide the solid compound 8 f | Zu ia

first formed, -which at a higher temperature ia decomposed with the
formation of aide-ethyl and zinc iodide, thus:—

It is necessary to employ the zinc in excess, because if an excess of
ethyl iodide be present, the latter acts on the zinc ethyl and butane is
fotrned:—-

C H } { j g } Zn = 2CtHw + Znlt

Zinc-ethyl is a colourless mobile liquid, heavier than water, ond
possessing a peculiar disagreeable odour. It boils at 118°, ond tukes

0 K
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fire in the air, burning with a bright greenish flame, giving off thick
clouds of zinc oxide. When air is slowly admitted zinc elhylate
(CgH6O)2Zn is formed, a white solid, which is acted upon by water
•with the formation of ethyl alcohol and zinc hydroxide. Water
decomposes zinc-ethyl violently, ethane being given off:—

\ Z a + 2H f ° =

On passing dry ammonia into zinc-ethyl, zincamide, a white solid,
and ethane are formed :—

J-Zn + 2NH8 = ZnCNH^ + 2C.H,

The property of zinc-ethyl to undergo readily double decomposi-
tions with a great number of other bodies, is frequently made use of
in the preparation of ethyl compounds. Several examples have already
been given, and others will be mentioned hereafter.

Sodium and potassium dissolve in zinc-ethyl, a crystalline double
compound, as C2H6Na + (C2H6)2Zn, being formed, from which the
sodium (or potassium) ethide has not yet been isolated. On passing
dry carbon dioxide over it, sodium propionate is formed :—

C,H6Na + CO, =

ETHYL COMPOUNDS OF MERCURY.

Mercwry-ikthyl or Mercurie Ethide Q V >-Hg is obtained from

sodium amalgam, ethyl iodide, and acetic ether in the same way aa
zinc methyl from methyl iodide. It is a very heavy, colourless liquid,
boiling at 159°, and possessing a disagreeable smell. When it is
exposed to the air it is not altered, and on heating it with zinc, zinc-
ethyl is formed, whilst with aluminium it gives aluminium-ethyl
Al(OjjH5)., a colourless liquid, fuming in the air, and taking fire when
exposed in a thin layer. On adding mercury-ethyl to a solution
of iodine in alcohol, mercuric iodethide CgH6HgI is formed, which
crystallizes in silvery scales:—

Mercuric Chlorethide C8H6HgCl is obtained by mixing mercury-ethyl
with an alcoholic solution of mercuric chloride. It crystallizes in
shining scales, and yields, by acting on it with freshly precipitated

moist silver oxide, the hydroxide hA [*Hg, a colourless and strongly

alkaline liquid, which forms salts with acids. By the action of con-



THE CARBON COMPOUNDS, 131

oentrated sulphuric acid on mercury-ethyl ethane is formed, and
mercuric stdphakthide (CaH&Hg)2SOv crystallizing from alcohol in
large colourless plates.

ETHYL COMPOUNDS OF TIK.

Tin-ikthyl or Stannous Ethide /n H V S n l ' 8 °^taine(i> together
with tin-triethyl, when an alloy of tm and sodium is heated with
ethyl iodide. It is a colourless, oily liquid, which on heating is de-
composed into metallic tin and stannic ethide. Stannous ethide is a
dyad radical. When exposed to the air it combines with oxygen,
forming stannic oxethide (CJH^JSUO, an amorphous white powder,
forming salts with acids. Stannous ethide also readily combines with
the elements of the chlorine group. The compounds thus obtained
crystallize well, and are soluble in water and alcohol; on adding a
caustic alkali to the solution, stannic oxethide is precipitated.

Tin-triethyl or Stannoso-stannic Ethide /n2HTS f *® a t^-n ^1°"*
which is easily separated from stannous ethide; the latter being
readily soluble in alcohol, whilst tin-triethyl is insoluble; it is decom-

poaed on heating. With oxygen it forms the compound >Q8 JJ6\ gn \ 0,

a white solid possessing a strong, penetrating smell, and forming
salts: thus, on adding hydrochloric acid the chloride (C2H5)3SnCl is
obtained, a liquid boiling at 210°, and possessing a very pungent
smell

Tin-Utrethyl or Stannic Ethide X ' y Sn is formed by the action
^2 5

of zinc-ethyl upon anhydrous stannic chloride or the chlorides
(CjH^jSnClj and (CsH6)sSnQl, as well as by heating stannous ethide.
It is a colourless liquid with a faint ethereal smell, boiling at 181".
It does not absorb oxygen, but is readily inflammable, and burns
with a bright lnminous flame. By the action of iodine it yields
ethyl iodide and stannic iodo-triethide (CyEQjSnl, and when it is
heated with fuming hydrochloric acid ethane escapes, and stannic
chloro-triethide is left behind.

Bill?!. CoMPOVNpS OF LEAP.

Lead-Utrethjl or Plumbic Ethide Q2g6 V Pb is formed, together with

lead-tricthyl, by acting on lead chloride with zinc-ethyl:—
K 2
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P b 2 C l 4 + 2 Z n ( C 2 H 6 ) i ! - 2 Z n C l 2 + P b + P b ( C 2 H 6 ) 4

I t i s a c o l o u r l e s s h e a v y l i q u i d , b o i l i n g a t 2 0 0 ° . I t d o e s n o t f u m e

i n t h e a i r , b u t i s e a s i l y i n f l a m m a b l e , b u r n i n g w i t h a y e l l o w , g r e o n -

b o r d e r e d flame. B y f u m i n g h y d r o c h l o r i c a c i d i t i s d e c o m p o s e d i n t o

e t h a n e a n d plumbic chlwo-triethide ( C j H ^ P b C l , c r y s t a l l i z i n g i n

l o n g n e e d l e s , a n d p o s s e s s i n g a p u n g e n t s m e l l l i k e m u s t a r d .
/Q -IT \ TO. \

Lmd-triefh/yl W t i v p b f ' 8 a * ' " n l i q u i d w h i c h i s d e c o m p o s e d o n

h e a t i n g . T o p r e p a r e i t , a n a l l o y o f l e a d a n d s o d i u m , P b N a j , i s h e a t e d

w i t h e t h y l i o d i d e , a n d , a f t e r c o o l i n g , t h e p r o d u c t e x h a u s t e d w i t h

e t h e r . I t a b s o r b s o x y g e n f r o m t h e a i r , f o r m i n g a s o l i d o x i d e h a v i n g

b a s i c p r o p e r t i e s a n d y i e l d i n g c r y s t a l l i z e d s a l t s .

COMPOUNDS OF KTHYL A N D SILICON,

8Mem Ethide X W ' / ' S i i s o b t a i n e d b y t h e a c t i o n o f z i n c - e t h y l

8 ! ; /

u p o n s i l i c o n t e t r a c b l o r i d e . I t i s a c o l o u r l e s s l i q u i d , b o i l i n g a t 1 5 0 ° ,

a n d a v e r y s t a b l e c o m p o u n d , n o t b e i n g o x i d i z e d e v e n b y n i t r i c a c i d .

W i t h c h l o r i n e i t y i e l d s s u b s t i t u t i o n - p r o d u c t s j t h e first p r o d u c t b e i n g

monochloi-osWecm-ethyl S i C 8 H 1 9 C l , a c o l o u r l e s s l i q u i d b o i l i n g a t 1 5 0 ° .

T h i s c o m p o u n d s h o w s i n a l l i t s r e a c t i o n s g r e a t r e s e m b l a n c e t o t h e

c h l o r i d e s o f t h e a l c o h o l r a d i c a l s . T h u s , o n h e a t i n g i t w i t h p o t a s s i u m

a c e t a t e a n a c e t i c e t h e r i s f o r m e d , w h i c h o n t r e a t m e n t w i t h c a u s t i c

p o t a s h y i e l d s a n a l c o h o l , a l i q u i d s m e l l i n g l i k e c a m p h o r . S i l i c o n

e t h i d e m a y t h e r e f o r e b e c o n s i d e r e d a s n o n a n e o r n o n y l h y d r i d e , i n

w h i c h o n e a t o m o f c a r b o n i s r e p l a c e d b y o n e o f s i l i c o n ; b y s u b s t i -

t u t i n g o n e a t o m o f h y d r o g e n b y o t h e r r a d i c a l s , c o m p o u n d s o f t h e

m o n a d r a d i c a l sitieononyl S i C g H ^ a r e f o r m e d : —

Boil ing-point .

S i l i c o n e t h y l o r S i l i c o n a n e S i C 8 H M 1 5 0 °

S i l i c o n o n y l C h l o r i d e S i C g H ^ C l 1 8 7

Silicononyl Acetate ^ c K ? ? } 0 2tl

Siliconouyl Alcohol SlC8H^j> I o 190

jfp Acid CJJg.SiO.OH.—By acting with zinc-ethyl
and sodium upon SiCl(OC^HJ. (a compound described under Ethyl
Silicate), the body SiCjH^OCjH^g is formed, which has been called
ethyl orthosfflcoprcjrionate. It is a colourless liquid, boiling at 158o-5.
When it is heated with acetyl chloride to 180° ethyl acetate is formed,
and 8iliconmohethyl trichloride SiCjHjCljp a liquid fuming in the air, and
which ia easily decomposed by water with the formation of silicopro-
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pionic acid, a white light amorphous powder, which has the greatest
resemblance to finely divided silica. It dissolves in concentrated
potash solution, and is not precipitated by hydrochloric acid;- but on
boiling the alkaline solution down with sal ammoniac, silicopropiouic
acid is left behind in the insoluble state. It differs from silica, how-
ever, by not being soluble in caustic soda; and moreover on beating
it, it begins to glow, an inflammable gas being evolved. Silicopropionic
acid is the first example of a new class of acids containing SiO.OH
in the place of carboxyl CO.OH.

Silicoheptyl Compounds.*—By the further action of zinc-ethyl and
sodium upon silicopropionic ether, first silieondiethyl ether Si(C2H6)2
(OC,H6)2 is formed, a liquid boiling at 155-8", which in appearance
and smell is very similar to silicic ether. On very prolonged treat-
ment with sodium and zinc-ethyl, silicokcptyl ether Si^HJgOCjHj,
a liquid boiling at 163°, is produced. On heating with acetyl chloride
to 180" it yields ethyl acetate and silicmtriethyl elihride, or sUico-
heplyl chloride Si(CJI6)3Cl, a liquid having a pungent and camphor-
like smell, and boiling at 143*5°. It is readily decomposed by
aqueous ammonia, with the formation of silioon trkthyUiydrooMe or
tertiary silieoheptyl alcohol Si(C2H6)sOH. This body may be regarded
as triethyl carbinol, in which one atom of carbpu is replaced by
silicon, and may therefore be called triethyl silicol, It is a colourless
liquid, smelling like camphor, and boiling at 154°.

By the action of fuming sulphuric acid on triethyl silicol it is
oxidized with the formation of silicopropionic acid and ethene :—

2SOS = Si(C2H6)O.OH + 2C2H4 + 2SO8 + H.0

When silicoheptyl ether is heated with hydriodic aoid it yields
Si("C H ) 1

ethyl iodide and silieoheptyl oxide gj/Q^jj) f 0, a colourless liquid,

boiling at 231°. l '
Sodium aots violently on a solution of triethyl silicol in pure ether,

the compound Si(C?H6)3ONa being formed, which ia a white powder.
By passing dry carbon dioxide into its ethereal solution, a white
precipitate is produced of sodium sUicolieptyl-carbonate SifCgH^O.
CO.ONa. It is veiy deliquescent, and is resolved by water into tri-
ethyl silicol and sodium oarbonate. When heated to redness it is
resolved into silicoheptyl oxide and sodium carbonate, being the first
silicon-containing body that leaves carbonate instead of silicate when
heated.

ETHANE AND ITS SUBSTITUTION-PRODUCTS.

Ethane C,HS is a colourless gas, which, as we have just seen, may
be obtained by different reactions. Pure ethane is formed by passing
a galvanic current through a concentrated solution of potassium
acetate; the gas must be washed with caustic potash and concen-
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trated sulphuric acid, to free it from carbon dioxide and other admix-
tures. It is also formed by heating dry methyl iodide with zinc in
closed tubes to 150°, or by decomposing zinc-ethyl with -water, or
mercuric ethide with sulphuric acid.

When a mixture of equal volumes of ethane and chlorine is exposed
to the daylight, ethyl chloride and dichlorethaue C2H4C12 are formed.
By the further action of chlorine the following products are formed:—

C2H6C1 . . .
C.H.CL. . .
CSH8C18. . .

Dichlorethane will be described further on.
Trichlorelhane C2HsClj is acted upon by an alcoholic solution of

caustic potash, the products being potassium chloride and potassium
acetate:—

CH8
+ 4 K 0 H = | + 3KC1 + 2H2O

)C\3 CO.OK

ffexackiorethane CgClj, commonly called carbon sesquichloride,
forms colourless crystals and smells like camphor.

Boiling-point.12-5°5975
CjH Cl,
ecu . ,

Boiling-point.. . . 127°. . . 158, 180

ic

COMPOUNDS.
Acetaldehyde CjĤO, commonly called simply aldehyde (fromalcohol dehydrogenntum), as it was the first known of this class ofbodies, is obtained by oxidizing spirits of wine by means of man-ganese dioxide and sulphuric acid, chromio acid, or platinum black, inpresence of air, or if alcohol or ether are burning without a sufficientsupply of air. It is also formed by healing a mixture of acetate andformate of calcium:—

CH8CO +CO, + H,0H
It is contained in considerable quantity in the first runningsobtained in the manufacture of spirits of wine.To prepare pure aldehyde, three parts of potassium dichromate insmall pieces are placed in a flask, surrounded by a freezing mixture,and a well-cooled mixture of two parts of spirits of wine, four part3of sulphuric acid, and twelve parts of water added. After con-necting the flask with a condenser, the freezing mixture is re-moved; a violent reaction very soon sets in, and the liquid beginsto boil. The vapours have first to pass through an ascending tube
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surrounded by warm water afc about 50°. Alcohol and different
products are condensed and flow back, whilst the vapour of the
aldehyde, after having passed through a descending condenser, is ab-
sorbed in anhydrous ether. On passing dry ammonia gas into the
ethereal solution, a white crystalline solid, called aldehyde-ammonia,
CJI4O.NH3 separates. On distilling this substance with dilute sul-
phuric acid, pure aldehyde is obtained, which may be dried over cal-
cium chloride. Acetaldehyde is a colourless liquid, boiling at 21°,
and haying a very pungent and suffocating smell. It is readily
solnble in water; caustic potash transforms it into a brown resinous
mass, like all aldehydes it is very easily oxidized, and acts there-
fore as a powerful reducing agent. Thus, on heating it with a little
ammonia and nitrate of silver, metallic silver separates out, coating
the 8ides of the vessel with a bright mirror:—

C2H4O + AgaO = C2H4O2 + Ag8

It combines with ammonia, and forms a crystalline compound,
which has a peculiar smell of mice. The constitution of aldehyde-
ammonia is the following:—

H^—CH3

OH

By dilute acids it is decomposed, aldehyde being liberated and an
ammonium salt formed. When kept in the moist state it undergoes
a slow decomposition, and is changed into a brown syrupy liquid,
which contains a basic oompound called aldehydine or hydracet-
amide C1

6Hl2Wg :—
afCAQNH,) = C,,HMN +- NHS + 3H2O

Aldehydine is an amorphous mass, soluble in water, and possessing
an alkaline reaction. I t combines with acids, forming amorphous
salts. On boiling its aqueous solution ammonia escapes, and a new
base, oxytrialdine CaHuN0, is obtained, which possesses properties
very similar to those of aldehydine.

If aldehyde-ammonia is heated with alcohol, the bases oxytetrdldins
Hj-NO and oxi/pentcMine C,0H16NO are obtained.
Aldehyde combines with the acid sulphites of the alkali-metals,

and forms crystalline compounds, which are not very soluble ia
water; thus if aldehyde is shaken with a cold concentrated solution
of acid sodium sulphite, the liquid is converted into a magma of

( OH
crystals having the formula CHS.CH | g Q N a- Dilute acids or

alkalis again liberate aldehyde from these compounds.
With anhydrous praasie acid, aldehyde forms the compound
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C»H4O.CNH, which boils at 180°, with partial decomposition. On
aiding oonoentrated hydrochloric acid to this body ammonium
chloride and lactic acid are formed (compare lactic acid).

Phosphorus pentachloride acts violently upon aldehyde; the
products of the reaction being phosphorus oxychloride and dicMor-
ethcme C2H4Clj,

A great number of substances, such as hydrochloric acid, sulphuric
acid, carbonyl chloride, &c, even if present only in very minute
quantities, cause the condensation of the aldehyde into paraldehyde
C8HJ9Ofl, a liquid boiliug at 124°, and solidifying at a low temperature
into crystals melting at + 10-5°. On distilling paraldehyde with the
above substances, it again splits up into three molecules of acetal-
dehyde.

Another polymeride called 7netaldehydet the molecular weight of
which is not known, is produced when the above-mentioned sub-
stances are brought into contact with aldehyde at a temperature
below 0". It crystallizes in colourless needles or prisms, which when
quickly heated sublime, When metaldehyde is heated in a closed
vessel to 115°, it again changes after a few hours into common
aldehyde.

On heating aldehyde with a solution of zinc chloride or some other
salts, water is eliminated, and crotan, aldehyde C4H0O is formed, a
compound whioh will be described hereafter!

ACKTIC ACID C2H4O2.

Dilute acetic acid, or vinegar, has been known from very early
times, The different modes of the formation of this acid have
already been fully described. On the large scale acetic acid is
produced by the oxjdation of alcohol, or by the destructive dis-
tillation of wood. Pure alcohol, even when very dilute, is not
oxidized in contact with air, but in the presence of platinum black
and air it is converted into aldehyde and acetic acid. The same
change occurs when dilute alcohol ooutains certain nitrogenous
organic bodies. For this reason wine, beer, &o., in which such bodies
are contained, turn sour on exposure to the air.

In the manufacture of vinegar a mixture of wine, beer, or diluted
spirits, with some vinegar and yeast, is kept in loosely covered vafca,
at a temperature of about 24—27°, for about fourteen days, after
which time the liquid is changed into vinegar. On increasing the
surface of the liquid, the oxidation goes on much quicker. To effect
this the liquid is made to run slowly over shavings of beechwood
saturated with vinegar, contained in large vats, through which a
current of air is made to pass.

Acetic acid is found in nature in the form of acetic ethers in several
plants; it has also been found in small quantities in animal juices.
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The so-called pyroligneous acid, obtained by the distillation of
wood, is dilute acetic acid mixed with empyreumatic substances. It
is used to prepare the common commercial acetic acid, by neutralizing
it with lime, and evaporating the solution to dryness; the residue is
gently roasted so as to destroy the foreign matters, and then distilled
with hydrochloric acid.
. To obtain pure acetic acid, five parts of anhydrous fused sodium

acetate are distilled with six parts of pure conoentrated sulphuric
add. It is a colourless liquid, boiling at 118°, and solidifying on
cooling into large transparent plates (glacial acetic acid) melting
at + 1.7°. It possesses a pungent and sour smell, and is corrosive,
destroying the skin. It mixes with water in all proportions, and is
a solvent for essential oils, hydrocarbons, and many other bodies
which are insoluble in water. At 15° it has the spec. grav. 1-0553.
On mixing with water a contraction first takes place until £0—23
per cent, of water are present; this acid has the specific gravity
1*0748. On further addition of water the specific gravity diminishes
again; acetic acid of 43 per cent, having the same specific gravity
as the anhydrous acid.

p IT Q\
Potassium Acetate 4 V f O *8 ob ta ined b y n e u t r a l i z i n g d i l u t e

acetic acid with purified potassium carbonate. It is a very deli-
quescent salt, and difficult to crystallize The dry salt fuses at 309°,
and may be heated even stronger without undergoing decomposition.
On cooling it solidifies to a radiated crystalline mass. If it is dis-
solved in common strong acetic acid, and the solution heated, water is

given off, and a compound C » H s ° - \ o + G&Q \ Q (8O 0 ^ 1 ^ biacetate

of potash) formed, which on heating to 200° splits up into anhydrous
acetic acid and potassium acetate. This reaction may be nsed for
preparing pure acetic acid.

Sodium Acetate is obtained on the large scale by dissolving the
roasted crude calcium acetate in water, and decomposing it by sodium
sulphate. The filtrate yields on evaporation sodium acetate, which
if strongly heated may be freed from all traces of empyreumatio
substances still adhering to it. Sodium acetate crystallizes in long

monoclinic prisms ^ A >O + 31^0, which melt on heating, and

give off water. The anhydrous salt, fuses above 300° to a colourless
dear liquid.

Ammonium Acetate vffx rO.—The anhydrous salt is formed by

passing dry ammonia into pure acetic acid. I t is very soluble in
water. On heating it decomposes into water and acetamide
C A O N H

Aluminium. Acetate is prepared by adding a solution of lead acetate
to a solution of aluminium sulphate; it is used under the name of
"red liquor," as a mordant in calico-printing.
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By dissolving iron turnings in pyroligneous acid a solution of
ferrous acetate is obtained called "iron liquor" which is also employed
as a mordant.

Lead Acetate, commonly called sugar of lead, PKCgHjO^ + 3HaO,
is manufactured by dissolving litharge in dilute acetic acid; it
crystallizes in monoclinio prisms, and is readily soluble in water. Its
solution has the power of dissolving large quantities of litharge, basic

salts such as * g(J >Pb being formed, the solutions of which have

a strong alkaline reaction, and are used for surgical purposes.
Ouprie Acetate.—The so-called " verdigris," which is prepared on the

large scale by bringing the marc of grapes in contact with copper-
sheeting, is a mixture of basic salts, and consists chiefly of

H(f f ^ ^ (^8S0^vJnS ft "* acetic acid, the normal acetate
Cu(O,HsOg)j + HjO, crystallizing in rhombic prisms, is obtained.

The beautiful green pigment called " emerald green " is a double

salt of copper acetate and arsenite Q TTQ 3 [-CUJ, and is prepared by

adding acetic acid to copper arsenite.

Silver Acetate 2~£ !• O.—Silver nitrate precipitates from a solu-
tion of an acetate this salt as a white crystalline powder, which
crystallizes from boiling water in flat, flexible, white, shiniug needles.

Methyl Acetate V | T !• O is a mobile liquid having a refreshing

smell, boiling at 55°. I t is contained in crude wood spirits. To
prepare it a mixture of methyl alcohol and sulphuric acid is distilled
with dry sodium acetate. This ether has the same boiling-point as
its inetameride ethyl formate. Both can, however, be easily distin-
guished from each other; by treatment with alkalis, methyl acetato
yields metfiyl alcohol and an alkaline acetate, whilst ethyl formate
gives ethyl alcohol and an alkaline formate.

Ethyl AcetaiP^P \ 0, a liquid known by the name of "acetic
^ 2 6 J

e t h e r , " i s b e s t p r e p a r e d i n t h e f o l l o w i n g m a n n e r . T o 9 p a r t s o f c o n -

c e n t r a t e d s u l p h u r i c a c i d 3 * 6 p a r t s o f c o m m e r c i a l a b s o l u t e a l c o h o l a r e

a d d e d b y m e a n s o f a f u n n e l t u b e w h i c h reaches t h e b o t t o m o f t h e

v e s s e l , a t t h e s a m e t i m e k e e p i n g t h e l i q u i d w e l l s t i r r e d . A f t e r s t a n d -

i n g f o r t w e n t y - f o u r h o u r s t h i s m i x t u r e i s a d d e d t o 6 p a r t s o f s o d i u m

a c e t a t e , w h i c h h a s p r e v i o u s l y b e e n f u s e d a n d b r o k e n i u t o s m a l l f r a g -

m e n t s , a n d a f t e r t w e l v e h o u r s t h e m i x t u r e i s d i s t i l l e d . T h u s 6 p a r t s

o f p u r e a c e t i c e t h e r a r e o b t a i n e d , f r o m w h i c h , b y rectifying o v e r c a l c i u m

c h l o r i d e , t r a c e s o f w a t e r a r e r e m o v e d . E t h y l a c e t a t e b o i l s a t 7 4 ° , a n d

p o s s e s s e s a v e r y p l e a s a n t a n d r e f r e s h i n g s m e l l . I t d i s s o l v e s i n a b o u t

1 1 p a r t s o f w a t e r ; t h e s o l u t i o n s o o n a s s u m e s a n a c i d r e a c t i o n , t h e

e t h e r b e i n g d e c o m p o s e d i n t o a l c o h o l a n d a c e t i c a c i d . A c e t i c e t h e r i s

a l s o s l o w l y f o r m e d b y a l l o w i n g a m i x t u r e o f a c e t i c a c i d a n d a l c o h o l
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to stand for some time, the refreshing smell of hock-vinegar being
due to an admixture of this ether.

Sodium has a very peculiar action upon the acetates of methyl and
ethyl. As far as this very complicated reaction has "been studied, the
first stage is that in the methyl group of acetyl one atom of hydrogen
after the other is substituted by sodium; but little or no hydrogeu is
set free, probably because it acts in the nascent state upon some of
the acetyl. The sodium compounds thus formed are again, acted
upon by the excess of the acetic ethers, the product of the reaction
consisting of a white solid, from which two crystallinic compounds
have been isolated, which have been formed according to the follow-
ing equations :—

(1) CHS CHS

(JO.OCEL CO
. a | + NaO.CH,

CHNa,, CHNa

C0.0CH8 CO.OCH,

(2) CH3 CHS

CO

CH3

CO.

CHNaa CHFa

OO.OCaH6CO.

I + NaO.C,H6

C F "

Qn adding a dilute acid to the first of these bodies, sodium is replaced
by hydrogen, and a liquid boiling at 170° is obtained, which has been
called methyl-diaceUc add, although the body ia not an acid, but the
methyl ether of an acid which is not known in the free state and
which has been called acdow-eavbonie acid.

This ether, ns well as the sodium compound, yield, when heated
with, water, carbon dioxide, methyl alcohol, wad acetone (dimethyl-
ketone):—•

CH-
I CHS
CO I
I + H 2 O = CO +HO.CH8

i,
U00CH3

The compound obtained from ethyl acetate yields under the same
circumstances ethylacetont'Carbonate (ethyl-diacetic acid), which boils
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at 187°, and with water yields ethyl alcohol, acetone, and carbon
dioxide.

If the solid product obtained by the aotioa of sodium upon acetic
ether is acted upon by ethyl iodide, different compounds are formed,
which can be separated by fractional distillation; amongst them there
are ethers of the fatty acids, such as ethyl-acetic acid or butyric acid,
which is produced by the substitution of ethyl for one atom of
hydrogen in the methyl group of acetic aoid, the radical methyl being
thus changed into propyl:—

CHJtfa Q r ,
I + C2H6I = | 4 Nal
C0.0C$H6 CO.OC8H6

In a similar way diethyl-aoetie acid, an isomeride of caproic acid,
is obtained;—

A

CHNa,
+ 2C2H6I = I

0,0CaH6 C0.0C2H6

Another class of compounds are formed by the action of ethyl
iodide upon the sodacetone-carbonic ethers:—

Nal

CHS

GO CO

i.OC8H6 CO.OC8HS

The ethyl ethacetone-carlonate thus fovmed is readily decomposed
by baryta-water, the products being alcohol, barium, carbonate, andy y , p g

methyl-propyl feetoue CO I „ tf.

B i i l ti d i tBy a similar reaction disoaacetone-carbanv: ether yields ethyl
duthaeetoniHxirbonate, which is attacked by baryta-water in a similar
•way as the preceding compound .-<*-

CH8

I +Ba(0H) x= CO + C,H6OH + BaCU
C(C,H6)S |
[ OH(C2H6)2

Acetyl Chloride C»HSOCL—The best method to prepare" this com-
pound is to mix gradually acetic acid and phosphorus trichloride, and
to distil the mixture from a water-bath:—
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H | s a s s

It is a colourless liquid, boiling at 55°, and possessing a very
pungent smell; it fumes in the air, and is heavier than water, by
which it is rapidly decomposed into acetic acid and hydrochloric acid.

Acetyl Bromide C?HsOBr, obtained by the action of phosphorus
tribromide upon acetic acid, has similar properties; it boils at 81°,

If sodium amalgam is brought into contact with a mixture of
acetyl chloride and acetic acid, the nascent hydrogen converts the
chloride first into aldehyde, which combines with hydrogen to form
alcohol; the latter is again acted upon by acetyl chloride, the pro*
ducts of the reaction thus being sodium chloride, sodium acetate, acetic
ether, and water.

On heating acetyl chloride with silver cyanide, acetyl cyanide
CHg.CO.CN is obtained, a liquid boiling at 91°, and which by
water is decomposed into acetic acid and hydrocyanic acid.

C»H 0 )
Acetyl Oodde or Acetic Anhydride n*tjso j- 0 is formed by the action

of acetyl chloride upon any anhydrous acetate. To prepare it,
phosphorus oxychloride is added drop by drop to an excess of fused
sodium acetate; a violent reaction ensues, by which sufficient beat
is evolved to volatilize the anhydride, which is formed by the two
successive reactions :—>

(1) POCl, + 3C2Hi£ } 0 - 3 ° ^ } + PO.Na,

(2) ^

It is a colourless liquid, boiling at 138°, and possessing a pun-
gent smell. I t is heavier than water, by which it is decomposed—
slowly iu the cold, more quickly ou heating—into two molecules of
acetic acid:—•

Acetic anhydride combines with potassium acetate, forming a
crystalline compound C4HaOa + 2CgHs0]1K. By the action of hydro-
chloric acid it yields acetic acid and acetyl chloride •—

H I C2Hs0 U J . C2H30
u ) = H } 0 + 2 ci

By treating it with iodine and phosphorus aeetyl, iodide j s
obtained, a liquid having a brown colour, and boiling at 108°. By
water it is decomposed into acetic acid and hydriodic acid.



142 THE CHEMISTRY OF

If silicon tetrachloride is digested with a mixture of acetic acid
and acetic anhydride, aeetyl silicon oxide or silico-acetic anhydride
S i t C H O ^ is formed :—

O + SiCl, e (Cflfijfli + 4HC1

It forms beautifully white crystals, which if thrown into water
decompose with a hissing noise, acetic acid and silicic acid being
formed.

If acetic anhydride is heated with ethyl silicate a reaction sets in
by which ethyl acetate and triethyl-acetyl silicate are formed :—

OC2H6

Etbyl-acetyl silicate is a liquid, which has a faint smell of acetic
acid, and boils at about 190°.

Aeetyl Peroxide Q V Q [ 02.—To obtain this compound, pure batittm

peroxide is added to a solution of acetic anhydride in ether; the liquid
is separated from the barium acetate by filtration, and evaporated at
a low temperature. The peroxide is left behind as a thick liquid,
which on heating explodes with great violence. It has a burning taste,
and is as powerful an oxidizing agent as hydrogen peroxide; it
decolorizes indigo solution, sets iodine free from potassium iodide, and
converts potassium ferrocyanide into ferricyanide, This substance is
formed according to the equation:—

Thiacetic AM *^W r S is obtained by distilling acetic acid with

phosphorus pentasulphide t—

O + P2S6 = 5C*H»°}s + P806

Freshly prepared it is a colourless liquid, but after some time it
becomes yellow; it boils at 93°, and smells like hydrogen sulphide and
acetic acid. It is soluble in water, and forms crystalline salts, the
most characteristic of which is lead tkiacetate, which crystallizes from
water in white needles which cannot ba kept, as they soon decompose,
leaving lead sulphide behind.

When phosphorus pentasulphide acts upon acetic anhydride, aeetyl

sulphide or thiacetic anhydride Q*IJ8O J S is formed, a colourless liquid
3 8 J
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boiling at 121°, which with water yields acetic acid and thiacetic
acid:—

C2H3O)
Acetamide H > N is slowly formed when acetic ether is acted

H II
upon by ammonia in the cold, quickly if they are heated together •
in sealed tubes to 120°. It forms white crystals, melting at 78°,
boiling at* 222°, and smelling like mice. It combines with acids,
but its salts are not very stable; the nitrate N(C2HSO)HS.NO3 is
obtained in form of crystalline plates by evaporating a solution of
acetamide in nitric acid. Freshly precipitated silver oxide dissolves
in a hot aqueous solution of acetamide, and on cooling colourless

crystals of silver acetamide H |-N separate. Mercuric oxide forms

a similar compound, mercury acetamide H2 VN.
• Hgj

When dry hydrochloric acid gas is passed over fused acetamide,

diacctamide C»HSO VN distils, and the residue consists of ammonium

chloride and accldiamine hydrochloride C2H?N,CIH, a salt crystallizing
in colourless needles. The free base itself nas not been isolated ;
by adding an alkali to one of its salts, acetdiamine takes up water,
and is resolved into ammonia and acetic acid.

The reactions by which this compound is formed are expressed by
the following equations:—

( W > ) C2HSO)
(1) 2 H I N + HC1 m NH4C1 + C2H,p j-N

CH3 CH3 CH» CH3
(2) I + I = 1 + I

CO.NH, CO.NH, CO.OH C(NH)NHt

If acetic ether is acted* upon by ethylamine instead of ammonia,
C.H.O)

ethyl-acetamide C2HS VN is obtained, a thick liquid boiling at 200°.
H J

By acting upon acetamide or ammonium acetate with phosphorus
pentoxide, water and acetmitrile (methyl cyanide) are fonned :—

CH8 CH.
I = I + H8O
CO.NH2 CN
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In a similar manner it is acted upon by phosphorus pentasnl-
phide:—

fifi j-N".—Besi

l f d

Diacetamide Cfifi j-N".—Besides the reaction mentioned above

this compound is also formed by heating acetouitrile with acetic
acid :—

( CO.CE,
N 4 C O . C ~NC.CH3 + 0 1 ^ " ^ = N-j CO.CH,

It forms stnall white needles, meltiug at 74°; its aqueous solution
has an acid reaction.

Triaeetamide C.H.0 VN.—This compound is formed, but slowly,

on heating acetom'trile with acetic anhydride to 200° :—

( pn pit I CO.CH»
NC.CH8 + 0 { g g - 3 = N^ CO.CH3

{LV.LUS (co .CH

It has great resemblance with diacetamide, forming white crystals
melting at 78°, and dissolving in water to a neutral liquid.

ot ACETIC ACID.

Monochforacetic Add J J f 0.—This acid is beat prepared by

passing chlorine into boiling acetic acid in the presence of iodine.
It is also formed by acting with chlorine upon acetic anhydride at
100°:—

Monochloracetic acid crystallizes in rhombic prisms, melting at 62"
and boiling at 185°; its vapour has a suffocating smell, attacking the
eyes. It has a sharp, sour taste, and is very caustic, destroying the
skin, and is therefore used for removing corns and watts. It is very
readily soluble and deliquescent in moist air. The metallic chlorace-
tates crystallize well; on boiling their aqueous solution they are
resolved into a metallic chloride and 'glycollie or oxy-acttic acid
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^ ' J T | O . Nascent hydrogen easily reduces monochloracetic

acid to acetic acid, and phosphorus trichloride converts it into mono-
CH CLCO)

chloraeetyl chloride 2 ci I ' a c o mPo u n (^ which is also formed

by the action of chlorine upon acetyl chloride. I t is a colourless
liquid, possessing a pungent and suffocatiug smell, and boiling
at 105". Water decomposes it into ohloracetic acid and hydro-
chloric acid. With ethyl alcohol it yields ethyl monochloracetate

CHsCJj^ I o, a liquid boiling at 143°-5, and possessing a pleasant

smell. It is also formed by passing hydrochloric acid gas into an
alcoholic solution of monochloracetic acid. By acting on this ether

with ammonia, monoehhraeetamdde ^ ' g !• N is formed, which

is soluble in water and crystallizes in shining scales.

Didiloracetic AM v g > O i s obtained by the further action

of chloiiue on monochloracetic acid; it forms colourless crystals,

and boils at 195°. Potassium dichloracetate C B : C 1 2- C ^ jo crystal-

lizes from alcohol in large silky plates.

Tnchloracelic Acid TT f O>—^Ms ^ii c a n ^* obtained in

different ways. It is formed when an excess of chlorine acts on
acetic acid in the sunlight, but the most convenient method to obtain
it in large quantities is to oxidize chloral hydrate (see below) with
fuming nitric acid. It is also produced by heating perchlorethyl
oxide, whioh at 300° is resolved into hexaMmtfiane C,Cla and tri-

acetyl chloride ̂ a - ^ I . Xhe latter, in contact with water, yields

hydrochloric acid and trichloracetic acid.
Trichloracetic acid-crystallizes in colourless rhombohedrons and

boils at 195°; it is very caustic, producing blisters on the skin, and
it is very readily soluble in water. The trichloracetates are well defined
salts; lead trichloracetate Pb^CgC^O^a+HjO is readily soluble in water
and forms large rhombic prisms; copper trichloracelate C^CjCljO^
+ 6H2O can be easily obtained in large crystals resembling copper
sulphate. On distilling the ammonium salt with phosphorus pent-
oxide, trickloracetonitrUe CjClgN is formed, a colourless liquid boiling
at 81°, which, by means of caustic potash, can be reconverted into
trichloracetic acid. On heating this acid with alkalis it splits up
into chloroform and carbon dioxide:—

I - CClaH + CO,
CO.OH

C
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Chloral or Trichloracetaldeli-yde GjClgOH is obtained by passing dry
chlorine into absolute alcohol as long as any action takes place.
The final product, however, is not chloral, but a Bolid compound of
chloral and alcohol called chloral alcokolate, which is decomposed by
concentrated sulphuric acid into alcohol and chloral:—

CClj.COH + C ^ O H

The reaction by which chloral alcoholate is produced is rather com-
plicated. Erst aldehyde is formed, which combines with some of the
alcohol, forming aeetal CH8.CH(00oHB)2, a compound which will be
described under ethidene compounds. By the action of chlorine on
aeetal, it is next converted into trichloracetal, which by the hydro-
chloric acid produced is resolved into chloral alcoholate and ethyl
chloride:—

HC1 = CC1S.CH {

Chloral is also formed by the action of chlorine upon aldehyde; it
is a colourless liquid, possessing a peculiar irritating smell, and boil-
ing at 99°. Like common aldehyde, it reduces silver from an ammo-
niacal solution of the nitrate, and forms crystalline compounds with
ammonia and the acid sulphites of the alkali-metals. Hydrogen
in the nascent state converts it into aldehyde, and oxidizing agents
transform it into trichloracetic acid. I t combines with water, with,
the evolution of heat, forming Mwal hydrate C01j.CH(OH)g, white
transparent monocline crystals boiling afc 120°; concentrated sul-
phuric acid again resolves this body into water and chloral. Chloral
also combines with alcohols, with acetamida and other amides, and
with urea. By the action of aqueous alkalis it splits up into chloro-
form and formic acid ;—

COVCOH + KOH « CC1,H + COH.OK

Chloral undergoes polymerization on standing for some time, meta-
ckloral being formed, a white porcelain-like nvasa; this change takes
place much quicker in presence of a little sulphurio acid. On heating
metaehloral to 180° it is again transformed into chloral.

Chloral hydrate is used as a very valuable medicine; it acts as a
sedative and antispasmodic, producing ansesthesia and a quiet sleep.
By adding a little water to a mixture of chloral hydrate and potas-
sium cyanide, and heating gently, a violent reaction ensues; torrents
of hydrocyanic acid escape and diohloracetic acid is formed :—

CCl,.CH(OH), 4- KGN = CHCla.CO.OH + HCN + KOI

Monobromaeetu Add l r> JJ !• 0 is obtained by heating together

bromine and acetic acid in sealed tubes to 150°. It forms colourless
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deliquescent crystals, melting below 100°, and boiling at 208°. Its
salts are very unstable, and decompose readily into a metallic bromide

and glycollic acid. Ethyl mmwlromaeetate 2 I'Vf \ 0, a colourless

liquid, possessmg a very pungent smell, and attacking the mucous
membranes and the eyes, is readily formed by heating the acid with
ethyl alcohol. By heating this ether with potassium iodide, ethyl

inmiodwxtato *QM \^la formed, an oily liquid with a very irri-

tating smell. This body is easily decomposed by baryta-water; by
treating the barium salt thus obtained with sulphuric acid, m-orv-
iodacetic add is set free, which crystallizes in colourless, non-deli-
quescent plates. I t melts at 82°, undergoing partial decomposition ;
on heating it stronger it is entirely destroyed, carbonization taking
place. When this acid is heated with concentrated hydriodic acid,
iodine is set free and acetic acid is formed:—

This reaction explains why it is not possible to substitute hydrogen
directly by iodine in acetic acid.

D&rromacelte Add l2 ' JJ !• 0 is a colourless liquid, boiling at

225°, which is obtained by heating four molecules of bromine with
one molecule of acetic acid. It can be easily transformed into di-
iodacetic add, which is sparingly soluble in water, and forms white
crystals.

Tribromacetic Add j r f 0 crystallizes in shining tables,

melting at 130° and boiling with partial decomposition at 245°. It is
obtained by the action of nitric acid upon Jyvmial G8Br80H, a liquid
resembling chloral, boiling at 172°, and produced by acting with dry
bromine upon absolute alcohol.

Cyanaeetic Add ^"av^ tyv LQ,—To prepare this ftcid,

monochloracetate ia heated with an aqueous solution of potassium
cyanide for some time; the liquid is then neutralized with sulphuric
acid and evaporated. The residue is acidulated with dilute sulphuric
acid and exhausted with ether. On evaporating this solution the
crude acid is left behind; to purify it the lead salt is prepared by
treating the acid with water and lead carbonate, and the repeatedly
recrystallized salt decomposed with hydrogen sulphide. Cyanacetic
acid forms yellowish crystals; its salts are readily soluble in water,
with the exception of the mercuric and the silver salt.

Cyanacetic acid is a monobasic acid as well as nitrile; on heating
it with an alkali, bibasic malonic acid is formed:—

n r r J C N j . <m o - PTT J C O O H

^ \ CO.OH + 2 H »° ~ 0 U 2 \ CO.OH
I. 2
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SUBSTITUTION-PBODUCTS OF ACETOMTRILE.

The compounds to be described here have never been produced
from aeetonitrile; that they nevertheless are derivatives of this com-
pound is shown by their reactions. The starting-points for these
bodies are the so-called fulminates, compounds which are polymeric
with the cyanates, and which are salts of the unknown fulminic add
or nitro-acetotvUrUe CN.C(NO2)H2.

Silver Fulminate CN.C(NO2) Agg.—To prepare this body, one part of
silver is dissolved in twenty parts of nitric acid (specific gravity 1#36);
twenty-seven parts of spirits of wine (containing 86 per cent.) are
added, and the mixture is heated until gentle ebullition begins, when
again the same quantity of spirits of wine is added. On cooling,
fulminating silver crystallizes out in white needles, sparingly soluble
in cold, but more readily in hot water. It is a very dangerous body,
on account of its highly explosive properties. In preparing it, or
in working with it, great precaution has to be observed, as it easily
decomposes, even in the moist state, with a most fearful detonation.
The formation of this compound is explained by the following
equation:—

C ^ O + 2AgN"O3 + Na08 = C^NO^irAa + 2HN0g

The nitrogen trioxide necessary for this reaction is furnished by
the action of nitric acid upon alcohol. Fulminating silver is conse-
quently also produced if nitrogen trioxide be passed into an alcoholic
solution of silver nitrate. When potassium chloride is added to a
boiling solution of silver fulminate the double salt C«(N02)NAgK
crystallizes on evaporating the filtrate; it forms silvery shining scales,
and decomposes on the application of heat with a violent explosion.
Nitvic acid produces in a solution of this salt a white precipitate of
acid silver fulminate CJNO^NAgH.

Mercuric Fulminate CN.C(NO2THg is prepared on the large scale
by dissolving one part of mercury in twelve parts of pure nitric acid
(specific gravity 1"36), and adding twelve parts of spirits of wine, when
a violent reaction sets in, which is kept in check by adding gradually
more alcohol First, the liquid blackens by the separation of metal-
lic mercury, which, however, soon disappears again. On cooling, the
fulminating mercury separates as a crystalline powder. I t is nearly
insoluble in cold water; from a boiling solution it is obtained in
white prismatic crystals. When kindled in the open air it burns
away like gunpowder, but by percussion it is decomposed with a
violent detonation; it is used for filling percussion-caps. On heating
it with water and zinc or copper, zinc fulminate C/NOq)NZn, or
copper fulminate C8(NOj)NCu are obtained, both crystalline and
soluble salts.
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Hydrogen sulphide decomposes the fulminates with the forma-
tion of a metallic sulphide, carbon dioxide, and ammonium sulpho-
cyanate:—

CN.C(NO2)Hg + 2H2S = HgS + CO2 + CN.SNH,

Chlorine yields with fulminates a metallic chloride, cyanogen chlo-
ride, and chloropicrin:—

CN.C(NO2)Hg + 3Clj = HgCl2 + CNC1

Bromine decomposes a part of the mercury salt in a similar way,
but there is also dibromonitro-acetonitrile CN.C^OjjB^ formed, large
colourless crystals, possessing a most irritating smell, like chloropicrin.

Iodine, however, simply replaces the inercnry, di-iodonitro-acetonitrile
CN.CfNOj)^ being formed, crystallizing from ether in large mono-
clinio prisms, melting with slight decomposition at 86°.

FvUmmuric Add CgHgNjOj.—This acid, formerly also called tso-
cyanwic add, is produced when mercuric fulminate is boiled with a
concentrated solution of an alkaline chloride. By using potassium
chloride, the solution yields on cooling a curdy precipitate, a com-
pound of potassium, fulminate with mercuric chloride, which is de-
composed by hydrogen sulphide. The filtrate leaves on evaporation
the potassium salt; on adding sugar of lead to its solution a white
precipitate of lead fulminurate is obtained, which, when decomposed
by hydrogen sulphide, yields the free acid. Fulminuric acid is a
crystalline solid, very soluble in water and possessing a strongly acid
taste. It is monobasic; its salts are mostly soluble, and crystallize
well; on heating they decompose with a slight explosion. The con-
stitution of this acid is not quite understood; its formation from a
fulminate is explained by the following equation:—

H20 - CS(NO2)N2H,O + NH, + C02

On introducing a fulminate gradually .in small quantities into a
mixture of concentrated sulphuric acid and nitric acid, trinitro-
cuxtonitrile CN.CXNOg), a crystalline mass, resembling camphor, is
obtained, which is decomposed by water with the formation of am-
monia, carbon dioxide, and nitroform (see page 102). The formation
of trinitroacetonitrile is explained by the following equation;—

CstNO^NjHjO + 2K0a.0H - CN.C(NO2)S + CO2 + NH3 + H2O

By acting with hydrogen sulphide on this compound, the ammo-
nium salt of dinitroaeetonitrile CR.GQS0JJ3. is formed:—

CN.CtNO^j + 4HjS = CN.CfNCgaNH^ + 2H8O + 4S

By adding an acid to the ammonium compound, dinitroaeetonitrile
separates out. It forms large colourless crystals, and is a monobasic
acid, the hydrogen being easily replaced by metals. The silver sail
is as explosive as silver Inlniinnti*.
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EROm-GROUP.

Primary Propyl Alcohol CaHj.OH occurs in small quantities in
the fusel-oil of beetroot spirit, corn spirit, and cognac. To isolate
it the fusel-oil is subjected to fractional distillation, and the por-
tion boiling between 80° and 105° collected separately. This is a
mixture of ethyl, propyl, and isobutyl alcohols, which cannot be
separated by fractional distillation, as their boiling-points are too
close together.

Boiling-point.
Ethyl Alcohol 78*4
Propyl Alcohol 97
Isobutyl Alcohol . . . . . . 108

The liquid is therefore acted upon by phosphorus and iodine or
bromine, to obtain the iodides or bromides, the boiling-points of which
differ much more, so that it is easy to obtain pure compounds by frac-
tional distillations. The boiling-points of these compounds are:—

Ethyl Iodide . . . 72" Ethyl Bromide . . . 39°
Propyl Iodide . . . 102 Propyl Bromide . . 71
Isobutyl Iodide . . 121 Isobutyl Bromide . . 92

The bromide or iodide of propyl is next heated in sealed tubes
with concentrated acetic acid and potassium acetate, and the propyl
acetate thus formed is converted into the alcohol by heating it with a
solution of potash. On distillation, aqueous propyl alcohol is ob-
tained, which may be rendered anhydrous by a similar method to that
by which absolute alcohol is obtained.

Propyl alcohol has also been obtained by synthesis from ethyl
alcohol. I t is a light colourless liquid, resembling common alcohol;
on oxidation it yields propmMdehyie C3H00, a liquid boiling at 50°,
and propionic add,

Propionio Acid 8 6JT f O is best prepared by boiling propionitrile

with an alcoholic solution of caustic potash as long as ammonia is
given off. The solution is then evaporated, and the residue distilled
with diluted sulphuric acid. Propionic acid is a colourless liquid
boiling at 140°, and having an add smell. It mixes with water in
all proportions, but by adding calcium chloride to the aqueous solu-
tion, the acid separates as a light oily layer. From this property
its name has been derived, being the first member of the series
showing the properties of a fsX (irp&jov Trwv). Amongst the salts,
lead propionate Pb(C3H6O2)2 is most characteristic; it is very soluble
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in water, and does not crystallize, but dries up into an amorphous
gam-like mass.

Secondary Propyl Alcohol, or Dimethyl Carbinol QJJ3 >-CH. OH, also

called isopropyl alcohol, may be obtained from the primary alcohol by
heating it with an excess of concentrated sulphuric acid, by which it
is decomposed into water and propene C«He. This gas is absorbed
by shaking it with cold sulphuric acid, and isopropyl sulphuric acid is
formed, thus:—

CHS

H2

which on boiling with water is decomposed into sulphuric acid and
the secondary alcohol. To obtain it in larger quantity, it is best
to act on its iodide with silver salts, and to decompose the ethets
thus formed with caustic potash.

Dimethyl carbinol is a colourless liquid with a vinous smell, boiling
at 84°. It mixes with water in all proportions, and forms a hydrate
2C8H^O+H2O, which boils without decomposition at 78°, and has
thus the same composition and boiling-point as ethyl alcohol. On
heating it with the hydracids of the chlorine elements, the secondary
chloride, bromide, and iodide are obtained.

Isopropyl Iodide QJJ3 > CHI is also formed by the direct combina-
tion of propene and hydriodic acid, but is best prepared by heating
glycerin CjHgOj, a triad alcohol, with an excess of fuming hydriodic
acid:—

CHjOH 0H3

CHOH + SHI » CHI -t- BB.fi + 2Ia

CH3OH Clf3

It is a heavy colourless liquid, boiling at 89°. When it is heated
with water and silver oxide, isopropyl alcohol and isopropyl ether

(CH YCH I <">~~a *tent mobile liquid with an ethereal 8mell and boil-

ing at 60°—are formed.
On bringing the iodide together witli water and hydrochloric acid,

propane CgH8 is evolved, a gas bunting with a luminous flame.
When acted upon by chlorine in diffused daylight, it yields, besides
other substitution-products, primaTy propyl chloride. This trans-
formation from the secondary to primary propyl compounds takes
place according to the following equations:—
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(1) CH,, CH,

C H I + K . = CH.+ HI
I I

CHq
CHS

(2) CH8 CHS

CH2 + Cla = CHa + HCI

CHS CH,C1

By this reaction, and those before described, we are therefore able
to transform the primary propyl compounds into secondary ones, and

Cyanides of hopropyl—'By heating isopropyl iodide -with an alco-

holic solution of potassium cyanide, isobutyronitrile QJJ3 j- CH.CN is

ormed, together with the isomeric isopropylcarbamine ^ 5 * J CH.NC,

•which may be obtained in larger quantities by treating silver cyanide
with isopropyl iodide. This compound boils at 8T, and has, like all
carbamines, a most penetrating unpleasant smell; its vapour produces
an unbearable bitter taste in the throat. When heated with aqueous
hydrochloric acid for a few hours to 140°, it yields formic acid and

CH. 1
isopropylamine Q S 3 > CH.NHj, a mobile liquid having an ammo-

niacal and sweetish smell, and boiling at 32".

Acetone, Dimeihy(ket<me p g 8 J- CO.—On adding a cold diluted solu-

tion of chromic acid to isopropyl alcohol, it is oxidized to acetone,
which is also obtained by acting on zinc-methyl with acetyl
chloride;—

The best method, however, to obtain it in large quantities, is by
the distillation of calcium acetate:—

CO + CO8Ca

It is also formed when the vapour of acetic acid is passed through
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a red-hot tube, and further, by the destructive distillation of sugar,
tartaric acid, wood, &c, and is therefore contained in crude wood-
spirit.

Acetone is a mobile liquid, boiling at 56°, and having a pleasant
smelL It is iniscible with water, and combines, like the aldehydes,
with the acid sulphites of the alkali-metals, forming crystalline com-
pounds, which are but sparingly soluble in water.

By the action of acids on acetone it loses the elements of water,
and yields products of condensation.

MetAyl-isoJmtenyl Xetone CyEri0O, commonly called mesilyl oxide,
is obtained by gradually adding strong sulphuric acid to acetone, or if
acetone is left standing over quicklime for some time, and afterwards
distilled. It is a colourless oil, smelling like peppermint, and boiling
at 130°. It has the following constitution:—

CHS

)>C=CH—CO—CH8

CHS

Besides this substance another compound, called acetophwom
C9H.4O, is formed by the above reaction. It forms yellowish crystals,
melting at 28°, and boiling at 196°. Its constitution is probably the
following ;—

CH8-~C=CH—C=CH—CO—CH8

CH8 CHS

"When acetone is heated with concentrated sulphuric acid, mesity-
lene CBHM is obtained:—

3C8HaO = C ^ + 3H8O

he gr

CH8

This hydrocarbon belongs to the group of aromatic compounds, and
is trimethylbenzene :—

h

CH3—-0 C—



164 TBE 0HEMI8TRY OF

BUTYL-GEOOP.

The compounds of the tetracarbon-aeries are derivatives of the
following two paraffins:—

CH8

CH8 CH8
\ V8

Butane | Trimethyl-methane CH

CH8

From butane, compounds of primary and secondary butyl are de-
rived, and from trimetbyl-methane primary and tertiary compounds.

DEMVATIVEB Off BOTANE.

JSvtane or Diethyl C4H19 is a colourless and very inflammable gas,
burning with a luminous flame. By strong pressure or by cold it is
oondensed into a liquid, boiling at -(• 1°, and having the specific
gravity 0*600 It is found in the most volatile portion of Fennsyl-
vanian rook-oil, and in the distillation-products of cannel and bog-
head coal. To prepare it, ethyl iodide is heated in sealed tubes with
the required quantity of clean zino, and with its own volume of dry
ether, for some hours to 100°, until all the metal has disappeared, half
of the iodide being converted into zinc-ethyl. The tubes are now
opened before the blow-pipe to allow the escape of any ethane which
might have formed by the presence of traces of moisture, the tubes
are sealed again, and heated during some hours to 130°—140°.
After cooling them in ice-water the points are opened, and the butane
driven out by gently heating, and collected in a gasholder.

When butane is mixed with an equal volume of chlorine and ex-
posed to the light, substitution-products are formed, amongst which
httyt chloride C.H9C1 is found.

Normal Butyl Alcohol C^H^QH is easily obtained in quantity by
dissolving butyraldehyde in water, and gradually adding liquid
sodium amalgam and an equivalent quantity of dilute sulphuric
acid. On distilling the product, butyl alcohol passes over with the
first portion of the distillate, and by repeating this operation a con-
centrated aqueous solution is obtained, from which on adding potas-
sium carbonate, the alcohol separates out as a light layer. To remove
the water still adhering, the liquid is first dried over fused potassium
carbonate, and then over caustic baryta, or is repeatedly distilled over
small quantities of sodium.
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Normal butyl alcohol is a limpid, mobile liquid, having a vinous
smell, and boiling at 116°.

Butyl Chloride C^HjCl is prepared by saturating the alcohol with
gaseous hydrochloric acid, and heating this solution together with
some concentrated aqueous acid to 100 until the liquid has separated
into two layers, the upper one of which consists of the cliloride. I t
is a colourless liquid boiling at 77O<6.

Butyl Iodide C^Hgl is best prepared by acting with iodine and
phosphorus on the crude alcohol, and purifying the product hy
fractional distillation; it is a liquid boiling at 129°*6.

Butylamim C4H9.NHji is prepared by heating an alcoholic solution
of butyl chloride with potassium cyanate in sealed tubes to 110°, and
boiling the solution of butyl carbimide thus formed with caustic
potash. It is a limpid liquid, boiling at 75O#5, and having great re-
semblance in all its properties to ethylamine.

The essential oil of the scurvy-grass (CocJUearia offidnalw) contains

butyl sidphoearbimide V«§ > N, a liquid having a very pungent taste

and smell, and boiling at 160°.

Butyric Add * Vr \ 0 occurs, together with other fatty acids, in
butter, and is also found in the fruit of Gingko Moba, in human
perspiration, in the flesh-juice, and the juice of different beetles. I t
is best prepared fioia sugar, which, if old cheese be added to its
aqueous solution, undergoes fermentation by which it is first trans-
formed into lactic acid, and afterwards into butyric acid. This fer-
mentation only takes place if the solution remains neutral; chalk
is therefore added to neutralize all the acid formed. The following
proportions answer well:—3 kilograms of oane-sugar and 15 grams
of tartario acid are dissolved in 13 kilograms of boiling water; a
few days afterwards 120 grams of old rotten cheese, which has been
stirred up in 4 kilograms of sour milk, and 1^ kilogram of chalk
are added. The mixture must be kept at a temperature of 30°—35°
for some weeks. After about twenty days the liquid assumes a
paaty consistence, calcium lactato crystallizing out, which soon dis-
appears again, being converted into calcium butyrate with the simul-
taneous evolution of carbon dionide and hydrogen:—>

2Cfifi3« C.HgOj + 2COa + 2Hj

When the fermentation is finished, a solution of 4 kilograms of
crystallized sodium carbonate is added, the liquid is filtered, concen-
trated by evaporation, and decomposed by sulphuric acid. Butyric
acid separates as an oily layer, which is dried over calcium chloride
and rectified.

I t is a colourless liquid, boiling at 162s, and possessing a penetrat-
ing sour smell, which in presence of ammonia becomes unpleasant,
like perspiration. It is soluble in water, but separates ogtti n if soluble
salts are added to this solution. Amongst the salts calcium butyrate
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Q*jr o* f G* + ^fi ^ m o s t characteristic, as it is more soluble in
cold than in hot water, and thus on heating its cold saturated solu-
tion it separates in shining crystalline plates.

On heating an intimate mixture of butyrate and formate of calcium
a distillate is obtained containing a large quantity of btUyraldehyde
C4H100, a liquid boiling at about 75°.

Ethyl Butyrate WU f 0 is obtained by distilling sodium butyrate

with alcohol and sulphuric acid. It is a colourless liquid, boiling
at. 119°, and having a pleasant smell of fruit; it is used in the
manufacture of artificial rum, &c. The same compound is formed
by the action of ethyl iodide upon sod acetic ether (see page 140).

Smmdary Butyl Alcohol, or EthyLmethyl CarUnd <g^5 \ CH OH.—

The iodide of this alcohol is obtained by heating erythnte C«EL0O,. a
tetrad alcohol, with concentrated hydriodic acid, just as triad gly-
cerine yields under the same circumstances dimethyl carbinol:—

C4H10O4 4- 7IH = C ^ I + 4H2O + 3I2

The same iodide is formed when ethylated monochlorethyl oxide
(see page 111) is heated in sealed tubes with concentrated hydriodic
acid:—

CHaCl CH8

O,H60.CH + 4HI - CHI + CjH6I + C1H + H^O 4- Ig

CjHg C2H6

Secondary butyl iodide boils at 119°. On heating it with conoen-
trated acetic acid and silver aoetate a portion of it decomposes into
hydriodic acid and butene, and another yields secondary butyl
acetate:—

(1)

(2)

Secondary butyl acetate has a pleasant smell of fruit, and boils at
1110, On heating it with caustic potash it yields ethyl-methyl
oarbinol, a liquid boiling at 99°, having a vinous smell When it is
treated with a solution of potassium dichromate in cold dilute sulphuric

acid, it is oxidized to ethyUmethyl keUm Av* \ CO, a liquid resem-

bling common acetone, and boiling at $1°. The same compound is
formed by the action of acetyl chloride upon zinc-ethyl:—
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DERIVATIVES OF TMMETHTt-MBIHANE.

Isobutyl Alcohol ~j£ j- CH.OHg.OH occurs in the same fusel-oil in

which propyl alcohol is found, and is present in a larger quantity.
To obtain it pure, that portion which after repeated fractional dis-
tillation boils between 105° and 115° is by means of phosphorus and
iodine converted into the iodide, which by repeated distillation is
freed from the iodides of propyl and amyl.

Isobutyl iodide boils at 121°. By converting it into the acetate
and heating this ethtt with caustic potash, pure isobvttyl alcohol
is obtained as a colourless liquid, which refracts light strongly and
smells like fusel-oil; it boils at 108°.

CH )
Isohutyric Acid QJJS >• CH.C0.0H is obtained by oxidizing isobutyl

alcohol, and exists in oarob, the fruit of Geratonia siliqua; it boila
at 153°, and smells like common butyric acid, but less unpleasant.
From the latter acid it not only differs by its lower boiling-point, but
also by the properties of its salts. Calcium isohttyrate (C.HjO^TJa
+ 3H?O crystallizes in prisms which are inuoh more soluble in hot
than m cold water.

Lsobutyric acid has also been prepared synthetically in two ways.
Its nitrile is obtained by heating potassium cyanide with isopropyl
iodide, and on boiling this nitrile with caustic potash isobutyric
acid is formed:—

} CH.CN + 2H2O - £2* J CH.C0.0H + NHs

Ethyl isobutyrate is formed by acting with methyl iodide upon
disodacetio ether :—

Na2CH.CO.OC2HB + 2CH3I = (CH8)i!CH.CO.C2HB + 2NaI

Isobulylamine (CHj^CH.CHj.KH, has been obtained by distilling
a mixture of potassium isobutylsulphate and potassium cyanate, and
treating the product with caustic potash. It is a liquid boiling
at 67°.

CH8
Tertiary BvJLyl Alcohol, or THmdhyl CarUnol CHS \ COH.—When

C H j
one molecule of zinc-methyl is added gradually to two molecules of
acetyl chloride, dimethyl ketone ia formed; but on adding two
molecules of zinc methyl to one of aoetyl chloride, the liquid becomes
converted after a few days into white crystals, which are formed by
the addition, of zinc-methyl to acetone, in a similar manner to that
in which acetone combines with one molecule of hydrogen:—
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The same crystalline compound is obtained by the action of
carbonyl chloride upou zinc-methyl. By water it is decomposed,
marsh-gas is evolved, and trimethyl carbinol is formed, the monad
gronp ZnCH8 being replaced by hydrogen :—

In order to isolate the alcohol the liquid is distilled, and to the
distillate potassium carbonate is added, by which the alcohol separates
as a light layer, which must be dried over calcium chloride and
rectified. If quite anhydrous it forms colourless crystals; it melts at
25°, and boils at 82°'5; its smell reminds one at the same time of alco-
hol and of camphor. By passing hydriodic acid gas into well-cooled
trimethyl carbinol, tertiary butyl iodide (CH8)2CH.CH4I is obtained, a
heavy colourless liquid boiling at 99°, which in contact with moist
silver oxide is again transformed iiito the alcohol. If the iodide is
acted upon by silver acetate and acetic acid, the acetate of tertiary
butyl is obtained, a colourless liquid which smells like acetic acid
and peppermint, and boils at 96°.

In presence of zinc and water the iodide is converted into trimethyW
methane CH(CH3)g, and isobutene C4Ha:—

y u 3

2 CI + Z n = C H + C + Z n I a

CH, C H , CI

3 3 3 3 3
CI Z CH C

m3 C H 2

To separate the two gases they are passed through bromine, which
combines with, the isobutene, whi l s t the triuiethyl-methaue passes
through unabsorbed. Trimethyl-methane is condensed by a freezing
mixture into a mobile liquid, boi l ing at — I T - When this hydro-
carbon is acted upon by cWorine i t is converted again into tertiary
butyl chloride, which is also formed by the action of iodine chloride
upon isobutyl iodide.

Isobutene has also been produced by heating tertiary butyl iodide
or primary isobutyl iodide with an alcoholic solution of potash:—

S g CH S C H S

(1) Y l + w } o = 0

i
n3

(2) CH + S } o = U
I J II
CH,I OH,
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With hydriodic acid isobutene readily combines, forming again
tertiary butyl iodide; it can also be easily transformed into the
tertiary alcohol by dissolving it in dilute sulphuric acid and dis-
tilling. By means of this reaction, large quantities of the tertiary
alcohol may be obtained from isobutyl alcohol. When isobutene
is shaken with aqueous hypochlorous acid the gas ia absorbed, and
•isobiUew cldwhydratu is formed, which has the following consti-
tution:—

CH3CHS

C

On adding sodium amalgam to its aqueous solution the chlorine
is replaced by hydrogen, and isobutyl alcohol is formed.

Trimethylcarbinylamine or Tertiary Butylamine C(CHg)gNHy—
When isobutyl iodide is heated with dry silver cyanate, a dry, solid
compound of silver iodide and butyl carbimide is formed; this, mixed
with finely divided caustic potash and heated, gives off vapours of
trimethylcartrinylamine, a colourless liquid, boiling at 45°.

AMYL OR PENTYL-GROUP.

Theory points out the existence of three isomeric hydrocarbons
CSH14:-

Penlnno. Dlmethyl-ethylmethane. Tetromotliyi-mothano.
CH3

I CHa CHa

CH, \ > a CHS

CH, I CH3-A-CH,
I ^"s 1

I CH3

(1) DERIVATIVES OF PENTANE.

Pentane C^Hli( ia a colourless mobile liquid having an ethereal
smell, and boiling at 39°. It occurs in the light oils obtained by the
distillation of boghead and cannel coal, and in American petroleum.
On passing chlorine into its vapour a mixture of a primary and a
deoondary chloride is obtained, from which by a reaction already
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described primary pentyl alcohol and methyl-propyl carbinol can be
prepared.

Primary Pentyl Alcohol * -^ J- 0 has also been obtained from

pentylic acid by the same reaction by "which butyric acid is trans-
formed into butyl alcohol; it is a liquid boiling at 13T, and smelling
like fusel-oil.

Pentyltc Add 6*u \ 0, also called normal valerianie arid, has been

obtained by heating butyl iodide with potassium cyanide, and boiling
the pentonitrile CfHg.CN thus formed with an alcoholic solution of
caustic potash. It is a colourless liquid which boils at 186°.

Methyl-propyl GarUnol Q^ j CH.0H is a liquid boiling at 120°

The iodide of this secondary alcohol is formed by combining hydriodic
acid with pentylene or isamylene GjMv» a hydrocarbon which will be
mentioned under dyad radicals. The secondary pentyl iodide boils at
146°; by acting on it with silver acetate, the acetic ether of the
alcohol is formed, from which by means of caustic potash the alcohol
itself is easily obtained.

On oxidizing it with a dilute solution of potassium permanganate
CH )

it yields methyl-propyl ketom ~ TT* \ CO, which has also been prepared
by distilling a mixture of calcium butyrate and sodium acetate. It
is a liquid having a fragrant smell, and boiling at 103°.

(2) DERIVATIVES OF DlMETHYIi-BTHYLMETHANE.

The compounds which belong to this group have been known for a
long time, and are well investigated. The starting-point for them is

f? CH)
the primary amyl alcohol CH-< £, J J 'QH, ' which occurs in most fusel-
oils, and forms the chief portion of those from corn and potato spirit.
Its name is derived from this circumstance, am.ylv.rn being the tatia
name for starch

It can easily be isolated by fractional distillation, and is a colourless,
somewhat oily liquid, which boils at 132°, and possesses a penetrating
unpleasant smell. At - 20° it solidifies iuto a crystalline mass,
Amyl alcohol turns the plane of the polarized light to the left, but
the rotating power of different samples varies very much; the cause
of this is, that common amyl alcohol is a mixture of an optically
active and an inactive alcohol, in which generally the latter pre-
ponderates.

These two modifications can be separated by dissolving the alcohol
in concentrated sulphuric acid, and preparing from this solution the
two barium ainylsulphates, which are separated by repeated re-
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crystallization, that derived from the inactive alcohol being much
more soluble in water than the other. To reconvert these two salts
into the alcohols, they are first transformed into the sodium salts, and
then distilled with dilute sulphuric acid.

The two amyl alcohols differ, not only by their physical, but also by
their chemical properties. Thus whilst the inactive alcohol yields on
oxidation only valerianic acid, the active one also gives some acetic
acid and carbon dioxide.

Amyl Chloride C6HuCi, a colourless liquid boiling at 102°, has been
epared by heating amyl alcohol with hydrochloric acid.
Amyl Bromide (^H^Br is best prepared by acting upon amyl alcohol

with phosphorus and bromine; it boils at 121°. Amyl iodide CBH,, I
is obtained in a similar way by using iodine instead of bromine; it is
a heavy liquid which boils at 147°.

If amyl iodide is brought in contact with hydrochloric acid aud
zinc, or if it is heated in sealed tubes with water and zinc to 150°,

dimelhyl-etkylmetiiane CH -J L TT8'2, commonly called amyl hydride, is

formed, a liquid resembling pentane, and boiling at 30°.

Amyl Oxide p6™11 f 0 or diamyl ether is prepared either by heating

amyl alcohol with sulphuric acid or by acting on sodium amylate with
amyl iodide. It is also formed by heating ten parts of amyl alcohol
ana one part of amyl iodide iu sealed tubes to 200°. In the latter
reaction amyl ether and hydriodic acid are formed, the latter acting
on the excess of amyl alcohol to form amyl iodide again. Thus with
a small quantity of the iodide a large quantity of the alcohol may
be converted into the ether, but the reaction comes to an end after
some time, the hydriodic acid becoming so dilute that its action
ceases.

n ft )
Ethyl-amyl Ether n\x 6 \ O.—This compound can be prepared by a

great number of reactions. It i9 formed by heating amyl chloride or
iodide with sodium ethylate, or an alcoholic solution of caustic potash ;
or by acting with ethyl iodide upon sodium amylate; er by either
running ethyl alcohol into a heated mixture of concentrated sulphuric
acid and amyl alcohol, or by the converse process of adding amyl
alcohol to a mixture of sulphuric acid and ethyl alcohol. It boils
at 112°.

Amyl Nitrite C6HnNO4 is prepated by passing nitrogen trioxide
into amyl alcohol. It is a colourless liquid which boils at 99°, and
possesses in the highest degree that peculiar choking smell which
most amyl compounds exhibit; its vapour, if inhaled even in small
quantity, produces palpitation of the heart, and determination of the
blood to the head.

Amyl Nitrate OJHJJNO,,.—To prepare this ether, to a mixture of one
volume of common strong nitric acid and three volnmes of con-
centrated nitric acid, which is surrounded by a mixture of ice ami

O M
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salt, one volume of amyl alcohol is gradually added, the liquid
being constantly stirred up. The amyl nitrate separates as a light oily
layer; it boils at 148°, and smells like bugs. The inhaling of its
vapour produces headache and choking.

C H I
Amyl Acetate Q | J Q [ 0 is prepared by distilling sodium acetate

with a mixture of amyl alcohol and sulphuric acid. I t is a colourless
liquid, which boils at 140°, and smells like jargonelle pears. It is
used by confectioners and perfumers under the name of " pear oil."

Amylamine CBH,,.NHo is a colourless liquid, which boils at 95°, has
an atmnoniacal smell, ana is very caustic. It is soluble in water ; the
solution has a strong alkaline reaction, and gives with metallic salts
the same reactions as ethylamine.

On adding it to a solution of chloroform and caustic potash in
alcohol, amyl carbamine C6Hn.N0 is formed, a liquid which boils at
137°, and has a bitter taste and an intolerable smelt This compound
is also obtained by the action of silver cyanide upon amyl chloride
together with its isomeride imapronitrile C5HU.CN, which, however,
is best prepared by distilling a mixture of potassium amylsulphate
with potassium cyanide. Isocapronitrile boils at 146", and has an
ethereal penetrating smell. On heating it with caustic potash solu-
tion it yields isocaproic acid.

Vakraldehyde C6H10O.—To prepare this compound a mixture of
one part of amyl alcohol and four parts of concentrated sulphuric
acid is run slowly into a retort containing four parts of water and
five parts of potassium dichromate. By the violent reaction which
ensues sufficient heat is evolved to volatilize the aldehyde. To obtain
it quite pure, it is shaken with a concentrated solution of acid

sodium sulphite, to obtain the compound 2C6H,01 gn Na + * ^ '

which is pressed between blotting paper and recrystallized from hot
water. On distilling this compound with a dilute solution of caustic
soda, we obtain pure valeraldehyde, a liquid possessing a suffocating
odour, and boiling at 92°'5.

It combines with nascent hydrogen, amyl alcohol again being
formed.

O H O )
Valerianie Acid 6 °JJ r 0 occurs in the roots of the common

valerian (Valeriana qfficinalis), and of Angelica Archangdiea, in the
bark and berries of the wild guelder rose (Viburnum apulus), and in
tho train-oil of Delphinns globiceps.

From valerian root it may be obtained by distilling the root with
water; it is, however, best prepared by oxidizing amyl alcohol, using
the same proportions as in the preparation of its aldehyde, but con-
necting the vessel with a reversed condenser, to allow the aldehyde
to flow back, aud come again in contact with the oxidizing mixture.
When the reaction has ceased, the liquid is distilled, and the distillate
neutralized with sodium carbonate, when some amyl valerate which
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has formed at the same time remains undissolved. The solution of
the sodium salt is evaporated, and the residue decomposed by dilute
sulphuric acid. The acid, which separates out as a light oily layer, is
dried over calcium chloride and rectified. Valerianic acid is a thin
oily liquid, possessing a sour smell of rotten cheese, and boiling at
175°. It combines with water, forming a hydrate C5H1OO2 + HgO,
which boils without decomposition.

This acid has also been prepared by synthesis, and is formed by
heating secondary propyl iodide with aodacctic ether:—

CH8Na CH, CH,L»
+ CHI = Nal + CH—CHS-CO

CH8 CHS
 6

Ethyl valerate is thus obtained, which is easily decomposed by
alkalis.

Another synthesis consists in distilling sodium isobutylsulphate
with potassium cyanide, by which read ion valeronitrile C6H,,N is
formed, which, on heating with caustic potash, yields potassium
valerate. Most of the salts of valerianic acid are soluble in water,
in the dry state they are odourless, bnt in the moist state they smell
of the acid.

Zinc Valerate (CjIIoO^Zn forms scaly crystals, and is not very
readily soluble in water, but dissolves easily in alcohol: it is used in
medicine.

Silver Valerate C^HgOgAg is u white precipitate, which can be re-
crystallized from boiling water.

C H 0 1
AmylValerate A -A VO is obtained, besides valerianic acid, by the

oxidation of amyl alcohol. It is a liquid, boiling at 188°,and possess-
ing an odour like apples. It is used by confectioners, and called
"apple oil,"

The amyl alcohol possessing rotating power yields on oxidation,
besides some carbon dioxide and acetic acid, a valerianic acid, which
differs from that just described in different ways. It is optically
active, turning the plane of polarized light to the right, whilst the
alcohol turns it to the left. The same acid is formed by the putrefac-
tion of albuminous substances, and is therefore found in old cheese.
It boils at 170°, and forms salts which have the same composition and
properties as those of the inactive acid, with the exception of the
barium salt, which does not crystallize, but dries up to an amorphous
mass, whilst that of the inactive acid crystallizes easily inlnrge plates.

Secondary Amyl Alcohol ( C H 8 ^ 1 - C H . O H , or Methyl-isopropyl

foW.—WIIPII amyl alcohol is heated with zinc chloride, water
ami avii/lnie 0,,H10 are formed. This hydrocarbon combines with
faniiiu* h\diiodic ucid, and vields seeomfari/ aun/l to>li>h .—

M 2
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CH8 CH8

CH-CH=CH2 + IH = CH-CI—CH8

CH8 GH8

This iodide boils at 130°; by acting on it with silver salts a portion
splits tip into amylene and hydriodic acid, whilst another portion
yields compound ethers.

The acetate, which boils at 125°, possesses an ethereal smell, quite
different from that of the primary acetate.

When the iodide is acted on by silver oxide and water, besides a
little atnylene, the secondary alcohol is obtained, boiling at 108° and
possessing a smell quite different from that of fusel-oil. It is some-
times called amylene hydrate, from the fact that on heating it to 200°
it splits up into water and amylene.

By the action of silver cyanide upon the secondary iodide, the cor-
responding carbimide is formed, which when distilled with an alkali
yields isamykmine, which is isoineric with amylamine:—

Aniylamino. Isaniylaminc
CE.UH, CH3CH3

CH OH

CH, 0H.N1L
I I

UH2.NH2 UHS

Isamykmine boils at 78*5°, and has an ammoniacal smell; it is
soluble in water, and is as strong a base as amylaminag y

Ethjdhndhyl CarKtiol ^Q^ \ COH.-This tertiary amyl alcohol

L b i d f i h l d i l h l d ilias Leon obtained from ziuc-inethyl and propionyl chloride. It is a
thick liquid, boiling at 100°, and yielding on oxidation only acetic
acid.

TETRAMKTllYX-METHANE 0(

is formed by acting with zinc-methyl upon tertiary butyl iodide:

2C(CI13)ST + Zn(CH3)4= 2C(CH3)t + Znl,

It has also been, prepared by the action of zinc-methyl upon pro-
pideue dichloride (GH^oCClj, a compound which is obtained by
treating acetone (CH^CO with phosphorus peutachloride. It boils
at 9O#5, and solidifies at - 20° to a white mass.

Ttrtiiry Valet ianic AciJ C(CrHs)3COj,H, or Tvimelhylacdie Add.—
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Thifl acid has been obtained by treating tertiary butyl iodide with
mercuric cyanide, and decomposing the nitrile thus formed with
alcoholic potash. The pure acid boils at 161°, and solidities on cool-
ing to a glassy mass mixed with crystals, melting at 35°. It has a
pungent acid taste, and a faint sour smell. The, corresponding alcohol
is not known.

HEXYL GROUP.

Four paraffins having the formula CaH14 are known:—
Hexano. Dimothyl- Tctrainothyl- 'frimothyl-

nropyltnetliaue. ethuno. ethylmothanc
CHS CH3CH3 CH3CH3 Cff3

i X C^H H 3 C-C-CH 3

( ; H 2 C H

A H 2 C H > H 3 C l f >

C:«s

CH,

(1) DERIVATIVES OF HEXANK.

ffexane, or Hexyl Hydride.—This hydrocarbon occurs in the light
oils obtained in the destructive distillation of boghead and cannel coal,
and in large quantities in Pennsylvania petroleum. Pure hexane is
also formed by acting upon propyl iodide with sodittm.or by treating
the secondary hexyl iodide with zinc and hydrochloric acid. By
passing dry chlorine gas into the vapour of boiling hexnue a mixture
of primary and secondary propyl chloride ia formed, from which, by
heating with glacial acetic acid and potassium acetate, the acetic
ethers are obtained. On treating these acetates with an alcoholic
solution of caustic potash the alcohols aTe formed, which cannot be
completely separated by fractional distillation, as the difference be-
tween their boiling-points is only 15°.

Primary Hexyl Alcohol B ^ [ 0.—The essential oil of Heraclcum

yiganteum consists chiefly of a mixture of hexyl butyrate and octyl
acetate. By saponifying these ethers with caustic potnsh the alcohols
are set free, and can easily be separated by distillation. Hexyl alco-
hol boils at 157°, and possesses a pleasant aromatic odour. Hexyl
iodide C6HWI is a heavy, colourless liquid, boiling at 179O#5. The
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C H )
a c e t a t e ^ h R t p o s s e s s e s a p l e a s a n t s m e l l l i k e f r u i t ; i t b o i l s a t
1 fiQ° S t l 8 1 - ' )
l o a • C H 0 )

Normal Hexylic or Gaproi-c Add ° ' W \ 0 i s o b t a i n e d b y o x i d i z -

i n g t h e a l c o h o l , a n d h a s a l s o b e e n o b t a i n e d f r o m i t s n i t r i l e o r b u t y l

c y a n i d e . I t i s a n o i l y l i q u i d , p o s s e s s i n g a p u n g e n t a n d s u d o r i f i c

s m e l l , a n d b o i l i n g a t 2 0 5 ° . I t o c c u r s i n p l a n t s , a s i n Satyrium Mr-

ciivwm, a n d i n t h o f r u i t o f Gingko biloba. C o c o a - n u t o i l , a s w e l l a s

b u t t e r , c o n t a i n c a p r o i c a c i d b e s i d e s c a p r y l i c a n d c a p r i c a c i d s . 1 C a p r o i c

a c i d h a s a l s o b e e n f o u n d i n h u m a n p e r s p i r a t i o n a n d i n c r u d e b u t y r i c

a c i d o b t a i n e d b y f e r m e n t a t i o n .

T o o b t a i n t h e t h r e e a c i d s f r o m c o c o a - n u t o i l , i t i s s a p o n i f i e d w i t h

c a u s t i c s o d a a n d t h e s o a p d i s t i l l e d w i t h d i l u t e s u l p h u r i c a c i d ; t h e

v o l a t i l e a c i d s d i s t i l o v e r , w h i l s t n o n v o l a t i l e f a t t y a c i d s r e m a i n

b e h i n d .

Secondary Em/lAlcoM,m-Mdhyl-1mtyl CarUnol Q g s I- C H . O H . —

T h e i o d i d e o f t h i s a l c o h o l i » f o r m e d b y h e a t i n g m a n n i t o

w i t h a n e x c e s s o f f u m i n g h y d r i o d i c a c i d : —

C 8 H 8 ( O H ) a + 1 1 H I m C 6 H 1 S I +• 6 H a O + 5 I 2

In preparing it amorphous phosphorus is added to the mixture, by
means of which the free iodine is re-converted into hydriodic acid.
The iodide boils at 1655°; when-it is treated with silver oxide and
water it yields the alcohol besides liexene C8Hlg and secondary Itexyl
ether:—

(1) C0H13I+ AgOH = CaHHO + Agl

(2) C0H13I + AgOH = CBH12 + AgH- HaO

(3) 2CaH13I + 2AgOH * {&}» 1 0 + 2AgI + H2O

Methyl-butyl cavbinol boils at 137°, and yields on oxidation—
rra \

Methyt-butylKetone Q ^ ' J - C O , a m o b i l e l i q u i d , b o i l i n g a t 12*7° ,

tiw h i c h b y f u r t h e r o x i d a t i o u s p l i t s u p i n t o a c e t i c a c i d a n d b u t y r i c

a c i d • t h e s a m e p r o d u c t s a r e o b t a i n e d b y o x i d i z i n g t h e a l c o h o l p v e -

p a r e d f r o m h e x a n e .

( 2 ) DERIVATIVES OF DIMETHYL-PKOPYLMETHANE.

( C H S

Dimethyl-jtropylmethane C H < C H , i s o b t a i n e d b y t h e a c t i o n o f

s o d i u m u p o n a m i x t u r e o f e t h y l i o d i d e a n d i s o b u t y l i o d i d e , a n d h a s

1 The names of these threo ai'ids are derived from capra the goa t , as t h e y were first
found i n butter from goat's milk, and also because t h e y possess t h e peculiar smoll o f
t h e goat .
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therefore been called ethyl-isobutyl It boils at 62°. No derivatives
have been obtained directly from this hydrocarbon, but there exists a
hexyl alcohol in the fusel-oil from the marc of grapes, which most
probably has a similar constitution as ainyl alcohol, and appears
to be a derivative of dimethyl-propylmethane. This isohexyl alcohol
boils at 151°.

By acting with caustic potash on isocapronitrile (amyl cyanide)
isoca/provs acid {fSS.^fi^Lb.GO^. is formed, which for a long time
was believed to be identical with the normal caproic acid; it has
similar properties, but boils at 199°.

Limethyl-propyl Carbinol CH3 f-COH.—This tertiary alcohol is
C 8 HJ

formed by the action of zino methyl upon bufcyryl chloride; it is a
thick colourless liquid, boiling at 115°. Another tertiary hexyl alco-
hol, methyl-diethyl carbinol CQ jf \ \ COH, resembling the latter, and
boiling at 120°, has been prepared from zinc ethyl and acetyl chloride.

(3) DERIVATIVES OP TETRMIETHYL-ETHANE.

Tdramiliyl-etham or Di-isopropyl CgH2(CHg)4 is formed by acting
with sodium upon secondary propyl iodide in presence of ether. It
boils at 58°; its derivatives have been so far little studied.

Dimeth/l-isopropyl Carbinol ,Q^ •. jfo J- COH is prepared by acting

with zinc-methyl on isobutyryl chloride. It ia a liquid boiling at
112° and solidifying at — 35° to slender silky needles. like other
tertiary alcohols it smells like camphor; chromic acid solution
oxidizes it to dimethyl ketone.

Methylisopropyl-acctie Acid / Q H w jg J- CH.C02H.—The nitrile of

tliis acid has been produced by heating secondary amyl iodide with
potassium cyanide. The free acid does not smell so unpleasantly as
the other caproic acids, from which it also differs by the solubility
and crystalline form of its salts.

A fourth isomeric caproic acid, diethyl-acetic acid (CSH5)2CH.CO.QH,
is formed by acting with ethyl iodide upon disodacetic ether; this acid
must be considered as a derivative of the same unknown hydrocarbon
from which methyl-diethyl carbiuol is theoretically derived.

Trimeihyl-ethyhnclhane C \ W H
3^3 has been obtained by acting

with zinoethyl on tertiary butyl iodide as a liquid boiling between
43° and 48°.
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HEPTYL GROUP.

We know four isomeric hydrocarbons of the formula C7H16, viz.:—

ttantnnn Dimethyl butylraothaue Dimethyl. m . ., , ..Heptane. Or Ethyl-nmyl. aiothyhnethuuo. Tnethyl-methane.
CH3 CHSCHS CH8 CH8

CH3-C—CHS C H - C H , - C H a

I
C'H,

A

CH9 CH,

CH

H2 ^ 2 0H 3 CH3

CH,

CH3

Heptane occurs in Pennsylvania petroleum and in the coal tars
containing other paraffins. Pure heptane is also obtained by distil-

( CO H
ling azelaic acid C7HU-| C Q

2
H with caustic baryta; it boils at 100o<5.

Ethyl-amyl is formed by acting on a mixture of the bromides or
iodides of ethyl and anryl with sodium; it boils at 91°. The third of
these paraffins has been prepared by the action of zinc-ethyl upon
propidene dichloricle (CHS)2CC12 (see tetramethyl-methone); it boils
at 86°. Triethyl-iuethane is produced by the action of zinc-ethyl and
sodium on ethyl orthoformate (seepage 118); it boils at 96°.

By acting on these paraffins with chlorine different heptyl chlorides
aro produced, from which alcohols and other derivatives have been
obtained. Thus heptane yields a primary heptyl alcohol boiling at
about 175°, and a secondary boiling at 160°.

(Etianthyl Aldehyde or (Enanthol C^R^f) is formed by oxidizing
primary heptyl alcohol, and may be obtained in quantity by subject-
ing castor-oil to destructive distillation. It is a colourless liquid,
having a pungent smell and boiling at 154°; like other aldehydes it
forms crystalline compounds with the acid sulphites of the alkali-
metals.

QSnanthylic Acid ' 13JJ !• 0, or hcptylk acid, is prepared by oxi-
dizing cenanthol with dilute chromic acid. It is an oily liquid, having
a faint, sour smell, and boiling at 223°. An isomeric acid has been
obtained by treating sodacetic ether with amyl iodide.

CH 1
Mtthyl-pentyl Ketone r -J [• CO is formed by the oxidation of
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secondary heptyl alcohol; it boils at 132° and yields on further
oxidation acetic acid and pentylic acid.

Isokeptyl Aleolwl (CH3)2C5Hg.OH has been obtained, together with
/ITT \

m e t h y l - a m y l c a r b i n o l , Q J J \ Q J J 8 f C H . O H , f r o m e t h y l - a m y L T h e

p r i m a r y a l c o h o l b o i l s a t 1 6 5 , a n d y i e l d s o n o x i d a t i o n i s o h e p t y l i o a d d

( C H A C A . C O j j H , a n o i l y l i q u i d b o i l i n g a t 2 1 2 ° . T h e s e c o n d a r y

a l c o h o l b o i l s a t 1 4 6 ° .

C H )
M e t h y l - a m y l K e t o n e / n u x n r r s \ C O i s a l i m p i d l i q u i d b o i l i n g a t

1 4 4 ° , w h i c h h a s b e e n p r o d u c e d b y t h e a c t i o n o f z i n c - m e t h y l o n i s o -

c a p r o y l c h l o r i d e , a s w e l l a s t h a t o f z i n c - a m y l o n a c e t y l c h l o r i d e , a n d

i s a l s o f o r m e d b y o x i d i z i n g m e t h y l - a m y l c a r b i n o L

T r i e t h y l C a r b i n o l C ( C 8 H 6 ) S O H . — T h i s t e r t i a r y h e p t y l a l c o h o l i s

p r o d u c e d b y t h e a c t i o n o f z i n c - e t h y l o n p r o p i o n y l c h l o r i d e . I t i s a

c o l o u r l e s s l i q u i d , b o i l i n g a t 1 4 2 ° a n d s m e l l i n g l i k e c a m p h o r . C h r o m i c

a c i d s o l u t i o n o x i d i z e s i t t o m e t h y l - d i e t h y l - e t h m e ( C g l L ^ C = C . C H j ,

w h i c h b y f u r t h e r o x i d a t i o n i s r e s o l v e d i n t o a c e t i c a c i d a n d p r o p i o n i o

a c i d .

O C T Y t , G R O U P .

N o r m a l O c t y l A l e o h o l C < f l g 1 0 . — T h e e s s e n t i a l o i l o f t h e s e e d s o f

c o w ' s p a r s n i p ( B e r a c k u m tfpondylium) c o n t a i n s a l a r g e q u a n t i t y o f

o c t y l a c e t a t e a n d s o m e o c t y l c a p r o a t e , a n d t h e o i l o f t h e c o m m o n

p a r a n i p c o n s i s t s c h i e f l y o f o c t y l b u t y i a t e . T h e a c e t a t e i s a m o b i l e

l i q u i d , s m e l l i n g l i k e o r a n g e s a n d b o i l i n g a t 2 0 7 ° . O n h e a t i n g t h e s e

e t h e r s w i t h a n a l c o h o l i c s o l u t i o n o f c a u s t i c p o t a s h , o c t y l a l c o h o l i s

o b t a i n e d , a c o l o u r l e s s l i q u i d , i n s o l u b l e i n w a t e r , b o i l i n g a t 1 9 5 ° , a n d

p o s s e s s i n g a s t r o n g a r o m a t i c s m e l l . O n s a t u r a t i n g i t w i t h h y d r o -

c h l o r i c a c i d g a s a n d h e a t i n g t h e m i x t u r e , o c t y l c h l o r i d e C 8 H 1 7 C 1 i s

f o r m e d , a l i q u i d b o i l i n g a t 1 8 0 ° , a n d p o s s e s s i n g a f a i n t o d o u r . Q d y l

i o d i d e C g H 1 7 I b o i l s a t 2 2 1 ° ; i t i s o b t a i n e d b y a d d i n g i o d i n e g r a d u a l l y

t o a m i x t u r e o f t h e a l c o h o l w i t h a m o r p h o u s p h o s p h o r u s , a n d d i s t i l l i n g .

B y a c t i n g o n t h e i o d i d e w i t h z i n c a n d h y d r o c h l o r i c a c i d , o c t a n e C S H 1 ?

i s f o r m e d ; i t i s a l s o o b t a i n e d b y t h e a c t i o n o f s o d i u m u p o n b u t y l

i o d i d e , a n d o c c u r s i n A m e r i c a n p e t r o l e u m . I t b o i l s a t 1 2 4 ° .

B y t r e a t i n g t h e a l c o h o l w i t h a s o l u t i o n o f p o t a s s i u m d i c h r o m a t e

i n d i l u t e s u l p h u r i c a c i d , o c t y l i c a c i d C 8 H 1 B 0 2 i s f o r m e d , a c r y s t a l l i n e

m a s s , m e l t i n g a t 1 7 ° a n d b o i l i n g a t 2 3 3 ° . I t h a s a s h a r p r a n c i d

t a s t e a n d a f a i n t s m e l l , w h i c h o n h e a t i n g b e c o m e s p u n g e n t a n d

s u d o r i f i c . A n a c i d h a v i n g t h e s a m e c o m p o s i t i o n a n d g r e a t r e s e m -

b l a n c e t o n o n y l i c a c i d i s c a p r y l i c a d d , w h i c h o c c u r s i n b u t t e r a n d

o t h e r f a t s ; i t m e l t s a t 1 4 " , a n d b o i l s b e t w e e n 2 3 6 ° a n d 2 4 0 ° . E t h y l

o c t y l a t e ^ h > 0 i s f o r m e d b y a d d i n g s u l p h u r i c a c i d t o a s o l u t i o n
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of ocfcylic acid in ethyl alcohol; it boils at 205° and smells like pine-
apples. Ethyl capryMe is a similar liquid, boiling at 214°.

Secondary Octyl Alcohol or Mcihyl-liexyl Carbinol ̂ 7? \ CH.OH,
0 13 J

formerly called capryl alcohol, is produced by distilling castor-oil
soap with caustic soda. Castor-oil contains ricinoleio acid,-which by
alkalis is decomposed into the alcohol and sebacic acid:—

QiAfO, + 2NaOH = C8H18O + C10H10Na2O, + H,

The distillate contains besides the secondary alcohol other pro-
ducts ; it ia repeatedly rectified over caustic soda and then subjected
to fractional distillation. Methyl-hexyl carbinol is a colourless oily
liquid, possessing an aromatic smell, and boiling at 181°. By a
dilute solution of chromic acid it is oxidized to methyl-hexyl ketone

f CO, a liquid boiling at 171°. This ketone is sometimes

formed as a by-produot in the preparation of the alcohol. Secondary
octyl chloride CoH,.Cl "smells like oranges and boils at 173°. The
iodide boils at 212 , and yields by the action of nascent hydrogen
normal octane.

NONYL GROUP.

This group has been so far very little studied. Felargonic acid,
O8H18O2 occurs in the essential oil of Pelargonium roseum, and is
also formed by oxidizing methyl-nonyl ketone, the chief constituent of
oil of rua This acid has a faint, rancid odour ; it melts at 18° and
boils at 250°.

Notiylio Acid ^ i y ^ IO.—This acid, which has great resemblance

to pelargonic acid, has been prepared by heating octyl iodide with
potassium cyanide and decomposing the nitrile thus formed with
caustic potash. It fuses at 12" and boils at 254'.

DEOATYL OROtJP.

Diamyl, or Tetramethyl Hemne CgHL^CHj). is obtained by decom-
posing amyl iodide with sodium; it is a colourless mobile liquid,
boiling at 158°. On acting on it with chlorine decatyl chloride is
formed, which, when heated with potassium acetate and acetic acid,
yields the acetate, a liquid possessing a pleasant smell like oranges.

On decomposing it with an alkali, decatyl alcohol 10 jJ [ 0 is ob-

tained, an oily liquid boiling at about 210°—215°, and smelling like
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the flowers of Daphne odorata. It is most probable that these bodies
are mixtures of primary and secondary decatyl compounds.

Gaprio Acid 10 "U > 0 occurs in different fats and in fusel-oil.

It is a crystalline solid, fusing at 30°, boiling at 270°, and possessing
a faint, goat-like smelL

The so-called osnanthic eflier, which is found in different kinds of
wine, and which is the cause of the peculiar odour which all wines
have in common, contains ethyl caprate besides ethyl caprylnte, and
probably other compound ethers in varying quantities.

HENDECATYL GROUP.

Methyl-nonyl Carbinol Q JJ [ CH.OH.—This secondary alcohol

has been prepared by acting with sodium on an alcoholic solution
of methyl-nonyl ketone. It is a thick, colourless liquid, boiling at
229°. By acting on it with bromine and phosphorus the bromide
C^HjgBr is formed, which on distillation splits up into hydrobromic
acid and hendecatene CUH22, a liquid boiling at 200°.

Methyl-nonyl Ketone n J $ \ C O f o r m s t h e c h i e f c o n s t i t u e n t o f o i l

B t k I h b l b t i d t h t i l l b
J 1 9 J

o f r u e , Buta graveokns. I t h a s b e e n a l s o o b t a i n e d s y n t h e t i c a l l y b y

d i s t i l l i n g a m i x t u r e o f c a l c i u m a c e t a t e a n d c a p r a t e . I t i s a c o l o u r -

l e s s l i q u i d , b o i l i n g a t 2 2 5 ° a n d p o s s e s s i n g a n a r o m a t i c o d o u r .

C E T Y t G R O U P .

Cetyl Alcohol 1 B j j j - O . — S p e r m a c e t i c o n s i s t s p r i n c i p a l l y o f c e t y l

p a b n i t a t e ; o n h e a t i n g i t w i t h a n a l c o h o l i c p o t a s h s o l u t i o n c e t y l

a l c o h o l i s o b t a i n e d , w h i c h f o r m s s m a l l w h i t e c r y s t a l s , m e l t i n g a t 5 0 °

a n d v o l a t i l i z i n g a t a h i g h t e m p e r a t u r e w i t h o u t d e c o m p o s i t i o n . I t i s

i n s o l u b l e i n w a t e r , b u t r e a d i l y s o l u b l e i u a l c o h o l a n d e t h e r . B y

h e a t i n g i t w i t h i o d i n e a n d p h o s p h o r u s , c e t y l i o d i d e i s f o r m e d , a w h i t e

c r y s t a l l i n e m a s s , m e l t i n g a t 2 2 ° a n d d e c o m p o s i n g a t a h i g h e r t e m p e -

r a t u r e . B y a c t i n g w i t h s o d i u m o n f u s e d c e t y l a l c o h o l , sodium cetylate

1 N a t ® k fo r m e <* > * e l a t t e r , w h e n h e a t e d w i t h c e t y l i o d i d e , y i e l d s

dicetyl ether ^ a 3 3 \O, w h i c h c r y s t a l l i z e s i n s h i n ? n g p l a t e s m e l t i n g

18 33 s
a t 5fi°. O n p a s s i n g a m m o n i a i n t o f u s e d c e t y l i o d i d e , tricetylamim
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£CUH3^S1]' is formed, crystallizing in white needles. Its salts are
insoluble in water, but they dissolve in alcohol.

By heating cetyl alcohol with dilute sulphuric acid and potassium
dichromate, pahnitaldehyde C,BH320 ia formed, a white crystalline
solid, melting at 52°, and yielding on further oxidation palmitic acid,
which is also formed by heating cetyl alcohol with soda lime:—

0 , ^ 0 + NaOH = ClaH81NaO8 + 21^0

This acid, which is found in a great many fats, will be described in
the next chapter.

SOLID FATTY ACIDS.

Those fatty acids containing more than ten atoms of carbon are
solid bodies, which on distillation undergo partial decomposition.
They occur, together with lower members of the series, in different
vegetable and animal fats, ns compound ethers of the triad radical
propenyl OSH6. By boiling a fat or oil with caustic potash or fioda,
soaps are formed, which consist of the potassium salts (soft soap), or
sodium salts (hard soap) of fatty acids. They are soluble in water,
whilst most other salts of the solid fatty acids are insoluble in
water.

As all fats contain a mixture of several fatty acids, and as such
mixtures are often formed in the oxidation of complex organic
compounds as well as by different processes of fermentation, and by
putrefaction, it is of importance to be acquainted with the method
employed to separate the different constituents from such a mixture.

Fatty acids which volatilize without decomposition are separated
hy parhal neutralization. By adding au alkali to such a mixture,
the acid containing the least number of carbon atoms, being the
stronger, is first neutralized. Thus when to a mixture of butyric acid
and vnleriauic acid a quantity of soda is added which is insufficient
to neutralize the acids, and the liquid is subjected to distillation, either
pure valerianic acid passes over, or the residue consists of pure
sodium butyrate, according to the proportions of the two-acids
present.

In the former case all the butyric acid, together with some of the
valerianic acid, is found in the residua By adding gradually dilute
sulphuric acid, all the valerianic acid is set free before any of the
butyrate is decomposed.

Iu the second case all the valerianic acid and some butyric is con-
tained in the distillate; from which by partial neutralization and
redistillation pure valerianic can be obtained. It will be easily under-
stood that by repeating these operations, two or even more volatile
fatty acids can be completely separated.
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Solid fatty acids maybe separated from each other by fractional
precipitation. The mixture is dissolved in spirits of wine, and an
alcoholic solution of lead acetate or magnesium acetate is added in
small quantities, by which the acids having the highest molecular
weight are first precipitated. To the filtrate again a small quantity
of the lead or magnesium salt is added, and this operation repeated
until all the acids are precipitated. The different precipitates are
decomposed with hydrochloric acid, and if necessary again treated in
the same way until pure acids are obtained. The purity of an acid
thua separated is easily recognized by subjecting it again to fractional
precipitation ; when pure, the first precipitate yields an acid having
the same composition and melting-point as that obtained from the
last precipitate.

Pure acids melt and solidify at the same temperature, whilst the
melting-point of a mixture is not only always lower than that of the
most fusible constituent, but the temperature at which it again
solidifies is always lower than tliat at which it melts. Thus the
melting-point of stearic acid is 69'2°, and that of palmitic acid 62°,
whilst a mixture consisting of 30 parts of stearic acid and 70 parts
of palmitic acid melts at 55"'l, and solidifies apiin at 54°.

Laurie Acid C12HMO occurs in the fat contained in the berries of
the bay-tree (Launis ndbilis), in pichuriin beans, and also in cocoa-nut
oil. It forms white needles melting at 43O#6.

Myrislic Acid CMHM0o is found in nutmeg butter, in spermaceti,
and other fats. It crystallizes in white needles melting at 53O#8.

Palmitic Add OlflH32Oa is one of the chief constituents of the
different kinds of tallow, of spermaceti, palm oil, olive oil, and a
great number of other fats. It is best obtained from palm-oil soap, a
mixture of sodium palmitate and stearate, hy dissolving it in alcohol
and separating the acids by fractional precipitation.

Palmitic acid crystallizes in shining scales and melts at 62°.
Margaric Acid CqH»Ov—This name was originally given to an

acid supposed to exist in several fata, but it has since been shown
that the so-called margaric acid is only a mixture of palmitic and
stearic acids. Mnrgaric acid does not appear to exist in natural
fats, but has been produced artificially by heating cetyl iodide
with potassium cyanide, and decomposing the margaronitrile thus
fomea with alcoholic potash. It haŝ  great resemblance to palmitic
acid.

Stearic Acid CLHggOj occurs, together with palmitic acid and other
acids, in suet, tallow, cocoa-nut oil, cocoa butter, in human fat, in
the fat of the goose, &c. &c. It is easily obtained from tallow-soap
by dissolving it in six parts of hot water, and adding to the solution
40—50 parts of cold water. A mixture of acid sodium stearate and
]ialmitate separates in shining scales. On crystallizing this mix hire
from hot alcohol the steainte separates first, and may bo purified by
recrystallization. On decomposing this salt t.y hydrochloric acid,
and reciystallizing the nciil from hot nlculm] it is obtained in nacreous
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needles or laminre, melting at 69°*2, and solidifying to a crystalline
scaly mass.

The stearin-candles consist of a mixture of stearic and palmitic
acids.

Araehidk Acid C^H^O; occurs in the fat of the earth-nut (Arachis
hypogoea), and behcnic acid C2SH.4O4 in the oil from the fruits of
Moringa nux Behen. Hymie. and CLH^Og was found in the fat
from the glands of a diseased striated hyaena.

CHINESE WAX AND BEES-WAX.

Chinese wax, the product of an insect (Coccus wrtferus), is a
white crystalline substance resembling spermaceti, and consisting

almost entirely of ceryl cerotate n j J S 0. By saponifying it

with solid caustic potash, dissolving the soap iu hot water, and
adding barium chloride, a mixture of ceryl alcohol and barium
cerotate is precipitated, which may be separated by exhausting
the dry precipitate with hot alcohol, in which the barium salt is

C H I
insoluble. Geryl alcohol v » n g {• O is a white crystalline substance,
melting at 79°, and distilling at a high temperature with partial
decomposition into water and ccrotenc C«H64. When ceryl alcohol
is heated with caustic potash, it is oxidized to cerotic acid :—

0 + KOH = C*H<*°-

Cerotic Acid CWHMO is also found in the free state in bees'-wax,
and may be extracted from it with boiling alcohol. It forms crystal-
line grains melting at 78°.

The portion of bees-wax insoluble in alcohol consists of miyricyl
/I TT \

palmitatc n 21 ® [• 0. On heating it with alcoholic potash, and dis-
solvingthe residue left on the evaporation of the alcohol in hot water,
and adding dilute hydrocliloric acid, a mixture of myricyl alcohol
and palmitic acid ia precipitated. To separate them they are dis-
solved in hot alcohol; on cooling myrieyl alcoJwl "> -g 10 separates
in silky crystals, melting at 80°. By heating this alcohol with soda-
lime it is oxidized to melissic acid CjaH^O, a body bearing great
resemblance to cerotic acid, but melting at 80°. Melissic acid has
not been found in nature.
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COMPOUNDS OF DYAD RADICALS.

DYAD ALCOHOL-RADICALS.

By depriving the paraffins of two atoms of hydrogen a aeries of
hydrocarbons ia obtained having the general formula CH^, to which
the name the Okfiries has been given (from olefiaut gas, an old name
of ethene, the first hydrocarbon of the series). The names of the
defines are derived from those of the paraffins by changing the final
•ane into -em:—

Ethane . . C2H8 Ethene . . CjH«
Propane . . C3H8 Propene . . C,H6

A general method of obtaining defines consists in the abstraction
of the elements of water from the monad alcohols. This may be
effected by means of sulphuric acid, zinc chloride, and other dehydrat-
ing agents:—

C2H80 - H,0 = C2H4
C6H120 - H8O = C6H10

Olefines are also produced by heating the haloid compounds of
monad alcohol radicals with a solution of caustic potash in spirits
of wine:—

C8H13C1 + KOH = C0H12 + H2O + KC1

Of other reactions by which olefines are formed the following may
be mentioned.

By 'acting on the iodides of the monad alcohol radicals with
nascent hydrogen, or with sodium or zinc, not only are paraffins
formed, but also defines in smaller quantities. Thus when ethyl
iodide is heated with zinc, not only is butane formed but also ethane
and cthene .'—

2C2H5I + Zn = C2H9

By the action of zinc and hydrochloric acid upon secondary hexyl
iodide, hexane CgHu is formed as the chief product, but at the same
time some hcxenc O,,H12 and some dihexyl 0uHm are produced:—

(1) OfiJ + H4 = C,HM + IK

(2) 2CaHwI + Zn = C,HM + C^H^ + Znl2

(3) 2 Q , H u I + Z n « C I S H w + ZiiI,

' Formerly they wore designated by numes derived from those of tho mound alcohol
livlicalsby tue addition ol -eiic .• thusotln:ue is s\\H frequently calleJ etliyl«ip, tc.
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Olefines may also be produced by synthesis. Thus pentem C6Hj0
has been obtained by the action of zinc-ethyl upon allyl iodide
CSH5I : -

u + 2C8H6I = 2C6H10 + Znl,

By heating monobroinethene with ziuc-ethyl, butene C4H8 is pro-
duced :—

2(C2HsBr) + (CjH^Zn = 2C4H8 + ZnBr,

Olefines also occur amongst the products of destructive distillation
of many organic bodies, and are found therefore in coal-tar, wood-
tar, &c.

In their physical properties the olefines have great resemblance to
the paraffins. The lowest members of the series are gaseous at the
ordinary temperature; most of the others are liquids having a faint
ethereal and garlic-like smell; and the highest members consist of
crystalline solids.

The olefines contain two carbon atoms linked together by two
combining units of each atom. The number of isouierides which
according to theory may exist is larger than that of the paraffins, as
the double linking of two carbon atoms can take place between
different atoms in the carbon chain. Thus we know only two
hydrocarbons C4H10, but three having the formula C,H8:—

C iin==:C H —v g

CHS—CH=CH—CH8

The most characteristic property of the olefines is that they com-
bine directly with one molecule of another element or compound, as
with the hydvacids of the chlorine group, ethene and bydnodic acid
yielding ethyl iodide:—

CH2I

The olefines containing more than two atoms of carbon yield by
this reaction secondary or tertiary compounds :—

i H ° ( 1 1 ? '

II J I
cu. CH.
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CH8 CH8 CHS CHS

C . I \ 01
II + H ) = I

CH2 CH,

Olefines combine also with concentrated sulphurio acid:—

CH8

H +

C

C

CH8

The haloid ethers of the dyad radicals are very readily produced
by the direct union of the olefines with the elements of the chlorine
group :—

C2H4 + Cljj = C2H,C12
CsHa + Br2 = C8H0Br2

Besides these addition-products there exist also isomeric compounds,
formed by substitution of hydrogen or oxygen in saturated compounds.
Thus by acting -with chlorine on ethane we obtain as the second
product of substitution dicMorcthane or ethidene dichloride, which is
an isomeride of ethene dichloride, and has also been produced by the
action of phosphorus pentachloride on aldehyde. The constitution of
these two isomerides is explained by their mode of formation:—

&+'

Ethcno Dichloride.
CHaCl

CHaCl
Etliidono Bichloride.

CH, CH.
+ PC16 = I + POCL

CHO CHC12Propidene dichloride, an isomeride of propene diehloride, is pro-
duced by treating acetone with phosphoms pentachloride:—

Propone Dichloride. Propidono Dichlorido.
CH3 CHS

CHCl CCla
CHSC1 CHS

The olefines also combine with hypoehlorous and hypobromous
C »
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ncids, forming compounds wliich at the same time are haloi'd ethers
and alcohols:—

Ethene Chlovliydratc.
CH2 CH.C1
|| + C10H « |
OHa CI

The alcohols of the dyad radicals, called glycoh (on account of their
sweet taste), are produced by reactions quite analogous to those by
which the monad alcohols are obtained from their haloid ethers.
Thus ctheno iodide yields with silver acetate, ethene diacetate:—

{ \ + 2Ag0.C2H30 = C2H<{

Alkalis decompose this acetate, ethene alcohol or common glycol
being formed:—

fOCJBfi . R, J OH _ p H (OH B (OC2HSO

Tlie reaction of the glycols are for the most part similar to those of
the alcohols of mouad radicals, but inasmuch as the former contain
two hydroxyls, the reactions generally take place in two stages, and
yield two series of compounds:—

Etlione Chlorhydrate. Bthoiie Dtchtorido.
IC1 r TT Icl

Kthonc Monacotntc. Etliono Diacototc.
r T I fOH f l T T J0C2H,O
L2H* \ OC 2H 8O °*H* X o q f t o

Sodium Ethoiiatc. Disodium Ethcnato.

°2H*{oiN'a C*H<»{oNa

Ethyl Ethonato. Dicthyl Ethoaato.

Ktlicnc Oxylivdrosulpliiilo. lithene Dihyclrosnlphide.
j O H PIT / S H

The two hydroxyls may also be replaced by one atom of a dyad
element or a dyad radical; whilst the defines can, like the monad
radicals, substitute hydrogen iu ammonia, &c :—

Ethene OxiJo.
CH,

I / 0

n i l '
On,,

Ellieneiluimiiie.
C H fNH*

Tricthcncclinmino
C2H4

C;H1 N
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The following table contains the olefines and glycols which have
been best examined ;—

OLEFINES.

Ethene .
Propene .
Isobutene
Batene .
Amylene.
Pentene .
Hexene .
Heptene .
Octene .
Diamylene ^®
Hendecadene CnH«
Cetene . . CIBH38
Cerotene . . CgjHy
Melene ^

Boiling,
point.

C2H4 -

GLYCOLS.

2
C3 Ho

GaH12
C7 HI4
C8H I6

+ 3
35
40
70

100
125
158
200
275

Ethene Glycol
Piopeno „
Isobutene „

Amylene „

Hexene „

Octenc „

,0,
• 0 ,

Boiling,
point,
197°-5
188

C4H10O2 183

C8HJ8O2

177

207-

237

The boiling-points of the first four gly«ols become loffer as the
molecular weight increases. This apparent anomaly is easily explained
by the different constitution of these bodies; ethene glycol being
a primary alcohol, while the others are primary as well as secondary
or tertiary compounds:—

Ethono Glycol Propone Glycol. Isolmtono Glycol.
CH CH3 CH3CHyOI

CHa.0H

p
CH3

CH.OH

MONOBASIC ACIDS OP THE SEEIES CnBl2a08.

These acids cue derived from the glycols by replacing ia the latter
two atoms of hydrogen by ono of oxygen, and may be produced by
the alow oxidation of glycols:—

Glyoollic Acid.
CIL.0H CH.0H
I + 0 . . - I +H.2O

CH,.0H C0.0H)Ha.0H

CIL
Laotio AeM.

C H ,

= CH.CH.0H + 0 , = CH.0H + Ho0

CH, OH CO.i.OH
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They ore also formed by replacing in a fatty acid ono atom of
hydrogen by one of hydroxyl. This can be easily effected by the
action of alkalis or eilver oxide and water on the tuonobrominated
or chlorinated fatty acids; thus monochloracetic acid yields glycollic
or oxacetic acid, and monobromopropionic acid is converted into
lactic or oxypropionio acid :—

CB..C1 CH..0H
+ K 0 H = | +KC1

OH OO.OHCO.

CHS CH3

CHBr + K O H = CH.0H + KC1

CO.OH CX).OH

On the other hand, by treating glycollic or lactic acid with
hydrochloric or hydrobromic acids they are again converted into the
corresponding substituted fatty acids. Hydriodic acid acts in a
similar way, but the moniodo-acids thus formed are readily further
acted upon by the hydriodic acid, and reduced to a fatty acid. Lactic,
acid can thus be easily converted into propionio acid:—

(1) C8H6(0H)02 + HI = C3H6IO8 + HsO

(2) C8H6I02 +HT=C3H aO2 + 1 8

The acids of the glycollic series being at the same time monobasic
acids and monad alcohols, form different kinds of haloid and other
ethers, of amides, &c.

Thus monochlorcpropionic add must be regarded as an alcoholic
chloride; by acting on it with ammonia, we obtain amidopropionic
add or alanine, which being an amine combines with acids, but at
the same time, as a monobasic acid, it forms also metallic salts.

By heatinj* lactic acid with absolute alcohol wo get ethyl lactate, a
neutral volatile liquid, which is readily acted upon by sodium like other
alcohols, the hydrogen of the hydroxyl being replaced by tlie metal.
Ethyl iodide converts tMs sodium-compound into diethjl lactate,
which, by alkalis is resolved into ethyl alcohol and a salt of ethyl-
lactic acid, an isomeride of ethyl lactate, from which it, however,
differs by being as powerful an acid as lactic acid itself. Ammonia
converts diethyl lactato into lactamtdc, a neutral body, which is
iaomeric with alaninc. When a metallic lactate is treated with
phosphorus pentachlorido, it yields lactyl chloride, a body having the
character of an alcoholic chloride as well as that of an acid chloride,
and being therefore resolved by water into hydrochloric acid and
monochloropropionic acid.

The following formulae explain the constitution of these different
compounds:—
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Lactic Acid. Chloronropionic Acid. Lactyl Chloride.
Cffa

A

IH.OH CHC1 CHC1

O.OH CO.OH COC1

Ethyl Lactatc. KtUyttactic Acid. Dietliyl Loetatc.

CHS CHS CH3

H.OC2H6 CH.OCtHs

CO.OC8H6 CO.OH CO.OC2HS

Loctamide. Alanino. Loctyldinmide.

CH.OH CH.C'

CHS CHS CE3

CH.OH CH.NH8 CH.NH2

C0.NH2 CO.OH CO.NHj

The acids of this group can be obtained synthetically by heating
ivn aldehyde with hydrocyanic acid and dilute hydrochloric acid;
acctaldehydo yielding lactic acid:—

CH3
CHS |
I 4- HCN 4 HCl + 2H2O = CH.OH + NH.C1
OHO I

CO.OH

Many acids of this series are known in several isomeric modifica-
tions ; the cause of the isoinerism being either a different grouping of
the carbon atoms, or the alcoholic Iiydroxyl occupying another posi-
tion. Thus we know three oxybutyric acids:—-

a Oxybutyric Acid. $ Oxybntyrio Acid. Oxy-isobutyrie Acid.
CHS C% CHSCHS

1 1 ^
S %

1 1

CH2 CH.OH COH

CH.OH CHs CO.OH

CO.OH CO.OHOxy-isobutyric acid is not only obtained by the action of moist
silver oxido ou monobromisobutyi-ic acid, but has also been produced

CO-OH
by replacing in oxaUc acid | one atom of oxygen by two of

CO-OH
methyl. This is done by heating methyl oxalate with zinc-methyl.



182 THE OHEMISTBY OF

By employing the zinc-compounds of other alcohol-radicals, a great
CH(CH )OH

number of such isolacttc acids I have been
CO OH

prepared.
The acids of the lactic series which have so far been described are

secondary alcohols with the exception of glyoollic acid, which is a
primary alcohol. An acid having a similar constitution is ctlme-
lactic acid, which has been produced by heating ethene chlorhydrate
•with potassium cyanide, and decomposing the nitrile thus formed
•with caustic potash :—

CN CO.OK

fITT

r
CH.

+ KOH + H2O = CH2 + NH3

,OH

Ethene-lacticacid corresponds to primary propyl alcohol and yields
by oxidation bibasic nialonic acid, whilst common or ethidcnc-laelic
acid, which corresponds to secondary propyl alcohol, is resolved by
oxidizing agents into acetic acid and carbon dioxide.

Glycollic acid and the two lactic acids occnr in nature.

BIBAS1C ACIDS OP THE SEMES CnH2ll _»()«.

Oxalic Acid CaH2 O4 Suberic Acid . . C8 HMO4
Malonic „ O3H4 O4 Azelnic „ . . Co H loO t
Succinic „ C4H0O4 Sebacic „ . . C10HBO4
Desoxyglutanic „ CaH8 O4 Brassic „ . , OyH^O^
Adipic „ CflH10O4 Eocellic „ . . CHH3i!O4
Piinolic „ C7H1?O4

The acids of this group are bibasic, containing the group carboxyl
t>vice; they stand in the same relation to primary glycola as the fatty
acids to the monad primary alcohols:—

OH. CH2.OH
Ethyl Alcohol | Etheuo Alcohol I

CH^OH CH.OH

CHS CO.OH

OH
Acetic Acid I Oxalic Acid I

CO.OH CO.

I t has already been mentioned that with the exception of etheue
glycol other primary glycols are hardly known. On oxidizing ethene
glycol it first yields monobasic glycollic acid, which by further
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oxidation ia converted into oxalic acid. The second acid of the series,
malouic acid, is formed by oxidizing ethene-lactic acid, which hns
to be regarded as the first oxidation-product of primary propene glycol.

All acids of this series with the exception of oxalic acid contain
an define combined with two carboxyla This is shown uot only
by the different modes of formation of these acids, but also by many
of their decompositions.

When ethene bibromide is heated with potassium cyanide the
nitrile of succinic acid is formed, aud this compound, by the action
of caustic potash, yields the latter acid :—

CN CO.OH

VJOt + 4 ^ 0 = VtM4

ON CO.OH

When a galvanic current is passed through a solution of potassium
succinate, the acid is decomposed into ethene, carbon dioxide and
hydrogen:—

CO.OH

CO.OH

l'he chlorine in ohloracetic acid may be replaced by cyanogen,
aud tlms cyanaeetit add is formed, a compound being a monobasic
acid as well as a nitrile, and yielding inalonic acid by the action
of alkalis :•—

CN CO.OH

CH2 + 2H2O = CH2 + NH3

CO.OH CO.OH

a Cyanopropionic acid is converted by the same reaction into
isosuceinic acid :—

CHS CHS

0H--CN + 2H2O = CH—CO.OH + NH3

CO.OH CO.OH

By heating, a iodoproyionic acid with finely divided silver1 adipk
•icid is formed:—

' 1'lic finely divided silver, or si!eer-dust, which is employed for many similar
synthetical reactions, is prepared by precipitating a cold tliluti* solution with liydiu-
i-liloric ncid, aud reducing tlio silver elilonde witli zinc, 'flic product is washed with
ililnto hydrochloric acid aud wntor, and dried at a gcntlo heat. It forms a very fine
dark powder, without motalUc lustro.
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CO.OH CO.OH

CH2 CH2

CH2I CH2

+ A g 2 = | +2AgI
CH2I CH2

CH2 CHg

CO.OH CO.OH

By the same reaction, ft lyromjnopionic acid is converted into
dimethylsmxinic add,:—

CO.OH
I CO.OH
CCH.CH8 |
Br CH.CH8

8
+ Ag, = I + 2AgI

CH.CH
Br CH.CH.
CHCH3
I CO.OH
CO.OH

Many of the aoids belonging to this group are formed by the
oxidation of fats and other bodies. Three of them ocour in nature,
viz. oxalic acid, succinic acid, and rooellic aoid.

KTHENE COMPOUNDS.

ETUEHE CgH4.

This hydrocarbon is'formed, together with many other products,
by the destructive distillation of organic bodies, as fats, resins,
wood, coal, &c. To obtain pure ethene a mixture of one volume of
strong alcohol and 3—4 volumes of concentrated sulphuric acid is
gently heated, and the gas washed with concentrated sulphuric acid
and a solution of caustic soda, in order to free it from the vapours
of alcohol and ether, and from carbon dioxide and sulphur dioxide,
which two gases are always formed towards the eud of tho reaction.

Ethene ia a colourless gas having a pecnliat1 faint and snffocating
odour. I t condenses at — 1-10° to a liquid; it is very inflammable,
burning with a hright luminous flame.

It was formerly called olcfiantgas, because it combines with chlorine
to form ethene dichloride, an oily liquid. Ethene also combines
readily with bromine, but more difficultly with iodine. The concen-
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trated hydracids of these elements also combine with etheue, forming
halol'd ethers of ethyL By shaking it with concentrated sulphuric
acid it is dissolved, ethylsulphuric acid being formed. Aqueous
hypochlorous and hypobromous acids also absorb the gas slowly.

When ethene is passed into a solution of platinum dichloride and
hydrochloric acid, the compound CaH4PtCl» is formed, remaining on
evaporation as a brown gum-like mass. Mlune-platinum chloride
combines with bases and the chlorides of the alkali-metals, form-
ing crystallized compounds. Potassium - etliene - platinum chloride
C2H4PtCLKCl + HjO crystallizes in large lemon-yellow plates.

Ethene bichloride O?H4O12.—Ethene was discovered in the year 1795
by four Dutch chemists, who found that this gas readily combines
with chlorine, forming an oily liquid, which still is known by the
name of Dutch liquid.

To prepare ethene dichloride, equal volumes of ethene and
chlorine are passed into a large glass globe, provided at the lower
end wtth an open tubulus, through which the dichloride runs into a
flask. It may also be prepared by passing, ethene into a mixture of
manganese dioxide, salt, and dilute sulphuric acid as long as the
gas is absorbed, and then distilling the dichloride off.

Ethene dichloride is also formed in quantity, togethei with ethyl
chloride and dichlorethaae, as a by-product in the manufacture of
chloral.

Etheno dichloride is a mobile, colourless liquid smelling like chloro-
form, and boilhig at 85°; at 0" it has the specific gravity T271. When
it is heated with an alcoholic solution of potash it loses one molecule
of hydrochloric acid, and mmwchloret/une or vinyl cltkride Cy^Cl
escapes as a gas, which at —18° condenses to a liquid. This compound
combines like ethene again with one molecule of chlorine, forming
monockbrcthene diohlorUie GJ&3G[,G[t. which is acted upon by alcoholic
potash with the formation of dickloretkenc C2H2CL By repeating
this reaction the following substitution-products have been obtained:—

Boiling-point.
MouocMoretheue C4H8C1 . . . . - 18
Pichloretheno C^HjCl8 . . . . + 37
Trichlorethene C2H Cls . . . . 88
Totrachlorethene CSC14 . . . . 117

On combining these chlorethenes with chlorine a series of com-
pounds are formed having the same composition as the chlorine sub-
stitutiou-proilnots of ethene :—

Fvuiu Ktlioja-.
GaH4Cls
C8H3C1
C2H2C1,
C ! H C I
C;CL

Boiliug-poiut.
. . . 85°
. . . 115
. . . 147
. . . 158
. . . 182

From Ethane.
C. H.CL .
C . H A
C2H8C14
C H Cl
C O . 6

lloilLug-point.
. . 59°
. . 75

. . . 127
. . 158
. . 182



186 THE CHEMISTRY OF

From this table it is seen that the three first derivatives of ethauo
are isomeric with those of ethene, the constitution of these bodies
being—

From Etliene. From Etliano,
CH2C1 CH,
[ 1

CH2C1 CHC12

CH aa CEd

CHCIJ cc i s

CHCI2 j

CHClg CClg

Bat the compounds 4 and 5 are identical in both series, only one
formula being possible for each of them:—

CHCL, CCla

OCIa C01a

Ethene Dibromide C2H4Br2.-~This compound forms the starting-
point for the preparation of most other ethene componnds. I t is
most conveniently prepared by the following process. A Winchester
quart bottle is filled with ethene; 120 grams of bromine and the samo
quantity of water are added, and the bottle is quickly closed with
a cork through which a glass tube passes, open at both ends, one of
which reaches to the bottom of the bottle whilst the other is con-
nected with a gasholder filled with ethene. On shaking the bottle
the ethene is absorbed, and as soon as all the bromine has combined,
more of it is added, and tlu's process continued until a sufficient
quantity of the dibromide has been formed. The product is washed
with caustic soda, and dried by distilling it with snlphuric acid.

Ethene dibromide is a colourless liquid, having a sweetish smell
and taste, boiling at 129°, and solidifying at 0° to a crystalline mass.
When heated with alcoholic potash it yields m&mbromethenc CaH3Br,
a volatile liquid boiling at 24°, aud combining with highly concentrated
hydrobromic acid to form ethene dibromide, whilst with a move dilute
acid it forms the isomerio ethidene bromide:—

CHBr H -1 CHjBr

(2) CH2 H . CH3

Mfane Di-iodide C3H4Tr—Ethene combines with iodine slowly at a

HBr2
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gentle beat, or when exposed to the light of the sun. This compound
can, however, bo obtained in quantity by passing etheno into a mixture
of absolute alcohol and iodine until the latter is dissolved. More
iodine is now added, and the gas passed again into the liquid, and the
same process repeated until a magma of crystals has been prodnced.
After the mother liquor has been drained oft" the crystals are washed
with alcohol.

Ethene di-iodide forms white needles, melting at 73°, and subliming
with partial decomposition at 80°. When exposed to the light it soon
assumes a brown colour. It possesses an ethereal odour, and its
vapour attacks the eyes and produces headache.

When ethene is passed into iodine monoohloride, etJiene chloriodMc
C2H4C1I is formed, a liquid boiling at 140°.

EtJiene Alcohol or Hthene Qlycol C2H#(OH)g.—To prepare this com-
pound, silver acetate is added to a mixture of ethene di-iodide and
glacial acetic acid; a violent reaction sets in and ethene diacetate

is formed, C2H4j Q C ^ O ' a c o l o u r l e 8 s l i ( l u i d foiling at 187°. By
treating this ether with alkalis, etbene alcohol is produced. This com-
pound is more conveniently obtained by heating an alcoholic solution
of ethene dibromide with potassium acetate in closed vessels in a
water-bath:—

The ethene monacctatc thus formed is a colourless liquid boiling at
182", smelling slightly of acetic acid, and soluble in water. To convert
it into the glycol the requisite quantity of powdered caustic potash
or baryta is added, and the mixture distilled after standing for 12
hours.

Ethene alcoliol has also been prepared by the action of moist silver
oxide on ethene chloriodide. It is a thick colourless liquid, dissolving
in water in all proportions, and possessing a sweet taste. It boils
at 197O#5, and has at 0° the specific gravity 1125. Sodium dissolves
in it, with the evolution of hydrogen and formation of sodium elkenate

f OHC2H4 < Q S , a white crystalline mass which when heated with more

sodium to 190° yields disodinm etltcnate. ^Vft {ON*1' % acting

with ethyl iodide on these compounds the ethyl ethers of ethene are

formed. EthjlctlicnaUGMA Qn-u ^s a liquid possessing an ethereal
(or* T-F

odour and boiling at 127O#5, and dicthyt ethenate C2H4! Qrrjj0 is a

similar body boiling at 123O#5. When glycol is acted upon by phos-
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Ehorns pentachloride it is converted into ethene dichloride, and ou
eating it with zinc chloride it yields acetaldehyde •'—•

CH20H CH3

I - H . O - I
CHgOH COH

By the action of concentrated hydriodic acid it is reduced to ethyl
iodide:—

i OTTT n TT T i OTT (\ t T **

( Cl
Ethene Chlorhgdrate or Ethene ClUorhydrin C2H4 •! QJJ is formed

by shaking etbene with an aqueous solution of aqueous hypochlorous
acid, or by heating glyeol with hydrochloric acid;—•

r T T f 0 H . C l ) P T T f C l , T T O

It is a colourless liquid, miscible with water, and boiling at 128°.
On heating it with potassium iodide it is converted into ethene iodo-
hydrate C«H4(0H)I, a heavy liquid which is decomposed on heating.
When sodium amalgam is added to an aqueous solution of ethene
chlorhydrate, ethyl alcohol is formed. Oxidizing agents convert the
chlovhydrate into monochloracetic acid.

JSthene Oxide C2H4O.—A solution of caustic potash acts violently
on ethene chlorhydrate, ethene oxide being formed:—

CH.C1 CH2
| + K O H = | >O + H2O
CHgOH OS/

Ethene oxide is a liquid boiling at 13°*5 ; it is miscible with water
and has basic properties. Thus it combines readily with acids :—

I t p r e c i p i t a t e s a l s o t h e s o l u t i o n s o f m a n y m e t a l l i c s a l t s , a s t h o s e o f

m a g n e s i u m , a l u m i n i u m , c o p p e r , & c : —

C u C l 2 + 2 C 2 H 4 0 = C t i ( O H ) i , + 2 C 2 H 4

W h e n i t s a q u e o u s s o l u t i o n i s h e a t e d i t c o m b i n e s w i t h w a t e r , g l y e o l

b e i n g f o r m e d ; i t a l s o c o m b i n e s w i t h g l y e o l , w i t h t h e f o r m a t i o n o f

d i e t h e n e g l y e o l : —

O H

0

O H
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Diethene glycol is a thick liquid, having a sweet taste and boiling
at 250°. This compound may agaiu be combined with ethene oxide,
triethcne glycol being produced, a liquid boiling at 287°. By repeating
these reactions other poly-ethene glycols have been produced. The
constitution of these compounds is sho-wn by the following formnlse:—

Ethene Glycol. Diothono Glycol. Trictlicne Glvcol.
/ 0 H

 r T T / O f l

^ C , H ? ° « - >
XOH

^ O H

Tctra-ethcno Olycol. Hcxctlieno Glycol-

C2H,

C H >

NOH

The same oomponnds are produced when ethene glycol is heated
with ethene bromhydrate.

Nascent hydrogen converts ethene oxide into ethyl alcohol. I t
also combines with bromine, forming the compound (C<Mfi)^Brv
consisting of reddish-brown crystals, melting at GiV" and coiling at
W5°. By adding mercury to Una bromide ethene dioxide (CjHJoO is
obtained in colourless crystals, melting at 9° and boiling at 102°.
The constitution of this compound is expressed by the formula :—

Ethene oxide unite8 also with ammonia and amines, forming
strongly basic compounds. The hydrochlorides of these bases nre
also produced by combining etheno chlorbydrate with ammonia or
compound ammonias. Ammonia yields the following bodies, which
arc all sympy alkaline liquids, forming well-crystallized salts:—
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Monoxotliylnniine. Dioxethylamine.

ÔH
H

Trioxottiylamiiie. Tctroxothyhuuine.

>0
X OH

\ ) H

Clwlinc or Nmrine C2H4 •! JT/QJT \ QTT.—This strong base was first
discovered in the bile, and afterwards it vr&s found in the brain,
in the yolk of eggs, in mustard seed, &c. It does not exist in
the free state in these substances, but is a product of decomposi-
tion of highly complicated compounds. Choline lias also been pro-
duced synthetically by lieating a concentrated aqueous solution of
trimethylamine with ethene oxide:—

C2H4O + H2O + N(CH,)3 = l g ^

The free base is a deliquescent mass, having a strongly alkaline
reaction, and readily absorbing carbon dioxide. Jt combines
with acids to form crystalline salts. The platinum compound
(N[C.H4(OH)(CH3),]C1)2 + BC14 forms large yellow plates, which
dissolve in water, but are insoluble in alcohol.

When choliuo is heated it i? resolved into glycol and triraetliyl-
tiinine:—

* ° A { 0!
f OH

Oxyclwiinc or Jktatne C2H3O j \r/nir \ OH'""""'̂ 1'8 ̂ a s e ' 8

by the oxidation of choline, and by the action of trimethylamine
upon tnonochloiucetic acid :—

CH2C1.CO.OH + N(CHS)S =̂ N(CHa)s(CH8.OH.CO)Cl

Oxycholine crystallizes from alcohol in large shining deh'quescent
crystals. It has no alkaline reaction and a sweetish and cooling
taste; its salts crystallize well. Oxycholine occurs in beet-roots
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(Beta vulgaris), and can easily "be obtained in quantity from the
treacle obtained in the manufacture of beet-root sugar.

Mhene Nitrite C2H4(NO8)2 is formed by passing ethene into liquid
nitrogen tetroxide; it crystallizes in white prisms, melting at 3Y#5
and subliming at a higher temperature with partial decomposition.

Etkcne Mtrate C8H4(NO3)Z.—When ethene glycol is dissolved in
filming nitric acid, much heat is evolved, and, on addition of water,
ethene nitrate is precipitated as a thick, heavy oil, possessing an un-
pleasant, sweetish taste. On heating it gently it decomposes with a
slight explosion, giving off a very luminous flame.

Ethene Cldoronitrate CJH4|WQ is an oily, limpid, volatile liquid,
having a pungent smell, and burning with a brilliant white flame. It is
neadily obtained by dissolving ethene chlorhydrate in concentrated
nitric acid.

On passing ethene into a very cold mixture of concentrated
nitric and sulphuric acids, the compound C2H4N2OB or C^ELi < JTQ2

is formed, a colourless oil, having a very pungent smell; its vaporas
attack the eyes and produce headache. By the action of aqueous
hydriodic acid it is converted into glycol:—

NOJ + 4HI = C*H* { OH + 2N0 + 2I* + H*°

Ethetvcstdphuric Add C2H4 | go jr is formed by heating glycol
with sulphuric acid to 150°. On diluting the cold solution with
water and neutralizing it with barium carbonate, barium etkenesulpJiate
, XT f OH

* \ Ba is obtained, a very soluble salt, which does not crys-
{

tallize well. When it is heated -with baryta-water it is decomposed
iuto glycol and barium sulphate.

Carbyl SidpluUe C2H4(SO.))2.—-This name has been given to a com-
pound which is produced by passing ethene into sulphur trioxide.
It forms colourless crystals, which attract water rapidly from the air,
being converted into etMonic acid CsHj j SOW a comPOUIi<* on^v

known in aqueous solution. On heating, it is decomposed into sul-
phuric acid and isethiotite or ctlicncsulphonic acid CjH4 -j go JJI which
ia also formed by diluting a saturated solution of sulphur trioxide iu
alcohol or ether with water and toiling the liquid for some hours.
Barium iscthoniatc crystallises from water in shining plates. By
adding sulphuric acid to a solution of this salt, and boiling the
filtrate down to the consistency of a syrup, ethenesulphonic acid
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crystallizes on cooling in white deliquescent needles; Potassium
isethoDiate is forjned by heating ethene chlorhydrate with an aqueous
solution of potassium sulphite:—

Ammonium IsetfimiaU C2H4 •! gQ J^JJ crystallizes in colourless

prisms, whieh when heated above 200° are converted into amido-

ethylsulpltonte mid or tanrine CjH4 •< OQ Jr» & compound which occurs

in the free state and combined with cholic acid (taurocholic acid) in
the bile, in the intestinal liquid, and in the lungs. It is best prepared
from the bile of the ox, by boiling it for some time with hydrochloric
acid and evaporating the filtered solution. The residue is exhausted
with alcohol and the solution evaporated to crystallization. Taurine
crystallizes in large colourless prisms, which are tasteless and only
sparingly soluble in water. I t is a monobasic acid and very stable
body, which is not acted upon by boiling nitric acid; but nitrous acid
converts it into isethonic acid:—

On distilling potassium isethoniate with phosphorus pentachlorido

isethonic chloride C2H4 •! « Q Q, is obtained, which is decomposed by

water with the formation of hydrochloric acid and chlorcthyl&uljjhonic
( Clacid, CaH4 •] QQ QTT By acting with aqueous ammonia on the silver

salt of this acid taurine is formed.

JEtJiene Dihydrosulphide or Mhem Mcrcaftatt C?H4-J gjj is pre-
pared by distilling ethene dibromide with an alcoholic solution of
potassium liydvosulphide. It is a limpid, very refractive liquid,
boiling at 142*, possessing a strong, disagreeable smell, and form-
ing, like other lnercttptttns, metallic compounds.

( OTT
Ethme Hydroxytntlphidc C2H4 -I Qg is a liquid with similar pro-

perties. It is produced by the action of ethene chlorliydrate upon
potassium hydrosulphide, and yields on oxidation isethonic acid.

Ethene Sulphide (C2H4)SS2 is obtained by distilling etliene bromide
with an alcoholic solution ot" potassium sulphide. It is a crystalline
solid, nieithig at 111° and boiling at 200°, but subliming readily at a
lower temperature. The vapour density of this compound is 60 (11 = 1),
from which it follows that the molecular formula is twice C,H4S; its
constitution must therefore be the following:—
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C,

JEtfane Sulphocyanatc C 2H 4 | gQjj is a white solid, crystallizing iu

plates. It is produced by heating ethene bromide with potassium
8ulpho3yanafce.

Ethmcdisulphonic Acid C,H4 •! QQ'JT-—This bibasic acid is formed

by oxidizing the sulphide, hydrosulphide, or sulphocyanate of ethene
with strong nitric acid. It is also produced by heating ethene di-
bromide with potassium sulphite. It is a crystalline solid, which is
very soluble in water, and has a very sour taste. The barium salt
crystallizes in hexagonal plates, and is not decomposed by boiling
nitric acid.

NITROGEN BASKS OF ETIIKNE.

These compounds are formed by the action of ethene dibromide on
alcoholic ammonia, the following reactions taking place:—

C,H4Br2 + 2NHS = N"J H?2 * + 2EBr

2CoH.Br. + 4NH. = N2-l C*H* + 2HBr + 2NH.Br

8 4 5 3 £ I _̂O » ' 4

3C,H4Bra + 6NH3 = N2-j CaH4 + 2HBr + 4NH4Br
t C H

By adding caustio potash to the hydrobTomidea thus fonned the
bases are set free, aud may be separated by fractional distillation.

fflhenediamine C .K/NH^ is a strongly alkaline liquid, possessing
nu ammoniacal smell and caustio taste, and boiling at 123°. Nitro
geu trioxide converts it into cthono oxide ;—»

NaOa = C2H,0 + 2H4O + 2N2

The hydrochloride of this base has been obtained in quantity by
heating the impure ethene dichloride, obtained in the manufacture of
chloral, with an excess of alcoholic ammonia for ten hours to 110°.
The product is distilled in order to remove alcohol, dichlorethane and
other chlorides, and the residue recrystallized from water.

By acting on ethenediamine with ethyl iodide the hydrogen of the
amido-groups is replaced by ethyl, the final product being Iwcethyl-
dkenedwmmoniuvi di-iodidc ^ ( C m j ^ j H ^ I j , which when treated

G ' 0
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with silver oxide and water yields the corresponding hydroxide, a
strongly alkaline and caustic substance.

Diethenediamine ( C j H ^ ^ I L boils at 170°, and combines, like
ethenediamine, with two equivalents of an acid, forming crystallized
salts. The two hydrogen atoms in the groups NH can also be replaced
by alcohol radicals.

3'rietlicnediamine (C^H^jNg boils at 210°, and combines with ethene
dibromide to form tdntfane-ammonium dibrom,ide N^CjH^Brj.

The triauiines of the monad alcohol radicals act upon ethene
dibromide in a peculiar manner. Thus trimethylamine and ethene
dibromide readily combine, and form monobrmethyl4rimtiM/lammo-
nium brornvk C^B^CH^jNBr; nascent hydrogen converts this
compound into ethyl-trimethylammonium bromide C8H5(CHj)8NBr,
and by the action of moist silver oxide it yields choline:—

+ Ag8 + H9O =

PHOSPHOETJS- AND ABSENIC-BASES OF ETHBNE.

Txiethylphosphine combines with ethene dibromide, forming two
compounds according to the relative quantities of the two con-
stituents :—

Triothylbromethylphosphoniuiubromide CJ

Hexethyl-ethenediphosphonium. dibvomide

The monobromide crystallizes in regular dodecahedrons; on
heatiug its aqueous solution with silver chloride it yields the
compound CoH^Br^H^PCl, but by acting on it with moist silver
oxido all tW bromine is replaced by hydroxyl, and the amniooinni

base c«H«C0H)(C2Ha)^ I o is famed, the coastitution of which is

analogous to that of choline.
The second bromide corresponds to the compounds formed by

uniting ethenediamine with the iodides of monad alcohol radicals.
Triethylarsiue acts upon otbene dibromide in a similar manner as

tuo phosphorus-base.
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ETHIDENE COMPOUNDS.

CH3,
The radical ethidene I which is isomeric with ethene, does not

CH
CH8

exist in the free state; its oxide is acetaldehyde I
CHO

Ethidene DicMoride C2H4C12 is identical with dichlorethane, and is
formed by the action of chlorine upon ethyl chloride as well as by
distilling aldehyde with phosphorus pentachloride. It boils at 58°.

CH8 CHS

I + P C 1 6 = | +POC1,
CHO CHC12

Aaetal CJJH4(OC2HA—This isomerideofdiethylethenate is obtained
as a by-product iu the preparation of aldehyde, and is also formed
by heating aldehyde with alcohol to 100° in sealed tubes:—

CHS CHS
I + 2C2H6.OH = | , ftf1 „ + H2O
CHO C H { g g g

or by the action of sodium ethylate upon ethidene dicbloride.
Acetal is a limpid liquid, possessing a refreshing odour, and boiling at
104°. On oxidation it yields aldehyde and acetic acid, and by heating
it with acetic acid, ethyl acetate, aldehyde, and water are formed.

When a mixture of methyl alcohol and ethyl alcohol is oxidized
by manganese dioxide and dilute sulphurio acid, a number of pro.
ducts are formed, among which are found methyl-ethyl acctat

C3H41 ̂ ' T J , boiling at 85°, and dimethyl acetal O2H4 j QQJJ3, boiling

at G5*. The latter compound exists also in crude wood-spirit.
By distilling methyl alcohol with the above oxidizing mixture, it

yields methyl formate and a liquid called metlujlal C'sHgOa, boiling
at 42°, and possessing an agreeable odour. This body has most pro-
bably the constitution CH2(OCH.,)S, standing in the same relation to
forraaldohyde as acetal to acetaldehyde.

Aldehyde combines with ethyl chloride, forming the compound

{ Cl

ildi

n 1 a liquid boiling with decomposition at abont 100°, and

yielding acetal by the action of sodium ethylate:

C H s „ . _ CH3

Cl
OC2H5

o 2
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When aldehyde is heated with acetic anhydride to 180°, combina-
tion takes place, and ethidcne diacetaie is produced:—

This compound is an oily liquid, boiling at 169°, and possessing an
alliaceous odour.

The compounds formed by the union of chloral, with water and
alcohols (page 146) have to be regarded as compounds of trichlor-
etliidene :—

Chloral Hydrate or
Triclilorothidone Alcohol. Chloral Alcoholate,

By treating chloral alcoholate with phosphorus pentachloride the
C HC1 1

hydtoxyl is replaced by chlorine, and tetrachlorethyl oxide 2njr* \ 0

is formed (see page 112).

OLYOOLLYL COMPOUNDS.

GLYCOMIC ACID OB OXAOET1C ACID C2H4O8.

This acid can he produced by different reactions. I t is formed by
oxidiging glycol with weak nitric acid;—

H CKLOH

HyOH CO.OH

and also by heating metallic chloracetatea or bromacetates with
water >-

CHaCl CHj.OH
| + H2O = | + KC1
CO.OK OO.OH

C
I
C

Glycollio acid is, however, more conveniently prepared by oxidizing
ethyl alcohol with nitric acid. One volume of nitric acid (V3&
specific gravity) is mixed with two volumes of alcohol (90 per cent.);
after standing for some time evolution of gas commences. The liquid
is now kept at a temperature of 20° until this evolution ceases, and
then evaporated on a water-batli to the consistency of a syrup. Tlie
residue is dissolved in water, and the boiling solution neutralized with
chalk. On cooling, impure calcium glycollate crystallizes out, which
is boiled with milk of lime in order to remove by-products (glyoxnl
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and glyoxylic acid). To obtain the pure acid the solution of the
calcium salt is precipitated with oxalic acid, filtered, and the filtrate
neutralized with lead carbonate. The lead salt thus obtained is crys-
tallized, and the pure salt dissolved in water. Sulphuric acid is then
added, but not sufficient to decompose all the lead glycollate, the
solution evaporated to dryness, and the residue exhausted with ether.
On evaporating the ether, glycollic acid crystallizes out, forming,
when quite pure, laTge regular crystals which are very soluble in
water, deliquesce in moist air, and melt at 79°. Glycollic acid exists
in the juice of unripe grapes, and in the green leaves of the Virginia-
creeper (Ampelopsis hederacea).

Calcium Glycollate (C«HsOs)2Ca is sparingly soluble in cold water,
and crystallizes from a hot saturated solution in colourless needles
usually grouped in stars. By adding silver nitrate to its solution a
white crystalline precipitate of silver glycollate is formed. Copper
glycollate is a greenish-blue crystalline powder, which is obtained by
mixing a solution of copper sulphate with a hot concentrated solution
of the calcium salt.

Olycollyl Chloride C^H2OC12 is obtained by the action of phosphorus
pentachloride on the acid; it is identical with monochlorace'tyl chloride,
and yields with water monochloracetio acid. The formation of the
chloride is explained by the equation :—

CH2.OH CH,C1
+ 2PCL = I + 2POG1

CO.OH C0C1

GLYCOLLJO ETHEKS,

Ethylglycollic Acid CH^O^^CO.OH is produced by the action
of sodium ethylate upon sodium monochloracetate. To prepare the
free acid the copper-salt is decomposed by hydrogen sulphide. It is
a thick, colourless liquid, boiling at about 200°, and having a very
sour taste like glycollic acid.

Ethyl Glycollate CHgfOHJCO.OOjiHg, a neutral liquid, soluble in
•water, is obtained, together with glycollic anhydride, by heating
ethyl mouoohloracetate with sodium glycollate:—

CH,C1 CE..0H CH..OH
| " + | " = | |
CO.OC2H6 CO.ONa CO.OC^ CO

CH.. ^
| + | ">O + NaCl

CO. '
Methyl Glycollate CH^OCjH^CO.OCgHj is conveniently prepared

by dissolving sodium in absolute alcohol, and mixing this solution
gradually with ethyl monochloracetate; the mixture ia heated for
some time, and the ether separated from the alcohol by fractional
distillation. It is a colourless liquid, boiling at 155°, and possessing
a sweetish taste.
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CHg.OCjjHgO
Mthyl Acetylglycollate | .—Tliis ether is obtained by

CO.OCjjH,;
heating ethyl monochloracetate with potassium acetate. I t is a
colourless liquid, having a pleasant fruity smell, and boiling at 179°.
On distilling it with caustic potash it is resolved into potassium
glycollate and acetic ether. "When its aqueous solution is evaporated
with slacked lime in vaeuo, calcium acetate, calcium glycollate, and
calcium acetylglycolhte are produced: the latter salt crystallizes in
small prisms.

CO
QlycoUUe or QlycoUic Anhydride | >O.—When glycollic acid is

CHj
heated above 150°, it is partially resolved into water and glycolHde.
The latter compound is formed in larger quantity when potassium
monochloracetate is heated to 120°. I t is a white amorphous
powder. When heated with water ifc is slowly reconverted into
glycollic acid; this change takes place more quickly in the presence
of an alkali.

Diglycollu Add or Faramalic Acid.—O j GHTCO O H ' " 1 1 " 3 b i"
i id i fod b th i d t i f d i h l l ll bbasic acid is formed by the oxidation of diethene glycol as well as by

the dehydration of glycollic acid. It is also produced together with
glycollic acid when monochloracetic acid is boiled with milk of lime
and calcium chloride. It forms large monoolinic crystals, and is very
soluble in water. When it is heated -with fuming hydriodic acid it
splits up into acetic acid and glycollic acid, and if the hydriodic
acid be in excess the glycollio acid is also reduced to acetic acid:—-

(1) O | CH*COOH + 2 H I * HO.CHj.CQ.OH + 0HyCO.OH + I2

/9« CIL.OH 0H8
(<J) I + 2 H I « ! +H a O-) -L

CO.OH C0.OH

Diglycollic acid is motamerio with malic acid.
OH3,SOSH

Snlphacetie Add I .—This acid is obtained by heating a
CO.OH

mixture of glacial acetic acid) and sulphur trioxide for some time,
diluting with water and neutralizing with lead carbonate. The acid
prepared from the lead salt by hydrogen sulphide crystallizes in
transparent prisms; it is readily soluble in water and a strong
bibasic acid.

It is also produced by the action of fuming sulphuric acid upon
acetonitrile or acetamide:—
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CHg ( /->TT CH».SO».OH

^ S

and its sodium salt has also been obtained by boiling a solution of
sodium sulphite with sodium monochloracetate:—

I + S O J £ a = | + ClNa
CO.ONa l m CO.ONa

When sulphacetic acid is heated with sulphur trioxide it is con-
verted into methimic add or methenedisulphonic acid:—

'* _ _ (SO TT

This acid is of course also formed when acetaraide or acetonitrile
are heated with a large excess of fuming sulphuric acid.

Metbionic acid is the lower liomologue of ethenedisulplionic acid
(see Etliene Compounds), and is the second member of a series of
sulphonic acids, which may be considered as substitution-products of
marsh-gas, the first being mcthylsulpJwnic add CH^SOgH, a com-
pound formed by the oxidation of methyl mercaptane, and the
third is methenyltrmdplumie acid, a compound already described (see
page 103) :—

Methylsalplionic Acid. Methonediralphonic Acid. MothonyltriBnlphonic Acid.
C H S O H CH2(s6aH)a CH(S08H)8

GLYCOLLTC AMIDES.

CH^OH
Qlycollamide | is produced by the action of dry ammonia

CO.NH.
uponglycollide or ethyl glycollate. I t is soluble in water, crystal-
lizing in colourless crystals with a slightly sweet taste. It forms
very unstable salts.

Gh/cocol or Amidacetic Add I .—This compound, also called
CO-OH

glyeoeine, is formed by heating monochlor- or monobromncetic acid
with ammonia. It is a product of decomposition of glycocholic and
hippuric acids, and is also produced when glue is boiled with dilute
snlphutic acid. It forma large transparent crystals, possessing a
sweet taste. It is a weak acid, the copper-salt being the most
characteristic.
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It is obtained by dissolving copper hydroxide in a boiling solution
of glycocol; on cooling the salt crystallizes in fine, dark blue needles
[CHgCNHjiOOJijCu + lip. Silver amulacctatc CH^BTHJCOjAg
separates from a hot solution in colourless crystals.

Glycocol is an acid, but at the same time also an amine, and com-
bines therefore with acids.

Qlycocol Hydrochloride C2H,O?NH3C1 ia very soluble in water, and
crystallizes in prisms; with platinic chloride it forms the double salt
2(C,HSO2.NH8C1) + PtOl4, which is soluble in water and alcohol.
Glycocol also combines with several salts as silver nitrate, &c. &c. :—

r

OO.O
Ag

When glycocol is heated with caustic baryta it is resolved into
methylamine and carbon dioxide :—

= CH3.NH2 + CO,

UTitrous acid converts it into glycollic acid :—

CH2(NHj)CO8 + NO. OH = CH2(OH)CO2H + H8O +

8 ( 3 )
Methyl-glycocol or Sarcosine I .—This compound was

OO.OH
first obtained by boiling creatine with baryta-water (see Creatine), and
can easily be obtained by acting with methylamine upon mono-
ohloracetic acid. It forms colourless crystals possessing a burning
sweet taste-, when heated it melts, and sublimes withont decomposi-
tion. It combines with acids; the most characteristic of its salts its
the platinum donble compound 2[C8H8O4.N(CHs)H8Crj + PtC]4, which
crystallizes in large pale-yellow octahedrons.

Similar compounds are formed by the action of ethylamine and
•diethylamine upon monochloracetio acid;—

Ethyl Ghooool. Dicthyl-Glyoocol.

CO.OH CO.OH

Glycollyldiamide | ,—This compound is produced, but not
CO.NH«

readily, by heating monochloracetio acid or glycocol with a solution of
ammonia in absolute alcohol. It is a crystalline, deliquescent mass,
having an alkaline reaction ; it combines readily with carbon dioxide,
and with acids, forming crystalline salts. On boiling its aqueous
solution it yields glycocol and ammonia.
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OXALYL COMPOUNDS,

OXALIO ACID C8O2(OH)a.

This important compound exists in many plants (Oxalis, Eumex,
and Rheum species), as potassium or calcium salt. Its sodium-salt
is obtained synthetically by passing carbon dioxide over sodium heated
to 360°:—

2CO2 + Na, = C8O4Naj

The some salt is produced by the action of a high temperature upon
sodium formate;—

HCO.ONa CO.ONa

HCO.ONa CO.ONa

Oxalio acid is an oxidation-product of glycol and glycollic acid;
but also many other compounds, belonging to the group of fatty
substances, yield oxalic acid as the final product of the action of
nitric acid, Many of these bodies are also converted into oxalic acid
by fusing them with caustio potash,

Acetic acid is oxidized to oxalic acid by heating it with a strongly
alkaline solution of potassium permanganate.

Pure oxalio acid is best obtained by heating one part of cane-sugar
with eight parts of nitric acid as long as red fumes are given off.
The acid, crystallizing out on cooling, ts purified by recrystalltzation
from boiling water:

Commercial oxalic acid is produced by fusing saw-dust with a
mixture of caustio potash and soda in the proportion of one equival-
ent of the former to two of tlie latter, The solution of the mixed
alkalis having been evaporated to about 1"35 specific gravity, saw-dust
is introduced so as to form a thick paste, which is placed on iron
plates in thin layers and gradually heated, the mass being kept
constantly stirred. During this process water is in the first instance
given off; the mass then swells up and disengages inflammable gases,
consisting of hydrogen and hydrocarbons, an aromatic odour at the
same time being evolved. After the temperature has been maintained
at 200° for one or two hours, tie whole of the woody fibre is decom-
posed and the moss is entirely soluble in water. It contains, however,
only from 1—4 per cent, of oxalic acid and about 05 per cent, of
formic acid. The mass is now exposed still longer to the same tem-
perature, care being taken to avoid any charring, which would cause
a loss of oxalic acid. When perfectly dry it contains the maximum
quantity of oxalic acid, viz. 28—30 per cent, of C2O4H, + 2H,O, but
no acetic acid, and very tittle more formic acid than" before. The
product, which is a grey powder, is in the next place treated with
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water; in ibis sodium and potassium salts dissolve, whilst sodium
oxalate is left behind. The supernatant liquid is drawn off and
evaporated to dryness, and the residual mass heated in furnaces to
destroy the organic matter, and recover the alkalis. The sodium
oxalate is decomposed by boiling with milk of lime, and the resulting
calcium oxalate decomposed by means of sulphuric acid, and the
liquor decanted from the calcium sulphate evaporated to crystalliza-
tion. From about two parts of saw-dust one part of crystallized
oxalic acid is obtained* The commercial acid always contains a trace
of alkali, which cannot be completely removed by recrystalltzation.

Oxalic acid crystallizes in colourless prisms C ^ H ^ + 2H2O, which
at 100° lose their water, and crumble down to a white powder. The
crystallized acid dissolves in 8 parts of water at the common
temperature, and in about its own weight of boiling water; it is also
very soluble iu spirits of wine. It has an intensely sour taste, and is
very poisonous, the antidotes being chalk or magnesia.

The anhydrous acid sublimes when carefully heated j its vapours are
very irritating. On heating the crystallized acid quickly it is resolved
into carbon monoxide, carbon dioxide, water, and formic acid. Oxidiz-
ing agents convert it into water and carbon dioxide; this reaction is
made use of in vohimetrio analysis to determine the strength of a
solution of potassium permanganate:—

8 + 3HaSO4 + S C j O ^ = B^SO, + 2MnSOt -)- 8 ^ 0 + 10CO
2

By boiling oxalic acid with zinc and sulphuric acid it is reduced
to glycollic acid;—

CO.OH CH-OH
| + 2 H 2 = [ +H3O

C0.0H CO.OH

The hydroxyl of oxalio acid cannot be replaced by chlorine; by
acting on it with phosphorus pentachloride, it is decomposed accord-
ing to the eqnation :—

PC1B + C2H2O4 = POC1S + 2HC1 + CO + COj

0XALA.TE8.

Oxalic acid is a powerful bibaaic acid, decomposing dry sodium
chloride when heated, with the evolution of hydrochloric acid, and
converting sodium chloride or nitrate in solution into sodium
binoxalate.

Potassium Oxalata.—-The normal salt C,O4K3 + H2O forms mono-
dime crystals, and fa readily soluble in water. The acid salt
CaO4HK + HaO is less soluble, and possesses a sour taste; it
occurs in several species of Kiimex and Oxalis. It combines with
oxalic acid, forming the so-called potassium quadroxalate C204HK
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+ CgO4H2 + 2HgO, a salt sparingly solufljrtfcn water and
in large octahedrons. The two acid oxa^tes are W w n i
by the name of " salts of sorrel," or " sa^Bod lejnon."

Normal Sodium Oxalate C2O4Na is ,, H^i$ Sandy
only slightly soluble in cold water.

Ammmiwm. Oxalate C2O4(NH4)2 + ^,\P crystallizes
prisms, and is used as a reagent for calc.yl1111 s^jts.

Calwwm Otealak C2O4Ca occurs in t^Kab>m of j a , t f p i ,
containing three molecules of water, in, fite ceJla of difle^ri plants
(rhubarb-root, lichens, &c.), and in urina ^ otliei animal flu ils.

It also forms the chief constituent Q,(' ̂  ^ritiary cal<j«illi called
"mulberry stones." When a neutral ^Mfcipa ot a calcj^ia s»,lti is
mixed with that of an oxalate, a c r y s t a l s precipitate qf igilijhim
oxalate is formed, even in highly dilutecjMmt/ic?8; it is it^duMe in
^ater and acetic acid, but readily di^Mw^a & dilute j,iStc a,td
lqrdrochloric acida

Ferrous Oxalate C2O4"Fe is obtained OgfWbrfghfc yellow jieajpitftte
by mixing solutions of oxalic acid aty fewcoH8 sidphdt^, Ferric
oxalate> (C.O^Fejis very soluble in w^/9, Jitidis teadilj- f«3aed l>y
dissolving feme hydroxide in a solution ,^H^lic acid,

The oxalates of lead, mercury, and si/wt* are heavy w\$* preci-
pitates. The silver and mercury salts d^/>%^os« v̂ifcli a s ^ i t o fiasli
•when heated, but on percussion Hie I t ? ^ l X

ETHER8 OF OXALIC;
Methyl Oxalate CjO4(CH,)2.—The pW^tiC1 °f this gOe* lias

_jen already described (see Methyl AICQ Î) . Jt> forms lavgre uh ouijjfo
crystals, melting at 51° and boiling at l̂ fSf. it ia solubla jn-water,
\fhioh decomposes it slowly in the eoityili qvJiĉ y on b<j#i,»g» into
methyl alcohol and oxalic acid.

Mhyl Oxalate C9O4(CaHJ8 is producê  ̂ QiattUiug ahsol̂ fssOcobol
with anhydrous oxalic acid. It is a colQysfeâ  li^id, boilî  ib 186'.
Water, in which it is only sparingly soln̂ K ^te on it in A litoiJar
manner as on the methyl-ether.

By acting on it with an alcoholic sohiîWt §f caustic pottisHirhi the
cold, potassium ethylottalate C8O4 { p -tr ajH'̂ tes in crystal̂ . J£[hifl*
oxalic acid is elso formed as a by-produĉ  %*e preparation oot ethyl
oxalate. It is a very unstable contpoun̂ î tt̂  scarcely kncj,\voin the
pure state; when it is heated it splits fflUfrto carbon ilio*ite and
ethyl formate:—

CO.OC4H6

JO.OH
J ' "•^CHO.OOiHiH. CO,

cox~
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Phosphorus oxycliloride acts violently upon potassium ethyloxalate,
(pi

the cMoride of cthyloxalic acid C8Oa } OC H ^ ing formed, a limpid
liquid, boiling at 140° and possessing a suffocating smell. It fumes
in the air, aud is acted upon by water and alcohol like other acid
chlorides.

When sodium amalgam is added to a solution of ethyl oxalate in
alcohol the oxalic acid is reduced to glycoltic acid and taiiaric acid.
But when sodium amalgam acts upon dry ethyl oxalate, the reaction
is different, the ohief product consisting of desoxalic mid, a com-
pound to be described further on.

Sodium or potassium dissolve in ethyl oxalate with the evolution
of carbon dioxide, and the formation of a black mass, which on dis-
tillation yields ethyl carbonate, which compound was first, discovered
by this reaction. The same reaotion takes place by acting on oxalic
ether with sodium ethylate, which compound is always first formed
by the action of the metal upon ethyl oxalate. Besides carbon dioxide
and ethyl carbonate, other products also are formed in small quantity,
such as ethyl alcohol, formic acid, &c,

AMIDES OF OXALIC ACID.

Oxamide C2O.2(NH2)a is obtained by the action of aqneous ammonia
upon oxalic ether :—

CO.OC2H6 CO.NHa

CO.C

The same compound is produced when normal ammonium oxalate
is heated :—

+ 2H3O

When cyanogen gas is passed into concentrated hydrochloric acid, or
when aldehyde is added to an aqueous solution of cyanogen, it takes
up water and is converted into oxamide. On the other hand, when
oxamide is heated with phosphorus pentoxide it is resolved into water
and cyanogen gas. These reactions show that dicyanogen is the
nittilo of oxalic acid or dicarboxyl;—•

Dicyanogen, Dicarboxyl.
CN CO.OH

CO.OH

Oxamide is a white crystalline powder, which is' but sparingly
soluble in water and alcohol. When it is boiled with acids or alkalis
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it takes up water and yields oxalic acid and ammonia. On heating it
with mercuric oxide it forms urea and caxhon dioxide.

r OH
Oxamic Add Cj,O2 < JTTJ is produced when acid ammonium oxalate

is heated, and its ammonium salt is formed when oxamide is boiled
with aqueous ammonia:—

Oxamic acid is a white crystalline powder, which is not very
soluble in water, It is a monobasic acid, forming well-crystallized
suits. By heating it with water it is reconverted into acid ammonium
oxalate.

Ethyl Oxamate C8Oj| QQ\I .—This compound, also called oxam-

ethane, is formed by evaporating a solution of ethyl oxalate in ammo-
uiacal absolute alcohol, and is also produced by the action of dry
ammonia upon the chloride of etliyloxalic acid. It crystallizes hi
pearly scales; aqueous ammonia decomposes it into oxamide and
ethyl alcohol,

Ethyl-Oxamic Add C2Oa-J ^H ^ m e t a m e r ' c w ^ ^ e ^st

ompound, and is produced by heat! "' ' * "—'"':'— "
80°. It sublimes in white inten

water and .a strong monobasic acid.

compound, and is produced by heating acid oxalate of ethylamine to
180°. It sublimes in white interwoven needles, and is soluble in

Ozalohydmvamic Add «• DUiydroxyl-oxamide C2O2-j '

formed by heating an alcoholic solution of bydroxylaniine with ethyl
oxalate. It forms colourless crystals, and is very sparingly soluble m
cold water. When heated to 103° it burns like gunpowder. The
hydrogen in the two hydroxyls can be replaced by metals, crystalline
salts being formed which explode on heating.

ALDEHYDES OF OXALIC ACID.

Both aldehydes of bibasic oxalic acid are known, viz, :—

Glyoxylic Add. Olyoxal.
COH COH

CO.OH OOH

These compounds are produced, together with glycollic acid, when
alcohol is oxidized with nitric acid.

Qlyarylic Add is also produced on boiling oxalic acid with zinc
and dilute sulphuric acid, and on heating dichlorocetic acid with
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water and silver oxide. Tlie latter reaotion takes place in two stages,
First monoddoroglycoUie add is formed:—

C H C ( )
HeO = [ + AgCl

CO.OH

CHCL CHCl(OH)
| + HeO = [

CO.OAg CO.OH

and tills compound is by the further action of silver oxide con-
verted into glyoxylic acid. The free acid forms a sour, thick, syrupy
liquid.

Glyoxylic acid is easily oxidized to oxalic acid, and like other
aldehydes it combines with the sulphites of the alkali-metals forming

CHgO.SOjNa%
crystalline compounds as I When the acid is heated

CO.ONa
with an ammoniacal solution of silver nitrate, metallic silver separates
out as a brilliant mirror;—

C ^ O , +. Ag2O = CjH204 + H2O + Ag8

Glyoxal or Oxaldehyde C2H2O2.—This compound is isolated from
the crude calcium glyeollate by treating it with alcohol, which
dissolves the glyoxal whilst the calcium salts of glyoxylic and
glycollic acids are left behind. On shaking the alcoholic solution
with add sodium sulphite a crystalline precipitate of glyoxal-sodiuni
sulphite is formed, whioh with barium chloride yields the correspond-
ing sparingly soluble barium salt. By decomposing this compound
with dilute sulphuric acid, and evaporating the filtrate, glyoxal is left
behind as a crystalline, deliquescent mass. By the action of weak
nitric add it yields glyoxylic acid, whilst a stronger acid oxidizes it
to oxalio acid. Alkalis readily convert it into glycollic acid, even
more easily than the isomeric glycollide (page 198).

PROPENE COMPOUNDS.

Propene or Propylcm CaIL, a gas resembling ethene, is produced
by heating propyl alcohol with concentrated sulphuric acid, or by the
action of alcoholic potash solution upon secondary propyl iodide.
P i l dil b i d b b i i llyl iodid CUII

p p y p p y
Pure propene is also readily obtained by bringing allyl iodide ^
(see Allyl Compounds) in contact with zinc and dilute hydrochloric
acid. When the vapours of aniyl alcohol or isobutyl alcohol are
passed through a red-hot tube, or when valerianic acid is heated with
quicklime, the products of decomposition always contain a large pro-
portion of propene. It also occurs in coal gas,

Propene is a colourless gas condensible to a liquid by strong
pressure; it readily combines with hydriodic acid, forming secondary
propyl iodide:—
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CHS CH3

C H + H } =

CH
a

CH3

Propene Bichloride C8H8Clg, a colourless liquid smelling like ethene
chloride, is produced by the direct union of propene and chlorine, as
•well as by the aotion of ohlorine upon propane or propyl chloride. It
boils at 96°.

Propaie Dibromide C3H6Br2 is a heavy colourless liquid boiling at
142°, which is generally used for preparing other propene compounds.

Propene Glycol C8H,(OH)a is obtained from propene dibromide by
a reaction similar to that by which ethene dibromide is converted into
ethehe glycol.

It is a thick liquid having a sweet taste, and boiling at 188°. By
the action of hydriodic acid it is reduced to secondary propyl
iodide.

On heating a saturated solution of hydrochloric acid gas in propene
( Cl

glycol, propene chlorhydrate CSHO-J QTJ is produced, a liquid boiling at

127°. By the action of caustb potash it is converted into propene
oxide G^HgO, a liquid soluble in water and boiling at 35°. It combines
with nascent hydrogen to form secondary propyl alcohol:—

CH, CH3

CH. + H2 = CH.0H
II > |
CH/ CH3

I80MERIDES OP PROPENE COMPOUNDS,

Trimethenc Dibrvmide CaHaBr2.—When allyl bromide C.H6Br, a
body belonging to the non-saturated compounds, is treated with hydro-
laomic acid, two isomeric dibromides are found. That which is
obtained in a small quantity consists of common propene dibromide,
formed according to the following reaction :—

CH, CHS

» ' H ) I

CC H J r

The second bromide, which is always present in a larger quantity,
is trimethene dibromide:—
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UH2Br

Trimethene dibromide is a liquid boiling at 163°. On beating it
with silver acetate and acetic acid it yields an acetate, which on
distillation with caustic baryta is converted into trimethene glycol or

( OH OH
•primary propcne alcohol CH8-J nij^oH a tn*°k ^quid, possessing a
sweet taste and boiling at about 212°,

Propidene Bichloride or MethylcMoraeetol CjH802 is formed, together
with the isomeric propene dicluoride, by the action of chlorine upon
propyl chloride. The pure compound is produced when dimethyl
ketono is distilled with phosphorus pentachloride:—

CH8 CH8

C<U
CH8

It is a colourless liquid boiling at 70°. By the action of sodium it
is converted into common propene, and not, as might be expected, into
an isomeride. On treating it with alcoholic potash it yields mono-
chloropropcne C8H6C1, a compound which is also obtained by the satno
reaction from propene dichloride,

LAOXYL COMPOUNDS.

MCMC ACID OK a OXVraOPJOJUC ACID C8H0O8.

This acid caa be produced artificially by several reactions :—
(1) By bringing propeue glycol in contact with platinum-blaok hi

the presence of air j - ^ -

CHS CH3

CH.OH +• Os = CH.OH + HgO
CH^OH CO.OH

(2) \Vhcn equal molecules of propiontc acid and bromine ni\j
heated in sealed tubes to 150°, a bvmopropioni'c acid is formed, which,
when heated with water and silver oxide, is converted tuto ladie
add:—
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CH8 CH8

HBr + AgOH « CH.OH + AgBr

.OH CO.OH

(3) Anhydrous prussic acid unites with aldehyde, forming the com-
pound CLH.O.CNH, a liquid boiling with partial decomposition at
183°, Alkalis decompose it again into its constituents, but hydro-
chloric acid converts it into ammonium chloride and lactic acid:—

CH3
CH8 |
I + CNH + 2H2O + HC1 = CH.OH + NH4C1
COH I

CO.OH

Lactic acid exists in the gastric juice and in Turkey opium, and it
is also produced by the lactio fermentation of sugar, gum, and
starch. It occurs therefore in sour milk, sour cabbage, in the fer-
mented juice of beetroot, and in spent tan. It is also formed together
with other products when grape-sugar is heated with a solution of
caii8tic soda.

Lactic acid is easily obtained in quantity by the following process:
3 kilograms of cane-sugar and 15 grams of tartaric acid are dissolved
in 17 litres of boiling water, After the solution has stood for a few
days, 100 grams of putrid cheese and 1*2 kilograms of zinc-white,
which have been mixed to a creamy liquid with 4 litres of sour milk,
are added, and the mixture & exposed to a temperature of 30°—35°
for eight or ten days. The product is heated to the boiling-point,
filtered, and evaporated to crystallization. The zinc lactate thus ob-
tained is purified by recrystallization from boiling water, then dis-
solved in -water, decomposed by hydrogen sulphide, and the filtrate
evaporated on a water-bath. The residue, consisting of impure lactio
acid, is dissolved in a small quantity of water and the solution shaken
with ether. On evaporating the ethereal solution pure aqueous lactio
acid is obtained, forming a colourless, syrupy liquid, possessing a very
sour taste,

LACTATES.

The laotates of the alkali metals are very soluble in water, and do
not crystallize.

Calcium lactate (C8H.O3)2Ca + 5H8O crystallizes from a hot aqueous
solution in warty needles. Zinc lactate (CjILO^Zn + 3H,0 is the
most characteristic salt of this acid; it crystallizes in shining four-
sided prisms, and dissolves in six parts of boih'ng and fifty-eight parts
of cold water; it is insoluble in alcohoL Ferrous lactate ( C H O J F

C
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+ 3HJJO is prepared by dissolving iron filings hi sour whey. It
forms nearly colourless crystalline crusts; it is but sparingly soluble
in water, and is used in medicine.

When a mixture of lactic acid and phosphorus di-iodide FtJt is in-
troduced in water, a iodopropionic add is formed, an oily liquid
insoluble in water, which, when heated with strong hydriodic acid
to 160°, is converted into propionic acid. This transformation of
laotio acid into propionic acid is explained by the following equa-
tions :—

CH8 CH3

(1) CH.OH + HI = CHI +H4O

CO.OH CO.OH

CHa CHS

(2) CHI + H I = CHj + T2

CO.OH CO.OH

Lacbyl OMoride C8H,OC1,.—This compound is obtained by distil-
ling two molecules of phospnorus pentaohloride with one molecule of
calcium lactate. It is a fuming liquid, which has not been obtained
quite free from phosphorus oxychloride. It is decomposed by cold
water with the formation of hydrochloric acid and a elUoropropionic
add, a colourless liquid, boiling at 186°.

CHa CH3

HC1 + HaO = CHC1 + HC1

IOC1 CO.OH

ETHERS OP UCTIC ACID.

Ethyl Lactate, a colourless neutral liquid boiling at 156°, is produced
by heating lactic acid with absolute alcohol It is soluble in water;
its aqueous solution soon turns acid, being decomposed into alcohol
and lactic acid. Sodium dissolves in ethyl lactate with the evolution
of hydrogen. On heating the sodium compound thus formed with
ethyl iodide, diethyl lactate is formed, a liquid possessing an agree-
able odour, and boiling, like the monolactate, at 156°. By the action
of hot potash-solution it yields potassium etliyllactate; the free
ethyllaetic acid is as yet very little known. The constitution of
these ethers is shown by the following formula?:—
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Etbyl Lactnte. Ethyllactio Acid. Diethyl Lactate.
GHg CHg C

CH.OH C H O C ^ CCH.OC2H6

CO.OC2H., CO.OH CO.OGjH,.

Acetyllactie Add or Lactyl Acetate CE8.CH(OC2HltO)CO?H.—
When ethyl lactate is heated with acetyl chloride, the ethyl-ether of
acetyl-lactic acid is formed:—

CH8 CH8

CH.OH + C2H3OC1 = CH.OC8H3O + HC1

CO.OC2H5 CO.OG2H5

Ethyl aoetyllactate is a liquid hoiling at 177°, and possessing a
fruity smell. On heating it with water tor 2—3 hours to 150° it de-
composes into alcohol and acetyllactic acid, a thick, very sour liquid,

Mtrolactic Add or Lactyl Nitrate CHil.CH(ONO2)CO2H is pro-
duced by dissolving lactic acid in a mixture of concentrated nitric
and sulphuric acids. It is a colourless, viscid liquid, possessing a
very sour taste and a faint nitrous odour; in pure water it dissolve?
but sparingly, but readily in dilute acida It is a very unstable com
pounu, decomposiugslowly at the ordinary temperature, and quickly
on heating, with the evolution of nitrous fumes. Caustic alkali,
quickly convert it into a nitrate nnd a lactate.

Ethyl NUrolactate CH?.CH(ONOi!)COi!.C,jH6.—To obtain this com-
pound, ethyl lactate is dissolved in concentrated nitric acid; on add-
ing sulphuric acid to this solution the ether separates out 03 an oily,
limpid liquid, possessing an agreeable odour and pungent sweet taste.
It boils with slight decomposition at 178°, and bums like nitrolactio
acid with a brilliant flame.

Laetie Anfiydride Clgff1005.=-When lactic acid is heated to 150°,
water is formed, and a yellowish amorphous residue is obtained,
which is commonly called lactic anhydride, The same compound is
formed by heating potassium lactate with a bromopropionic acid. The
latter reaction shows that this compound is an ether, containing two
residues of lactic acid, one playing the part of an alcohol radical, and
the other that of an acid radical;—

CH3
CHS CH3 |
| | CH.0H CH.
CH.OH + CHBr = 1 | + KBr
| | CO.0 CH| |

CO.OK CO.OH |
CO.OH

p 2
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This etherification also takes place slowly, -when an aqueous solu-
tion of laotic acid is allowed to remain over sulphuric in vacuo, and
for this reason pure anhydrous lactic acid is not obtainable.

The anhydride is very slowly decomposed by water alone, but
quickly in presence of alkalis, into two molecules of lactic acid.

Lactide CgH4O3.—When the so-called anhydride is heated to 210°,
lactide, or the real lactio anhydride, is formed. It crystallizes from
alcohol in shining rhombic plates, and is sparingly soluble in water,
with which it slowly combines, to form lactic acid, When quickly
heated it splits up into carbon monoxide and aldehyde;—

CH,

a > ~ ^

CH8
+ C0

HO

AMIDES OF LAOTIC AOID.

Lactamide CaH1(0H)C0NH2 is formed by the combination of
lactide with dry ammonia:—

CH8 CH8

- NH3 = CH.OH

C

G

CO.NH8

The same compound is produced by heating ethyl lactate with
ammonia; it is freely soluble in water, and orystallizes in plates,
melting at 74°. When it is heated with potash-solution, ammonia
is evolved and potassium lactate is formed.

Alanine or Amidopropionie Acid CaH.(NHa)CO8H."—This com-
pound is obtained by heating ethyl a cnloropropiouate with am-
monia, or by boiling two parts of aldehyde-ammonia and one pact of
anhydrous prussio acid with an excess of dilute hydrochloric acid;—•

CH3 CH3

CHNH,, + CNH + § 1 0 + HC1 = OHNHS + NH4G1

OH CO.OH

On evaporating the solution a mixture of sal-ammoniac and alanine
liydrochloride crystallizes out. The latter is dissolved in absolute
alcohol, and the solution treated with lead hydroxide, lead chloride
being formed and lead amidoprojrionate, which is decomposed with
hydrogen sulphide. Altmine crystallizes from an alcoholic solution
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in shining prisms which'are freely soluble in water, but sparingly in
alcohol and insoluble in ether, Its solution has a neutral reaction
and a sweet taste. On heating it carefully it sublimes, but when the
temperature is raised quickly a large portion splits up into carbon
dioxide and ethylamine:—

C
= CsH6.NHg+CO2

O.OH

like glycocol it combines with acids, yielding soluble salts; it also
forms, as acid, metallic salts. Nitrous acid acts on it as on other
amido.compounds, lactic acid, nitrogen, and water being formed:—

T + N O . H - I 2 2

CO.OH CO.OH

Tricktoroladic Acid CC13.CH j° ,H
0 H .—When chloral is digested

•with aqueous hydrocyanic acid, they combine, forming the nitrUe of

{OTT
Q^, a crystalline solid, which, by con-

tinued boiling with hydrochloric acid, is converted into tricblorolactic
acid, a solid melting at 110°. Its salts readily split up on beating
them with excess of base into a formate and chloral.

ETHENE-LACTYI. AND MALONYI, COMPOUNDS,

Sarcohctic Add C8H8O8,—This name is given to an acid occurring
in the muscular flesh, from which it can be extraoted by water, and is
also found in different animal secretions, Recent researches have
shown that this body is a mixture of two acids; one of these, called
paraladic add, has the greatest resemblance^ to common laotic acid,
from which it only differs by being optically active. The second acid
is called etliene-lactic add, because it has been obtained synthetically
from ethene compounds, just as common lactic acid is derived from
ethidene compounds (aldehyde). By heating ethene chlorhydrate
with potassium cyanide the nit-rile of ethene-lactic acid is formed,
which, on boiling with caustic potash, yields the potassium salt of
this acid:—

CN CO.OK

CH, + KOH + H,0 * Cl3H, + KOH + HgO * CH,

CH^OH CHS.OH
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Ethene-lactic acid must be regarded as the first oxidation-product
of primary propene alcohol, but it has not yet been obtained from
this compound. It is a monobasic aeid, as well as a primary alcohol,
whilst common or ethidme-ladio and is a secondary alcohoL

On oxidizing the former with dilute chromio acid, it is converted
into bibasio mtlvnic aeid, whilst common lactic acid is resolved by
oxidation into acetic acid and formic acid (or carbon dioxide and
water) •.—

CO.OH CO.OH

CH,. + O2 = C(1) CH,. + O2 = CH8 +H2O

CH^OH CO.OH

CO.OH

(2) CH.OH + O2 = I + CO8 +
| CO.OH

CH.(

CH,

Malovdo Aeid O.H4Ot.—-This acid was first obtained by the oxi-
dation of malio acid;—

CO.OH
I CO.OH
OH.OH |
| + O a = G H 2 +CO 2 +K 2 O
CHa |
I CO.OH

CO.OH

It is also formed by the oxidation of ethene-laotic aoid and by
heating cyanacetic acid with potash solution:—

ON CO.OH

CH8 + 2HjO = CHj + NH38 + ^

CO.OH CO.O.OH

Malonic acid ctysttdlizes in large thin plates, melting at 132°. On
heating it stronger, it decomposes into carbon dioxide and aoetio aoid.
The malonates of the alkali-metals are readily soluble in water, those
of the other metals sparingly soluble, or insoluble.
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BUTE1TE COMPOUNDS,

a Butene or Butylme C.H8 is found in coal gas, and in large quan-
tities in the gas obtained from fatty oils. Pure butene is readily
obtained by heating secondary butyl iodide with an alcoholio solution
of caustic potash:—

CH8 CH8

CH2 CH2
I + KOH = 1 + Kt + H8O

CHI OH

It is a colourless gas which by exposure to strong cold condenses
to a limpid liquid, boiling at + 1°.

Bittene Dibromide C^HgBrjj is a heavy colourless liquid boiling at 159°,
Butene combines readily with fuming hydriodic acid, secondary butyl
iodide being formed. It is also slowly absorbed by an aqueous solu-
tion of hypochlorous acid, with the formation of butene cMorhydrate

C4Hg 1 QJ , which, by the action of sodium amalgam and water, is

converted into secondary butyl alcohol.
Butene Glycol ̂ H^OHl.—This body is formed, but only in a

small quantity, together with alcohol, by the action of sodium amal-
gam on a weak acid aqueous solution of aldehyde. It is a thick,
colourless, sweet liquid, boiling at 204°. By oxidation it yields acetic
acid and oxalic acid; this proves that its constitution and mode of
formation is as follows s—

COH CH^OH

C!H8 _ CH2

COH OH.OH

a , CHU4
Jsobutem or Dwmethyl-efhme C.H8 has been obtained (1) by heating

isobutyl alcohol with zinc chloriae, (2) by passing the vapour of amyl
alcohol through a red-hot tube, and (3), together with tetramethyl-
butane (so called dibutyl), in the electrolysis of potassium valerate.
The pure hydrocarbon is.most readily produced by the action of alco-
holic potash solution on isobutyl iodide and tertiary butyl iodide:—
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0H8 CH8 OH, CH3

(1) CE - H I = C

CH8I Cl^

CH, CH, CH8 CH,

(2) CI ~ H I = C
I II
CH8 CH,,

Irobutene may be condensed to a liquid, boiling at - 7°, and pos-
sessing an unpleasant smell like coal gas. I t is easily transformed
again into isobutyl and tertiary butyl compounds (see Butyl
Compounds).

Isohutene Dibromide C4HgBr2 boils at 156° and is easily converted
into isobutene glycol CJBL(OH)«, a thick liquid possessing a sweet taste
and boiling at 183°. When the dibromide is heated with alcoholic
potash it loses hydrobromic acid and is converted into monohromko-
butene C ^ B r , which by the action of silver oxide yields isobutyric
acid:—

f2Ag2O~ | +AgBr + Agj
CO.OAg

/8 Butene or Ethyl-vinyl C.H8 is produced by heating zinc-ethyl
and monobromethene (vinyl-bromide) in sealed tubes to 140°, It
boils at - 5°, and forms a dibromide boiling at 166°, From its mode
of formation it might have been expected that it was identical with
a butene, but as this is not the case, and as it also differs from iso-
butene, it must represent the third modification of butene, of whioh,
according to theory, three isomerides can exist (see page 176). The
reaotion by which it is formed may be expressed thus :—

CH2=CH + CH?—CH, = CH3—CH=CH-Cff3

There exist similar reactions in whioh, by joining two radicals
together, the double linking of two carbon-atoms is shifted in the
same way (see Crotonitrile),

OXYBUTYRIC ACIDS C4H8OS.

MtylactieAcidor a Oxybuiyric Add.—When butyric acid is heated
with bromine, a brombutyric add is formed, a liquid boiting with
partial decomposition at about 217°. On heating it with water and
silver oxide it yields a oxyhttyt*ic add C8H8(OH)COgH, forming de-
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liquescent crystals grouped in rosettes. The a oxybntyrates crystal-
lize well; the zinc-salt is sparingly soluble in water.

By the action of ammonia upon a bromobutyric acid, butalanine or
a amidobutyric acid C8H6(NH,>)CO3H is obtained, which crystallizes
in small needles,

The formation of oxybutyric acid from butyric acid corresponds to
that of lactic acid from propionic acid, from which it follows that
both oxyacids must have a similar constitution, i.e. the hydroxyl being
combined with that carbon atom which is linked to the carboxyE
This appears the more probable as it has been found as a rule that
by the action of chlorine ox bromine upon carbon atoms substitution
always takes place in the neighbourhood of other negative elements
(Cl, Br, 0), The constitution of a oxybutyric acid is explained by the
following formulas:—

a Brombutyrle Acid. /3 Oxybutyric Acid.
CH3 Cfts

CHBr CH.0H

CO.OH CO.OH

j8 Oxybuttp'ic Acid.—By acting with acetyl chloride on monosod-
acetic ether, the ethyl ether of acetyl-acetic acid is formed:—

CH8 CH.

I I

C0C1 CO

CHaNa

CO.0CaH6 C
On treating this ether with water and sodium amalgam it is con-

verted into sodium y9 oxybutyrate:—.
CH3 CHS

CO CH.0H
I + 2H3O + Na2 » | + NaOH + C.H..0H
CH2 CHa

CO.OC,H6 CO.ONa

By decomposing this salt with sulphuric acid, /8 oxybutyric acid is
obtained as a thick, syrupy, and very deliquescent liquid. The j8
oxybutyrates are very soluble in water, the zinc salt forming a brittle,
amorphous, and deliquescent mass.

| + NaCl
CH8
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Oxy-isobutyric Add is produced by oxidizing isobtitene glyool, and
by the action of caustic baryta on bromisobutyrio aoid, The same
acid has been produced synthetically from aoetone, by a reaotion
quite analogous to that by which lactic acid is obtained from alde-
hyde. When a mixture of prusstc acid, acetone, and hydrochloric
acid, after standing for some weeks, is boiled, the following reaction
takes place:—

CH8 CH8

CO + CNH + HC1 + 21^0 = HO.C—OO.OH + NH4C1#

CH8 CH3

By this reaction the acid was first obtained, and was therefore
called acetonic add. Another synthetical process for preparing it
consists in heating methyl oxalate with methyl iodide and zinc, zinc-
methyl being first formed, which acts on the methyl ether in the
following way:—

CH8 CH8

CO.
O.OCH.

I
CO.O.OCH3

On adding water to the resulting crystalline mass, marsh-gas is
given off, and the methyl-ether of oxy-isobutyrio acid (dimethyl-
oxalic acid) is formed 5—

g

CO.ZnCH8 + 2H8O = Y o H + Zn(OH)8 + CH4

CO.OCHj CO.OCH3

Oxy-isobutyrio acid is readily soluble in water, and crystallizes in
long needles, melting at 70°, boiling at 212°, but readily subliming at
a lower temperature. The zinc-salt is sparingly soluble in water, and
crystallizes in small hexagonal plates,

SUCC1NYL COMPOUNDS.

SUCCINIC ACID CtH0Ov

This acid occurs in amber and some other resins, and in several plants
(Artemisia Absinthium, Laduca virosa), and Las also been found in
small quantities in the animal organism. Succinic acid is frequently
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met with amongst the products formed by the action of nitric acid upon
many carbon compounds. Thus all fatty acids containing more than
four atoms of carbon, when boiled with nitric acid yield succinic acid
and other acids of the same series,

Succinic acid is also produced by different kinds of fermentation,
in small quantities in vinous fermentation, in larger quantities in the
fermentation of malic acid, which acid, as well as tartaric acid, is
also readily converted into succinic acid by reduction {vide these
acids),

Succinic acid has also been obtained artificially from acetic acid,
ethene, and /8 chloropropionic acid:-—

(1) "When sodacetic ether is heated with ethyl chloracetate, ethyl
succinate is formed:—

CO.OCaH6 OO.OC2H6

CHjjNa OH2

CHaCl ~ CH2

CO.OC2H6 CO.O2H6

(2) SucdnonitrUe C2H4(CN)2 is produced by heating ethene dibro-
mide with potassium cyanide and alcohol; it is a crystalline solid,
melting at 37° to a brown, oily liquid, and decomposing at a higher
temperature. On boiliug it with caustic potash or with hydrochloric
arid or nitric acid, it yields succinic acid .*—

I ' +NaCl
CI

CN CO.OH

CaH4 + 2H Cl + 4H20 = CaH4 -{- 2NH4C1

CN CO.OH

Sucoinonitrile has also been obtained by tlie electrolysis of potas-
sium oyanacetate, a reaction which is quite analogous to the forma-
tion of ethane (dimethyl) from potassium acetate,

(3) When the ethyl-ether of /3 chfaropropimio acid (see Glyoeric
Add) is heated with potassium cyanide, the ethyl-ether of /? cyano-
propionio acid is formed, This etlier, when heated with caustic
potash, yields potassium succinate and alcohol :—

CN CO.OK

C2H4 2K0H + H4O =
I I

CO.OC2H6 CO.OK

To obtain succinic acid in quantity, amber is subjected to destruc-
tive distillation, and the aqueous portion of the distillate heated to
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the boiling-point and filtered. On cooling, crude sncoinic acid crys-
tallizes out, which is easily freed from adhering empyreumatie oils by
heating it with nitric acid.

I t may also conveniently he prepared from the crude calcium salt
of malic acid, which can be procured in large quantities from, the un-
ripe berries of the mountain ash or from rhubarb-stalks (see Malic
Acid}. On adding six parts of water and a. fourth part of brewer's yeast
to this salt, and keeping the mixture at a temperature of 30°̂ —40° for
a few days, carbon dioxide is evolved and acetic acid and calcium
succinate are formed, probably according to the following two
reactions:—

(1) 0tH6O6 + H20 = O,H4Ot + 2CO, + H3

(2) 0 ^ 0 , + H , =C4Hu04 + H2O

To obtain the free acid, the calcium salt is decomposed by sul-
phuric acid.

Succinic acid crystallizes in monoclinic prisms, melting at 180*
and decomposing at 235° into water and succinic anhydride. It is
soluble in about twenty-three parts of cold water and very readily in
boiling water. By passing a galvanic current through a concentrated
solution of potassium succinate the acid is decomposed into ethene,
carbon dioxide, and hydrogen:—•

"When an aqueous solution of the acid containing an manic salt is
exposed to sunlight it splits up into propionic acid and carbon
dioxide;—

The sucoinates of the alkali-metals are readily soluble in water;
those of the other metals either sparingly soluble or insoluble. By
adding a neutral solution of ferric chloride to a neutral succinate a
brown gelatinous precipitate of ferric succinate is formed. This reac-
tion is made use of for the detection of this acid and for the separa-
tion of iron from manganese.

f C HJSthyl Shtetinate C«H4O4-< Q2TTB is a colourless, oily liquid, insoluble

in water, and boiling at 217°. It is obtained by passing hydrochloric
acid gas into a solution of succinic acid in alcohol.

f C H
Eihylsuccmic Acid C4H4Ot-J X s is produced by heating succinic

anhydride with absolute alcohol. It is a syrupy, sour liquid, soluble
in water and forming soluble salts.

Smxinic Anhydride C4H4OS is most conveniently prepared by dis-
tilling succinic acid with phosphorus pentoxide. It forms shining
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crystals, melting at 120° and boiling at 250°, On boiling it with water
succinio acid is again formed:—

c 0 \ o 4. TT o r TT J C 0 0 H

C O / 0 + H * ° = C*H* \ CO.OH

f COC1
Succinyl Cldoride CjH41 QQCI a Pr°duced by the action of phos-

phorus pentachloride upon the acid or the anhydride. It is an oily
liquid, boiling at 190° and solidifying at 0° to tabular crystals. It
has a suffocating smell, fumes in the air, and forms, in contact with
water, suocinic acid and hydrochloric acid, and with alcohol it yields
ethyl sucoinate and hydrochloric acid.

( CO.OH
Sulplwswxinic Acid C2H3-| SOS.OH.—This strong tribasic acid is

( CO.OH
formed by the action of sulphur triojride upon succinic acid, and
forms deliquescent crystals.

AMIDES OP SUCCINIC ACID.

{CO NH
CO NH2"—^Kn amm°nia is added to ethyl

succinate the amide separates out in fine white needles, which are
readily soluble in hot but sparingly in cold water, and insoluble in
spirits of wine. On heating it melts, and at 200° decomposes into
ammonia and smdnimide C2H41 nQ [ NH, a compound which is1 nQ [
also produced by the action of ammonia upon succinic anhydride,
and by the rapid distillation of ammonium succinate. Succiuimide
is readily soluble in water and alcohol, crystallizing in rhombic
tables containing one molecule of water, which is readily given off on
exposure to the air, The anhydrous compound melts.at 126° and
boils ab 288°. On heating it with alcoholic ammonia to 100° it is
reconverted into succinamide. By adding an animoniacal solu-
tion of silver nitrate to an alcoholic solution of succiuimide, silver-
siwcinimide CjĤ CÔ NAg is formed, which orystallizes in four-sided
prisms. On boiling it with aqueous ammonia it takes up water, and
is converted into sitvtr mccinamatc C2Ht•! OQQ A *• The free sue*
cinamic acid forms colourless crystals which sublime on heatiug; it
is soluble in water, and combines with it to form acid ammonium
succinate,
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OF SUCCINIC ACID.

When succinic acid is heated with bromine and water in sealed
tubes, two substituted acids are simultaneously produced,

Monobromosiiccinic Acid forms colourless crystals readily soluble in
water. On boiling its solution witli silver oxide, malic acid is formed ?—

AgOH = CA(OH) { g j ; g g + AgBr

Bibromosticdnie Add is sparingly soluble in cold water and crystal-
lizes from a hot solution in prisms, It is also formed by heating
succinyl chloride with bromine and decomposing the bibromosuccinic
chloride thus formed with water. When sodium bibromosuocinate is
boiled with water it yields add sodium nwnobromomalate;—

„ „ „ , ( C O . O N a , T T n - r T T t n m v v i C O O H
CaH2Br21 c o 0 N a + H8O = C8Ha(OH)Br j c 0 0 N a1 c o 0 N a + H8O = C8Ha(OH)Br j c 0

By boiling the free acid with silver oxide and water it is converted
into tartario acid t—

< W > i { g g g g + AgaO + HaO - C2H2(OH),{ g g ; g g + 2AgBr

ISOSCCCINIO ACID.

This isomeride of succinic acid has been obtained from a bromopro-
pionio acid (see Lactio Acid) by a reaction analogous to that by which
/3 bromopropionic acid has been transformed into suocinio acid, By
heating a bromopropionic acid with potassium cyanide it is converted
into a cyanopropionic acid, which, wlion boiled with potash solution,
yields isosucoinic or mcthyl-mabnic add •—

CHa CH3

I I "
CH—CN + 2HjO = CH—CO.OH + NH3

(JO.OH CO.OH

It forms colourless crystals, being more freely soluble in water than
succinio acid; the solution of a neutral isosuccinate is not precipi-
tated by ferrio ohloride. I t melts at 129°-5 and decomposes when
heated above this temperature into carbon dioxide and propionio
acid. This acid is therefore a much less stable compound than suc-
cinic acid, the cause of this being that it contains two carboxyls
combined with the same carbon atom, In the chapter on +he consti-
tution of the carbon compounds it has already been pointed out that



THE CABBON COMPOUNDS. 223

in oarbon compounds containing oxygen the carbon group is much
more readily decomposed than in compounds containing no oxygen,
and the two succinic acids show that such a separation of carbon
atoms takes place more readily, the nearer together the oxygen atoms
are grouped in the molecule.

MALIC ACID C4H,0,

Malic acid and tattaric acid, two compounds winch are very widely
distributed in the vegetable kingdom, are very nearly related to suc-
cinic acid, bearing similar relations to the latter as glycollic acid does
to acetic acid •, and therefore, although they have to be regarded as
compounds of triad and tetrad-radicals, they will most conveniently
be treated here.

Malic Acid is found in most kinds of sour fruit, chiefly in unripe
apples, and in the berries of the mountain ash, and also in currants,
sour cherries, in the stalks and leaves of rhubarb, &c. Sweet cherries
contain neutral potassium malate.

The acid is readily obtained from rhubarb-stalks or from the
berries of the mountain ash at the time when they begin to ripen.
The stalks or berries are ground to a pulp and pressed out. The
juice is boiled and nearly neutralized with milk of h'me. On boiling
the filtered liquid for soine time calcium malate separates out as a
granular powder, which is washed with cold water and dissolved in
liot dilute nitric acid, On cooling, acid calcium malate is obtained
in large crystals, which are separated from the mother-liquid, and
dissolved in water. On adding lead acetate to this solution lead
malate is precipitated, which is washed and then decomposed by
hydrogen sulphide. Malic acid is obtained on evaporating the
aqueous solution in groups of small colourless and deliquescent
prisms, having a strong and agreeable sour taste. Its solution, tune
the plane of polarized light to the left; whilst the acid obtained
artificially from sucoinio acid is optically inactive.

On heating malic aoid with concentrated hydriodic acid, it is
reduced to succinio aoid s—

C8H3(OH)(CO?H)a + 2HI = C2H4(CO8H)? + HaO + I ,

When malic acid is heated with hydrobromic acid it is converted
into monobroinosuccinic acid!—

^ + HBr - C2H3Br(COaH)g +

The malates of the alkali-metals are readily soluble in water.
Normal Calcium Malale Gfififia + 2H4O crystallizes in large

plates', on toiling its aqueous solution for some time it separates
as a granular powder C4H4OsCa + H4O. Acid calcium, malate
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(C4H6O6)8Ca + 8H2O forms large transparent crystals. Lead malate
is a curdy precipitate whioh after some time changes into a crystalline
mass. On heating it with water a small portion dissolves, whilst the
remainder melts.

Malic acid contains one alcoholic hydroxyl, and forms consequently
ethers with acid radicals and with alcohol radicals.

On passing hydrochloric acid gas into a solution of malic acid in
f PA AP TT

alcohol, ethyl violate C ^ H a ( O H ) | C O O C H ' a n e u t i a l U < l u i d ' v r Y d c h -

decomposes on heating, i s formed, together with the monobasic ethyl-

By the action of acetyl chloride upon ethyl malate the ethyl-ether
of cuxtylmalic acid is formed. This add has the following constitu-
tion;—

CO.OH

()H.OC8H3O

CO.OH

Ethyl acetylmalate is a liquid, boiling at 258°; on heating it with
caustic potash it is resolved into potassium malate, potassium acetate,
and ethyl alcohol.

AMIDES OF MALIC ACID.

Mdamide C2H8(OH) j CO"NH! i s P r o d u c e d b v t h e a c t i o n of

ammonia upon an alcoholic solution of ethyl malate. It forms colour-
less orystals, and combines readily with water, yielding ammonium
nialate.

( CONH
Asparagin or AmidosuccinamicAcid OH^NHg) -I ( < Q O H ! *S ^o u n^

in asparagus-shoots, in the roots of the marsh mallow and of liquorice,
in potatoes, and in large quantities in young vetches, peas, and beans.
To prepare it, young vetches before they get into flower are pressed
out-, the juice heated to the boiling-point, filtered, and evaporated to
the consistency of a syrup. Ou standing for some time, asparagin
crystallizes out I t forms large transparent crystals containing two
molecules of water. It is a weak monobasic acid, forming crystalline
salts; at the same time it is an amine and combines with acids.

Nitrous acid decomposes it with the formation of malic acid.
( CO OH

Aspartic Acid at* Amidomceimc Add CjHgfNUa) •! nn OH*
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ammonium salt of this aoid is produced by heating an aqueous solution
of aspatagin to 120°. To prepare the acid, asparagin is boiled with
baryta-water; ammonia is given off, and barium aspartate is formed,
which is decomposed by sulphuric acid, and the solution evaporated
to crystallization. It is a bibasic acid, forming crystalline salts.
When the acid silver salt is heated with ethyl iodide the ether

f CO OH
0 A ( N H J H QO ( J o g k formed, a crystalline solid, which by the
action of aqueous ammonia yields asparagin and ethyl alcohol.

FUMABIO ACID AND MALEIC ACID C4H404.

These two isomerio acids are obtained by heating malic acid :—

C4H006 =

Maleic acid distils over together with water, and is obtained in
crystals on evaporating the distillate. I t forms large plates, and is
very soluble in water. It melts at about 130°, and when kept at that
temperature for some time it is transformed into fumaric acid, which
on stronger heating is decomposed into water and rnaleio anhydride
C4H%08, a compound which again combines with water, forming
maleic acid.

Ftnmrie Add occurs also in many plants (Corydalis, Futnaria,
and Glauoium species),

It is most conveniently obtained by exposing malic acid for some
time to a temperature of 120°—150°, It crystallizes in prisms and
is sparingly soluble in water, •

The two i8omeric acids combine with nascent hydrogen, both being
converted into snccinio acid. They also combine readily with bromine j
fumario acid yielding bibromosuccinic acid, from which it follows
that the constitution of fumaric acid is expressed by the following
formula:—

Fumario Acid, Bibromosuocinio Acid.
CH.CO.OH CHBr.CO.OH

IH.CO.OH CHBr.CO.OHh

M&leio acid forma with bromine wMbromMUCtrinie add, the con-
CHa.CO.OH

stitution of which appears to be I , according to which
CBrj.00.OH

maleic acid would contain an atom of carbon with free combining
units.
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TABTAKIC ACID C4H,0,,

This acid exists in different isomeric modifications which differ from
each other by their optical properties.

(1) Dexlrotartaric Add or Ordinary Tartarie Acid occurs in the
free state, and as an acid potassium salt in many kinds of fruit,
chiefly iu pine-apples, tamarinds, and in grapes. It ts also formed by
oxidizing milk-sugar with nitric acid. It is prepared ou the large
scale from crude tartar or impure acid potassium tartrate, which is
deposited in wine casks, the salt being less soluble in dilute alcohol
than in water. Tartar is purified by dissolving it in hot water,
decolorizing the solution with animal charcoal, and subsequent crys-
tallization. The cream of tartar thus obtained is boiled with water
and chalk, insoluble calcium tartrate is formed, whilst the solution
contains normal potassium tartrate, which is also converted into the
calcium salt by precipitation with calcium chloride. The washed
calcium tartrate is decomposed with dilute sulphuric acid, and the
solution evaporated to crystallization,

Tartaric acid crystallizes in large transparent monoclinio prisms
possessing a very sour taste ; it is readily soluble in water, and its
aqueous solution turns the plane of polarized light to the right.

When it is heated to 180° it melts, and is converted into isomeric
metatartaric acid, an amorphous deliquescent mass, which after some
time becomes crystalline. The metatartratesare very readily soluble
in water, and are reconverted into ordinary tartrates on boiling their
solutions.

On heating tartario acid for some time water is given off and ditar-
tarie acid CgHloO,, is formed, a compound having probably a consti-
tution similar to that of the so-called lactio anhydride. It is amor-
phous and forms uacrystallizable salts, which on boiling their aqueous
solution take up water and are converted first into metatartrates and
then into ordinary tartrates.

When tartario acid is rapidly heated it swells up, and is converted
into tartaric anhydride or twtrdio acid C$fib, a yellow deliquescent
mass, which also oontbines again with water to tartaric acid,

When tartario acid js heated with concentrated liydriodic acid and
phosphorus, it ia teduced firat to malic acid and then to suociuic
acid,

TABTBA.TE8.

j ^ crystallizes in monoclinic

prisms, and is readily soluble in water, On adding an acid to its solu-

tion the acid salt or cream of tartar C4H4O6-< „ is precipitated as a
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crystalline powder, whioh dissolves ia about 240 parts of cold water,
but more freely in boiling water, The two sodium tartrates are both
readily soluble.

Potassium, Sodium, Tartrate or Rochdlc Salt C4H4O6 J^ f t + 41^0

is obtained by neutralizing a boiling solution of sodium carbonate
with cream of tartar. It forms large rhombic prisms, and is freely
soluble in water.

Calcium Tartrate C4H4O»Ca + 4HaO occurs in crude tartar; it is a
crystalline powder, insoluble in water, but soluble in weak acids, in
ammonium salts, and alkalis.

Tartar Emetic C4H4O0-< gwj is obtained by boiling cream of tartar

witli water and antimony trioxide, It crystallizes in shining rhombic
octahedrons, containing half a molecule of water, and dissolving in
fourteen parts of cold and two parts of boiling water.

A similarly constituted compound, called tartarm boratus

C4H4O0-J jkQ, is obtained as an amorphous, deliquescent, and very

sour mass on evaporating a solution of boric acid with cream of
tartar.

ETHERS OF TARTARIC ACID.
(C H

Ethyl Tartrate C4H4Ooj Q2JJ6 is a non-volatile liquid, which isformed by passing hydrochloric acid into an alcoholic solution of tar-
taric acid. On evaporating a solution of tartaric acid in absolute

alcohol, cthyl-tartanc acid C4H4O0 i Q JJ ia left behind as a crystal-
line deliquescent mass. By the action of acetyl chloride on ethyl
tartrate the ethyl ethers of acctyltartaric acid and diacetyltartaric
acid are formed. These aoids have the following constitution :—

Tartaric Aoid. Acotyltartarie AcW. Pincolyltnrtnric Acid,
c o o H rco.OH rco .oH

JOH r w ) O C A O f , „ J 0CaH3O

(CO.OH (CO.OH (CO.OH

Nitrotartaric Add C4H2(NO3)jO4.—This compound is obtained by
dissolving tartaric acid in concentrated nitric aoid and adding sul-
phuric aoid to the solution. A gelatinous mass separates out, which
is dried on porous porcelain plates, and dissolved in tepid water.
On cooling the solution to 0°, nitrotartaric acid crystallizes out. This
compound is a nitric ether, the two alcoholio hydroxyls of tartaric
aoid being replaced by NOj. It ia a very unstable body; its aqueous

Q 2
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s o l u t i o n d e c o m p o s e s o n s p o n t a n e o u s e v a p o r a t i o n , a n d l e a v e s tarlrmic
add or oxymaUnvic acid 0 $ H 4 O 6 b e l i i n d : —

C O . O H

I C O . O H
C H K O . I

C II " - CH.OH + CO8 + N2O8
CHNO. '
I

CO.OH
CO.O.OH

On heating an aqueous solution of nitrotartaric acid it is oxidized
to oxalic acid. Ammonium sulphide acts on it as on other nitric
ethers, tartaric acid being formed again.

RACKMIC ACID AND LEVOTAUTARIC ACID.

Racemic acid occurs together with tartaric acid in several kinds of
tartar. It crystallizes in transparent rhombic prisms C4H6O8 + H4O,
and is rather less soluble than tartaric acid; but in all other respects
a very great resemblance exists between these two acids and their
salts, the chief difference being that calcium raoemate is insoluble in

-1b
.fa

Flo. 10. Flo. 11.

a m m o n i u m s a l t s , a n d further , t h a t c r y s t a l l i z e d normal r a c e m a t e s , c o n -
t a i n i n g o n e m e t a l , d o n o t e x h i b i t hen i i l i edra l faces , l i k e t h e crys ta l s
of t h e c o r r e s p o n d i n g t a r t r a t e s .

B y n e u t r a l i z i n g a c i d s o d i u m r a c e m a t e w i t h ammonia , a n d a l l o w i n g
t h e s o l u t i o n t o c r y s t a l l i z e s l o w l y , t w o v a r i e t i e s of c r y s t a l s tiro
o b t a i n e d , each of t h e m c o n t a i n i n g h e m i h e d r a l faces (5) (see F i g s . 1 0
a n d 1 1 ) , e q u a l i n n u m b e r , a n d e x a c t l y s i m i l a r i n form, b u t d e v e l o p e d
o n o p p o s i t e s i d e s of t h e t w o crys ta l s , s o t h a t e a o h of t h e m m a y h e
regarded as a r e f l e c t e d i m a g e of t h e o ther . O n care fu l ly separat ing
t h e s e c r y s t a l s a n d c o n v e r t i n g t h e m i n t o t h e acids, t w o a c i d s are
o b t a i n e d , o n e b e i n g c o m m o n or dextrotar tar ic acid, a n d t h e other a
v e r y s i m i l a r a c i d c a l l e d levotartaric add, b e c a u s e i t p o s s e s s e s l e f t -
h a n d e d p o l a r i z a t i o n . On d i s s o l v i n g e q u a l parts of t h e t w o ac ids i n
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water, and allowing them to crystallize, we obtain again optically
inactive racemic acid, which therefore is a combination of the two
active acids.

INACTIVE TARTABIC AOID.

This acid, which cannot be decomposed into the two active modifi-
cations, has been produced artificially from bibtomosuccinic acid (see
page 222). An acid which is probably identical with this inactive
acid is formed by boiling oxaMdehyde (glyoxal) with prussic acid
and hydrochloric acid, a synthetical process quite analogous to the
formation of lactic acid from aldehyde;—•

CO.OH

COH CH.OH
| + 4H.0 + 2CNH + 2HC1 = | + 2NH4C1
COH CH.OH

CO.OH

It has already been mentioned that by acting with sodinm amalgam
on an alcoholic solution of ethyl oxolate, glycollic and tartaric acids
are formed, the latter being no doubt identical with that from
glyoxal. The reactions by which these acids are produced can be
easily explained,

The sodium forms with the alcohol, sodium ethylate, and the nas-
cent hydrogen converts a part of the oxalic ether first into ethyl
glyoxylate and then into the glycollate;—

m f 0 0 ( 0 0 ^ „ i COH
W \ C O ( O C J H ) * 0 0 0

(COH . „ (CH.0H
1 CO^OCH) + n* \ QO{OC

But the two atoms of hydrogen can enter the glyoxylate one after
the other; if oidy one enters we have an uusaturatod molecule, of
which two can combine and form ethyl tarttate:—

CO.OCjH, CO.OCaH6

COH TX, CH.OH

COH H * CH.OH

0 0 . 0 0 ^ 5 0 0 . 0 0 ^

If we remorober that, by simple reactions, oxalates can be formed
from carbon dioxide, we see thatr a few steps lead us from an inor-
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ganic substance of very simple constitution to a complex organic
acid. This is a point of great interest, because glycollates and- tar-
tratea occur together in grapes and the leaves of the wild vine,

The salts of inactive tartaric acid have a great resemblance to the
raoemates.

The different modifications of tartario aoid can be transformed
into each other. Thus by combining either of the two active acids
with cinchooine and heating the salts to 170", a resinous mass is
formed containing a large quantity of cinchonine racemate, and tliis
salt when heated for a long time is converted into the salt of the
inactive acid. When dextrotartaric acid is heated with a little water
in sealed tubes to 165° a small quantity of raceme acid is formed,
together with a large quantity of the inactive acid, whilst when the
temperature is raised to 175° chiefly racemic acid is formed. By
means of this reaction inactive acid obtained synthetically from
ethene has been transformed into racemic acid, which is identical
with that contained in grapes, and could be resolved into the two
active modifications. This is the first example of the complete
synthesis of a body turning the plane of polarization.1

When any of the four modifications of tartaric acid is subjected to
destructive distillation it gives off water and carbon dioxide, and three
new acids are formed:—

Pyroracomic AcM.
= C3H4O$ + CO2 + Ha0
Pyrotarturic Acid.
- C6H8O4 +
Pyrotritarie Acid.

3C«H6Oa = C7H8O, +

Pytoracenio or Pyntvic Acid C8H,O8 is a colourless liquid possess-
ing a puugeut smell like acetio acid, and boiling at 16*5°. It com-
bines with nascent hydrogen, and is transformed into lactic acid, to
which it stands in the same relation as dimethyl ketone to secondary
propyl alcohol :—

CH8 CH8

I 1
CO + H8 = CH.OH
I I
CO.OH CO.OH

On boiling pyruvic acid or a pyruvate with water it changes into a
non-volatile syrupy modification, which forms amorphous salts. On
heating this substance, which is probably a polymeride of the volatile
acid, it is resolved into carbon dioxide and pyrofcarfcaric acid:—

• On page 43 it is said " that no carbon compound prepared by synthesis has bean
found to lie o]*ioally native," the above reactiou not Doing known ut the time whou
this was printed.
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2C3H4O8 = COa + C6H8O4

I'yrotartaric acid is homologous with oxalic acid, and will be
described later on.

COMPOUNDS CONTAINING FIVE ATOMS OF CAEBON.

Three isomerio defines having the formula C6HW are known, viz.
pmtmte or isoamyknc, amylem or amem, and methyl~ethykthene;—

Peutene. Amylonc Methyl-othylotheue.
CH8 CHa CH8 CH,

CH CH2

OH,

Pentenc has been obtained synthetically by the action of zinc-ethyl
upon allyl iodide CH,=CH—CH.L I t is also formed by heating
secondary pentyl chloride with an alcoholic solution of caustic potash.
It is a limpid liquid boiling at 39°. The derivatives of this hydro-
carbon have been very little studied; with bromine it forms pentene
dibromide C6H.0Br8, boiling between 170° and 180°.

Amylene or Isopropylethene is conveniently prepared by mixing one
part of amyl alcohol with 1£ parts of fused zinc chloride, and distilling
the mixture after standing for some time. The distillate contains
besides amylene also polymeridea as diamylene C^H^' triamylene
CisHja, ietra-amylcne CMH40, and other hydrocarbon* Amyleae boils
at 35 .

Amylem DibromMe C6H10Br2 is a heavy colourless liquid boiling
between 170° and 175°. On heating it with silver acetate it yields
amylene diacetate, which on distillation with caustic baryta is converted
into amylene glycol CJly(OH)v a compound which has also been
obtained by the direct union of amylene with hydrogen dioxide. I t
is a thick colourless liquid having a sweet taste, and boiling at 177°.

Methyl-ethylethene has been produced by the action of alcoholic
potash on dimcthyl-cthylcarhjl iodide C(CH3)S(CJL)I. It is a limpid
liquid having a peculiar smell, and boiling at 35. It combines readily
with fuming hydriodic acid, the tertiary iodide being re-formed.

Oxyvalerianic Add C5H9(OH)Oa is obtained by heating bromo-
valerianic acid with water and silver oxide; it forms large tabular
crystals melting at 80° and readily subliming. On heating bromo-
valerianic acid with ammonia it isconverted into amidovaimanic arid
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or butatanine (^^(NHJOj, a compound which occurs in the spleen
and the pancreas of the ox, It crystallizes in small plates, and con
be sublimed,

Ethometlwxalic Acid C5H,,(0H)02 has been obtained by heating
ethyl oxalate with zinc and a mixture of ethyl- and methyl iodides,
It forms colourless crystals melting at 63°. The following formulae
explain the constitution of these two isomerides;—

Oxyvalerianlo Acid, Ethomethoxalio Add,
CH8 CH8 CH8

C H i n ,

CH.OH CH,—C.OH

CO.OH CO.OH

Pyrotartarzc Add or Meiliyl-sucdnio Acid C6H8O4.—To prepare this
acid from tartaric acid the latter is mixed with an equal weight of
finely powdered pumice-stone and distilled. On evaporating the
distillate the acid is obtained in transparent crystals melting at 112";
at a higher temperature it is resolved into water and pyrotartario
anhydride CjHgOg.

On heating propene dibromide with potassium cyanide and spirits of
wine, the nitrile of pyrotartario acid is obtained, Pyrotartario acid
is also produced by boiling fi cyanobutyric acid with an alkali;—

Propone Dicy«nide. j3 Cynnobutyrle Aoid. Pyrotartario Aoid.

C H S C N C I ^ C N C H 8 CO.OH

YE. C H OT

OHQ vXig VJXI2

CN C0.OH CO.OH

EQiylmafowk Add CgHgO^.--Wlien a bromobutyric aoid is heated
with alcohol and potassium oyanide, and the product thus formed
boiled with potash solution, the potassium salt of ethylnialonio acid
is obtained;—

a Bromotmtyrio Aoid. a CyaTiobntyrio Acid, Ethylmalonic Add.

CH8 CH8 CH8

CH, CH8 CHg

CHBr CH—CN CH—CO.OH

CO.OH CO.OH CO.OH
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Ethylinalonio acid crystallizes in colourless prisms resembling
pyrotartatic acid, and melting like the latter at 112 . Both acids can,
however, easily be distinguished by heating them; pyrotartaric yields
a crystalline sublimate of the anhydride, whilst ethylmalonic acid is
completely resolved into carbon dioxide and butyric acid, the fonner
acid being methylsnccinio acid, and the latter methylisosuccinic acid.

fCOOH
Glutamic Add CgH^NHj) < QQQ^> ahomologue of aspartic acid,

is produced, together with the latter body and other compounds, by
boiling legumin and conglutin (see Albuminous Principles) with dilute
sulphuric acid. It crystallizes in rhombic tetrahedrons, and is con-
verted by the action of nitrous acid Maglvianic acid C8H6(OH)(CO2H),
an indistinctly crystalline mass, forming amorphous salts,

( CO OH
Deoxyglutanic Acid CfiA nX'OH ' 8 P^ueed ty heating glutanic

acid with concentrated hydriodic acid to 120°. It is very readily
soluble in water, and forms large, transparent, monoclinic crystals
melting at 97°, and decomposing above 280° into water and the
anhydride CgHgO,. This reaction explains the constitution of deoxy-
glutanic acid, and shows that it is a normal compound, because only
four isomerides having the formula CgHe(CO2H)j can exist, viz.;—

CO.OH CH. CO.OH CO.OHCO.OH CO.OH CO.OH

V V
A H , A H , L / \

CO.OH

The second of these formula represents the constitution of
pyrotartario acid, and tlie third that of etliylmalonio acid; deoxy-
glutanic acid must therefore have either the constitution represented
by formula 1 or 4. But an acid of this composition having linked
two carhoxyls to the same oarton atom would on heating (analogous
to etbylmalonio acid) be resolved into carbon dioxide and laobutyric
acid, whilst deoxyglutanic acid yields an anhydride and water, from
which it follows that it must have the constitution assigned to it.

COMPOUNDS CONTAINING MORE THAN FIVE ATOMS OF CAJtBON.

Hexene or Hemjlme C9H12 occurs in the light oils from boghead and
cannel-tar, and is readily formed by lieating the secondary chloride or
iodide of hexyl with alcoholic potash; it boils at 70°. Serene ylycol
(\,HB(OH), is n thick liquid boiling at 207°.
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ffeptene or HcptykM C7HU occurs in the same oils in which hexene
is found, and has been obtained from secondary heptyl chloride. The
same hydrocarbon is formed by acting on cenanthaldehyde with
phosphorus pentachloride and decomposing the omanthidme chloride
O7HuCl2 thus formed with sodium. It boils at 100°.

Octene or Octylem CgH,8, a liquid boiling at 125°, is found together
with its lower homologues, and is readily obtained by distilling
methyl-hexyl carbinol with zinc chloride. Octene glycol CgH^OH^
is insoluble in water and boils afc 235° to 240°.

Diamylene O^H^—To prepare this hydrocarbon one volume of
amylene is shaken with two volumes of a mixture, consisting of two
volumes of concentrated sulphuric acid and one volume of water, in
stoppered cylinders which are surrounded by ice-cold water. I t boils
at 160°. On heating it with a solution of potassium dichromate in
dilute sulphuric acid, it is oxidized to diamylene oxide C'̂ HmO, a
mobile light liquid boiling between 180" to 190°, and possessing a
strong smell like camphor. On further oxidation it yields carbon
dioxide, acetio acid, and amethenic add CjII^O^anoily liquid, which
is isomeric with cenanthylic acid, from which it differs however by
exhibiting only very feeble acid properties.

Cetene C10H32 is produced by the distillation of cetyl alcohol with
phosphorus peutoxide, and also by the destructive distillation of
spermaceti. It is an oily liquid, boiling at 275°. Cetene dibromide
CujHgjBr. is a heavy non-volatile liquid. W<hen cetene is shaken
with a dilute solution of hypochlorous acid, they combine forming

cctenc cMorliydrata C^^A Q ^ , a liquid boiling at about 300°, and

yielding by the action of caustic potash, cetene oxide CMH33O, colour-
less needles which are insoluble in water.

Cerotene C^H^, a crystalline solid, has been obtained by the destruc-
tive distillation of Chinese wax.

Mdcno CuHg,, is produced by subjecting bees-wax to distillation; it
crystallizes from hot alcohol in scales, melting at 62°.

LEOOIC ACIO AND JWTCIH&

Leucuie or Amido-isacap'oic Acid C8Hn(NH8)Oj occuta in several
parts of the animal organism, and is formed in certain diseases in con-
siderable quantity. It is also produced by the decomposition of
animal substances such as glue, horn, and proteids, and daring putre-
faction, and is therefore contained in old cheese. I t is readily obtained
by boiling horn-turnings with dilute sulphuric acid, and has also been
produced artificially by boiling valeraldebyde with prussic acid and
hydrochloric acid, as well as by the action of ammonia upon mono-
bromo-isocaproic acid.

It crystallizes in white shining scales, which are but little soluble
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in cold water, and still less so in alcohol. It melts at 170°, and at a
higher temperature it is resolved into carbon dioxide and amylatnine.
On fusing it with 'caustic potash, it yields potassium carbonate, am*
monia, and potassium valeiate. By heating it with fuming hydiiodio
acid it is converted into isocapioic acid,

By dissolving it in dilute nitric acid, and passing nitrio trioxide
into this solution, nitrogen is given off, and leucic acid C.H,j(OH)Oj, is
formed, crystallizing ra'needles, melting at 73°, and subliming readily
below 100°.

By the action of zinc and ethyl iodide upon etbyl oxalate an acid
isomeric with leucic acid, called diethoxalic add, has been obtained.
It crystallizes in large prisms melting at 74O>5. The isomerism of
leucic acid and diethoxalic acid is explained by the following
formulae;—

Leucic Acid. Diethoxalic Acid.
CH8CH3 CHaCH,

Y 1
 A H , C H 2

CH, OOH

0H.OH CO.<

CO.OH

JO.OH

Whether the leucins of differeut origin are identical, or whether
perhaps some are derived from normal valerianic or pentylic acid,
is a question which has yet to be decided.

ACIDS OF THE SERIES Cn

The. acids of this series containing more than 5 atoms of carbon
are formed, together with succinio acid, by oxidizing fats with nitric
acid. From the mixture thus obtained pure acids cannot be isolated
by recrystallization from water, but they may be separated by means
of ether, in which some are much more soluble thau others.

The same acids are formed by the action of fuming nitric acid upon
the acids of the series CnH8u_.,O4< which will be described further on.

Adijnc Add C0H,oO4 is conveniently prepared by boiling sebacic
acid with nitrio acid, and recrystalliuing the product from water to
remove succinic acid. The same compound has beeu produced by
heating /8 biomopropionic acid with silver-dust :—

CHaBr CO.OH CO.OH

CH, +CH 2 +Ag3 = C4H8 +2AgBr

CO.OH CH,Br CO.OH
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It crystallizes in shining prisms, melting at 148°, and is readily
soluble in boiling water, but only sparingly in cold water.

When one molecule of adipic acid is heated with two molecules of
bromine to 160°, monobromadipic add C^H^BrO- is formed, which by
the action of caustic potash is transformed into adipomalie add
C,Hj(OH)(CO.OH)2, a body resembling malic acid. By heating
adipic acid with four molecules of bromine, dibromadipie add is pro-
duced, a very unstable compound, which, when heated with water to
150°, yields adijpotarttmc add 0,He(OH)fl(CO.0H)2> crystallizing in
thin monoclinic plates. It resembles tartaric acid, forming aa acid
potassium salt, which is but sparingly soluble in water.

Dimcthylswcinic Add C6HJ0O4 has been obtained by the action
of silver-dust on a bromopropionic acid :—

OO.OH Cff8 OO.OH

Y H .
+ Aga = |

CHBr

CH^CO.OH

On evaporating its solution it is left behind as a colourless syrupy
liquid.

Pimelia Add CyB^O .̂—TheTe are some doubts whether this acid
exists among the oxidation-products of fats, but it has been obtained
by fusing camphoric acid CoH14(COjH)3 with caustic potash. I t is
crystalline, and melts at 114.

Suberic Acid C8HMO4 was first obtained by oxidizing cork with
nitric acid. It can be easily obtained in quantity by boiling castor-
oil with nitric acid, fusing the resulting solid mass, and exhausting
it with cold ether, in which suberic acid is scarcely soluble. It crys-
tallizes from a boiling aqueous solution in long needles or plates,
melting at 140°. When heated with caustic baryta it yields liexane,
besides other products :—

+ Ag2 = I + 2AgBr
OH,

By the same reactions by which sucoinio acid is converted into
malic acid and tertario acid, suberic aoid has been transformed
into suhcromalic add C6HU(OH)(CO.OH)S and snberotartaric add
C8H10(OH)g(0O.OH), which are both very soluble in water, and do
not crystallize.

Axelaic Add CLHKA is formed, together with suberic acid, by
oxidizing castor-oil. It is readily soluble in cold ether, sparingly in
cold water, and more freely in boiling water. I t oiystallizea in large,
thin, shining plates or needles, melting at 106°. On heating with
caustic baryta it yields hptane CjB.w

Sebadc Add C10H1804 is obtained, together with metbyl-hexyl
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carbinol, by fusing castor-oil soap with caustic alkalis, and it is also
produced by oxidizing spermaceti with nitric acid. It forms shining
plates, melting at 128°, It is less soluble in ether than azelaic acid,
but more than suberic acid,

Brame Add CyH^O^ has only been produced by heating behenoleic
acid CJJH^OJ with fuming nitric acid;—

C A C ^ 3Ot = 2CnH i,O4

It is sparingly soluble in water, forming scaly crystals, melting at
108°-5.

Bocellic Acid C^HjgC^ occurs in different SDecies of lichen (Bocella
tindoria, E, fuciformis, &c.). To prepare it, the lichens are ex-
hausted with ammonia, the. solution is precipitated with calcium
chloride, and the precipitate of calcium rocellate decomposed by
hydrochloric acid, Eocellic acid is insoluble in water, but readily
soluble in alcohol and ether, and crystallizes in prisms melting
at 132°,

CITETC ACTD C<jH4OT.

This tribasic acid occurs in the juice of lemons, of currants and
gooseberries, and other kinds of fruit. It is manufactured from
lemon-juice, which is allowed to ferment in order that mucilage and
other bodies may separate out The liquid is then heated to the
boiling-point, filtered, and neutralized with chalk and a little milk
of liuie. The insoluble calcium citrate is well washed and decom-
posed by sulphuric acid. Citric acid orystallizes in large, trans-
parent* rhombic prisms, possessing an agreeable sour taste,

CITRATES.

The citrates of the alkali-nietala are soluble in water. They
form three series:—

Calcium Citrate (C,jH6O7)»Caj is a white crystalline powder which
is sparingly soluble in cola water, and still less in boiling water.
On neutralizing citric acid in the cold with lime-water, no precipitate
is formed; but on boiling the liquid, calcium citrate separates out,
which oa cooling slowly redissolves. It is freely soluble in a solu-
tion of citric acid, forming the acid salt C8H6O7 /g a + H p , which
crystallizes in shining plates.
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Silver Citrate CoH6O7Ag» is a white flocculent precipitate, which
can be crystallised from boiling water,

Methyl Citrates.—On passing hydrochloric acid gas into a solution
of citric acid in methyl alcohol, the following compounds are formed,
which are all crystalline solids ;—

Methylcitrio Acid, Dimethyleitrio Acid. Motbyl Citrate.
JCH3 ?CH8 fCH3

CfifiJ H <W\-{ CH8 CfifiJ CHSCH8

Citrate C£LbO7(CJ3.^s is an oily, nonvolatile liquid.
Citric acid contains one alcoholic hydroxyl, and forms conse-

quently also ethers with acid radicals. Thus, on treating ethyl citrate
with acetylchloride the ethyl-ether of aatyldtrie acid is formed,

CJHJ | !Q3 oc H ) ' a ^ 1 ^ boUing at 288°,
By acting with chlorine or bromine upon an aqueous solution of

the acid or a citrate, decomposition takes place with the formation
of chloroform or bromofomi, and substitution-products of methyl
acetate.

Citric acid melts at 150°, and is resolved at 175° into water and
aconitic acid.-—

C0H,O7 = H2O

A.COK1TIC ACID CaH0OQ.

This tribasio acid occurs in several plants (Aeonitum Napellus,
Delphinium consolidwn, and Eqnwtum, jlwoiatile). It is hest pre-
pared by heating citric acid quickly until oily drops begin to condense
xo. the neck of the retort. The residue is exhausted with ether, in
wbioh aconitio acid dissolves. It forms crystalline grains, readily
soluble in water, and possessing a strong acid taste.

By the action of sodium amalgam upon its aqueous solution it is
converted into tribasio tricarhaUijlic acid OJIgOj, which is also ob-
tained by heating propenyl tribromide CsH6Brs (aee Grlycerin) with
potassium cyanide, and decomposing the nitrfle thus formed with
caustic potash.

These reactions explain the constitution of these three acids :—
Tricarballylio Add. Aconitio Acid. Citric Acid,

CHyCO.OH CH2.C0.0H Ctt,.CO.OH

CH.CO.OH C.CO.OH CH.CO,<
1
c i

CO.OH

UH2.C0.0H 0H.00.0H CH(0H)C0.0H

Jtaamie Add CjHgO^ is formed by distilling aoonitio acid:—

CO2
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It is readily obtained by heating citric acid rapidly until tlte distil-
late begins to assume a dark colour. The liquid thus obtained is
heated to 120°, and the crystals which form on cooling are recrystal-
lized from water. It is also formed by heating an aqueous solution of
citric acid in closed tubes to 160°. It forms large rhombic prisms
possessing a sour taste. It melts at 161°, and is decomposed by dis-
tillation into water and the anhydride of citraconic add.

GUracmic Add is isomeiic with itaconic acid, and is obtained by
repeatedly distilling the latter acid; citraconic anhydride C6H4OS
being formed, an oily liquid, which when exposed to the air absorbs
moisture, and is converted into citraconic acid, forming rhombic
octahedrons melting at 120°. On heating it with water to 120° it is
again converted into itaconic acid.

Mesaemio Acid,—When itaconic acid is boiled with weak nitric
acid, a new isomeric modification is formed, which crystallizes from
alcohol in sltiuiug prisms, which are sparingly soluble in water, melt
at 208°, and sublime at a higher temperature.

Tltese three isomeric acids are non-saturated compounds which
combine with nascent hydrogen, all tliree yielding one and the same

product, viz. pyrotartaric add C3H0-J prj'Xxj- To explain the iso-

merisra of itaconic, citraconic, and mesaconic acids O3H4| po"/vrr

we must assume that in the propene group C3Ha of pyrotartaric acid,
two atoms of hydrogen are wanting, occupying different positions.
This is proved by the fact tlmt the three acids, ou coinbiniug with
bromine or with hydrochloric acid, yield isomeric substitutiou-pro-
ducts of pyrotartaric acid.

Bibromopyrotartaric Add CsH4Br2(CO.OH)? is obtained by adding
bromine to an aqueous solution of itaconic acid. On heating it with
water and silver oxide it is converted into an acid which, being
homologous with tartaric acid, has been called itatartaric acid
G,H4(OH)jj(CO.OH)jj. By boiling an. aqueous solution of sodium
bibromopyrotartarate it is resolved into sodium bromide and aemic
and O ^ O , = C8H8(CO.OH)2.

This acid forms large crystals melting at 154°; it is a monobasic
ocid, On boiliiig it with baryta-water it is resolved into formic acid
and succinic acid. It is not acted upon by heating it with acetic
anhydride, showing that it contains no hydroxyl, and has probably
the following constitution;—

) H 2 — C O . O H

CHraWfromypyrotartarie Arid CsH4Br.(C0«0H)a is obtained by
combining bromine with citraconic acid. It is readily soluble in
water, and yields, on boiling its solution with potash, potassium bro-
mide, potassium carbonate, and monobromo-tsocrotonie add C4H6Br08.
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MmMbromopyrotartarie Add CgHjBr^CO.OH)^—Mesaconic acid
combines readily with bromine, yielding this acid, which by the action
of alkalis ifl also converted into monobromo-iaocrotonic acid By the
action of sodium amalgam and water on monobroino-isocrotonic acid
it is converted into isobutyric acid.

MmmJUoropyrotartam Add C8H6C1(CO.OH)» is produced by heat-
ing itaconic acid with concentrated hydrochloric acid. It melts
at 140°, and yields, when heated with water, itamalic add
CgH6(OH)(CO.0H)2, long, white, deliquescent needles, which when
strongly heated are resolved into water and itaconic acid.

CikanwMdifacpyrotartaric Add C8H6C1(CO.OH)?.—This com-
pound, wbioh is formed by heating eitraeonic acid with hydrochloric
acid, is a very unstable body, easily splitting up into hydrochloric and
mesaconie acids. On heating its solution with an alkali it is resolved
into carbon dioxide, hydrochloric acid, and isocrotonio acid.

MesamonoeMoropyrotartaric Acid is a more stable body than the
preceding acid, but.yields by the action of water and alkalis the same
products as the latter.

Monochlwoctimmalie Add Q^t(OH)Ql(CO.OH)s is an amorphous
substance formed by the union of citraeonic acid with hypochlorous
acid. On heating its aqueous solution with zinc, amorphous and
deliquescent citramalic acid OgHB(OH)(CO.OH)? is obtained. When
the neutral solution of a monochloroeitramalate is boiled, citratarturic
add CsH4(OH)a(CO.OH)g is formed.

DEOXAMC ACID CaH80B.

The ethyl-ether of this acid is produced by shaking ethyloxalate
with sodium amalgam at a low temperature. The resulting soft grey
mass is exhausted with ether, which dissolves ethyl desoxalate, whilst
the residue contains mercury, sodium oxalate, and other undefined
bodies.

Ethyl Deoxalate CQHJO^CJHJ). is soluble in water, and forms
large transparent crystals. On boiling it with baryta-water it is con-
verted into barium deoxalate CaH4Ba90L + 3H8O, a white amorphous
powder. Ammniwn deoxalate OflHgtNH^jOj + HaO is obtained by
decomposing the barium-salt with ammonium carbonate. By adding
silver nitrate to its solution, silver deoxalate CgH^AgX),, + HaO is
precipitated, a very unstable body, which, when exposed in the moist
state to the daylight, decomposes, silver separating oxxt in form of a
mirror.

The free deoxalic acid is not known. On decomposing the silver
salt* with hydrogen sulphide, and evaporating the solution, the acid is
resolved into glyoxylic acid and inactive tartaric acid:—

OaH8O9 = C4HaO6 -f CaH4O3
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By the action of acetic acid upon potassium deoxalate the com-
pound CfH4K,Og + H2O is produced. The coraespoudiug acid C6H6O,
is tribasic, and can be obtained by decomposing the lead salt with
hydrogen sulphide; it is a crystalline deliquescent mass.

The formation of deoxalic acid from oxalic acid can be easily ex-
plained. The latter acid is first reduced to glyoxylic acid, of which
three molecules combine with hydrogen, forming deoxalic acid :—

A

n o . o - (CH(OH)-C02H

OH 2 ~ OH.OH

co,:
This formula explains the decomposition of the acid into tartaric

and glyoxylic acids. Deoxalic acid is tribasic, but as the barinin-
and silver salt show, one atom of hydrogen in one of the alcoholic
hydroxyl groups can also be replaced by a metal

umc ACID C6H«N4O8.

Uric acid occurs in the urine of all animals. The excrements of
serpents consist almost entirely of uric acid and ammonium urate,
and those of birds and insects contain a large quantity of these com-
pounds. Human urine, and that of animals feeding on flesh or
corn, contain only a small quantity of uric acid, and still leas is
found in the urine of herbivorous animals.

Being very sparingly soluble it often separates from urine as a
crystalline precipitate; if this takes place in the bladder, gravel and
stones are produced. In certain diseases, as in gout, acid sodium
urato crystallizes out in the muscles and between the joints.

For the preparation of uric aoid either guano or excrements of ser-
pents are used The exorements, or guano which has been previously
treated with dilute hydrochloric acid, are dissolved in dilute hot
potash-solution, and the uric acid precipitated by dilute sulphuric acid.

Uric acid is a white orystalline powder, without taste and smell; it
is almost insoluble in cold water, and only sparingly in boiling water,
In alcohol and ether it is insoluble, but it is readily soluble in hot
concentrated sulphuric acid, and separates out again from thia solution
on addition of water,

C
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TJBATBS,

Uric acid is a bibasic acid. The normal salts of the alkali-metals
are not very freely soluble in water; the most soluble being lithium
urate; potassium urate is less soluble, and sodium unite the least
soluble salt. By passing carbon dioxide into their solutions, acid
urates are preoipitated, being less soluble than the normal salts. The
urates of the other metals are insoluble.

Uric aoid can easily be detected, even when present in small
quantity, by dissolving it in a few drops of nitric aoid, and evapo-
rating the solution cautiously nearly to dryncss. A yellow residue is
obtained, which assumes a deep-red coloar on addition of ammonia
(see Murexide),

By destructive distillation uric acid yields cyanuric acid, ammonium
cyanide, urea, and other products,

On heating it with hydriodio acid to 160° to 170° it is resolved
into glycocoll, ammonia, and carbon dioxide:—

CsH4N408 + 5HaO = CaH6NO8 + 3NH8 + 3CO2

By the action of cold nitric acid it is oxidized to alloxan and
urea:—

C6H4N4O8 + 0 + H3O = Cfijlfi,, + CH4NaO

Alloxan C4H2N2O4 is mesoxalyl-urea, i& urea in which two atoms
of hydrogen are replaced by the dyad radical mesoxalyl C3Og.

This reaction shows that uric acid contains three atoms of carbon
linked together. Its constitution is not yet exactly understood; the
following formula does not appear improbable, as it explains most of
(he reactions and decompositions of this aoid ;-—

00 CO CO

H N - C H - N H

Uric acid is remarkable for the facility with which it is altered by
oxidizing agents, and for the great number of interesting derivatives
•which it thus yields, Most of these ureids are compound ureas or
urea in which a part of the hydrogen is replaced by acid radicals.

Mycomlio Acid C^H^Oj.—When urio acid is heated with water
in sealed tubes to 180", mycomelic acid is formed. This compound is
of great interest, as it has lately been obtained by a very simple
synthetical process. Equal volumes of cyanogen gaa and ammonia
combine, forming a black amorphous body called h/dmztdmin C4HBN0;
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by acting ou it with water it is oonverted iuto hydrazuhnarin or
azulmic add C4H6N6O ;—

C4H8N6 + HSO = C4H6NBO + NH,

This compound is also produced by the spontaneous decomposition
of an aqueous solution of cyanogen gas, and by the action of this
gas on aqueous ammonia. When azulmic acid is boiled repeatedly
with water, it is converted into mycomelic acid :—

C4H6NBO 4- H2O = C4H4N4O8 + NH,

Mycomelic acid is a light yellow powder, very sparingly soluble in
cold water, and little more in boiling water. In acids and alkalis it
is freely soluble. Its aqueous yellow solution shows a fine greenish
bine fluorescence, and when dropped into water forms beautiful sky-
blue clouds.

Alloxan or Mc$oxalyl-urca C^HgNgOv—Cold nitric acid dissolves uric
acid with evolution of carbon dioxide and nitrogen, and when the
solution is saturated it solidifies to a crystalline moss of alloxan.
Alloxan crystallizes from a warm aqueous solution in crystals
resembling heavy spar, and containing four molecules of water. From
a hot concentrated solution it separates on evaporation in hard
rhombic crystals, containing only one molecule of water. Its aqueous
solution stains the skin red, and confers on it a nauseous smell. Tt
possesses an unpleasant sour-salty taste, and an acid reaction. With
ferrous salts it gives a blue coloration. When alloxan is boiled with
ammonia it is converted iuto mycomelic acid:—

C4H2NaO4 + 2NH8 = C4H4N4Oa + 2H.0

Alloxanic Acid C4H4N2O6.—The salts of this acid are produced by
tlio action of alkalis upon alloxan. It is conveniently prepared by
heating a solution of alloxan and barium chloride with potash
solution, which has to be added gradually until the precipitate formed
does not longer redissolve. On cooling, barium alloxanate separates
out as a crystalline powder, which is decomposed by sulphuric acid.
The acid is readily soluble iu water, aud crystallizes in white needles.

Mesoxalic Acid C3Hj06.—When barium alloxanate is boiled with a
large quantity of water it is resolved into urea and barium iuesoxalate.
This reaction will be easily understood by comparing the following
formula v—

Alloxan. Alloxanic Aci.l, Mesoxalic Acid.

CO—NH CO NH CO.OH

CO CO CO CO CO

!O—NH CO.OH Nit , CO.OH
K 2
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Mesoxalic acid forms deliquescent crystals. By the action of
nascent hydrogen it is converted into tartronic acid (see page 228).
Silver mesoxakte is an insoluble precipitate, which when'boiled with
water is decomposed into free mesoxalio acid, silver oxalate, carbon
dioxide, and metaUio silver;—

2CsO6Ag8 + H,0 « Cfiflt + CgO^gg + COj -I- Ag2

Dialwic Add w Tafronyl-wea C^H^O^is produced by the action
of reduoing agents upon alloxan; thus it is formed by mixing hot
solutions of stannous chloride, hydrochloric acid, and alloxan s—

CO—NH CO NH

CO CO + 2HC1 + SnCl, c= HC.OH CO + SnCl4

C O - N H CO NH

It crystallizes in short, four-sided prisms, and has a strong acid
reaction; when exposed to the air it absorbs oxygen, and is converted
into alloxantin,

AUmtntin O.H<N4Or—This body is formed not only by the
oxidation of diafuric acid, but also by reducing alloxan with hydrogen
sulphide. It is a compound standing intermediate between dialuric
acid and alloxan, ana is therefore also obtained, as a crystalline
precipitate, by mixing concentrated solutions of these two com.
pounds:—

CO—CO CO NH CO—CO CO—NH

CO NH + CH.OHCO = CO N—CH CO

NH—CO CO NH NH—CO 00—NH

It crystallizes in small hard prisms containing three molecules of
water, When exposed to the air it absorbs ammonia and assumes a
reddish colour. Its aqueous solution gives with baryta-water a violet
precipitate, which when boiled with water w resolved into barium
dialurate and alloxanate.

Uramile or Dialwamuk CJIjNgOj.--When alloxantin is boiled
with a solution of ammonium ohlonde, uramile is deposited as a
crystalline precipitate, and the solution contains alloxan :—

C8H4N4OT + NH, = C4H6NaO8 + C.HjN.O,

Psvudo-urk AM C^N.O^—The potassium salt of this acid is
obtained as a yellow crystalline powder, when uramile is boiled with
a concentrated solution of potassium cyanate. The free acid forms
small colourless orystals, sparingly soluble in water. The following
equation explains the formation of this body ;—



THE CARBON COMPOUNDS. 245

NH—CO NH—CO

CO CRNHa + CHOH - CO 0H.NH.CO.NH,

NH—CO NH—CO

Snfylw-pseudo-wic Acid C6H6N4O8S is produced by heating alloxan
and sulphur-urea with a concentrated alcobolic solution of sulphur
dioxide;—

NH—CO NH—CO

CO CO + NHg.CS.NHj - CO C.H.NH.CS.NHS + 0

NH—CO NH—CO

It forms thin white needles and is insoluble in mter, but soluble
in acids,

Pwrpwic Acid CgHgN^Oj.—-This compound is not known in the
free state; its ammonium salt is that beautiful substance] known by
the name of murexide, which is obtained by boiling a mixture of
dialimunide and mercuric oxide with dilute aqueous ammonia. It
may also be prepared by adding ammonia to a hot solution of
dialuramide and alloxan:—

NH8 + C,H6N8Oa + C4H2FaO4 = CSH5NBO7,NHS + HaO

Murexide is also formed by evaporating uric acid with a little nitrio
acid nearly to dryness, and adding ammonia to the residue.

Murexide crystallizes in small prisms, which by reflected bght
exhibit a fine beetle-green lustre, and dissolve in water with an
intense purple colour. The solution dyes silk and wool a beautiful
red shade, and was a few years ago manufactured foi this purpose,
but has now been superseded by aniline-red.

When, & solution of murexide is boiled with, potassium nitrate,
potassium purpufate C^L^fi^K, is formed, a salt resembling
murexide. The purpurates of the alkali-metals dissolve in water
with a bluish-purple colour; those of the other metals ore insoluble
in water. They are decomposed by acids with the formation of
dialuramide and alloxan.

Purpuric acid has probably the following constitution;—

NH—CO CO-NH

CO C=N—OH CO

NH—CO CO—NH

Hydurilic Acid C8H4H4O0.—When dialuric acid is healed with
glycerin it is resolved into carbon dioxide, formic acid, and acid
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ammonium hydurilate. The free acid, which may he obtained by
decomposing the ammonium-salt with hydrochloric acid, crystallizes
in small four-sided prisms, and is sparingly soluble in water. It is a
strong bibasio acid, which., as well as its salts, give with ferric chloride
a beautiful green coloration. Conoentrated nitric acid oxidizes it to
alloxan; a more dilute acid produces,besides the latter compound, two
other bodies, called violuric acid aud dilituric acid.

,
VioluHo Add or JBrosamalonyl-nrea CH(NO)j c o j r a I 0 0 '

h i f ld d i l t i t i id (12 ifi i t )By the action of cold dilute nitric acid (1*2 specific gravity) upon
liydurilic acid, alloxan and violuric acid are formed;—

C8H0N4Oa + HNO,« C^Vfit + <WT,O4 -f H p

The potassium salt of this acid is obtained by adding acetic acid to
a mixture of hydurilic acid and potassium nitrite; it crystallizes in
deep-blue plates having the composition C^HJNJOJK + 2H8O. When
barium chloride is added to the violet solution of potassiiun violumte,
the barium salt ia obtained as a red precipitate. The free violuric
acid is prepared by decomposing the latter salt with sulphuric acid;
it crystallizes in yellowish prisms. All its salts are distinguished by
their beautiful colours. Ammonium violurate resembles the potas-
sium salt; sodium violurate crystallizes in short red needles;
magnesium violurate forms small purple crystals; and the ferrous salt
crystallizes in hexagonal plates, having a red metallio lustre and
dissolving in water with a blue colour.

When bromine is added to a solution of violuric acid, nitrous
fumes are given off, and bibromomalonyl-urca C^HjBroNjOg is formed.
Caustic potash decomposes violuric acid into urea, and nitrosoraalonic
acid

Mtrosomalonic Add CH(NO)4 ^ Q Q I J is very soluble in water,

and crystallizes in glistening needles. When heated it first fuses and
afterwards decomposes with a violent explosion, By the aotion of
sodium amalgam on its aqueous solution it is converted into amida-

malmiic acid GK^U^) j COOH1

Hydriodic acid convorts violuric acid into diahramide or amido-
vwlonyl-urca.

DUilurie Add or Nitrtmalonyl-nrea CHfNOj) | CONH } C 0 iS

formed by tho action of nitrio acid upon violuric acid or hydnrilic
acid, ( It crystallizes in colourless prisms and forms colourless sate.
Hydriodic acid reduces it to dialuramide,

SarUturic Add or Mcdonyl-urea CH2 < CO NH I ^ " 0^)ta™e(l
by reducing bihi-omomalouyl-uroa with hydriodic acid or sodium
amalgam and water. I t is a bibasic acid, ctystallizing in rhombic
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crystals which are sparingly soluble in water. On boiling with potash
solution it is resolved into inalomc acid and urea.

Hydurilic acid, a compound previously described, is nearly related
to barbituric acid, It is formed from two molecules of dialuric acid*
one of them being converted into barbituric acid, which combines
with another molecule thus;—

CO.NH ) m PR f COOT
{CO CH4

OT) ,,

J
4

C 0 [NH.CO )CH0H C 0 \ N H . C O } C H

Parabanic Add or Oxalyl-urea C8O8 j •^•^ I CO is formed by

oxidizing alloxan, and is readily obtained by dissolving uric acid in
common nitric acid, and evaporating the solution to the consistency
of a syrup, It crystallizes in thin plates, readily soluble in water,
and possessing a very sour taste, It is a bibasic acid, which when
boiled with diluted acids is resolved into urea and oxalic acid. Its
aqueous solution gives with silver nitrate a white precipitate of silver
parabanato CjNgOgAgg, which when heated with, methyl iodide yields
oxalyl-dimethyhxrea CaN2Og(CHg)2, a compound which has been also
obtained as a product of decomposition of caffeine.

The aqueous solutions of parabanates soon undergo a change,
parabanic acid combining with water and forming oxaluHc add
CaH4N2O4:-

CO-NiL CO-NH—CO-NH-
| >O + HaO = |

CO—NH CO-OH

Oxalurio acid is a crystalline powder, and is sparingly soluble in
water. Ethyl oxalurate has been produced by the action of ethyl-
oxalyl chloride (see page 204) upon iirea. It forms a crystalline
powder, which is but sparingly soluble in cold water.

Trtiytmiacdyl-urca, CsHgBr3N2Oa is obtained by tie action of bro-
mine upon an aqueous solution of bibromomalonyl-urea ;—

N H - C O NH—CO—CBr3

CO— CBr4 + HaO + Bra = CO + CO

NH-CO
8 + HBr

It crystallizes in long colonrless needles, the dust of which has a
most irritating action upon the nose and eyes, I t fuses at 148°, and at
a higher temperature decomposes iuto tribromacetamide and cyanurie
acid. By the action of alkalis it is resolved into area, carbon dioxide,
aud bromofortn.
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CH.gNH)
EydaiUcnn or Qlycolyl-wrea I > CO.—When urea is acted

CO.NH j
upon by inonobromacetyl bromide, monobroniacetyl area is formed,
a compound resembling tribromacetyl-urea. On heating this body
with alcoholic ammonia it is converted into hydantotn s—

The same body is formed, together with carbon dioxide, water, and
free iodine, when alloxou is heated with hydriodic acid. It forms
colourless crystals, possessing a faint sweet taste, and melting at 206°.
By boiling with baryta-water it takes up water, and is converted into

i NH CH CO H
hydantoic add or glycoluric add CO •! -sr^ * a .

AllanUSin C4H6N,O8 is contained in the allantoio liquid or urine of
the fcetal calf, and also in the urine of sucking calves. It is also pro-
duced, together with oxalio acid and urea, by heating uric acid with
lead dioxide and water, I t forms brilliant, transparent prisms, which
are sparingly soluble in water,

JBy the action of sodium amalgam and water it is converted into
glycolurih C4H8N4O4, which, when heated with acids, takes up water,
and is resolved into urea and glycolyl-urea. The constitution of these
compounds may therefore be expressed as follows $—

Allantoln. Olycolurile,
NH—C=N-CO.NH l i NH-C=N—CO.NH.
I •
CO

NH—CH.OH

XANTHINE, SAHCIXE, AND GUANINK.

Xauthine C.H.N/)4
Sardne C5H4N4O
Guanine C6HBN6O

These three compounds occur in the animal organism, Xanthino and
sarcine have also been obtained by reducing uric acid with sodium
amalgam and water, and xanthine is produced by the action of nitrous
acid upon guanine.

Xanthine is present in minute quantity in urine, and in nearly
all parts of the animal organism ; in larger quantity it has been found
as a constituent of certain urinary calculi. After tho continued use
of sulphur-baths urine contains larger quantities of xanthine. It is
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most conveniently prepared from guanine. Potassium nitrite is added
to a solution of guanine in nitric acid, until copious red fumes are
evolved. On adding water to the solution a precipitate consisting of
xanthine and nitioxanthine is formed, which latter compound is con-
verted into xanthine hy reducing it with a ferrous salt.

Xanthine is a white amorphous powder, and sparingly soluble in
water. It combines with acids, forming crystallized salts, and also
readily dissolves in alkalis. Oil adding silver nitrate to its aqueous
solution, a white gelatinous precipitate of silver-xanthine CsH^Np^Agg
+ H2O is obtained. By acting with methyl iodide on this body, it is
converted into dvmthyl-oamthine Qfi^CB^^fi^ which is isomeric
with tlieobromine.

Xanthine dissolves in fuming nitric acid without evolution of a gas.
On evaporating this solution a yellow residue is left behind, which on
addition of potash-solution assumes a yellow-red colour, which on
evaporation changes into violet.

iSmcvM or Hyjmanthiw occurs in the flesh of vertebrata, and forma
a white crystalline powder which is very sparingly soluble in cold
water, and unites with bases and acids. Its solution in nitric acid
leaves on evaporation a colourless residue, which is not changed by
caustic potash.

Ghiaiwie occurs in Peruvian guano, in the excrements of spiders,
aud the pancreatic juice of mammalia. In the so-called guanine-gout
of pigs, it is found deposited in the muscles of these animals. To
prepare it, guano is boiled with milk of lime, the solution filtered
aud precipitated with acetic acid. The precipitate, consisting of
guanine and urio acid, is dissolved in hot hydrochloric acid, and the
guanine precipitated with ammonia.

Guanine is a colourless crystalline powder, which is insoluble in
water, alcohol, ammonia, but soluble in acids and potash-solution, I t
is a bi-acid base, forming two series of salts.

When guanine ia heated witb potassium chlorate and hydrochloric
acid, it is oxidized to gitanidine (see page 103), parabaoic acid, and
carbon dioxide:—

C5H5BT5O + O3 + HSO = CH6K8 + C$TA<V+ COS

With nitric acid and caustic potash it gives tlte same reactions as
xanthine.

Carnine GjB.^fi$.-—This weak base has been found in " extractum
earnis." It forms small colourless crystals, which are sparingly
soluble in cold, but freely in boiling water. By the action of bro-
mine-water or nitrio acid it is converted into sarcine. This reaction
takes place probably according to the following equation :—

OJ + Br, *= C6H4N,O + HBr + CH3Br + C08
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CHEATING AND OKEATININB.

Crcatine C4ILN8Og occurs in the flesh of all vertebrate, and also in
small quantity in the brain and blood. To prepare it, fiaely chopped
meat is exhausted with cold water, and the solution boiled and filtered.
To the filtrate baryta-water is added to precipitate phosphoric acid,
and the solution evaporated on a water-bath to a syrupy state, On
standing creatine gradually crystallizes out, which is purified by re-
orystalhzation.

It crystallizes in brilliant prisms containing one molecule of water,
and possessing a slightly bitter taste, I t dissolves readily in boiling,
but only sparingly in cold water.

Creatine combines with acids, forming crystalline but very unstable
salts. When boiled with baryta-water, it is resolved into sarcoxinc
and urea, and by the action of mercuric oxide on its aqueous solution
oxalic acid and Mdhylgnamdive CH4(CH3)N8 are formed:-—

<W&SO, + 2HgO * C f t O , + C ^ N a + Hg8

Creatine has been produced artificially by heating an alcoholic
solution of sarcosine and freshly-prepared cyanamide to 100° for some
hours, and by adding ammonia to a saturated aqueous solution of
these two compounds, and allowing the mixture to stand for sonic
time:—

3

Oreatinine CS^Nfi occurs in urine, and is formed by heating
creatine with dilute acids. I t can easily be obtained from urine by
evaporating it to about one-third of its original bulk, decanting from
salt winch crystallizes on cooling, and precipitating the liquid with
lead acetate, to remove phosphoric acid, &c, The filtrate is freed from
lead with sodium carbonate, the solution neutralized with acetic acid,
and mercuric chloride is added, which combines with the creatinine,
forming a crystalline precipitate,

On decomposing this double salt with hydrogen sulphide a solution
of creatinine hydrocliloride is obtained, from whioh the pure salt is
prepared by evaporation and rocrystallization from alcohoL It forms
hard brilliant prisms. On boiling its alcoholic solution with lead
oxide the free base is obtained.

Creatine crystallizes in prisms having a strong alkaline reaction,
and being readily soluble in water. With acids it forms orystallizable
salts. When dissolved in aqueous alkalis it slowly combines with
water, and is converted into creatine. Creatinine combines with
several metallic chlorides, as those of mercury, zinc, &c, forming
sparingly soluble compounds.
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Dy boiiiug creatiuine with baryta-water it is resolved into aiumouia
und mcthyl-hydant&in;—

NH
+ H2O = NH8 +

"When nitric trioxidc is passed into its aqueous solution, a weak
basic compound haviug tho composition C.HgN^g is formed, which
wlion heated with hydrochloric acid yields ammonia and victhyl-
parabanic acid;—

NH
CiEJS fi% + H2O = 2NH3 + C 2 0 / )>CO

NCR,

The synthetical formations of creatine and creatinine, as well as
their decompositions, show that the constitution of these compounds is
as follows i—

Creatino or Creatinino or
Mothyl-aunliidino-acelii; Acid. Glycolyl-mothyt-mianidiuc.

NHj-~C=NH NH—C=NH

kCH, N.CH,I 3
HO.CO-CH2 CO—<JHg

CAFKEINK AND T1IEOBR0MINE.
Tkcohromine C.H8lf4O2.—This weak base occurs in cacao-nuts(from TJieohrmna Cacao), and has also been found in small quantityiu the young leaves of Himalaya tea. The nuts are exhausted withnot water; the solution is mixed with basic lead acetate, filtered, andthe filtrate treated with hydrogen sulphide to remove the lead, andboiled down to a small bulk, which is exhausted with alcohol to dis-solve tlie theobroimne. It is a crystalline powder, sparingly solublein water, and possessing a slightly hitter taste. When heated withcaustic potash it is decomposed with the evolution of methylamiuo.It combines with acids, forming unstable salts, which ore decomposedeven by water. It is readily soluble in aqueous ainmonia. By addingsilver nitrate to this solution a crystalline precipitate of silver theo>bromine C,H7AgN.O,i is obtained, which when heated mth methyliodide yields methyl-ilwaibromine or caffeine.Caffeine, Theim, or Mcthyl-thedbvomwe C8H,0N4O2 occurs in thocoffee-berries (1 per cent.) and the leaves of the coffee-tree, in tea(2 to 5 per cent.), in the Paraguay-tea (the leaves of Hex pataguayensis),in"guaiima" (!i pur cent), a substauco resembling cacao, aud whichis piepaied in South America from the fruit of 1'anlinia sorhiHs, and
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also in the kola-nuts, which are used as an artiole of food in Central
Africa. It is prepared from raw coffee-berries or from tea by a process
similar to that by which theobrondne is obtained from cacao-nuts.

Caffeine crystallizes.in long silky needles containing one molecule
of water, which escapes on heating. It melts at 234° and sublimes
at a higher temperature. It is but sparingly soluble in water, and
possesses a faint bitter taste. With acids it forms crystalline salts,
which are decomposed by water,

Caffeine acts as a poison when taken in large doses, producing pal-
pitation of the heart and trembling. Cats and rabbits are killed by a
dose of 0*4 to 0*5 grams.

When caffeine is boiled with baryta-water it is resolved into carbon
dioxide and caffeidine C7H12N4O2, a powerful base, which on prolonged
boiling with baryta-water is decomposed into carbon dioxide, am-
monia, methylamine, formio acid, and sarcosine t—

C7H12N4O + 6H2O = CO2 + NH, + 2CH8Jra2 + CHgOa + CJHJNO,,

The action of chlorine upon an aqueous solution of caffeine pro-
duces cyanogen chloride, methylamine, and amalic add or tetra-
methylalloxantin C8(CBy4N4O7 + HjO, colourless crystals, which are
coloured violet by alkalis, and produce red stains on the skin.

By the further action of chlorine upon this compound cholestropJuine
or dimethylparabanic add is produced, whioh is also formed by treat-
ingsilver parabanate with methyl iodide (see page 247),

The products of decomposition of oaffeine prove that this body has
a constitution similar to those of creatine and uric acid. The follow-
ing constitution at least readily explains the action of baryta-water
upon caffeine:—

CO CO CO

CHaN~CH—STCH8

COMPOUNDS OF TEIAD RADICALS.

Vie are as yet only acquainted with one alcohol of a triad radical,
viz, glycerin or propenyl alcohol. The derivatives of this compound,
which have been very completely investigated, are much more nume-
rous and varied than those of monad and dyad radicals, as the fol-
lowing table will show;—
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( O H
ALCOHOL OR GLY.CERIN C,HS < OH.

( O H

Uonochlorhydrin.
Cl(

(

DiehlorhyUtin.
Cl(

cgaJ OH
(OH

Trinitrin or
Propenyl Trinitrate,

Triohlorliydtin orlTriehloriilo.
:ci

CWorodkiltrin.
01

.N08

Monothylin.
(OH

CaH A OH
(0C2H5

Cl

DicUoronitrin.
(Cl
(NO

S
Diethylin.

OH

Triothylin or
Prowmyl-triethyl Ether.

(OCA

Monocetda.
oH

(OH (
C8H84 OH C 8 H J

i OCJLO I

Diacotin.
OH
OC8H8O

0C2H8O

Triacotia.
(OC2H3O

GflA OC2H3O
IOCHOSnccinin.

OH
Gtlycerin<sulphurio

AM.
OH

Glycorin-phosphoric
AcM.
(OH

C3HA OH
I TJ/*\ XT

T h e p r o p e n y l c o m p o n n d s a r e i n t i m a t e l y c o n n e c t e d w i t h p r o p y l a n d

p r o p e n e c o m p o u n d s ; t h e y a r e d e r i v a t i v e s o f p r o p a n e ; —

F r o m n o . P i o p y l A l o o h o l .

C H 8

C H 8 C H . O H

C H j . O H C H * O HCHj

Propone Alcohol, Propenyl AleohoL

C H B O H ^ O H

M o s t f a t s a n d o i l s a r e m i x t u r e s o f p i o p e n y l e t h e r a o f t h e f a t t y

a c i d s C B H 4 o 0 a a n d t h e a c i d s o f t h e o f e i o s e r i e s CxMy*-*Or G l y -

c e r i n h a s a l s o h e e n f o u n d i n s m a l l q u a n t i t i e s a m o n g s t t h e p r o d u c t s

o f v i n o u s f e r m e n t a t i o n , a n d i s p r e s e n t i n • v i n e a n d b e e r .

W h e n f a t s a t e h e a t e d w i t h w a t e r o r w i t h a l k a l i s t h e y a r e c o n v e r t e d

i n t o g l y c e r i n a n d a c i d s o r t h e i r a l k a l i - s a l t s ( s o a p s ) . 1

% Tills process i s cal led saponificalion. T h i s t o r n was originitlly restricted t o th is
decomposition of fa t s b y a lka l i s , b u t i t i s now generally applied to the (Ucompositiou
of compound ethers in to acids and alcohols.
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Glycerin was first obtained by heating olive oil, water, aitd lead
oxide; insoluble lead salts are thereby formed (lead plaster), while
glycerin remains in solution. The latter is freed from lead by
hydrogen sulphide, and the solution evaporated. Glycerin is now
obtained in large quantities and in a state of great purity in the
manufacture of stearin candles. The fats, as tallow, &c, are distilled
by means of overheated steam; the distillate separates into two
layers, the lower one consisting of an aqueous solution of glycerin,
while the upper one contains the acids, The solution of glycerin is
concentrated by evaporation, and the residue again distilled with
steam in an apparatus in which glycerin oondenses, whilst the much
more volatile steam escapes.

Glycerin can also be produced artificially from propaiw. By tho
action of chlorine on this compound a large quantity of propeno
dichloride is formed, which, when heated with iodine chloride, is con-
verted into propenyl trichloride CoILClj. This chloride ia decom-
posed by heating with water to 170, the products being hydrochloric
acid and glycerin.

Pure glycerin is a colourless, very viscid liquid, having a specific
gravity of 1'27. It can be mixed with water and alcohol m all
proportions, and possesses a very sweet taste. When exposed to
strong winter-cold it sometimes solidifies to transparent and strongly
refractive hard crystals; but commonly it remains liquid, and
solidifies only at —40° to an amorphous gum-like mass. When quickly
heated it distils at 280°, with partial decomposition; but under a
diminished pressure it may be distilled without alteration, boiling at
210° under a pressure of 50 mm.

When glycerin is added to an alcoholic solution of sodium ethylate,
(OH

the compound CaH6-< OH + CgH^OH separates out in small crystals
(ONa

grouped in stars, which at 100° lose alcohol, a white deliquescent
powder of mnosodium gli/cerate being left behind,

When yeast is added to an aqueous solution of glycerin, and tho
mixture is allowed to stand at a temperature of 20° to 30° for some
months, propionic acid is produced.

Glycerin is easily reduced to secondary propyl iodide by distilling
it with an excess of concentrated hydriodio acids—

C8H8O3 + 5HI « C3H7l + 3H,0 + 2I2

Secondary propyl-iodide is generally obtained by this method; in
preparing it amorphous phosphorus is added to the mixture, which
converts the free iodine again into hydriodic acid:—

+ H2O + P + I = C3H7I +

Mmwchlorhydrin or Propenyl Monochlorhydrate CjH6Cl(OH)2 is
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obtained by saturating glycerin with hydrochloric acid gas and heat-
ing the mixture fot some time to 100°.

It is a liquid having an ethereal smell, and boiling at 225° to 230°.
By acting with sodium amalgam on its aqueous solution it is reduced
to propene glycol ',—

CHaCl CH,

CH.OH + NAj + HjO = CH.0II + NaCl + NaOH

CHyOH C

When chlorhydrin is heated with trimethylaminc, trimcthylglyccr-
ammonium <tona!e N(CH?)gCgH5(OH)»Cl is obtained iuwltite needles,
which are readfly soluble in water. The free base, which has a con-
stitution similar to that of choline (page 190), has not yet been
prepared,

Dicklorhydriii or Fropenyl Dichlorhydrate CjHjC^OHJ.^-This
body is produced when glycerin is heated with a large excess of
faming hydrochloric acid, and by the action of phosphorus penta-
chloride upon glycerin, but is most conveniently prepared by satu-
rating a mixture of glycerin and glacial acetic acid with hydrochloric
acid at 100°, It is an oily liquid, possessing an agreoable smell, and
boiling at 178°. By the action of water and sodium amalgam it is
reduced to dimethyl carbinol:—

CH.OH + KOH O

CB^Cl j

CH.OH + 2Na, + 2HaO - CH.OH + 2NaCl + 2NaOH

CHa.01 CH,

By heating it with potash solution, hydrochloric acid is taken out,
aud epichlorhydrin or nHmoeMwoprqpm oxide C ^ C I O produced:—

CH,C1

CH.OH + KOH = OH + KC1+ HaO

CH^Cl O H /

Epichlorhydrm boils at 119°; i t smells like chloroform, and has a
burning sweet taste. It combines with acids like propene oxide;
with ltydroohlorio acid it forms again dichlorhydrin, and on heating

it with acetic acid it yields ucetochlorhy&rin C3H6-< O.CjHgO; it also

unites with water, monochlorhydrin or monochloropropene glycol
being thereby formed.

Trichlorhydrinor Prvpenyl fricMoride CjHjCl,.—This compound is
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produced by the action of phosphorus pentachloride upon glycerin or
the chlorbydrins, and together with an isomeric compound when pro-
pene dichloride is heated with iodine chloride to 170'', It is a colour-
less liquid, possessing a smell like ohlorofocm, and boiling at 158°. On
heating it with caustic alkalis a violent reaction sets in, and dichloro-
glydde distils over, a heavy liquid possessing a garlic-like smell, and
boiling at 98". It combines readily with one molecule of chlorine
and bromine, and dissolves in concentrated sulphuric acid with the
evolution of hydroohlorio acid. On distilling this solution with a
large quantity of water, it yields monochloracetone;—

CHLC1 CH.C1
I I

CC1 + § i o = C O +HC1
II ' 1
CH, CH8

Bromhydrins,—These compounds are produced by the action of
hydrobromio acid or phosphorus pentabroiuide upon glycerin.

Tribrwnhydrine or Propenyl TrUromide C8H6Br8 is a thick, colour-
less liquid, boiling at 220°, and solidifying at a low temperature to
large brilliant prisms, melting at 16°, On beating it with an alcoholic
solution of potassium cyanide, it yields propenyl tricyanide or the
nitrite of tricarballylic acM C8H6(CN)8 (see page 238).

Sidphydrins are formed by treating the different chlorhydrins
with an alcoholic solution of potassium hydrosulpbide, Monosulphy-

r o H
OH is a viscid non-volatile liquid, possessing a very dis-

V SH
agreeable odour. The hydrogen in the group SH can easily be replaced

(OH
by metals, just as in other mercaptana, Disulphydrin C8H6-| SH and

(.SH
fSH

Ttisal^Tiydriv, C8Hs-< SH have similar properties.

r o H
Glycerinsidplmru Acid CJHA OH. —This monobasic acid is

(o.SO8H
formed by mixing glycerin with concentrated sulphuric acid. It
forms soluble salts with barium and calcium. By decomposing their
solution with aulphurio acid or with oxalio acid, an aqueous solution
of glycerinsulphnrio aoid is obtained, which has a very sour taste.
On evaporation it is resolved into glycerin and sulphuric acid,

rOH
QlycerinpTiosahoric Acid CaHs< OH. —Glacial phosphoric

(O.PO(OH),
aoid dissolves in glycerin with the evolution of heat. On diluting
with water and neutralizing with barium carbonate a solution of
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barium glycerivpiwsphate is obtained, which is decomposed by sul-
phuric acid. On evaporating the solution in vacuo, glycerinphos-
phoric acid is obtained as a strongly sour thick liquid, which decom-
poses on heating. It is a bibasic acid, forming crystallized salts.

TrinUnn, or Propenyl Nitrate C3H6(NO,)g.—This body, commonly
called " nitroglycerin," is 6btained by dissolving glycerin in a well-
cooled mixture of concentrated sulphuric acid and saltpetre. On
pouring the solution in cold water, nitroglycerin separates out. It is a
heavy, colourless, oily liquid, possessing a burning sweet taste and poi-
sonous properties, the inhalation of the vapour producing severe head-
ache. It is a very dangerous compound, exploding on heating it or
by percussion with the utmost violence. It has been much employed
for blasting in mines and quarries, but it is very dangerous to handle,
and has given rise to many fatal accidents. It is therefore now not
used in the pure state, but mixed with finely divided silica (so-called
" kieselguhr," the remains of infusoria): this mixture, known by the
name of" dynamite," is much loss dangerous than the pure substance

By dissolving monochlorhydrin in a mixture of nitric acid and sul-
(Cl

phuric acid, monoclilordinUnii C3H6-< NOg is obtained, an oily liquid
(NO3

which does not explode by percussion, but is highly inflammable.
The same compound is produced by the action of nitric acid upon
epichlorhydrin.

(Cl
A very similar compound is dielilormonmitrin C3H6-< NO3, which

has been obtained by the same reaction from dichlorhydrin.
EOiyl-ethers of Propenyl.—These ethers are produced by the action

of sodium ethylate upon monochlorhydrine ana dichlorhydrine.
Eihylhydnn C3H6j9Jg?6 lioils at 230°, and diethyViydrin

C3H61 QTj is a liquid possessing an aronmtio smell, and boiling
at 19F.

Trielhylhydnn (C8H50CaH6)8, a liquid boiling at 185°, is formed
by dissolving sodium in diefchylhydrin and treating the product with
ethyl iodide.

PUOPKNYt-ETHKRS OF THE FATTY ACIDS,

By heating glycerin with fatty acids, compound propenyl ethers are
formed, the tltree atoms of hydrogen in the hydroxyl-groups being
replaced, one after the other, by the acid radical. Most of the different
fats and oils consist of mixtures of such ethers, each containing three
acid radicals.

a s
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Monofai'min C8H61 >ynffR ls f°rmed by heating glycerin with

oxalic acid. It is an oily liquid, soluble in water. Oti heating this
solution, monofonnin is resolved into glycerin and formic acid.

Monaeetin C8H6 \ }cr J? | V an oily liquid, which is soluble in water

and possesses an ethereal smell, is formed by heating glycerin with
acetic acid to 100°; while by heating the mixture to 200°, diacetin

( OHCSH5 -j ,QQ JJ QV ia obtained, an oily liquid boiling at 280°. When

this body is heated with a very large excess of acetic acid to 250°, it
is couverfced into tviacetin CJH^OCJHJO^, a liquid which is insoluble
in water and boils at 286°. This compound exists in the oil con-
tained iu the seeds of the common spindle-tree (Jfotonymw mropceus),
and has also been produced by heating propenyl tribromide witli
silver acetate.

The three bvtyrins are oily neutral liquids; tributyrin is found in
butter, together with trieapronin, tricapnjlin, and tricaprin; trimy-
ristin occurs in nutmeg-butter.

Monopabnitin melts at 49°, dipalmittn at 59°; both compounds are
produced by heating glycerin with palmitic acid in sealed tubes. By
using a large excess of palmitic acid and heating the mixture to 250°
for twenty-four hours, tripalmitin is formed, a compound occurring
in many fats. It is prepared by exposing olive oil to a stroug cold,
and subjecting the solid mass to a strong pressure to remove liquid
trioleia Tripalmitin crystallizes from alcohol iu pearly scales, melt-
ing at 61°,

Tristearin occurs in almost all solid fats, and may be extracted
from beet* or mutton suet by means of ether. After being purified by
repeated crystallizations, it is obtained in pearly crystals welting at
66°*5 and solidifying to an auiorpjious mass.

Lecithine C/JB^NPO,,.—Tlus complicated derivative of glycerin -
phosphoric acid is found widely distributed in the animal organism,
occurring iu the brain, in the nerves, in the yolk of eggs, in the blood-
corpuscles, &c. It is most conveniently prepared by exhausting the
yolk of eggs with a mixture of alcohol and ether. The solution ia
gently heated until all the ether has volatilized, and alcohol added to
the residue, by which fats are precipitated. The solution is filtered
and platinum tetrachloride is added; a yellow precipitate having the
composition 2(C4aHg3NPO8Cl) + PW3L is formed, which is decom-
posed by hydrogen sulphide. The lecithine hydroohloride thus
obtained is dissolved in a mixtuie of alcohol and ether, and the solu-
tion shaken with silver oxide, aud, after filtration, again treated with
hydrogen sulphide in order to precipitate silver which has gone in
solution.

Pure lecithine is a wnx-like, indistinctly crystalline mass, soluble
in alcohol and ether; iu watev it softens and becomes gelatinous, but
does not dissulve. It combines uor nnlv with nc.\<h. hnt nha farms
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metallic compounds, and very readily nudergoes decomposition by
boiling its alcoholic solution alone, or quicker in presence of alkalis
or acids, the produots being choline, glycerin-phosphoric acid, and
fatty adds (palmitic acid and oleic acid C,,Hl40i).

This decomposition, together with the chemical character of leci-
thine, explain its constitution:—

i O H

10.0JT4((J

Lecithine is glycerin-phosphoric acid in which two atoms of
hydrogen in the bydroxyl-gi'oups of glycerin are replaced by the
radicals of oleic and palmitic acids, whilst cliolin, a compound being
at the same time an ammoi>iimi:base ami an nlcohol, forms with
glycerin-phosphoric acid an acid compound ether, Lecithine is
therefore at the same time a fat, a base, and an acid,

It appeara very probable that several lecitliines exist, containing
radicals of different fatty acids,

GLYCER1C ACID CjH0O4,

To prepare this acid, glycerine is diluted with au equal volume of
water aud poured on the top of strong nitric acid contained in a high
cylinder. The mixture, after standing for several days, is evaporated
on a water-bath, and the syrupy residue dissolved in water and
neutralized with lend oxide. The lead glycerate is purified by re-
crystallization, and an aqueous solution of the pure salt decomposed
by hydrogen sulphide.

On evaporating the filtrate on a water-bath, glyceric acid remains
behind as a thick, syrupy, and very sour liquid.

On heating it is resolved into water and pyruvic acid (aee page 230);
when it is fused with caustic potash it is resolved into acetic acid and
formic acid.

By the action of phosphorus iodide and water it is rednced to fi
iodopropionic add.

$ Iodopropionie Acid C3H6IO3 founa white pearly crystals melting
at 82°. When its aqueous solution is heated with silver oxide,
hydraa<ylic add C3H6(OH)O2 is formed, a compound which is isomerio
with the lactic acids, and forms like them a sour, syrupy liquid, but
differs from them by not yielding lactide on heating, but by being
resolved into acrylic C?H^O2 and water.

Phosphorus pentachloride converts glyceric acid into j8 cMaropro-
pionyl dtXoride, which is readily acted upon by wafer, being converted

a 2
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into /S chloropropionic arid, which forms fibrous crystals smelling like
creosote and melting at 65°.

Amidoglycerie Add or Serine (C3H,O8NH^.—This oompound has
been obtained by boiling sericin or silk-gelatin (see SUk) with dilute
sulphurio acid. It crystallizes from a hot solution in hard brittle
crystals, and forms metallic salts, but combines also with acids. By
the action of nitrous acid it is converted into glyceric acid.

The constitution of glycerio acid and its derivatives is generally
represented by the following formulae:—

Qlycerio Acid. 0 lodopropionle Acid. Hydrnerylio Acid.
CHj.OH

CH.0H CH2 CH2

CO.OH CO.OH CO.OH

If hydracrylic acid had this constitution it would be identical with
ethene-lactic acid, which on oxidation is converted into malonic acid.
But hydracrylic acid does not yield a trace of this compound, but is
resolved into carbon dioxide, glycollic acid, and oxalic acid, and no
acetic acid informed, showing that hydracrylic acid does not contain
the group methyl, and therefore its constitution is also quite different
from that of common lactic acid.

When an alcohol is oxidized, the oxygen entering the molecule
is attracted by that carbon atom whioh is already combined with
oxygen. Now in glycerin each of the three carbon atoms is com-
bined with oxygeu, and consequently the oxygen whioh replaces
the hydrogen will be attracted as much by the second carbon atom
as by the first. From this it appears very probable that the above
compounds have the following constitution :—

Glyeerio Acid. & lodopropionio Actd. Hydrncrylio Acid,
CHj.OH CH,I CH8.0H

i.OH OH ,CH
° < l °(\ 0<J

NCH.0H NCH.0H NOH.OH

Compounds having such a constitution would be acids, for organic
hydroxides are converted into acids, not only by the transformation
oimthoxyl CHo.0H into cwrboxyl CO.OH^ut always when negative
elements or radicals (0, Cl, NO )̂ accumulate near an alcoholic by-
droxyl.
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ALLYL-COMPOVNDS.

These compounds contain the radical cdlyl GgHg, which differs from
propenyl by being a monad radical, two of the carbon atoms being
linked together by two of the combining units of each. The same
of this radical is derived from the fact that some of its compounds
occur in AUium-speeka (garlic, &u.). The allyl-compounds combine
with hydrogen, chlorine, &c, yielding thus either propyl- or propenyl
compounds.

Allyl Alcolwl CjBLOH.—When a mixture of glycerin and
crystallized oxalic acid is heated, carbon dioxide is evolved, and at
about 100° dilute formic acid begins to distil over; by raising the
temperature the evolution of carbon dioxide ceases, but begins again
at 190°, and a mixture of allyl alcohol and other products distils.
Monoformin is formed, which at a lower temperature is acted upon by
water, yielding formic acid and glycerine, whilst at a higher tempe-
rature it is resolved into allyl alcohol, carbon dioxide, and water :—

(OH
G3H6 -j OH = CgHj.OH + CO8 + HaO

(O.COH

To obtain pure allyl alcohol the product is treated with caustic
potash, distilled again, and rectified over anhydrous baryta. It is a
limpid liquid, boiling at 97°, and possessing a characteristic pungent
smell (like most allyl-compounds).

When allyl alcohol is oxidized with dilute chromic acids, it yields
formio acid, but no acetic acid, showing that it does not contain the
group OHj, but has the constitution CH,=CH—CH2.OH.

Allyl alcohol does not combine readily with hydrogen; it is not
changed by acting with sodium amalgam or zinc and hydrochloric
acid on its aqueous solution. But when it is heated with ag equal
weight of oausiao potash in a flask connected with a reversed con-
denser, an evolution of hydrogen commences at 105°, and goes on up to.
155°. On distilling the solid mass thus obtained with water, a mixture
of ethyl alcohol and propyl alcohol (about 20 per cent, of the allyl
alcohol employed) is obtained, and the residue contains potassium
formate, and salts of other acids.

Allyl alcohol readily combines with chlorine, forming dichloropropyl
alcohol, a liquid boiling at 182°, which is isomeric with dichlor-
ljydrin;—

Diehlorhydrin. Dichloropropyl Alcohol.
OH8C1

IH.OH CHC1

!H2.C1
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Dibroniopropyl Alcohol OjH6Br,j.OH boils at 219°; by the action of
nascent hydrogen it yields propyl alcohol, and on heating it with
caustic potash, glycerin is produced.

Monobromallyl Alcohol CjH^Br.OH.—When propenyl tribromide
is distilled with caustic potash, it is acted upon analogous to propenyl
trichloride (page 256), dibromw/lycide CH.Br— CBr=CH2 being
formed. By heating this body with an alcoholic solution of potassium
acetate it is converted into monobromallyl acetate, a liquid having a
refreshing smell and boiling at 164°. This ether is decomposed by
caustio alkalis, monobromallyl alcohol HO.CHS—CBr=CH2 being
produced, a mobile limpid liquid boiling at 155°, and possessing a
pleasant refreshing odour. Phosphorus pentachloride converts it iuto
monobromallyl chloride C8HJBrCl, a colourless heavy liquid boiling
at 120°.

Allyl Chloride CgH6Cl is a limpid liquid, boiling at 45°, which has
been prepared by heating allyl iodide with mercuric chloride aud
spirits of wine. It combines with chlorine to propenyl trichloride.

Allyl Bromide CgjHjBr is obtained by the action of phosphorus
bromide on allyl alcohol; it boils at 70°, and combines with bromine
to propenyl tribromide.

A llyl Iodide CSH5I may be produced by acting with iodine and
phosphorus npon allyl alcohol; but is more conveniently prepared
from glycerin. Six parts of iodine are placed into a retort, ten parts
of anhydrous glycerin poured on it, and three parts of phosphorus
are added, A violent reaction soon seta in, the mixture taking fire,
and allyl iodide distils; towards the end heat muat be applied to drive
the whole of the iodide over;—

C4H4(OH), + P + 1 = CgHjT + PO3H8

On passing hydriodic acid gas iuto allyl iodide, the liquid becomes
hot, free iodine separates out, and isopropyl iodide is formed. In the
preparation of the latter compound from glycerin and hydriodic
ncid, first allyl iodide is formed, which by an excess of hydriodic acid
is further acted upon. If this acid be not present in excess, the
produot consists of a mixture of allyl iodide and isopropyl iodide:—

(I) C8H6(OH)8 + 3HI = OSH&1 + 3H,0 + I,
/o\ r* TT T i vytri r* tr T I T

By the action of clilorine upon allyl iodide, propenyl trichloride is
produced, whilst bromine converts it into propenyl tribromide.

When an alcoholio solution of allyl iodide is shaken with mercury,
mercury-aUyl iodide C3HfHgI is formed, which crystallizes from an
alcoholic solution ill shinutg scales. On heating with iodine it is again
converted into allyl iodide, whilst when heated by itself it yields
mercurous iodide and diallyl C6Hl0, a hydrocarbon which is also
formed by the action of sodium upon allyl iodide.
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Ally! iodide is used for tlie preparation of pare propeue. To
prepare it, either mercmy-aUyl iodide is treated with hydrochloric
acid, or allyl iodide is acted upon by zinc and hydrochloric acid.

DMlyl Htlier or Allyl Oxide ^ 6 } 0.—Small quantities of this

compound occur in the essential oil of garlic. It is easily produced
by dissolving sodium in allyl alcohol, and acting upon the sodium
allykte with allyl iodide, or by heating the latter compound with
silver oxide. Diallyl etlier is a limpid, mobile liquid, boiling at 82°,
and possessing a pungent smeft

Ethyl-allyl Ether C"H j ° i s f o r m ed ty heating sodium ethylate

with allyl iodide; it boils at 62°, and easily combines with a molecule
of chlorine and bromine. The dichloride thus obtained is the ethyl-
ether of dichlorhydrin. On distilling it over caustic soda it loses one
molecule of hydrochloric acid, and yields Hhyl-monochlorallyl etfor

C H6C1} 0 > a l l ( i u i d b o i l ' n § a t 1 2 0 °- T l l e dibromhydWn-ethyl ether
is acted upon by alkalis in a similar way, being converted into ethyl-
monabromallyl «^UT n 2 uV r f 0, a limpid liquid, possessing a pleasant

odour and boiling at 135°.
C H ) •

Allyl HydrosulpMdc or Allyl Mwcaptan, 3 j | > S is a liquid boiling
at 90°, smelling like ethyl mercaptan, and forming, like the latter,
metallic compounds. It is produced by the action of allyl iodide
upon potassium hydrosulphido.

Allyl Sulphide £j«]|s | S is the principal constituent of the volatile

oil of garlic, and has been produced artificially by distilling allyl
iodide with an alcoholic solution of potassium sulphide. It is a colour-
less liquid of high refractive power, boiling at 140° and possessing
the peculiar odour of garlic in the highest degree. On mixing it with
an alcoholic solution of silver nitrate, a crystalline precipitate
(CSH6),S +• 2AgNOg is formed, which is decomposed by aqueous
ammonia, the products being ammonium iritrate, silver sulphide, and
allyl oxide,

Allyl sulphide occurs also in other Allium species, and probably in
the volatile oil of asafcdida.

Allyl Cyanides.—-When silver cyanide is acted upon by allyl
iodide, allyl carbamine CN.C,Hg is formed, a liquid possessing a roost
overwhehuing nauseous odour. It is isomerin with crotonitrih
NCGsHj, a liquid occurring in small quantity in the essential oil of
mustard, This nitrile is also produced by heating potaasium cyanide
with allyl iodide. It is a limpid liquid, possessing the odour of leek,
and boiling at 118°.

Alhjl Sulphocarbimide or Oil of Mvttard v » ^ j N.—The seeds of
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black mustard contain a peculiar compound called myronic add (see
Glucosides), which in contact with water and a ferment contained in
the seeds is resolved into acid potassium sulphate, sugar, and oil of
mustard. To prepare mustard-oil, the seeds are crushed and pressed
to remove the fatty oil, and the residue is mixed with water and
distilled. It can also be obtained by heating allyl iodide with
potassium sulpliocyanate. In this .reaction allyl sulphocyanate (a
compound not yet known) is probably first formed, but undergoes a
molecular change at the high temperature at which the reaction takes
place, Oil of mustard is a transparent, strongly refractive liquid,
boiling at 148°, and possessing in the highest degree the sharp
pungeat odour of mustard. It rapidly blisters the skin, and its
vapour excites tears, and produces even in a small quantity inflamma-
tion of the eyes. On repeated distillation with water it resolves into
sulphur and crotonitrile. Nascent hydrogen converts it into allyl-
anrine and metamdphoformcddehydc (C TT "x

Monochlomllyl Sulphocarbimide * So f N is obtained by the

action of potassium sulphocyanate upon dwkloroglycide (monochlorallyl
chloride, see page 25(1). It is a liquid boiling at 185°, and possessing
a very sharp penetrating smell.

Amines of Allyl.—These bases are formed by heating allyl iodide
with ammonia; the principal product of the reaction consisting of
tdrallylammonium iodide N(C?H6)4I, a crystalline salt which when
treated in aqueous solution with silver oxide is converted into the
corresponding hydroxide, a strongly alkaline and caustic body.

Allylamine. C3H6.NH? is conveniently prepared by the action of
ziuc and hydrochloric aoid upon an alcoholic solution of oil of mustard,
oud subsequent distillation with caustic potash. I t is a limpid liquid
possessing an amrnoniacal smell and boiling at 58°.

c H c n
8 4

Dimonoe/ilorallglamine CaH4Cl > N is formed by the action of
. H j

ammonia upon a solution of trichlorhydrin in alcohol. It is a heavy
oily liquid, boiling at 190°, possessing an ammoniacal smell, and
combining with acids forming deliquescent salts.

Tkiosinnaminc or Allyl Sitlplwcarbamidc OS •! vm-8p -u is formed
by the direct combination of ammonia find oil of mustard. It crys-
tallizes in brilliant colourless prisms, soluble in water, and possessing
a bitter taste. With acids it forms salts, which' have an acid reaction
and are decomposed by water. On heating with water and lead oxide
it is decomposed with the production of lead sulphide and sinnamine
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lidc N-j ON,6

I tJ
or allyl cyanamidc N-( ON, a powerful base, which is soluble in

( H
water and possesses a very bitter taste.

Diattyl Carbamide m- Sinapolinc C O J J J H C H 8 *8 produced,

together with, carbon dioxide and lead sulphide, by heating oil of
mustard with water and lead oxide:—

N | g f * + 2PbO + H4O - CO { 5 5 § 5 » + PUS, + CO2

I t is soluble in water and crystallizes in shining scales, having an
alkaline reaction.

ACIDS OP THE SERIES CBHjn_jO,.

Allyl alcohol is a primary alcohol; on oxidation it yields acralde-
hyde C3H4O and acrylic add C8H4OS. Acrylic acid is the first
member of a homologous series of acids, of which the corresponding
alcohols are not known. Tha following table contains the acids of
this group which are best studied:—

Acrylic Acid , , C3H4 O4 Cimicic Acid . CuHMOa
Crotonio „ . . C4H0 Oa Hypogrcic „ . C ^ H O
Angelic „ . . C6H8O2 Oleic „ .
Pyroterebic Acid. CaHi0Og Erucic „ .

Some of these acids exist as glycerides in fata, and others have
been prepared artificially by different reactions. A series of acids
which are isomeric with those contained in the table have been
obtained from oxalic aoid. By acting on ethyl oxalate with the zinc
compounds of alcohol radicals we obtain ethyl-ethers of the so-called
isolactic acids, and by treating the latter with phosphorus trichloride
they lose water aud are converted into ethers of the acids of the iso~

li iji i ,
Thua the ethyl-ether of oxy-iaobutyric or diniethylox&lio acid

yields the ethyl-ether of methncrylic acid, which is isomeric with
crotonic acid:—

GH8 CHS CH3 CH2

3 C.OH + r C l , = 3 C +PO31I3 + 3HC1

<JO.OCaH6 <JO.OO2H6

A veiy characteristfc reaction of the acids of this group is that
when they are fused with caustic potash they are resolved into two
fatty acids. This decomposition gives the cine to their constitution,
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as always those two carbon atoms are torn asunder which are linked
together by two of the combining units of each.

Acrylaldehyde or Anrolein CgHjO is easily obtained by depriving
glycerin of the elements of water :—

C g H 8 O 8 - 2 ^ 0 = 0,11,0

This is best effected by heating glycerin with acid potassium sul-
phate or phosphorus pentoxide. It is a colourless liquid boiling at
52O>4. Its vapour is most irritating, attacking most violently the
unicous membranes of the nose and eyes. It is the cause of the
intolerable odour given off by fats and glycerin when subjected to
destructive distillation. I t is a very unstable body; in closed vessels
it soon changes into a white flocculent substance or a resinous mass,
called disaeryl or disacryl-rcsin. When acrolein is heated with alco-
hol and acetic acid, it is converted iuto triethylhydrin;—

CH3 G H r O G A

C + 3C2H6.OH = CH.OC2H6

CH3 CH2.OC2H6

Wlwn ammonia is passed into an ethereal solution of acrolein a
white amorphous powder called acrolcin-ammonia (C8H4O)8NH8 is
precipitated.

It also combines with hydrochloric acid, forming a crystalline
compound C8H4O.HC1, which on distillation with an alkali is con-
verted into a polymeride of acrolein called metacrolcin, forming
beautiful crystals, which by the action of heat or acids are recon-
verted into acrolein.

Acrolein hydrochloride yields, by the action of hydrochloric aoid,
triolilorhydrin and water. When acroleiu is treated with phospho*
rua pentacliloride two isomerides are formed, one being dichlwoglycide
and the second has been called aerol dichloride C8H4Clr mscent
hydrogen converts aorolein into allyl aloohol.

Acrylic Acid C,H4O2 is produced by adding silver oxide to an
aqueous solution or acrolein and allowing the mixture to stand for a
few days;—

2C3H40 + 3Ag8O = 2C8H3Ag08 + H,0 + 4Ag

The acid is not formed by the direct oxidation of tlie alcohol, the
latter being nearly completely destroyed 5 but it has been produced
by combining allyl alconol with bromine, oxidizing the bibroroopro*
pyl alcohol with nitric acid, and heatjDg the bibromopropionic acid
with zinc dusfc and water;—
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Acrylic acid is conveniently prepared by heating /8 iodopropionic
acid with sodium etbylate:—

C8H6IO2 + 2C2H6.ONa = C3H3Na02 + 2C2H6.OH

Or more simply still by distilling # iodopropionic acid with lead
oxide t—

2CSH6IO2 + PbO = 2C8H<02 + Pbl2 + H2O

Acrylic acid is also formed by the dry distillation of hydracrylic
acid. These reactions show that acrylic acid RS well as its aldehyde
roust have a constitution analogous to that of hydracrylic acid and
# iodopropionic acid:—

Acrolein. Acrylic Acid.
CH2 CH2

il II
c c
| o(\
CH2 XJH.OH

This formula of acrolein appears the more probable as it does not
combine with the acid sulphites of the alkali-metals like other
aldehydes, from which it also differs by being acted upon by ammonia
in quite a different way than the aldehydes of the fatty acids.

Acrylic acid is a limpid liquid, possessing a sour, pungent smell
and boiling at 142°. Its most characteristic salt is lead acrylate
(GgHgO^Pb, orystallizing from hot water iu long silky needles,

Ethyl Amjlate rA A\O is produced by the action of zinc, and

dilute sulphuric acid on ethyl dibromopropionate. It is a limpid
liquid, boiling at 100°, and possessing a very penetrating but not
disagreeable odonr.

Cwtonic Acid 4 5{j } 0.—The oil of Croton Tigliwtn consists of

glycerides of several solid and liquid fatty acids, and acids of the
ftcrylio series. The crotonio acid contained in it is an oily liquid,
which has uot been much studied.

Another solid crotonic acid which has been obtained by synthesis
is much better known. Its aldehyde is formed when acetaldehyde is
heated with an aqueous solution of zinc chloride .•—-

GH(H.) CH(O) CH=GH
I 4 I = 1 I +H 2 O
COH CH3 COR CH, •

Crotonaldehude is ft limpid liquid having a sharp pungent smell and
boiling at 104°. When exposed to the air, it is soon oxidized to
crotonic acid.
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The same acid is produced by the action of alkalis upon crotonitrile
(see Allyl Cyanide), and by the dry distillation of /3 oxybtttyric acid :—

CH3 CH3

CH.OH CH

CH2 H

CO.(CO.OH CO.OH

Crotonic acid forms large transparent crystals or woolly needles,
melting at 72°, and boiling at 182°. When it is fused with caustic
potash, ib is resolved into two molecules of acetic acid. This decom-
position, as well as the synthetical formation of this acid from
acetaldehyde, shows that the two middle atoms of the carbon-chain
are linked together by two of their combining units, whilst from its
formation from allyl-compounds it might have been expected that it
had the constitution CH2=CH—CEj—CO.OH. Such a compound
would, however, like the allyl-compounds, yield on oxidation no
acetic acid, which is obtained in quantity on oxidizing crotonic acid
as well as its nitrile. From this it appears that the latter compound
is formed in the following way :—

CH8=CH—CH2I + KCN = CH3—CH=CH—CN + KI

This reaction corresponds to the formation of ethyl-vinyl (see
page 216}.

Croiomo acM combines with nascent hydrogen, forming butyric acid,
and it also unites with broniine, yielding an isomeride of the dibromo-
butyric acid, which is formed by substitution in butyric acid. When
the brominated acid is boiled with au alkali, it is converted into
monobromocrotonic acid.

Trichlorocrotomldehyde or Cr'otoMUoral C^HjCL/).-—By acting with
chlorine on acetaldehyde, first crotonaldebyde is formed, which by the
further aotion of ohlorine is converted into crotonchloral. It is a
colourless oily liquid, boiling at 164°, and having a pungent smell.
It readily combines with water, forming crotmuliloral hydrate
C^HjC^O^o, which crystallizes from hot water in silky thin plates
melting at 78s; its vapour is very irritating, and attacks the eyes and
mucous membranes.

Trichloracrotonic Acid C4H8C1?O, is obtained by oxidizing croton-
chloral witli concentrated nitric acid: it crystallizes in needles,
melting at 44°, and boiling at 235°, By treating it with zinc and
hydrochloric acid it is reduced to monochlorocrotoivic add C4H6C1O»,
crystallizing from hot water in long white needles melting at 10(F,
boiling at 212°, and possessing an aromatic smell. When sodium
amalgam is added to a concentrated solution of its sodium salt, the
Hilorine is replaced by hydrogen and crotonic acid is formed.
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Another monochlorocrotonio acid, melting at 94°, and boiling at
about 208°, is formed, together with the isotneric monochloroquartenic
add, by acting with phosphorus pentachloride on ethyl acetone-
carbonate (so called diethylacetic acid); ethyl ohloride and hydro-
chloric acid are given off, and the residue contains besides phosphorus
oxychloride, the chlorides of the two acids. On distilling it with
water, monochloroquartenic acid, being the most volatile, distils first;
it is an oily liquid, wliioh with sodium amalgam and water yields
quurknic add C^HgOj, an oily liquid smelling like butyric acid, and
boiling at 172". On fusing it with potash it yields, like crotonic acid,
only acetic acid.

Tetrolic Add C.H40g is produced by digesting the second mono-
chloTOcrotonic acid with potash •:—

C4H6C1O2 = HC1 + C4H4O8

It crystallizes in deliquescent, colourless, transparent, rhombic
plates, melting at 76°'5, and boiling at 203°. The first modification
of inonochlorocrotonic acid is not acted upon by potash.

Methwrylys Add C4H0O2.—The ethyl-ether of this third isomeric
acid is obtained by treating ethyl oxy-kobutymte with, phosphorus
trichloride. The acid is an oily liquid which by fusion with caustic
potash is resolvedinto carbon dioxide and propionic acid :—

CH8 CH3

=CH, + 8K0H = OH, + ILCO, + 2H,

CO.OH CO.OK

An-gelic Add C5H802 is found, together with acetic acid and
valerianic acid, in tlie root of Angelica Anhangdica and other
mnbelliferce. The root is boiled with milk of lime, and the con-
centrated nitrate distilled with sulphuric acid. The distillate after
being neutralized with soda-crystala is evaporated, and the counentrated
liquid again distilled with snlphuric acid. On allowing the filtrate to
stand for some time, angelic acid separates out in large crystals.

After the acid lias been purified by crystallization it melts at 45°,
and boils at 191°̂ ; it possesses a peculiar, aromatic odour.

By fusion with caustic potash it is resolved into noetic acid and
propionic acid; and by heating with hydriodic acid aod phosphorus
to 200°, it is converted into valerianio acid.

Angdicaldehyde C6H.O is contained, together with a hydrocarbon
C1OHW, in the oil of chamomile (Antliemis nohilis). I t has not yet
been obtained in a pure state, as the hydrocarbon cannot be separated
by distillation, and the aldehyde does not form crystalline compounds
with the acid sulphites of the alkali-inetals. When the oil is heated
with caustic potash the hydrocarbon volatilizes, and potassium ange-
late is formed :—

C.H,0 + KOH = C,H7KO.? + R,
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Mtthglcrotonk Acid.—This isomeride of angelic acid is produced by
the action of phosphorus trichloride upon ethyl ethomethoxalate; it
crystallizes in needles, melting at 6*2°, When it is fused with caustic
potash it yields the same products as angelic acid, the constitution of
the two acids beiug as follows:—

Angelic Acid. Jletliylorotonio Acid.
CHg CH3 CH8

Ig 3 8

i CH

C-CII ,

An acid having the same composition, called Hylic acid, has been
found in croton-oil; it melts at 64° and boils at 201°. The action of
caustic potash on this body has not yet been tried; it is' probably
identical with inethylcrotouic acid, both having the same melting-
pointy and both their ethyl-ethers boiling at 156°.

PyrotereUc Add CpH10Ô  has been obtained by the distillation of
terebic acid C7H10O4 fan oxidation-product of oil of turpentine). It
is a liquid boiling at 210°, and smelling lika butyric acid. It is
isomeric with ethylerotonic acid, which has been prepared from ethyl
ethoxalate, and crystallizes in quadratic prisms melting at 39°*5. By
the action of caustic potash, both acids yield acetic acid and butyric
acid.

Gimme Add Ĉ H^Oj, a crystalline solid melting at 44°, and having
a rancid odour, is contained in a kind of tree-bug (Rhaphigaster
jmnctipe/Mm).

Hypogcek Acid or PhysetoUic Acid CmĤ Og occurs aa glyceride,
together with palmitic and aracbidic acids, in the oil of the earth-nut
(Arachis hypogem), and in the oil contained in the oavities of the
head of the sperm-whale (Physeter macroeephalus). It crystallizes in
colourless needles, melting at 34°. In contact with the air it absorbs
oxygen, and assumes a yellow colour and a rancid smelL Nitric, tri-
oxide converts thia acid into an isomerio (or polymeric modification)
called gaitlic acid, a crystalline colourless mass, which melts at 38°,
and remains unaltered in the air. ,-

Both acids combine with one molecule m bromine. By heating
these brominated ncids with alcoholic potash-solution to 170° they lose
hydrobromic acid and are converted into palinitolic aeid Ô Ĥ Oj,
crystallizing in silky needles melting at 42°. This acid readily com-
bines with one or two molecules of bromine, but apparently not
with hydrogen. On oxidizing it with fuming nitric acid a part ia
converted into palmiioxylic acid CuHgÔ  a monobasio acid crys-
tallizing in colourless plates melting at 67°. Another portion is fur-
ther oxidized to suberic a-cit au-l mdhrir nldeliydc C8HUOS, a yellow
oily lu|iii't.
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Oldk Acid or Elaio Add C.9H¥Oa exists as triolein, the fluid con-
stituent of many fats aiid oils, m the fat of tlie pig and goose, iu
olive-oil, oil of almonds, &c. To prepare the acid the oils are
.saponified with lead oxide, and the lead salts exhausted with ether,
which dissolves only lead oleate, The ethereal solution is shaken
with hydrochloric acid, the upper layer removed, and the ether removed
by distillation. The impure oleic acid left behind is dissolved in
ammonia, and barium chloride is added, which precipitates barium
oleate. After purifying thia salt by crystallization from alcohol, it is
decomposed in a closed vessel with tartaric acid, and the pure oleic
acid thus obtained is dried in a current of carbon dioxide, in order to
prevent oxidatiou. Large quantities of impure olefc acid are now
obtained as a by-product in tHe manufacture of stearin-candles. If
this crude acid does not contain a large quantity of oxidation-products,
it may be purified by cooling it down to — 7°, and subjecting the
crystals which separate out to strong pressure. The residue is again
melted and cooled down, and well pressed, and this operation repeated
if necessary. Thus a pure acid is obtained, which may be recrysfcal-
lized from alcohol.

Pure olefc acid is a colourless oil solidifying at alow temperature to
crystals melting at 14°. "From alcohol it crystallizes in brilliant white
needles. The perfectly pure acid remains unaltered in the air, but in
an impure state it rapidly absoî bs oxygen, assuming a yellow colour
and rancid smell, and losing the property to crystallize. It volatilizes
with ovetheated steam or in vacuo, without decomposition; but
under the ordinary atmospheric pressure it is decomposed on heating,
yielding fatty acids, such as acetic acid and caprylic acid, and a large
quantity of sebacic acid. When it is heated with caustic potasli, it is
resolved into acetic acid and palmitic acid.

By passing nitric trioxide into cold oleic acid it is converted into
the isouieric datdic acid, a solid mass, crystallizing from an alcoholic
solution in sinning scales, melting at 45°. I t is stable in the air, and
can be volatilized without decomposition, Trioleiu is also converted
by nitric trioxide into solid triclatdiih If, therefore, this gas be
passed Into oil of olives or almonds, they solidify to ft crystalline
IUOSB. We are not yet able to explain the singular action of nikous
trioxide upon oleic acid and other acids of this series.
. Olrfc and elaiidic acids unite with one molecule of bromine. OMc
dibramide is a heavy, thick yellow oil; by treating it with a cold
alcoholic potash solution, monobromoleie and CjgH^BrOj, a crystalline
substance, is obtaiued, which by the action of nascent hydrogen is
again converted into oleic acid.

By the action of a hot alcoholic potash-solution on monobromoleic
acid or on the dibrouride all the bromine is taken out, and stearolie
twid C,8HS)jOs is formed, which crystallizes in silky needles melting at
48", aud volatilizing on heating without decomposition It unites
with one or two molecules of brotu'sue; fuming nitric acid oxidizes
if to siemw->tl>r ariif,nti'fnfc arid and azefatr nldebitdr.
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Stearoxylic Acid C18H8?O4 crystallizes in shining plates, melting at
86°; it is a monobasic aoid.

Azeluic Aldehyde GgH^O. is a tliin, oily liquid possessing an ethereal
smell. By the action of bromine and water, or nitric acid, it is
oxidized to azelaic acid.

When stearolic acid is fused with caustic potash, it is first converted
into an acid having the composition of hypogceic add C10Ha0O2, and
by the further aotioa of the potash it is converted into myristic acid
Cĵ HjgOj. These reactions prove that stearolic acid contains the group
C=C twice.

Erucic Add C«H42O8 occure in colza-oil and the fatty oil of
mustard-seed, and may be obtained from these oils in the same
way as oleic acid is prepared from oil of almonds. It crystallizes
in long needles, melting at 34°. With nitric trioxide and bromine
it behaves like oleic acid. By acting with caustic potash on its
dibrotnide, beheiwlic acid CaH t tOj is formed, which is oxidized by
fuming nitric acid to behenmylic acid C^H^O^, brassic add C^H^O^,
and brassic aldehyde CnH^Oj.

The following acids are nearly related to those of tbe oleic-
series:-~

Sortie Acid C0HS02 occurs in the berries of the mountain ash. On
distilling their juice, impure sorbic acid passes over as an oily liquid,
from which, by treating it with alkalis and decomposing the salt with
acids, the pure compound is obtained. It crystallizes in long needles,
welting at 134O>5 and distilliug at 228°, with partial decomposition.
Nascent hydrogen converts it into hjdrosorhic acid C9H1OO2, a colour-
less liquid, boiling at 204o>5 and possessing a sweetish smell. It is
i8omeric with pyroterebic acid and ethylcrotonic acid, and is resolved
by fusion with caustic potash into butyric acid and carbon dioxide.

BicinoMc Add Clf,Hj,O8is found as glyceride in castor-oil, and can
be obtained from it by the same process by which oleic acid is pre-
pared from oil of almonds. It is a colourless oil, solidifying at 0° to a
crystallized mass, Nitric trioxide converts it into solid ricinelaidic
acid.

"When this acid or castor-oil soap is fused with caustic soda,
hydrogen is evolved, and methyl-hexyl cai'binol and sebacic acid
are formed:—

CWHMO8 + 2NaOH = C8HWO + CIOHBO4Na2 + Ha

Eicinoleic acid lias therefore probably the following constitution:—

ZinoleSc Acid.—-This acid has great resemblance to oleic acid, and
occurs in drying oils, such as linseed-oil, poppy-oil, walnut-oil, &c. It
has been very little studied. Its formula appears to be C^H^O^
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TETEAD EADICALS AND THEIR COMPOUNDS.

HYOBOOARBONS OP THE ACETYLENE SERIES,

Boiling-point, Boiling-point.
Acetylene . . C2 H2 —
Allylene. , . C8H< —
Crotonylene . C4 Ho 18°
Valerylene . . C6 H8 45
Hexoylene . . C6 H l o 80 Dtallyl . . . 06 H.o 59°
(Enanthylidene G7 H12 107
Caprylidene . C8 H u 133
Decenyleue . Gxfin 165 Rutylene . . C10H18 150
Benylene . . C^H^ 225
Cetenylene . . G^H^ 280

These hydrocarbons stand in a similar relation to the non-saturated
monad radicals of the allyl series as the defines to the saturated
alcohol radicals.

A general method for preparing these compounds consists in heating
the cfibromides or the di-iodides of the defines with an alcoholic solu-
tion of potash, the reaction taking place in two stages. First a mono-
brominated olefine is formed—

C2H4Br8 + KOH = CaHgBr + H3O + KBr

which by the further action of caustic potash again loses hydro-
bronuc acid:—

CySaBr + KOH = CjHa + H2O + KBr

These hydrocarbons readily combine with one molecule of the
elements of the chlorine-group and their hydracids, forming non-
saturated compounds, which are capable of combining again with
these bodies. The hydrocarbons of this series axe therefore tetrad
radicals.

Theory points out the existence of a great number of isomerides,
but, as the table shows, only very few are known. Those contained in
the first column have been prepared by abstracting two molecules
of hydrobromic acid from the dibromides of the defines, and this
reaction explains their constitution i—

Ethene Dibromide. Acetylene,
CILBr CH
| - 2HBr = •"
CH0Br
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Hcxone Dibromide. ifoxoylone.

CHBr - 2HBr = C
I III

CHjBr CH

Acetylene or Etkine CgH,.—This gas is the only hydrocarbon which
lias been obtained by the direct union of its elements; it is produced
when an electric arc from a powerful galvanic battery passes between
carbon-poles in an atmosphere of hydrogen. Acetylene is always
formed when bodies containing carbon and hydrogen are burnt in a
limited supply of air, and also in the decomposition of many hydro-
carbons by the electric spark or heat, and it occurs therefore in coal-
gas. Acetylene has also been obtained by the electrolysis of the
potassium salts of fumaric and maleic acids:—

Pure acetylene is prepared by heating ethene dibroinide with
alcoholic potash, and passing the vapour through a hot solution of
potash in alcohol; it may also be readily obtained by heating chloro-
form with sodium:—

2CHC13 + 3 ^ = C2H4 + 6NaCl

Impure acetylene is produced in quantity by lighting the gas in a
Bunsen's burner at the small orifice in the lower end of the tube, au
incomplete combustion taking place, and acetylene is formed,

Acetylene is a colourless gaa, possessing a strong disagreeable odour;
the smell perceived when a Bunsen's burner burns down being due to
acetylene. It is readily inflammable, burning with a smoky flame,
and is tolerably soluble in water.

"When it is mixed with chlorine in the diffuse daylight, an explosion
generally takes place and carbon separates out, but sometimes tlte
two gases combine quietly, and form the compounds CgH2Cl2 and
OjHgCl̂  whioh are oily, heavy liquids. I t formaalso two liquid com-

d ith b i i CJIB d C H B th l t t b i
j g ^ y y q q

pounds with bromine, viz. CJIaBr2 and CJJHJBI^, the latter being
identical with hibromettme dibromide. By heating acetylene with
iodine to 100° they comhiue to acetylene diiodide C H I forming

y g y
iodine to 100° they comhiue to acetylene di-iodide CgHjIj, forming
colourless crystals melting at 70". With hydriodic acid it forms two
liquid compounds, C2HaI andCjH^; the latter being isomeric with
ethene di-iodide.

Acetylene forms a series of characteristic metallio derivatives. Wheu
it is passed over fused potassium, hydrogen is given off, and the bodies
CoHK and C2K2 are formed; both are black powders, which are
violently decomposed by water, with the re-formation of acetylene, A
similar calcium-compound has been obtained by heating an alloy of
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zinc aud calcium with charcoal to whiteness; the resulting black
mass yields, with water, quicklime and acetylene:—

C8Ca + 2H2O a O2H2 * Ca(OH)8

The least trace of acetylene can be detected by passing a gas con-
taining it through an ammoniacal solution of cuprous chloride, a

blood-red precipitate of cwproso-dhmyl oxide n*jjnu
3 \ 0

formed:—

(1) CJHJ + CUSJCÎ  + NH3 = O2HCu2Cl + NH4C1

(2) 2(CsBCii4Cl) + 2NHS + H20 = (CjHCu^O + 2NH4O1

Guproso-ethtnyl CtUoride CgHCujG'l is a similar precipitate, which
is produced by passing acetylene into a solution of cuprous chloride
in potassium chloride.

Argento-ethenyl CJiloride CySAgjCl is formed by the action of
acetylene on an ammom acal solution of silver chloride; it is a white
precipitate; the corresponding oxide (CjHAg^jO is a similar body,
which is obtained by passing the gas through a solution of silver
nitrate in ammonia.

These copper* and silver-compounds are explosive, decomposing with
detonation by percussion; tltey are decomposed by hydrochloric acid,
pure acetylene being evolved, and are therefore used for obtaining this
gas in a state of great purity, A very simple method for obtaining
pure acetylene consists in placing a gas-burner in which the gas is
burning down under a funnel which is connected with an aspirator by
which the products of combustion are passed through an ammoniacal
silver-solution. The white precipitate is then decomposed by hydro-
chloric acid, and the resulting silver chloride dissolved in amtnouia
and used for a new operation:—

HC1 = CaH3 + 2Ag01

Nascent hydrogen converts acetylene into ethene; this reduction is
effected by acting with zinc and ammonia on the copper-compounds
of acetylene:—

CaHCu2Cl + NHS + 2HaO + 2Zn - C2H, + NH4C1 + Cus + 2ZnO

When acetylene is shaken with concentrated sulphuric acid, the
gas is slowly absorbed, and etinnyhulphinc add C2H3.SO4H is
formed. On distilling this acid with water, ethmyl or vinyl alcohol
CaHg-OH is obtained; it is a very volatile liquid, whioh is homologous
with ollyl alcohol, but has scarcely been examined.

Monobrmnacetylene C,HBr.—"When a monobromethene dibromide
is heated with alcoholic potash, a gas is evolved, taking fire in
contact with the air, and consisting of a mixture of acetylene and
monobromacetylene.

T 2
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Alii/hue or I'ropinc CJ8H4 is a gas resembling acetylene; it isprepared by heating moHobroinopropene or propene dibromide withalcoholic potash. By passing it through an ammouiacal solution ofcuprous chloride a greenish-yellow precipitate is formed. Silver-propinyl C.H8Ag is a white explosive precipitate, which is readilydecomposed by hydrochloric acid; it is formed by the action ofpropine on an ammoniacal silver-solution.Propinyl Alcohol CjHg.OH,—This compound, commonly calledpropargyl alcohol, is produced by acting with caustic potash on mono-broinallyl alcohol:—

C1IO CHII " IIITBr + KOH = 0 + KBr + H,0
UHrOH CHj-OH

It is a limpid, mobile liquid, boiling at 115°, possessing an agreeableodour, and producing explosive precipitates in an ammoniacal solutionof cuprous chloride aud an aqueous solution of silver nitrate. Thecopper compound Cu2(C3H*OH)8 has a yellow colour, and the silver-compound AgC,H<>.0H is wliite.
Pwpmyl-tthyl etker tfjr* \0 has been produced by boiling allylene

dibrondde or propenyl tribromide with alcoholio potash:—
CBJfr, + O2H6.OH + 2K0H = {£§» 10 + 2KBr + 2H2O

It has also been prepared from monobroraftllykethyl ether:—
+ K0H = c5i

It is a mobile limpid liquid, boiling at 80°, and precipitating
iimmouiacul silver- and eopper-solutious, The sihw-eompound

Gn \ ^ "s ft w ^ t ( s orJ"8*a^ne Powder, which burns with a fluslt,
like giuipowler.

Grofonylene or Mine, valcnjltne, aud /uxoyknc or ftexine liavo beeu
obtained from the dibronrides of butene, aroylene, and hexene; they
arc liquids having a strong smell, like aoetylene and allylene, but,
unlike the latter, they do not form metallic compounds.

Diallyl or isoluxine C6Hi0 is prepared by the action of sodium on
allyl iodide It is a mobile liquid boiling at 59°, and possessing a
pungent odour. It combines with bromine and iodine, forming
whexinc tctrahromide C8H10Br4, and i&ohmne Mm-iodide C J H J X ;
both are solid, crystalline bodies. Isohexine tetranitrite CeHlo(NOj)4
is readily formed by the direct union of diallyl and nitrogen tetrox-
ide; it is a white crystalline substance. Isohmne dichiordihi/dralc
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( GlCgHjo -J ,Q^> is prodticed by shaking diallyl with an aqueous solution

of hypochlorous acid.
When diallyl is heated with concentrated hydriodic acid, the com-

pound C J O 8 is obtained as a heavy, oily liquid; on heating this
d ith silver a t t i iiy wita silver acetate it is converted into isoliexem diaatate, which

is isomeric with hexene diacetate, and yields with caustic potash
isohexene alcohol CaH12(OH)8, a liquid which is soluble in water and
boils at about 212°.

Diallyl dissolves in cold concentrated sulphuric acid to a clear
liquid; on addition of water, isolwxne oxide C6H12O separates out as
a light limpid liquid, boiling at 95°, and possessing an ethereal and
refreshing smell resembling that of peppermint.

Diallyl or isohexine is isomeric with hexoylene or hexine; the
constitution of these two hydrocarbons is represented by the following
formula;:—

Hexilif. lsolii-siiic.
CH3 Ull.II

4 CH

CH2 C:H3

CH2 CH.,

C CH
III II
CH CH,

Diallylem or Diprapine ClfeC - CH, - C=CH—This hydro-
carbon has been obtained by heating isohexine tetmbromide with
alcoholic potash. It is a limpid and very refractive liquid, boiling
nt 85°, and combining most energetically with bromine. In. an
aqueous solution of silver nitrate it produces u white amorphous
precipitate, which when heated explodes below 100°,

The other members of the acetylene aeries have been obtained
either from the dibronrides of the corresponding olefiues or from
analogous substitution products, Thus cenanthylidene has been
formed by acting with potash on oenantludene dibromide (see page
234) j rutylene was prepared from diamylene, and the isomeric do
ceirylene ftom the dibromo-substitution product of the hydrocarbon
CjoHjg, which exists in petroleum.

EKYTHR1TE C4H»(OH)«.
This compound is the only known alcohol of a tetrad radical; it

exists iu a sea-weed, called Ptolococcus vulgarig, and as ether of
oraelltc acid in different kind? of lichens (Rocelfa species).
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Erythrite forms large transparent crystals; it dissolves freely in
•water, aud has a sweet taste. At 120° it melts, and at about o00° it
volatilizes with partial decomposition.

Erythryl Nitrate C4He(NOj).,--This body, which is commonly
called nitro-enjthrite, is obtained in colourless orystals by dissolving
erythrite in concentrated nitric acid and precipitating this solution
with sulphuric acid. I t is very inflammable, burning with a brilliant
flame, and detonates violently when struck with a hammer.

Erythric Acid C^HgOj.—This monobasic acid is obtained by heat-
ing erythrite with common nitric acid, and forms a crystalline and
deliquescent mass.

COMPOUNDS OF HEXAD KADICALS.

MANNITE

Mannite is the alcohol of the hexad radicals mannyl C0H8; it is
found in many plants, as celery, many kinds of fungi and seaweed,
and in the young sap of the larch, the lime, and several species of
ash. The lnanno-asli (Frnxinns omus) yields a sweet exudation,
called manna, from which mannite is easily obtained by exhausting
it with boiling alcohol; on cooling, nmnnite separates out, and is
purified by recrystallization.

Mannite orystallizes from alcohol in silky noodles, and from water
in transparent prisms, melting at 165°, It dissolves in five parts of
cold water, and very freely in boiling water, aud possesses a pleasant
sweet taste.

Mannite lias also been found in small quantity among the products
of lactic and mucous fermentation, and is produced artificially by the
action of sodium amalgam on a solution of grape-sugar CnH^O,,.

When mannite is heated with concentrated hydriodic acia and
amorphous phosphorus, it is converted into secondary hexyl iodide
(see page 166).

Mannitan CoHgOtOH)^—When mannite is heated to 200°, it loses
one molecule of water, and mannitan is formed; it is a syrupy mass,
which slowly combines with water, mannite being reproduced.

Mannite and mannitan form a large number of compound ethers,
Mannyl Nitrate or Nitrmannite CflH^NOj). is obtained by dis-

solving mannite in fuming nitrite acid, and is precipitated by
sulphuric acid as a crystalline powder, It is insoluble in water, and
crystallizes from alcohol in silky needles, On heating it first melts,
and then burns with a flash like gunpowder, but by percussion it
decomposes with a violent detonation. Ammonium sulphide and
other seducing agents reconvert it into mannite.
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MannyhvAphurk Add CaH8-l / n 4 T .—This tribasic ncid is

obtained by dissolving mannite in concentrated sulphuric acid,
diluting with water, and neutralizing the solution barium carbonate.
By adding to the nitrate just the required quantity of sulphuric acid,
a solution of mannylsulphuric acid is formed, having a very sour
taste ; on Heating, it is resolved into mannite and sulphuric acid.

Jifannyl DicMorhydrate or Lichioromamnite C8Hg(OH)4Cl. is formed
by heating mannite with 15 parts of concentrated hydrochloric acid
to 100°; it is soluble in water, and forms colourless crystals, melting
at 174°, A mixture of concentrated nitric and sulphuric acids coa-
verts it into the chiormitrate G^QHO^G^, crystallizing from alcohol
in fine needles. When the dichlorhydrate is acted upon by alkalis,
it loses hydrochloric acid and yields the compound C6H80(0H)3Cl,
a neutral, bitter substance, wluch is very soluble iu water, and by
boiling with it for a long time is converted into mannitan. By the
prolougod action of hydrochloric acid on the diclilorhydrate it loses
water, yielding the body CgIL0(0H)2Cl2 in colourless crystals,

Mannyl Hexaeetate C8H8(U2HgO^8 is formed by heating mannite
with acetic anhydride; it forms colotirleaa crystals, which are soluble
in water and melt at 100°. At the same time the anhydro-compound
CgHgOCOHUCjHjOJjj is produced, which is also obtained by heating
mannite with glacial acetic acid; it is a colourless syrup, having a
bitter taste.

Similar compounds have been prepared by heating mannite with
other fatty acids. Thus on acting on it with stearic acid, it yields
CgHgC^CjjHgjOj) ;̂ this tetrastearato or tclrasteciryl-mannUanide is a
fatty mass, and insoluble in water.

DULC1TE Oil MKLAMPY1UN

This isomeride of maunite lias been found in dxdeose, a crystalline
substance from Madagascar, the origin of which is unknown; it
also occurs in several plants (Mdampyrum nemarosnm, BMnanthm
Umta-galli). It forms monoclinio crystals, melting at 182°, and
having a faint, sweet taste, being much less soluble in water than
mannite. Dulcite has also been obtained from milk-sugar (sec
Sugars).

The chemical properties of dnlcite are very similar to those of
mannite. Hydriodic acid converts it iuto secondary ltexyl iodide,
which is identical with that from mannite. When it is heated,
amorphous dulcitan 00H8O(OH), is formed, and on heating it with
acetic acid it yields a great number of neutral compounds, some of
which are ethers of aulcite and other ethers of dulcitan, The
hexaeetate C9Hg(CaH8Oo)8 forms hard crystalline plates, melting at
171°, and subliming at nbove 200°.
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Isodulcite CgHjjO* + H8O has been obtained by boiling qjiercitriu
(see Glucosides) with dilute acids. It forms large transparent crystals,
resembling sugar-candy, and melting with loss of water at 106° to
110°. A mixture of nitric and sulphurio acids converts it into the
nitrate CgH-fNO^OH)^ which is only shghtly explosive.

Qwrcite CJB^O. exists in acorns, and forms monoclinic crystals,
melting at 235° and possessing a sweet taste. By a mixture of nitric
and sulphuric acid it yields a resinoua and very explosive nitrate.

Finite Q>gLy£)b has been found in a Califomian pine {Pinvs lander-
tiana); it forms crystalline nodules, which are soluble in water, possess
a very sweet taste, and melt without decomposition above 150°.

MAMNITIC ACID

This monobasic acid is produced by exposing a moist mixture of
mannite and platinum-black for some time to a temperature of 50°
to 60°, a part of the mannite at the same time being oxidized to a
peculiar kind of sugar called mannitose C0H12O6. Mannitio acid is a
gum-like mass, very soluble in water, and forming uncrystallizable
salts.

(DO OH
SACCHARIC ACID C.H,(OH),-{ Xnrvn

Is a product of oxidation of mannite, cane-sugar and other kinds
of sugar. To prepare it, one part of cane-sugar is heated with three
parts of nitric acid (specific gravity T3), and the liquid kept for some
time at 50°. After diluting with half a volume of water, the solu-
tion is neutralized with potassium carbouate, and then an excess of
acetic acid is added. On standing, acid potassium saccharate crystal-
lizes oat, which is converted into the neutral salt, and its solution
precipitated with cadmium nitrate. The well-washed cadmium
saccharate is decomposed by hydrogen sulphide. On evaporating
this solution, the acid isleftbehindasa white amorphous mass, having
a very sour taste.

By boiling it with nitric acid, it is oxidized to tartaiic acid:—

• 2CO2 + 2H,0

MUCIO ACID

This i8omeride of saccharic acid is obtained by oxidizing dulcite,
milk-sugar, and several kinds of gum, It is best prepared by heating
2-5 parts of milk-sugar with four parts of water and four parts of
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nitric acid of specific gravity 1'33, until a reaction commences, and
then keeping the liquid for half an hour jnst at the boiling-point Ou
cooling, muric acid separates out in small crystals. From the mother-
liquor more may be obtained by boiling it with nitric acid. Mucic
acid is but sparingly soluble in cold water, and can therefore easily
be separated from saccharic acid, which is often produced together
with tnuric acid by oxidizing several kinds of sugar and gum, By
the prolonged action of nitric acid it is oxidized to racemic acid and
oxaUc acid; hydriodic acid reduces it to adipic acid C.H^CO.OH)^

When mucic acid is heated with phosphorus pentachloride, it yields
the compound C4H2C12(COC1)S:—

C4H4(OH)41 g ^ H + 6PC16 = C4H.,C12 { ° ° g { + 6POC13 + 8HC1

This chloride is decomposed by water, ckloromueonic add
C4HjClsj(CO.OH)g being formed, crystallizing in long white needles.
On heating this acid with alcoholic potash to 173°, it is resolved into
hydrochloric acid, oxalic acid, and acetic acid.

Hydromuconic add C4H0(C0.OH)8 is obtained by treating chloro-
rmiconic acid with water and sodium-amalgam; it .crystallizes in
white needles, melting at 195°. By the further action of nascent
hydrogen it is converted into adipic acid. When bromine is added
to a solution of bydroroucouic acid in glacial acetic acid, it yields
dibromadipze acid, C4H6Br2(CO.OH)2, crystallizing in small warty
needles. On adding silver oxide to its hot aqueous solution, the
following reaction takes place .•—

CBH8 t tA + Ag2O = C.H.O, + H8O + 2AgDr

Mitcouic • add OgH/)^ is produced, forming large monoclinic
crystals, I t is a monobasic acid, which on boiling with baryta water
yields carbon dioxide, acetic acid, succinic acid, and other products.
The formation as well as the products of decomposition of this acid
show that its constitution must be similar to that of aconic acid
(page 239), and may be expressed thus;—

*> C—CHj-CH,—CO.OH

PVRO MUCIC ACID CBH4OS

Is a product of the destructive distillatiou cf nmcic acid, hut is
more conveniently obtained by decomposing its aldehyde with
alcoholic potash. Pyromncic acid is a monobasic acid, and crystallizes
in flat needles, melting at 134°.
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PYROM0CIC ALDEHYDE OR FOBFUKOL C6H4O8

Is a light, oily liquid, boiling at 162°, and possessing a peculiar
aromatio odour. It is found amongst the products of destructive dis-
tillation of sugar, and is also produced, together with methyl alcohol,
when fir-wood is heated with water for a considerable time under a
pressure of 100 lb. to the inch. Furfurol is best produced by dis-
tilling bran with dilute sulphuric acid; iustead of bran, flour, saw-
dust, or gum may also be used. These bodies contain an insoluble
substance, which, when boiled with very dilute sulphuric acid, is con-
verted into a brownish sweet syrup; and this, by distillation with
sulphuric acid, yields furfural. Furfurol combines with the acid
sulphites of the alkali-metals, forming crystalline compounds, and
reduces an aramoniacal silver-solution.

When furfurol is in contact with aqueous ammonia, it is converted
tuto Jwrjuramide C^HUOJNJ, a yellowish-white, crystalline, insoluble
substance, which by acids is again resolved into its constituents;
whilst, by dilute boiling potash, it is converted into an isomeride,
called furfarinc; it is but sparingly soluble in water, but freely in
alcohol; its solution has a strong alkaline reaction. With acids it
forms a series of beautifully erystalliaable salts, having an intensely
bitter taste.

Fu/rfmyl alcohol C6H0Ojj is produced, together with pyromucic
acid, by the action of caustic potash on furfurol:—

2C6H4O2 + KOH = C6H8K03 + C6H,j02

It is an oily liquid, which distils at 170°—180° with partial de-
composition.

Tetraphenol C4H^0 is a limpid liquid, boiling u.t 32°, uiul having
a peculiar smell; it is produced by heating pyromucic acid with
alkalies:—

2C4HSO.COH + KOH = C4HSO.CQ.OK +

Fneusol Cfifi^ This isomeride of fhruirol has been obtained by
boiling seaweeds with dilute sulphimo acid; it is a liquid closely
resembling fnvfurol, both in its physical and chemical properties. It
boils at 171°, and yields, with silver oxide and water, j8 pyromneu
add CgH.Oj, crystallizing ia small rhoraboidal plates, melting at
130°,

PYKHOL C4H5N AND CARBOPYBROLAM1DE O5H0ONH8.

These two compounds are formed by the destructive distillation of
ammonium pyromucate. On evaporation the aqueous portion of the
distillate, carbopyrrolainide, is obtained in brilliant plates. By the
aotion of boiling baryta-water it is resolved into ammonia and carte'
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pyrrolic acid C^B^NO., which is obtained as a white flocculent preci-
pitate on adding hydrochloric acid to the solution; it crystallizes
from alcohol in white prisms, and sublimes at 190° in small feathery
crystals. At a high temperature it is resolved into carbon dioxide
and pyrrol, which is also readily obtained by heating ammonium
pyromucate with glycerin, Pyrrol is a colourless oil, when freshly
prepared, but it soon assumes a brown colour; it boils at 133°, and
possesses a pleasant smell. Pyrrol has the characteristic property of
imparting a fine crimson colour to pine-wood, moistened with hydro-
chloric acid. This pyrrol4ed has the empirical formula C^B^Oj; it
is also obtained as an amorphous precipitate by heating pyrrol with
an excess of hydrochloric acid, and by the action of acids on tetra-
phenol and furfuryl alcohol.

Potassium dissolves in pyrrol with evolution of hydrogen, potas-
sium-pyrrol CJLKN being formed, which, with ethyl iodide, yields
dhyl-pyrrol CgH^C^JN, a colourless liquid smelling like turpen-
tine; its vapour colours pinewood, moistened with hydrochloric acid
like pyrrol.

The constitution of the compounds derived from mucic acid is not
exactly kno-wnj the relation between them may be expressed by the
following formula! :—

Adipic Acid. Mucic Acid. Pyromudc Acid.
C«Ha{cO.OH 0*H«(OH)*{co:OH C4H3O.CO.OH

Cnrboyyrrolamide. Carbopyirolic Acid. Pyrrol.
C4H3(NH)CO.NH8 C4H8(NH)CO.OH C4H4.NH

CHELIDONIC ACID AND MECONIC ACID.

Chdidmiic Add CJIfCO.OH)^—This tribasic acid occurs, together
with malic acid, in Cliclidoninm wuytavaud is obtained by heating the
jnice of this herb to the boiling-point, filtering and acidifying the
liquid with nitric ncid, Ou adding lead-nitrate, a crystalline precipi-
tate of lead, chelidonate, is formed, which is decomposed by hydrogeo
sulphide. Chelidonic acid is sparingly solnble in cold, bnt readily in
hot water, and crystallizes in colourless needles. By the action of
bromine it is decomposed, yielding bromoform and pentahvmacetone
CsHBr6O.

Meeonic acid C4HO(CO.OH)3 is foand in combination with mor-
phine and other bases in opium; its calcium salt is obtained as a by-
product in the manufacture of these alkaloids, On decomposing this
salt with hydrochloric acid, impure ineconic acid separates out, which
is purified by converting it into the ammonium salt, which is crystal-
lized, and then again decomposed with hydrochloric acid.

Meconic acid crystallizes from a hot aqueous solution in scales or
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prisms containing three molecules of water. The silver salts of this
acid ace very characteristic. On adding silver nitrate to an aqueous
solution of the free acid, the aoid salt C7Aq8H2O7 separates out as a
white precipitate, which, when boiled for some tune with water, is
converted into the yellow normal salt C7Aq,HO7, which is also pro-
duced by precipitating a neutral solution of a meoonate with silver-
nitrate.

Ferric chloride produces a blood-red colour in a solution of
ineconic acid, which is not destroyed by the addition of gold chloride,
whilst the similar coloration produced by ferric chloride in solutions
of sulphocyanates disappears on adding a solution of gold chloride.

Nitrio acid oxidizes meconic acid to oxalic acid, By acting with
sodium-amalgam on its aqueous solution, it is converted into hydro-
meconic acid C7Hj007, an amorphous and deliquescent mass,

Meconic acid is easily resolved into carbon dioxide and comenic
acid C^HjOfCOjHJj, This decomposition may be effected by heating
tlie acid to 220°, or by boiling it for a long time with water or dilute
hydrochloric ucid, Comenic acid crystallizes in prisms, which are
almost insoluble in cold water, but more freely soluble in boiling
water; its aqueous solution gives also a blood-red colour with ferric
chloride.

When comenic acid is subjeoted to destructive distillation, it
again loses carbon dioxide, and is converted into pyrocommic acid
t\H8O,CO.OH, forming large transparent plates, which readily sub-
lime, and are freely soluble in water.

CARBO-HYDRATES.

The compounds of this group contain either six atoms of carbon
in the molecule, or a multiple of this number, and oxygen or
hydrogen always in the same proportion aa in water. They aiv
divided into three groups;—

{H Saccharose!). (2} Glucoses. (^ Amylnscs.
(l it ft n i l r\ /it It /•» \
^13"BU» 'J6"18*J0 VJ6*1vr'Vn

+ Cane Sugar + Grape Sugar + Starch
+ Milk Sugar (Dextrose) + Glyeogeu
+ Melitose — Levulose + Dextrin
+ Melizitose + Galactose - InuHu
+ Mycose - Sorbin Gums

Synatrthrose - Euoalin Cellulose
.Inoaite Tunicin

Most of these compounds occur in the vegetable kingdom, forming
sotuo of the most important constituents of plants, and a few also
occur hi the animal organism. The chemical constitution of only a
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few is known, but that they are nearly related to each other is
shown by the fact that most of them can be converted into glucoses
by the action of dilate sulphurio acid, The majority of them are
optically active, or possess the power of turning the plane of polari-
zation, some to the Tight hand and some to the left. The right-
handed substances are marked in the preceding table with +, and the
left-handed with - .

(1) SACCHAROSES.

CANE-8U0AB C^H^O,,.

Cane-sugar occurs in the juice of many plants, in most sweet
fruits, in the nectar of flowers, and in honey. In the greatest
abundance it is found in sugar-cane (Saceharum ojjirinarum), in
Sorgho saceharatiiin (the Asiatic sugar-cane), in beetroot, in sugar-
maple, and in several palm-trees.

Sugar is either obtained from sugar-can& or beetroot; smaller
quantities are also extracted from sorgho and sugar-maple.

The juice of the sugar-cane is neutralized by a milk of lime and
heated to the boiling-point; a coagulum consisting of albuminous
matter, phosphates, &c, soon separates out. The clear liquid is
quickly evaporated either in open pans, or better in vacuo, to the
consistency of a thick syrup, and then left to crystallize. The " raw
sugar" is drained from the "mother-liquor," which, on further
evaporation, yields a second crop of crystals, and a thick brown
nnoxystallizable syrup called " molasses," or treacle, is left behind.

The raw sugar is sent from the West Indies, &c, to this country,
and " refined " by dissolving it in water, adding some lime-water,
and filtering the heated liquid through a thick layer of animal
charcoal The colourless filtrate is evaporated in " vacuum-pans "
to the crystallizing point, and put into earthen moulds, where it
solidifies to a white masa of " loaf-sugar." To obtain " sugar-candy,"
it is not so far concentrated, and allowed to evaporate quietly
aud slowly.

Pure cane-sugar crystallizes in largo transparent monoclinic
prisms, emitting a phosphorescent light when broken in the dark
with a hammer. It requires one-third of its weight of cold water,
and dissolves in any proportion in boiling water. It is much less
easily soluble in dilute alcohol, and almost insoluble in absolute
aloonoL It melts at 160° to a clear liquid, which solidifies on cooling
to a glassy, amorphous mass of " barley-sugar." When kept for some
time this loses its transparency and becomes crystalline. The pro-
perty of cane-sugar to turn the plane of polarization to the right is
made use of for the quantitative determination of sugar in solution,
the angle of rotation being exactly proportional to the quantity of
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sugar contained in layers of equal thickness. The saccnaroineter of
Soleil, an instrument in general use for this purpose, is provided with
a graduated cirole, divided in such a way that 100 divisions express
the rotation caused by a plate of quartz of one millimetre thickness.
Now, as exactly the same rotation is produced by a layer of a solution
of cane-sugar having a length of 20 centimetres, and containing
164*71 grammes of sugar in one litre, it is only necessary, in order to
asoertain the quantity of sugar contained in a substance, to dissolve
16471 grammes in water, diluting to one litre, and observing the
rotation which it produces; the number of divisions being equal to
the percentage of sugar.

When sugar is boiled with dilute sulphuric acid, it takes water up,
and is resolved into equal parts of dextrose and levulose :—

C t t H ^ ) n + H2O = C8H18O8 + C0HI2O0

The same decomposition occurs in a solution to which yeast has
been added. The solution of these two glucoses turns the polarized
light to the left hand, the specific rotatory power of levulose being
«reater than that of dextrose, and a mixture of these two sugars is
therefore called inverted sugar.

When sugar is heated above its melting-point, it loses water, and a
brown amorphous bitter substance called caramel remains behind.
At a still higher temperature it blackens; inflammable gases are
given off, consisting of marsh-gas, carbon, monoxide, and dioxide; and
a distillate is obtained, containing aldehyde, acetic acid, acetone, aud
furfurol, while porous oharcoal is left behind

Strong sulphuric acid decomposes sugar when heated, and a con-
centrated sugar solution, even at the common temperature, with
copious evolution of sulphur dioxide and formation of a voluminous
black carbonaceous mass. The destructive distillation of a mixture
of lime and cane-sugar yields marsh-gas, carbon dioxide, acetone,
mtacetone C^oO, and isoplwronc 00HMO. Metacetone is a colourless
liquid, boiling at 84°, and possessing an aromatic smell On oxi-
dation with chromic acid, it yields carbon dioxide, acetic acid, and
propionic acid. Isophorone is an oily liquid, boiling at 210" aud
having a sweet aromatic odour.

Sugar is an alcohol of an octad radical; by heating it with a large
excess of acetic anhydride to 160°, the acetate CKHuO3(C3HaO2)8 is
obtained as a viscid liquid.

Dilute nitric acid oxidizes cane-sugar to sacchario acid, which by
further oxidation is converted into tartaric acid and oxalic acid, but
by the action of a mixture of strong sulphuric and nitric acid it
yields the nitrate O^gO^NOj),, which is an amorphous, explosive
body.

Cane-sugar forms also metallic compounds; its aqueous solution
dissolves caustic lime, baryta, magnesia, and lead oxide: these solu-
tions have a strong alkaline reaction and a bitter taste, and are
decomposed by carbon dioxide. Copper oxide and ferric oxide also
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dissolve in a solution of sugar when an alkali is present; the blue
copper solution is slowly decomposed on boiling with the separation
of red cuprous oxide. When silver Salts or gold salts are heated with
a solution of sugar, the metals are reduced to the metallic state.

When an aqueous solution of sugar is saturated with chlorine, and
the liquid is then treated with silver oxide, glneonic acid C6Hl2O7,
an isomeride of roannitic noid, is formed. The acid is a sour, syrupy
liquid, bnt the calcium and barium salts crystallize well

SYNANTHKOSE C^H^O,,

Occurs in the tubers of Dahlia variaMlis, Helianllws tuberosum, and
of other Composite. It is a light amorphous powder, which is very
deliquescent, naa no sweet taste, and no action on polarized light.
Dilute acids or yeast change it into levuloae and dextrose, and on
oxidation it yields saccharic acid.

MII.K-STJGAK

Is an important constituent of the milk of mammals, and has also
been found together with cane-sugar in the juice of the Sapodilla
{Acfiras sapola). It is prepared on the large scale, chiefly in Switzer-
land, by evaporating "whey" to a syrupy state. Milk-sugar forma
hard rhombic prisms, losing their water of crystallization at 140°. It
disaolves in 6 parts of cold and 2*5 parts of boiling water, and has
only a faint sweet taste, When a large quantity of yeast ia added to
a dilute solution of milk-sugar, fermentation sets in only gradually.
By using old cheese as ferment, milk-sugar is converted into lactic
acid; at the same time some manuite and alcohol are formed, the
latter in larger quantity if the solution be very dilute, When a
concentrated solution of milk-sugar is treated with sodium amalgam,
a part is reduced to dulcite, and another gives ethyl, iaopropyl, and
hexyl alcohol

Nitric acid oxidizes milk-sugar to mucic and saccharic acids, whilst
cane-sugar yields only saccharic acid, It also combines with bases
like cane-sugar, and reduces an alkaline copper-solution, and solutions
of the salts of the noble metals.

When milk-sugar is heated with bromine and water to 100°, it
combines with the bromine, forming a compound having probably the
formula C6HiaBrj08. This body is easily acted upon by silver oxide,
and lactonic add CaH10Oa is formed, This monobasic acid is readily
soluble in water, and crystallizes in fine needles; by further oxidation
it is converted into mucic acid.



2«8 TEE CHEMISTRY OF

MELITOSK CBHMOU + 3H2O

Is found in a kind of manna which is obtained from various
species of Eucalyptus growing in Tasmania. I t crystallizes in thin
needles, having a faint sweet taste ; it is soluble in nine parts of cold
and readily in boiling water. When it is heated with dilute sulphuric
acid, or in contact with yeasfc, ifc is resolved into gluoose (probably
dextrose), and an isomerio non-fermentable sugar called cucalin

MBUZITOSE CMH22OU + H8O

Is found in the manna of Briangon, which exudes from the young
branches of the larch-tree; it forms small, hard, shining, efflorescent
crystals, readily soluble in water, aud possessing a sweet taste. By
the action of dilute sulphuric acid, it is converted into dextrose.

1IYCOSE OR TREHAL08E

Forms the chief constituent of Trehala, a kind of manna, which is
the product of an insect living on an Echinops species growing in Syria;
and it also occurs in different fwngi, and the ergot of rye. It forms
shining, rhombic octahedrons, possessing a very sweet taste, and being
freely soluble in water and boiling alcohol. By boiling it with dilute
sulphuric acid, it is converted into dextrose.

(2) GLUCOSES C0Ht,Oo-

DEXTROSE, OE GKAPE-SUGAR.

This sugar is widely diffused through the vegetable kingdom,
occurring in most kinds of sweet fruit, as in grapes, in honeyt &c.
It generally occurs mixed with an equal weight of levulose, or ns
inverted sugar. It also is found, but in small quantity only, as a
normal constituent of blood, yellow of egg, urine, &c. In larger
quantity (up to 10 per cent.), it appears in urine in the disease called
diabetes.

Pure dextrose may be obtained by exhausting honey with cold
alcohol, to dissolve the more soluble levulose, and re-crystallizing the
residue from hot alcohol, Dextrose is manufactured on the large
scale by boiling starch with very dilute sulphuric acid for several
hours, neutralizing the liquid with chalk, and evaporating the solution
to crystallization.

Dextrose crystallizes from an aqueous solution with one molecule
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of water in cauliflower-like masses, and from hot alcohol in warty,
anhydrous needles. It is less sweet than cane-sugar, and less soluble
in water, requiring about one part of cold water for solution.

. Dextrose precipitates from solutions of silver salts the metal, which,
if the solution contains free ammonia, separates in form of a brilliant
minor on the sides of the vessel "When it is heated with an alkaline
solution of a cuprio salt, red cuprous oxide is precipitated. This
reaction is made use of for the quantitative determination of grape-
sugar. A. standard solution (Fehling's solution) is prepared by
dissolving 34-64 grammes of crystallized copper sulphate and 200
grammes of Kochelle salt in 600 to 700 ob. cm. of soda-solution (specific
gravity 1'2), and diluting with water up to exactly one litre. As one
molecule of grape-sugar reduces exactly five molecules of the copper
salt, oneob. cm. of the solution corresponds to 0*005 gramme of grape-
sugar. The analysis is performed as follows:—10 cb. cm. of the.
standard solution are placed into a basin, and after being diluted
with some water the liquid is heated to the boiling-point, and then
the sugar solution added by means of a burette until the blue colour
has completely disappeared.

Another simple method is founded on the fact that grape-sugar
reduces an alkaline solution of meronrio cyanide to metallic
mercury. 10 grammes of pure mercuric cyauide are dissolved in water,
100 cb.cm. of soda-solution (1145 specific gravity) are added,and the
whole diluted with water to one litre, 40 cb. cm. of this solution
correspond to 0*1 gramme of sugar. The analysis is performed in the
same way as in Fehling's method, and the end of the reaction recognized
by bringing a drop of the solution on Swedish filter-paper, and
holding it over strong ammonium sulphide, a brown stain being
produced as long as any mercuric cyauide remains in solution.

Dextrose melts at 170°, losing water at the same time, and being
converted into gltuosau C8Hi0O(,a colourless mass, which is scarcely
sweet to the taste, and which by boiling with a dilute mineral acid is
reconverted into dextrose. When dextrose is more strongly heated, it
yields the same products as cane-sugar.

Concentrated sulphurio acid dissolves dextrose without blackening,
iextrosesulphwio acid being formed, the barium salt of which is
soluble in water.

Nitrio acid oxidizes it to saccharic acid, and by acting on it with
chlorine and moist silver oxide glvamio acid (page 287) is formed.

By the action of boiling acetic anhydride the diacetate
C8H«O0(CaH8O)2 is obtained as a colourless mass, having a bitter taste;
at the same time also the triacetate C0H9Oa(OjagO)3 is formed, a
similar body which is less soluble in water than the diacetate,

The compounds of dextrose with bases are very unstable bodice.
By saturating its solution with lime, a strongly alkaline solution is
obtained, which when kept for some time becomes neutral, and con-
tains then the calcium salt of glwinic acid OuHjgOj; the free acid
is a sour, deliquescent, amorphous mass.

C »



890 THE OEEMISTRY OF

Dextrose forms also several compounds with sodium chloride ; of
these, that haying the composition C6H,2O8 + NaCl + HjO is most
readily obtained, and forms large crystals,

When yeast is added to a dilute solution of grape-sugar, fermenta-
tion soon sets in, the sugar being resolved into carbon dioxide and
ethyl alcohol.

By the aoting with sodium amalgam on its aqueous solution, it is
converted into mannifre; at the same time some hexyl alcohol is
formed together with ethyl alcohol and isopropyl alcohol

This reaction, together with the fact that dextrose reduces the salts
of silver and other metals, shows that this sugar is the first aldehyde
of the hexad alcohol mannite. By further oxidation it is converted first
into monobasic gluconio acid, and then into bibasic saccharic acid.
The connections existing between these bodies appear clearly in the
following formula:—

Mannito. Dextrose. Glnoonio Acid. Saccharic Acid.

CH,.0H OH^OH OflyOH CO.OH

CH.0H CH.OH CH.0H CH.OH

CH.0H CH.OH CH.OH CH.0H

CH.OH CH.OH CH.0H CH.OH

CH.0H CH.OH CH.0H CH.OH

CHS.OH COF CO.OH CO.OH

1EVCI.O8E C8HlaO9

This left-handed sugar is found mixed with dextrose, and often
also with cane-sugar in different kinds of fruit, and in honey. As
the two .glucoses generally occur, in equal quantities, they must have
been derived from eane»sugar originally contained in the plants, and
which by the aotion of acids or ferments has been transformed into
inverted sugar,

To prepare pure levulose a solution of cane-3Ugar is heated with
dilate sulphuric acid, and the liquid mixed in a mortar with slaked
lime, whereby a solid lime-compound of levulose is formed, while
that of dextrose remains in solution, and may be removed by strong
pressure. The dry residue is decomposed by a solution of oxalic acid,
and the nitrate concentrated by evaporation,

Levulose is a colourless uncrystallizable syrup, and is more soluble
in water and alcohol than dextrose. I t reduces the salts of silver and
copper like dextrose, and readily undergoes fermentation in contact
with yeast.
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Oa heating, it is oonverted into Imdosan CJH^OJ, an amorphous
mass, which may be reconverted into levulose by boiling it with a
dilute acid.

By saturating a dilute solution of levulose with chlorine, and
then treating the liquid with silver oxide, no gluconic acid is formed,
but glycoUie add.

From this it appears that the constitution of levulose is different
from that of dextrose; it is also the aldehyde of a Lexad alcohol
radical, ami its constitution may be expressed by the following
formula, which at least readily explains why it is easily resolved into
glycollic a c id : -

CH.H.OH

HO.C

CH.OH

COH

Now, as cane-sugar has to be regarded as an ether, its constitution
would be as follows;— CIL.OH

H3.OH

This formula shows that cane-sugar contains the group hydroxyl
eight times, a fact which is proved by its forming an acetic ether con-
taining eight acetyls (page 286); and further, it is shown that in cane-
sugar the aldehyde-group COH is not present; it acts therefore as
reducing agent only after being resolved into dextrose and kvulose.

t i 2
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0A.LACT08E

Is formed (probably together with dextrose) by boiling milk-sugar
with very dilute sulphurio acid. It crystallizes in uucroscopio prisms,
and is readily soluble in water.

It is veiy easily fermentable, and reduces alkaline copper-solutions
like the two other glucoses. From dextrose it differs not only by the
greater dextro-rotatory power of its solution, but also by yielding on
•oxidation only mucic acid (twice as much as the same weight of
milk-sugar). When inverted milk-sugar is treated with water and
sodium amalgam, it yields dulcite and mannifa

Besides these three glucoses, we are acquainted with several other
varieties, which all possess the property of being readily fermentable.
The following bodies, however, differ from the glucoses by not under-
going fermentation in ptesence of yeaat, and by not being converted
into a glucose or fermentable sugar by the actioD of dilute acids.

SorMn C6H12O6 occurs in the berries of the mountain-ash, and forms
large crystals,Having a very sweet taste. When treated with chlorine
and silver oxide, it is oxidized to glycollic acid.

Inosite 09H«Oa + 2HjO has been found in the muscular substance
of the heart, lungs, liver, kidneys, &c, in green kidney-beans and
the unripe fruits of other Papilionacese, and also in other plants.
It forms large transparent rhombio crystals, which lose their water of
crystallization when exposed to the air. It is soluble in water, and
has a sweet taste. By the aotion of dilute nitric acid it is oxidized to
oxalic aoid, bub the concentrated acid converts it into aa explosive
nitric ether, called nitro-inosiU.CJl^SO^Q.

Eucalyn GfinO. is obtained together with ethyl alcohol by tiie
fermentation of melitose, and forms an unorystallizable syrup ;—

+ H8O = 2CO2 + 2 0 ^ 0 + C8HiaOa

(3) AMXXOSES (C4O,0H6)n.

STABCff, OR AMYLOT.

This important and widely-diffused body is found to a greater or
leas extent in nearly every plant It is most abundant in grab, in
rice, and a great many other seeds, and in certain roots and tubes, as
in pota to , And in the stem of several palm-trees.

Starch is a soft, white powder, which under the microscope is seen
•to be destitute of crystalline structure, being made up of transparent
rounded granules, possessing an organized struoture. The starch-
(granules of different plants vary much both ia form and magnitude
(see Pigs. 12 and 13), the average diameter being of—
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Potato-starch , OlSSnra.
Sago-starch . . 0-070 „
meat-starch 0'050 „
Starch firom Chenopodium Quinoa . 0*002 „

Staroh is insoluble in cold water, and in alcohol and ether. When
it is heated with water above 60°, the granules burst, and form a thick
muoilaginous mass, called " starch-paste." On boiling starch with
a large quantity of water for a long time, the particles become ao
finely divided, that they pass through filter-paper, and on continuing
the boiling a complete solution of staTch is effected. "When alcohol
is added to the clear liquid thus obtained, soluble starch is precipitated,
a white amorphous powder, which is soluble in cold water.

Both insoluble and soluble starch combine with iodine, forming a
deep-blue compound, which, when heated with water, becomes colour-
less ; but on oooling the blue colour appears again. Bromine imparts
to starch an orange colour,

Fio. 13,-Potata.starch. FIG. 18.-Whwit-stntch.

A hot solution of starch is precipitated by lime-water, baryta-
water, and basic lead acetate, insoluble compounds of starch with the
oxides being formed.

Gold concentrated sulphurio acid dissolves, starch with the forma--
tion of amylum-8ulphuric acid. The concentrated nitric acid converts
it without the evolution of gases into the nitrate C,2H18O0.NO3 called
mylMin, which on addition of water is precipitated as a white
powder. The dry substance burns like gunpowder, and detonates by
percussion.

When starch is heated with an excess of acetic anhydride in 140",
it is converted into hexacetyl-amylum C\Mn(CJ&<P)fiw & white
amorphous body; which is not coloured blue by iodine, and when
treated with alkalis is resolved into starch and acetio acid.
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DEXTRIN.
This body, which 1B also called British Gum, is an amorphous white

powder or gum-like mass, which is readily soluble in water, and
occurs in small quantity in plants and in the flesh. It is obtained
by heating starch above 150°, or by exposing starch moistened
with dilute hydrochloric or nitric acid to a temperature of 110°.
Dextrin, is also formed by heating starch-paste to 70°, and adding to
it an infusion of malt, or boiling it for a short time with dilute
sulphurio acid, The active principle of malt is a ferment called
" Diastase," of whioh a very small quantity is sufficient to convert a
very large quantity of starch into dextrin. By the further action of
diastase or sulphuric acid upon dextrin, it assimilates water, and
is converted into dextrose,

Hexouxtyl-deztrin Ctfiu(kCMiO)fit, is obtained by heating dextrin
or starch with acetyl anhydride to 160°; it ia a white amorphous body,
insoluble in water, but soluble in glacial acetic acid, and yielding
again dextrin by the action of alkalies,

GUMS,

The name gum is used to designate a number of bodies occurring
in many plants; they are all amorphous, more or less soluble in
water, and insoluble in aloohol; on boiling them with dilute
sulphurio acid, they are converted intti a glucose.

Qv/m-arabic and gwrn-senegal are the produce of different kinds of
acacia. They form colourless or yellow rounded irregular masses,
which are more or less transparent, and dissolve in water to a thick
viscid solution. These gums cousist of the potash and lime com-
pounds of AvaJrins To prepare this oompound, a little hydroohlorio
acid ia added to a solution of gum-arabio, and the arabin precipitated
by alcohol, It is a white, amorphous, tasteless mass, which when
dried at 100° has the composition p iaHMOw + HgO} at 150° it
becomes anhydrous. Nitric acid oxidizes it to mucic and saccharic
acids, When arabin is heated with dilute sulphurio acid, it is con-
verted into araMnose CaH,8Op, a non-fermentable sngar, crystallizing
in rhombio needles, and turning the plane of polarization strongly to
the right.

Cerasin is the insoluble part of the gum of the oherry-tree and
plum-tree, and is also found together with arabin in beet-root; it forms
with cold water a thick, mucilaginous liquid. A similar substance is
gvm-tragaeaiUh,

Mucilage occurs in many plants, as in the kernels of the quince,
in linseed, in salep /the roots of orohis species), in the root of the
»Msh-jnallow, &e.; its is soluble in cold water, forming a thick, more
bv loss opaque liquid,
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INULTN

Occurs, together with synanthTose (page 287), in the roots of Inula
Heknium, Eelianthm tvberosus, &c. It is a light, white powder,
•which is sparingly soluble in cold water. In hot water it dissolves
to a mucilaginous liquid, from which, on cooling, the greater
part of inulin is again deposited as powder. Iodine imparts a
brown colour to it, By boiling with dilute acids it is converted
into levulose.

OLYCOQEN

Is a white, amorphous powder, resembling starch, and occurring in the
liver of several auimala, and in the tissues of the embryo, in the
yolk of egg, and some mollusca, I t dissolves in cold water to an
opalescent liquid, and gives a brown colour with iodine. By
the action of ferments or dilute aoids it is readily converted into
dextrose.

CELLULOSE, OR MONIK,

Forms a large proportion of the solid parts of all plants. The
pare substance is readily prepared by treating fine linen or cotton
with dilute potash-solution, dilute acids, ether, &c, to remove all
adhering impurities. In the pure state it is perfectly white, exhibit-
ing the structure of that part of the plant from which it has been
obtained, It is insoluble in water, alcohol, and ether, but readily
soluble in a solution of cupric hydroxide in ammonia. On adding an
acid to this solution, it is precipitated as an amorphous mass.

Concentrated sulphurio acid dissolves it in the cold; on adding
water to this solution, white amorphous flakes separate out, which
are coloured blue by iodine, like starch. By the continued action of
sulphurio acid, it is converted into dextrin and dextrose.

If unsized paper be dipped for a few seconds in a cold mixture
of two volumes of concentrated sulphuric acid and oue volume of
water, and then washed with water and ammonia, the so-called parch-
ment paper is obtained,

By the action of concentrated nitric acid on cellulose, it is without
change of form converted into a nitric ether, the composition and
properties of which vary according to the mode of preparation.

Gun-cotton C,,H14O4(NOJ)J.—-To prepare this body, cotton-wool is
first immersed in a boiling dilute solution of potassium carbonate,
then washed with water and well dried. It is now steeped for a few
minutes in a cold mixture of one part of concentrated nitrio acid
and three parts of oil of vitriol, then squeezed, and again placed in a
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fresh acid mixture, and left there for forty-eight hours, It is then
again well squeezed, and washed for a long time with running water,
and lastly steeped again in a solution of potassium carbonate,

Gun-cotton thus manufactured will keep without ohange for
almost any length of time, and may be kept under water for safety's
sake; possessing, after drying, all its original properties.

It is insoluble in water, alcohol, and ether. It takes fire at 150°,
burning away rapidly, but without explosion; but when ignited in a
coufined space, or by percussion, it decomposes with a violent detona-
tion, the action of which equals that of five times its weight of gun-
powder. The products of its decomposition consist principally of
nitrogen, carbon monoxide, carbon dioxide, and water,

A different product is obtained by steeping cotton-wool in a warm
mixture of two parts of dry saltpetre and three parts of concentrated
sulphuric acid, for twenty-four hours; the substance thus formed is
called soluble gun-cotton, or collodion-wool; it is less explosive, and
readily soluble in a mixture of ether with a little absolute alcohol,
forming a clear solution called collodion, which, when left to evaporate,
dries up quickly to a thin, transparent, adhesive, waterproof mem-
brane, which is used in surgery as a covering for wounds and burns.
Collodion is also largely used in photography to cover glass-plates
with a transparent membrane containing silver-salts.

Collodion wool contains less NO8 than gun-cotton, but ite composi-
tion is not exactly known; both compounds are reconverted into
cotton-wool by acting on them with a solution of a ferrous salt or
other reducing agents; hydroxyl replaces the group NO^ and the
latter oxidizes the ferrous salt, and nitric oxide is given off.

By the action of strong nitric acid upon paper, sawdust, flax, &c,
explosive bodies resembling gun-cotton are obtained.

Woody fibre does not contain free cellulose but in combination
with other bodies, Thus finely-divided pinewood (Pintts abies), after
being purified by exhausting it with very weak acetic acid, hot water,
aloohol, and ether (in order to remove colouring matter, resin, &c),
yields to an ammoniacal solution of cuprio oxide only a trace of
oelluloae. Its composition was found to be C8fHiQOn; on boiling it
with hydroohlorio acid, dextrose goes in solution, and an insoluble
residue of Lignost CjgHjgOji is left behind:—

f TT O .4- 9TT O — 9C*1 TT O 4- O W O

Lignose is also insoluble in an ammoniacal solution of cupric
oxide, but is oonverted into cellulose on boiling it with weak nitric
acid; besides cellulose, other produots are formed, probably belonging
to the aromatic group, a s by fusing lignose with caustic potash,
pyrocaUehin C6H8Oo, a body belonging to this group, is formed.

Pine-wood may therefore be regarded as a kmd of ether, containing
the radicals of grape-sugar, cellulose and pyrocateohin:—

0 - 2C9HV2O9 + CuHapu + C9H809
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The stony conoretions of pears principally consist of glueodrupose
C^HjgOj,,, which by boiling with hydrochlorio acid yields dextrose
and drupom Cj-H^Og; and the latter, when boiled with weak nitric
acid, yields cellulose, whilst on fusing it with caustio potash pyro-
catechin is formed.

rcrancro.

This name has been given to a substance whioh has the greatest
resemblance to cellulose, and appears to be identical with it. It
occurs in the mantle of Ascidia (spec, of Cynthia, Phallusia, &c),
from which it is obtained by boiling the mantles first with hydro-
chloric acid, and then with caustio potash. In concentrated sulphuric
acid it deliquesces to a colourless liquid, which on boiling with water
yields a glncose.

FERMENTATION.

Several kinds of sugar and other bodies undergo, under certain
conditions, a peculiar ohetnical ohange called fermentalim. Fer-
mentation is always caused by the presence of a ferment or a sub-
stance in a peculiar state of decomposition. Although to start
fermentation the presence of a ferment is necessary, it does not take
part in the decomposition of the fermenting substance. The products
of fermentation vary according to the nature of the fermenting body, as
well as according to the nature of the ferment. Each peculiar kind
of fermentation requires a certain temperature, and it is nearly always
accompanied by the development of certain living bodies (infusoria
or fungi); but whether the growth of these is acause or a consequence
of the chemical ohange has not yet been decided.

In many oases fermentation sets in withont bringing a ferment in
the liquid,' thus grape-juice, when exposed to the air, soon begins to
ferment, because it contains albuminous substances which, U* contact
with the air, readily undergo decomposition or putrefaction, and are
thus converted into a ferment.

Vinous Fermentation.—-When yeaat is added to a dilute solution of
dextrose or another glucose, vinous fermentation speedily sets in ;
whilst a solution of cane-sugar undergoes fermentation only slowly,
the cause being that this sugar must first be converted into in-
verted sugar before fermentation can commence. Vinous fermenta-
tion does not take place at a temperature below 0° or above 35°, and
proceeds most rapidly at 26° to 30°, The presence of a large quantity
of acids or alkalis prevents fermentation; while if the liquid has a
faint aoid reaction, fermentation proceeds best. The ohief produote of
vinous fermentation arc ethyl aloohol ami catbon dioxide;—

C6H12O8 = 2CjH6O + 2COa
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A small quantity of sugar is at the same time converted into other
products; about 2-5 per cent, being transformed into glycerin and
0-6 to 0-7 into succinic acid.

The yeast which is formed in the fermentation of the juice of grape
and other kinds of fruit, and of malt-wort, is produced from soluble
albuminous bodies contained in fruit and corn. I t consists of one of
the lowest members of the vegetable kingdom (Tontla cerevisim), and
under the microscope is seen to be made up of little oval, transparent
globules, having a diameter of not more than O'l mm,, and often
cohering in clusters and strings. They are propagated by budding,
and quickly die as soon as they have reached their highest state of
development. In contact with air aud water, yeast soon undergoes
putrefaction.

Lactic Fermentation.—This kind of fermentation takes place by
adding putrefying cheese to a dilute solution of glucoses, cane-sugar,
milk-sugar, or gum, and exposing it to a temperature of 25° to 35°,

C6H12Oe . 2C8H6O8

Acids prevent lactic fermentation, and therefore chalk or zino
oxide is added to keep the.solution neutral. Together with lactio
acid, a certain quantity of mannite is always produced, and also a
peculiar microscopic fungus consisting of smell globules.

Butyric Fermentation.—When the semi-solid mass of calcium
lactate formed in lactic fermentation is exposed to a temperature
above 36°, it redissolves, being converted into soluble oaloium buty-
xate. At the same time hydrogen is evolved, and a living micro-
soopic organism having a cylindrical shape and a length of about
making its 0-02 mm. appears in the liquid.

Mueie Fermentation..—-Under certain conditions which aTe not quite
understood, dextrose undergoes mucio fermentation, the products of
which consist of lactio acid, mannite and a kind of gum; a micro-
scopic fungus in the shape of small globules, adhering in rings,
making its appearance at the same time.

Other kinds of fermentation will be found under the head of
Glucosides.

TERPENES AND CAMPHORS.

This group consists of a number of compounds, containing ten
atoms of oarbons in the molecule. The terpenes are hydrocarbons,
having the common formula CiaH1?, and possessing very similar che-
mical properties, whilst their physical properties vary; the different
compounds having different boiling-points, specifio gravities, &c.
Their odour also varies much, and most of them are optically active;
some turning the place of polarization to the right, others to the left.
The cause of this physical isoxaemm is not yet known.
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The camphors contain oxygen, and most of them exhibit the
character of alcohola

Most of the terpenes, as well as camphors, exist in plants as essential
or volatile oik.

OIL OF TURPENTINE Ol0H10.

All the trees belonging to the order Coniferse contain resins and
liquid hydrocarbons; a mixture of both exudes as an oleo-resinous
juice from the barks of these trees, and is called turpentine. When
turpentine is distilled; either alone or with -water, the hydrocarbons
volatilize, and resin is left behind.

Oil of turpentine is obtained from different species of Pinus and
Abies; it is a limpid, mobile liquid, with the specific gravity 0,89,
and boiling at 160°. It is almost insoluble in water, bat readily
dissolves in strong alcohol and glacial acetic acid; with ether and
absolute alcohol it mixes in any proportion, Oil of turpentine
dissolves sulphur, phosphorus, resins, and many other bodies which
are insoluble in water. It readily absorbs oxygen, converting it into
ozone, which gradually oxidizes the oil, forming resinous products.

The oils of turpentine of different origin exhibit considerable
diversities in their optical properties. The French oil (from Pinus
maritima), as well as the oils from Pinus Laricc a.nd Abies pectinata,
tarn the plane of polarization to the left, whilst English turpentine-
oil (from Pinus auMralis) turns it to the right.

These different varieties are converted into new optical modifica-
tions, by repeated distillation or by the action of acids. I t also appears
that the oil contained in the plants is different from that which is
obtained by distillation. Thus, on distilling the young branches of
the pine with water, an oil is obtained possessing an agreeable
odour, which is ohanged into that of the common oil by distilling it
over potash.

When oil of turpentine is boiled with dilute nitric acid, it is
oxidized to acetic acid, propionte acid, butvrio acid, oxalic acid, terebio
acid, and other compounds. Terebie acid C7HloO4 crystallizes in
colourless prisms, and is resolved by heat into carbon dioxide and
pyrotmbk acid C8HBO2 (see page 270).

Terpin or ffydmte of Turpentine-oil C1OH2OO2 + H?O.-r-Ofl of
turpentine slowly oombineswith water, forming terpin; this combina-
tion takes place more quickly if an acid he present. To prepare this
compound, eight volumes of the oil are mixed with two volumes of
weak nitrio acid and one volume of alcohol; the mixture ia exposed
to the sunlight, and frequently shaken. Terpin crystallizes in large
iliombio prisms, melting at 100° with loss of one molecule of water;
the anhydrous compound sublimes at 150° ia needles, It is sparingly
soluble in cold water, but dissolves freely in alcohol and in boiling
water.
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Terpinol O^SJO is obtained by boiling terpin with dilute
hydrochloric or sulphuric acids. It is a colourless and very refraotive
oil, smelling like hyacinths, end boiling with partial decomposition
at 168°.

When terpin is heated with alkalis to 400°, it Is converted into
terebentic add C8H20O2, crystallizing in small needles, melting at 90°,
and boiling at 250°,

Terpene MonahydrocMoride Cl0Hl7Cl,—When hydroohloric aoid gas
is passed into oil of turpentine, two isomeric hydrochlorides are
produced. One, being a solid, orystallizes from hot alcohol in brilliant
prisms, melting at 116°, and boiling at a higher temperature with
partial decomposition. This body has a strong odour resembling that
of camphor < by passing its vapour over quicklime at 200°, it is
resolved into hydrochlorio acid, and campkilme CWH18, a liquid which
is optically inactive.

The second hydrochloride is a liquid, which by distillation over
quicklime yields optically inactive canphilene C,0H16. The liquid
compound is easily oxidized by nitric acid, whioh does not act on the
solid modification.

Terpene Dikydroehloride OI0H,gCl2i8 formed when oil of turpentine
is left for several weeks in contact with fuming hydrochloric acid, or
when the gaseous acid is passed into terpin or terpinol. It forma
oolourless crystals, and yields by distillation over qnioklime a
terpene, smelling like rosemary.

All these different terpenes may again be combined with hydro-
chloric acid, and the hydrochlorides thus formed are converted into new
modifications of turpentine oil by distilling them with qnioklime,
but all yield at the end one and the same produot. called terelene
Cj0H16, The same body is produced together with dieterebene C ^ ^
when oil of turpentine is treated with boron fluoride or strong
sulphuric acid. Terebene has also been obtained synthetically front
amylene C6HW, which by the action of sulphuric aoid is converted
into diamylent O^H^ (page 234), By heating diamylene dibromide
with alcoholic potash, it yields tutylem CwHrg, and the dibromide of
this hydrocarbon again loses hydrobroraic acid by the action of potash,
and is converted into terebene,

Terebene is a mobile liquid, boiling at 156", and smelling like
thyme; it is optically inaotive, and forms with hydrochlorio aoid a

&hdhld ( C H ) C 1 Hy ( 1 0 J J ) J
By the aotion of chlorine on oil of turpentine, substitution*

produots are formed, which are but little known. When ohlorina
is passed over the solid monohydroohloride, a yellow liquid,
C19HUCL.HC1, is formed, which easily splits up into hydrochlorio
acid, and tetraehhroterpme C10HiaCl1, colourless crystals melting
at 110°.

When bromine is added to well-cooled oil of turpentine or terpine,
terpene dibromide 010H16Br2 is formed; it is a heavy oily liquid, and
a very unstable compound, which by heating it with aniline to 180°
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loses hydrobromic acid, and is converted into cyme.ru C1OHU> an
aromatic hydrocarbon occurring in several volatile oils.

Iodine acts violently on oil of turpentine; when a large quantity
is added at once, an explosive reaction takes place, and the liquid
frequently takes lire; but by adding the iodine only gradually, and
then heating the solution for some time, cymene and hydriodic acid
are formed.

This transformation of oil of turpentine into cymene explains its
constitution; cymene is metkyl-Jaopropyl-bewiene (see Aromatic Com-
pounds), and is produced by abstracting two molecules of hydro-r
bromic acid from terpene dibromide: this reaction is explained by
the following formulas;—•

OS of Turpentine. Terpene Dibromide. Cymene.
fiTT ftTT fiTT

C H C H C

H O C H H C J O H B r H C C H

H O C H H O C H B r H C C H

0 , C C

HsC—CH-CH8 HgC-CH-CHj HgC—CH—(

Whether terebene has the same constitution as oil of turpentine
is not known; but supposing it was so, the synthesis of this hydro-
carbon from amylene may also easily be explained;—

Two molecules of Amyleno. Terebene.
CH3 CH3

CH CH

HO CH, HC CH
,1! It II

HO CHa HC CH
</ V

CH CH
H8C—CH-CHa HaC-CH—CH3

TEBPENBa FBOM CITRUS SPECIES,

These hydrocarbons occur chiefly in the peels of the fruit of these
trees, and are distinguished by their fragrant odour.

Lemon-oil from the fruit of Citrus Zimonum consists principally of
eitrm$ O1OH16, boiliDg at 170°, and turning the plane of polarization
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to the right, Its chemical properties are very similar to those of
turpentine oil; it yields a solid hydrate, and crystalline hydrochloridea.
With bromine and aniline it forms cymene. Similar terpenes exist
in the oils of orange-peel, bergamot, &c.

TEGPENES FROM OTHKR SOUKCES,

These hydrocarbons are found in a great number of volatile oils,
some of them consisting only of terpens, such as oils of lavender, juniper,
copaiba, cubebs, pepper, elemi, and the camphor-trees. Others are
mixtures of terpenes with acids, as oil of valerian; or with aldehydes,
as oil of chamomile, which contains angelicaldehyde, A great
number of essential oils also contain, besides, terpenes, camphors,
cymene, or other aromatic compounds.

CAOUTCHOUC AND GUTTA-PJ3BCHA,

Caoutchouc or IndAa^tvXAev is the dried milky juice of several
tropical trees (Ficuselastica, Jatropha elastica, Sijphonia Cahuchu,SK.).
The fresh juice has an acid reaction; on mixing it with water,
caoutchouc separates gradually out as a white- curdy precipitate,
whioh dries up to a gum-like mass. The black colour of the com-
mercial article is due to the effect of smoke; it may be purified by
dissolving it in chloroform, and precipitating the clear solution with
Bpirits of wine. It consists olnefly of a mixture of hydrooarbous,
polymeric with the terpenes. It is insoluble in water and alcohol;
with ether or petroleum it forms a gelatinous mass, and partially
dissolves. It is completely soluble in oil of turpentine, benzene,
chloroform, and carbon disulphide. When cold it is hard and tough;
on heating it becomes soft and elastic; and at a temperature above
the boiling-point of water it melts, but on cooling does not return to
the original state, but remains soft and viscid.

It is much used for the manufacture of waterproof and elastic
fabrics, for elastic tubing, &c., and is a most valuable substance for
the chemists, as it is only affected by a very few chemical agents.

Caoutchouc combines in different proportions with sulphur. The
so-called vulcanized India-rubber, whioh is much more elastic than
common caoutchouc, is obtained by mixing the latter intimately
with sulphur by means of carbon disulphide; it contains about 2
to 3 per cent, of sulphur. By mixing it with about half its weight
of sulphur, it is converted into a hard, horny mass, called "Ebonite "
or "Vulcanite," which is much used for making combs, disks for
eleotrio machines, &o.

By destructive distillation, caoutchouc yifelda a» oily liquid, con-
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taining Isopropene CBHg, boiling at 37°, and camUchaw C10Hl6, boiling
at 171°.

Gutta-percha, is the hardened milky juice of Isonandm Outlet, a
tree growing in different parts of India. It is harder and less elastic
than caoutchouc, but in warm water it becomes quite soft, and can
then be formed into any shape. It has the same composition as
caoutchouc, and dissolves in the same solvents as the latter. By
destructive distillation, it yields isopropene, caoutchene, and a heavy
oil called heveene, which appears to be polymeric with these other
hydrocarbons.

CAMPHOBS,

Common Camphor, or Japan Camphor C,0H WO, is obtained in China,
and Japan by distilling the branches and leaves of Lawns Camphora
with, water. I t is a colourless, crystalline, translucent mass, having
a powerful, peculiar odour and taste. By sublimation it may be
obtained in brilliant crystal* It melts at 175°, and boils at 204°,
Camphor is only sparingly soluble in water, but freely soluble in
alcohol and acetic acid. Small pieces thrown on water move about
with a revolving motion.

When camphor is heated with concentrated hydriodio acid, several
hydrocarbons are formed, as campkokne CBH,g, a liquid boiling at
135°, and the compounds C10H18, boiling at 165 , and C10HM. By the
action of phosphorus pentasnlphide on camphor, cymme CwH l t
(page 300) is formed ;—

5C10H16O + P2S6 = 5C10Hu + P2O5 + 5SH8

On heating a solution of camphor in toluene with sodium, two
compounds, called sodium-camphor CwH15NaO and sodium camphylate
C H N a O , are produced :—

2O10HwO + Na a « C10H16NaO + CloHirNaO

By the action of methyl iodide on this mixture, the sodium is
CH 1

replaced by methyl, and methyl-camphor „ TT 8 t 0, and camphyl-
methyl ether ̂  ^ 8 V 0 are produced. Ethyl iodide acts in an

analogous way; ethyl-camphor is a liquid boiling at 230°.
When the mixture of the two sodium-compounds is heated in a

current of dry carbon dioxide to 100°, the sodium salts of campko-
b i id C ^ O C O H d f l l b i dd C H O C Ocarbonic add C^^O.COgH and of borneol-carbonic add CI0HwO.CO2

are formed. On dissolving these salts in water, lactic acid is de-
composed, and borneol or camphyl alcohol G^^Jb separates out:—

1CO, + H,0 - CWHWO + j j } CO,
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Hydrochloric acid precipitates from the filtrate camphocarbonio
acid, which separates from hot alcohol in colourless crystals, melting
at 119°, and splitting up at a higher temperature into carbon dioxide
and camphor.

Monochlofocamphor C,0H16010 is a colourless, ciystalline mass,
which has been obtained by the action of hypochlovous acid upon
camphor.

Mimobromcmphor C^HjgBrO.—By adding bromine to a solution
of camphor in chloroform, camplior dibromide C10HwOBra is obtained
in colourless crystals; it is a very unstable compound, and readily
resolves into hydrobromic acid and monobromooamphor, which crys-
tallizes in colourless prisros.
• Camphor NUrate (G^ifi^Py—This remarkable compound is
produced together with camphoric acid, when camphor is boiled for
some time with nitric acid. It is a thick oily liquid, haying a
camphor-liko and sour smell; water decomposes it into nitric acid
and camphor.

Common camphor turns the plane of polarization to the right; a
compound having the greatest resemblance to it, but exerting a left-
handed rotatory action, is contained in the volatile oil of Pynthru/m
Pariheniim, from which i t is deposited at a low temperature as a
crystalline mass.

Other isomerides of camphor occur in the volatile oils of artemiaia,
absinthium, mentha, pulegium, and other labiate plants, and also in
the blue oils of ohamomile and galbanum,

Borneol, Borneo Camphor, or Ccmphyl Alcohol C^H^O, is found in
the old trunks of Dryolalawrps Cawphora, a tree growing in Borneo,
Java, and Sumatra, and has been obtained by the action of sodium on
common camphor (page 303), and, together with campholic acid, by
heating camphor with an alcoholic potash solution.

Borneol forms small transparent crystals, smelling like common
camphor and pepper. I t melts at 198°, and boils at 212°. Nitric
acid converts it into common camphor.

Borneol is a monad alcohol; on heating it with hydrochloric acid,
ecm/phyl chloride C10HltCl is formed, a body resembling solid terpene
monohydrochloride.

Campkgl-methyl Mhr QG^*\O,—The formation of this com-
pound from common camphor has already been described; it is a
liquid smelling like camphor, and boiling at 194°*5.

Cwmphyl Acetate nyt~J{ \ 0 is obtained by the action of acetic

anhydride upon sodium oamphylate; it is a colourless liquid,boiling
at 230°, and possessing a camphor-like odour.

When borneol is heated with phosphorus pentoxide, it is resolved
in water, and Borntene C10H16, a liquid occurring also in the volatile
oil of Laurus Camphora and oil of valerian. By leaving it in contact
with potash solution, it is converted again into borneoL
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levo-hotMol is found in the fusel oil of spirits from madder-root;
it possesses all the properties of borneol, with the exception that it
has alevo-rotatory power, whilst borneol turns the plane of polariza-
tion to the right,

Geraniol, or Geranyl Alcohol C10H18O, is found in Indian geranium
oil. It is a strongly refractive liquid, boiling at 232°, and possessing
a very agreeable sine 11, like roses. It is optically inactive, and yields
on oxidation valerianic acid.

Geranyl Chloride C1?H1VC1 is obtained by heating geraniol with
hydrochloric acid. I t is a yellowish liquid, with an aromatic smell.
By acting on it with the potassium salts of valerianic, benzoic or
cinnaniic acids, the geranyl-ethers of these acids have been produced.
They are oily liquids, possessing an aromatic odour,

Dweranyl Ether £ 1 0 £" {• 0, a liquid boiling at about 190°, and

smelling like peppermint, is formed by beating geraniol with geranyl
chloride.

Geranyl Sulphide r?of,17 !• S is obtained by acting with geranyl

chloride on on alcoholic solution of potassium sulphide; it is a
yellow liquid, possessing a very disagreeable smelL

When geraniol is heated with zinc chloride or with phosphorus
pentoxide, it is resolved into water and Gcraniene CloH10, a limpid,
mobile liquid, boiling at 163°, and smelling like carrots.

Other isoiuerides of borneol exist in the oil of cajeput, and of
coriander.

Menthol, or MenOiyl Alcohol C10HM 0, occurs in the oil of pepper-
mint.- I t forms colourless prismatic crystals, smelling strongly like
the plant. It melts at 3(5°, and boils at 210°.

MerUhyl GMoridt GJAnQ\ is a liquid formed by heating menthol
with hydrochlorio acid.

When menthol is heated with, phosphorus pentoxide, Menthcm
C10H18 is produced, a liquid boiling at 163°.

JSucalyptol Cj^H^O is contained in the leaves of JSncaiyptus globulun,
a tree growing iu lasmania. It is a colourless liquid, boiling at 175°,
and possessing an aromatic smell. By distilling it witU phosphorus
pentoxide, it is decomposed into water, and Muealyptene C12H1S, a
liquid boiling at 165°.

Patdwuli Oil.—l'hia substance is a mixture of two isomeric sub-
stanoes having the composition C^H^O. One of them, called
patchotUi-camphor, crystallizes from the oil on standing in hexagonal
prisms, melting at 55°, and boiling at 296". On distilling it, or the
liquid portion of the oil, with zinc chloride, PatdumUm C16HM, a
liquid boiling at 250°, ia formed.

0
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OXIDATION-PRODUCTS OF 0AMPH0B8.

Campholio Acid C^Hw02.—This monobasic acid is formed by
heating camphor with potash-lime to 400°, and, together with
borneol, when potassium is added to a solution of petroleum, at 130°,
I t is but sparingly soluble in water; from alcohol it crystallizes in
prisms melting at 95°, and volatilizing without, decomposition. When
osmpholic acid is heated with phosphorus pentoxide, or when a
campholate is subjected to dry distillation, campholene C8H16 is
produced, a liquid boiling at 130°.

DextrocampJtmcAdd C^Hu-j Q Q O H *8 P^ucedby *^e action of

boiling nitric acid on camphor or campholic acid. It is sparingly
soluble in cold water, more freely in boiling water, and forms scaly
crystals, having a faint acid taste, and melting at 175°, On distilla-
tion, it splits up into water, and camphoric anhydride CJ>gHu | Q Q [ O»

which sublimes in long, brilliant needles, melting at 217°. "When
camphoric acid ia fused with potash, it yields volatile fatty acids and
pimelie add CrH,2O4 (see page 236),

Calcium Camphorate C8HM(COACa + 8H4O is readily soluble in
water, and forms large crystals. When it is heated it is resolved into
calcium carbonate and phorone C9HHO, a liquid boiling at 208°, and
yielding, by treatment with chromic acid-solution, carbon dioxide,
acetic acid, and adipw ami CLH10O4 (see page 235),

Levocamjihorie add has been obtained from the camphor of
Pyrethrum Partlmium,; it differs from common camphoric acid by
having a left-handed polarization; both active acids combine, forming
an inactive acid, corresponding to racemio acid,

(CO OH
Oamplwmie Add CrHMO j C Q ' Q H is w» oxidation-product of

camphoric acid, and may be isolated from the mother liquors obtained
in the preparation of the latter compound. It is readily soluble in
"water, crystallizing, with one molecule of water, in small needles or
shining prisms, possessing a rancid and strongly sour taste. The
anhydrous acid melts at 115°, and distils at a higher temperature
without decomposition. Although a bibasic acid, it forms also salts
containing three equivalents of a metal, resemhling in that respect
deoxalic acid (page 240).

f CO OH
Oacycampkoronia Acid C7H10O2-J Q Q ' Q H ** ^ k " 1 6 ^ ty heating

crystallized oamphoronic acid with bromine in sealed tubes to
130° ; -

C9HWO6 + 2HBr

It is freely soluble in water, and crystallizes on slowly evaporating
the solation in splendid monoclinic prisms, containing one molecule
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of water. The anhydrous acid melts at 210°, and may be distilled
without decomposition.

On fusing cainphoronic or oxycamphoronic acid with caustic
potash, butyric acid and carbon dioxide are produced.

Camphor and its derivatives are nearly allied to the aromatic
compounds ; for, by simply abstracting the elements of water from
camphor, we obtain etjmene or metivtjl-isopropyl benzene (page 301).
The constitution of camphor and some of its derivatives can be ex-
plained by assuming the following formula?:—

Camphor, Borneo!.
CJHJ CgHy

CH OH

HC XOH HC CH.0H
II l > 0 II I

HO CH HC CH,
\ / V
CH CH
I I

OH, CJH,
C.nnnliolic Acid. Camphoric Arid.

CSH7 C2H4.CO2H

OH CH

HaO C.OH H2C CH,
I 1>O | |

H,C CH H0C CH2
\ / " V

CH CH

CH3 CO^H

RESINS,

The terpencs, when exposed to the air, undergo gradually oxidation,
become more and more viscid, and exhibit an acid reaction; and
at last are converted into a brittle, amorphous substance. Such
products are found ia nature, either mixed with non-oxidized hydro-
carbons, being called balsam, whilst the solid and brittle products
of oxidation of the terpeues are called resins. .

The resins are mixtures of weak acids; they dissolve in alkalis,
forming a kind of soap.

Common Resin, or Colophony, is left behind by distilling turpentine
x 2
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with water. By exhausting it with cold alcohol, sylvk add ^ i
goes in solution, which ou evaporation crystallizes in flat needles,
melting at 129*, and solidifying to an amorphous mass. It is
a monobasic acid, forming soluble and crystallized salts frith the
alkali-metals, whilst those of the other metals are insoluble. Besides
sylvic acid, colophony contains the isomerio but amorphous pinic
acM.

A third isomeride, called pimaric acid, exists in galipot, the resin
of Finzts maritima. It forms crystals melting at 149°, and is con-
verted iato sylvic acid by distilling it in flocuo,

Oopaibic Acid CJOH^O. occurs together with a diterpene G^B.^
and sylvic acid iu copaiba balsam; it crystallizes from alcohol in
transparent prisms.

Qmiaretie Acid CJS^O^ is a chief constituent of guaiacum, and
crystallizes in colourless brittle needles, meltiug at 77°, Besides this
compound, guaiacum contains other resinous substances, and guaiaeic
acid C0H808. which is soluble in water, and sublimes on heating.
When a solution of guaiacum in presence of an alkali is acted upon
by ozone, nitrous fumes, chromic aoid, ferric chloride, chlorine, and
other oxidizing agents, it assumes a fine blue colour.

When guaiacuiu is subjected to dry distillation, it yields guaiace
C6HgO, a liquid smelling like bitter almouds, and yuaiacol and craosot,
compounds belonging to the aromatic group.

Amber.—This fossil resin occurs on the shores of the Baltic, either
in the sea or in the sand, and has also been found together with
lignite or brown-coal. It is an amorphous, brittle moss, having
a yellowish or brown colour; on heating, it melts at about 280°,
giving off an aromatic vapour. It contains free succinio acid, a resiu
soluble in alcohol, and amber-bitumen, a substance insoluble in all
solvents.

Besides these resins, there exist a great many more, most of which
are used for making varnishes and for other purposes; but they have
been very little examined, Many of them contain aromatic compounds,
or yield such on fusion with caustic potash. These will be mentioned
again when these bodies are described.

AROMATIC COMPOUNDS.

Thia large group has obtained its name from the fact that many of
its members occur in essential oils, balsams, gum-resins, and similar
bodies, possessing an aromatic odour.

All aromatic compounds contain at least six atoms of carbon; they
contain a common nucleus, in which the six carbon atoms are linked
together insuch a way that six combining nnits remain unsaturated.
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The carbon atoms fonning the aromatic nucleus are united together
by one and two combining units alternately, thus;—

I-
N / V

II I

AA
i

The most simple aromatic hydrocarbon is benzene CgHg, and all
other compounds belonging to the group are derived from it by
replacing hydrogen by other elements or radicals.

When one atom of hydrogen is replaced by chlorine, we obtain
chlorobemene C.H6C1 (foimerly calledplwnyl chloride1) a body differ-
ing from the cnlorides of the alcohol radical by being a much more
stable compound, and not undergoing double decomposition with
silver salts, hot alcoholic potash, or ammonia. Other aromatic com-
pounds containing chlorine, or other halogen-elements combined with
the aromatic nucleus, show a similar Miaviour; the chlorine, &c,
being much more firmly combined with the carbon than in the
haloid compounds of other radicals.

The action of concentrated nitric acid on aromatic compounds is
very characteristic; they are converted into niiro-ecmpounds;such as
nitrobenzene C6H,.NO2, nitroehlorobenzene CoH4Cl.KOj, &c. Reducing
agents convert these nitro-compounds into amido-eompounds; thus
nitrobenzene yields with nascent hydrogen, amidobenzene or aniline
GftBLNH,; the constitution of these nitro-conipounds is, therefore,
similar to that of nitro-ethane CaB6.NO2 (see page 113),

Nitro-ethnno. Nitrolieuzono.

Etbylaraino, Anllino,
C $ , N B 8 C0H6.NHa

The aromatic amido-compounds combine with acids like the amines,
and are acted upon by the iodides of the alcohol radicals like the
latter, forming compounds such as :—

Etliyl-ftmidobonzono. Diothyl.ftmitloboiizeno.

The latter compound combines with ethyl iodide, fonning phenyl-
triethylammonivm iodide N[C6H5(C2H6)3], a crystallized salt, which,

1 Phenyl ia the uame given to tho monad group CgH6.
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when acted upon by silver oxide and water, yields tie corresponding
strongly alkaline and caustic hydroxide.

Whilst in these reactions the amido-compounds show the greatest
resem'blance to the compound ammonias, they differ from the latter
in several respects; thus they have no alkaline reaction, and no
ammoniacal smelL

Concentrated sulphuric acid acts on aromatic bodies in a similar
way to nitric acid; one atom of hydrogen combined with the aromatic
nucleus being replaced by the monad group S02.0H, a sulpko-acid is
formed; benzene yielding benzmcsulplionie add C0H6.SO2.OH.

When this acid is fused with potash, the group SO3H is replaced
by hydroxyl, and phenol is formed;—

C6H5.SOSK + KOH = SOgKg + CaH6.0H

The phenols were formerly regarded as alcohols, but they differ
from the latter compounds in many respects. By oxidizing agents
they are not very readily attacked, and yield neither aldehydes nor
ketones or acids. They have the character of weak acids; the hydro-
gen of the hydroxyl being much more readily replaced by a metal thnn
this is the case in the true alcohols.

Thus ethyl alcohol is not acted upon by potash, which with phenol
readily forms water, and potassium, phcnatc C8H6.0K.

Another characteristic difference between alcohols and phenol? is
found in the action of concentrated acids. Hydrochloric acid and
alcohol yield ethyl chloride, but phenol is not acted upon by this acid
at all. Whilst alcohol is converted by strong nitric acid mto ethyl
nitrate, and by sulphuric acid into ethyl sulphuric acid, the phenols
yield substitution-products, such as nitrophenol CgH/NO^OH, and

f SO TT
phenolsulphonic acid C0H4 •» W> ;

C8H6.OH + SOa{°*J - S O a { £ H
A + H20

SC>a{c0H,OH + H8O

The phenols are easily reduced again to the corresponding hydro*
carbons by passing their vapour over red-hot ainc-dust ;—

Zn - 00H6 + ZnO0H6

When amines or amides are acted upon by nitrous acid, the group
NH2 is replaced by OH; by the same reaction, aromatic aniido-
compounds may be converted into phenols; the reaction, however,
takes place in two stages. Thus, by treating aniline nitrate with
nitrous acid, Diazobenzme nitrate is formed :—

C0H6.NH4,HN03 + HN0g = CflHfiN2.NO8 + 2H8O
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These diazo-compounds are very unstable bodies, and the different
transformations which they undergo are of great interest, as by
means of them a very great number of derivatives can be obtained.
Thus, on boiling a diazo-compound with water, a phenol is formed:—.

C6H6Nj,NOs + H2O = C8H6.OH + NB + HNO3

By using absolute alcohol instead of water, the group N, is replaced
by hydrogen, the alcohol being oxidized to aldehyde-; thus, on
treating the acid sulphate of diazobenzene in this way, we obtain
benzene:—

C0H6NySO4H + C2H6O = C0H6 + SO4H8 + C,H4O

By acting on a diazo-compound with strong acids, the latter take
park in the reaction; Ly treating diazobenzene nitrate with nitric
acid, different nitrophenols are formed, whilst hydriodio acid converts
it into iodobenzene:—

OjHj.Ng.NOs + HI s CflH5I + N2 + HNO8

The diazo-compounds contain the dyad group Ng, the two nitrogen-
atoms being liuked together by two combining units of each; diazo-
benzene is therefore a monad radical, having the following con-
stitution :—

By the action of oxidizing agents on amido-compounds, or by that
of weak reducing agents upon Ditto-compounds, a class of bodies is
obtained called coo-compounds, in which two aromatic nuclei are
linked together by nitrogen:—•

Araidobeuzonu, Azoboazeno,
C0H6,tfHa C6H5.N

+ 0 , = || +2H.0
O6H6,NH8 O ^ N

The aromatic compounds, containing more than six atoms of carbon,
are formed by replacing hydrogen iu benzene or its substitution-
products by organic radicals. Thus the most simple homologue of
benzene is Methyl-benme or Tolww C6H6,CHj, a hydrocarbon which
in its chemical properties exhibits a close analogy to benzene, yield-
ing readily substitution.producte with chlorine, nitric acid, sulphuric
acid, &c. These compounds have the greatest analogy with the
benzene derivatives when the substitutions have taken place in the
aromatic nucleus. But the hydrogen of the methyl can also be
replaced by other elements ana radicals; and thus compounds Me
formed, which have the closest resemblance in their chemical properties
with, the derivatives of marsh-gas. By replacing one atom of hydrogen
in the methyl of toluene, a series of compounds is obtained containing
the alcohol-radical Bmyl:—
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TOWJENK, METHYL-BBNZBNB OK PHENYL-METHANE.

C S H 6 . C H S ,

Monochlorotoluene, Benzyl Chloride.

{ , 6 a
S

Cresol or Methyl-phenol. Benzyl Alcohol.

{ P , H , C H , O H

Nitrotolueno. Benzyl Nitrite.

Amidotolnene.
CjH5.OHj.NHj,

Crcsolsulplionin Acid. Benzylsolphnric Aold.
roH
SO.H C6H5.CH2.SÔH
CHg Bonzaldehydo. *C6H6.COHBenzole Add.C0H5.CO.OHThe number of aromatic compounds is very large, and anioagsthem a great number of isomerides occur. Thus we have thfollowing isomeric hydrocarbons;—

CaH10

Dimothyl.boiizene. (Ethyl-benzens.

Trimethyl-benjene. Mothyl-ethyl-beDzono.J Propyl-beiuono,
C0H3|c| {^

^ 3

B u t t h e s e formt t lm d o n o t e x h a u s t t h e n u m b e r o f i s o m e r i d e s , a s

i s o m e r i s m i n t h e a r o m a t i c g r o u p c a n a l s o b e c a u s e d b y t h e d i f f e r en

r e l a t i v e p o s i t i o n s o f e l e m e n t s o r r a d i c a l s c o m b i n e d w i t h t h e n u c l e u s .

T h u s w e find t h a t d i m e t h y l - b e n z e n e e x i s t s i n t h r e e d i f fe ren t f o r m s ,

t h e c a u s e of i t b e i n g t h e d i f f e r e n t p o s i t i o n s of t h e t w o m e t h y l s .

I f w e r e p r e s e n t t h e a r o m a t i c n u c l e u s a s a n h e x a g o n , a n d n u m b e r
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the cornera where the carbon-atoms are supposed to be, we see at
once that three isomeric dime thy 1-beuzenes may exist :—

The methyl groups having the following positions:—

1:2
1:3
1:4

No further different positions of the two methyls are possible, for
1:5 = 1 : 3 and 1:6 = 1 : 2,

The hydrocarbon C^HU, which we have represented in three
isomeric forms, can exist in eight different modifications. There are,
first of all, three trimethyl-benzenes:—

1 : 2 : 3
1 : 2 : 4
1 : 2 : 5

Further, there can exist three methyl-ethyl-benzenes and two
propyl-benzenes, one containing normal propyl, and the other
lsopropyl.

As the isomevio aromatic hydrocarbons have generally a great
resemblance in their physical properties, it is of the greatest import-
ance to have means for distinguishing them from each other. This
cau easily be done by studying their products of oxidations.

By heating an aromatic hydrocarbon with very dilute nitric acid,
one of the alcohol radicals is first oxidized to oarboxyl; methyl-
benzene, ethyl-benzene, amyl-benzene, &c, yielding hnzoie add.
The formation of this acid, therefore, proves the existence of only one
alcohol radical in an aromatic hydrocarbon.

The three methyl-benzenes as well as ethyl-metbyl-benzene yield

isomerio methyl-lmoic adds C6H41 no OH'an^ diethyl-benzene yields
f C H

as first product of oxidation, ethyl-benzoicaridGJUA QQ ^ g . Besides
these monobasic acids, there is, at the same time, a bibasio acid

f CO OH
C6H4 j CO OH *°me(*> "which is obtained in larger quantity by using

stronger oxidising agents, such as a solution of potassium dicliromate
in dilute sulphuric acid, Tbis bibasic acid exists of course, also, in
three isomerio modifications, differing from each other by their physical
properties, as well as those of their salts. In the same way, a hydro-
carbon containing three alcohol-radicals will yield by successive
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oxidation a monobasic, a bibasic, and a tribasic acid, one alcohol-
radical after the other being oxidized to carboxyl.

But we are not only able thus to fix the number of the alcohol-
radicals, but in many cases we are in a position to determine the
relative positions of these radicals, as well as that of other groups
replacing hydrogen in benzene, as the following examples will
show;—

l

. u , 1,2. 1,3. 1,4.
6 * (OH Hydroquinone. Pyrocateehin. Besorcin.

Ortho-iodophenoL Meta-iodophenoL Para-oidophenol,

C«H«{

Salicylic Acid. Oxybeuzoic Acid.

Orthoxylene. Isoxylene, Methyl-toluene.

L>U.Utt pilfi,fli;p \0;A Tflnnhthfllin Anid -lerepninauo
UU.UH AClu,

In phthalic acid, the two carboxyls occupy the positions 1,2, This
we know from the fact that tins acid is obtained by the oxidation
of naphthalene C1(,H8, a hydrocarbon of known constitution, and in
which, as will be shown further on, two carbon-atoms are linked to
two adjoining atoms of the aromatic nucleus,

Isophthalic acid, belonging to the series 1, 3, is obtained by
oxidizing isoxylene; this hydrocarbon has been prepared from mesi-
tylene or trimethyl-benzeue, in which the three methyls have the
symmetrical positions 1, 3, 5. This follows from the formation
of masitylene, which is obtained by heating acetone with sulphuric
acid (page 15S), three molecules losing three molecules of water, and
the residues joining together thus;—

CHa

CH8 C=CH
3 0\ " = 3 1 ^ 0 + / \

CO HO C

S CH8

On oxidizing mesitylene, we obtain monobasic mesitylenic acid
(CO.OH

CaH8-< CHS which, when heated with quicklime, is resolved into
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carbon dioxide and isoxylene, From this it follows that in isoxylene,
as well as in isophtlialic acid, the two radicals have the positions 1, 3
(= 1, 5 or 3, 6).

Isophthalic acid is' also produced by heating a mixture of the
potassium salts of formic acid and sulphobenzoic acid :—

C O » K H

Now, as on fusing sulphobenzoic acid with potash we obtain
oxybenzoic acid, it is obvious that the latter is also a member of the
second series.

We know now the constitution of phthalic acid and isophthalic
acid, and therefore also that of terephthalic acid, in which the car-
boxy Is occupy the positions 1,4; and as methyl-toluene yields on
oxidation terephthalic acid, the methyl-groups in tbis hydrocarbon
have the same position.

Methyl-toluene is obtained from parabrometoluene, which on
oxidation yields parabromobeuzoic acid; and on fusing the latter
compound with caustic potash, it is converted into para-oxybenzoic
acid.

When the potassium salt of benzenedisulphonic acid is heated
with potassium cyanide, the nitrile of terephthalic acid is produced;
and by fusing beuzencdisulphonic acid with caustic potash, resorcin
is formed; the latter compound is also obtained by the action of
caustic potash on para-iodophenol.

Thus the constitution of all the members of the fourth series is
perfectly made out, and consequently, also, that of oithoxylene and of
salicylic acid; moreover, the latter acid readily splits up into water

and salicylic anhydride C0H4 | Q > whilst its isomerkles are much

more stable; and from this it also appears very probable that the two
side-chains of salicylic acid are as uenr together as possible.

Hydroqvinme diners from its isomerides by Teadily losing two
atoms of hydrogen, when treated with oxidizing agents, and yielding
quinone C0H402, which by nascent hydrogen is very easily recon-
verted into hydroquinono.

The constitution of quinone way be expressed by one of the
following formula; :—

CO=CH—CH—CH—CH—CO

HC HC

HC C=O H ( f V - 0

HC C=O IIO 0—()
\ / x /
H C n o
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The first formula is very improbable, for we cannot assume that
the closed chain of carbon-atoms would be so readily broken by
oxidation and closed again by redaction, The second formula has
also to be rejected, because a compound having this constitution
would, with nascent hydrogen, yield CgH^OH),, just as acetone gives
secondary propyl alcohol. Moreover, when tetrachloroquinone
CgCLO, 18 treated with phosphorus pentachloride, it is not converted
into CgClg, which compound would have been found if quinone con-
tained the oxygen combined, as shown in the second formula ; but the
product consists of hexachlorobenzeno C8C16. Quinone must there-

fore contain the dyad group ^ V How, as the two isomerides of

liydroquinone do not yield by oxidation a quinone, the oxygen-
atoms must occupy such a position that they can easily combine
with each other; and this will most readily take place if they are
close together as possible, or occupy the positions 1, 2. Hydroqui-
none is obtained by fusing ortho-iodophenol with caustic potash, and
consequently this body belongs to the tot group, and meta-iodophenol
and pyrocatechin to the series 1, 3,

Although the aromatic hydrocarbons and their substitution-pro-
ducts behave in most of their reactions like saturated compounds,
yet under certain conditions they can be made to combine directly
with other elements, like the olefines and other non-saturated
compounds.

These additive products still contain a closed chain of six carbon*
atoms; the connection between them become only loosened. From
this it follows that no more than six monad groups can be added to
an aromatic compound,1 and experience has proved the truth of this
conclusion. Thus benzene can combine with one, two, or three
molecules of chlorine, or three molecules of liypochlorons acid,
forming the following compounds :—

Benzene Dichloride C6H6Cla
Benzene T e t r a c h l o r i d e , . . ' . , OOHOC14
Benzene Hexachloride . . . . CHCl
Beasroe Triehlorhydrate . . . .

These compounds are much less stable than the products of substi-
tution, and are again readily converted into compounds in which the
carbon-atoms are linked together in the same manner as in benzene
itself.

Thus, on treating the hexachloride with an alcoholic potash-solution
it is resolved into three molecules of hydrochloric acid and one of tri-
chloro-benzena In these reactions benzene behaves exactly like ethene,
which combines with chlorine to ethene dichloride—a body in which
the two carbon-atoms are linked together by one combining unit of

i Excepting, of course, those aromatic compounds which contain non-satnroted radicals
08 side-chains.
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each. By the action of alcoholic potash, hydrochloric aoid is taken
out, and chlorethene C2H3Cl is formed, in which the carbon-atoms
are again licked together, as in ethene.

Hydrogen can also combine with aromatic hydrocarbons, but only
with those containing alcohol-radicals. The number of atoms of
hydrogen combining with the hydrocarbon appears to depend, not
only on the number of these radicals, but also on the relative
positions.

To obtain these additive products, the hydrocarbon is heated in
sealed tubes with phosphouiutn iodide (a compound of liydriodic aoid
with hydrogen phosphide). The hydriodic acid is the reducing agent,
being decomposed into hydrogen and iodine, which latter is imme-
diately acted upon by the hydrogen phosphide, and again converted
into hydriodic acid; this change going on until at last only phos-
phorus iodide and red phosphorus are left behind.

By subjecting benzene to this reaction, it is not changed even at
350. Methyl-benzene combines with two atoms of hydrogen,
and forms the hydrocarbon C6H,.CH8, Dimethyl-benzene takes up

four atoms of hydrogen, yielding C9Hg| ^^, and trimethyl-benzeue

combines with six atoms of hydrogen, forming the compound
(CH

There exist also aromatic acids which will combine with hydrogen
in the nascent state.

COMPOUNDS WITH SIX ATOMS OP CARBON.

BENZENE j , ,

Benzene, or Benzol, is a colourless, strongly refractive, and mobile
liquid, boiling at 81°, aud solidifying at 0°, to colourless crystals. It
has a density of 0*899 at 0°, aud of 0-878 at 20°, and a peculiar
aromatic odour. I t is very inflammable, burning with a very lumi-
nous and very smoky flame. It is almost insoluble in water, but
dissolves freely in alcohol and ether. It dissolves iodine, sulphur,
phosphorus, fats, resins, and many other compounds, which are
insoluble or only sparingly soluble in water and alcohol; and hence
it is used for preparing or purifying many compounds.

Benzene has beeu produced artificially from its elutneute. When
acetylene, which, us we have seen (page 274), may be formed by the
direct combination of carbon with hydrogen, is heated in a long,
narrow, bent bell-jar to a temperature at which the glass begins to
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soften, it is converted into polymeric modifications, the principal of
which is Tri-mtyhm or Benzene:—

HC CH HC—OH

C O'H . HG CH

HC

C

HC=CH

Benzene is also formed in the dry distillation of many organic
substances, and is contained in considerable quantity in coal-naphtha
(the more volatile portion of coal-tar), from which it is now
almost always prepared. The oil, after treatment with sulphuric acid
and caustic soda, is submitted to fractional distillation, and the
portion distilling after a few distillations between 80° to 85° collected
apart. This distillate consists principally of benzene, but contains
yet small quantities of paraffins, defines, and acetylene-hydrocarbons.
On cooling it down to 12°, the benzene solidifies, and is purified from
the adhering liquid by strong pressura By repeating this process,
an almost pure benzene is prepared. It is now manufactured in large
quantity for the preparation of aniline, but the commercial product
always contains other hydrocarbons in a smaller or larger quantity.

A very pure benzene may be prepared by the distillation of a
mixture of one part of benzoic acid with three parts of slaked
lime:—

+ CaO = C0H,, + CaCO8

a reaction corresponding to the preparation of marsh-gas from acetic
acid.

All other aromatic acids which are derived, like benzoic acid, from
benzene, by hydrogen being replaced by carboxyl, are decomposed in
a similar way by heating them with lime ;—

Phthalio Acid.

Mollitic Acid.
r c o , H

CO2FI

I c o l H
H

When benzene is heated with .potassium, in sealed tubes to 200°,
the two bodies combine, and form potassium-benzene, a bluish black
and very explosive body.
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53°
17
139
74
226

171'
206
240
272
326

OF BENZENE.

Monoehlorobenzene CLHtCL—To obtain chlorine substitution-pro-
ducts, chlorine is passed into benzene in presence of a little iodine, the
first product being monoehlorobenzene, a colourless liquid, smelling
like bitter almonds, and boiling at 138°. The same substance is pro-
duced by the action of phosphorus pentachloride upon phenol.

Monoehlorobenzene is not acted upon by heating it with silver salts
or alcoholic solutions of potash, ammonia, and potassium acetate.
When treated with sodium-amalgam, it is reconverted into benzene.

By the further action of chlorine upon benzene, the following
bodies have been obtained; they are all white crystalline solids:—

Dichlorobenzene. , . C8H4C12
Trichlorobenzene . . CjHgClg
Tetrachlorobenzene . CCB̂ C14
Pentachlorobenzene . CjHClj
Hexachlorobenzene . C0Cle

Hexchlorobenzene is also formed when the vapour of chloroform
CHClg, or tetrachlorethene CCl̂ , is passed through red-hot tubes.

Monobromobenzene C6HjBr is slowly formed by mixing bromine
with benzene, and exposing the mixture to tho daylight. It is a
liquid resembling chlorobenzene, and boiling at 154°.

Dibromobenzene C0H4Bry—When benzene is heated with six times
its weight of bromine, it yields two isomeric bibromobenzenes, which
may be separated by fractional distillation.

Paradtbromobenzew crystallizes in large colourless prisms, melting
at 89°, and boiling at 219°,

Orthodibromdbenzene is a liqnid boiling at 213°, and solidifying at
a low temperature to crystals, melting at -1°.

Metadwromobenzcne has been produced by converting aniline into
dibromo-aniline, and acting on this compound with an alcoholic
solution of nitrous acid. Metadibromobeuzeno is a colourless liquid,
boiling at 215°, and not solidifying even at - 28°,

When benzene is heated with an excess of bromine, the higher
substitution-products ore formed, which are colourless, crystalline
solids. •

Moniodobenzem C8H&I.~-Iodine olono does not act upon benzene,
even at a high temperature; but in presence of iodic acid, substitu-
tion'products are formed. The iodic acid acts as oxidizing agent,
taking hydrogen away, in which place iodine enters. At the same
time, a considerable quantity of carbon dioxide is formed, a part of the
benzene being destroyed by oxidation. Moniodobenzene is a colour-
less liquid, which assumes a reddish colour on exposure to the light.
It boils at 185°, and is as stable a compound as chlorobenzene.

The mo3t convenient method to prepare this compound in quantity
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consists in the decomposition of a salt of diazobenzene with hydri-
odic acid. Substitution-products of beuzene are also produced by
treating silver benzoate with iodine chloride -.—

C6H6.CO2Ag + IC1 = C6H5I + AgCl + CO,

Monofiuobenzene CSH6F, is produced by distilling fluobenzoic acid
with quicklime. I t is a scaly, crystalline mass, melting at 40°, and
boiling at 180°. Its odour resembles that of benzene,

Mtrdbenzem C6H6NO8.—Benzene dissolves in concentrated nitric
acid with the evolution of heat; on the addition of water, nitro-
benzene is precipitated as a heavy oily liquid:—

C A + NO^OH - C6H8N02 + H2O

Nitrobenzene has generally a brown colour, but when quite pure it
is a pale yellow, strongly refractive liquid, boiling at 220°. I t has a
burning sweet taste, and a smell resembling that of oil of bitter
almonds, and of cinnamon.

Mnitrobmzme C6H.(FOj)2 is formed by boiling nitrobenzene with
strong nitric acid, or by acting upon benzene with a mixture of con-
centrated sulphuric and nitric acids. It crystallizes from nitric acid
or from alcohol in long, glistening, colourless needles, melting at 86°.

"When mono- or dinitrobenzene, or other nitro-compounds are
heated with potash, they are decomposed, yielding potassium cyanide,
and other products which have not been examined!

By the action of strong nitric acid upon the substitution-products
of benzene, already described, nitro-compounds of the latter are
obtained.

Benzenesulpkmic Add C8H?.SOa.OH.—When benzene is shaken
with concentrated sulphuric acid, it is dissolved :—

SO8 j ° | =; C6H6.SOyOH + H8O

On neutralizing the diluted solution with carbonate of barium or
lead, the excess of sulphuric acid is removed, and the solution con-
tains the benzenesulphonates of these metals. To obtain the free
aoid, the salts are decomposed either by sulphuric acid or hydrogen
sulphide, and the filtered solution is evaporated, Benzeuesulphouio
acid forms small colourless deliquescent plates.

fienzcncsulphonic Chloride C6H5.SOaCl is obtained bythe action of
phosphorus puntachloride upon sodium benzenesulphouate; it is an
oily liquid boiling at 246°, which ia decomposed by boiling water.
By the action of ammonia it is converted into Senzenesulplwnamidc
ORH..SO<I,NRI> a colourless crystalline solid,

f SO OH
Bemmedimlplwnia Add CeH4-J gQ^nH ^ produced by heating

the monosulphonic acid with fuming sulphuric acid. It forms ,i
crystalline deliquescent mass. Tde barium-salt ia very soluble in
water, but the lead-salt less so.
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Jfenzene Sulphoxide or Sulphobemde n 6 5 6 £SCL—To obtain this
L<6Ji6) *

compound, benzene is gradually added to sulphur trioxide. I t is a
solid, sparingly soluble in water, and crystallizing from alcohol in
rhombic plates,

B&mmsidphmie Acid CJI5.SO.0H.—The sodium-salt of this acid
is produced by the action of sodium amalgam on an etherial solution
of benzenesalphonio chloride. The free acid is sparingly soluble in
cold water, and crystallizes from a boiling solution in large brilliant
prisms. It is readily oxidized even by the oxygen of the air, and
converted into benzenesulphonic acid.

Substitution-products of benzenesulphonic acid are produced by
the action of sulphuric acid on the substituted benzenes.

Phosphenyl CTiloride CgH^PClj is formed by passing a gaseous
mixture of benzene and phosphorus trichloride repeatedly through a
tube heated nearly to redness. It is a very refractive liquid, boiling
at 222°, possessing a strong pungent smell, and fuming in the air.

AMIDOBENZENE, OR ANILINE,

By the action of reducing agents, nitrobenzene is converted into
amidobenzene:—

C0H6.NO2 + 3H2 = O.JHJ.NH, + 2H2O

To effect this reduction on the small scale, nitrobenzene is gently
heated with zinc and sulphuric acid, or with tin and hydrochloric
acid; a rather violent reaction soon sets in, and the nitrobenzene
dissolves in the acid, a salt of aniline being produced,/Auiline is
also formed by beating nitrobenzene with soda-solution, and arsenic
trioxide or grape-sugar, or by the fiction of an alcoholic solution of
ammonium sulphide upon nitrobenzene ;—

C0H6,NO8 + 3H8S = C0HfrNH2 + 2H80 + S3

Aniline occurs also in the heavy oils from coal-tar4, and it was fiiat
obtained by distilling indigo with caustic potash, (Anil is the
Portuguese name for indigo.)

Aniline is now manufactured on the large scale from commercial
benzene, which is first converted into nitrobenzene by acting on it
with a mixture of sulphuric aud nitric acids. The nitrobenzene is
mixed with acetic acid, and iron borings or turnings are gradually
added to the liquid until a semi-solid mass is formed, which, after
adding some lime, is submitted to distillation in iron retorts.

Commercial aniline always contains amido-toluenes and other
bases.

Aniline is a colourless, refractivo liquid, boiling at 18l°,nnd aolidi-
G Y
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fying at - 8° to a crystalline mass; when exposed to the air and light,
it assumes a brown colour. It has a peculiar, not unpleasant smell,
and is very sparingly solnble in water, but freely in alcohol, ether
and benzene.

With acids it forms salts, most of which crystallize well.
Aniline hydrochloride CjHj.NHg.ClH crystallizes in needles, which,

can be sublimed; with platinum chloride it forms the double salt
2(CgH6.NHLClH)+PtClv which crystallizes from water in yellow
needles. The hydrochloride forms also crystallized double-salts with
zinc chloride, stannic chloride, and other metallic chlorides.

The nitrate C.HJ.NH3.N03H crystallizes in large rhombic plates.
The sulphate 2(C6H3.NH2)SO4H2 is a white crystalline powder,
tolerably soluble in water, less in alcohol, and insoluble in ether.

With oxidizing agents aniline yields very characteristic reactions.
Thus, when a solution of bleaching-powder is added to an aqueous
solution of aniline, a deep purple colour is produced, which after
some time changes into a dirty red. By bringing aniline in contact
with sulphuric acid and potassium dichroraate, the liquid assumes a
pure blue colour, which soon disappears again. A similar colour is
produced by the action of hydrochloric acid and potassium ohlorate;
it also soou disappears, and a dark-green precipitate is formed.

Aniline combines readily with the iodides and bromides of the
alcohol radicals, and comports itself in this reaction like an amine
and for this reason it was formerly called phenylamin e, '

Mcthylanttme CJHJN" i QJJ ,—Whea aniline is mixed with methyl-
iodide, a violent reaction sets in, and on cooling the liquid solidifies
to a crystalline mass of mrthylanUine hydriodide. The free base is
a colourless liquid, resembling aniline, and boiling at 192°. It is
also produced, together with dimetbylamine,by heating aniline hydro-
chloride with methyl alcohol under a very great pressure ;-—

C6H6.NHa.aH + CHjOH » C6H,j.N j J H } C1H + H,0

CttH6N { H
H s } CIH + CHS.OH « C T O C H ^ C I H + H20

f H
Ethylaniline C0H6N \ QTX hoils at 204°, and diethylaniline

/(•in ' 8 6

C6H,4 ffff at 215", The latter compound combines with etnyl-

i d i d d th idid f th d i th f d
iodide; and the iodide of the compound ammonium thus formed
yields, on treatment with moist silver oxide, the strongly alkaline
and caustic trkthylphsnylarrummium hydroxide N(C0H!l(C2H.)3)OH,
which, by the action of heat, is resolved into diethylanUine, ethylene,
and water.

'ine or diphmylamim C9H. V~8 is formed when a
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mixture of aniline and aniline hydrochloride is heated under pres-
sure. It is a crystalline solid, melting at 46°, boiling at 310°, and
possessing a peculiar smell, like flowers. With acids it forms salts,
which are decomposed by water. With nitric acid it yields an
intensely blue liquid.

Methyl-pkmyl-aniliM ClH5 >N ia formed by acting with methyl-
aniline on aniline hydrochloride at 280° for thirty-six hours. It is a
liquid, boiling at 270°, and yielding, when heated with hexachlor-
etnene, a magnificent blue-violet colouring matter.

WO
Diphenylaniliw or triphenylamine C8Hg vN.—Potassium dissolves

readily in aniline, forming the compounds C6H8.NHK and C0IL.NKj,
which, when heated with bromobenzene, are converted into phenyl-
aniline and diphenylaniline. It is a solid, crystallizing from petro-
leum-spirit in thick, large plates, melting at 126°, and boiling at a
very high temperature. I t has no basic properties, and gives, with
oxidizing agents, blue or green colorations.

ANIL1DES.
Just as the ammonium-salts of many acids are resolved by heat

into water and an amide, the salts of aniline yield by the same re-
action anilides.

{ COHJT is produced "by healing aniline with
ethyl formate, aa well as when aniline oxalate is quickly heated, It
forms colourless crystals, melting at 46°. It is freely soluble in hot
water, and yields, by distillation with hydrochloric acid, benzonitrile
CA.CN,

Acetanilide C<,H6N j g°'CH3wThis body may be obtained by the
action of aoetyl chloride or acetic anhydride upon aniline, or by the
distillation of aniline acetate. It is sparingly soluble in cold water,
and crystallizes from a boiling solution in shining plates, melting at
106°, and boiling at 292°. It dissolves in fuming nitric acid with
the formation of nitro-acetanilide, and, by the action of chlorine or
bromine, it yields substituted acetanilides.

Carbanilamide or phenyl^urea CO -J JJH • * has been produced by
passing the vapour of cyanic acid into well-cooled aniline, and by
evaporating a solution of aniline sulphate with potassium cyanate.
It is almost insoluble in hot water, and crystallizes from a boiling
solution in white needles.

Carbanilide or diphenyl-iirea is formed together with ammonia and
y ?
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cyanvuic acid when phenyl-urea is heated, and it is also obtained by
the action of carbonyl chloride on. aniline, and by heating aniline
with urea;—

2CA.NH, + CO { g g j = CO { Jg ;%g< + 2NH8

It crystallizes in silky white needles; is insoluble in water and
volatilizes on heating.

( NHfC H ̂
Ethyl carbanilate ov pfonyl-uretkanc CO •] Q^, W° ' ' is found when

aniline is acted upon by chlorocarbonic ether (p_age 118). It forms
large crystals, and boils at 237°. By heating it with phosphorus
pentoxide, it is resolved into ethyl alcohol and cwlanil or phenyl

carbimidc O j- N, a very refractive liquid, boiling at 163°, and

possessing a most pungent smell.
When this body is brought in contact with a little triethyl-

phosphine, it is converted into the polymeric diphenyl dicarUmide

(phenyl dicyanate)' feffi J- Na, forming large beautiful crystals,

melting at 175°. At a high temperature it is resolved again into
two molecules of carbaniL It combines with alcohol, forming ethyl

dipIunylalhphoM.dc C6H6.N I C O O C ^ H " ^ } ( 8 e e p a 8 e 120>' c r y s t a l "
lizing in fine needles, melting at 98°.

IMphocarbanUide OS j jutr r l i r *8 produced by boiling an alcoholic

solution of aniline and carbon disulphide as long as hydrogen sulphide
is given off. It forms iridescent plates, which are sparingly soluble
in water, more freely in alcohol, and have a bitter taste,

C H I
Pkenukulpkocarbimide or Phmyl mustard*oil a

r « f N,—To pre-
pare this compound, sulphooatbanilide is heated with fuming hydro-
chloric acid. It is a colourless liquid, boiling at 222°, and smelling
like cemmon mustard-oil.

Omnilide (CgH ĵN^H^CjOA is obtained, together with formanilide,
when aniline oxalate is heated. I t is insoluble in water, and sub-
limes on heating in shining crystals, melting at 245", By heating
aniline with an excess of oxalic acid, the monobasic oxanilic add

£ IT
C<iH6N>| Q Q Qjr is formed, which is soluble in water,

C'yananilide C0H6N \ Q « is formed by passing cyanogen chloride

into a solution of aniline in ether. It is an amorphous mass,
MelanUim or dvphenylrffiumi&ine C(NH)(NH,C0H5)a is a weak

base, forming crystalline salts, and is produced by passing cyanogen
chloride into pure aniline. An isomeric compound is formed when
guanidiue hydrochloride is gently heated with aniline. The isotnerism
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of these two compounds is most probably caused by two phenyl groups
replacing different atoms of hydrogen in guanidine C(NHXNH,L

(hrMnphenyHriamme or tHjphmyl-guanidine C(NH) \ ^Jn g \5

is a mon-acid base, which is formed by the action of tetracnloro-
methane CC14 on aniline. I t is a crystalline solid, insoluble in
water, and forming crystallized salts.

CyanUine C?(NH)g(NH.C0H5}.—On passing cyanogen gas into an
alcoholic solution of aniline, this compound separates out after some
tiraa It is a crystalline solid, combining with acids. On heating it
with aqueous acids, it is decomposed with formation of rnnmonia, and
oxanilide or oxamide:—

NH.C6H6 NH.CaH5

O.NH CO
| + 2H2O - F + 2NHS
C.NH CO

N H . C A NH.C
Cyaiwbenzcne or Phenyl Uarlamine CN.C?H5.—This compound is

obtained by the distillation of a mixture ot aniline, chloroform, and
caustic potash. It is liquid, boiling, with partial decomposition, at
160°. Its colour appears blue in reflected light, and green by trans-
mitted light. It has a most penetrating odour, like other carbarn ines.
By acids it is decomposed with the formation of aniline and formic
acid.

SUBSTITUTED ANII^ES.

Monochloranilinc C6H4CLNH« is prepared by acting with strong
nitric acid on chlorobenzene, ana treating the nitrochlorobeuzene thus
formed with a reducing agent. Mouoclilomniline is insoluble in cold
water, very sparingly soluble in boiling water, but readily in alcohol.
It crystallizes in shining octahedrons, and is a weak base, forming
crystalline salts.

Dichhraniline C6H3Clj.NH4 and tritHiloraniline COH3C1.NH8 are
crystalline solids, having no basic properties. Triclilomniline is also
formed, together with small quantities of the two other chloranilines,
by the aetion of chlorine upon aniline, the greatest part of which, how-
ever, is converted into a dark tarry mass.

Monobromanilinc CjH^Br.NHa has been obtained from monobrom-
benzene, and has great resemblance with chloranilinc.

Dibrom- and tribromauiline are produced by the action of bromine
upon aniline, as well as by heating nitrobenzene with hydrobromic
acid:—

C0H6.NO2 + CHBr = CflH6.NH, + 3Br8 + 2H8O
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The nitrobenzene being first reduced to aniline, free bromine is
formed, which substitutes hydrogen in aniline,

Todaniline C6H4I.NH2 is readily formed by the action of iodine
upon aniline, but it is not produced by heating nitrobenzene with
bydriodic acid, because free iodine acts only upon free aniline, but
not on its salts. lodaniline is a weak base, crystallizing in white
prisms.

Orthonitraniline CflH4 \ ™-A—This compound is not formed by

the action of nitric acid upon aniline. To obtain it, an anilide, as
acetanilide, is dissolved in strong nitric acid, and the nitro-acetanilide
thus formed boiled with potash-solution:—

K 0 H " C«H* { NO* + <W> a K

Orthonitraniline crystallizes in long yellow needles or plates, melting
at 146° and subliming without decomposition.

Paranitraniline C0H4 j JJQ8.—This isomeride is obtained by re-
ducing dinitrobenzene with an alcoholic solution of ammonium
sulphide. It forms yellow needles, melting at 110°, and subliming
readily on heating.

Paranitraniline is the starting-point for a series of substituted
anilines, which are isomerio with those just described. To obtain
these paranitraniline is converted, first, into a diazo-compound, and
this decomposed by hydrochloric hydrobxomio, or hydroiodio acid.
The substituted nitrobenzenes thus formed are then reduced by a
suitable agent.

Paraehlor- and parabromniline are liquids, Para-iodaniline crys-
tallizes in silvery soales, melting at 25°.

Metaniimniline.—By the action of nitric acid on bromobenzene,
two isomerio bromonitrobenzenes are formed, one melting at 125°, and
the other at 38°. When the former is heated with concentrated
alcoholic ammonia for twelve hours to 190", it is converted into ortho-
nitraniline, whilst the second modification yields by this reaction
metanitrauiline; which is more volatile and more soluble than its
two iaomerides. It forms yellow needles, melting at 66°; its aqueous
solution stains the akin yellow.

The mtranilines are weak bases, forming salts, which are decom-
posed by water.

StUphanUic Add or Amidobetavne'SulpJimic Add COH44 Q O
 8QTT

—This powerful monobosio acid is obtained by dissolving aniline in
fuming sulphuric acid. It is not freely soluble in cold water, and
crystallizes from a hot solution in rhombic plates containing one
molecule of water. Its salts are soluble in water, and crystallize
well.
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Thio-anilineS\ Q 6 g*3 .—Thi s bi-acid base is formed together

with hydrogen sulphide by heating aniline and sulphur together with
oxide of lead, the latter being added to remove the hydrogen
sulphide as soon as it is formed, because it has a decomposing action
on thio-aniline,

Thio-aniline crystallises from a hot aqueous solution in long, thin
silky needles, melting at 104°; when more strongly heated, they are
decomposed. With acids it combines, forming salts which all crystallize
very readily. On adding potassium dichroinate to the solution of one
of the salts, violet flakes, soluble in alcohol, are precipitated Thio-
aniline dissolves in concentrated sulphuric acid, forming a red or
blue solution, which, when poured into water, yields a beautiful red
liquid.

DIAMIDOBENZENES C0H4 j
 2

Orthodiamidobenzene is formed by the reduction of orthonitraniline;
it is readily soluble in water, and forms colourless crystals, melting at
140°, and boiling at 267°.

Paradiamidobenzene has been prepared by reducing dinitrobenzene
or paranitraniline with tin and hydrochloric acid. On decomposing
the hydroohloride thus formed with soda, the base separates out
as a liquid, which gradually solidifies to a crystalline mass. It
melts at 63°, and boils at 287°. It absorbs oxygen from the air, and
changes soon into a brown mass,

Metadiamidobenzene is obtained from metanitraniline. It forms
brilliant white plates, melting at 99° and boiling at 252°.

TRIAMIDOBENZENE

"When triamidobenzoic acid is heated, it is resolved into carbon-
dioxide and triamidobenzeno, a crystalline solid, melting at 104°, and
boiling at 330°. Ita concentrated aqueous solution has an alkaline
reaction, and gives, with ferric chloride, a violet precipitate, which
soon turns brown. It reduces an ammoniacal silver solution, and
gives, with sulphuric acid containing a trace of nitric acid, a deep
blue liquid. Triamidobenzene forms crystalline salts, containing two
equivalents of an acid,

A20-DERIVATIVE8 OF BENZENK.

Azoleiizene Q6TT6 f N2 is obtained by distilling nitrobenzene with

an alcoholic solution of potash. In this reaction the alcohol acts as
a reducing agent, being oxidized to aldehyde. Azobenzene is also
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produced by the action of sodium amalgam on an alcoholic solution
of nitrobenzene, and, but in a small quantity only, by oxidizing
aniline hydrochloride with potassium permanganate.

It crystallizes in large yellowish-red plates, melting at 06°-5, and
boiling at 293°, and possessing a faint smell of roses. Concentrated
nitric acid converts it into nitro-compounds, and sulphuric acid
dissolves it in the cold without acting on it; but on heating the solu-
tion azobcnz<Snesulp7ionw add C^HflNjSOgH is formed, which, as well
as its salts, readily crystallizes.

Azobenzene readily combines with bromine, forming azohnzene
dibromide CjHjjNjjBrj, crystallizing in golden-yellow needles. Re-
ducing agents, as ammonium sulphide, convert it into hydrcaobenzeM
C2 ]H1 0N2IJ2 ) a compound which is also obtained, together with azo-
beuzene, by the oxidation of aniline hydrochloride. It crystallizes
in colourless plates, smelling like camphor. Oxidizing agents con-
vert it into azobenzene, and by distillation it is resolved into aniline
and azobenzene.

Dinitrohydrasscbenzene CuH^NO^NoHj is formed by the action of
cold ammonium sulphide on dinitro-azobenzene. I t crystallizes from
boiling alcohol in large yellow needles, melting at 220°; by heating
above this temperature, it is resolved into dinitro-azobenzene and
paranitraniline,

Diamidohydrazobmzene or Dipheninc CjjHgCNH^jNjHj is a yellow
crystalline base, obtained by boiling dinitro-azobenzene with alcoholic
ammonium sulphide. By the further, action of reducing agents, it is
resolved into two molecules of diamidobenzene.

Azoxybmzene C18H10N?O is formed together with azobenzene by
reducing nitrobenzene with alcoholic potash. It crystallizes in long
yeUow needles.

These azo-compounds are bodies standing intermediate between
nitrobenzene and amidobenzene; their constitution is explained by
the following formulae:—

Nitrobenzene . . . .

Azoxybenzene , , , .•<

rcj
Azobenzene, . . . .

:C0H6.N

(C0H6.]
Amidobenzene . . . . CflH&.NHa

'C6H5.NH
Hvdrazobenzene . . A I

«-NH
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DIAZOBENZENE COMPOUNDS,

These compounds are produced by acting with nitrous acid on a
salt of aniline; thus aniline nitrate yields diazobenzene nitrate;—

+ HNO2 = G^N^NOj + 2H2O

The monad radical diazobenzene has the constitution CeH5.N=N—;
its compounds are very unstable bodies, and easily decomposed by
water, absolute alcohol, and acids. Thus, on boiling a diazobenzene
compound with absolute alcohol, it is reduced to benzene :—

C6H6NyNO8 + C ^ O = C6HB + C2H4O + NOaH + N2

When it is boiled with water, it yields phenol—

CjH.-Ng.NOj + H2O = C0H6.OH + NO8H + NO8H

whilst concentrated hydiiodic acid converts it into moniodobenzene:—

C6H5N2.NO8 + HI = C9H5I + 2*O8H -p N3

The substituted anilines ore acted on by nitrous acid in precisely
tho same manner, and the diazobenzene compounds are, therefore, of
great theoretical interest; as by means of them not only a large
number of substitution-products may be obtained by simple reactions,
but also the positions of the side-chains in isomeric bodies can be
fixed, if we either start with such of known constitution, or if we
obtain compounds hi which the positions of the side-chains have been
ascertained by other reactions.

Thus paranitraniline yields diazobenzene compounds, which, by the
action of hydrochloric, hydrobromio, or hydriodic acids, are coaverted
into the corresponding substituted nitrobenzenes, in which, as well as
in paranitraniline and paradiamidobenzene, the side-chains occupy
the positions 1,4, inasmuch as the paranitro-iododobeiizene thus formed
yields by reduction para-iodaniline, and this compound, by converting
it again into a diazo-compound, and boiling the latter with water, is
transformed into para-iodophenol (see page 314).

In metanitraniline and metadiamidobenzene, the side-chains have
the positions 1, 2. Tins follows from the following considerations :—
Para-oxybenzoic acid belongs to the group 1,4 (see page 314; to the

same group belongs, therefore, para-atnidobenzoic acid C O H J ^ ,

inasmuch as it yields a diazo-compound, which by boiling water is
converted into para-oxybenzoic acid. The amido-acid can yield two
nitre-compounds : in one of these the nitroxyl has the position 2 = 6
and in the other 3 = 5. One of these yields, by acting on it with an
alcoholic solution of nitrous tic id, common nitrobeuzoic acid belong-
ing to the group 1, 3 ; consequently in the corresponding nitro-amido-
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benzoic acid the groups NH2 and N02 are linked to two adjoining
carbon-atoms, or in the positions 3,4 = 1, 2. Now, as by reduotion
this nitro-acid yields a diamidobenzoic acid, which, by the action of
heat, is resolved iuto carbon dioxide and metadiamidobenzene, it
follows that the latter compound belongs to the group 1, 2.

As we know now the constitution of two diamidobenzenes, we
know also that of orthodiamidobenzene, which, as well as its deriva-
tives, belong to the group 1,3.
' The different substituted anilines obtained by the above reactions

can again be transformed iuto diazo-compounds, and the latter into
isomeric dichloro-, dibromo-, or di-iodobenzenes. Now, as from all
these bodies new nitro- and amido-compounds may be produced, and
the latter again converted into diazo-compounds, it is readily under-
stood how important the diazo-compounds are from a theoretical point
of view,

£>wzolenze-ne Nitrate Q^U^HQ^—To prepare this compound,
water is added to an excess of aniline nitrate, and nitrogen trioxide
passed into the liquid. The solution becomes warm, and soon the salt
appears in crystals, the yield of which is increased by adding a mix-
ture of alcohol and ether. It forms colourless needles, sparingly
soluble in alcohol, and insoluble in ether. The dry salt detonates by
heat or percussion with the greatest violence.

Diazobenzene Sulphate C(}HfiN2.S04H is obtained by decomposing a
concentrated solution of the nitrate with dilute sulphuric acid, and
adding alcohol and ether to the liquid. It crystallizes in colourless
prisms, and is very explosive. When to its solution a solution of
platinic chloride in hydrochloric acid is added, the compound
(CJH6N"9C1)8 + PtCl4 separates in fine yellow prisms.

J)iazobmzenc-potassoxide C6H5Nj.OK.—This compound is obtained
by adding potash-solution to a salt of diazobenzene. I t separates as
a yellow, oily liquid, which, by drying on a wator-bath, solidifies to a
crystalline mass. The pure compound forms small shining scales, and
is readily soluble in water.

Diazobenzene-aryentoxide C0H5N2.OAg is a greyish-white and very
explosive powder, which is obtained by adding silver nitrate to a
solution of the potash-compound.

Diazobenzene Hydroxide C6H6Nj.OH.—When acetic acid is added
to the potash-compound, a yellow oil, possessing an aromatic smell,
separates out, which appears to be diazobenzene hydroxide. It is a
most unstable body, which in a few moments decomposes with evolu-
tion of nitrogen and phenol.

Diazo-amidobcnztne C(1H6Na.NH(CaH6) is produced by adding ani-
line to an alcoholic solution of diazobenzene salt, and is also obtained
by passing nitrogen trioxide into a cold alcoholic aniline solution, or
by adding a slightly alkaline solution of potassium nitrite to a solution
of aniline hydrocliloride. It is insoluble in water, and crystallizes
from an alcoholic solution in golden-yellow scales. On heating, it
explodes. It does not combine with acids, but yields with platinic
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chloride and hydrochloric acid a crystallized double salt (CMHnNs,
ClH)3 + PtCl4.

Amido-azobenzene C0H5.N2.C(JH4.NH2.—This compound is isomeric
with diazo-amidobenzene, and is obtained by leaving the latter in
contact with alcohol and an aniline salt. It is also produced by
passing nitrogen trioxide into a warm solution of aniline, and by
reducing mononitro-azobenzene with ammonium sulphide. Ainido-
azobenzene crystallizes from alcohol in yellow ueedles, which sublime
at a high temperature *, it is found in commerce under the name of
Aniline-yellow. It is a weak base, forming salts having a red or
violet colour, and which are decomposed by water.

Oa heating it with tia and hydrochloric acid, it takes up hydrogen,
and is resolved into aniline and diamidobenzene :—

CBHUNB + 2Ha = C0H7N + C8H8N,

Tliis reaction shows that it lias the following constitution :—

C'0H5-N=N~C0H6.NHa

whilst the isomeric diazo-amidobenzene is:—

C6H5-N=N-~NH.C6H l i

We do not yet know why diazo-amidobenzene, when in contact
with an aniline salt, undergoes such a molecular change; a small
quantity of the latter being sufficient to transform a large quantity
of diazo-amidobenzene into amido-azobenzene.

Triamido-azobmzeM N2 j Q 9 ^ * ' / ^ N .—The hydrochloride of this

base forms the principal portion of Plwnykne-hrwn, a colouring
matter used for dyeing woollen goods, which is manufactured by
adding a solution of sodium nitrite to a cold, dilute solution of
pammidofonzene hydrochtoridc. The mode of formation of this base
is quite analogous to that of aniline-yellow. The diazo-diamido-
benzme, which is first formed, undergoes a molecular change, and is
transformed into triamido-azobeozene.

Diazo-diamidobeHzeneH2N.C(JH4.Na,NH.C(,H4.NH4

Triamido-azotenzene H3N.CaH4.N2.C0Hs

QXYBENZENES, OH PHENOLS.

Alonoxiibenzene, or Common Phenol CeH5.OH.—This compound,
which is also known by the names " carbolic acid " or " phenyl alcohol,"
is produced in quantity by the destmctive distillation of coal, wood,
and other organic substances. It occurs in small quantity in human
urine, and in the urine of herbivorous animals, and in castoreum.
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Phenol lias been obtained synthetically by dissolving acetylene in
fuming sulphuric acid, and fusing the sulpho-ncid thus formed with
caustic potash;—

SCaH-SOaK + 3K0H = C6HO.OH + 2K2SO4 + K ^

Phenol is manufactured on the large scale by agitating heavy coal-
tar oiJ, boiling above 160°, with a concentrated soda-solution, to which
some solid caustic soda is added. A crystalline magma is formed,
whilst neutral oils are left undissolved. After the latter have been
separated, the soda-compound is decomposed with hydrochloric acid,
and the impure phenol again treated with a quantity of soda, which
is insufficient to dissolve the whole; phenol dissolving iu alkalis
mote readily than cresol and other homologues, which are present in the
crude product. The solution is exposed to the air, in order to remove
impurities which are easily oxidized, and soon separate as a tarry
matter. The clear liquid is then treated with hydrochloric acid, and
the phenol, after being dried over calcium chloride, is submitted to
fractional distillation. From the portion boiling below 190°, phenol
separates out in crystals on cooling.

Pure phenol may also be obtained by heating salicylic acid (oxy-
benzoic acid) with quicklime; this reaction is quite analogous to the
formation of benzene from benzoic acid:—

Pure phenol crystallizes in long, colourless needles, melting at 42°,
and boiling at 184°, I t possesses a characteristic odour and a
pungent and caustic taste, producing white blisters on the tongue. I t
combines with water, forming a crystallized hydrate 2(C6H5.0H)+H8O,
which by distillation is again resolved into water and phenol.

Pure phenol remains unaltered in tho air, but the commercial pro-
duct soon absorbs water, and is converted into a red liquid. It is
rauoh used as a disinfectant, and for the conservation of wood, because
it possesses the property of preventing putrefaction.

Ferric chloride produces in an aqueous solution of phenol a violet
colour; and, with a little ammonia and a solution of bleaching-
powder, it yields a fine blue colour. The best reagent for phenol is,
however, bromine-water (see tribromopheuol),

Mcthyl-plicnyl Ether, or Anisol nlr 5 f 0.—This compound was first

obtained by distilling anisic acid with baryta, and is easily prepared
by heating potassium phenate with methyl iodide. It is a coloruless
liquid, possessing an aromatic odour, and boiling at 152°, By heating
it with hydriodic acid to 130°, it is resolved into methyl iodide and
phenol.

Mhyl-phenyl Ether, or Phtmetol CgHyO.CjH^ is obtained hi a similar
way from ethyl iodide; it is an aromatic liquid, boiling at. 172°.
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• Q°D 6 Q {• C ^ is obtained by heating ethene

bromide with potassium phenata It is insoluble in water, and
crystallizes from ether in shining scales, melting at 98°*5.

Diphenyl Ether Q°J£ {• 0 is formed by the action of phenol upon

diazobenzene sulphate:—

+ C9H6OH m jj«g» | o + S04Ha + N4

I t is a crystalline solid, possessing an agreeable odour, melting at 28°,
and boiling at 246°. This ether is a most stable compound, which is
not reduced by red-hot zinc-dust, and not acted upon by chromic acid,
nor altered by heating it with concentrated hydriodic acid,

PJicnylphosphoric Aeidtf 5 [ PO4 ia formed together with diphenyl-

phosphoric acid, by the action of phenol on phosphorus pentoxide.
Triphenyl phosphate (C6H6)8K)4 is a colourless, crystalline sub-

stance, which is formed, together with chlorobenzene, by the distilla-
tion of phenol with phosphorus peutachloride.

f OC H
Phmyl Carbonate CO -J oo°H6 " PTO^uce^ by heating phenol and

carbonyl chloride in closed tuDes to 140° to 150°. It crystallizes from
alcohol in brilliant silky needles, melting at 78°. On heating, it gives
off an. agreeable aromatic odour, and sublimes in long needles.
With potash solution, it yields potassium carbonate and potassium
phenate.

C H I
Phmyl Acetate or Acdyl-phenol Ether n V \ O is formed by the

W 80 J
action of acetyl chloride on phenol, and has also been obtained by
heatiug anhydrous lead acetate with carbon disulphide and phenol :—

40aH6.OH + 2 ( ^ 5 I O8Pb) + CS4

1 0 ) + 2PbS + COa + 2H2O

It is a colourless liquid, possessing a peculiar smell, and the same
index of refraction as soft German glass; if, therefore, such a glass
tube be dipped • into the liquid, it becomes invisible. It boils at
200°.

Phenyl Sulphydrate, or Thiophenol CaELSH.—This body has been
produced by reducing benzenesulphonic chloride with zinc and dilute
sulphuric acid; and it may also be prepared by the action of phos-
phorus pentasulphide on phenol. It is a colourless, strongly refractive
liquid, boiling at 165°, and possessing a penetrating, disagreeable smell
Like other mercaptaua, it forms readily metallic compounds.
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Phmyl Sulphide ^ g 5 \ S is formed, together with tMophenol, by

the action of phosphorus pentasulphide on phenol, and is also pro-
duced by the dry distillation of sodium benzenesulphonate. I t is a
limpid liquid, boiling at 2t,l2°, and possessing a disagreeable alliaceous
smell. Nitric acid oxidizes it to sulphobenzida

Phenyl Disulpkide p«56 ]• Sa is obtained, 03 the first product, when

thiophenol is heated with dilute nitric acid, and forms shining white
needles. By the action of nascent hydrogen, it is again converted into
tMophenol; and by boiliug it for a long time with nitric acid, it is
oxidized to benzenesulpkonic acid.

( OH
Phmolsulplumic Acid CgHw gQ „.—Two isomerie acids having

this composition are known, both being formed by the action of con-
centrated sulphuric acid on phenol. When a solution of phenol on
sulphuric acid is left for a few days, the chief product consists of
metajplierwlsd-plionic add, and only a small quantity of jpuraphenol-
sidphmric add is formed; whilst, on heating the mixture gently, more of
the latter is obtained, and by exposing it to a temperature of 100°—
110°, the ineta-aoid is completely converted into the para-acid.

To obtain the free acids, the insoluble basic lead-salts are decom-
posed by hydrogen sulphide, and the solution first concentrated on a
water-bath, and then evaporated in vacuo; they form needle-shaped
crystals. The meta-acid is not easily obtained perfectly pure, as on
heating its solution a part is always converted into the para-acid.
Both form crystalline salts; those of the para-acid are less soluble in
water than the meta-salts, and crystallize in different forms.

The side-chains in the ineta-acid have the position 1, 3, as on
fusion with potash it yields pyrocatechint whilst the para-acid
belongs to the series 1,4; as by fusing it with potash it is converted
into resoroia (see page 314).

(SO8H
Phnoldkulphonie Acid CM3< OH is obtained by heating phenol

(SO3H
with a large quantity of concentrated sulphuric acid for a long time.
On neutralizing the dilute solution with barium carbonate, aud eva-
porating the filtrate, the barium salt CaHg.OHCSOâ Da + 4H.0 ia
obtained in large prismatic crystals. The free acid is very soluble
in water, and .crystallizes in small needles, Phenoldisulphouic acid
may also be produced by decomposing diazobenzene sulphate with
concentrated sulphuric acid. Ferric chloride colours the free acid, as
well as its salts, ruby-red.
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MTROPHENOLS.

Mononilrophenol CgH^NOgJOH exists in three isomeric modifica-
tions, of which, however, two only have been carefully examined. They
are formed together by the action of cold nitric acid (of 20 per cent.)
on pure phenol, and separated by submitting the mixture to a current
of steam, by which only one modification is volatilized. The volatile
mononitropltenol is but sparingly soluble in water, more freely in
alcohol, and crystallizes in long, transparent, yellow needles, melting
at 45°, and boiling at 214". It has a sweet taste, and an aromatic
odour.

The second compound has been called ortlumitroplienol; it crystal-
lizes from boiling water in brilliant, colourless needles, assuming a
red colour in the light. It melts at 110°, and volatilizes at a high
temperature.

The solutions of both compounds have an acid reaction, and they
decompose carbonates; their salts crystallize well; the silver salts
are insoluble in water; that -of the volatile nitrophenol has a deep
orange colour, and silver orthonitrophenate is a scarlet precipitate.

a JKnitroplienol CsHa(NO.)sC)H is obtained by acting with nitric
acid of specific gravity 1«37 on orthomtrophenoL It crystallizes
from boiling water in yellowish-white striated plates, melting at 114°,
and is a strong monobasic acid.

/3 Dinitrophenol is formed together with the a compound and trini-
trophenol by the action of nitric acid on the volatile nitrophenol.
The two dinitrophenols are separated by preparing the barium salts,
which are repeatedly re-crystallized; barium a dinitropbenate being
much more soluble than the salt of the /S compound. /3 dinitro-
phenol crystallizes from water in short, pointed, yellow needles, and
from benzene in long, thick needles, melting at 64°.

Trinilropkmol or Picric Acid CuH^NO^gOH is the final product
of the action of nitric acid on phenol, as well as on many other bodies
containing the aromatic nucleus, such as saliciu, indigo, gum-benzoin,
balsam of Peru, acaroidresin, aloes, silk, wool, &c. It is obtained on
the large scale by heating phenol with nitric acid until the action
ceases.

Pure picric acid crystallizes from water and alcohol in pale-yellow
plates, and from ether in fine prisms, melting at 122°*5. When care-
fully heated it snblimes, but on heating it quickly it decomposes with
deflagration. It has an intensely bitter taste, and is but slightly
soluble in cold water, and more freely in boiling water.

By acting on it with a solution of bleaching.powder, it yields
chlpropicrin CG1$NOJ (see page ll)2) and tetrachloroquinone CC14OZ.

Picric acid is much used tor dyeing silk aud wool yellow. Its
crystalline salts have a yellow or orange colour.

Potassium picmte C6HE(NO,j)8OK is but slightly solnble in cold
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water, and crystallizes in long, shining yellow needles; by heat and
by percussion it explodes with an extraordinary violence, and is
therefore used for the preparation of explosives,

The picrates of sodium, ammonium, barium, and silver are readily
soluble in. water.

Ethyl pkrate CjH^NO^OCgHj is produced by the action of ethyl
iodide upon dry silver picrate. I t crystallizes in long, pale-yellow
needles, which oa heating first melt, and then decompose with a
slight explosion.

By the action of phosphorus pentacbloride upon picric acid, trini-
irocMorobenzene CjHiNOjJgCl is obtained, a crystalline solid, having
an aromatic smelL Ihis compound has been also called picryl chloride,
because it is decomposed by water, analogous to other acid chlorides,
into picric acid and hydrochloric acid.

This reaction shows how the character of an aromatic compound is
modified when hydrogen is replaced by nifcroxyL Whilst mono-
chlorobenzene is not acted on by caustic potash, its trinitro-couipound
is readily decomposed by water.

Ttimlro-amidobanzene, or JHeramide CjHJNO-JgBHj, is produced
by acting with ammonium carbonate on picryl chloride, or by heating
ethyl picrate with alooholic ammonia. It crystallizes from glacial
acetic acid in glistening yellow plates, melting at 187°. On heating
it stronger, it decomposes without explosion ; and, by boiling it with
caustic potash, it yields ammonia and potassium picrate.

Picric acid combines with aromatic hydrocarbons, forming com-
pounds which are distinguished by their characteristic colours
or crystalline forms. This acid is, therefore, often used for the
detection or separation of such hydrocarbons. Thus on dissolving
picric acid in not benzene, the compound C6H0 -f- C0H2(NOg).OH
separates out on ocoling in pale-yellow transparent crystals, melting
at 149°; it dissolves, without decomposition, in alcohol and ether;
but when exposed to the air, benzene is slowly given off, whilst;
alkalis decompose it at once,

Isopurpitric Add, or Picramjamie Add CQHJNJO,.—The potassium
salt of this acid is formed by dissolving picric acid in a solution of
potassium cyanide -,—

<WTfl, 4 30NK + 2H,0 = G&&PJSL + 0O.K, + NH3

Potassium isopurpurate crystallizes in reddish-brown scales, having
a beetle-green lustre, and dissolving in water and alcohol with an
intensely red colour; it explodes by heat. The free acid is not
known, but a great number of salts have been prepared. The am-
monium salt, which is obtained by double decomposition of the
potassium salt with sal-ammoniac, has the greatest resemblance to
ammonium pnrpurate or murexide, and is usod for dyeing. Barium
isopurpurate is a vermilion-red precipitate, which is solnble in hot
water.
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The isopurpurates are decomposed by acids; the liquid gives off a
pungent smell; brovm flakes separate out; and on evaporating the
brown solution an amorphous residue is left behind.

AMIDO-C0MP0DNDS OP PHENOL,

f OH
Ortho-amidophenol C0H4 -j j™- is obtained by reducing orthonitro-

phenol with zinc and hydrochloric acid. I t is a brown crystalline
powder, which on heating sublimes, with partial decomposition, in
white needles; it forms, with acids, crystallizable salts. An isomeric
compound is produced by the reduction of the volatile nitrophenol;
it crystallizes in colourless rhombic plates, which readily sublime; it
is also a base,

e JJTJ
Dimnidaplieiiol C0H3-< -^jr2 has not yet been obtained in a pure

state.
fNH,

DinUro-amwtophcwl or Picramic Acid CMA OH .—The am-

monium-salt of this compound is formed by the action of hydrogen
sulphide on ammonium picrate. By decomposing it with hydro-
chloric acid, picramic acid is set free; it crystallizes in brilliant red
needles, melting at 165°, and forms red-coloured salts.

The chlorides of these compounds are formed by treating the
hydrochlorides of the two amidophenolg with alcohol which has been
saturated with nitrogen trioxide.

Qrtkadiazophcnol chloride CoH4(OH)NaCl is but slightly soluble in
alcohol, and crystallizes in long colourless needles. The second diaw-
phcnol chloride dissolves more freely in alcohol, and forms colourless
rhonibohedrons.

Both compounds decompose at 10(P, with a slight explosion, and
yield, when treated with concentrated hydriodic acid, the correspond-
ing iodophenols. When they are heated with hydrochloric acid,
resinous bodies are formed, but no chlorophenols; the latter may.
however, be obtained by submitting the platinum double salts to dry
distillation.

C z
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HALOID SUBSTITUTION-PRODUCTS OF PHENOL.

OrOwMwophmol C0H4Cl.OH is the first product of the action of
chlorine on phenoL It crystallizes in white needles, melting at 41°,
and boiling at 218°. It possesses a faint but very disagreeable smell,
and is very caustic, producing white blisters on the skin. An isomeric
compound has been obtained from the second diazo-compound, as
above mentioned. It is a thick oily liquid, having a peculiar aromatic
odour, and boiling at about 180°.

Dichlorophenol CjHg -I ^ g is obtained, together with trichloro-

phenol, by the action of chlorine on phenol or chlorophenol. To
separate the two compounds, the mixture is treated with a warm
solution of sodium carbonate, by which only the tricblorophenol is
dissolved, whilst impure dichlorophenol is left behind as an oily liquid,
which is purified by fractional distillation and recrystallization. It
crystallizes from benzene in long needles, melting at 43°, and boiling
at 209°,

Tricfdoroplienol C0Hg | Q & crystallizes in thin white needles,

l i t 61° d b i l i t 244° It t dimelting at 61°, and boiling at 244°. It possesses a strong, disagree-
able odour, and is a monobasic acid,

Tetraehlarophcnol C8H •! QA- is not known-in a pure state.

PcntacMorophenol or PerehUrrophmol (LC16.OH is readily obtained
by the action of chlorine on a mixture ot phenol and antimony tri-
chloride.. The crude product is purified by distilling it with steam
at 180°—200°. It crystallizes from petroleum-naphtha in thin, long,
brilliant needles, melting at 187°; its alcoholic solution colours blue
litmus red. At the common temperature it is .odourless, but when
heated it gives off a very pungent odour, and its dust produces violent
sneezing. Phosphorus pentaehloride converts it into hexachloro-
fcenzene. When its potassium salt is heated, it is resolved into
potassium chloride and pcrchlorophmylene oxide CpCl.O, which is
insoluble in alcohol and most other solvents, but dissolves freely in
boiling nitrobenzene, and crystallizes on cooling in fiat needles, re-
sembling benzoic acid. It melts at 320°, and boils above the boiling-
p in t oi' mercury. As this compound has such a high boiling-point,
it has probably the following constitution:—

COC1

f Br
Monobromophenol C6H4 < QTT is obtained by dissolving bromine aud

phenol in glacial acetic acid, and gradually mixing the well-cooled
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solutions. It forms large colourless crystals, resembling alum; it
melts at 64°, and boils at 236°,

DibromopJmd C6H4-| Q ^ is produced by the further action of

bromine, and forms glistening, white crystals, melting at 40°, and sub-
liming even at the common temperature.

Tribromophenol C6Ha -J Q& is obtained as a crystalline precipitate

by adding bromine water to an' aqueous solution of phenol. It is
quite insoluble in water, and this reaction may be used for the quan-
titative determination of phenol, as well as for detecting small
quantities of it—for example, in urine, or in drinking water from
wells situated near gas-works, &c. Aniline and some other bodies
give similar precipitates with bromine water; but that produced
by phenol differs from these by beingeaaily reduced to phenol, which
can be recognized by its characteristic smell This reduction is
readily effected by treating tribromophenol with dilute sulphurio acid
and sodium amalgam,

Telm- and Paticibromojihenol are also known; both are crystalline
solids.

Moniodoplwnol CaH4-| « „ exists in three isomeric modifications.

The two of these are formed together by acting with iodine and iodic
acid on an alkaline solution of phenol:—

5CflH6.OH + 2I2 + HIO3 = 5C6H4I.OH + 3H2O

(Ww-wdop/ienoJ is also obtained pure by boiling diazo-iodobenzene
sulphate with water. It forms flat, glistening needles, possessing
a faint but disagreeable smell; nitric acid decomposes it with the
separation of iodine.

Metadodophcnol is an oily liquid, but has not yet been obtained
perfectly pure.

Paraiodophenol has been prepared from the dlazo-iodobenzeiw
sulphate obtained from para-iodaniline. It crystallizes in needles,
aud yields, with fuming nitric acid, substitution-products, without
iodiue being liberated. The same compound is also formed, together
with a small quantity of its isonusrides, by acting with iodine on
phenol in the presence of mercuric oxide:—

2CaHt.OH + 2I? + HgO - 2C0H4I.OH + HgI 2+ H2O

DIOXYBENZEKE8.

The three isomeric dioxybenzenes have been prepared by fusing the
iodophenols with caustic potash :—

7, 2
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Hydroquinone is prepared by heating ortho-iodophenol with potash
to 180°. This body was first obtained by suspending quinone C6H.O2
(see below) in water, and passing sulphur dioxide into it until a
colourless solution is formed:—

C A { o > + 2 H * ° + S 0 * = C«H* { OH + S 0 * H *

Hydroquinone crystallizes in rhombic prisms, melting at 172°, and
subliming with partial decomposition at a higher temperature. It
exists as glucoside, called arhdm, in the leaves of the bearberry
(Arbutus Urn uni) and other Ericaceae; when arbutin is boiled with
dilute sulphuric acid, it is resolved into hydroquinone and dex-
trose ;—

o C 6 H U O 5
 + 2 } ° - C«H* { O H + W ^

Hydroquinone does not yield substitution-products with bromine
and chlorine, because these elements oxidize it first to quinone. But
substituted hydroquinones are readily formed by the action of sulphur
dioxide and water on chloro- and bromo-quinones,

DinUrohydroquinone C6H2 j /jig ? •—^v t n e a^ion of concentrated

nitric acid on arbutin, dinitroarbutin is formed, which, on boiling with
very dilute sulphuric acid, is resolved into dextrose, and dinitrohydro-
quinone. It crystallizes in golden-yellow plates, dissolving with a
blue colour in alkalis,

Quinone C6H44 Q>.—This compound was first obtained by oxi-
dizing quinic acid C6H7(OH)4COgH with manganese dioxide and
sulphuric acid; and it is also formed by the oxidation of hydro-
quinone and several other derivatives of benzene.

Quinone is a very volatile body, subliming readily in brilliant
golden-yellow needles, possessing a suffocating smell, like iodine, It
is but slightly soluble in cold water, more freely in boiling water and
alcohol and ether; the solution has a yellow colour, and produces
brown stains on the skin,

( O OP IT OTT
Quinkydrone, or green, Hydroquinone C0H4 •! o O c V OH' *s f° rme(*

by the incomplete reduction of quinone with sulphurous acid, and by
the direct combination of quinone and hydroquinone. It is also pro-
duced by adding chlorine-water gradually to a solution of hydro-
quinone :—

f OH HO.C0H,.0H 2 r l _ r H ( O.OC0H4.OH „ ,
4 { OE + HO.cX-OH + J 0 1* t ( l H« 10.OCX-OH + 4 H C 1

Quinhydrone crystallizes in smooth, long needles, possessing a
splendid beetle green lustre, and a faint smell of quinone, and dis-
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solving in hot water, with a brown colour. In cold water it is almost
insoluble, and.by boiling water it is resolved into hydroquinone and
quinone, which volatilizes with the steam. By oxidation, it is readily
converted into quinone, and by reduction into hydroquinone.

f O OC H
PJicnoguinone C6H4< n OC6HB*—^*is beautiful body is produced

by boiling an aqueous solution of one part of pure phenol with two
and a half parts of chromic acid. It readily volatilizes with steam,
and is freely soluble in water. Ether dissolves it from its aqueous
solution, and on evaporation it is left behind as a crystalline mass,
which, by sublimation, yields long, splendid red needles, possessing a
green metallic lustre, and a faint, pungent smell, and melting at 71°.
Phenoquinone has also been obtained by the action of phenol upon
quinone;—

0 s , HO.C0HS r „ f O.0CaH6 p „ f OH
0 > + HO.CX = ° MO.OC6H6

 + ° e H * i O H

Monoehoroquinone (LHgClO/ is obtained by the action of chlorine
on quinone; it forms long, yellow needles, which, by the action of
sulphurous acid, are converted into colourless mmiochlorhydwquirwne
C.H8Cl(OH)g, a compound which is also produced by evaporating a
solution of quinone in strong hydrochloric acid.

DicMoroquinone CJHJCIJOJ" crystallizes in large yellow prisms; by
the action of sulphurous acid, it yields, first, hexacldoroquinhydrone,
which, by further reduction, is converted into dicldorohydroquitwtu.

Trickloroquinone CjHClgO,".—By adding a mixture of phenol and
potassium chlorate to dilute hydrochloric acid, a reddish-yellow crys-
talline mass is obtained, consisting of a mixture of trichloroquinone
and tetrachloroquinone. To separate them, they are reduced by means
of sulphurous acid, and the chlorinated hydroquinones exhausted
with boiling water, which only dissolves trichlorohydroquinono, which,
hy oxidation, is reconverted into trichloroquinone, crystallizing in
large, thin, yellow plates, melting at 163°, and easily subliming.

Tetrachlaro^uinom, or Ckloranil C6C14O,",-—This body is produced
(generally together with trichloroquinone) oy the action of potassium
chlorate and hydrochloric acid upon all substances which yield picric
acid, when boiled with nitric acid.

It crystallizes in brilliant, golden-yellow scales, which are insoluble
in water, slightly in cold and freely in hot alcohol, and sublime at a
high temperature. It is a very stable compound, and not acted upon
by concentrated sulphuric acid, nitric acid, and aqua regia. On heat-
ing it with .phosphorus pentachloride, it is converted into kexachloro-
benzene C6CL. By boiling it with a solution of sulphurous acid, it
yields htTachlm'ohydrotiuinonc ox chlorokydmnU, small white plates,
which are insoluble in water.

Cliloranilic Acid (^.Cy)/' \ QJJ.—Chlorauil dissolves in dilute
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•warm potash-solution with a red colour, and on cooling purple needles
of potassium cbloranilate crystallize out—

4K0H - C6Clj03| £ ! + 2 K C 1 + 2 H « °

By decomposing this salt with sulphuric acid, oliloranilic acid is
obtained in small reddish-white plates, which, alter drying, assume
the colour of red lead, and dissolve in water with a violet colour.

C "NTTT
CMoranilamie Acid C0C120*2] Qg2 —The ammonium salt of this

acid is obtained by dissolving choranil in ammonia. The free acid
crystallizes in almost black needles, having a diamond-lustie. By
heating it with dilute acids, it is converted into chloranilio acid.

f OH
Pyroeatechin, or Oxyplwnic Add C0H4 i Q£.—This second dioxy-

benzene is found amongst the products of the distillation of wood,
and in several vegetable extracts, such as " Hno," " catechu," &c.;
and has also been found, but ia small quantity only, in the green
leaves of the Virginian creeper. I t is also produced by heating
oxysalicylic acid:—

C O H J CO.OH » < y a u JJg + c o 8

(OH ^

and by fusing metaphenolaulphonic acid or meta-iodophenol with
potash,

Pyroeatechin is readily soluble in water and alcohol, and crystal-
lizes in square prisms, melting at 112°, and boiling at 245°, but
subliming at a lower temperature in shining plates. Its alkaline
solution absorbs oxygen, and becomes dark-green, and then black.
The aqueous solution of pyroeatechin gives, with lead acetate, a white
precipitate C6H40tFb, and assumes a green colour by adding ferric
chloride,

f OH
Pproeateehin-muthyl Miher, or Chiaiacol CjH4 -I Qprr, is found

amongst *the .products of dry distillation of "guaiacum " and beech-
wood, and forms a chief constituent of the genuine or wood-tai
cieoscJte. It has been also produced artificially by heating pyro-
ctttechin with caustic potash and potassium methylsdphate—

( , H f O K , C1L> c o _ r j T 10CH3 ^ - n

It is a colourless liquid, boiling at 205°, aad possessing an aromatic
smell. By heating it with concentrated hydriodic acid> it is resolved
nto methyl iodide and pyroeatechin.

Jtcsordn € H 4 1 Q-^.—This body is formed by fusing several resins

or gum-resins (as galbanuin), or extract of sapan-wood and other



THE OABBON C0MF0U2W8, 343

dye-woods, with caustic potash; and it has also been produced by tbe
action of caustic potash upon benzenedisulphonic acid, paraphenol-
snlphonio acid, and para-iodophenol.

It forms colourless, triclinic crystals, melting at 99°, and boiling at
271°. It is very soluble in water, and possesses a sweetish and harsh
taste. Its aqueous solution is coloured dark violet by ferric salts.

When a solution of nitrous acid in nitric acid is added to a cold
and dilute etherial solution of resorcin, it is converted into diazo-
remcm CjqH12N2CL dissolving in acetic acid with a dark cherry-red
colour, and crystallizing in small granular crystals, having a green,
metallic lustre.

By the action of hot sulphuric acid, or hydrochloric acid, this
compound is converted into diazoresorufin C^H^N.O,,, separating
from hot hydrochloric acid in small daricred and Irnllinnt granular
crystals. It dissolves in alkalis with a crimson colour; the dilute
solution exhibits a splendid vermilion-red fluorescence.

By heating diazoresorcin with acetyl chloride in sealed tubes, the
compound C^H^N.ClgO^ is formed, crystallizing from acetic acid in
yellow scales, ana dissolving in alkalis with a splendid violet colour.
Hot nitric acid converts it into the tetrazo-compouud C^HjgNj^LOg,,
crystallizing in small purple plates, the etlierial solution of which
shows a really surprising vermilion-red fluorescence.

( OH"
Mononitroresordn C6Hg(NO)2-j QTT is contained inconsiderable"

quantity in the mother-liquid from the preparation of diazoresorciu.
I t crystallizes in very thin aud long, straw-coloured needles, and
forms three series of salts, the colour of which is lemon-yellow,
golden-yellow, and dark orange.

f OH
Trinitrore$orcin,ar StyphnicAcid C6H(NOg), •! Q S , is obtained by

the action of nitric acid upon resorcin, and all resins and extracts
which yield resorcin on fusion with potash. It crystallizes in pale-
yellow hexagonal prisms, and possesses a very astringent taste. Its
reddish-yellow salts crystallize well, and when heated explode even
more violently than the picrates.

TR1O.XV13ENZEKES.

r o H
Pyrogallol, or Pyrogallic Add C6H3-< OH.—This body is framed

' (OH
when gallic acid CgHJOHJsCOjH is heated to 200°. It crystallizes
in shining white needles, and is readily soluble in water; the solution
has no acid reaction, and colours ferrous salts dark-blue, and ferric salts
red. By exposing an alkaline solution to the air, it rapidly absorbs
oxygen, and assumes a dark colour; it is therefore used to absorb
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oxygen from a mixture of gases, but it is not adapted for a quantitative
determination of oxygen, because there is always a small quantity of
carbon monoxide formed at the same time. By boiling it -with con-
centrated caustic potash, it is decomposed into acetic acid, oxalic
acid, and carbon dioxide. The salts of silver, gold, &c, are reduced
to the metallic state by pyrogallic acid.

By the action of acetyl chloride on pyrogallol, triawtyl-jryrogaUol
C6H8(O.CaH3O)2 is obtained, a white crystalline solid; and by acting
on pyrogallol with bromine, it yields tribrmopyrogallol C6Br8(OH)g,
separating from alcohol in large colourless crystala

r o H
Phloroghcin CMA Off is produced by fusing phloretin, quercitrin,

{ OH
or maclurin (see Glucosides) with caustic potash; and is also obtained
by the same reaction from kino, dragon's-blood, gamboge, &c. It
crystallizes from an aqueous solution in large rhombic prisms, con-
taining two molecules of water, and possessing a sweet taste. The
anhydrous compound melts at 220°, and sublimes, when heated more
strongly. It forms deliquescent salts with alkalis, and reduces alka-
line copper-solutions. Ferric chloride imparts to its aqueous solution
a deep-violet colour. By treating it with acetyl chloride, it is con-
verted into triaedyl-pMoroglucin CjH^O.CgHgO)^ which crystallizes
in small prisms. By adding bromine-water to an aqueous solution of
phloroglucin, a precipitate of tribronwpMoroglvdn C6Br8(OH). is
produced, which crystallizes in long needles. By the action of dilute
nitric acid, it is converted into nitrojphloroglucin C6Ha.NO3(OH)8,
crystallizing in small reddish-yellow plates. When phloroglucin is
dissolved in ammonia, phloramine or wmidophloroqlucin CaHs(NHj)-
(OH)3 is formed, which is not freely soluble in alcohol, and crystal-
lizes in small thin plates, resembling mica; it is a base, forming crys-
talline salts.

(OH
J OCFilicic Acid, or JHhityryl-pMorogluein CjHg-J OC4HjO, occurs in
(.0C4Hr0

the root of the male fern (AspiMum Mix-mas), and is deposited
from the etherial extract of this root in crystals. On fusing it with
caustic potash, it is resolved jnto butyric acid and phloroglucin.

METALUC PE1UVAT1VES OK BBMZENE.

Memiry-diphenyl ^a^ j Hg is formed by the action of sodium

amalgam on bromobenzene. It is insoluble iu water, and crystallizes
from benzene in long colourless prisms, melting at 120°, A small
quantity may be snblimed by heating it carefully; but on heating a
larger quantity to above 300°, decomposition sets in; and benzene,
diphenyl, carbonaceous matter, and free mercury are formed. By the
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action of acids, it is decomposed into benzene and a mercuric salt'
and when it is heated with iodine, according to the proportion of the
two bodies present, either iodobenzene and phenylmercuric iodide
C H 16 j J- Hg are formed, or iodobenzene and mercuric iodide.

C H I
Stannifrphcnyl Triethide ,Q A . 6 ^ Sn is obtained by the action ol

sodium upon a mixture of bromobenzene and triethyl-stannic iodide.
It is a colourless, strongly refractive liquid, boiling at 254°; its vapour
slowly absorbs oxygen. By the action of iodine, it is resolved into
iodobenzene and triethyl-stannic iodide.

ADDITIVE 'COMPdDMDS OF BENZENE.

Benzene HexacMoride CpHgCl̂  is obtained, by the action of chlorine
on benzene, in the sunshine or at the boiling-point, in colourless
crystals, melting at lS'T, and boiling, with partial decomposition, at
288°. On heating it -with alkalis, it is resolved into hydrochloric
acid and trichlorobenzene.

A similar compound is Benzene Eexabromide CjHjBr,.
Bmxm Triehlorhydrin CLHJGgXOHJg is formed by shaking

benzene with aqueous hydrochlorous acid. It is slightly soluble in
water, and freely in alcohol and benzene, and crystallizes at a low
temperature in small plates, melting at 10°. By the action of a dilute
solution of sodium carbonate, an amorphous deliquescent mass called
phenose C6H0(OH)6 is obtained, which, as well as the triehlorhydrin,
yields, when heated with hydriodic acid, mdniodobenzolene COHUI, a
heavy, colourless liquid, which boils without decomposition.

Tricliforophenomalic Add C0H0CL05 is produced, together with
oxalio acid, chlorinated benzenes, and quinones, <&c, by the action of
moderately strong sulphuric acid and potassium chlorate on benzene.
It crystallizes from a warm, aqueous solution in colourless plates.
By boiling it with alkalis, it is decomposed with the formation of
fumaric acid.

COMPOUNDS WITH SEVEN ATOMS OP CARBON.

METHYL-BENZENE OR TOLl'EXK C0H5.CHy

This hydrocarbon is found in the light oils from coal-tar and wood-
tar, and also among the products of dry distillation of balsam of
tolu, dragon's-blood, and other resins. It lias been formed synthetically
by adding sodium to a mixture of bromobenzene, methyl iodide, and
pure anhydrous ether, and keeping the mixture cold. As soon as the
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action is over, the product is distilled, and the toluene isolated by
fractional distillation. Pure toluene is also produced by distilling
the isomeric acids C6H4(CHg)CO2H, and similar acids, with lime.

Toluene is a limpid liquid, boiling at 111°, and smelling like
benzene. It has the specific gravity 0*88 at 0°, and does not solidify
at — 20°, On oxidation it yields benzene acid.

SOBBTrrUTION-PEODUCTB OF TOLUENE.

When chlorine is passed into toluene, and the liquid is kept cold
during the action, or when chlorine acts on the hydrocarbon in the
presence of iodine, only the hydrogen in the aromatic nucleus is
replaced, whilst the action of pure chlorine on the boiling hydrocarbon
produced only substitution in the methyl-group.

The chlorine in these latter compounds is easily replaceable by
other elements or radicals, whilst the substitution-products contain-
ing the chlorine in the aromatic nucleus ate as stable bodies as
the chlorobenzenes.

By treating any of the products thus obtained with chlorine and
iodine, further substitution takes place only iu the aromatic group ;
but by acting on the boiling compounds with pure chlorine, only the
hydrogen of the mothyl is replaced.

By means of these reactions the following substitution-products
have been obtained, to which are added some isomerides, which have
been formed by other reactions, and stand in the second or third line.
The numbers affixed to these compounds indicate the position of tho
chlorine (see page 314).



Boiling-point .

Boiling-point .

Boiling-point .

Boiling-point .
Melting-point .

Boiling-point .
Melting-point .

Boiling-point .
Melting-point .

Toluene or
Methyl-benzene.

C^-OH,
111°

JlcnoeMorctolnene.
C-HCLCHR

{ 1-4 = 157°
A 1-3 = 156

DicMorotolnene.

196°

Trichlorotoluene.
CeHaCĴ CHs

235*
76

TetracMoro toluene.
C6HC14.CH3

271°
92

Fcntachlorotolnene.
C6C16.CHS

301°
218

Benzyl Chloride.

Chlorobenzyl
Chloride.

C6H4CLCH2C1
214°

Dicllorobenzyl
Chloride.

CgHjCl̂ CHgCl
241°

Trtchlorobenzyl
Chloride.

273*

Tetrachlorobenzrl
Chloride.

CeHCl4.CH2Cl
296°

Pentachlorobenzyl
Chloride.

C6C16.CH.C1
326°
103

Bencylene Dichloride,

* 205°
ChloroDenzylene

Dichloride.

1-4 = 234°
1-2 = 229

Diehlorobenzylene
Dichloride.

6 82l7°
Trichlorobeozylene

Dichloride.
6 281°

Tetrachlorobenzylene
Dichloride.

CeHCL.CHCL
306°

Pentachlorobenzylene
Dichloride.

109

Benzenyl Trichloride.
C ^ C C l ,

Chlorobenzenyl
Trichloride.

CaH4CLCCl3
1*4 = 245°
1-3 = 235
12 = 260

Dichlorobenzenyl
Trichloride.

27
Trichlorobenzenyl

Trichloride.

82 q
Tetrachlorobenzenyl ta

Trichloride. 5»

306°
104
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More than seven atoms of chlorine cannot be introduced into
toluene, as, by the further action of chlorine upon the last substitu-
tion-products, the molecule is decomposed with the formation of
hexachlorobenzene,

1*4 Monochlorotoluene is formed by the direct action of chlorine
upon toluene, and the isomefic 1*3 compound has been obtained from
toloidine, which is first converted into acetoluide, and the latter treated
by chlorine. The chlorinated compound yields, on boiling with
alkalis, monochlortolaidine, which is converted into a diazo-compound
and the latter decomposed by absolute alcohol;—

CCHSC11 N J O 4 H + C2H*-OH « C6H4CLCH8 + K2 + HjSO4 + C,H4O

When bromine-vapour is passed into boiling toluene, substitution
takes place only in the methyl group, and the first product formed is
benzyl bromide C6H6.CH2C1, but by acting with bromine on toluene in
the cold two isomeric bromotoluenes are produced,

14 Bromotohiene forms rhombic, colourless crystals, melting at
28-5°, and boiling at 181°.

1*3 Bromotoluene is a liquid which does not crystallize at a low
temperature, and boils at 181°.

By the further action of bromine on toluene in the cold, dibromo-
tolume C0H8Br2.CHg is obtained, a crystalline solid, melting at 180",
and boiling at 245°.

Iodine substitution-produots of toluene have been obtained from
the three isomeric amldotoluenes by converting them into diazo-com-
pounds, and decomposing the latter with hydriodic acid

1-2 lodololuene and 1*3 lodotohime are liquids, both boiling at
204°, whilst 1*4 lodotolmne crystallizes In shining, thin plates,
melting at 35°, and boiling at 211°'5.

NITRO-SVBSTOTTION-PRODUCTS,

ffltrotoluenes (LH^NQ^CHg.—By dissolving toluene ia fuming
nitric acid, and adding water to the solution, a heavy oily liquid,
resembling nitrobenzene, is obtained, which ia a mixture of two
isomerides; they may be separated by continued fractional distillation.

1*4 Nitrotoluene crystallizes in colourless prisms, melting at 54°,
and boiling at 237°. By oxidizing it with dilute nitric acid, it is
converted into paranitrobenzoic acid.

1*2 Nitrotoluene is a liquid which does not solidify in a freezing
mixture, and boils at 223°; boiling dilute nitric acid has hardly any
action on it

1*3 Nitrotolwne has been produced by converting 1*4 amido-
toluene into a nitro-amidotolnene, which was transformed into a
diazo-compound, and the latter decomposed fry alcohol. I t forms



TEE CARBON COMPOUNDS. 349

colourless crystals, melting at 16°, and boiling at 227°, Dilute nitric
acid oxidizes it to common nitrobenzoic acid.

DinUrotoluene CgHg^O^gCHg exists in two forms. One of them
is produced by the action of hot concentrated nitric acid on toluene,
1-4 nittofcoluene, or 1*2 nitrotoluene. I t crystallizes from alcohol
in long, colourless, brittle needles, melting at 71", The second form
is obtained by the action of concentrated nitric acid on 1*3 nitro-
toluene; it forms long, yellow needles, melting at 6Cf.

Trinitrololyme C?Ha^Og)8CH8 is formed by boiling toluene for
some days with a mixture of fuming sulphuric and nitric acids. I t
is sparingly soluble in alcohol, and forms long needles at 82°. By
treating 1*3 nitrotoluene in the same way, another trinitrotoluene is
obtained, crystallizing as carbon sulphide in small plates, melting at
about 82°.

AttIDOTOl,UENES,

f CH
Toluidine or 1*4 Amidotoluene C6H4 \ «.jp is formed by the reduc-

tion of the corresponding nitrotoluene, and has also been produced
from methyl-aniline; by heatiug the hydrochloride of "the latter base
to 335° (the melting-point of lead), it undergoes a molecular change,
and is converted into toluidine hydrochloride. It crystallizes from
aqueous alcohol in large transparent, shining plates, melting at. 45°,
and boiling at 202°. It possesses a peculiar odour, and is sparingly
soluble in. water; its aqueous solution is coloured brown by a solution
of bleaching-powder. Toluidine has in its reactions the greatest re-
semblance to aniline, and forms salts, most of which crystallize well.
The most characteristic is the oxalate, which is but sparingly soluble
in water and alcohol, and insoluble in ether.

Pscwlololnidiiw or 1*2 Amidotoluene is formed by the reduction of
the corresponding nifrotoluene. It is a colourless liquid, remaining
fluid at - 20°, and boiling at 198°, Its aqueous solution is coloured
blue by bleaching-powder, and its oxalate is freely soluble in water,
alcohol, and ether.

The commercial toluidine and heavy aniline aro mixtures of the
two toluidines and aniline. To separate the three bases, they are
converted into oxalates, which are crystallized from hot water,
Toluidine oxalate, which crystallizes first, is purified by recrystal-
lization, and decomposed by soda-solution. The mother-liquor is
evaporated to dryness, the residue exhausted with ether, the etherial
solution evaporated, and the residue treated with soda-solution; and
thus pure pseudotoluidine is obtained,

Pseudotoluidine has also been produced from 14 bromotoluene,
which, by the action of concentrated nitric acid, yields two isomeric
nitrobromotoluenes; one being a liquid, is present in a smaller
quantity than the solid ona By reducing the latter, an nmidobromo-
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toluene is formed, which, by the action of water and sodium-amalgam,
is converted into pseudotofuidine,

13 Amidotoluene is produced by reducing 1*3 nitrotoluene; it is
a liquid boiling at 197°, and giving, with bleaching-powder solution, a
blue colour, like pseudotoluidine,

( CH
The three amidotoluenes yield three aeetoluides C6H4 j H H ' C O CH

differing from each other by their solubilities in water:—
1,000 parts of water dissolve at 22s 0*89 parts of 1 -4 )

„ „ „ 19 8 6 „ 1-3 f-Acetoluide.
14 4-4 „ 1-2J
e JJTT

Niiro-amidotoluene C6Hj.CH8< -^Q2.—This compound exists in

four modifications. The first is obtained by reducing the dinitro-
toluene, melting at 71° with ammonium sulphide; it melts at 77°*5,
and forms crystalline salts. By converting it into a diazo-compound,
and decomposing this with absolute alcohol, 1*2 nitrotoluene is formed.

The three other modifications have been prepared by nitrating the
three isomeric aoetoluides, and decomposing the product with alkalis.
1*4 toluidine yields a nitrotoluidine, melting at 114°-, it does not
combine with acids, and its diaeo-compound yields 1*3 nitrotoluene.
The nitrotoluidine from 1*2 toluidine forms yellow needles, melting at
128°, and is but a feeble base; by the action of nitrous acid and
alcohol it is converted into 1*3 nitrotoluene. The fourth modifica-
tion of nitro-amidotoluene is obtained from 1*3 toluidiue; it crystal-
lizes in dark-yellow needles, melting at 131°, and forms unstable
salts; its diazo-compound is readily converted into 1*2 nitrotoluene.

The constitution of these four nitrotoluidines is shown by the
following formulte :—

Moltingpoint 77*5
CHS

NO,

IHAMtDQTJUJENES 00113.0113 < |Jg a ,

We know three compounds having this composition, 2*4 dwmMo-
tolvene is obtained by reducing the diuitrotolueue, melting afc 71°
with tin, and hydrochloric acid. It forms long, colourless needles,
melting at 99°, and boiling at 280°. 3-4 diamidotolwne is formed
by reducing the nitrotoluidine, melting at 114°; it crystallizes in
scales, melting at 88"*5, and boiling at 265°, Nitrotoluidine, melting
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at 128°, yields 2*3 diamidotcluene.a. crystalline body, melting at about
80°, and boiling at 270°; it readily absorbs oxygen, and assumes a
blue colour.

By the action of ammonium sulphide on trinitrotoluene, two

amido-compoundsareformed; dinitroamidotolueneG^GB.^) j J J J J ^ 2

which crystallizes in small yellow needlos, melting at 168°, and

nikoddamMotolwm CgH^CHj) j 7 ^ | ^ , amall red prism's melting

it 132°.

( OTT
Cresol C6H4 < QJJ ,—The cresol contained in coal-tar consists chiefly

of paracresol or 1*4 eresoL
The pure compound is most conveniently prepared by converting

solid toluidine into diazofcoluene sulphate, and decomposing the
latter with water. It orystallizes in white needles, melting at 35°-5,
boiling at 200°, and smelling like phenol. The same compound is
also obtained by fusing l'4toluenesulphonic acid with caustic potash;
this sulpho-acid is formed together with the 1*2 acid by dissolving
toluene in sulphuric acid.

f CH
Cresol-mthyl Ether G^lA QQJJ is obtained by heating the potas-

sium compound of 1*4 cresol with methyl iodide. I t is a liquid
possessing an aromatic odour, and boiling at 174°.

Metaoresol, or 1*2 cresol, is produced by the action of caustic potash
upon 1*2 toluenesulphonio acid. I t is a liquid boiling at 190°.

Orthocresol, or 1*3 Cresol, has been obtained from thymol
(OH

C6Hs-< CHg, a compound to be described afterwarda By heating it
with phosphorus pentoxide it is resolved into propylene, and ortho-
cresol, a colourless liquid, boiling at about 200°.

f OH
DinUrocresol C6H8(NO)J Q g 3 js produced by the action of nitrous

acid upon solid toluidine ; it forms yellow crystals, melting at 84°.
An isomeric compound is contained in the so- called " Victoria-

yellow," or "aniline-orange." This colouring matter, of unknown
origin, consists principally of the sodium salt of a dinitrocresol, which
crystallizes in pale-yellow needles, melting at 190°,

Trinitroeresot Ga\tt(NQJ)3O15. has great resemblance to picric acid,
but is much less soluble in water, and may therefore easily be obtained
in the pure state by boiling commercial cresol (containing phenol)
with nitric acid.
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DIOXVTOLUKKfiS.

Homopyrooatcchin and Creosote.—The genuine or wood-tdr creosote is
obtained from the products of dry distillation of beech-wood, and is a
mixture containing phenol, creso}, phlorol CLHJCHJjOH, guaiacol

(page 342), and creosol C6H8(CHj) j QQJJ . Creosol is a liquid boiling

at 219°, and possessing an aromatic odour; by heating it with con-
centrated hydriodic acid, it yields methyl iodide, and hompyrocatechin

(OH
C6H8(CHj) \ 0 H , whioh forms a syrupy liquid.

( O1T
Orcm CgH^CHg) J Q^.—All the lichens (species of Bocella and

Lecanora) which are used in the preparation of archil and litmus
contain either free orcin, or certain acids, and compound ethers, which,
under the influence of heat or alkalis, yield orcin i—

Orsellinio Acid.
CjH^CHgXOHyJOjjH = CeHgtCHjXOHJjj + COa

Erythrin.
C0Ha(CH,)(OH)2CO.O)

OreoUinic Acid. Etythrito.
2C0Ha(CH8)(OH)2COaH + C4H6(OH)4

= CJH^CH^COHJJCOJH + C4l

To prepare orcin, the lichens are macerated with milk of lime, and
the filtrate preoipitated with hydrochloric acid. The precipitate, after
being washed with water, is boiled with milk of lime in a flask
provided with a long neck, and the liquid, after nitration, freed from
the lime by carbon dioxide. The solution is then evaporated to
dryness, and the residue exhausted with benzene, whioh dissolves
orcin, and leaves impure erythrit© beMnd,

Oroin has also been produced by dissolving monochlorotoluene in
warm concentrated sulphuric acid, and converting the two isomerio
sulphonio acids, which thus are formed, into the barium salts, whioh
are easily separated by re-crystallization, one being readily soluble in
water, and the other not. On converting the latter into potassium salt,
and fusing this with potash, orcin is formed;—

C0H,(CH8) { fOaK + 2K0H = C0H8(CH3) { g g + KC1 + KaS0

Orcin is also produced together with para-oxybenzoic acid, when
aloes is fused with caustic potash.

Orcin crystallizes from water in monocliuic prisms containing one
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molecule of water, and melting at 58°. The anhydrous compound
melts at 86°, and boils at 290°, It has an intense sweet, but nau-
seous taste, and dissolves in water, alcohol, ether, and chloroform;
its aqueous solution gives with ferric chloride a deep violet colour.

Orcra forms readily metallic compounds, and decomposes, in the
fused state, sodium carbonate. On passing the vapour of nitric acid
containing nitrous acid over it, it assumes first a brown colour, and
afterwards becomes intense red; the product thus formed dyes on
wool and sSk a fine red shade. "With a solution of bleaching-powder
it gives a violet colour, which soon disappears; its alkaline solutions
absorb readily oxygen, and become brown or red,

Oroin combines also with dry ammonia forming a deliquescent
compound, which, when exposed to the air, is converted into orcein
C ^ N O s —

O7H8Oa + NH8 + Og = C7H,NO8 + 2H2O

Orcein is an amorphous red powder, which is sparingly soluble in
water, and more freely in alcohriwith a scarlet colour. In alkalis it
dissolves with a purple colour Juris solution is precipitated by many
metallic salts, red or purple lalfll being formed.

Orcein is the colouring-matter of Archil, which is prepared by
treating the lichens with hot aqueous ammonia in presence of air.

The same lichens are used for preparing Litmus, which is generally
obtained from Lecanora tartarea by steeping it in urine, and adding
lime and potassium carbonate. The mixture is exposed to the air,
and frequently stirred up; after a few weeks, a blue solution is
formed, which is thickened with chalk or gypsum, and formed in
small cakes.

The colouring-matter of litrans is probably a product of oxidation
of orcein 5 it has been obtained pure by adding soda-crystala to an
ammoniaoal solution of orcein, ana exposing the liquid to the air at a
temperature of 60° to 80°. On adding hydrochloric acid to tho blue
solution, the colouring-matter is precipitated in red flakes; it is not
freely soluble iu water, forming a pale-red solution, which becomes
blue by adding an alkali. Litmus contains, therefore, a weak acid,
forming salts having a blue colour; the commercial product contains
the potassium salt

IHsMorotolwiuinone CjCLjCCHg) < Q \ is obtained by treating cresol

from coal-tar with dilute hydrochloric acid and potassium chlorate.
It is sparingly soluble in cold and freely in hot alcohol, aud crystallizes
in pale-yellow scales. Sulphurous acid converts it into tricjilorotolu-
hydroquiiume CjCl^CH^OH)^ forming small white needles, which by
oxidation ate readily reconverted into die quinoue.

A. A
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BENZYL COMPOUNDS.

The radical Benzyl is contained In a series of compounds which in
many reactions exhibit the closest analogy with the compounds of the
monad alcohol-radicals. They differ, however, from the latter by con-
taining the aromatic nucleus, and forming, therefore, also products of
substitution, corresponding to the derivatives of benzene.

Benzyl Chloride C7H.,CH2C1 is easily obtained by passing the
required quantity of chlorine into boiling toluene, and purifying the
product by fractional distillation. I t is a limpid, refractive liquid,
boiling at 176°.

Benzyl Bromide C9H6.CH»Br is produced by the action of bromine
on boiling toluene. It bom at 199°, and possesses an irritating
odour.

Benzyl Iodide C6H5.OH4I,—To prepare this compound, one part of
benzyl chloride is mixed with five parts of concentrated hydriodic
acid, and the mixture kept in the dark for three weeks, and frequently
ahaken. Pure benzyl iodide is a white crystalline solid, melting at
24°; it cannot be distilled, and decomposes at 240°. Its odour is very
irritating, and produces a copious flow of tears.

Benzyl Alcohol CaHa,CH2OH was first produced by treating its
aldehyde (oil of titter almonds) with alcoholic potash, which acts
violently upon it, half of the aldehyde being reduced to the alcohol,
and the other half oxidized to bonzoic acid:—

2C,;H5.COH + KOH = CflH8.CHi!.OH + C6H6.CO.OK

Benzyl alcohol is also formed by acting with nascent hydrogen on
the aldehyde or benzoic acid, and may be prepared by adding sodium
amalgam gradually to a boiling solution of benzoic acid. I t has also
been produced by decomposing the acetate with caustic potash.

Benzyl alcohol is a liquid boiling at 207°, and possessing an
aromatic odour. Oxidizing agents convert it into benzaldehyde and
benzoic acid, and the hydracids of the chlorine-group transform it
into the corresponding haloid-ethers. On distillation with concentrated
potash-solution, it yields toluene and benzoic acid :—

2C6Hfc,CH8.OH = CaH6.GH8 + O6HB.CO.OH

0 IF CH }
Dihwnzyl Ether C 6 H B 'CH! f ^ n a s ^ e e n P*6?**^ by heating theC 6 H B

nlcohol with fused boron trioxide; it is an oily liquid, boiling
above 300°,

C H CH )
.Benzyl Acetate 6QJ| Q $ }• 0 is readily produced by heating the

chloride or bromide with potassium or silver acetate, or by the action
of sulphuric acid on a mixture of acetic acid and benzyl alcohol, Ic
is an oily liquid, which possesses an agreeable odour, and boils
at 210°.
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Benzyl Eydromlphide, or Benzyl Mcrcaptan, CeHB.CHa.SH, is a
colourless strongly refractive liquid, which is formed by acting with
alcoholic potassium hydrosulphide on benzyl chloride. It possesses
a strong alliaceous odour, and boils at 195°. With mercuric oxide it
forma the crystalline mercaptide (C6H6.CH4S)2Hg.

Benzyl Sulphide C 6H 6 QH* I S fa f o r m e d b v bating the chloride
with an alcoholic solution of potassium sulphide. It crystallizes in
white needles, melting at 49°, and decomposing at a higher tempera-
ture. Nitric acid oxidizes it to benzyl sulplwxide (C.IL.CiL.LSO.

C H CH S1
Benzyl Bisulphide n V rjtj'ja i ^ ^orme(^ by exposing the hydro-

sulphide to the air; it crystallizes in colourless scales. Nascent
hydrogen converts it again into the mercaptan.

HITROQEN BASES OP BENZYL.

These bases are formed by heating benzyl chloride with alcoholic
ammonia The hydrochlorides thus obtained can b'e cosily separated;
that of benzylamine being freely soluble in water, whilst the salt of
the diamine is but sparingly soluble in cold, but readily in hot water,
and that of the triamine almost insoluble.

Benzylamine CjHyCIOIHj is a colourless, strongly alkaline liquid
boiling at 185°. It is soluble in water, absorbs carbon dioxide from
the air, and neutralizes acids, forming crystalline salt. The pure
compound is also readily obtained by heating benzyl chloride with
silver cyanate, and distilling the product with potash.

Dibenzylamine (C6H6.CH«)gNH is a thick oily liquid, which is
insoluble in water, and distils at a high temperature without decom-
position.

Triheiwjlmn,iw (C6H5.CHj)8N forms colourless needles, which are
insoluble in water, but dissolve in hot alcohol. I t melts at 91°, and
boils above 300°, On heatiug it iu a current of gaseous hydrochloric
acid, it is resolved into benzyl chloride, and dibenzylaxnine hydro-
chloride.

a 5 a )
N + 2HC1 « CoH^CH^Cl + C0HyCH, VN.HC1, VN.

j

Benzyl Garbmide ^ QA \ N.—This compound, commonly called

benzyl cyanate, is obtained by distilling the chloride •with silver cyanate.
It is a colourless liquid, boiling at 200°. It is easily transformed by
heat into the polymeric benzyl isoeyanvrate (C6He.CH3)8(CON)3, which
compound, therefore, is the chief product of the above reaction; it
crystallizes from alcohol in very light, silky needles, melting at 137°
and boiling at 320°.

A A. 2
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f Ttf IT
Bmyl-VreaGOl N H ? c H CH«)i8 produced by acting on the

cyanate with alcoholic ammonia. I t forms white needles, melting at
144°. It does not combine with nitric acid, but yields with hydro-
chloric acid and platinum chloride an insoluble precipitate.

mbtmyUUrea CO { H C ' I ^ C H ! ) i s f o r m e d ' t o 8 e t h e r w i t h o a r l ) o n

dioxide, by heating the isocyannmte with watet in sealed tubes, or
by heating benzyl-urea :-—

9 m f NH2
2 0 0 {

It crystallizes from alcohol in white needles, melting at 167°.
C H OEL, 1

Benzyl SulphocarUmide, or Benzyl Mustard-oil a ing f ^ '

benzylamine is dissolved in carbon disulphide, it combines with it,
forming hnnyUsulphocarbamic acid; on heating this compound with
alcohol and mercuric chloride, it yields benzyl mustard-oil :—

HgOl, - N J + HgS + 2 HC1

It is a crystalline solid, melting at 243°, and smelling like water-
f O H CH

cress. This compound, is isoraeric with tolyl mustard-oil N -J JJ, * 8

which has beeu obtained by an analogous reaction from solid toluidine,
Tolyl mustard-oil forms large pointed prisms, melting at 26°, boiling
at 237°, and smelling like the oil of anise-seed.

FflOSPttOKUS BASKS OF BENZ1O,

The monopliospliine and diphosphine are formed togotlier by
heating benzyl chloride with phosphonium iodide and zinc oxide to
160°, The two compounds are separated, like the corresponding
methyl bases (see page 96).

Bemylp/wspMne C8H6.CH».NHSI is a colourless, very refractive liquid,
boiling at 180°, and possessing a very peculiar and persistent odour.
When exposed to the air, it absorbs oxygen no rapidly, that the
temperature rises to above 100°, and thick white fumes are formed.
The hydriodide crystallizes in long white needles, and is readily
decomposed by water,

Dihensaitphosphine ((LrTB.CHjJjNH crystallizes from hot alcohol in
glistening, stellate needles, having neither taste nor smell.
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SUBSTITUTED BENZYL COMPOUNDS.

Chbrobemyl Alcohol CqH4Cl.CBLOH.—-To prepare this compound,
silver acetate is heated withehlorobeuzyl chloride (see page 347), and
the acetate thus formed acted upon by ammonia. The alcohol forms
long needles, melting at 66°; oxidizing agents convert it into chloro-
dracylic or 1'4 chlorobenzoic acid.

JDidilorobemyl Alcohol C8H3CL.CH3.OH has been obtained from
dichlorobenzyl chloride; it crystallizes in needles melting at 77°,

NUroimityl Alcohol CgH^NO^CHyOH is produced together with
nitrobenzoicacid by acting with alcoholic potash on nitrobeszaldehyde.
It is a thick, oily liquid, which is decomposed by heat.

Paranitrdbenxyl Alcohol is prepared by dissolving benzyl acetate in
fuming nitric acid, and heating the nitro-cowpound with ammonia.
It crystallizes from hot water in colourless needles, melting at 03°,
and yields on oxidation paramtrobenzoic acid.

Mtrobemyl Eydrosuiphide CoH4(NO^CHj.SH,—This mercaptan is
obtained by treating nitrobenzyl chloride with alcoholic ammonium
sulphide, or boiling potassium hydrosulphide. It crystallizes from
alcohol in small glistening plates, melting at 140°.

BENZOYL COMPOUNDS.

Bemonitrih C^E^ON.—This compound has been produced by dif-
ferent reactions:—

(1.) By distilling a mixture of potassium cyanide and potassium
benzenesulphonate:—-

C6H6.S08K + KCN"« O4Hj.CN + S08Ka

(2.) By heating ammonium benzoate C6Ha,CO.ONHv or benzaraida
OeH5.CO.NH2, with phosphorus pentoxide,

(3.) By heating the isomerio pnenyl carbanvine or cyanobenzene for
three hours to 220°:—

CeH^C^CHj-CN

I t is therefore also formed when phenyl mustard-oil is heated with
finely-divided oopper-—

N + 2Cu = Cu,S + C6H6.CN

and further, it ia obtained by distilling formanilide with strong hydro-
chloric acid;—
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In these two last reactions the carbamine is first formed, but under
the influence of heat converted into the more stable nitrile,

Beiizonitrile is a colourless, oily, and refractive liquid, boiling at
191°, and smelling like bitter almonds. OR heating it with alcoholic
potash, it yields ammonia and potassium benzoate, and nascent
hydrogen converts it into benzylamine;—

C8H6.CN + 2H, = C0H6,CHj!.NH2

RitroltmmMrile C?H4(N0,j)CN is obtained by dissolving the nitrite
iu fuming nitric acid Ik crystallizes in white needles; reducing
agents convert it into amidobenzonitrUe C0H4(NH2)CN, crystallizing
in long prisms, melting at 52°, and boiling at 290°, This base forms
crystalline salts j by heating it with strong hydrochloric acid, it yields
ammonium chloride and amidobenzoic acid.

Benzaliehyde (LH^C/OH is the chief constituent of oil of bitter
almonds. This oil does not exist in the free state in these seeds, but
as glucoside called amygdalin, which, under the influence of a ferment,
is resolved into benzaldehyde, pruasic add, and glucose (see Gluco-
sides). Benzaldehyde is also formed by oxidizing benzyl alcohol, and
by distilling a mixture of calcium benzoate and formate:—

C6H6,CO.OH + CHO.OH = CeH^COH + CO2 + H,0

Another reaction by which this aldehyde is produced consists in
passing the vapour of benzoic acid over heated zinc-dust;—

CgHu.CO.OH + Za = C6HS.COH + ZnO

To obtain the pure aldehyde from oil of bitter almonds, it is shaken
with a cold saturated solution of acid sodium sulphite; the compound

C J H J . C H < QQJT being formed, which separates out in crystals.

After being washed with cold alcohol, to remove prusaic acid, the
compound is decomposed by distilling it with a solution of sodium
carbonate.

Pure benzaldehyde is a limpid and very refractive liquid, possessing
a very characteristic smell, and boiling at 180°, tt readily absorbs
oxygen, being converted into benzoic acid; this oxidation takes place
quickly by heating it with dilnte nitric acid, whilst faming nitric acid
forms nUrohemaUehi/de C8H4(N0JJ)CO1I, a crystalline solid, which
volatilizes on heating.

When benzaldehyde is distilled with phosphorus pentachloride, it
yields henzykiu dichloride C^Hg-CHClj, a colourless liquid boiling at
215°. The same compound is produced by the further action of
chlorine on boiling benzyl chloride. It may be reconverted into the
aldehyde by heating it with caustic potash or mercuric oxide;—

+ HgO = CaH5.CHO + HgCl,
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By means of these reactions, artificial oil of bitter almonds is now
manufactured from toluene.

Sulpholmsaldehyde C8H6.CHS forms colourless crystals melting at
70"; it is prepared by heating benzylene dichloride with an alcoholic
solution of potassium sulphide.

N
,'is produced by

C6H6.CH
Hydrobmzamide, or Bmzylenediamine C.H..CH

CaH6.CH
leaving benzaldehyde or its chloride in contact with aqueous ammonia;
it crystallizes in octahedrons, and is resolved by boiling water into
benzaldehyde and ammonia.

Amarine C^HyNj.—This isomeride of hydrobenzaraide is obtained
by the action of heat on the latter compound; and is also produced by
passing ammonia into an alcoholic solution of benzaldehyde. Amarine
crystallizes in glittering prisms melting at 100"; it has poisonous
properties, and is a base forming sparingly soluble salts.

LopHm CLHJJJNJ is formed by distilling hydrohenzamide ot ama-
rine ; it is a base, crystallizing in long needles, melting at 2l70°.

When potassium cyanide is added to an alcoholic solution of benz-
aldehyde, or crude oil of bitter almonds (containing prunsic acid) is
mixed with alcoholic potash, the aldehyde is converted into benzoin
CMHUO2, a compound which is a derivative of the radical stilbme
OMH12> and will be described afterwards.

BENZOIO ACID, OB PHENYLFORMIO ACID C6H6.00.0H.

This acid occurs in gum Benzoin (from Styrcuo benzoin), and is some-
times found in the urine of herbivora, which always contains hippurio
or benzamidacetic acid. Benzole also exists as ghxeoside, called
populin, in the bark and leaves of the aspen. It has been produced
artificially by several reactions.

(1.) Au aromatic hydrocarbons containing only one alcohol-radical
wrc converted by oxidation with dilute nitric acid or chromic acid into
benzoic acid. It is also formed by oxidizing benzyl alcohol, beuzalde-
hyde(phenylaceticacidC0H6.CH4.CO8H,oinnamicacMC8H6.CSiH8.CO?H
and similar acids, and occurs among the products of oxidation of
albuminous substances.

(2.) Sodium benzoate is formed by passing carbon dioxide into a
mixture of bromobeuzene and sodium:—•

06H5.Br + CO8 + Na» = C6H6.CO8Na + NaBr

treating the same mixture with ethyl chloroca
l benzoate :•—

C0HsBr + CO | J J j ^ + % « C6H5.CO.00aH6 + l{aBr + NaCl

(3.) By treating the same mixture with ethyl chlorocatbonate, it
yields ethyl benzoate :•—
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(4.) When the sodium salts of formic acid and benzenesulphonie
acid are fused together, sodium benzoate is formed:—

CjH^OjKa + CHOaNa - HNaSO, + C6HB.COaNa

Benzoic acid is also produced, together with phthalio acid
C-H^COgH) ,̂ formic acid, and other products, by treating benzene
with manganese dioxide and dilute sulphuric acid. If some formic
acid be previously added to the benzene, the yield of beuzoic acid is
increased; and from this it appears that benzoio acid is produced by
the simultaneous oxidation of benzene and formic acid;—

C6H8 + CHaO2 + 0 = C6H6.COgH + HgO

Benzoic acid is obtained from gum benzoin by carefully heating
the coarsely-powdered resin in a shallow iron pan, over which a sheet
of paper pierced with a number of pin-holes is stretched, and the
whole is then covered with a cap of stiff paper. The vapour of the
acid condenses in the cap in light, feathery crystals, possessing the
fragrant odour of the gum, which is due to a small quantity of a
volatile oil A more productive method consists in boiling the resin
with milk of lime, concentrating the filtrate, and precipitating the acid
by hydrochloric acid.

Benzoic ncid, being used in the manufacture of aniline colours, is
now prepared in quantity from naphthalene C10tL, a hydrocarbon
occurring in the heavy coal-tar oil. I t is first oxidized to phthalio

id C H ^ C O H ) d th l i lt f thi id i i d i h
g y p

acid CJH^COJH)™ and the calcium salt of this acid is mixed with
slaked lime, and heated for several hours to 300°—350°:—

2C6H4(CO2)aCa + Ca(OH)9 = (C6H6.COa)aCa + 2CaCo8

Phthalio acid may also be converted into benzoio acid by distil-
ling its ammonium salt, which is thus converted into pUhalimide
C6H.(COa)NH, On distilling this body with lime, it yields benzo-
nitrue;—

C0H4(C0)8NH + CaO = C0HyCN + CaCO8

The nitrile is boiled with caustic soda, and the sodium salt decomposed
by hydrochloric ncid,

Benzoio aoid is also obtained from urine of cows and howea, as will
be described under Hippuric Acid,

Benzoic acid crystallizes from a hot aqueous solution in large, thin,
flexible, and brilliant needles or plates, melting at 120°. It boils at
250°, but sublimes readily at a much lower temperature, and vola«
tilizes by boiling its solution, It is only sparingly soluble in cold
water, but readily in boiling water and in alcohol. It has a peculiar
aromatic odour, winch, on heating the acid, becomes irritating, and
produces coughing.
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It is very characteristic of this acid that the presence of mere
traces of certain impurities prevents the crystallization and lowers
the melting-point, Tims, on oxidizing toluene with dilute nitric acid,
a benzoio acid is obtained containing nitrobenzoic acid. By distilling
it with steam, the latter acid is almost entirely left behind; only a
trace, so small that it cannot be detected by combustion-analysis, is
carried over; yet the benzoic acid can,even by repeated recrystalli?»-
tion, only be obtained in warty crusts or flakes. But on heating it
with tin and hydrochloric acid, the nitro-acid is converted into amido-
benzoic acid, which on cooling remains in solution, whilst pure
benzoio acid crystallizes in the characteristic needles. Before these
facts were known, it was believed that several isomerio benzoio acids
existed.

Most benzoates are soluble in water; the neutral solutions give
with ferric chloride a reddish precipitate of ferric benzoate. This re-
action is made use of for the separation of iron from manganese, and
for the detection of benzoic acid.

Silver benzoate is very sparingly soluble in cold water, and crystal-
lizes from a boiling solution in small shining plates.

Methyl Benzoate C6HB.C0¥CH8 is readily formed by passing hydro-
chloric acid gas into a solution of benzoio acid in methyl alcohol. It
is a limpid liquid, possessing a frograut odour, and boiling at 199°.
Alkalis decompose it into benzoic acid and methyl alcohoL As this
compound has such a high boiling-point, it can easily be obtained
pure by using impure methyl alcohol; and it is therefore used for
preparing pure methyl alcohol, as tho benzoic acid can easily be
recovered and employed again foe the same purpose.

Ethyl Benzoate CflELCOyCjHj is produced by the action of hydro-
chloric acid on an alcoholic solution of the acid, and by adding
benzoyl chloride to ethyl alcohol. It is an aromatic liquid, boiling
at 213°.

Benzoyl Chloride COHB,COC1 is prepared hy distilling the acid with
phosphorus trichloride, and also formed by the action of chlorine on
benzaldehyde. I t is a limpid liquid, boiling at 199°, and possessing a
very pungent smell. Water acts on i t as on other aoid chlorides;
and on heating it with phosphorus pentachloride it is converted into
benzenyl tridileride CgH6.CCl8.

Benzoyl Muoride C6HS,COF,—To obtain this compound, benzoyl
chloride and dry potassium hydrofluoride are heated in a platinum
retort;—

HKF9 + 200H6.COQ *> HC1 + KC1 + 2C6H6.COF

It is an oily liquid, boiling at 162°, and possessing a very irritating
smelL Water decomposes it readily into hydrofluoric acid mid
benzoic acid,

Benzoyl Oxide or Benzoic Anhydride (CjH^CO^O is prepared by
heating dry sodium benzoate with benzoyl chlondo, or with phos-
phorus oxychloride;—
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2CeH6.CO.OHa + POClj - 2C6H6.CQC1 4- NaOl + NaPO8

C6H5.CO.ONa + C6HS.COC1 = j ^ C O } ° + N a C 1

The mass is exhausted with water, and the residue crystallized
from alcohol. Benzoyl oxide forms rhombic prisms, melting at 42°,
and boiling at 310°. By boiling water, it is slowly resolved into two
molecules of benzole acid.

JBeimyl-acetyl Oxide Q^'QQ \ 0 is produced by acting with acetyl

ehlorido on sodium benzoate, or with benzoyl chloride on fused
sodium acetate. I t is a colourless, oily liquid, which by distillation
is resolved into acetyl oxide and benzoyl oxide:—

<XH,CO X o + CH^CO 1 0 = CH^CO \ Q C6H6.CO
CXCO J ° + CJBCO ) ° = C H J C O } ° + c X « >

Benzoyl Dioxide rj'S'*fiQ*o f •—To prepare this compound, benzoyl

chloride is mixed with pure barium dioxide, and the resulting mass
exhausted with carbon disulphide or ether. I t forms colourless
crystals, does not dissolve in water, and is decomposed by heat with
a slight detonation. Hot potash-solution resolves it into benzole acid
and oxygen.

Benzamide C6H6,CO.NH3 is produced by acting with ammonia on
benzoyl chloride or ethyl benzoate. It is sparingly soluble in cold
water, and crystallizes from a hot solution in needles, melting at 115°,
and boiling at 288°, On heating it -with phosphorus pentoxide, it is
resolved into water and benzonitrile.

Hipp/uric or Benmcmidaeetic Add CflH9NO3 occurs as potassium or
tiodium salt in the urine of all herbivorous animals, and also in small
quantity in human urine. When toluene, benzoic acid, oil of bitter
almonds, or cinnamic add, are taken internally, they are converted
into hippuric acid, which is found in the urine. This transformation
takes place in the human organism, as well as that of many animals,
Quinic acid is also converted into hippuric acid, but only in the
human system and that of graminivorous animals.

Hippuric acid is also produced by the action of benzoyl chloride
on the silver or zinc salts of amidacetic acid, and by heating ben-
zamide with chloracetic acid ;—

CH2C1

CO.OH <•"« C0.OH

It is generally prepared by evaporating the fresh urme of cows or
horses to about one-tenth of its volume, and precipitating with hydro-
chloric acid.

I t forms large rhombic prisms, dissolving sparingly in cold water, but

* H + H C I
C0.
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freely in hot water and alcohol. On heating.it fuses, and then decom-
poses, yielding prussic acid, benzoic acid, benzamide, benzonitrile, &c.
By boiling it with alkalis or acids, it is resolved into benzoic acid and
amidacetic acid. A similar change takes place when urine undergoes
putrefaction, and benzoic acid may therefore be obtained in quantity
from the urine of horses or cows.

Hippuric acid is monobasic, and yields a series of salts, which are
mostly soluble in water.

By the action of potassium chlorate and hydrochloric acid, it is
converted into taomcMwo- and dichlvrohippurie acid. Mouochloro-
hippuric acid is fouud in the urine after uionochlorobenzoic acid baa
been taken internally.

JBenaoglycollic Acid CgHgOj is obtained by acting with nitrous acid
on hippuric arid :—

CHJf j ° O C 6 H 5 CHZ.O.CO.C6H6

| l K + N 0 2 H = |
CO.OH OO.OH

It crystallizes in colourless prisms, and does not freely dissolve in
water.

Benzaleie Add C0H9,CO,H,—This additive compound is formed,
together with benzyl alcohol, by acting with sodium amalgam on an
aqueous solution of benzoic acid. It is an oily liquid, smelling like
valerianic acid, and forms amorphous and deliquescent salts, which,
as well as the free acid, absorb oxygen from the air and are converted
into beuzoates.

SUBSTITUTED BENZOIC ACIDa

1*3 Cldorobenzoic Acid C^H401.C02H is obtained by acting on ben-
zoic acid with hydrochloric acid and potassium chlorate, and by
oxidizing orthoohlorotolttene. I t is but sparingly soluble in water,
and crystallizes in needles, melting at 152°,

14 CMordbenzoie Add, or CMorodracylic Acid,-—This acid is formed
by oxidizing parachlorotolueiie or parachlorobenzyl alcohol with a
dilute solution of chromic acid. It sublimes in scaly crystals, melt-
ing at 236*.

1*2 Chlorobeiizok Acid, ox Chlorosahdic Arid,—To prepare this acid,
1*2 oxybenzoic or "salicylic acid CaH4(OH)CO8H is treated with phos-
phorus pentachloride, and the chbrosalyl chloride G,ELC1,COO1 thus
formed is decomposed with water. Chlorosalylic acid is much more
freely soluble in water than its isomerides, and crystallizes in needles,
melting at 13T when in the dry state, but under water already
at 100°.

Nascent hydrogen converts the three chlorobeiwoic acids into
benzoic acid.
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a Dichlorobenzoic, or JHcMorodtatylie Add CLHgCLCOgH, has been
obtained by several reactions. It is formed by oxidizing dichloro-
toluene with chromic acid, aad by beating dieklorctommyl trichloride
CeHgClj.CCl;, (aee page 346) -with water to 100°. The same acid is
produced by heating chlorodraoylic acid with antimony pentaohloride,
and by boiling benzoic acid with a clear solution of bleaching-powder,
precipitating with hydrochloric acid, and boiling the precipitate again
•with bleaching-powder;—-

It crystallizes in slender needles, melting at 202°.
£ JHchlorobmzoic, or DuMorosalylic Add, has been obtained by

heating ohlorosalylio acid with antimony pentachloride. It crystal-
lizes in glistening needles, melting at 148°,

1-3 Bromobenaric Add C,1H4Br.CO2H is obtained when benzoic acid
is heated with bromine and water to 100°. It crystallizes in needles,
melting at 154°,

14 Brwndbenzoic Add is produced by oxidizing parabromotoluene,
and forms needles, melting at 251°.

1*2 Bromobmuric Add has been obtained from the corresponding
amtdobenzoic acid by converting it into a diazo-compound, and de-
composing this by hydrobtomic acid. It sublimes in flat needles,
melting at 138°,

We know, also, the three vxlohnzvic adds which hare been produced
from the corresponding diazo-compounds.

Ftuobenzoie Add C^H4F,CO.H is produced hy acting with fuming
hydrofluoric acid on diazo-amidobenzoio acid. It crystallizes from an
aqueous solution in large rhombic prisms, melting at 182°. I t vola-
tilizes with the vapour of water, and forms crystalline salts.

1-3 Ortlimitrobetwui Acid GJB.t(W£COJl.—To prepare this acid
an intimate mixture of one part of benzoic acid and two parts of
nitre is added, to three parts of sulphuric acid, and then gently heated
until the nitro-acid swims as an oily layer on the top. To remove some
metanitrobenzoic aoid, which forms at the same time, the product is
three times exhausted with about twice its quantity of boiling water,
and the residue either crystallized from more boiling water, or sub-
limed. The pure acid forms colourless needles, melting at 140°. It is
also obtaiued by oxidizing orfchonitrotoluerw.

1-2 Metanitrobenzoic Acid is formed, but only in small quantity,
together with the ortho-acid. The aoid, as well as its salts, are much
more soluble than their isomerides, and distinguished by their in-
tensely sweet taste, while most other nitro-compounds have a bitter
taste. The aoid crystallizes by the slow evaporation of an alcoholic
solution in large yellowish prisms, melting at 146*,
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1'4 Pamnitrobenzoic Add is prepared by oxidizing paranitrotoluene,
and forms yellowish plates, melting at 240°,

Dinitrdbenzoic Add, is formed when 1*3 nitrobenzoic acid is heated
with a mixture of nitric and sulphuric acids; it crystallizes in small
brilliant plates, and melts at 202° An isomeride has been obtained
oxidizing dinitrotoluene with nitric acid; it forms long prisms, melting
at 179°,

Jzoberuoic Adds.-—These bodies are formed by acting with sodium-
amalgam and water on the nitrobenzoic acids. They are amorphous
yellow solids, which are almost insoluble in water, alcohol, ether, &c,
and form sparingly soluble salts, Seducing agents convert them into
colourless hydraxobenzoic adds. The constitution of these bodies cor-
responds to that of azobenzene, &&:—

( NC^COgH
Azobenzoic Acid , ,-< II

( kc6H4,CO2H

(HlfC6H4.COaH
Hydrazobenzoie Acid-< I

(HNC6H4.COaH

1-3 Amiddkmoic AM C^Lm^CO^. is easily obtained by re-,
ducing the corresponding nitrobenzoic acid with ammonium sulphide!
or with tin and hydrochloric acid. It crystallizes in small prisms,
melting at 165°, and dissolving freely in hot, but only sparingly in cold
water. It forms metallic salts, and combines as amido-compound
also with acids.

1*4 Amidobenzoic or Amddodracylic Add crystallizes from water in
long slender needles, melting at 187°,

1-2 Amiddbenzoic, Amidodracylic, or Anthramlic Add was first
obtained by boiling finely-powdered indigo with caustic soda and
manganese dioxide for several days. After the solution has been
neutralized with sulphuric acid, it is evaporated, and the residue ex-
hausted with alcohol, which dissolves sodium anthranilata It is also
produced by the reduction of the corresponding nitro-acid, and has
further been obtained from 1'3 broniobenzoio acid, which yields two
isomeric nitro-compounds; one of these, melting at 141°, is reduced
to amidobromobenzoio acid, and the latter treated with water and
sodium amalgam,

Anthranilic acid is sparingly soluble in cold, and more freely in hot
water; it forms thin prisms, melting at 144°; and when more strongly
heated, it is resolved into aniline and carbon dioxide. Its isomerides
yield also aniline on heating them with an alkali

Diazohnmc Add C6H4 < QA „.—When 1*3 amidobenzoic acid ia

dissolved in cold nitric acid, and nitrogen trioxide passed into tins

solution, the nitrate of diazobenzdc add C6H4 -j ^K n 8 crystallizes
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out in colourless prisms. I t explodes violently when heated, and is
decomposed by boiling water, 1*3 oxybenzoic acid being formed :—

The free acid is obtained by adding an alkali to a solution of the
nitrate; it is a yellow body, which soon undergoes spontaneous de-
composition

Dum-amidobemnc Acid C0H4 j gjj^H)Q lH rCO iH ifJ p r e e i p i t a t e d

in orange crystals by adding aniidobenzoio acid to an aqueous solution
of diazobemoic acid, It is almost insoluble in water, and a bibasic
acid. When heated, it is decomposed with a slight explosion.

UramidobmzoieAdd C6H4 j g J ^ 0 N H 2 _ T h i s compound is dis-
tinguished by the great number of derivatives which it yields. It is
produced by fusing urea with 1'3 amidobenzoic acid, By the action
of strong nitric acid it yields three isomeric dinitro-acids, which,
owing to tbo great similarity of their properties, cannot be separated
from each other.

When an ammoniacal solution of these acids is boiled, they are con-
verted into the mononitro-acids;—

N ( V ° H

The mononitro-com pounds can easily be separated, their barium
salts possessing a very different solubility in water. On acting with
nitric acid on the pure mononitro-acids, the dinitro-acids are obtained
perfectly pure. They form yellowish-white needles, and are freely
soluble in alcohol, but scarcely soluble in water. By boiling them
with water for a long time, they are converted into amido-nitrobenzoie
acids}—

W N O ^ - J ^ H ° N H 2 = C A T O { g ^ + COa + NaO

When these amido-nitro-acids are gently heated with tin and
hydrochloric acid, they are reduced to diamidobenzoic acids,

a Diamidobenzoic Acid C8H8 -I QQ j¥ a " 8Par"igly soluble in hot

water, and forms minute prisms, lte sulphate CgHgCCOgHXNH^aSO^a
is almost insoluble in water. On distilling the acid, it is resolved in
carbon dioxide and orthodiamidobenzene (see page 327),

0 JXamidobenzwc Acid is more freely soluble, and crystallizes in
pale-yellow plates. The sulphate has the composition 2[06Hs(C03H)
(NH2}JSO4H2, and is more soluble than the a compound
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7 DiamMobtwxnc Add crystallizes in long yellowish-white needles,
and forma an almost insoluble sulphate 2[C9H8(C0jH)(NHi)g]SO4H,
.+ 1 ^ 0 .

The /3 and y acids yield, when heated, utetadianidobenixne (page
327).

8 Diamidotenzoic Acid.—This body has been obtained by reducing
dinitrobenzoic acid. It differs from its isomerides by its physical
properties, as well as by not yielding a diamidobenzene, being by
beat completely carbonized, with the evolution of ammonia.

MpMemnc Add C6H41 ^ ^ . — T h i s strong bibasic acid is

formed by passing gaseous sulphur trioxide over benzoic acid. It is
a crystalline, very deliquescent, sour mass. The neutral barium salt
is freely soluble in water, but the acid salt (C^SO^BaCCOjHJj,
which crystallizes in monoclinic prisms, dissolves but sparingly.

Distdplwbinzoic Add CeHg -I >?Q SJ?'»is obtained by heating benzoic

acid with fuming sulphuric acid and phosphorus pentoxide to 250°.

It forms hygroscopic crystals. The acid barium salt C6Ha j g ^ ^

+ 2H8O, is sparingly soluble in water, and forms microscopic needles;
the normal salt ^[CgTUSOj^COJBftj + 7H2O, crystallizes in priams.
The lead-salt is insoluble in water.

OXYBENZYL- AND OXYBENZOYL-COMrOUNDS,

The compounds belonging to this group contain one or more
hydroxyls, combined with the aromatie nuoleus, and have therefore
the character of phenols.

f OH
Saligenin, or 1-2 Oxybemyl Alcohol C6H4 i XJJ Q H * — " ^ e ^ ^ °^

*"f OH"
different kinds of willow contains Salicin C^H4<«S OOH 0 > a

glucoside which, by the actions of certain ferments, takes up water,
and is resolved into saligenin and grape-sugar.

Saligenin crystallizes from alcohol or hot water in brilliant, small,
rhombic plates, melting at 82°, and subliming above 100°, Its aqueous
solution gives with ferric chloride a deep-blue colour. Oxidizing
agents convert it into salicyl aldehyde and salicylic acid. Saligenin
is isomeric with orcin and homopyrocatechin, and metamerio with
guaicacol:—
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( § ^ } fa f o r m e d ^ heating saligenin or
salicin with hydrochloric acid. I t is a yellowish amorphous powder,

Salicylaldchyde O6H4 •! QQJJ exists in the flowers of the meadow-
sweet and other species of Spiraea, and in the larvae of Ohrysmela
populi It is conveniently prepared by distilling salicin with dilute
sulphuric acid and potassium diehromaia It is a mobile, colourless
liquid, possessing a fragrant smell, and boiling at 196°, At -20° it
solidifies, and when exposed to the air it assumes a red tint; it is
sparingly soluble in water. Ferric chloride colours this solution
deep-violet.

Sattcylaldehyde forms crystalline compounds with the acid
sulphites of the alkali-metals, and as phenol it forms also metallic

f OK.compounds. The potassium-compound C0H4 •! QQJJ crystallizes from

•water in colourless plates, which, when moist* rapidly absorb oxygen
from the air. By adding a solution of copper acetate to an alcoholic
solution of the aldehyde, the compound (CgH^COHJO^Cu separates
out in shining green crystals.

When equal molecules of the aldehyde and phosphorus penta-
chloride are mixed, oxyhmykne dichhride CjH^OEtyCHCla is formed,
crystallizing from ether in large hard prisms, melting at 82°, By
distilling this compound with phosphorus pentachloride, it is con-
verted into ehlorolmzylme dichloride CJHJCLCHCIJ, a colourless and
very refractive liquid, boiling at 229°, and possessing a peculiar odour
and pungent taste. On heating it with water to 170°, it yields 1*2
chtorobmaldehyde CjH.Cl.COH, a liquid boiling at 210°, and possess-
ing a pungent taste and smelL

Methyl-Salicylaldchyde CeH4 j °, Q ^ 8 is formed by acting with

methyl iodide on the potassium compound of the aldehyde. It is a
liquid possessing a fragraut smell, and boiling at 238°.

Salicylic Acid, or 1'2 Qxybcnzoic Add, occurs in the flowers of several
species of Spiraea, and its methyl-ether forms the chief constituent
of oil of wiutergreen. I t has been produced artificially by passing
carbon dioxide into a mixture of sodium and phenol:—

It is also formed by fusing metacresol with an excess of caustic
potash:—

( nxi f CM
(lTj I \JH . QirnxT ri t i J <J1V • on
Vail. •< nrr •+" 4JS.\JG. — ̂ fl"4"I pn V T "-"o

I '-"•"8 t w j &

By acting with nitrous acid on a dilute solution of anthranilic acid
(page 36H), salicylic acid is obtained:—
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To prepare salicylic acid, wintergreen-oil is boiled with caustic
potash; methyl alcohol distils over, and potassium salicylate is left
behind.

Salicylic acid crystallizes, in four-sided prisms, melting at 156°; it
is sparingly soluble in water. The aqueous solution gives, with ferric
chloride, a deep-violet colour. When a small quantity of the acid is
carefully heated, it sublimes; but on heating it quickly, or in presence
of alkalis, it splits up into phenol and carbon dioxide.

I t is a monobasic acid, but as phenol it forms also compounds
containing two equivalents of a metal; but these are very unstable,
and decomposed by carbon dioxide,

f OH
Methyl Salivylate C6H4 ] r;O OCH xa *^e c ^ ^ constituent of oil of

wintergreen, and forms a colourless liquid, possessing a fragrant odour,
and boiling at 224°, It forms, with alkalis, unstable phenates.

Methylsalia/lie Acid C ^ T Q Q ^ . — T h e methyl-ether of this acid

is produced by heating oil ot wintergreen. with caustic potash and
methyl iodide. By boiling this ether with an alkali, it is decomposed
into methyl alcohol and methylTsalicyh'o acid, which crystallizes in
plates, melting at 98°*5. On heating it to 200', it is resolved into
carbon dioxide and anisol (see page 332), This acid is isonieric with
methyl salicylate, from which it differs by heing a strong acid.

SkUieylic Anhydride C6H4j Q Q > is obtained by acting with phos-

phorus oxychloride on sodium salicylate.—

3C6H4{ P0018 « 3C6H4 { ° , 0 > + NaPG< + 3HC1

It is a white powdeT, which is insoluble in water, and forms, with
potash, potassium salicylate,

Salieylamide C6H< -I QQ JJJJ is produced by the action of ammonia

on oil of wintergreen. It forms small plates, melting at 132", and
subliming when more strongly heated With caustic potash it forms

the compound C ^ 1 XQ j i g » by adding silver nitrate to an aqueous

solution of this phenate, the silver-compound CaH4-J rjo'NH ^ ^K"

cipitated in white flakes.
At 270°, the amide is resolved into water and saliq/lnitrile

C6H«-< CN' a c r V 8 t* l^n e 80U^> which is insoluble in water, and dis-
solves in ammonia. The salts of heavy metals precipitate from this
solution the corresponding phenates.

C D B
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Phosphorus pentachloride converts salicylic acid into chlorosalyl
chloride (page 363), and by the action of chlorine 01 bromine it
yields products of substitution. When it is treated with iodine and
lodic acid, one or more hydrogen-atoms are replaced by iodine.

All these substituted salicylic acids are resolved at a high tempera*
ture into carbon dioxide and substituted phenols,

NUrosaticylic Acid 06H8(U08) j QQ% ia formed by dissolving

salicylic acid or salicin in fuming nitric odd, and by boiling indigo
with dilute nitric acid. It crystallizes is thin needles, and forms two
series of salts; those containing two equivalents of a metal possess a
yellow colour.

• f OH
AmidosalicyMo Acid CjH^NHg) -J QQJT "• Produced ty reducing

nitrosalicylic acid. It forms shining needles, and combines with
bases as well as with acids. By the action of heat it is decomposed
into carbon dioxide and ortho-omidophenol,

1*3 Oxybenzoic Acid,—This isomeride of salicylic acid is commonly
called simply oxybenzoic acid. It is produced by passing nitric
trioxide into a boiling solution of 13 anridobenzoic acid, or by boiling
the nitrate of the corresponding diazobenzoic acid with water. It
hits also been obtained by fusing sulphobenzoic acid, 13 chlorobenzoic
acid, or orthocresol with caustic potash.

It crystallizes in prismatic needles, is readily soluble in. boiling
•water, and possesses a sweet taste. I t melts at 195°, and at a very
high temperature is resolved into phenol and carbon dioxide. The
same decomposition occurs much more readily in presence of an
alkali. With feme salts it gives no reaction,

Methylroocybenzoic Acid CaH4j ? 5 x . - T h e sodium salt of this

»cid is formed by passing carbon dioxide into a mixture of bromo-
pjjeuol-methylether and sodium;—

CO, ~ CJlt{ g g g ^ + NaBr

By decomposing this salt with hydroohloric aoid, the free acid is
obtained, which crystallizes in long needles, melting at 95°, and sub.
liming without decomposition.

It has also been produced by heating oxybenzoic acid with methyl
iodide and caustic potash:—

W { CO.OK + 2 C H aI - W { o S & H , + 2 K I

and decomposing the ether thus produced with potash:—

o o S b H , + " K 0 H ' C-H* { S S S k + C
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1*4 Para-oxyknzoic Add,—This third isoraeric acid is obtained by
the action of nitrous acid upon an aqueous solution of paramido-
benzoic acid, as well as by the action of fusing caustic potash upon
anisic acid, paracreaol and many resins (gum benzoin, aloes, dragon's-
blood, &c).

It is much more soluble in water than salicylic acid, and crystallizes
in monoclinio prisms, with one molecule of water. It melts at 210°,
decomposing at the .same time partly into carbon dioxide and phenoL
Its aqueous solution gives with ferric chloride a yellow precipitate.
Phosphorus pentachloride converts it into parachlorobenzoyl chloride.

Anisyl Aldehyde, or Methyl-pwa-oscybeimiMehydB C6H4 | QQJJ8-—

The volatile oils of Pimpinclla Anisa, Anetfoum Faimulvm, Artemisia
Dtacwmtlus, and other UmbelliferiB, and the oil of Jllidum anisaium,

contain as principal constitutent anethl C6H4 ] n JJ ** which, by the

action of dilute nitric acid or chromic acid, is oxidized to anisyl
aldehyde, an oily liquid, boiling at 248°, and possessing an aromatic
odour. I t forms with the acid sulphites of the alkali-metals crystal-
line compounds, and combines with nascent hydrogen with the
formation of Anisyl alcohol or methyl-parcMicybenzj/l akohol

( OCH
CjH^ i QH 6H' wn*ck crystallizes in shining prisms, melting at 28°,

and boiling at about 250°. It has a faint odour and burning taste;
on heating it with hydrochloric acid it is converted into the liquid

anisyl chloride C6H4 1 ° 5 &

AnisicAcid,otMeihyl-para-oxybe'imieAeidC^L^ QRQ'JI , is formed

by the prolonged action of oxidizing agents upon the above-mentioned
oils, ana on paracresol-methyl-ether, and has also been produced by
heating para-oxybenzoio acid with caustic potash and methyl iodide.
It crystallizes in colourless needles, melting at 175°, and subliming
without undergoing decomposition. By heating i t with hydrochloric
acid or hydriodic acid, or by fusing it with caustic potash, it yields
para-oxybenzolc acid, and by distillation with caustic baryta it is
resolved into carbon dioxide and anisol.

Nitrani&ie Aeid O ^ N O j ) j j^oJcftl is obtained by acting on oil of

anise-seed with not nitric acid of specific gravity of 1°*4, and forms small
glistening needles, melting at 180*,

Einitranisio Aeid C ^ C N O ^ { ^ Q ^ J J is formed together with

di« and trinitranisol, when nitranisic acid is boiled with fuming
nitric acid. I t crystallizes from hot water in large yellowish, sinning
needles, melting at 173°. In alcoholic potash it dissolves with a fine
red colour, and boiling alkalis decompose it with the formation of
dinitropara-oxybenzoic acid.

2
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By acting with ammonia on dinitranisic acid, it is converted into
methyl alcohol, and clirysanisic or dinitfoparamidtAenzoic add

C6H2(NOi!)2-< pQ%r crystallizing from alcohol in small rhombic

golden-yellow plates, melting at 259°,
Tin and hydrochloric acid reduce it to triamidohnzoic add

CgHJNH^gCOoH, which crystallizes from hot water in fine, shining
needles, with sulphuric acid, containing a trace of nitric acid, it
forms a deep-blue solution, like tiiamidolcnzene (see page 327). I t
combines not only with bases, but also with acids,

Oxysalicylic Acid C8Hg-J £,Q ̂ .—To obtain this compound, mon-

iodosalicylic acid is boiled down with caustic potash, the residue
dissolved, in water, and acidulated with sulphuric acid. The solution
is then shaken with ether, and the ethereal solution evaporated.
Oxysalicylic acid crystallizes from water in shining needles, melting
at 183°, and decomposing when more strongly heated into carbon
dioxide, and a mixture of hydroquinone andpyrocatechitt. By adding
feme chloride to its aqueous solution, a deep-blue colour is produced,
which is changed into red by ammonia.

ProtocaUch%ie AM C0H3-< XQ •« has been obtained by acting with

fused potash on sulphoxybenzoic acid *, on bromo-, iodo-, and sulpho-
para-oxybemoic acids; and on broinanisio, eugenic, and piperic acids.
It is also formed, together with pata-oxybenzoic acid, by rasing gum-
benzoin, guaiacum, dragon's-blood, and other resins with potash. It
is sparingly soluble in cold water, and crystallizes from boiling water
iu needles containing one molecule of water. It melts at 200°, and
is resolved by dry distillation into carbon dioxide, pyrocatechin and
hydroquinone. With ferric oliloride it gives a bluish-green colour,
which alkalis change into red.

As pyrocatechuic acid may be obtained from 1*3 oxybenzoic acid,
as well'as from 1-4 paraoxybenzoic acid, it follows that the hydroxyls
occupy the positions 3*4,

a Dioxylenzoic Acid GJS.A Q<yh is produced by converting 1*4

nitrotoluene into the corresponding diazotoluene-gulphonfe acid
boiling the latter with water, and fusing the oresol-sulphonic aoid
thus formed with potash. I t is readily soluble in water, and orystal-
lizes in needles -, its solution colours ferric salts reddish-brown.

When the above-mentioned diazotoluene-sulphonic acid is Trailed
with absolute alcohol, and the toluenesulphonic acid thus formed is
fused with potash, metacresol is obtained, which by oxidation yields
salicylic acid. Consequently the two hydroxyls of a dioxybenzoic
acid have the position 2*4.

|Q Dioxyhcnzoic Add.—This fourth isomeride is obtained by fusing
disulphobenzoic acid with potash. It crystallizes from an aqueons
solution in thick prisms, and is not coloured by ferric chloride.
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Gallic Acid, or Trioxybemoic Add C6H2 \ $ P i * occurs in the free

state, or as glucoside (tannin) in nutgalls, iu the leaves of the bear-
berry, in tea, in the fruits of Camlpinia eoriaria (Divi-Divi), iu
the root-hark of the pomegranate, and in other plants. I t is
obtained by boiling tannin with dilute acids, or exposing it in the
moist state to the air at a temperature of 20° to 30°.

Gallic acid is also formed by heating di-iodosalicylic acid with
potassium carbonate and by fusing bromocatechuic or j8 bromo-
dioxybenzoic acid with caustic potash.

The formation of gallic acid from salicylic acid and pyrocatechuic
acid proves that the hydroxyls have the position 2. 3. 4 (or 3. 4 6).

Gallic acid dissolves in 100° parts of cold, and three parts of
boiling water, and crystallizes in fine silky needles, containing one
molecule of water. I t has a slightly acid and astringent taste, and
gives a deep-blue colour with ferric salts. I t melts at 200°, and at
210° it is resolved into carbon dioxide and pyrogallol.

It forms four series of salts, which are stable in the dry state, or if
the solution is acid; but in an alkaline solution they rapidly absorb
oxygen, and colour brown and black. From a solution of silver or
gold it precipitates the metals.

Mthyl Gallate C6H2 j Q Q H ^ TJ is formed by passing hydrochloric

acid gas into a solution of the acid in absolute alcohol. It crystallizes
from water in rhombic prisms, possessing a bitter taste and acid re-
action. On heating it carefully, it sublimes in brilliant needles. I t
colours ferric salts blue; forms, as phenol, metallic compounds; and
reduces the solutions of the noble metals.

JDigalliQ Add c%a(C0 H)(OH) 1 ° i a fonned *>y heating gallio
acid with phosphorus oxyehloride, or by boiling its aqueous solution
with arsenic acid. Dignllic acid is an amorphous yellowish powder,
having a strong astringent taste, and giving with ferric salts a dark-
blue colour. By boiling it with hydrochloric acid, it is reconverted
into gallic acid. Commercial tannin, or taiinic acid (see Glucosides),
appears to contain digallio acid in considerable quantity.

Bttagio Add. CMH6O8 is formed, together with gallio acid, by
exposing an aqueous solution of tannic acid to the air, and by
heating gallio acid with dry arsenic acid, the latter being reduced
to arsenic trioxide, Ellagic acid also occurs in certain " Oriental
bezoaT-stones," or calcnli found in the intestines of wild goats
iu Peraia. It is a yellowish crystalline powder, and insoluble
in water,

Qwiwfe or Kinic Add C0H7(OH)4COSH. occurs in the oiuchona-
barks, in the leaves of bilberry, in coffee, and in other plants, and is
obtained as a by-product hi the manufacture of quinine. It is
readily soluble iu water, and crystallizes in thombic prisms, melting
at 162°. By dry distillation it is decomposed, yielding hydioqnionne
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pyrocatechin, phenol, benzoio acid, &c. Manganese dioxide and
sulphuric acid oxidize it to quinqne.

By heating it with concentrated hydriodio acid, it is reduced to
benzoic acid,—

H + 2HI * 0 ^ 0 0 ^ + 4H8O + I2

Phosphorus pentaohloride converts it into ohlorobenzoyl chloride :

CeHr(OH)4C0.OH + 5P01s = C6H4CLCOC1 + 5P0C1, + 8HC1

By fusing it with potash, it yields pyrocatedhuic acid:—

+ KOH «. 0 ^ , ( 0 ^ 0 0 ^ + 3HjO + ^

These reactions show that quinio acid is an additive product, con-
taining an aromatic nucleus, in which each carbon atom is linked to
an other only by one combining unit

The quinates are soluble in water. Calcium qwinate (CgH^OH),
CO^Ca + IOHJO occurs in cinchona-barks, and forms large rhombic
crystals.

COMPOUNDS WITH BIGHT ATOMS OB1 CARBON,

m Kmethvl benzene C H ICH»existing in three isomericV) imnetnyi-Denzene c 6 n 4 1 C H ^ modifications,

(2) Etbyl-benzeue, ,CeHj,C»H6

(3) Ethenyl-benzene . CaHs.OaH,

(4) Ethinyl-benzene , '

CaE4 i £ S S

When punfled coal-naphtha is submitted to fractional distillation,
a liquid is obtained, boiling constantly at 139° to 140°, This was
formerly regarded as a pure compound, and called tcylene or xyloL
More recent researches have,however, shown that xylene is a mixture
of two dimethyl-benzenes, which, having nearly the same boiling*
point, cannot be separated by distillation.
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METHYL-TOLTJENE, OB 1'4'DIMKrH-irî BESZENE,

Occurs sometimes in quantity in coal naphtha. The pure hydro-
carbon is obtained by the action of sodium on a mixture of methyl
iodide, and crystallized bibromobenzene, or 1*4 bromotoluene.

It is a colourless liquid, boiling at 136°, solidifying at 15° to a
crystalline mass, and possessing a peculiar smell, which is quite
different from that of benzene. Fuming nitrio acid converts it into
two dinitro-compounds, which are separated by crystallizing tbem
from alcohol.

a Dimtrmethyl-iolwne G6'St(JSOX(GK^t forms long, thin, colour-
less needles, melting at 123°*5. p Dimtromethjl-toluene is more
freely soluble, and forms long, transparent, monoclinic crystals,
melting at 93°,

Trimtrmethyl-toluetoR CgH^Oj^CHg^ is produced by treating the
hydrocarbon with a mixture of nitric and sulphuric acids; it crystal-
lizes from alcohol in long colourless needles, melting at 137°,

Jtf«w&«wwme%^fofomC6H8BT(CH3)a.—Toprejparo this compound,
bromine is slowly added to the hydrocarbon, which is cooled down
to 0°. It is a colourless liquid, boiling at 205°, and possessing an
agreeable odour. By the further action of bromine, it is converted
into dibromomthyl-tolitene C JlgBr^CH,),, crystallizing from alcohol
in pearly scales, melting at 72°,

ISOXYLENB, OB 1*3 DIMETHYL-BENZENE,

Forma generally the chief portion of coaltar-xylene, and is
obtained pure by distilling mesitylenio acid C6H3(CH3)aC'O2H with
lima I t is a limpid liquid, boiling at 138°, and smelling like
methyl-toluene. It is only slowly acted upon by nitric acid, whilst
metliyl-toluene is readily oxidized by it to toluic acid, und theretove
an almost pure isoxylene may be prepared by heating coaltar-xykne,
which contains much isoxylene, with dilute nitric acid.

The substitution-products of this hydrocarbon have mostly been
obtained from crude xylene, and many of them are, therefore, probably
mixtures*

Monockloro-isoscykne GJSsCl(GVi^3 is, produced when xylene is
acted on by chlorine either in the cold or in presence of iodine; it
is a colourless liquid, boiling at 183°.

Monobrom-isoxykne CgHgB^CH^ is a liquid, boiling at 205°,
and possessing an aromatic odour.

LibromO'isoseylene C8HoBr2(CHg)2 crystallizes in pearly scales, melts
at 69°, and boils at 256°.

N i h OaH^NOj)(CH8)a ia formed, together with dimtr*-
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isoxylene, by dissolving the hydrocarbon in cold, fuming nitric acid
It in a pole-yellow liquid, boiling at 239°,

pinitro-wxylene C^H^NOACCHj)^ crystallizes from alcohol in long
brilliant prisms, melting at 93 .

Trinitro-isoxylene C0H(NOJ)8(CHJ)8 forms colourless crystals, melt-
ing at 177°.

Amido-isoxylme CaH,(fTH3)(CH8)i is a colourless liquid, boiling at
216°, and forming crystallizable salts.

ORTHOXYJLENE, OR 1*2 DIMETHYL-TOLUENE.

This hydrocarbon has been obtained by distilling paraxylio acid
H/OH^COH with lime. I t is a liquid, boiling at 140°, and

li l t d I t d f dil
e / ^ j q , g ,

possessing a peculiar, unpleasant odour. I t does not form readily
solid nitro-conipounds.

XYLKNOIS,

lsozylenol C6BL(OH)(CHg)y—When mesitylenesulphonic acid is
heated with potash to 250°, it is converted into oxymesitylenie acid,
which, by heating the fused mass to 290°, is changed into isoxylenol;

(1) C f t f C H ^ K + 3KOH „ C6H2(CH3)a j g * ^ + 3HaO

(2) C,H,(Cfl^ { ° * K + KOH = C6H8(CHSXOK + K,COS

It is a crystalline solid, melting at 75°, and boiling at 216°.
By dissolving crude xylene in sulphuric acid, and fusing the

xylenesulphonic acid with caustic potash, two xylenols are obtained;
one seems to be identical with that obtained from mesitylene, and the
other is a colourless, strongly refraotive liquid, hoiling at 211O*5,

Phlorone, or Xyloyrimm 0JB,^GH^«O« is produced by treating
coaltar-oil or creosote, boiling above 210 , with manganese dioxide
and sulphuric acid. It forms golden-yellow, oblique, rhombic prisms;
on heating, it gives off a very pungent smell, which attacks violently
the eyes and mucous membranes. It is soluble in boiling water,
and sublimes on heating.

Hydrophiorom, or Xylohydroquinme C0H?(CH8)o(OH)a, is obtained
by reducing phlorone with sulphurous acid, and crystallizes from
boiling water in white, pearly scales.

Bctcwrtin CgH^OH),, is obtained from usnic acid, and similar acids
occurring in lichens, by the same method by which oroin is prepared
from orseltinio acid. It is soluble in water and alcohol, and crystal-
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Hzes in colourless prisms, which may he sublimed Its ammoniaoal
solution colours red in the air, and with caustic alkalis it .yields a
red colouring matter. Beta-orcin is prohahly a di-oxyxylene.

TOLYL- AND TOHJYL-COMFOUNDS.

Tolyl or Xylyl Chloride Ce
H41 C H C l i s Produced by passing

chlorine into boiling xylene (isoxylene); it is a liquid having a dis-
agreeable smell, and boiling at 193°:

Tolyl Alcohol C6H4 | Q**» 0H .—When the chloride is heated with

silver acetate, it yields tolyl acetate, a liquid possessing an aromatic
odour, and boiling at 226°. Alkalis convert it into tolyl alcohol, a
crystalline solid, forming white needles, which melt at 59°, and boil
at 217°.

TolylamiM C6H4 j Qj j%nj -—The three tolylamines are formed

by heating the chloride with alcoholic ammonia. They neutralize
acids, and form crystalline salts. The monamine is a limpid and
very alkaline liquid, boiling at 196°, and smelling like herring's
brine,

Ditolylamine [C,H4(CH.)(CHj)^NH is a similar body, and tritolyl-
amine [CaI^(CHa)(CEL)]sN is a viscid liquid, having a faint alkaline
reaotion. The di- and triamine ate decomposed by heat

f CH
1-4 Paratoluic Add C6H4 •! QQ J I ^ produced by boiling methyl-

toluene or cymene for several days with nitric acid of 20 per cent., and
distilling the product with steam, or treating it with tin and hydro-
chloric acid. The same acid has been obtained by passing carbon
dioxide into a mixture of 14 bromotoluene and sodium,

Paratoluio acid forms slender needles, melting at 178"; it is spa-
ringly soluble in cold, readily in hot water, and forms a number of
substitution'products resembling those of benzoio acid.

Paratoluonitrik C6H4(CH3)CN has been prepared by acting on
crystallized toluidine with carbon disulphide, and distilling the
snlphocarbotoluide thus formed with finely-divided copper, the
reaotion taking place in three stages. First, the toluide is resolved
into tolyl mustard-oil and toluidine; then the copper removes the
sulphur from the former oompouud, tolylcarbaraine being produced,
wMoh at the high temperature is oonverted into the nitrile:—

« o s { S S S i u t c S - N I W V S H , + cs.KC6ir,cH8

(2) CS.N.C^.CHs + UOn = 0N.C9Hv0Hg4+

(3) CN.OBH4.CHS « NC.C6Ht.CHs
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Paratoluonitrile forms fine white needles, melting at 30°, and
smelling like oil of bitter almonds. By heating it with concentrated
hydrochloric acid to 200°, it is converted into paratoluic acid.

1*3 Isotoluic Add is formed by oxidizing isoxylene, but is more
conveniently prepared by heating the calcium-salt of uvitio acid
CyEI^CHg^COjHjj with slaked lime above the melting-point of lead;
this reaction is quite analogous to the formation of benzoic acid
from phthalio acid, Isotoluic acid crystallizes from water in needles,
melting at 105°.

1*2 Orthotoluic Jcidhas been obtained by boiling orthoxylene with
dilute nitric acid. It crystallizes from a hot, dilute, aqueous solution
in long, transparent, pointed prisms, melting at 102°,

OrthotolwmitriU is produced by converting paendotoluidine into
the corresponding mustard-oil, and distilling the latter with finely-
divided copper. It is a refractive liquid, smelling like nitrobenzene,
and boiling at 204°. By heating it with hydrochloric acid to 200°, it
is converted into orthotoluic acid; but alcoholic potash acts only

( PTT
slowly on it, converting it into orthotoluylamide C6H4 < no ilH ' cr^8"

tallizing from boiling water in very long and slender needles,
melting at 138°.

TOLYLENE-COHPOUNDS.

Tolylme Qlyeol C6H4 | cH*OBr~ T h e c h l o r i d e o f &"» a l c o h ° l
d bproduced by passing chlorine into boiling methyl-toluene. It is

easily converted into the glycol by heating it with thirty parts of
water for three hours to 180°. To isolate the glycol, the solution is
allowed to evaporate at the ordinary temperature, and not on a water-
bath, beoause when the hydrochloric acid becomes concentrated a
part of the alcohol is reconverted into the chloride. The con-
centrated solution is neutralized and shaken with other, the ether
evaporated, and the residue orystallized from water in vamw. Tolyl-
ene glyool forms white, opaque, interlaced needles, melting at 113°,
By heating it with chromic acid solution, it is oxidized to terephthalio

idCH^COH)
Tolylene DioMmde CpH4(CHaCl)g is also produced by distilling the

glycol with hydrochloric acid; it crystallizes from alcohol in hard,
large, transparent, clinorhombic lamina, melting at 100°, and boiling
at 240° to 245°. By dissolving it in fuming nitric acid, it is converted
into uitrotolylene dieliloride C6Hs(NOa)(CH2Cl)o. crystallizing from
alcohol in small brilliant plates, melting at 35 , and possessing an
agreeablo smell.

Tolylme Dibromide C6H4(CH2Br),j is produced by adding bromine
drop by drop to boiling methyl-toluene, and by distilling the glycol



THE CARBON COMPOUNDS. 379

with hydrobromic acid. It .crystallizes from alcohol in small pearly
plates, which are isomorphous with the chloride, and from chloroform
in hard brilliant crystals, melting at il46°. In the preparation of
this body from the hydrocarbon, higher brominated products are
formed at the same time, the vapours of which attack the eyes
horribly.

Tolylem Diriodide CjH^CHgl). ia obtained by distilling the glycol
with hydriodio aoid. It crystallizes in small, rhomboidal plates,
which are decomposed by heat,

f PH OH
Tolylene Monobmzoate C8H4 •! Q H ^ Q C H O * ~ ^ ^ e t n e r *8 formcd

by heating the chloride with an alcoholic solution of sodium benzoate
to 100°, It crystallizes from ether in long, fine, light needles.

Tolyhm Diacetate C6H4 j Q H ^ O ^ S O h a s b e e n P r o d u c e ( 1 by
heating the bromide or chloride with sodium acetate and alcohol to
150°. It forms hard crystals, melting at 47°.

y y i ^ ^ a is obtained by boiling

the chloride with concentrated alcoholic potash, as a fragrant liquid
boiling at 252°,

1 flTT OW
Oxymethyl-phmylfomic, or Tolyhw-glyeoUie Arid C6H4 f n o o H

—To obtain this acid, bromine vapour is passed into paratoluic acid,
heated to 170°, and boiling the product with baryta-water. It is
more freely soluble in water than paratoluic acid, and crystallizes in
flat needles, melting at about 180°.

OXYTOLinrt-COMPOONDS.

( PTT
Cresotio Acid CaH8(OH)< Q Q ' H i a P r o d u c e d V passing carbon

dioxide into a mixture of sodium and coaltar-cresol. I t crystallizes
from hot water in brilliant needles, melting at 174°, and giving, with
ferric chloride, a deep-\iolet colour,

OrstlHwie Add CoHg(OH)g«< Q Q 8 ^ is produced by boiling evythrin,

or lecanoric acid, with baryta-water. I t is readily soluble in wateT,
crystallizes in prisms, possessing a bitter and sour taste. By dry
distillation, or by boiling it for some time with baryta-water or milk
of lime, it is resolved into carbon dioxide and orcin C^H^CHgXOHJg
(see page 352).

Erythtin CJJHJJOW,—This compound, which is also called erythric
acid, occurs in t i e uchens which are used for preparing archil, the
finest kind of which is obtained from Bocella tinottyiria. It is prepared
by boiling this lichen with milk of lime, and precipitating the
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filtered solution with hydrochloric acid. The precipitate is dried
and crystallized from warm alcohoL It is almost insoluble in water,
and forms crystalline globular masses. By boiling it with water, it is
resolved into pimcrythrite CjgHjpOj, a crystalline, bitter substance,
and orsellinio acid. If the ebullition be continued, or if erythrin
be boiled with baryta-water, erytktite C4H,,(6H)4 (page 277) and
orsdlinic add axe produced. These reactions show that both
erythrin and picro-erythrite are orsellinio ethers of the tetrad alcohol
erythrite, and have the following constitution;—

Erythrin 0,11,(0% { Q ^ O 1 r „ f OH

Kcroerythrite { A ( ) g

Zecanoric Acid, or JHorseUinie Add C16HyO7, is found in a variety
of Bocclla tinctoria growing in South Amenca, and in other lichens,
and ia prepared in the same way as orsellinio acid. It crystallizes
from alcohol in prisms. On boiling it with baryta-water, it yields
as firat product, only orselliuic acid, and has, therefore, the following
constitution:—

Emmie Add, or Methyl-lecanoricAckl Cj7H,6O7, is found in Evernia
Fmmastri, and is resolved by boiling it with baryta-water into orsel-
linic add and euerninio add Q^E^O^ which crystallizes from hot
water in needles. The constitution of these acids is explained by
the following formula ;—

(OH
Everninic Acid C«H»(CH,) 1OCH,

Evemic

Vsnic Add Cl8Hl8OT has been found in Usnca barbata and other
lichens; it crystallizes from alcohol in brilliant yellowish-white broad
needles, and yields on distillation beta'orcin C8H10O8 (page 376). The
constitution of ufliiic acid is probably similar to that of lecauoric
acid, viz.;—

C0H(0H,),(OH)CO3H
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PHTHAUC ACIDS C9H4 j QQ OH1

TerepMhttlic Acid is easily obtained by oxidizing inethyl-toluene or
any other aromatic hydrocarbon, alcohol, acid, &c., containing two
side-chains in the position 1*4, by a solution, consisting of 2 parts
of potassium dichromate, 3 parts of sulphuric acid, and 15 parts of
water. It is a white crystalline powder, almost insoluble in water,
alcohol, and ether, and subliming without previously melting. It
forms crystallizable salts; calcium and barium terephthalate are but
sparingly soluble in water.

The smallest quantity of terephthalic acid can be easily recognized
by treating it with a little phosphorus pentachloride, and adding some
methyl alcohol, and then a little water, and shaking the whole with
ether. On evaporating the ethereal solution, methyl krephthalaU
separates in crystals, melting at 140°. In the same way ethyl tere-
phfhalate, melting at 44°, may be obtained.

Hydrotereplmalic Add C0H6(CO,H), is a white crystalline powder,
which, is formed by acting with sodium-amalgam on an alkaline
solution of terephthalic acid.

f CN
Tcre/pKthdomtrUe C6H4-< QJJ is produced by distilling a mixture ot

potassium benzene-disulphonate and potassium cyanide. It forms
prismatic needles, having an aromatic odour, and dissolving sparingly
m alcohol, but not in water. By boiling it with potash, it is converted
into terephthalic acid.

IsophthtUic Add is readily formed by boiling isoxylene with chromic-
acid solution, and also by oxidizing colophony with nitric acid. It is
almost insoluble in cold water, only sparingly in boiling water, but
more freely in alcohol, and crystallizes in very thin, long needles,
melting above 800°, Isophthalic acid has also been produced by
fusing potassium sulphobenzoato with sodium formate :—

CaH41 J O * | + cOgNaH . C ^ [ ° ° * | + SO8NaH

PhiJialie Add is not obtained by oxidizing orthoxylene or ortho-
toluic acid with chromic acid, because tho latter acid burns the
phthalio acid completely to carbon dioxide and water, but is formed
by oxidizing naphthalene, anthracene, and several derivatives of these
hydrocarbons, which contain two carbon-atoms linked to two aborn-
ing carbon-atoms of the aromatic nucleus. I t is usually prepared by
acting with chlorine on naphthalene, and boiling the product with
nitric* acid It crystallizes from boiling water in plates or thick
prisms, melting at 175°, Above this temperature it is resolved into

water and phthalic anhydride C0H4'. (^) /O, which sublimes in long

needles, melting at 129°.
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When calcium jphthalate is heated with quioklime to 300°, it is
converted into calcium benzoate, but at a higher temperature benzene
is formed.

Eydrophthalic Acid C6H8 < rjo jr is formed by the action of sodium

amalgam on an alkaline solution of phthalio acid. It crystallizes in
hard monoclinic plates, and yields, on heating, phthalic anhydride.

BTHYIr-BBNZENE C6H6.C2Hy

This hydrocarbon is produced by acting with sodium on a mixture
of broniobenzene, ethyl bromide, and pure ether. I t is a limpid,
refractive, aromatic liquid, boiling at 134°.

Mhylmmobromobmzene (LH4Br.C2H5 is produced by acting on the
hydrocarbon with bromine in the presence of iodine; it is a liquid
at 199°,

By adding fuming nitric acid to well-cooled ethyl-benzene until
the hydrocarbon is dissolved, two ethylmonttrobenzmesC^J^O^G^
are formed. On boiling at 246°, it is oxidized by boiling dilute nitric
acid to nitrodracylic acid, whilst the second, boiling at 227°, is com-
pletely destroyed by bailing it with nitric acid,

Ethylamidobenzene CjHiNH^C^Hj is obtained from the first of the
two nitro-compounds as a limpid liquid, boiling at 214°,

Mthyloxylcnzene, or Ethylphcnol CJH^OHJCJHJ , is formed by dis-
solving the hydrocarbon in sulphuric acid, and fusing the sulpho-acid
•with potash. I t has great resemblance to common phenol, forming
prismatic crystals, melting at 48°, and boiling at 210°.

Ihlorol C8H4(OH)CjH,.—This .isomeride of ethylphenot has been
obtained by distilling phloretic acid C6H4(0R)08H4 with baryta; it is
a liquid boiling at 120°,

STYKOtt'MiOMPOUNDEU

Stjftolyl Chloride C6Hf,C^H4Cl is formed by passing chlorine into
boiling ethyl-benzene; i t i s a liquid boiling with partial decom-
position at about 200°,

Styrolyl Bromide C6H..C2H4Br,—-To prepare this compound, pure
bromine, wliich is perfectly free from iodine, is added to cold ethyl-
benzene. It is a heavy liquid, which may be distilled under a
diminished pressure, but under the ordinary atmospheric pressure it
is partially resolved into hydrobromio acid and styrolene.

Skyrolyl Alcolid C6H6.C3HrOH.—When the bromide is heated with
potassium benzoate, a portion is decomposed into hydrobroinic acid
and styroleue, whilst another is converted Mostyrolyl benzoate, which
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forma colourless crystals. This ether is decomposed by alkalis, the
alcohol being formed, a heavy liquid, boiling at 225°, and possessing
an aromatic odour.

StyrolyUthyl Ether O J ^ H ' O H *" P10'*1106'1 b v heating the
bromide with alcoholic potash or ammonia;—

C6H6.C2H4Br + G f t O H + NH8 = r H & 5 * } 0 + NH4Br

It is a mobile, fragrant liquid, boiling at 187°.
Plwnylacetic or Alphatoluic Add C6H&.CHg.C02H.—This acid was

first obtained by boiling vulpinic acid (see below) with baryta-water.
It has been prepared synthetically from its nitrile, and by heating
bromobenzene and ethyl chloracetate with silver-dust:—

CsH, +C,H,ftp + Ag2 -
A + AgCl + AgBr

Phenylacetic acid forms thin, brilliant plates, melting at 76°*5, and
boiling at 261°, Chromic acid oxidizes it to benzoic acid, and when
heated with lime it yields toluene. With chlorine, bromine, fuming
nitric acid, it gives substitution-products, resembling those of benzoic
acid.

Pkenylaeetonitrik CjHpCHyCN is a liquid resembling benzoaitrile,
and boiling at 229°, I t is obtained by distilling benzyl chloride with
potassium cyanide,

Vidpinie Acid C^H^Oj exists in Cetraria vulpina, Parmlia.
parietina, and other lichens, and may be extracted from them by
chloroform. It crystallizes in lemon-yellow thick prisms, melting
at 110°, Boiling baryta-water resolves it into methyl alcohol, oxalic
acid, and phenylacetio acid;—

CIBHMO6 + 4H8O = CH4O + CaH204 + SCgHgO,,

When it is boiled with dilute potash, it yields methyl alcohol,
carbon dioxide, and oxatohiic acid ;-~

Oxatolwie Add forms four-sided prisms, melting at 154°, and is
monobasic like vulpinic acid. Concentrated boiling potash resolves
it into oxalic acid and toluene:—

CMH16OS + II2O = CjHgC^ + 20,118

Methyl'phenyl Ketone, or Acetyl-bemenc C0H«.CO.CH3, is obtained
by distilling a mixtuie of calcium benzoate ana acetate.

It ia a limpid liquid, boiling at 198°. By dissolving it in cold
concentrated nitric acid, it ia converted iuto methyl-mowniitrophaiyl
kctone CJH^NOJCO.CHJ, wl.ich crjstnllizea in needlos. An isomeride
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is obtained by the action of hot nitric acid on the ketone as an orange-
red, syrupy liquid.

Secondary StyrohjlAlcohol, or Phenyl-mtkyl Carbinol^^ i c t t O H

is produced by the action of sodium-amalgam on an alcoholic solution
of the ketone. It crystallizes in long prisms, melting at 120°.

Phenylglycolyl Chloride C8H5.CO.CHSC1 is formed by passing
chlorine into the boiling ketone; it crystallizes in plates, melting at
41°, boiling at 246°, and possessing a pungent smell,

Plienylglycolyl Acetate CpH5.CO.CHa.0C2H8O has been prepared
by heating the chloride with alcoholic and potassium acetate. It
crystallizes in large rhombic plates, melting at 44°, and boiling at
270°. Alcoholic potash converts it into phenylglycolyl alcohol, which
has not been obtained in a pure state.

Phmytglycollio Add, or Manddic Arid C6H6.CH(OH).CO8H:, is
produced by heating an alcoholic solution of oil of bitter almonds,
pruasic acid and hydrochloric acid for some time to 90°, It is readil ••
soluble in water, and crystallizes in prisms, On heating it with
hydriodic acid, it is reduced to phenylacetic acid, and oxidizing
agents convert it into benzoic acid. Mandelic acid is isomeric with^
cresotic acid and tolyleneglycollic acid;—

Ctesotio Acid, Tolyleneglycollic Acid. Jlandolic Acid.

| ^ C6H6.CH(0H)CO4H

ETHBNTI.-BBNZENE, OB 8TTB0LENB C9H6.CgHg,

This hydrocarbon, which has also been called phenyl-ethene, occurs
iu the liquid styrax (from Styram oficinalia), and is isolated by dis-
tilling this balsam with a solution of sodium carbonate to retain
cinnamic acid. I t is also obtained by distilling cinnamio acid
C.Hs.C,Hj.CO«H with baryta, and by heating atyrolyl bromide with
alkalis or distilling secondary styrolyl alcohol with zinc chloride. It
appears to exist in coaltar, and is produced together with benzene
and other bodies when acetylene is heated to a dull-red heat.

Styrolene is a mobile, very refractive, and fragrant liquid, boiling
at 146°. When it is heated to 200°, it is converted into a polymeride,
called metastyrolene; this transformation also takes place slowly at
the ordinary temperature. By distillation it is reconverted into
styrolene,

Distyrolene C19H18is formed by heating styrolene with hydrochloric
acid to 170°; it is an oily liquid, which on distillation does not yield
styrolene.

The hydrocarbon existing in styrax is optically active, possessing a
right-handed rotatory power; but that obtained from cinnamic acid is
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inactive. Styrolene is an aromatic define, and combines readily with
the elements of the chlorine group,

Styrolene JEHchktide C6Hj.C,H8Cl» is a liquid which, on distilling
it alone or with lime, is resolved into hydrochloric acid and mono-
chlwostyrolene C6H,,CaHgCL

Styrolene Dibromide CjHg.CgHgB^ crystallizes in broad needles,
possessing a pungent aromatic odour. I t melts at 67°, and distils
at 230°.

Styrolene Di-iodide C6H6.C3H3T? separates out in crystals on add-
ing styrolene to a solution of iodine in potassium iodide. It is an
unstable body, which easily decomposes into iodine and metastyrolene.

Nitrostyrokne CgH^NOjJCjH, is formed by dissolving styrolene in
fuming nitric acid. It crystallizes fioiu alcohol in large prisms,
possessing a pungent and aromatic odour.

ETH1NYL-BBNZENE, OR ACETENYL-BENZENE, C6H5.C2H.

This hydrocarbon is formed by heating styrolene dibromide with
an alcoholic potash-solution :—

CjHyCHBr—CH2Br = C6H6.G==CH + 2HBr

It has also been obtained from methyl-phenyl ketone, by a re-
action corresponding to the formation of allylene from dimethyl
ketone. Phosphorus pentachloride converts the ketone into the
dichloride CjH15.CClj.CH3, which with alcoholic potash yields ethi-
nyl-benzene.

It is a limpid and very refractive liquid, boiling at 140°, and
possessing an aromatic odour, la its chemical properties it shows
the greatest analogy to acetylene and allylene,

Sodium-eihinyUhmsme CgH6.CgNa is produced by adding sodium to
an etherial solution of the hydrocarbon; it is a white powder, which
in the air rapidly absorbs oxygen, and becomes red-hot, leaving a
residue of carbon, and sodium carbonate, "Water decomposes it into
ethinyl-fcenzene, and caustio soda,

Silver-ethinyl'henzem CaH6.CaAg is obtained aa a light-grey preci-
pitate by adding an alcoholic solution of the hydrocarbon to an
ammoniacal silver-solution,

Copper-ethinyl-benzene n O Q * r Cu2 ia a yellow precipitate, pro-
duced by adding a very dilute alcoholic solution of ethinyl-benzene
to an ammoniacal solution of cuprous chloride.

C c 0
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COMPOUNDS WITH NINE ATOMS OP CARBON.

The compounds of this group are derived from the following
hydrocarbons :—

M e t h y l - e t h y l - b e n z e u e C « H i { C H ^

P r o p y l - b e n z e n e C 6 H 6 . C 3 H 7

I s o p r o p y U b e n z e n e o r C u m e n e . . C B H 6 . C H 4 C J T S

\. 3

A l l y l - b e n z e n e C 6 H 6 , C 8 H 6

TRIMETHYL-BENZENES

ME8ITYLENK, OR 1*3*5 TBIMETHTL-BENZENE

Occurs together with pseudocumene in coal-tar, and is produced by
acting with sulphuric acid on acetone. Each molecule of this coin-
pound loses one molecule of water, and the residues CH3 — C—CH
combine, three metliyl-ethines being condensed to trimethyl-benzene,
just as three niolecnles of ethine form one of benzene. (See page 318.)
This reaction shows that the methyls occupy the symmetrical position
1-3-5.

Pure meaitylene is prepared by pouring one volume of acetone ou
some sand placed in a retort, and then adding a cold mixture of one
volume of sulphuric acid and half a volume of water.

After 24 hours, the mixture is distilled, and the distillate purified
by continued fractional distillation. Pure mesitylene is a refractive
liquid, possessing a peculiar smell, and boiling at 168°.

Monochlorotnesitylene C0HaClCCH^$ is a limpid liquid, boiling
QX A U O f

pichloromesitylene C j H C U C H ^ c r y s t a l l i z e s f r o m a l c o h o l i n s h i n i n g

p r i s m s , m e l t i n g a t . 5 9 ° , a n d b o i l i n g a t 2 0 5 ° .

fnchloromesiiykne C j C l j C C H ^ g m e l t s a t 2 0 4 ° , a n d s u b l i m e s i n l o n g

p r i s m s .

T h e s e t h r e e c o m p o u n d s a r e f o r m e d b y t h e a c t i o n o f c h l o r i n e o n

c o l d m e s i t y l e n a
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MoMbrmnomesUykne CJHJB^CHJ), is a liquid, boiling at 225°, and
solidifying below 0°.

Dibronw- and Tribrmommtylene ftre crystalline solids; the former
melting at 59°, and the latter at 244°.

MonmvUvcmsUylem CjH^NO^CH^g is produced, together with
mesitylonic acid, by heating mesitylene with common nitric acid. I t
crystallizes from alcohol in long, thick prisms, melting at 41", and
boiling between 240° to 280°,

MmtremesUykne CjHCNO^CHg), is formed by dissolving the
hydrocarbon in fuming nitric acid, and crystallizes in thin brilliant
needles, melting at 86°,

TrinitrommtyleM (^(NO^CHg), ia obtained by acting on
mesitylene with a mixture of concentrated nitric acid and sulphuric
acid. I t is sparingly soluble in alcohol, and crystallizes in needles,
melting at 232°.

AmMomesitylene C-H^NIOCHj), is but slowly formed by boiling
nitromesitylene with hydrochloric acid and tin. It is an oily liquid,
and forms crystalline salts.

Diamidomesitylem C»H(NHj)j(CH,)? crystallizes from hot water in
long, white needles, melting at 00°, and forms crystallizable salts.

Mesitylmesulphmic Add CgH^CH^jSOgH.—Mesitylene dissolves
in warm fuming sulphuric acid, and on cooling the sulphonic acid
crystallizes out in needles. By fusing it with caustic potash, it yields
oxymesitylenic acid, and isoxylenol (see page 376),

Hexahydroniesitykm C6H9(CHj)8 has been produced by heating
mesitylene and phosphonhtm iodide gradually to 280°:—

+ 3PH«I = C0H0(CH,)a

It is a liquid boiling at 136°, and smelling like petroleum.
Oxidizing agents act on it but slowly, and fuming nitric acid con-
verts it only on boiling into trinitromesitylene.

PSEUDOCUMENB, OR W'4 TRIMETHVL-BENZENE.

This namewas originally given to a liquid boiling at about 1G6°,
which is obtained by the fractional distillation of coal-tar naphtha.
Recent researches have, however, shown that this body is a mixture
of mesitylene, and an iaomeride for which the name pseudocumene
has been retained.

Pure pseudocumene has been obtained by aoting with sodium on
a mixture of methyl iodide, aufl either bromo-isoxylene or bromo-
methyltoluene, from which it appears that the three methyls occupy
the position 1*3*4.

Monobrmopseudocnmme C6H2Br(CH8)8 is formed by acting with
bromine on well-cooled paeudocumene. It crystallizes from hot
alcohol in thin plates, melting at 73°.

c c 2
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Dibronwpseudocvmene CflHBr^CH^j is a heavy liquid, and tribromo-
pseudocvmmc C0Brs(CH3)8 a solid, which is sparingly soluble in alcohol,
and crystallizes in fine needles.

Afononitropseiutocumme GjH^O^CH^g is obtained by adding
pseudocumene drop by drop to well-cooled, fuming nitric acid, and
crystallizes from alcohol in colourless and very refractive prisms,
melting at 71°, and boiling at 265°,

DinitrapscMdocwrtiem C0H(NO2)2(CH8)8 is obtained in small quantity,
• together with the trinitro-compound, by heating mononitropseudo-
cumene with concentrated nitno acid; it is a heavy, thick, yellow,
oily liquid.

Triniifopmudoewmem C^NO^CHA crystallizes from benzene in
hard, transparent, square prisms, melting at 185°.

Amidopseudocumem C6Hg(NH2)(CHp$.—When nitropseudocumene
is heated with tin and hydrochloric acid, it dissolves, and, on cooling,
shining plates of the double salt CjH^CHA^HsCl + SnCl2
crystallize out. By passing hydrogen sulphide through its aqueous
solution, and evaporating the filtrate, amidopsatdommenc hydrochloridc
is obtained in long prisms. The free base crystallizes from alcohol or
hot water in silky needles, melting at 62°,

ACIDS DERIVED FROM THK TRIMETHY.L-BENZEHES.

Mcsitylmie Add GfH^GH^.COgH is formed by boiling uiesity-
lene with dilute nitric acid. It is sparingly soluble in water, but
freely in alcohol, and crystallizes in plates, resembling benzoic acid,
and melting ftt 166°, Calcium mesitylenate 2[(C6H2(CHg)2COj)2Ca]
+ H2O is 03 freely soluble in oold as in boiling water, and forms
crystalline crusts; on distilling it with lime, it yields isoxylene.

f OH
Oxymcdtyhnw Acid CCH2(CH3)21 r>o H *8 ^orme(^ tyr heating

potassium wesitylonesulphouate with caustic potash to 250°;—

rso s i c toiz
i f l l 1 PIT

(CH8 (CO2K

It sublimes in dazzling white needles, melting at 176°, and gives a
deep^blue colour with ferric chloride.

Uvitie Add COH3(CHS) | ^ ^ . — T h i s acid was first obtained by

boiling pyravic aeid witlx baryta-water, and it is also produced bj
oxidizing meaitylene with nitric acid. It crystallizes from boiling

•water in fine needles, melting at 287°. On heating it with lime, it
is resolved into carbon dioxide and toluene. Its nitrile has been
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obtained by heating potassium orthochlorotoluene-sulphonate with
potassium cyanide.

fCO2H
Trimesitk Add CJH^K 0O2H is obtained by oxidizing mesitylenic

or uvitic acid with chromic acid-solntion. It crystallizes from boiling
water in hard, thick prisms, melting at 300°. Normal barium
mesitate [CjH^CO^gBag + 21I2O is a crystalline precipitate,
which is almost insoluble in water. Add hariwrn mediate

CttH8 i XQ Y? a + 4H20 is obtained in needles, by adding a solution.

of the acid to barium chloride ; it is sparingly soluble in cold, and
more freely in boiling water.

Xylic Adds CeH^CHj^COjH.—"When psendocumene is boiled
with dilute nitric acid, two isomeric acids having this composition
are formed. They are separated from the dibasic xylidic acid,
which is formed at the same time, and nitro-producta, by distilling
repeatedly with water. The distillate is neutralized with sodium
carbonate, and distilled to remove some nitropseudocumene, and
the concentrated solntion decomposed with hydrochloric acid. The
acids are then converted into the calcium salts, which are separated
by reerystallization, the xylate being much wore soluble in water
than the paraxylate.

Xylic acid is sparingly soluble in water, and crystallizes from
alcohol in large prisms, melting at 126°. The same acid has been
obtained by acting with carbon dioxide on a mixture of sodium and
monobromo-isoxylone. By heating it with lime it yields isoxylene.
These two reactions show that if the carboxyl has the position 1, the
two methyls are in 2 and 4

Chromic acid oxidizes xylic acid to carbon dioxide and acetic acid,
no tribasic acid being formed.

Paraxylk Add crystallizes from alcohol in largo pointed prisms,
melting at 163°. On heating it with lime, it ia resolved into carbou
dioxide and orthoxyleae, showing that the two methyl-groups are in
the position 3*4

Xylidic Acid C0Ha < COaE is almost insoluble in water, and crys-

tallizes from alcohol in granular nodnles, melting at 291°, and sub-
liming in hard needles.

KTHYL-METHYL-BENZESE Cn

This hydrocarbon has been obtaiued from' parabromotolueue and
methyl iodide. It is a liquid boiling at 159°, and yielding by oxida-
tion paratoluic and tercphtlialie acids.
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Ethytbmzoic Acid C6H4j Q^T has teen produced by oxidizing

diethyl-benzene with dilute nitric acid, and by passing carbon dioxide
into a mixture of ethyl-monobromobenzene and sodium. It crystal-
lizes, like benzoic acid, in flat, brilliant needles, melting at 110°.
Chromic acid oxidizes it to terephthalic acid.

Altfwxylic Add C ^ I Q J K J O H.—The nitrile of this acid is

formed by heating tolyl chloride -with potassium cyanide; by boiling
it with caustic potash it yields the acid, crystallizing from boiling
water in shining thin plates, melting at 42'.

PKOPYlrBENZEME

Has been prepared by acting with sodium on a mixture of propyl
bromide and bromobenzena It is a liquid boiling at 157°. On heat-
ing it -with a mixture of sulphuric and nitric acids, it yields a liquid
trinitro-compound; and with bromine it forma prapyl-tetrabromo-
bmzenc C6HBr4.C8H7, a viscid liquid.

Plwuylpropyl Alcohol CoH6.C8He.OH is found together with cinngl
alcohol C6H6.C8H,.OH (see next page), and is also formed by acting
with sodium-amalgam on an aqueous solution of the latter compound.
It is a liquid boiling at 235°.

Pheivytpropimvi Add C9Hj.CaH4.CO,H.—This compound is also
called hydrocinaamio acid, because it was first obtained by acting
with sodium-amalgam on an aqueous solution of cinnamic acid
C?H6.CjHj,.CO3H. It is also produced by heating styrolyl chloride
with potassium cyanide and alcohol, and boiling the solution with
potash, and by oxidizing phenylpropyl alcohol with chromic acid. 11
crystallizes from boiling water in long, thin needles, melting at 47°,
and boiling at 280".

Paranitroplienylpropiomc Acid C6H4(NOg)CaH«Os is produced by
dissolving phenylpropionie acid in very cold fuming nitric acid. I t
crystallizes from water in small, Hat, brilliant needles, melting at
164°. Chromic acid oxidizes it to paranitrobenzoic acid.

Penvjl-methyl KctMe C9H6.CH,.CO.CHS[ is a liquid boiling at 215°,
which has been obtained by the action of zinc methide on the chloride
of phenylacetic acid. Chromic acid oxidizes it bo acetic acid and
beuzoic acid.

CVMENE, OB JSOPROrYt-BBNZENE C8Hs.0H

This hydrocarbon exists in Roman cumin-oil, and is obtained arti-
ficially by distilling cumic acid CeH4(CsHr)0O?H with lime. It boils
at 151', and gives, with nitric aoid, a crystalline trinitro-compound;
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and with excess of bromine it yields pmtwibromommme, crystallizing
in fine needles, melting at 109°, Cumene has not yet been obtained
synthetically; but as it yields benzoic acid by oxidation, and boils at
a lower temperature than propyl-benzene, it must be isopropyl-
benzene, because iaopropyl-compounds boil always at a lower tem-
perature than the corresponding normal propyl-compounds.

AUYL-BENZENE, OB PHENYL-PROPENE C6H6.CSH6.

This hydrocarbon is formed, together with phenylpropyl alcohol,
by treating an aqueous solution of cinnyl alcohol with sodium-
amalgam :—

C6H6-CH=CH—CHa.OH + Ha = C tHB—CH=CH-CH8 + H20

It is a liquid boiling at about 170°, and yielding, with bromine,
plienyl^n-opene dtbrmide, CMt.CaHfitv crystallizing from alcohol in
large plates, melting at 66°*o.

Anethol or Allylphenol-methi/l Ether C6H4-| ,, „ 8 is the principal

constituent of oil of anise-seed and similar oils (see'page 371), and
crystallizes in soft shining scales, melting at 20°, and boiling at 225°.
By heating it with solid caustic potash, it is resolved into methyl
alcohol and Anol, or Allyl-pheiiol, C6lL(OH)CjH6, crystallizing in
small shining plates; it distils with partial decomposition, and readily
oxidizes in the air.

Eugenol, or Eugenic Acid C0H8(OH) j Q TT3> exists in oil of cloves

(Caryophyliits aromaiicus), in oil of pimento {Myrtvs pimenta and M.
eommtmis), and in the volatile oils of Laurus nobilis, Persea caryo-
phyttafa, and Canella alba. It is obtained by treating oil of cloves
with caustic potash, which dissolves the eugenol, whilst a terpeue
C1(jH,6 w left behind. By passing carton dioxide in the filtered and
boiled solution, eugenol is set free as a colourless and very refractive
liquid, which soon assumes a brown colour." It boils at 253°, and
possesses an aromatic odour and a very pungeut and hot taste. When
heated with strong hydriodic acid, it yields methyl iodide and a red
resin C9H10O3; and by fusing it with pofeaah, it is resolvtd into acetic
acid and protoeatechuic acid.

ClNNVL-COMFOt'NDS.

Cinnyl Alcohol, ofPhenytallyl Alcohol CaH6.C8H4.Oll.—liquid styrax
(page 384) is a mixture of styrolene, ciunamic acid, the cinnanric
ethtsrs of phenylpropyl alcohol, and cinnyl alcohol and resins. Tp
obtain cinnyl aLohvl, the balsam is distilled with water to volatilize
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styrolene, and the residue boiled with a solution of sodium carbonate,
which removes the cinnamic acid. The residue is treated with cold
alcohol to dissolve the resins, and the remaining ethers are separated
by crystallization from a mixture of alcohol and ether or benzene.
The pure crystalline cinnyl cinnamate is boiled with concentrated
caustic potash, and thus cinnyl alcohol is obtained, crystallizing in
shining needles. It melts at 33°, boils at 250°, and possesses a
fragrant odour like hyacinths.

Cinnyl Chloride C0KfCJS.iC\ is obtained by heating the alcohol
with hydrochloric acid. It is a heavy, oily liquid, which possesses an
aromatic odour, and is decomposed by heat.

Cinnyl Iodide GMJG^JL is a similar body, and produced by treat-
ing the nlcohol with iodine and phosphorus.

Cinnylamine C0H6.C,H4.NH2 is obtained by the action of alcoholic
ammonia on the chloride. It separates from ether in small crystals,
which on heating volatilize in vapours, possessing an alkaline odour.

CINIiAMYIi-COMPOUNDS.

Cinnamaldehyde CjH5.CjH5j.COH is the chief constituent of oil of
cinnuinon (from Pbrsea Cinnainomwni) and oil of cassia (from Persea
Cassia). It is produced artificially by oxidizing cinnyl alcohol with
platinum.black in the presence of air, and by distilling a mixture of
calcium cinnamate and formate. It has also been obtained by satu-
rating a mixture of benzaldehyde and acetaldehyde-with hydrochloric
acid. This reaction is quite analogous to the formation of eroton-
aldehyde from ncetaldehyde (page 267):—

C9H6.CHO + CH8.C0H = C9H6.CH=CH—COH + H2O

' Pure cinnamaldehyde is obtained by agitating oil of cassia with
a concentrated solution of acid potassium sulphite; a crystalline
magma is formed, which is pressed, dried, washed with dilute alcohol,
and then decomposed with dilute sulphuric acid.

Ciunamaldehyde is a colourless, heavy, oily liquid, possessing a very
fragrant odour. It volatilizes without decomposition only in vacua or
with steam. It absorbs readily oxygen, and is converted into cin-
naniic add; dilute nitric and chromic acids oxidize it to benzaldehyde
and beuzoic acid.

Cianamie Acid, or Phmylacrylic Acid O6H6.CaHa,CO2H exists in
sfyrax, in balsam of Pern and Join, and in several kinds of gam-
benzoin. It has been produced artificially by passing carbon dioxide
into a mixture of monobromcstyrolene and sodium, and by heating
oil of bitter almonds with acetyl chloride:—

(1) C,H5.C0H + CHa.COCl = C6H6.CH=CH.COC1

(2) C6H6.CH,^Cff.COCi + H2O = C6H6.OH=CH.CO.OH + HC1
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Oinnamic acid is generally prepared by distilling liquid styrax with
a solution of sodium carbonate, and precipitating the filtered residual
solution with hydrochloric acid. The precipitate is purified by crys-
tallization or sublimation. I t crystallizes from boiling water in fine
needles, and from alcohol in transparent prisms, melting at 133°,
and boiling at 300°. Its salts resemble the benzoates; ferric chloride
produces in a neutral solntion of a cinnamate a yellow precipitate.

Oxidizing agents convert it into benzaldehyde and benzoic acid,
and nascent hydrogen combines with it, forming phenylpropiomc acid
(page 390).

When cinnamic acid is fused wilh caustic potash, it is resolved into
acetic acid and benzoic or phenylformic acid, and when distilled with
slaked lime it yielda carbon dioxide and styrolene.

Ethyl Cinnamate C»%-Ci^^} 0 is prepared by dissolving the

acid in absolute alcohol, and passing hydrochloric gas into the solu-
tion. It is a fragrant, oily liquid, boiling at 267°,

C H C H O )Benzyl Cinnamate,or Cinnamtin Vi5Tx8nTr f 0, occurs in balsam

of Peru and Tola, and has been prepared Dy sodium ciunamate with
benzyl chloride. It crystallizes from alcohol in small, brilliant prisms,
welting at 39°, and possessing an agreeable odour,

Cinnyl Cinnanwte, or Slyratin c ft C H } °-~~Tlie Preparation

of this compound has already been described (page 391). It crystal-
lizes in needles, melting at 50°, and possessing a fragmut odour.

Nttrocinnamic Add COH4(NO2)C8HSO2 exists in two modifications,
which are formed by dissolving cinaamic acid in cold concentrated
nitric acid.

Paranitrocinnamie Acid is but sparingly soluble in boiling alcohol,
and crystallizes in small needles, melting at 265°, Chromic acid con-
verts it into parauitrobenanc acid.

Metanitroeinnamic Acid is more freely soluble in alcohol, and
melts at 232°; on oxidation it yields metanitrobenzoio acid.

Phenyldibrom&prc^im.ic Acid O6H8.C2HaBr2.CO4H is readily formed
by combining cinuamio acid with bromine. It crystallizes from
alcohol in small rhombic plates, and yields, when heated with alco-
holic potash, two isomeric monobiomocinnamic acids.

Phenylpropiolic Acid C0H5.C2,C0aH stands in the same relation to
cinnamic acid as stearolic to oleic acid, and is obtained by boiling
a lnonobromocinuaroic acid with alcoholic potash, or by suspending
aodium-ethenyl-benxeue in. ether, and passing carbon dioxide into
it;—

C,,H6.Cs=CNa + CO2 = ^H^C^CCO^Na

It crystallizes in white, silky needles, melting at 136°. I t combines
with two molecules of bromine or hydrogen, and is resolved by l>eat-
iug it with baryta into carbon dioxide and ethinyl-benzene.
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PHENYL-LAOTIO ACIDS.

Phenylddoroladic AM C6H6.Ci|Hi!Cl(OH)COi!H is formed by
passing chlorine into a solution of sodium carbonate and cin-
namate:—

CaH^CgHyCOuH + C10H >

It crystallizes from water in small hexagonal plates, containing one
molecule of water.

Phenylbromolactic Add C6H6.C,H»Br(OH)CO2H is a very similar
compound, which is obtained, together with hydrobromio acid and
some bromostyrolene and carbon dioxide, when phenyldibroinopro-
pionic acid is boiled with water:—

C9H6.C2H8BrfCO,H + HaO = CgHyCjHjBrtOHjCOsH + HBr

Phenyl-lactio Acid CeHyC.H^OHJCOjH.—When either of the pre-
ceding compounds is treated with water and sodium-amalgam until
hydrogen is briskly evolving, they are converted into phenyl-laotic
acid, which is isolated by neutralizing the solution with hydrochloric
acid, and evaporating it on a water-bath. The residue is acidulated
with hydrochloric aoid and shaken with ether. On evaporation the
etherial solution, impure pUenyl-lactic aoid, is left behind, which is
crystallized from hot water. It forms flat, pointed needles, melting at
94°, and is resolved at 180° into water and cinnamic acid. By teating
it with hydrobroinic or hydrochloric acid, the hydroxyl is again
replaced by bromine or chlorine.

PJwiylpartdactic Acid, or Tropic AM C6H5.CH| Q Q 8 ^ , has

been obtained by heating atropine (see Alkaloids) gently with baryta-
water, or by leaving it in contact with fuming hydrochloric acid.
From a hot aqueous solution it separates in slender prisms, melting
at 118".

Atropic AM CjHj.OjHa.COjH is formed when tropio aoid is heated
with concentrated baryta-water to 136°. It crystallizes from water in
needles, and from alcohol in plates, melting at 106°-5, and possessing
an aromatic, pungent smell, like benzoic acid. Chromic acid oxidizes
it to benzoic aoid; and, by fusing it with potash, it is resolved into
formic acid and phenylacetic acid (while the isomeric cinnamic acid
yields acetic acid and phenyi-foruiic acid):—

CH2

CeH6.0 + 2K0H = C9H4.CHj-COaK + CHKO, + Hs

CO4H



TEE CARBON COMPOUNDS, 305

It combines with one molecule of bromine, and with nascent

hydrogen, forming oily hydratopic acid CgU^CH < MQJJ

Isairopio Acid is isomeric ot probably polymeric withIsairopio Acid is isomeric, ot probably polymeric, with atropio acid,
and formed together with the latter, when tropic acid is heated with
hydrochloric acid to 140°. It is sparingly soluble in boiling water,
and less freely in alcohol than atropic acid, and forms microscopic,
monoclinic crystals, melting only at about 200s, It does not combine
with nascent hydrogen.

6XYPHENYL-PR0PI0HIC ACID8,

Phtoretie Acid C6H4 -J X T ; nn H 'a a Product °^ decomposition of

phloretin (see Olucosides), and crystallizes from boiling water in
brittle, prismatic crystals, melting at 130°, When heated with baryta,
it splits up into carbon dioxide and phlorol (page 382). On fusing it
with potaab, it yields para-oxybenzoic acid.

Hydroparacwmaric Add C0H4 X ^% CO H ^ 1)een o l ) t a" i e* ^y
reducing paranitrophenylpropionic acid with tin and hydrochloric
acid, and converting the amido-acid into a diazo-compoiind, which,
when boiled with water, yields oxyphenylpropionic acid. It crys-
tallizes from water in small, monoclinic prisms, melting at 125", and
yields by oxidation para-oxybenzoic acid.

As both phloretic and hydroparacumaric acid are so easily con-
verted into para-oxybenzoic acid, they contain the two side-chains in
the position 1*4, and their isoinerism must be caused by the group
U9H4.OH replacing different hydrogen atoms in propionic acid, thus:

C6Ht.0H C,,H,OH

H^C-OH-COjH HaC-CH8-CO2H

f OH
TyroHne, or Ojtyplmiytamidopropionic Add C0H4 -J Q H QTJI \QQ JT

is either a derivative of phloretio acid or of parahydrocumanc acid.
It has not been obtained by synthesis, but is a product of decomposi-
tion of animal substances, such as proteids, hair, feathers, horn, &c,
and exists in old cheese (rvp6<;, cheese). It is generally prepared by
boiling horn-turninga with dilute sulphuric acid fov several horas, and
saturating with milk of lime. By adding hydrochloric acid to the
concentrated solution, tyrosine is precipitated, while leuciue (page 234)
remains in solution.

Tyrosine is sparingly soluble in cold water and alcohol, and crys-
tallizes from hot water in slender needles. Tyrosine is a phenol, and
at the same time possesses, like other nmido-acids, the properties of a
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base and an acid. By dry distillation, it yields phenol and other
products; but, when heated very carefully, it is resolved into carbon
dioxide and oxyphenyl-ethykmine C6H4(OH)C2H4.NH2> a white, crys-
talline sublimate, having an alkaline reaction, and forming crystel-
lizable salts, Wheu tyxosine is fused with potash, it yields ammonia,
acetic acid, and paraoxybenzoic acid; and when heated with hydriodic
acid, it is resolved into ethyl-phenol (or an isomeride), carbon dioxide,
and ammonia:—

Tyrosins dissolves in hot sulphuric acid, yielding sulpho-acids,
which are coloured violet by ferric chloride. On heating an aqueous
solution of tyrosine with mercurious nitrate, it assumes a red colour,
and then a reddish-brown precipitate is formed.

MelUotie Add, or Hydrocwmaric Acid C6H4 j n jx nn H ' o c c u r 8

in the yellow melilot {Mdilotws qfinnalis), and in the fragrant Fahatn-
leavea It crystallizes from water in large, pointed prisms, melting at
82°, By distillation it is resolved into water and mclilotic anhydride

C6H4 j Q TT >CO, a crystalline solid, melting at 25°, and boiling at

272°. On fusing molilotic acid with potash, it yields acetic acid and
salicylic acid.

OXYPHENYL-ACRYLIC ACIDS.

Paracttmaric Acid Q & J Q H QQ H 5S P r eP8 t e d ^y exhausting
aloes with dilute sulphuric acid, and treating the residue with ether.
It crystallizes from boiling water in brittle needles, melting at 180°.
Nascent hydrogen converts it into hydroparaoumario acid.

Cumaric Acid CJB.AQ n QQ H o c c u r s t°g e t l i e r wHli melildtic
acid, and crystallizes from water in long needles, melting at 195°; by
treating it with water aud sodinm.amalgam, it is converted into meli-
lotic acid,

Oumarin, or Cumaric Anhydride O6H4-j Q -U >CO, is found, com-

bined with cumaric acid or melilotic acid, in the melilot and the
Faham-leaves, and exists in the free state in the Tonka-bean (Dip-
ter&B odorata), in the sweet woodruff (Aspenda odwxtta), and in the
aweet-scented vernal grass {A-ntliomntkum, odoraLw).. It is readily
obtained by exhausting tonka-beans with alcohol-, arid has been pro-
duced artificially by heating sodium-salicylaldehyde with acetic anhy-
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dride, sodium acetate being formed, and acetyl is set free, which
combines with the aldehyde-residue with the elimination of water;—

fO CO CO CO

a H C H O m ^ 6 H C H = C H

Cumarin is sparingly soluble in cold water, more freely in alcohol
and boiling water, and crystallizes in large transparent prisms, pos-
sessing a, very fragrant odonr. It melts at 67°, and boils at 291°. By
heating it with potash and a little water, it ia converted into potas-
sium cumarate, and sodium-amalgam and water transform it into
melilotic acid.

By acting on sodiuin-salicylaldeliyde with butyric or valerianic
anhydride, homologues of cumarin are formed, which also possess a
fragrant smell.

Caffeic Acid C6H3 | £ JJ QQ JJ occurs as glucoside, called eaffee-

tannic acid, in coffee, and is conveniently prepared by boiling coffee-
extract with caustic potaali,' It is sparingly soluble in cold water,
and crystallizes from boiling water in small, glistening plates. On
heating, it yields pyrocatechin; and by fusing it with potash, it is
resolved into acetic acid and protocateclmic acid :—

Hydrocaffeic Acid C6H8 | £, JJ QQ j£ is formed by adding sodium-
amalgam to a hot solution of cafleic acid; it c17stall1V.es from water
in rhombic prisms. Its aqueous Solution gives, with feme chloride,
an intensely green colour, which changes into cherry .red by adding
sodium carbonate, Caffeic acid gives a similar reaction

Umbdltferon CaHflO3 exists in the bark of the inezereon, and is also
produced by the dry distillation of galbanuni, and similar gum-
resins. From boiling water it crystallizes in rhombic prisms, melting
at 240°, It contains one hydroxyl, the hydrogen of which is easily
replaced by acid radicals. Concentrated boiling potask resolves it into
formic acid, acetic acid, and resorcin» It appears, therefore, to be a
oxyenmarin :—

fOK C 0 0 K

4K0H = C,H4 {Jj{> + CHKO2 + | + H20

Umbcllic Acid CaH3(OHo)C2H..CO8H is produced by adding aodium-
ainalgam to a hot solution of uiubelliferon. I t forms granular crystals,
melting at 125°. Its aqueous solution is coloured green by ferric
chloride.
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VeraMc Add CgHjCOEyCOjH,—This isomeride of hydrocaffeic
and umbellic acids exists in sabadilla-seed (Veratrwn SabadUla), and
crystallizes from boiling water in prisms. When heated with caustic
baryta, it is resolved into carbon dioxide and mrattol C,,H8(OH)«
a colourless oil, possessing an aromatic odour, boiling at 205°, and
solidify ing at 15° to a crystalline mass,

Veratrol is either a dimethyl-dioxybenzene or an ethyl-dioxybenzene.

COMPOUNDS WITH TEN ATOMS OF CARBON.

We know the following hydrocarbons belonging to this group:

Tetramethyl-benzene . . .

Dimethyl-ethyl-benzene. .

Methyl-propyl-benzene . . . C0H4 -J c j |

f CH
Methyl-isopropyl-bensene . . C,H4 -J QJJ?(

Diethyl-beozene . . . .

Isobutyl-tenzene

Butenyl-bengene . . . . . C6H5.C4HT

Tetramethyl-lensene, or J)iireneC0B^GSs)v-~Tiaa hydrocarbon doea
not exist in coal-tar, but has been obtained artificially by the action
of sodium on a solution of methyl iodide and monobromopseudo-
cuiaene in pure ether, Butene is the only homologue of 'benzene
which is solid at the ordinary temperature (dimw, hard), and crystal-
lizes from alcohol in compact, oblique prisms, melting at 80°, and
boiling at 190°. I t is lighter than water, and possesses a faint odour
resembling that of benzene.

Mnitrodurme C^NO^^CH^. is formed by dissolving durene in
cold concentrated nitric acid, ana crystallizes from alcohol in colour-
less, rhombic prisms, melting at 205°, and subliming in brilliant
needles.

Librottwdurene CjBrJCH.^ is obtained by the action of cold
bromine on durene, and is but sparingly soluble in boiling alcohol.
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It forms long, slender, silky needles, melting at 15)9°, and subliming
without decomposition,

Oitmylic Add C6H2-< [IQ g8-—This monobasic acid has been pre-
pared by boiling durene with dilute nitric acid. It is very sparingly
soluble in water, and crystallizes from an alcoholic solution in hud,
glistening needles or brilliant prisms, melting at 150°. It easily vola-
tilizes, and sublimes in slender needles.

Ciimidie Aeid'C6Vis { (co"^) i s f o r m e d ' togftther w i th cumylic
acid. It is but sparingly soluble in water, and scarcely in benzene ;
and is obtained in long, transparent prisms by adding benzene to its
alcoholic solution. It sublimes at a high temperature without pre-
viously melting.

DlMETHYMffTHYL-BEKZBNE, OK ETHYL-1BOXYLENR C6l
:

Has been obtained by acting with sodium on a mixture of ethyl
bromide and monobroino-isoxylene. I t is a colourless liquid, boiling
at 184°.

DIETHYt-BENZENE C6

Is formed by acting with sodium on ethyl bromide and ethyl-mono-
bromobenzena It boils at 179s, and yields, on oxidation, ethylbenzoic
acid and terephthalic add.

METHYI--PHOPYI.-BENZENE

This compound is formed by the action of sodium on a mixture of
14 bromotoluene and propyl bromide. It boils at 179°, and yields
thick, oily nitro-compounds. Dilute nitric and chromic aoid oxidize
it to paratoluic acid and terephthalio aoid.

CYMENE, OK METHYL-18OPROPYL.BENZKNE C6H4 j rjHfCH ) '

Cymene has not been produced by synthesis, but occurs, together
with cuuiic aldehyde, in Koroan cumin-oil (Cvminum, Oymnvm), aad
in the oil of the water-hemlock (Ciettta virosa), and mixed with
thymol and a terpene in oil of thyme (Thytwus vulgaris), and the oils
of Ptychotis Ajmwn, and Mtmarda pundata, and other volatile oils.

Cymene has been obtained by abstracting two atoms of hydrogen
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from oil of turpentine (page 301), and is most conveniently prepared
by distilling camphor with phosphorus pentasulphide:—

5C10H16O + P A = 5CMHU + 5SH2

The product is washed with soda-solution, and distilled over
sodium.

Cymene is a colourless, refractive liquid, possessing an aromatic
smell, and boiling at 175°. It yields the same oxidation-products as
methyl-propyUbenzene, but differs from it, not only by its lower
boiling-point, but also by yielding crystalline nitro-products,

f CH
Thymol C0H3(OH) •! c g f c j j ) 0CCUr8 m ^ above-mentioned

volatile oils, and is prepared by shaking oil of thyme with soda-solu-
tion, and decomposing the liquid, after the hydrocarbons have been
removed, by hydrochloric acid.

Thymol crystallizes in rhombic plates, melting at 44°, aud boil-
ing at 230°. I t possesses a peppery taste and the odour of
thyme. Phosphorus pentoxide resolves it into 1*3 cresol and propene,
and phosphorus pentachloride converts it into mowchlorocymene
C6H?Cl(CHg)CH(CH,)2, which, by acting with sodium-amalgam on
its slightly acid, alcoholic solution, is transformed into cymene.

ThymoquinoM C9H2O2" \ CH?CH) •* produced by oxidizing thymol
with manganese dioxide and sulphuric acid; it forms yellow pris-
matic plates, possessing a strong aromatic odour.

Tlvymohydroqvinone C6H3(OH)2 j ng? rjH ) *o r m s co^our^e38> trans-
parent needles, and is obtained by treating the quinone with sul-
phurous acid.

Both compounds readily combine, and form thymquinkydrone,
which crystallizes in black, shining needles, and has a constitution
analogous to that of quinhydrone (page 340).

Oxycymene, or CymopUnol C0H3(0H) j QHCCE.) •~ T l i j 8 i a o m e r i d e

of thymol has been obtained by dissolving cymene in sulphuric acid,
and (using the product with potash. It is also produced by the
action of iodine on camphor, Oymophenol is a thick, colourless oil,
which does not solidify at a low temperature, and smells like Russian
leather.

Tkiocymene C0Ha(SH) | Qtjffitj \ is formed as a by-product in

i f f h d h b l b t i dthe preparation of cymene from camphor, and has been also obtained
by distilling oxycymene with phosphorus pentasulphide, and by con-
verting potassium cymenesulphonate by means of phosphorus penta-
chloride into ojmenemlphome cldoride C^SOgClJ^H^C^CHs)^
and reducing the latter with nascent hydrogen,

Thiocyinene is a colourless liquid, boiling at 235°, and possessing
an aromatic smell. Oxidixiug agents convert it first into the disul-
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pliide (CyHjjJjSj, a heavy, yellow oil, which by further oxidation
(CHS

yields a mhhotoluie acid C6Hg< CO.H.
(SO8*H

CYMYL- AND 0(JM1NYI,-COMPOITKD8.

By treating boiling cymene with chlorine, substitution takes place
in one of the alcohol-radicals, and cymyl chloride is formed, which, by
heating with an alcoholic solution of potassium acetate, is converted
into cymyl acetate, an oily liquid, boiling at 230°, and smelling like
rose-wood.

( CTi OTT
Cymyl Alcohol C0H41 ^ j | " i8 produced, together with cumic

acid, by the action of alcoholic potash on cuminaldehyde. It is an
aromatic liquid, boiling at 243°.

f OOH
Cuminaldehyde, or Cuminol C6H4 , , j , occurs, together with

cymene, in Boman cumin-oil and the ou of the water-hemlock, and is
obtained pure by shaking the oil with a concentrated solution of acid
potassium sulphite, and distilling the crystalline compound thus
formed with sodium carbonate.

It is a liquid possessing a strong aromatic odour, and boiling at
237°. By fusing it with potash, it is converted into cunric acid :—

C«H« \ C8H7
 + K 0 H = C«H* | C3Hr

 + H»

Clii'oraic acid oxidizes it to teveplithalic acid.
{ 0 0 OFT

Cumio Acid C6H4 ] « IT is sparingly soluble in water, and freely

in alcohol, and forms prismatic plates, melting at 113°. When
cymene is taken internally, it appears in the urine aa cumic acid.

By distillation with quicklime, it is resolved into carbon, dioxide
and cumeue (page 390).

Mrocumio Acid OaSJl>i0.2)(paK!)COM forms yellow scales, and
yields by reduction amidoaimic ucul CaH3(NH8)(CsH.)C0,H, crystal-
lissing from hot water in colourless plates. By distillation with
baryta, it is resolved into carbon dioxide and cwiiidine, or isopropyl-

(NHy , p y
(NHamidoienzene C0H4-J £,jl2. By passing nitrogen trioxide into on

aqueous solution of uniidocuinic acid, it is converted into oxycumic

a(M C6HS(OH) -J « \ | , crystallizing from hot water in small prisms.

( CO H
Oxy-wprojcn/l-phenyl-formicAcid C6H4-J CH OH'~~

cid is heated with bromine and fuming hydrobromic aciacid is heated with bromine and fuming hydrobromic acid, one atom
G u »
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of hydrogen in the isopropyl-group is replaced by bromine, and by
boiling the product with alcoholic potash the oxy-acid is formed,
which is isomeric with oxycumic acid, the latter being at the same
time a phenol, while the former, as alcohol, is an aromatic glycollic
acid.

(C8H6
Engetio Add C.H2(OH)-j OCH. is produced by acting with carbon

( COjH
dioxide and sodium on eugenol (page 390). I t forms colourless
prisms, melting at 124°. It is only sparingly soluble in water; the
solution is coloured deep-blue by ferric salts. By dry distillation, it
is resolved into eugenol and carbon dioxide.

ISOBUTYL-BENZENB CSHS.C2H,(CHS)2.

This compound is a refractive liquid, boiling at 160°, and possess-
ing a fragrant odour. I t has been obtained by the action of sodium,
on a mixture of bromobenzene and isobutyl bromide. With bromine
and nitric acid, it forms thick, oily substitution-products, which are
decomposed by heat.

BUTENJL-BEHZENE C9H6.C4H,.

This hydrocarbon, which is also called ylicitylbukiie, is prepared
by adding sodium to a mixture of benzyl chloride, allyl iodide, aud
ether:—

COHS.CH2C1 + C3H6I + Na2 = CflH6.CHi!.C3Hs + NaCl + Nal.

It is a limpid liquid, boiling at 177°, and possessing a strong aro-
matic smell. It readily combines with one molecule of bromine.

PhmyleihcnyUmcthjJ Ketone, or Acctocinnamone C^S.i.C^S.rCO.CH3,
is obtained by distilling a mixture of calcium cinnamata and acetate.
It is a fragrant liquid, boiling at 240°. By the action of sodium
amalgam on its alcoholic solution, it is converted into phenylelliyl-

methyl cai'Unol ° o H 6 - ^ * \ CH.0H, a crystalline solid, which is iso-

meric with the oxycymenea and with cymyl alcohol

COMPOUNDS WITH ELEVEN ATOMS OP CAEBON.
T

A m y l - b e u c n e C o H 6 . O f i H n i s p r o d u c e d b y t h e a c t i o n o f s o d i u m o n a

m i x t u r e o f b r o m o b e n z e n e , a n i y l b r o m i d e , a n d b e n z e n e . I t i s a

l i q u i d b o i l i n g a t 1 9 3 ° ; w i t h n i t r i c a c i d i t f o r m s a y e l l o w , o i l y m o n o -
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nitro- compound, and chromic acid oxidizes it to benzoic acid and iso-
butyric acid.

JOiethyl-bemiflmeC^Rb.GR{C^.b\ has been obtained by adding zinc
ethide to a solution of benzylene chloride in benzene. It is a fragrant
liquid, boiling at 178°.

Plienyl-angelic Add C0H6.C H,,.CO2H.—This homologue of cin-
namie acid has been produced by heating benzoldehyde with butyryl
chloride to 130°. It crystallizes from hot water in long needles,
melting at 81°.

ffomoeumie, or Cymic Acid C6H4 j * j ^ C 0 2 H . _ T h e nitrile of this

acid is formed by converting cymyl alcohol into the chloride, and
heating it with potassium cyanide. By boiling the nitrile with
alcoholio potash, the acid is obtained: it forms small needles, melting
at 52°.

fCO2H
Thymotk Add C6H2(0H) \ CH. is produced by acting with sodium

( C H( 8 7
and carbon dioxide on thymol. It forms slender needles, melting at
120°, and subliming with decomposition. Its aqueous solution is
coloured deep-blue by ferric chloride. By distillation with baryta, it
is resolved into thymol and carbon dioxide.

COMPOUNDS "WITH TWELVE ATOMS OF CARBON.

Amyl-tduene C6H.<,Stf is a liquid boiling at 213°, which is

formed by adding sodium to a mixture of amyl bromide and bromo-
toluene.

MRLI4TIC ACID CUH4O14.

The mineral Mellite, or Eowsy-stmw, which is found in deposits of
lignite, is the aluminium salt, of this acid. The free acid is obtained
by boiling the finely-powdered mineral with water and ammonium
carbonate, and concentrating the solution. Ammonium mellitate
crystallizes out, which is boiled with baryta-water until all ammonia
is expelled, and fclie pure barium salt is decomposed with sulphuric
acid. The ammonium salt may also be precipitated with silvev-
nitrate, and the precipitate decomposed by hydrochloric acid.

Mellitic acid has also been produced, together with oxalic acid and
other bodies, by oxidizing pure charcoal with an alkaline solution of
potassium permanganate.

i t l ) 2
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Mellitic acid is readily soluble in water and alcohol, and crystal-
lizes in colourless needles, possessing a strong sour taste. It is a
very stable body, which is not acted upon by hot concentrated snl-
phuric acid or nitric acid, nor by bromine or hydriodie acid. By dis-
tilling it with quicklime, it is resolved into benzene and carbon
dioxide:—

C12H8O12 = 0 ^ + 600,

It is consequently hexacarboxybmzene C6(CO2H)a, or the last term of
a series of acids, which are derived from benzene by replacing one
atom of hydrogen after the other by carboxyl, and all of which are
resolved by heating them with lime into carbon dioxide and benzene.

Aminmiium MdlitaU C6(C08NH4)6 + 9H2O forms large rhombic
prisms.

Barivm Mellitate C6(CO3)8Baj+ 3HjO is obtained by adding barium
chloride to a solution of the barium salt as a white precipitate, which
soon changes into small platea

Aluminium MdlitaU C^CO^Alg -f 18HjO exists as honey-stone in
large, yellow, square octahedrons.

Silver MdlitaU C^COgAg),, is a white crystalline precipitate, which
by heat is resolved into metallic silver and carbon monoxide.

Besides these normal salts, there exist also salts, containing two
metals and acid salts:—

CO

Ethyl Mellitate Ca(CO4.C2H^a is obtained by the action of ethyl
iodide on the silver salt, and forms large colourless crystals, melting
at 69°.

Mellilia Chloride C^OOCl), is formed by heating the acid with
phosphorus peutachlonde. It is a crystalline mass, which is slowly
dissolved by boiling water, with the formation of hydrochloric acid
and mellitic acid.

Mellimide, or Pammide CuH,NqOt is produced, together with am-
monia and the ammonium salt of eucliroic acid, by heating ammo-
nium mellitate. I t is a white, amorphous powder, which is insoluble
ill water and alcohol, and is converted into acid ammonium mellitate
CO(CO?H)?(CO?NH4)3 by heating it with water to 200°.

Ewhrow AM O^U^NgOg forms colourless prisms, which are spar-
ingly soluble in water. By the action of zinc or other reducing
agents, it is converted into a deep-blue, insoluble substance, called
ewhrone, which dissolves in alkalis with a deep-purple colour, and in
contact with air is oxidised again to euchroic acid. When euchroic
acsid is heated with water to 2U0°, it yields the acid salt CJOOM),
(00 NH4)a. > "

The constitution of these bodies is explained by the following
formula?:—
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Pammiilo. Kuchroic Arid.
O

o o \ N H

C O / ^ 1 1 (OO.OH

Hydromcllitic Add CJEI^COjH).—This additive compound is readily
formed by the action ot sodium-amalgam on an ammoniacal solution
of mellitic acid. To isolate the acid, the solution is neutralized with
acetic acid, and precipitated with lead acetate, the precipitate washed
and decomposed with hydrogen sulphide. On evaporating the filtrate,
the acid is obtained as a syrupy liquid, which gradually becomes
crystalline.

Isohydrom-dlitic Add C0H8(CO2H)6 is obtained by heating hydro-
mellitic acid with concentrated hydrochloric acid to 180°. It crys-
tallizes in thick, large, four-sided prisms, possessing a slightly acid
taste.

Isolvydromellitie acid is a very stable Ijody, which is not changed
by treating it with a mixture of strong sulphuric and nitric acids.
The cause of the isomerism of hydromellitic acid and isohjdromellitic
acid is not known.

Fyromellitic Add C6H8(CO2H}4.—When rnellitic acid ia heated it
first melts, and then is resolved into water, carbon dioxide, and pyro-
mellitic anhydride:—

C,

CO.OH
CO.OH
CO.OH r
CO.OH ~ u°
CO.OH
CO.OH

<H
CO\
CO/
CO\
CO/
H

O

2CO4 + 2H8O

The anhydride sublimes in long needles, and readily dissolves in
warm water, formiug pyroinellitic acid, which crystallizes in prisms,
and has great resemblance to phtlialio acid. By the action of
sodium-amalgam and water, it is slowly converted into two isonieric
acids C8H6(CO2H)^ One of them, called hydropyromelliiic add, is a
gummy mass j while isohydropyrmnellitic add crystallizes from water
in needles. On heating either of these acids above 200°, it is resolved
into water, carbon dioxide, and tetrakydraphthalic anhydride, which
readily combines with water, Mraiiydtophthalie add C0H8(CO2H)2
being formed, crystallizing from water in large plates, melting at 100'.

When this compound is heated with concentrated hydriodic acid to
230°, it is converted into faxahjdivpMhalic acid CJH,0(CO2H)J, which
has also been obtained from phthalic acid. By adding bromine to an
aqueous solution of tetrahydrophthalic acid, it yields hromomalo-
phthalic add C0H8Br(0H)(CO2H)2, which by the action of baryta-
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water is converted into tartrophtludic add C^(0HL(C0aH)8, crystal-
lizing from water in large prisms, By heating it with hydriodic acid,
it yields hescahydrophthalic acid.

These acids show in their reactions, as well as in their constitution,
great resemblance to succinic acid and its oxy-acids:—

Hexaliydrophthalio Acid. Succinic Acid.
CH2

i g / NCH.C!O1H C

E2C Cff.CO4H G

\

Tnrtrophthalic Acid. Tartaric Acid.

CH2

H C X \ ( 0 H ) C 0 8 H CH(0H)C02H

J>. I*(OH)CO2H CH(0H)C0gHCH2Tetraliydrophtholio Acid. Jfnleio Acid.CH
8H2C C.C0aH CH.COjHHaC C.C02H CH.CO2HCH2On heating hydromellifcie acid or isobydromellitic acid with concen-trated sulphuric acid, two isoineridea of pyromellitic acid are formedtogether with trimesitic acid (page 389) :—

(1) OsHoCCOaHJe + 3S04Ha = C6Ha(COaH)4 + 2COa + 3SOa + 6H4O(2) C6H,,(G02H)0 + 3SO4Ha = C8Ha(COaH)3 + 3COa + 3SO9 + 6H2OJPnhnitie Add ĈĤCOjH), + 2H9O crystallizes from water inlarger prisms, resembling the mineral Prehnite. On heating, it loseswater, and melts above 237° with the formation of tho anhydrideC6Hg(C0oH)a | r;o/̂ ' Nascent hydrogen converts it into hydro-prchnitic acid, which yields isophthalic acid by heating it with sul-phurio acid.Mdloplmnio Acid C6H2(CO2H)4 ia readily soluble in water, andforms crystalline crusts. Its barium salt is much more soluble thanthat of prehnitic acid.Trimellitie Acid CjĤ'COgH)̂—By heating the hydropyromellitic
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acids with sulphuric acid, they are decomposed into pyromellitic anhy-
dride, isophthalic acid, and triinellitic acid, crystallizing from water in
•warty masses, melting at 216". The same acid has also been obtained,
together T/ith isophthalie acid, by oxidizing colophony with nitric
acid.

ffemimellitie Acid CgH^CO^H),,.—This isomeride of trimellitic
add and trimesitic acid is produced, together with phthalic acid, by
heating hydromellophanic acid with sulphuric acid. It crystallizes
in colourless needles, melting at 185°, aud being resolved iuto carboa
dioxide, water, phthalic anhydride, and benJsoic acid.

Mellitic acid is, as we have seen, benzo-hexacarbonic acid; by-
taking out one molecule of carbon dioxide after the other, all other
benzo-carbonic acids have been obtained, with the exception of the
pentacarbonic acid. These acids may be arranged as follows:—

Pyromebitic Acid.
1. 2. 4. 5.

Triliiollltic Acid.
1. 2. 4.

Torophthalic Acid.
1.4.

Mellitic Acid.
1. 2. 3. 4 5. 6.
l'ruhuitie Acid.

1. 2. 3. 5.
Trimesitic Acid.

1. 3. 5.
laophtbalic Acid.

1.3.

Benzole Acid.
1.

ANILINE-COLOUBS.

JleHophnnio Acii1.
1. 2. 3. 4.

Hemimellitic Acid.
1. 2. 3.

Phthalic Add.
1.2.

Aniline, toluidiue, and psendotoluidine are largely employed in the
manufacture of a series of brilliant colours, which are used for dyeing
wool and silk, and in calico-printing.

Mauveine C^H^N^—Anttinc-jnirplc, ox mauve, consists of the sul-
phate of this base; it is obtained by mixing cold dilute solutions of
potassium dichroiuate aud aniline sulphate, and leaving the mixture
to stand for some hours. A black precipitate is formed, containing
only a few per cent, of mauve, which is extracted by alcohol. The
same black precipitate is produced by boiling aniline sulphate with a
solution of cupric chloride, and keeping the solution neutral by
adding caustic soda. The reaction by which manveiue is formed is
not understood, as the bye-nroducts have not been analysed.

The blue colour which is produced by the action of bleaching-
powder on aniline has been called Runge's Hue; it consists of the
salt of a base which is not mauveine, but is changed into it by boiling
the solution.

Pure mauveine is obtained by adding caustic potash to a solution
of the sulphate, the base separating out as a crystalline, almoat black
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powder, which is almost insoluble in water, and dissolves in alcohol
with a bluish-purple colour. If; is a powerful base, decomposing
ammonium salts, and absorbing readily carbon dioxide; its crystalline
salts exhibit a golden metallic lustre, and dissolve in water, and more
freely in alcohol, with a beautiful purple colour.

Mauveine HydrocMoride CWHJUN4.C1H crystallizes in small prisms,
and forms crystalliue double salts with the chlorides of gold and
platinum.

When mauve is heated with aniline, ammonia is given off, and a
blue colouring matter is formed, the composition of which is not
known.

Sy oxidizing a hot solution of mauve with sulphuric acid and man-
ganese dioxide, a beautiful red colouring-matter is produced, which is
very soluble in water, and forms small crystals having a line beetle-
green lustre. In concentrated sulphuric acid it dissolves with a
dark-green colour, which, on adding gradually water in small quan-
tities, changes into bluish-green, pure blue, violet, purple, and at last into
pure Ted. To this beautiful substance the name " safranine" was
originally given, but the colour occurring now in commerce under
that name appears to be a different body.

Safranine CMHWN4.—This base is a derivative of pseudotoluidine,
and obtained by treating high-hoiliug commercial aniline with
nitrous acid and oxidizing agents. The free base is readily soluble in
water, and forms reddish-brown crystals, which, when heated to 100°,
assume a faint beetle-green lustre.

Safranine HydrocMoride Ct,HwN'4.ClH occurs in the forms of a
paste in commerce, and is largely used in dyeing silk, as a substitute
for safflower. It is very soluble in water, and precipitated from this
solution by adding salt; it has been obtained by evaporation in fine
reddish crystals. The nitrate is but sparingly soluble, and crystallizes
in reddish-brown needles. The picrate is insoluble in water, and
forms brown needles.

Safranine gives with sulphuric acid and water tiie same reactions as
mauve-safranine.

Azodiphmyl-blue C,gH,&N8 is obtained by heating anrido-azobeiizene
with aniline hydrochloriae and alcohol to 160°:—

Tiie free base is a dark-brown powder, which is insoluble in water.
The hydrochloride is a dark-blue, indistinctly crystalline body, dis*
solving in alcohol with a deep bluish.violet colour.

RO8ANIIJNE

The salts of this base are known by the names, Aniline-red,
Magenta, or Fttehsine, and manufactured in considerable quantity
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by heating a mixture of aniline, toluidine, and pseudotoluidine (so-
called magenta-aniline) with arsenic acid or other oxidizing agents :—

CgHjN + 2C7H,,N + 30 . CMHWN8 + 3H2O

A hard mass is thus obtained, possessing the lustre of bronze, and
containing arsenite and arsenate of rosaniline. It is purified by ex-
hausting the melt with boiling water, and precipitating the solution
•with soda; the precipitate is, after washing, dissolved in an acid, and
the solution evaporated to crystallization.

Bosaniline is also obtained by heating magenta-aniline with nitro-
benzene :—

C8H6.NO2 = <VIwNj + 2H2O

To obtain the pure base, ammonia is added to a hot aqueous solu-
tion of the acetate; the deep-red solution becomes almost colourless,
and on cooling deposits the base in small white plates, having the
composition CJH1BNJ.H2O. It is very sparingly soluble in water, and
assumes a reddish tint when exposed to the air Rosaniline neutra-
lizes acids, and forms a series of beautiful salts, exhibiting a fine
beetle-green lustre, and dissolving in water, and more freely in alcohol,
with a splendid red colour.

Mosaniline Hydrochloride C2OH,9N!1.C1H crystallizes from a hot con-
centrated solution in rhombic prisms. It dissolves in hot hydrochloric
acid with a yellowish-brown colour; and on cooling the acid salt
CjoHjgN^ClHJj crystallizes out in brown needles, which, by water, are
decomposed into hydrochloric acid and the monoliydroehloride.

Both compounds form crystalline double salts with platinic
chloride.

Mosaniline Acetate C^H^NyC2H4O» is readily soluble in water, and
can easily be obtained in large splendid crystals.

7?he constitution of rosaniline is not known; but as it contains
three atoms of hydrogen, which can be replaced by alcohol-radicals,
it is probably constituted as follows:— •

HN—

C0H, Nil

HN CflHj.CH8

It is hardly doubtful that at least two rosanilines exist, one being
derived from toluidine, and the other from pseudotoluidine.

Methyl>ro$antiine&.'~-By heating rosaniUne or its acetate with methyl
iodide and methyl-alcohol, hydrogen is replaced by methyl, and violet
colours are produced, the shade of which is the bluer the more methyl
groups are introduced. Tnmethyl-rosaniline combines with methyl
iodide, forming rosaniline-tetrwrnethylamnumium iodide C^HjgNj
(CHg)4I; the corresponding hydrochloride is obtained on the large
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scale by heating dimethylaniline with potassium chlorate and cupric
sulphate:—

3C8HnN + 30 = CgJLaNgO + 2H20

The free base is a reddish-browa powder, dissolving in alcohol with
a violet colour. Its salts, as well as those of triuiethyl-rosaniline and
triethyl-rosaniline, possess in the dry state a golden-yellow lustre,
and are found in commerce under the name of " Aniline- violets "and
"Hofniann's violet."

In the process of manufacturing these violets, by the action of
methyl or ethyl iodide on rosaniline, there is always produced a
quantity of a dark resinous body, which is called "Hofmanngum."
This bye-product yields by dry distillation a large quantity of methyl-
aniline or ethylamline.

Aniline-green is obtained by heating rosaniline with methyl alcohol
and an excess of methyl iodide. The product is exhausted with
boiling water, whicn leaves the greater part of the violet behind. To
the solution salt is added to remove all the violet, and then it is
neutralized with soda, and precipitated by picric acid. The salts of
aniline-green contain the ammonium-base CwH,?(CH^8N^CHsO)j,
which has not been much examined. The commercial product is a green
paste, consisting of the pierate C2(!H1(I(CH8)8lf8(CH8.OC8H2(NO2)»)i!,
which in the pure state forms yellowish-green prisms, showing a
copper-red reflection.

Flwnyl-rosmiilines.—Whenarosaniline.salt is heated with aniline,
hydrogen is replaced by phenyl, and ammonia is given off.

The salts of moiwphcnylrosaniKne L'g,H,,(CeHt)N. have a reddish-
r, and those of diphenyt-rosantline C^Hj^CaH^^Nj, amviolet colour, and those of dipkmyl-rosan.tline CaoH,»(C,,H6)Jir., am

bluish-violet. The salts of triphcnyl-rosimiline CojHjqiCjHjJgN. have
a, pure blue colour, aud are kuown by the name of" night-blua'

The formation of these blues takes place more readily in presence
of acetic, benzoic, or other organic acids.

"When triplienyl-rosaniline is submitted to dry distillation, it yields
a considerable quantity of diphenylamine.

Tripkenyl-rosanilincsiilphonic Acid C?0H,0(C6H8)2(C|)H4.SOSH)N'3 is
obtained by dissolving triphenyl-rosaniline in concentrated sulphuric
acid, and adding water to the solution, as a dark-bine mass, which
dries up to grains having a beautiful metallic lustre. Its sodium salt
is found hi commerce under the name of "Nicholson's blue," or
" alkali-blue;" it is a dark.grey, amorphous mass, dissolving in water,
with a fine blue colour.

By the further action, of sulphuric acid, other sulphonic acids are
formed, which occur as sodium salts in several "soluble aniline
blues."

Eenxyl'rosaniline.—Vfhm a mixture of rosaniline, benzyl chloride,
methyl iodide, and methyl alcohol is heated in a water-bath, the com-
pound C^H^C^.CH^jNj.CHal is formed, crystallizing in beetle-
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green needles. The salts of this ammonium-base dye on silk a rich
reddish-violet shade.

Zeueanilinc C20Hj,N8.—The salts of this base are formed by treat-
ing rosaniline-salts with reducing agents. They are colourless, and
readily oxidized to rosaniline-salts.

GlmjsanUi-M C^H^N,, is obtained as a bye-product in the manufac-
ture of rosaniline. It is a yellow amorphous powder, and forms two
series of yellow crystalline salts, containiag either one or two equiva-
lents of an acid.

JCylidim-rei C^H^Ng.—Neither xylidine alone nor mixed with
toluidino yields a colour, but when- a mixture of aniline and xylidine
is heated with arsenic acid, a red compound is produced, having the
greatest resemblance to rosaniline.

PHENOL-COLOURS.

"When phenols are heated with polybasie organic acids, either alone
or in presence of sulphuric acid or glycerin, water is eliminated, and
a series of peculiar compounds is formed, some being neutral bodies,
while others dissolve in alkalis, forming intensely-coloured solutions,
which are decolourized by reducing agents.

Some of the coloured bodies yield, when heated with sulphuric
acid, new colours, which are also readily reduced in an alkaline solu-
tion, but not decolourized. The number of these compounds seems
to be unlimited, but only a few have been more minutely studied.

Aurin O20H,.O8.—This compound is found in commerce under the
name of " corallin," or " rosolio acid,"1 and is used for dyeing silk and
wool. I t is prepared by heating phenol with oxalic acid and sul-
phuric acid. The commercial product is a brittle, resinous body,
having a beetle-green lustre, and yieldiug a red powder. It is a mix-
tare of different bodies; to obtain pure aurin from it, an alcoholic
solution of ammonia is added to a cold concentrated alcoholic solution
ot' the crude substance. A crystalline precipitate, a compound of
aurin with ammonia, separates out, whilst the other bodies remain in
solution. The ammonia-compound is washed with cold alcohol, and
boiled with dilute acetic acid.

Aurin ia but sparingly soluble in water, and crystallines from
alcohol in dull-red needles with a green lustre, and from acetic acid
ia rhombic prisms, having either the colour of chromic trioxide and
a brilliant diamond lustre, or of a darker shade, showing a blue or
green reflection. It dissolves readily in alkalis, with a magenta-red
colour, and forms also with other oxides a series of very unstable
salts.

1 The name fusolic acid WAS first given to a red body existing in conl*tnr; and was
afterwards omployed to designate nil rod compounds which may bo obtained fvom
phenol by different reactions.
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Pare aurin is also readily obtained by heating pure phenol with
oxalic acid and sulphuric acid for several days to 100°—110*. The
product is boiled with water, dissolved in caustic soda, and precipi-
tated with an acid. The crystalline precipitate is then crystallized
from alcohol

Aurin is also obtained by using formic acid in the place of oxalic
acid, and its formation may therefore be expressed by the equation: —

SC0H0O + 200 = CjjHyOg + 2HjO

When sulphur dioxide is passed into a hot concentrated alcoholic
solution of auriu, the compound (CJDH^OJJJSOJ + 5H2O is formed,
separating on cooliug hi brick-red orusts, or garnet-red granular
crystals.

Aurin-potamum, Sulphite CMH,4O8 4- KHSO3 is obtained by adding
a solution of acid potassium sulphite to a hot alcoholic solution ot
aurin. It is a crystalline white powder, resembling precipitated
chalk. The sodium and ammonium-compounds are similar bodies;
they are easily decomposed by acids and alkalis.

Leucwiirin CMH1(}08 is formed by heating an aqueous alkaline or
acid alcoholic solution of aurin with zinc-dust. I t crystallizes in
thick colourless prisms or needles. It contains three hydroxyls,
yielding with acetyl chloride tri-acetyldmcanrin CJQHJJOJ^JHJOJJ,
crystallizing from alcohol in white silky needles.

JPIwnol-pntJMlein CLH14O. is produced by heating phenol with
phthalic anhydride and sulphuric acid to 120°.

C8H4Os = C49HHO4 + HaO

It is a colourless body, dissolving in caustic potash with a splendid
red colour, which disappears on heating it with xinc-dnat. Hydro-
chloric acid precipitates from the colourless solution plimol-pkthalin
C ^ H , ^ hi white granular crystals.

Fluorescdii, or Besortin-phthaMn CWH,8O,, is formed by heating
resorcin with phthalic anhydride. It forms small dark-brown crystals,
dissolving in ammonia with a red colour; this solution exhibits, even
when very diluted, a most beautiful green fluorescence. Zinc-dust
reduces it to colourless fliutrescin, and by heating it with sulphuric
acid it is converted into a red compound, dissolving in alkalis with a
blue colour, which, on adding zinc-dust, changes into red.

ffydrogwhonc-jihthakin. CMH,206 is obtained by heating hydro-
quinone with phthalic anhydride and sulphuric acid; it forms white
crystals, melting at 232°, and dissolving in alkalis with a violet
colour.

Gallein C^H^Oy has been produced by heating pyrogallol with
phthalic anhydride. It forms granular crystals, appearing brownish-
red by reflected light, and blue by transmitted light. It dissolves in
alcohol with a dark-red, and in alkalis with <v beautiful blue colour,
which soon becomes grey. On mordanted cloth, it dyes shades re«
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sembling those produced by brazil-wood. Reducing agents convert it
into colourless gattin C^H.gO-.

Coerulein C^H^O, is optained by heating gal} in with sulphuric
acid to 200°. It dissolves in aniline with a beautiful blue colour, and
in alkalis with a blue colour; alum precipitates from this solution, a
green lake. By reduction it yields yellowish-red coerulin.

By using mellitic or pyroinellitic acid in place of phthalic acid,
compounds resembling the different phthaleins have been obtained,
the constitution of the phenol-colours is not exactly known; but
their constituents may be divided into two groups—the phenols, and
the bodies which keep them together; the former being the chromo-
genous constituents, aa the colour is but little changed by using dif-
ferent acids. A great number of natural colours, and chiefly tliose
contained hi the different dye-woods, have undoubtedly a similar
constitution. The nature of the chroinogenous constitueuts of these
colours can in mosb cases be found by fusing the compound with
caustic potash, or by treating it with nitric acid; but it will be far
more difficult to detect the compounds which conuect the chromo-
genous constituents, as iu the natural colours this part seems to be
played by compounds belonging to the sugar-group, or by vegetable
acids which are not connected with the aromatic group.

The following compounds appear to be natural phenol-colours:—
Hccmatoxylin G,BH,4O6+3H2O exists in logwood (Hitematoaylon

Gampechianunt), and crystallizes from water in yellow prisms, possess-
ing a sweet taste, and tinning the plane of polarization to the right.
By fusing it with caustic potash it yields pyrogallol.

It dissolves with a red colour in ammonia, and this solution absorbs
readily oxygen, katmatein CWHUOO4- 1I2O being formed, which is also
producd by dissolving hwniatoxylin in ether, and adding fuming
nitric acid. It forms brownish.red crystals, which lose water at 130°,
aud assume a green lustre. Hicmatiii is slightly soluble in cold, and
freely in boiling water; alkalis dissolve it with a beautiful deep-
purple colour, and reducing agents reconvert it into lireniatoxylin.

Brasilin Ct2HnO7 is found in brazil-wood, sapan-wood, peach-wood,
&c. It crystallizes in large yellow prisma, dissolving in ammonia
with a crimson, and in potash or soda with a purple colour. Wheu
nitric acid is added to its ethereal solution, crystalline hrmikin is
formed, and boiling nitric acid converts it into styphnie acid
(page 343).

Carthamin CMHWO, is the colouring matter of safflower (the petals
of Carthamus tinctorim). It is obtained by exhausting safflower
with cold water, which dissolves n yellow colouring-matter; the
residue' is treated with a dilute solution of sodium carbonate, and the
solution precipitated with acetic acid. Carthamin separates out as a
floeculent precipitate, drying up to a beetle-green mass. It dissolves
in alcohol with a splendid red colour, and forms with alkalis a yel-
lowish-red solution. By fusing it with potash, it yields oxalic acid
and pnra-oxybenzoic ncid.
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JSixin CjjHjaO, is the colouring-matter of " anotto" (from the fruit
of Bixa OnUaiw). It is insoluble in water, and dissolves in alcohol
and alkalis with a deep-yellow colour. When sulphur dioxide is
passed into its alcoholic solution it becomes colourless.

Santalin C16HUO6 is found in santal-wood, and forms microscopic
bright red crystals, which are insoluble in water, but dissolve in
alcohol with a red, and in alkalis with a violet colour. On adding
barium chloride to its alkaline solution, a violet precipitate
(O,6H18O6)2Ba is formed.

Euxanthic Add CwHwO,0.—The magnesium salt of this acid is the
chief constituent of Indian yellow, or Purree, a body of unknown
origin, which is imported from India and China, and used in the
painting of water-colours. By treating it with hydrochloric acid,
euxanthic acid is obtained in yellow, silky needles, which have a
sweetish bitter taste. On heating, it is resolved into water, carbon
dioxide, cuxantlionc, and other products.

Euxantliou C13H18O4 is a yellow, crystalline precipitate, and is also
formed by the action of concentrated sulphuric acid on euxanthic
acid. On fusing it with potash it is converted into exixantlionie add
CyHjjO^OH)^ crystallizing from water in long yellow needles. On
heating it is resolved into water and euxanthone. Etixanthonie acid
gives with ferric acid a red colour, while euxanthone is coloured green
by this reagent.

Concentrated nitric acid forms with euxanthone nitro-produets,
which by prolonged action are converted into styphnic acid or trinitro-
resorcin.

When resorcin is heated with oxalic acid and sulphuric acid, a
yellow substance is formed, containing apparently euxanthone.

GaUianin CuH,o06 occurs hi the root of Gentiana htea, and crys-
tallizes in pale-yellow needles, which are tasteless, and almost in-
soluble in water. It is soluble in water, and dissolves in alkalis with
a deep-yellow colour, forming crystalline salts.

COMPOUNDS CONTAINING TWO OR MOBE AROMATIC NUCLEI,
LINKED TOGETHER BY CARBON.

PIPHENYI- C,SH1O

Is obtained by the action of sodium on bromobenzene, and by passing
the vapour of benzene tlirongh a red-hot tube :—

C6H6

C9H9
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It has also teen produced by heating a mixture of potassium
phenate and benzoate.:'—

COH6.OK + C9H6.C02K = C9H6.C6H6 + CO8K2

Diphenyl crystallizes from boiling alcohol in large, brilliant, thin
plates, melting at 70o>5. It boils at 240°, and possesses a peculiar,
aromatic smell. By heating it with a solution of chromic trioxide in
glacial acetic acid, it is oxidized to benzoic acid.

Monohomodiphcnyl C12H0Br is obtained by adding bromine to a
solution of diphenyl in carbon disulphide. It forms thin, large
plates, melting at 89°, and boiling at 310°. Oxidizing agents convert
it into parabromobenzoic acid.

Dibromodiphenyl C,2H8Br2 is formed by acting with bromine on
diphenyl in the presence of water. It crystallizes from benzene in
large colourless prisms, melting at 164°. and volatilizing at a high
temperature. On oxidation it yields also parabromobenzoic acid.

Linitrodipkenyl C,2H8(NOj)2.—When diphenyl is dissolved in cold
concentrated nitric acid, two isomeric eomponuds are formed. One
crystallizes in slender, colourless needles, melting at 213"; and the
other, called tsadinitrodiphcnyl, which is more soluble in alcohol,
forms large colourless crystals, melting at 93O>5.

Diamidophnyl, or Benzidine, C12H8(NHa)2, is not only produced
by reducing the first of the dinitro-componnds with ammonium sul-
phide or tin and hydrochloric acid, but also by the action of acids on
hydrazobenzene (page 328), the following molecular change taking
place :—

CflH6.NH ^ C0H,NH4

CflH6.NH " 00

It is therefore conveniently prepared by passing sulphur dioxide
into an alcoholic solution of azohenzene:—

C0H6.N C9H4.NH2
| | + 2 H 2 O + S 0 . 3 = | +H2SO.

CflHf,N C A - N H ,

Benzidine has also been obtained by acting witli sodium on brom-
aniline.

It forms silvery scales, melting at 118°, and subliming, when more
strongly heated, with partial decomposition.

Benzidine Sulphate C12H8(NH,,)2 is a white powder, which is almost
insoluble in water and alcohol.

Imidodiplicnyl, or Carbazol Cj2H8.NH.—This body was first found
in crude anthracene; it is produced synthetically by passing phenyl-
aniline through a red-hot tube;—

CaIL CCH4

^ N H | ) N H + Ha
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Carbazol crystallizes from alcohol in white plates, melting at 238°,
aud boiling at 354°. Cold nitric acid colours it green in the cold, and
on heating nitvo-compounds are formed. It has no basic properties,
but combines with picric acid like the aromatic hydrocarbons, forming
the compound C^H^N + Cj^HyNO^OH, which crystallizes from coal-
tar naphtha in large red prisms.

Acetylcartazol C}aH8N(C.H3O) is obtained by heating carbazol with
acetic anhydride; it crystallizes from alcohol in fiat prisms, melting
at 69", and combines with picric acid.

Carbazoline C12ff,3.NIL.—This additive compound is formed by-
heating carbazol with hydriodic acid and phosphorus to 240°. It is a
weak base, crystallizing from alcohol in tufta of ailky needles, melting
at 99°, and boiling at 29b10. By heating its hydrochloride to 300' it
loses hydrochloric acid and hydrogen, being converted into hy&rocat-
hazol C12H,3N, crystallizing from alcohol in warty masses possessing
an unpleasant smell, It has no basic properties, but combines with
picric acid.

Aeniim C12HgN.—This isomeride of carbazol has also been found
in etude anthracene. It crystallizes from dilute alcohol in transparent
rhombic prisms, which have generally a yellowish-brown colour. It
melts at 107°, and boils above 360°, but sublimes even at as low
a temperature as 100° in large, broad needles. It has basic pro-
perties, and forms well-defined salts, which, as well as the free
base, produce a burning pain on the skin, and attack violently
the mucous membranes, the least quantity giving rise to violent
sneezing.

Diphenyiene Oxide C^HgO is produced by distilling triphenyl phos-
phate with quicklime; it forms small plates, melting at 80", boiling at
273°, and possessing an agreeable odour. It is not changed by passing
it over red-hot zinc-dust, nor by heating it with hydriodic acid to
250°.

DipliMylmonosiUphonk Acid C',jHn.SO3H is obtained by heating
equal molecules of diphenyl and smpiiuric acid until water and the
hydrocarbon begin to volatilise. The potassium salt 0lgH9.S0sK
crystallizes frotu hot water in very slender long needles, which
after some time change into a heavy powder. The barium- and
calcium-salts are precipitates, which can be crystallized from boiling
water.

IKpltenyldisttipkonk Acid C,2H8(S03H)a is produced by heating the
hydrocarbon with an excess of sulphuric acid. The potassium salt
C^H^SOgK)^ + 5H8O forms louy thick prisms. The barium- and
lead-salts are insoluble in water. By decomposing the lattisr with
hydrogen sulphide in the presence of water, the free acid is obtained,
which on evaporation is left in deliquescent prisms, melting at 72°*5,
and decomposing above 200°.

JDioxydiphenyl C,2H8(OH)y—This phenol is prepared by acting with
itric trioxide on benzidine nitrate, and boiling the diazo-compoundnitric

with water:—•
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A { fcjJlNo; + 2 H * ° = ° . A { S H + 2 N * + 2 H N 0 «

It resembles common phenol, crystallizing in needles, which dissolve
sparingly in water, but freely in alcohoL

ffexoxydiphniyl CiaH4(OH)0.—The tetramethyl-ether of this phenol
is formed by the dry distillation of beech- and birch-wood/and there-
fore occurs in crude wood-vinegar, which is purified by the addition
of potassium dichromate. Blue films are deposited, consisting of the
corresponding quinone, or caeroligtme C1?H4(OCHS)4O"2, which is
obtained pure by dissolving the precipitate in cold phenol, ficora which
it is precipitated by alcohol in dark steel-blue needles. It is in-
soluble in all ordinary solvents, and neither distils nor sublimes
without decomposition. Reducing agents reconvert it into tetra-
mdhyl-lwuoxydipienyl, or kydrocaerolignone C.2H4(OCHs)4(0H)o) crys-
tallizing from alcohol in colourless monoclinic prisms, melting at
190°, and distilling, when carefully heated, without decomposition.
By adding sodium ethylate to its alcoholic solution, the phenate
C,2H.(OCHg)t(ONa). is obtained as a yellow, neutral precipitate.

When hydrocaerolignone is lieated with hydrochloric acid to 200°,
it is resolved into methyl chloride and kexoxydiphenyl, crystallizing
from boiling water in beautiful plates, grouped in rosettes, and dis-
solving in alkalis with a splendid purple colour. Bed-hot zinc-dust
reduces it to diphenyl.

DIPHENYL-METHANE, OR BENZYL-BENZENE CH2-|

This hydrocarbon was first obtained by distilling diphenylacetic
acid (CaH6),CH.COj,H with baryta. It is also produced by heating
benzyl chloride with benzene and zinc-dust to 160°. When the
action is once started, the zinc may be withdrawn, without hindering
the completion of the reaction, during which currents of hydro-
chloric acid are evolved :•—

C8H6.CH801 + C0H0 » C0H6.CH3.C9H6 + HC1

Besides benzyl-benzene, other products are formed, of which two
isomeric hydrocarbons CLHU have been isolated. We cannot, as yet,
explain why such a stable body as benzene takes part in this reaction
with such great energy.

Diphenyl-methane crystallizes in monoclinic prisms, melting at
26°'5, and possessing the odour of oranges.

Bcnzyl-plienol, or B&iizyl-oxylensene, C6H6.CH«.C0H4.OH has been
obtained by heating benzyl chloride with phenol and zinc-dust. It
crystallizes from alcohol in lustrous plates, melting at 84s, and dis-
solves in caustic alkalis, but not in ammonia.

Bmzylplmyl-mcthyl Etlurr, or Brnzyl-anisol C6HB.CH8.CaH4.OCH8,
0 E E
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is formed by the action of zinc on a mixture of anisol (page 332) and
benzyl chloride. It is a limpid, mobile liquid, possessing an. aromatic
odour, and boiling at about 305°. On heating it with hydriodic aoiu
to 170°, it is resolved into benzyl-phenol and methyl iodide.

Diphenyl Ketone, or Benxophenone.—The ketone of benzoic acid has
been produced by different reactions:—

(1.) By the dry distillation of calcium benzoate :—

.C0.0 | ~ CaH5 ) m p A ( O
} C a c = X 0 + c o i

(2.) By heating mercury-diphenyl with benzoyl chloride in closed
tubes:—

(C6H6)2Hg + 2C6H5.COC1 - 2C6H6.CO.C6H&+ HgCI8

(3.) By heating a mixture of benzene, benzoic acid, and phosphorus
pentoxideto200°:—

C8F0 + CaH6.CO.OH = CeH6.CO.CeH6 + H2O

Benzophenone crystallizes from alcohol in rhombic prisms, melting
at 49°, and boiling at 300°. An isomerie modification is obtained by
oxidizing diphenyl-methane with chromic aoid solution. It forms
transparent monoclinic crystals, melting at 26°. After some time
they become opaque, and change into the common rhombic modi-
fication,

Monoddorctoenzophenone C6H.0LCO.CaH{ has been prepared by
heating mpnochlorobenzene with benzoic acid and phosphorus pent-
oxide. It crystallizes from a mixture of ether and alcohol in tufts of
brilliant flat needles, molting at 76°.

Diphewyl Carbinol, or Benzhyirol (CaH6)JCH.OH.—This secondary
alcohol is produced by the action of nascent hydrogen on benzo-
phenone ; it crystallizes in silky needles, melting at 67°"5.

CE*{c0kv
PHENIL-TOLYL-METHANE, OB BENZYL-TOLUENE

Is one of the products obtained by heating a mixture of toluene and
benzyl chloride •with zinc-dust. It is a liquid boiling at 277*, and
possessing a fragrant, fruity smell.

Tolyl-phenol Ketone C O | C*JJ6()H e x ' s ' a ^ t w 0 B 1 0 ^ 0 ^ 0 1 1 8 '
which have been obtained by oxidizing benzyl-toluene, and by heating
a mixture of toluene, benzoic acid, and phosphorus pentoxide to 200°.
One crystallizes in flat pointed plates, melting at; 67*. On heating it
•with soda-lime to 270°, it is resolved into benzene and paratoluic
acid. The other modification is a liquid.

BenzayUhenaoic Add C0H5.CO.C6H<.COaH is produced by oxidizing
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benzyl-toluene or tolyl-phenyl kefcone with potassium dichroniate and
dilute sulphuric acid. It crystallizes in thin needles or plates, melt-
ing at 194°, and sublimes at a high temperature in brilliant needles.

Bemhydrt/l-benme AM 06H6.0H(0H).C.H4.CO2H.—This glycollio
acid is a produot of the action of tin and hydrochloric acid on an
alcoholic solution of benzoyl-benzoic acid. It is more freely soluble
in water than the latter, and crystallizes in needles, melting at 165°;
it cannot be sublimed, but decomposes when more strongly heated.

JBemyl-benzoic Add QJHS.CH2.C6H4.COJH.—To obtain this com-
pound, benzhydryl-benzoic acid is heated with concentrated hydriodic
acid. This reaction is perfectly analogous to the formation of acetic
acid from glycollic acid. I t crystallizes from alcohol in glistening
needles, melUngat 155°,and subliming without decomposition. When
heated with lime it is resolved into carbon dioxide and diphenyl-
mefchane.

BBNZYL-ETHY:

Is formed by heating a mixture of benzyl chloride and ethyl-benzene
with zinc. It is a liquid having a faint aromatic smell, and boiling at
294°. On oxidation, it yields benzoyl-benzoic acid.

C6H4.CHa
MTOLYL I

To prepare this hydrocarbon, solid bromotoluene is treated with
sodium. It crystallizes from ether in splendid monoclinic prisms,
melting at 121. An isomeride has been obtained by the action of
sodium on monochlorotolaene; it is a liquid boiling at 272°.

DIBENZYfc, OB P1PHENYL-ETHANE I
C6H6.CHa

C6H6.0Ha

Is produced by acting with sodium on benzyl chloride. It crystallizes
from ether in large monoclinic prisms, melting at 52*. aud boiling
at 284°.

C6H5.CH
STILBENE, TOLUYLENE, OB DIPHENYL-ETHENE l| .

C9H6.OH

This hydrocarbon is formed by the action of sodium on benzaldehyde
or benzylene dichloride, as well as by passing the vapour of benzyl-

E E 2
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chloride'over heated soda-lime, or the -vapour of dibenzyl over hot
lead oxide:—

C6H6.CH« C9H^CH
I |

C0H6.CHg 4 P

Tt is, however, most conveniently prepared by submitting benzyl
sulphide to dry distillation :—

On slow evaporation of its ethereal solution, it is obtained in large
monoclinic plates, melting at 120", and boiling at 306°. By heating
it with concentrated hydnodie acid it is reduced to dibenzyl.

DinitrostiUmc CUH,0(NO^^ has been produced synthetically by
heating nitrobenzyl chloride with alcoholic potash:—

C6H.(NO2)CH!!C1 CLH/NOJCH
+ 2 K 0 H = | + 2KC1 + 2BLO

CoH4(NOg)CHsCl <

It forms brilliant yellow needles, having a green lustre, and sublimes
in yellow plates. By heating it witli alcoholic ammonium sulphide
in sealed tubes to 100°, it is converted into diamidostUbene

when bromine is added to a solution of stilbene in ether. By heating
it with alcoholic potash it ia converted into monabromostilbene
C,4H.,Br, an oily liquid, distilling with partial decomposition.

Toluylene Glycol CMH,9(0H)8 exists in several isomerio modifica-
tions, Two of them are obtained by heating stilbene dibromide with
silver acetate and glacial acetic acid, and boiling the product with
alcoholic potash. One crystallizes in rhombic prisms, melting above
115°; and the other, called isotoluykne glywl, forms slender needles,
melting at 96°.

9 ,
Hydrohenzoin I .—This third isoraeride is formed by the

CeH,.CH.0H
action of zinc and hydrochloric on benzaldehyde. It forms large
rhombic plates, melting at 130°.

CaHs.CH.OH
Benzoin \ is produced by heating hydrobenzoin, or the

C9H6.CO
two toluylene glycols, gently with nitric acid, and was first obtained
by adding benzaldehyde to an alcoholic solution of potassium cyanide.
I t is therefore also formed by the action of alcoholic potash on crude
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oil of hitter almonds. It forms colourless prisms, melting at 137°.
Acetyl chloride converts it into the monaeetate CMHUO2.C8S8O, and
nascent hydrogen into hydrobenzoin.

Stitbene Glycot.—This fourth isomeric glycol is formed together, -with
other products, when benzoin is heated with alcoholic potash. I t
crystallizes in four-sided flat prisms, melting at 132°. Acetyl chloride
converts it into the diacetate CyHj^OCjHjO)^ forming colourless
needles melting at 135°.

Deoxybcnzoin, or Plicnyl-benzyl Ketont <-, w f^,r6 \ CO, was first
? f t)obtained by the action of zinc, and hydrochloric acid on benzoin. I t

is also readily produced by heating tnonobromostilbene with water to
180°, and, together with other products, by distilling a mixture of
benzoate and phenylaeetate of calcium. It crystallizes from alcohol
in plates, melting at 55°.

Stilbyl 'Alcohol, or PUnyUemyl Carbinol c H C H S l C I f ' 0 H | i 8

produced by the action of sodium-amalgam on a hot alcoholic
solution of deoxybenzoin. It forms glistening, slender noodles,
melting at 62°. Nitric acid oxidizes it to deoxybenzoin, and by boiling
with dilute sulphuric acid it is resolved into water and stilbene.
Acetyl chloride converts it into stilbyl acetate, a colourless, oily
liquid.

CflH6.CO
Benzil, or Dzbenzoyl I is obtained by the action of nitrio

C0H6.CO
acid or chlorine on benzoin, or by treating deoxybenzoin with bromine,
and heating the bromide CoHj.CBr?.CO.CoH5, thus formed with water.
Benzil crystallizes from alcohol in large, hexagonal prisms, melting at
90°. Nascent hydrogen re-converts it into benzoin,

Bcnzilic Add, or Diphenylglycollic Add (C6Hg).C(0H)CO2H is
formed when benzil is heated with a little potash and alcohol to 100°,
It is readily soluble in alcohol and hot water, and crystallizes in
small moQOclinic needles, melting at 150°, and possessing a bitter
taste. Oxidizing agents resolve it into water, carbon dioxide, and
diphenyl ketone, and when its barium salt is heated with a little
soda-lime, it splits up into carbon dioxide and diphenyl ketone.

These reactions show that this acid contains the two phenyl-groups
linked to one carbon-atom, and therefore in its formation from benzil
a molecular change must have taken place.

Diphcnylacetic Acid (C0H,;)oCH.COaH is produced by the action of
concentrated hydriodic acid "on benzilic acid. It crystallizes from
boiling water in needles, melting at 146°. "When heated with baryta
it is resolved into carbon dioxide and diphenyl-methane.

Diplienyltrichforctkane (C0H8)2CH.C01s is obtained by the action of
sulphuric acid on a mixture of benzene and chloral:—

2C9n8 + COH.CC1, = (C9H6)2CH.CC13 + H2O
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It crystallizes from alcohol in shining white plates, melting at 64°.
On heating with alcoholic potash it is converted into Diphenyl-

dichlorethene (C0H6)2C.CCla crystallizing in large fiat prisms, melting
at 80°.

C6HB.CHg
Diphenylpropionic Add, or D&mtsylcarbmic A<dd I

C0H6.CH.CO2H
The ethyl-ether of this acid has been obtained by the action of
sodium-amalgam on a mixture of benzyl chloride and ethyl chloro-
carbonate. Diphenylpropionic acid crystallizes from alcohol in thin
needles, melting at 84°. On heating with lime it is resolved into
carbon dioxide and dibenzyl (or stilbene and hydrogen).

c 6 H 6 . cacb a H
Diphenyfaiccinic Add, or JHbenzvldicarbonie Acid I

p,H,OH.COtH
is produced by the action of alcoholic potash on phenyl-bromacetic
acid, C6H..CHBr.OO,,H. I t forms hard -white prisms, and when
heated with lime yields dibenzyl and stilbene.

C9H,.C
TOLANE, OB DIPHENYX-ETHINE ||(.

C0H6.C

To prepare this body, stilbene dibromide must be heated with
alcoholic potash for a long time. I t forms long prismatic crystals,
melting at 60°. With bromine it forms tolane dibromide C.4H1?Brs
which exists in two isomerio modifications ; one crystallizing in white,
flat scales, melting at 200*, and the other in long, brittle needles,
melting at 64*. When either of them is heated with water to 180°,
for some hours, a large portion is always converted into the other
modification. On heating them with alcoholic potash, tolane is
regenerated, and aldehyde is formed, which by the potash fa converted
into aldehyde-resin:—

CeH8.OBr C0H5.C
|| + 2K0H + C8H8O a I + 2KBr + CaH4O + 2H8O

C6H8.CBr CoH6.0

This example shows very well the energetic resistance which
hydrogen, contained in the aromatic nucleus, offers to oxidation. Thus
while stilbene dibromide, when acted ou by alcoholic potash, readily
loses the two hydrogen-atoms contained in the side-chain in the
form of water, tolane dibromide under the same conditions parts only
with the bromine, and the oxygen of the potash converts the alcohol
into aldehyde.
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DIMBSim-METHANE CH

This compound is readily obtained by the action of sulphuric acid
on a solution of mesitylene, and formaldehyde, or methyl alcohol
and chromic trioxide in glacial acetic acid:—•

It crystallizes from ether in large mouoclinic prisms, melting
at 130°.

TBIPHENYL-METHANE

To prepare this hydrocarbon, meieiiry-diphenyl is heated with
benzylene dichloride to 150°.

CeH^CHCla + 2(C,,HB)2Hg = C H ^ H ^ + 2C9H6HgCl

On evaporating its alcoholic solution, it separates out in large
lustrous crystals, melting afc 92°*6, It combines with benzene, forming
large transparent crystals, consisting of CHtCLEQg + C6Hg, and
melting at 76°. 'When this compound is exposed to the air, benzene
volatilizes, and the crystals become opaque and brittle. Triphenyl-
methane does not combine with toluene.

DIPHENYIrDlETHINE

"When copper-ethinyl-benzene (page 885) is shaken with concen-
trated alcoholio ammonia in presence of air, the following reaction
takes place :—

0 4 » T + 2OuO
C J I C = C

Diphenyl-diethine crystallizes from alcohol i» long needles, melting
at 94°, it combines with bromine, forming a viscid octobromide
C4Br8(CQH5)8.

When phthalic acid is boiled with phosphorus pentachloride, it is
converted into yhthalyl chloride C9H4(COCl)j, which, when heated
with silver-dust, yields diphlkalyl, a crystalline solid, melting a little
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above 300°, and subliming in soft, pale-yellow, interlaced needles.
Mitrio acid oxidizes it to diphthalio acid (C^A,(CO),(CO.OH)«
forming microscopic needles, metying at 265°. By heating this acid
above its melting-point, it yields diphthalyl, and phthalic anhydride,
whilst by boiling it with nitric acid for some time it ia oxidized to
phthalic acid.

C2(COH6)4.

By acting with phosphorus pentachloride on diphenyl ketone it is
converted into diphmyl-dicliiwomtham (C^Hj^CClj, and this com-
pound, when heated with silver-dust, yields tetraphenyl-etbene,
crystallizing from hot benzene in pointed prisms, melting at 221°.
Hot concentrated sulphuric acid converts it into tctrapltenyl-tetra-
mdphonic acid, which, when fused with potash, yields the corresponding
phenol, or

Tetrmytelraplienyhetfane C^(C9H4.OH). crystallizing from hot
glacial acetic acid in very thin, small plates, which in tho air as-
sume a faint violet tinge. On adding ferric chloride to a solution
of this phenol in acetic acid, a dark blood-red liquid is formed,
from which crystals, having a metallic lustre, and consisting of

( < W ) H

0j," separate out on standing. This quinone ia insoluble

in water, and dissolves sparingly in alcohol, but freely in alkalis, with
an intensely bluish-green colour, which, by the action of zinc-dust,
disappears. These properties show that this compound is nearly
related to the phenol-colours.

BenzpinacoM, or TetrapJienyUthene Ghjcd (C6HACa(OH)a is pro-
duced by the action of zinc and sulphuric acid on diphenyl ketone;—

It forms very small prisms, melting at abont 180°; oxidizing agents
convert it again into diphenyl ketone, and with water and sodium
amalgam it yields diphenyl carbinol.

JHPHENYL-BENZENE

This hydrocarbon is formed, together with diphenyl, when benzene
is passed through a red-hot tube, and is also produced, by the action
of sodium on a mixture of monobromobenzene and paradibromo-
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benzene. It forms colourless crystals melting at 205°, and boiling
at about 4.00°. On oxidizing it with a solution of chromic trioxid©
in glacial acetic acid it yields paradip]tenylca>icmic or paraplm/yl-
benzoic add C0H6.C6H,,.CO!!H, crystallizing from alcohol in tufts of
needles, melting at 216°, and subliming in long needle-shaped crystals.
By heating it with lime it is resolved into otirbon dioxide and di-
phenyl, and by further oxidation it is converted into terephthalia
acid.

TRIPflENYMlENZENE

Is formed by heating methyl-phenyl ketoue with phosphorus penU
oxide; this reaction is perfectly analogous to the formation of
me8itylene from dimethyl ketone:—

3CJHJ.CO.CHJ = (C8H6)SC8H3 + 3H?0

It crystallizes from ether in short prisms, melting at 167°.

INMGO-GKOUP.

Indigotin, or Indigo-blue CuHI0N2Ov occurs as glucoside, called
Indiean, C68H62N2O34 in different species of Indigo/era, growing in
India, Africa, and South America, and in Isatis tiiustoria, Pdygmmm
tinctorium and Neriwn, tinctorium. It is a brown syrup, having a
nauseous, and bitter taste. On boiling it with a dilute mineral acid,
it is resolved into a kind of sugar and indigofcin:—

CfiaH02NaOM + 4H2O = Cjfi^fi, + 6CaHwO8

Indigo is obtained by macerating the plants with water, exposing
the liquid in flat vessels to the air, and stirring it up frequently.
Fermentation soon sets in, and indigo is deposited as a blue powder.
It comes into the market in the form of cubic cakes, which* when
rubbed with a hard body, exhibit a copper-red lustre.

Iudiotin sometimes occurs iu human urine which, on standing or
by adding an acid, deposits indigotin.

Commercial indigo is a mixture of different bodies; to obtain pure
indigotin, finely powdered indigo, grape'Siigar, and strong soda-lye,
are put in a flask, which is filled with hot alcohol and corked. In the
place of grape-sugar and alcohol, ferrous sulphate, and hot water may
be used. After standing for some hours, a yellow, clear solution is
obtained, containing hydro-indigotin or indigo-white; on exposing it
to the aiv iE absorbs oxygen, and iudigotin is precipitated as a crystal-
line powder.

Indigotin lias a deep-blue colour with a purple tinge; it is in-
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soluble in water, alcohol, dilute acids, and alkalis, but dissolves in
boiling aniline, with a fine blue colour, and in hot paraffin with a
purple colour; on cooling it ia deposited in crystals. When heated
to about 300°, it volatilizes in purple vapours, condensing in prisms,
having a purple lustre.

Indigotin has also been obtained synthetically by heating the
syrupy modification of methyl-nittophenyl ketone until it is converted
into a solid mass, which, when carefully heated with soda-lime and
zinc-dust, yields a small quantity of indigotin. This reaction gives
a clue to the constitution of indigotin ;—

N.C^.CO.CH
= || || + 2H8O + 0 ,

O8Sr.C6H4.CO.CH8 N.CeH4.C0.CH

When indigo is boiled with caustic soda and manganese dioxide it
yields 1*2 aiaidobenzoic acid:—

2(N.C8H4.CO.CH) + 6NaOH + 20a =
2Na8CO3 -f- 2H2O

By distilling indigo with potash, pure aniline is obtained :

2(N.C0H4.CO.CH) + 8K0H + 2H2O =
2(H2N-.COHS) + 4K2CO8 +4H,

Hydro-in&igotin, or Indigo-white C,6H,aN2Os

HN.C0H4.CO.CH

HN.CaH4.CO.CH
stands in the same relation to indigotin as hydrazobenzene to
azobenzene. To obtain the pure compound, its alkaline solution,
which has been mentioned already nnder indigotin, is decomposed
by hydrochloric acid in an atmosphere of carbon dioxide; the pre-
cipitate is washed, with water, which has been freed from air by
boiling, and dried in a current of hydrogen.

Indigo-white is a crystalline white powder, which in the moist state
rapidly absorbs oxygen, and is oxidized to indigotin.

The existence of this compound is made use of in the dyeing of
cotton-goods, An "indigo-vat" is prepared by mixing one part of
powdered indigo with two parts of ferrous sulphate, three parts of
slaked lime, and 200 parts of water. After the mixture has stood
for some time, the goods are steeped in the liquid and then exposed
to the air, when indigotin is gradually deposited in the fibre.

Indigothisidfhoiiic Acids.—'-Indigo or indigotin dissolves in highly
concentrated sulphuric acid with a deep-blna colour; on diluting this
solution with water, a blue precipitate of the monosulpkonie add, or
ttfphopMywrie add CWH0N20S1.SOSH, is obtained, which is insoluble
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in dilute acids, but dissolves in water. Its purple salts dissolve in
water with a blue colour.

The filtrate from this acid contains bidigotindmdphmic acid
(indigo-sulphuric acid) C^HgNgO^SC^H)^ which is separated from
the excess of sulphuric acid, by steeping white wool into the liquid
until it is dyed a deep blue. After being washed with water, the
wool is treated with ammonium carbonate, and the blue solution pre-
cipitated with lead acetate. On decomposing the precipitate -with
hydrogen sulphide, a colourless solution of hydro-indigotindisul-
phonic acid is obtained, which readily absorbs oxygen and leaves
on evaporation indigotindisulphonic acid as a blue amorphous mass,
It forms blue amorphous salts.

Potassimn and Sodium indigotindisiilphonates are obtained as blue
precipitates by neutralizing a solution of indigo in sulphuric acid
with potassium or sodium carbonate. They are insoluble in salt-
solutions, but dissolve in water with a fine blue colour and are fonnd
in. commerce under the name of "indigo-carmine," or "indigo-
extract."

N.CaH4.C0.C.OH
Isatin CwH,0N2O4 = || II is conveniently prepared by

N.C?H4.C0.C.0H
adding-gradually nitric acid to a boiling mixture of finely-powdered
indigo and water, until the blue colour lias completely disappeared.
It crystallizes from hot water in brilliant yellowish-red prisms, dis-
solving in water and alcohol with a brown colour, and yielding
with alkalis a violet solution. When alcoholic potash is carefully
added to an alcoholic solution of isatin and silver nitrate, a wine-red
precipitate of silver isatite C,8H8AgaN.O4 is obtained.

On heating isatin it melts, and sublimes with partial decomposi-
tion. It combines with the acid sulphites of the alkali-metals,
forming crystalline compounds.

When heated with a solution of phosphorus in phosphorus tri-
chloride, it gives a green solution, from which, after adding water and
exposing the liquid to the air, indigotin is gradually deposited, which
is formed by the reducing action of the phosphorus.

Nitrons acid converts it into nitrosatfcylic acid, and on distilling
ifc with potash it yields aniline, hydrogen and potassium carbonate.
By passing chlorine into its hot aqueous solution, it is converted into
dicldorisalin GlfStiJ3lJ$J)v crystallizing in orange-red prisms, and
tetrachlorisatfa 010H8C14N«04, which forms reddish needles. When
these two compounds arc distilled with potash, they yield monochlor-
and dichloraniliue, which compounds were discovered by this reaction.
Bromine aots on it in an analogous manner.

Iaatindisutylumic Add C,?H8N?04(SO3H)g has been obtained by
oxidizing indigotindisulphonic acid with chromic acid. It is very
soluble in water, and does not crystalline well. Its salts have a red or
orange colour. Barium isatittdisiiljihrniateC^^O^SO^lia. crystal-
lizes in bright-red scales.
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TrioxinSd or Isatic Add CiaH,4N2O0.—When the violet solution of
isatin in potash is heated, it becomes yellow, and, on evaporation,
yellow crystals of potassium isolate C«HKKjjN"208 are deposited. By
decomposing it with an acid, trioxindol is obtained as a -white
powder, which is soluble in water, and is resolved by heat into
isatin and water.

Hydro-isativ, or J8e^deC^H1oN204.-~This hydraza-compouud is
formed by the action of hydrochloric acid and zinc, or ammonium
sulphide on isatm. It is not soluble in water, but dissolves in alcohol,
and forms thin, colourless crystals.

HN.CaH4.C(0H)=C.0H
Dioxindol CiaH,.N20, = | I is produced by

HN.C0H4.C(0H)=C.0H
the action of sodium-amalgam on an alkaline solution of isatin. On
evaporation the sodium salt CliKlJ$&^iOi + iB.fi is obtained in
silvery crystals.

Dioxindol crystallizes in yellow prisms; it is soluble in water and
alcohol, and combines not only, with bases but forms also with acids
crystalline compounds, When heated it melts, and then decomposes,
aniline being formed. The oxygen of the air oxidizes it to isatin, and
on heating it with silver oxide it yields benzaldehyde.

HN.C6H4.CH=C.OH
Oxindol CiaHuN8Oo = 1 I is formed by treating

HN.CaH4.CH=C.OH
dioxindol with hydrochloric acid and tin or sodium-amalgam. It
crystallizes from hot water in colourless needles, melting at 120°. It
volatilizes without decomposition, and when its aqueous solution is
exposed to the air it absorbs oxygen, and is oxidized to dioxindol and
isatin. It combines with bases and with acids.

Indol CMH,4N? has been obtained by heating oxindol with zinc-
dust, and synthetically by fusing metanitrocinnamic acid with caustic
potash and iron-filings:—•

O2N.CaH..CH=:0H.CO1!H HN.C0H4.CH=CH
- I I +2COa + 2Oa

OaN.CaH4.CH=CH.COaH HN.C0H4CH-CH

Indol is also one of the products of the pancreatic digestion, and
the indioan sometimes occuring in urine is derived from this source;
this is shown, by the fact that after the subcutaneous injection of
indol,.a considerable quantity of indican constantly appears in the
urine,

Indol is a weak base crystallising from hot water in large colour-
less plotes. melting at 52°, and possessing a disagreeable odour, which
it imports to the faeces. It readily volatilizes with steam, and can
be distilled without decomposition. When very dilute red fuming
nitric acid is added to its aqueous solution, a red crystalline precipitate
is formed, which by boiling with the water, is reconverted into indol.
A different compound, crystallizing in long red needles, is obtained
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by passing nitrogen trioxide into its alcoholic solution. When pine-
wood is steeped in an alcoholic solution of indol, containing hydro*
clJoric acid, the wood assumes a cherry-red colour, which scon
changes into a brownish-red.

NAPHTHALENE-GEOUP.

NAPHTHALENE C10H8.

This hydrocarbon is formed by the destructive distillation of many
carbon-compounds, a larger yield being obtained when the products
are exposed to a red heat. I t is, therefore, found in quantity in coal
and wood-tar. But even substances which are comparatively rich in
hydrogen as alcohol, ether, acetic acid, &a, yield some naphthalene,
when their vapour is passed through a red-hot tube.

I t occurs also in "Rangoon tar, or the petroleum from Burmah,
and has been produced synthetically by passing the vapour of phenyl-
butene dibromide (page (402), through a red-hot tube:—

C ^ . C ^ B r , - C0H4.C«H4 + 2HBr + H2

Naphthalene is obtained from the portion of coal-tar boiling between
180° to 220° from which, on cooling, crude naphthalene crystallizes
out, which, is purified by pressing it to remove oily substances, and
then submitting it to sublimation or crystallization from alcohol.

Naphthalene crystallizes in large, transparent, brilliant plates,
melting at 80°, and possessing a faint, peculiar odour and a burning
taste. I t boils at 217°, but sublimes readily at a much lower tempera-
ture. On mixing hot alcoholic solutions of naphthalene and picric acid,
the compound C,nH8 + C,,H2(NO2)80H crystallizes on cooling in
golden-yellow needles, which are grouped in stars. This compound
is not decomposed by re-crystallization from alcohol or benaeue, but
ammonia resolves it into its constituents.

When naphthalene is boiled with dilute nitric acid, it is oxidized
to phthalic acid and oxalic acid.

In its chemical character, naphthalene bears a great resemblance to
benzene, and its constitution is best explained by the following
graphical formula s—

H H

A I

H Y Y V H

V Y

A k
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Naphthalene, therefore, would consist of two aromatic nuclei,
which have two atoms of carbon in common. The correctness of
this hypothesis has been proved in the following way:—

* When naphthalene is oxidized, phthalio acid 06H4(C03H)g is
formed; this acid can be obtained in two different ways from
naphthalene j viz., either by destroying the one or the other aromatic
nucleus. Such an experiment cannot, of course, be made with
naphthalene itself, because we have no means of distinguishing
between the two gwmps. It appears, therefore, necessary, first, to
replace hydrogen in one of the nuclei, and then find out, which is
attacked and which not.

On oxidizing dichloronaphthaquinone, C^HjCLO",, phthalio acid,
is formed, a fact proving that in the quinone all the oxygen and
chlorine are combined with those four atoms of carbon which are
oxidized, the formula of dichloronaphthaquinone being, therefore,
COH4.C4C12O"2. By acting with phosphorus pentachloride on this
compound, the dyad group, O"2, is replaced by chlorine, and at the
same fame one atom of hydrogen is substituted, pentachloronaphtha-
lene being formed :—

q,H4C8,<V + 2PC16 m C10HgCI6 + HC1 + 2P0C1,

How, if by the oxidation of this compound the same carbon-atoms
were attacked as in the quinone, monochlorophthalic acid would be
formed, but the product was found to be tetrachlorophthalic acid,
which proves that the second aromatic nucleus has now been
destroyed, and that naphthalene has really the constitution assigned
to it. This will be clearly seen by the following formnlee s—

Naphthalene.

Dlohloronnphthaqninono, Pantaohloronaphthafene,
C4H4.Ca.04G4O8" C4H8C1.C9.04014

Phthalio Acid. Tetrachloronhtholie Aold.
C4H4.Ca(CO2H), ( C O J H X G J C A

Whilst among the mono-substituted benzenes no isomeric forms
occur, we find that the monosubstitution-products of naphthalene can
exist in two isomeric modifications. This can also be easily explained
from the constitution of this hydrocarbon. By representing it by
two hexagons and numbering the corners,

•we find that each of the carton-atoms occupying the positions
1, 3, 6, and 8, is combined with one other (2 or 7) in which all the
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combining units are saturated with carbon, whilst the atoms 4, 5, 9
and 10, are combined with carbon-atoms to •which hydrogen is
attached. The functions of the atoms 1, 3, 6 and 8 will, therefore,
differ from those of the four latter.

Naphthalene forms additive compounds much more readily than
benzene.

HYDRONAPHTHAtBNES.

DiJtydronapfttkalene, or Naphthydrene C10H10.—When naphthalene
is heated with potassium a black compound is formed, having pro-
bably the composition C^ILIL,, inasmuch as water decomposes it
into caustic potash and dinyaronaphthalene. The same hydrocarbon
is produced when naphthalene is heated with 20 parts of concentrated
hydriodic acid to 280°. Ifc is a colourless, oily liquid, boiling at 210°
and possessing a penetrating smell.

FetrdhydronapMhalene CLH18 is obtained by heating 10 parts of
naphthalene with 3 parts of amorphous phosphorus and 9 parts of
hydriodic acid to 250°. It is a liquid, boiling at 205°, and possesses
a peculiar, but not strong odour.

Both hydrides are resolved into naphthalene and hydrogen, when
their vapour is passed through a red-hot tube.

NAPHTHALENE CHLORIDES.

Naphthalene DieMoride C.OH8C1,.—When chlorine is passed over
naphthalene, it melts and absorbs the chlorine completely, the first
product being naphthalene dichloride, a heavy, pale-yellow oil, which
1)y repeated distillation, or by the action of alcoholic potash, kresolved
into hydrochloric acid, and monochloronaphthalene.

Naphthalene Tetrachloride C1OH8C14 is produced by the continued
action of chlorine on the dichloride, and is a solid, crystallizing from
chloroform in transparent rhombic plates, melting at 182°.

DicldoronajpUhydrene Glycol C10HaCl2(OH)2 is obtained by heating
the tetrachloride with 30 parts of water to 190°. It is soluble in
water, and crystallizes from ether in large, hard prisms. By heat-
ing it with acetyl chloride it is converted into the diacetate
CioHgCl̂ OCjjHgOjg, crystallizing from other in hard, short prisms,
melting at 130°.

f d
Naphthalene Dichlorhydrate C10H8-j ,Q|J* is obtained by dissolving

hth l i t t d l h l id d f l l lnaphthalene in concentrated liypochlorous acid, and forms pale-yellow
prisms. Alcoholic potash converts it into naphlhene alcoliol, or
napMJuUene telrahydrojride CwH8(0HJi crystallizing from alcohol in
colourless prisms.
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SUBSTITUTED NAPHTHALENES,

MonocUoronapMutlmie C,OH-C1 is conveniently prepared by boiling
naphthalene dichloride with alcoholic potash, It is a thin, colour-
less, strongly refractive liquid, boiling at 261°, and smelling like
naphthalene.

a DicMoronapJdhalciie CWH.CL is produced by the action of caustic
potash on naphthalene tetrachloride. It is a crystalline mass, melting
at 36°, and boiling at 281°.

/3 IHchloronapIiihalene is obtained, together with its isomeride as a
bye-product in the preparation of the tetrachloride, and crystallizes in
glistening, brittle prisms, melting at 68°, and boiling afc 282°.

The different cnloronaphthalenes combine like naphthalene with
chlorine, whilst the naphthalene chlorides yield products of substitu-
tion by the further action of chlorine. By decomposing these
different additive products with alcoholic potash, higher chlorinated,
naphthalenes are obtained, which ate all crystalline solids, and exist
in different isomeric forms.

PercMaronaphthdcne C,OC18 is the final product of this reaction,
and forma brilliant rhombic crystals, molting at 135°, and boiling
at 403°.

MonofromoiwpIUhalcnc C,0H7Br.—Bromine does not combine with
naphthalene, but forms substitution-products, the first beiug mono-
broiaouaphtlmlene, a colourless liquid boiling at 277°.

DibromonapMlialene CwH6Br2, crystallizes in long silky needles,
melting at 81°.

The liigher brominated naphthalenes are also crystalline solids.
MoniodmwpMhakne C,0H.I is formed by the action of iodine on

merciuy-diuaphfchyl; it is a thick, colourless liquid, boiling above 300°.
Mononitroncvphthalcne C^HpNOg is best prepared by dissolving

naphthalene in glacial acetic acid, and boiling the solution with com-
mon nitric acid for half an hour. It crystallizes from alcohol in pale-
yellow prisms, melting at 61°, and subliming when carefully heated.

a MMtronaphthalew CWHO(NO2}2 is formed, together with the
following compound, by boiling naphthalene with concentrated nitrio
acid until the oily layer has completely disappeared. It is sparingly
soluble in glacial acetic acid, and forms colourless prisms, melting
at 211°.

/9 Dinilronapldlialcnc is more freely soluble in acetic acid, and
crystallizes in brilliant, yellow, rhombic plates, melting at 170°.

Both compounds are not volatile, but deflagrate on heating.
a TnnitnmapMtalcne C10H3(NO2)s is formed by boiling, a diuitro-

naphthalene with red fuming nitricacid. It crystallizes from chloro-
form in large monoclinic plates, melting at 122°, and detonating when
more strongly heated.

£ Tnniiromphthakne is formed by adding concentrated sulphuric
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acid to a mixture of # dinitronaphthalene, and fuming nitric acid.
It forms fine crystals, melting at 213°.

7 FrintironaphtJialene lias been obtained by heating a dinitro-
naphthalene \rith a mixture of sulphuric and uitric acids. It crystal-
lizes from nitric acid in brilliant, pale-yellow plates, melting at 147°.

a Tetmnitronaphthalcne Ci0H4(NO,)4 is produced by the continued
action of nitric acid on the a uitro-oompounds. It crystallizes from
chloroform in light-yellow, hard, rhombic prisms, melting at 259°.

/9 Tdranitrmaplitliakne is obtained in the same way from the j9
compounds, and forms thin needles, melting at 200°.

Amidonapkthalene, or NapJitiiylamine C,0HrNIL, is prepared from
nitronaphthalene by the same reactions by which nitrobenzene is
converted into aniline. I t crystallizes in colourless needles, melting
at 50°, and possessing a disagreeable odour like indoL It boils at
300°, and is almost insoluble in water, but dissolves freely in alcohol.
Its salts crystallize well, and by acting with an oxidizing agent ou
their solution, a blue precipitate is formed, which soon changes into a
purple powder of oxy-amidonaphthalene C10H7O(NHj).

NapMhyl-phmyianine, or flienyl-amidonaplitJialene NH j Q1 |T 7, is

formed by heating aniline and amidonaphthalene hydrochloride to
280° for 36 hours :—

C ^ N H y C l H + CaH6NH2 = NH4C1

It forms small crystals, meltingat 60°, and boiling at 315°; its solu-
tion exhibits dichroism.

a Di'ttmidonaplitlialene, or Naphthidiw CfoH^NHg^, is obtained by
the action of reducing agents on a dinitronaphthalene, and forms
brilliant prisms, melting at 175°. Its sulphate and hydrochloride are
but sparingly soluble in water.

ft Dinitronaphthalene forms an isoraeric compound.

Amidoazonaphthalcne N» { r,w7P -MTT is produced by adding potns-

sium nitrite to & solution of amidonaphthalene hydrochlorido, I t
crystallizes in omnge needles, having n beetle-green lustre, and forms
salts, having an intensely violet eolonr, but which are very unstable,
being decomposed by water. On silk it dyes a fine orange shade, which
on dipping it in hydrochloric acid becomes purple, and on washing with
water again yellow.

AzodinapMiyl-red N9i r ^ V XTD-/*-* TJ \ is obtained by heating2 (u lon ( ).jm(u,otl7; * "
amidoazonaphthalene with amidonapnthalene. The free base is
hardly known. The hydrochloride is used for dyeing silk, and found
in commerce under the name " Afagdala-red." It dissolves in alcohol
with a-deep red colour, and crystallizes in needles, having a beetle-
green lustre. Its dilute solution exhibits a splendid bright-red.

C F F
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fluorescence. The salts of this base are not decomposed by alkalis,
but only by long digestion with water and silver-oxide.

JNaphtkalenmtiphonio Acid C10H7.SO8H exists in two isomeric
forms, which are produced by dissolving naphthalene in hot, strong
sulphuric acid. To separate them the dilute boiling solution is
neutralized with lead carbonate; on cooling, the lead salt of the 0
acid crystallizes in thick scales, and by evaporating the mother-liquor
the salt of the a acid is obtained in large thin plates. Both salts are
purified by crystallization, and decomposed by hydrogen sulphide.

a Naphthalenesulphonic Add is a crystalline, deliquescent mass,
which, when heated with dilute hydrochloric acid to 200°, is resolved
into naphthalene and sulphuric acid:—

C10H,.SO8H

/9 NapMhalenewlphonic Add is a soft, laminated, crystalline mass,
which is not deliquescent and hardly changed by hydrochloric acid
at 200°. Its salts are less soluble in water than those of the a acid,
and more stable at a high temperature.

OXY.NAPHTHALENE8.

v ^ e,or NapJUlwlGJEL,.Q3.—The phenol of naphth-
alene exists in two isomeric modifications, which are obtained by
fusing the sulphonic acids with potash.

a Naphtlwl crystallizes from hot water in silky monoclinic needles,
melting at 94°, and boiling at 280°, but subliming at a much lower
temperature. It has a burning taste and a faint smell, resembling
that of common phenol. Its dust attacks the mucous membranes,
and produces violent sneezing. By adding a solution of bleaching-
powder or ferric chloride to its aqueous solution, it assumes a deep-
violet colour, and soon a flocculent, violet precipitate makes its
appearance.

j8 NapUhol forms small, brilliant, needles, melting at 122°, boiling
at 290°, and subliming when gently heated without previously
melting. I t has a burning taste, but hardly any smell; its dust
produces sneezing. With bleaching-powder or ferric chloride it does
not yield a violet colouration.

Both naphthols readily form metallic compounds, like other
phenols.

a Naphthyl-etkyl Ether AWT1 V 0 is obtained by acting with ethyl

iodide on an alcoholic solution of potassium a naphthate. It is a
colourless liquid, boiling at 280°, and possessing a peculiar smell.

(3NapMhyl-cthyl Ether is produced by the same reaction from/?
naphthol, and forms a crystalline mass, melting at 33°, and smelling
like pine-apple.
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MomcUmonaphthol C,0HeC1.0H has been obtained by distilling
dichloronaphthydrene glycol with hydroohlorie acid, It forms long
thin, and exceedingly fine needles, melting at 109°, and emitting the
odour of phenol. On dissolving it at a gentle Jieat in a little sulphuric
acid, and adding a crystal of oxalic acid, a violet colour is produced.
The production of this phenol may be explained by assuming that a
chlorhydrate is formed as an intermediate product, which readily
loses hydrochloric acid, just as naphthalene tetrachloride yields by dry
distillation dichloronaphthalene:—

< W H { C10HaCl.OH + 2HC1

Mononitronaphthol C,QH8(NO2)OH.—When amidonaphthalene is
boiled with glacial acetic acid, it yields acetyl-araidonapht-halene,
which by adding fuming nitrio acid to its solution in acetic acid is
converted into the mononitro-compound. By boiling this body with
concentrated soda, it yields the sodium compound of mononitro-
naphtliol:—-

C ^ N O ^ N J £ H 0 + 2NaOH = C^HoCNO^OH +

C2HsNaOa + NH3

It crystallizes from boiling water in golden-yellow needles, melting
at 164°, and forms salts having an orange or red colour. The same
compound is formed, but only in a small quantity, liy the continued
action of potash-lime on nitrouaphthalene in presence of air.

a Dinitronaphtlwl C^^QiO^fiK is obtained on the large scale by
adding sodium nitrite to a solution of amidonaphthalene and hydro-
chloric acid, and boiling the diazonaphthalene chloride thus formed
with nitrio acid. It is also produced by gently heating a solution of
a naplitholsulphonie acid with nitric acid.

a Dinitronaphthol crystallizes from alcohol in lemon-yellow needles,
melting at 138°, and has pronounced acid properties, decomposing
carbonates, and forming salts having a yellow or orange colour. The
sodium and calcium salts are used for dyeing wool yellow, and known
by the name " naphthalin-yellow."

)8 J)in.Urona2>hthol.—Pure £ naphthol is not nitrated by nitric acid,
but by heating its alcoholic solution with nitric acid the dinitro-
compound is formed. It crystallizes in brilliant, pale-yellow needles,
melting at 195", and forms salts having a yellow or orange colour.

Dioxynaplithalene C,0Hp(OH)a.—To prepare this body, naphthalene
is heated for some time with sulphuric acid, in order to convert it into
naphthalenedisulphonic acid, which is fused with potash. Dioxy-
naphthalene is sparingly soluble in water, and freely in alcohol, and
crystallizes in needles, which sublime on heating. Its solution exhibits
a bluish-green fluorescence.

Waphthoquinone C,0HaOj is formed by treating a solution of
naphthalene in waim glacial acetic acid, with a solution of chromic

V F 2
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trioxide in the same solveut. I t readily sublimes in bright-yellow
crystals, melting at 125°, and is volatile in the vapour of water
at 100°, communicating to it a pungent odour, resembling that of
ordinary quinone.

Naphtlwhydroqiiinone Cl((Ho(OH)2 is prepared by boiling the quinone
with strong hydriodic acid and amorphous phosphorus; on cooling,
the hydroquinone is deposited in long colourless needles, melting at
176°. Oxidizing agents reconvert it into the quinone. It differs
from the isomene dioxynaphthalene by being more readily soluble in
water.

Naphihoquinhydrone C,0H8-| Q o C ^ * OH1""™8 b o d y i s o b t a i n e d

by boiling an aqueous solution of napthonydroquinone with naphtho-
quinone, or by boiling the latter with weak hydriodic acid, and
amorphous phosphorus; it forms dark-purple crystals.

DidUorompMlwquinone C8H4CLj0£ is produced by the action of
potassium chlorate and hydrochloric acid ou a dinitronaphthoL It
crystallizes from hot alcohol in yellow needles.

DickloronaplUlwhydroquinone C0H4CL(OHL is obtained by boiling
the preceding compounds with hydriodic acid and phosphorus, and
crystallizes in colourless prisms.

Oxyeliloronaphtlioquinone, or Chtoi-oxynapMlvalic Acid Cj0H4(OH)
CIO;, is formed by treating chloronaphthalens dichloride with nitric
acid ; it forms yellow crystals, melting above 20(1°, and forms salts
having a yellow or red colour. By dissolving dichloronaphthoquinone
in hot soda-solution a crimson liquid is obtained, containing the
sodium-salt :—

C10H4C1203 + 2NaOH = C10H4(ONa)ClOs + NaCl + HaO

Dioxynaphtlwquinane, or Naplithazarin C,0H4(OH)8O!j.—This com-
pound is prepared by heating sulphuric acid to 200°, and adding one-
tenth of its weight of a dinitronaphthalene, and then gradually zinc.
After cooling the solution is diluted with 10 parts of water, boiled
and filtered. The gelatinous moss which separates out on cooling is
crystallized from alcohol, and thus the compound is obtained in brown
needles having a green lustre, On heating it sublimes in feathery
tufts with a brilliant beetle-green reflection. In alfealis it dissolves
with a beautiful blue colour; this solution yields blue precipitates
with the salts of barium, calcium, and lead; alum produces a red lake
and feme salts a bluish-grey precipitate. Red-hot zinc-dust reduces
it to naphthalene, and when sodium-amalgam is added to its aqueous
solution it becomes colourless, showing that this body is a quinone,
whilst its metallic compounds prove that it is also a phenol.

ifapMhylpmpnrie Acid C^H^Sfi^.—By acting with potassium
cyanide on an alcoholic solution ot a dinitronaphthol a deop-red
solution containing the potassium salt of this acid is obtained. The
free acid has not yet been obtained, but a series of salts has been
prepared, resembling the isopurpurates, but crystallizing not so well
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(see page 336). On fusing them with potash, they yield hemimellitic
acid C9H8(CO,H)8.

Inmphane Cy-^NjOj is produced together with naphthylpurpurie
acid by adding a hot concentrated solution of potassium cyanide to a
solution of a dinitronaphthol in ammonia. A violet precipitate, having
a brilliant beetle-green lustre, is obtained, and purified by washing it
with hydrochloric acid; this compound is only soluble in acetic acid
and sulphuric acid, forming a beautifully coloured solution. The
potassium salt CJJH9KN4O4 is produced by heating indophane with
solution of potash as a blue powder having o copper-red lustre.

MEBCURY-DINAPHTHYL B

This compound is formed by boiling a solution of bromonaphthalene
in benzene with sodium-amalgam. It crystallizes in colourless prisms,
melting at 243°. Hydrochloric acid resolves it into mercuric chloride
and naphthalene.

MKTHY/.-NAPHTHALKNE C,0Hr.CII3.

This hydrocarbon is produced, but not readily, by action of sodium
on a mixture of bronionaphthalenu and methyl iodide. I t is a limpid
liquid boiling at 232°, and not solidifying even at — 18°.

Ethyl-naplUhakne C1(,H7.C4HB is a similar liquid, boiling at 262°.
Mcnaphthylamine Cl0IL.CHj.N'Hy—This powerful base is obtained

by converting a cyanonapnthalene by means of hydrogen sulphide into
vunaplUliotliiamide C,0H^.CS.NHa, and treating an alcoholic solution
of this compound witn zinc and hydrochloric acid.

Menaphfchylamine ia a very caustic liquid, boiling at 290°; it
readily absorbs carbon dioxide and forms, with acids, salts crystal-
lizing very readily.

A.CENAPHTHENE, OR ETHEHE-NAPHTHAMWB C,aH0.CaHv

This compound exists in coal-tar, and is deposited in crystals by
leaving the portion boiling at 265° to 280°, to stand in a cold place.
It crystallizes from hot alcohol in long needles, melting at 95", and
boiling at 268°. By boiling it with dilute sulphuric acid and
potassium dichromate, it is oxidized to bibasic naphthalie acid
C,0H6(CO»H)4, which snblimea in long serrated plates, melting at
266°; by Theating it for some time to 140° to 150°, ifc is converted
into the anhydride C10H8(CO)8O, and by distilling the calcium salt
with slaked lime, pore naphthalene is obtained. Acenaphthene has
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also been produced synthetically by passing ethyl-naphthalene
through a red-hot tube :—

CH
C10H7.CH2-CH8 = C10H0< I ' + H,

The two side-chains are probably linked to two adjoining carbon-
atoms of the naphthalene-nucleus, because naphthalic acid has so
great a resemblance to phthalic acid.

CH
Mhinc-naphthalene C,0H,/JJ is obtained by passing the vapour of

acenaphthene over heated lead oxide. It crystallizes from alcohol in
large, lustrous, golden-yellow plates, melting at 93°. On oxidation it
yields naphthalic acid.

HAPHTHON1TRILE8.

a Naptluniilrih C,,,H7.CN is formed by distilling a mixture of
potassium cyanide and potassium, a naphthalenesulphonate. It has
also been prepared by heating amidonaphthalene oxalate, whereby
it is resolved into water, carbon dioxide, and mpltfki/l-formamide
C1?H,N(COH)H, which, when heated with concentrated hydrochloric
acid, loses water, and is converted iuto the uitrile.

It crystalliaes from petroleum-naphtha in broad silky needles,
melting at 37O>5, and boiling at 298°.

/3 Naphtlwnitnle is obtained from /3 naphthalenesulphonic acid,
and forms crystalline scales, molting at 66O>5, and boiling lit 305°.

NA.PHTHAIESKCARBONIC AC1D8.

By heating the uitriles with alcoholic potash the corresponding
acids are formed.

a JVaphtlwic Acid, or Naphthyl-formic Add 0i0H7.COsH, is sparingly
soluble in boiling water, and freely in hot alcohol. It crystallizes in
needles, melting at 160°.

$ Naphthoic Ami crystallizes in needles, melting at 182°; its suits
are less soluble than the a naphthoates. By distilling a mixture
of calcium 0 naphthoate, and formate, some naphthalene is formed
and 0 naphtlwie aldehyde, crystallizing from boiling-water in thin
glistening plates, melting at 59O>5.

Both acida are, when heated with baryta, resolved into carbon
dioxide and naphthalene. A mixture of them is prepared on the
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large scale, and used in the place of benzoic acid in the manufacture
of aniline-blue.

a OxynapJUhoic Add CjgH^OHJCOgH is formed by action with
sodium and carbon dioxide on a naphthol. It is sparingly soluble
in water, and crystallizes in needles which are grouped in stars,
and melt at 186°. Its solution is coloured pure-blue by ferric
chloride.

/9 OxynapJUhoic Acid is not so readily formed ; it crystallizes like
the a acid, and gives with ferric chloride a blackish-violet colour.

Naphthalene-Ucarhnic Adds O^H^COgH)^.—The nitriles of these
acids, which are isomeric with naphtualic acid (page 437), are pro-
duced by distilling the potassium salts of the different modifications
of naphthalene-bromosulphonic, and disulphonic acids with potassium,
cyanide. The nitrile from bromonaphthalenesulphouic acid yields a.
naphthalene-bicarbonic acid, which is almost insoluble in water, and
crystallizes in microscopic needles, melting at 240°.

The other modifications have been but little studied.

NAPHTHYL-PHENYMUHTHANE CH8

This hydrocarbon has been prepared by heating a mixture of
benzyl chloride and naphthalene with zinc ; it forms brilliant needles,
melting at 64°.

a NapUhyl-phewyl Ketmie CO -I ~6 J | is produced by heating a

mixture of benzene, a naphthoic acid, and phosphorus pentoxide. It
crystallizes in short prisms, melting at 75°*5.

0 Naphthylplienyl Ketone has been obtained by the same reaction
from jS naphthoic acid. It forms tufts of white needles, melting
at 82°.

A mixture of these two ketones is also formed by heating
naphthalene with benzoic acid and phosphorus pentoxide.

DlNAPHTHYLS C^H^

DimpUhyl k obtained by the action of sodium on brouwnaphtha-
lene, and together with phthalic acid by oxidizing naphthalene with
manganese dioxide and dilute sulphuric acid. It crystallizes in pearly
scales, melting at 154°.

Isodinaphthjl.—Thisisomerideis produced together with hydrogen,
by passing naphthalene repeatedly through a red-hot tube. I t forms
brilliant plates, melting at 200°, and boiling above 300°; its alcoholic
solution exhibits a fine blue fluorescence.
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a Dinaphthyl Ketone CO j ^ g f is obtained by heating a naphthoic

acid with naphthalene and pnosphorus pentoxide. It crystallizes
from boiling alcohol in pointed needles, and from a mixture of ether
and alcohol in thick prisms, melting at 135°.

fiDinapkthyl Ketone forms small needles melting at 135°; it i8
much leas soluble in alcohol than the a compound.

PHENANTHRENE-GROUP.

PHKNAHTHRENE CUH,O

Exists in coal-tar, from which it is obtained by boiling the portion
between 320" to 360" with alcohol. The cold solution is filtered,
the alcohol distilled off, and the residue subjected to the same
treatment until the hydiwarbon melts at about 100°. It is purified
by converting it into the picric acid compound, which is recrystal-
lized from hot alcohol and decomposed with ammonia

Phenanthrene forms rather large plates, exhibiting a faint blue
fluorescence. I t melts at 100°, and begins to sublime, but boils only
At 340°; it is readily soluble in alcohol, ether, acetic acid, and
benzene.

Phenanthrene has been obtained synthetically together with toluene
by passing stilbene through a red-hot tube:—

C0H6.CH CaH4—CH

CeH6.OH ~ CaH4-C'H *

(2) 1
CeH6.0H

This synthesis, as well as the whole chemical oharacter of phe-
nanthrene, shows that its stands in the same relation to naphthalene
as the latter to benzene, and its constitution may therefore be expressed
by the following graphical formula :-—

HC=CH HC=CH

HC'

H C - C
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When phenanthrene and picric acid are dissolved in hot alcohol,
the compound CMHl0 + C8H2(NO2)8OH crystallizes on cooling in
long golden-yellow prisms, melting at 145°,

Tetrahydroplienanthrme CuHj4 is obtained by heating phenanthrene
with concentrated hydriodic acid, and amorphous phosphorus to
240°. It is a liquid, having a feint but peculiar smell, and boiling
between 300° to 310°.

Octohydropkenanthrene CUH,8 is formed by using an excess of
phosphorus, and heating above 240°; it is a liquid, boiling below
OA/V>

Plienanthrene fiiibromide CuH,0Br2 is obtained by mixing well-
cooled solutions of the hydrocarbon and bromine in carbon disulphide.
It forms well-defined four-sided prisms, which, even in closed vessels,
gradually undergo spontaneous decomposition.

MonoSi-omophenanthrene Cj.HjBr is produced by heating the
dibromide, or by boiling it with alcohol. It forms thin white prisms,
melting at 63°; on adding bromine to its solution in carbon sulphide
it is converted into :—

Dibwmophenanthrene C,4HsBi'j, crystallizing in white warty needles.
Tribrmophenanthreiie GMH7Brg is produced by heating the solu-

tion with bromine; it forms silky needles, melting at 126°.
M i J h G H N O i f d b d i l i

; y g
MononitropJienanthraus Gĵ Hg-NO^ is formed by dissolving phenan-

threne in cold concentrated nitric acid; on adding water, it is obtained
as a yellow crystalline precipitate, melting between 70° and 80°.

DimtropTienanthrcne CUH8(NO2)2 is produced when the nitric acid
is heated to 100°; it separates from glacial acetic acid in yellow
crystals, melting between 150° to 160°.

FlmmnthnnesiUpliomk Acid C^HpSOgH is prepared by heating
phenanthrene with sulphuric acid to 100°. Its lead-salt is soluble in
water; by decomposing it with hydrogen sulphide, the pure acid is
obtained. It is more freely soluble in hot than in cold water, and
forms a crystalline mass.

FJienanthrcnc-guinone C^lLOj is produced by heating the hydro-
carbon with glacial acetic acid and chromic trioxide. It crystallizes
from acetic acid in orange-red, long prisms, melting at 205°, and
boiling above 360°. By heating it with zinc-dust it ia reduced to
phenanthrene, and by passing it over red-hot soda-lime it is converted
intodiplienyl:—

C9H4.C-O CflH6
| || I . h 4 N a O H = |

C 6 H , C - 6 COHS

^ q ^ ^ ^ B r f i i - — O n heating the quinone
with bromine and water to 180°, this compound is obtained in yellow,
warty crystals, melting at 230°.

MMtraphmanthrme>qninmieCxfia(JSO^f)i is produced by boiling
the quinone with a mixture of concentrated nitric and sulphuric
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acids. It crystallizes from acetic aoid in yellow silky plates, melting
above 280°.

Plumanthrcne-hydroqirinone CUH8(OH)8 is readily obtained in
colourless crystals by heating the quinone with aqueous sulphurous
acid. It is very readily oxidized, being first converted into a dark-
brown quiohydrone, and then into the quinone. By heating it with
acetic anhydride it yields the compound 014H8(0C2Hj0)2, crystallizing
from benzene in colourless plates, melting at 202°.

f OH
Phmanffirene-qzdnme-sodium Sulphite CUH8 -J Q^Q JT + 2HgO.~

The quinone dissolves readily in a warm solution of acid sodium sul-
phite, and, on cooling, this compound crystallizes out in colourless
plates; it is easily decomposed by alkalis and acids.

By means of this reaction, the crude quinone can be easily puri-
fied, and it may also be used for detecting the presence of phenan-
threne in coal-tar. This is done by oxidizing the portion boiling
between 310° to 360° with glacial acetic acid and chromic trioxide,
and treating the product, first with soda to remove acids, and then
with a solution of acid sodium sulphite, which dissolves only phen-
anthrene-quinone; on adding hydrochloric acid to the solution, the
quinone is re-precipitated,and can be recognized by its properties.

DipUnie Acid C12H3(CO2H)2 is formed by.boiling the quinone for
some time with dilute sulphuric acid and potassium dichromate. It
crystallizes from hot water in transparent compact prisms, melting at
226°, and subliming in long transparent needles. By heating it with
lime it is resolved into water, carbon dioxide, and diphenylene
ketone:—

C6H«.CO.OH CaH4
I = | >CO + CO2 + H2O

COH<.CO.OH OeH/

This reaction corresponds to the formation of dimethyl ketone from
acetic acid.

Dipheuyl Ketone crystallizes from alcohol in large, pale-yellow,
transparent plates, melting at 84°, and boiling above 300. By
adding it gradually to fused potash, it combines with it, forming the
potassium salt of a phenyl-benzoic acid:—

C0HK C0H..CO.OK
| >CO + HOK = I
C . H / 69H6

Plwiiy&enaoic Acid is isomeric, with paraphenylbenzoic acid (page
425), and crystallizes from boiling water in small ramified needles,
resembling hoar-frost, and melting at 110°. On cooling the fused
acid quickly, it is obtained as a viscid, transparent mass, which
remains in that state for days, but becomes crystalline again by stir-
ring it up with a platinum-wire. By heating the acid with lime,
diphenylene ketone is regenerated, while, by distilling the calcium-
salt, diphenyl is formed.
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ANTHRACEME-GEQUP.

ANTHRACENE CUH,O.

THIS isomeride of phenanthrene is obtained on tlie large scale by
the fractional distillation of the higher-boiling portion of coal-tar,
collecting that boiling afc about 360°; a semi-solid mass is thus
obtained, which is well pressed to remove oily substances. Crude
anthracene is further purified by washing with carbon disulphide and
re-crystallization from alcohol or benzene, or by sublimation.

It crystallizes in monoclinic plates, exhibiting, when quite pure, a
fine blue fluorescence; it is not very soluble in alcohol, more freely
in benzene, melts at 213°, and bails a little above 360°. With
picric acid it forms the compound CUH,O + CgH^NO^jOH, crystal-
lizing ia beautiful red needles.

Anthracene has been obtained synthetically by three reactions:—
(1.) I t is formed together with benvsyl-toluene when benzyl chloride

is heated with water in sealed tubes to 180°.
(2.) By passing benzyl-toluene through a red-hot tube, it is resolved

into anthracene and hydrogen; this reaction takes place at a lower
temperature if lead oxide be present.

(3.) By passing the liquid tolylphenyl ketone over red-hot zinc-
dust.

These syntheses are explained by the following equations :—

Antbracouc. Bouzyl.tolucne.
CH

(1) 4 0 ^ . 0 ^ 0 1 = C0H4O )C6H4 + C0H{.CH2.C0H1.CH3 + 4HC1
CH

H C CII
(2) C0H5< * >CaH4 ~ C0H4<| >C0H4 + 2H2

d i g CH

Patanffiracene is formed by exposing a cold saturated solution of
anthracene to the sunshine j it separates out in plates, which are very
sparingly solnble in alcohol and benzene. It is not acted upon by
nitric acid or bromine, and melts only at 244°, being at the same time
reconverted into anthracene.

Iso-anthracene.—Tin's second isomeride of anthracene has been
obtained together with amido-anthracene by the action of tin and
hydroohloric acid on red nitro-anthracene. It is almost insoluble in
cold alcohol, a little more freely in hot alcohol, and readily in ben-
zene, and crystallizes in small silky plates, melting at»247°, and ex-
hibiting a blue fluorescence. It differs from paranthracene by not
being reconverted into anthracene, even if heated to 300°, and by
yielding substitution-products with nitric acid.
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HYDE0-ANTHBACENE8.

DUiydro-anthraeene C,,H,2.—Whilst phenanthrene and naphthalene
are not changed by boiling their alcoholic solutions with sodium-
amalgam, anthracene is, under these conditions, converted into
dihydro-anthracene. It is readily soluble in alcohol, and crystallizes
in nionoclinic plates, melting at 106°, and boiling at 305°, but sub-
liming at a lower temperature in brilliant needles. When heated to
a dull-red heat, it is resolved into anthracene and hydrogen.

ffexaliydro-anthracene Cj4H,a is obtained by heating dihydro-
anthracene with fuming hydriodic acid and amorphous phosphorus to
200°. It dissolves freely in alcohol, and crystallizes in small plates,
melting at 63°, and boiling at 290°. At a red-heat it is decomposed
into hydrogen and anthracene.

The constitution of these hydrides is explained by the following
graphical formula :—

Dihydro-anthraoeno. Hexaliydro-antliraconn.
C H C H 2 C H C H C H 2 C H

H / V V X C H / X ^

HC C C CH HC CH CH CH

CHLORINE AND BROMINE DERIVATIVES.

Anthracene DicMoride CMH1OC1? is obtained by passing chlorine
slowly over anthracene; it crystallizes from alcohol in long needles.

MonocUoranthracene CUH8C1 ia produced afc the same time, and
readily obtained by heating the dichloride with alcoholic potash; it
crystallizes in hard scales.

Dichloranthracme C^HgOL—By passing chlorine over heated
anthracene, higher chlorinated products are formed. Dicliloranfchra-
cene is sparingly soluble in alcohol, but freely in benzene. I t crys-
tallizes in long yellow needles, melting at 209°; its solutions exhibit
a splendid blue fluorescence.

Tetrachlomntkraeene CyHgC^ i3 but sparingly soluble ia alcohol,
and crystallizes from benzene in yellow needles.

JHbromanthracene CuH.Br? is the only compound formed when
bromine is added to a solution of anthracene in carbon disulphide.
I t orystallize84K>in petroleum-naphtha in golden-yellow needles, and
can be sublimed.

DHyroinanthraBem Telrabromide CwH8Br8 is formed when the pre-
ceding compound is exposed to gaseous bromine, and crystallizes
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from hot benzene in hard, colourless needles. By the action of heat
it is resolved into bromine, hydrobromic acid, and tribi'omantkracene
C l t , B 8

Tekabromanthraccne CuH0Br4 is a body resembling the di- and
tri-bromo-eompound, and obtained by the action of hot alcoholic
potash on dibroinanthracene tetrabromide.

MITJtO- AND AMID0-C0MFOUNDS.

These compounds are but little known; dilute, as well as concen-
trated nitric acid, converts anthracene into antliraquinone, but by the
action of nitric acid on an alcoholic solution of anthracene the fol-
lowing nitro-compounds have been obtained.

Bed Nitro-anthraeene O^HjNOg is insoluble in cold alcohol, and
crystallizes from hot alcohol in red needles. When treated with tin
and hydrochloric neid, it yields iso-anthracene and amido-anthracene
CuH0.NH2, which is precipitated by alkalis in yellow flakes; it is a
very unstable body, turning rapidly brown in the air. It dissolves

acids, but does not form definite salts.
White Nitro-anthracenc is more freely soluble in alcohol than the

red compound, and readily in benzene, from which it crystallizes in
colourless needles.

Dinitro-anthraccne C14H8(NO4) is readily soluble in hot alcohol
and benzene, and sublimes in small colourless plates.

Isonitro-atUhracene C^H^NOj ha3 been obtained by boiling iso-
anthracenc with nitric acid; it is sparingly soluble in alcohol, freely
in benzene, and sublimes in pale-yellow needles, melting at 209°.

ANTHRACENESULPHOX1C ACIDS.

AnthraccncmonomlpJiomc Acid CuHj.SOsH is formed by dissolving
anthracene in concentrated sulphuric acid at 100°; ita lead salt
crystallizes in yellowish-white prisms, having the composition
(CuH0.SQ,)2Pb, By heating anthracene with sulphuric acid to 150°,
the disulphonic acid is produced.

Dichloranthracmcdisulphonic Add CuH0Clo(S08H)? is obtained by
heating dichlorantfiracenc with fuming sulphuric acid on a water*
bath. I t forms orange-yellow crystals, which are solnble in water,
but not in dilute acids.

ANTHRAQUHiONE, OK OXYANTHRACENE CUH8O&

Tliis compound is readily obtained by boiling anthracene with
dilute sulphuric acid and potassium dichromate, or with nitric acid.
It crystallizes from hot nitric acid in pale-yellow needles, melting at



448 THE GBBMISTKY OF

273°, and subliming, when more strongly heated, in large yellowish
needles or prisms. I t is a very stable body, resisting energetically
the action of oxidizing agents. It differs from the isomerie phenan-
threne-quinone by not being reduced by sulphurous acid, and not
combining with acid sodium sulphite. When heated with a solution of
soda and zinc-dust it dissolves; on adding an acid to the solution,
mthraliydroquiwm CuH8(OH)a is precipitated in yellow flakes; it
is a very unstable compound, and, even in the dry state, readily
oxidized to the quinone. When anthraquinone is heated with
hydriodic acid and phosphorus to 150°, or when its vapour is passed
over red-hot zinc-dust, it is reduced to anthracene.

Anthraquinone lias been obtained synthetically by passing the
liquid modification of tolyl-phenyl ketone over heated lead-oxide:—

c o c o
)CflH5 + 3PbO = C ^ I | >C9H t + 3Pb + 2HaO

It is also formed as a bye-product in preparing benzophenone from
calcium-benzoate :—

2C9H6.CO.OH = C0H / 1 | >C0H4 + 2H2O
XCO

On the other hand, when anthraquinone is fused with caustic
potash, it is resolved into two molecules of benzoic acid, and by
heating it with soda-lime it yields benzene:—

.CO.CO
CflH4< I I )C8H4 + 4NaOH = 2C0

Paranthraguinom CMH.Oj has been obtained by oxidizing chlo-
rinated anthracene; it sublimes in brilliant red needles, and is con-
verted into common anthraquinone by heating its vapour to 300°.

I$o>anthraquin<me C,4H803 is formed by the oxidation of iso-
anthracene, and crystallizes in beantifnl red needles, melting at 235°,
and dissolving in concentrated sulphuric acid with a pure indigo-blue
colour.

Dichloranthra^uinom C,4H0CLOJJ has been prepared by the action
of chromic acid on tetraelilorantfiraceiie; it forms yellow needles.

Dibromantfiratptinone C,4H6Br,O.i is produced by the action of
bromine on the quinone, as well as by oxidizing tetrabromanthracene.
It forms yellow needles, subliming without decomposition.

MonowUro-anthmquinone C,JBT(N0g)0tf is formed by boiling
anthraquinone with ten parts of concentrated nitric acid for half an
hour. It is a pale-yellow powder, subliming in delicate needles,
melting at 230°.
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a Dinitro-anthraquinone C M H J ( N 0 J ) 0 J is obtained by boiling
anthraquinone with concentrated nitric acid or a mixture of sulphuric
and nitric acids for some hours. I t is a pale-yellow substance, sub-
liming above 250° in yellow needles.

/3 Dinitro-anthraquinone.—This body is obtained, but only in a
small quantity, together with anthraquinone, when anthracene is
boiled with common nitric acid. It crystallizes in yellow needles,
and forms with anthracene a compound, crystallizing from benzene in
splendid violet plates. I t also combines with other hydrocarbons;
all these compounds crystallize well, and are distinguished by their
brilliant colours.

Amid(Mnth,raquinone (^^(NHglOj has been prepared by heating
nitro-anthraqvtinone with a solution of sodium hydiosulphide. I t is
a bright brick-red powder, melting at 256°, and subliming in small
needles. It does not appear to combine with acids.

Diazo-anthraqninone Nitrate C14H^O3N5.NO8 is thrown down as a
pale-red powder wheii nitrogen trioxide is passed into a solution of
the amide in ether-alcohoL

Diamido-arUhraqitinone C^H^NH^O;.—By heating a dinitro-
anthraquinone with an alkaline solution of stannous chloride or
sodium hydrosulphide, it dissolves with a green colours and soon the
diamido-compound separates out as a vermilion-red colour, subliming
in beautiful gftrnet*red needles having a beetle-green lustre.

AnGiraquinom-monosulphonic And Ci4H.(SOsII)O.j is formed by
heating anthraquinone with concentrated sulphuric acid to 250°. It
is more freely soluble in water than in dilute acids, and crystallizes
in yellow plates. The barium salt (CHH7O3S03)2Ba + H,0 is not
very soluble in water, and forms indistinct plates. The calcium salt
(CMH7OijSO3)3Ca is much more freely soluble, and does not crystal-
lize well.

Aidhraquinone-distiiphonic Add CuH0O
u(SOsH)? is obtained lay

dissolving anthracene in five parts of sulphuric acid at 280°. I t is
more soluble than the monosulphonic acid, and forms yellow crystals.
Its salts do not crystallize well.

This acid is also obtained by oxidizing dichlor- or dibvoniantlura-
cene-disulfthonio acids :—

CMHttCla(S08H)4 + Oa = CMHMO3(SOaH)a + Cl,

or by heating dichlor- or dibromauthraccne with sulphuric acid:—

CuHaCla(SO3H)a + SO2H2 = CUH9(O3)(SO3H)4 + SO2 + 2HC1

The same acid has been produced by heating anthracene-disulphonic
acid with manganese dioxide and dilute sulphuric acid.
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OXYANTHBAQUINONES.

The following phenols of anthraquinone are known, and althoagh
they have not all been obtained from anthraquinone, they are deri-
vatives of this body; this is shown by the fact that red-hot zinc-
dust reduces them to anthracene.

Monoxyanthraquinone CUH70^(OH) is produced by fusing the
monosulphonic acid with caustic potash. It is sparingly soluble in
water, and readily in alcohol, and sublimes in lemon-yellow plates.
It dissolves in alkalis with a reddish-yellow colour; the barium salt
crystallizes from hot water in microscopic yellow needles, consisting
of G^iO^O^B&fHfi.

Monozyantliraquinonesufokanic Acid CUEIgO^OHJSOjH is formed
when anthiaquinonedisulplionic acid is fused with potash until the
blue mass which is first formed assumes a violet tinge. The free
acid forms yellow crystals, and forms two series of salt3; those con-
taining one equivalent of a metal have a yellowish-red colour, and
those with two equivalents are blue.

DIOXYAHTHIMQUINONES OMHaOs j

interesting and important compound exists in
madder-root (Mubia tinctaria) as glucosido, called rwnanie, or rulery-
thric add; on boiling it with alkalis or acids it is resolved into
glucose and alizarin. The same decomposition is produced by the
action of a ferment contained in the root, and therefore ground
madder, wliioh 1ms been exposed to the air for some years, contains
free alizarin, which may be extracted with ether or petroleum-spirit.

Alizarin is produced artificially by fusing dibromanthraquinone,
antliraquinone'disulphonic acid, dinitro- or diamidoquiuone with
potash until the mass has assumed a fine violet colour:—

+ 2K0H - OMH,O»

On dissolving the product in water, and adding an acid, impure
alizarin is obtained as a yellow precipitate.

It is also obtained by the same reaction, together with anthra-
quinone, by using anthraquinone-monosulphonic acid.

Artificial alizarin is now manufactured in considerable quantity.
Alizarin crystallizes from alcohol in yellowish-red needles, contain-

ing three molecules of water,-which escape at 100°. By heating it
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strongly it sublimes in brilliant red needles. I t is but slightly
soluble in water, but freely in alcohol and ether.

I t dissolves in ammonia with a purple colour, and in potash or
soda it yields a solution which, in transmitted light, appears bluish-
purple, and, in reflected light, pure blue. This solution gives a very
characteristic absorption spectrum (see Fig. 14, No . 4).

Ho potash . . .

Purpurin' in mi-Inn sulphide

Jnothet . . . .

Alizarin In pot*Jh

Fio. 14.

B y adding barium chloride to the ammoniacal solution, a blue pre-
cipitate, consisting of CyH^O'.JOJBa, is obtained; calcinra chloride
yields a.similar compound. Alum and stannic salts produce red
precipitates in the alkaline solution, and f e m e salts a blackish-violet
one.

The propfirty of alizarin to form insoluble colonred metallic com-
pounds is made use of in dyeing and printing. To produce madder-
colours on. calico, the desired pattern is printed on the cloth as
mordant. For pinks and reds, a solution of aluminium acetate (red
liquor), which is thickened wi th gam or starch, is used; and for
purples and blacks, ferrous acetato (iron-liquor) is employed, whilst a
mixture of the two salts produces brown or chocolate shades. The
mordanted cloth is next " aged," or hung up in a warm airy room,
whereby the acetic acid is expelled, and the oxides are fixed in the
fibre. The cloth is now brought into the dye-bath, consisting of
boiling water and old ground madder-root*, the alizarin is gradually
dissolved and absorbed by the oxides.

Artificial alizarin is chiefly used for " topical" printing; for this
purpose i t is printed together with the mordant on the cloth, which is
then " steamed" or heated to 100°; the alizarin dissolves in the free
acetic acid, which soon volatilizes, whilst the alizarin combines with
fche oxides. The colours tlms produced are more brilliant- than thosa
obtained by dyeing with madder.

To dye "Turkey-red" on cotton, the goods are mordanted with
oxidised olive-oil and alum, and then brought into the dye-bath
containing raadder-roofc or alizarin; the colour thus produced contains
fatty acids combined with alumina and alizarin.

When an alkaline solution of alizarin is heated with tin, it becomes
yellowish-red, and contains tetroxyarUhraeene CMH8(OH) t , which is

0 <J Q
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precipitated by acids in yellow flakes; it readily absorbs oxygen, and
is reconverted into alizarin.

( OH
Methyl-alizarin CuH0O"2-J Q«TJ is obtained by heating alizarin

with methyl iodide, potash, and methyl alcohol It forms longyellow
needles, having a reddish tinge, and subliming in lustrous scales.
It does not dissolve in cold alkalis, but hot potash dissolves it with a
bright cherry-red colour, the compound C^HgCT^OCHgJOK being
formed, which is also obtained in dark-red needles by adding alcoholic
potash to an alcoholic solution of methyl-alizarin,

JDiacetyl-aiizaHn (LHeO'^OCgHgO). is prepared by heating aliza-
rine with acetic anhydride to 160°. it crystallizes from alcohol in
pale-yellow flat needles or plates, melting at 160°, and is rapidly de-
composed by hot alcoholic potash.

Anthraflavin, or Anthraflane Add.—This isomeride of alizarin
occurs together with- oxyanthraquinone and other products in com-
mercial artificial alizarin. It sublimes in golden-yellow needles or
Elates. The barium salt 2CMH»O''2(O2Ba) + 13H2O crystallizes from

ot water in reddish-brown needles.
Miacetyl-antkraftavin CMH»0"o(OC2HsO). is obtained by the action

of acetic anhydride on anthraflavin at 160°. It crystallizes from
glacial acetic acid in beautiful pale yellow plates or needles, melt-
ing at 228°, and is easily decomposed by alcoholic potash.

Quinizarin CuHB0"a(0H)2 is formed together with hydroquinone-
phthalein (page 412), when a mixture of hydroquinone and phthalic
acid is heated with sulphuric acid :—

fCO.OH CO
C0H A + C9H4(0H)a = C6H / 1 | X H , ( 0 H ) , + 2H8O

(CO.OH (XT

It crystallizes from ether in yellowish-red plates, and from alcohol
in deep-ied needles. It dissolves in alkalis with a blue colour; and
this solution gives with barium chloride a blue, and with ferric
chloride a brownish-red precipitate, and with alumina it forms a red
lake. Quinizarin has the greatest resemblance to alizarin, but differs
from it by its absorption-spectrum, and by the strong greenish.yellow
fluorescence which its solution in ether or sulphuric acid exhibits.

Chrysophanic Acid OMH0O"j(0H)e ocours in the officinal Ehubarb-
root (from one or several nnaefinect species of Mheum growing in
China and Central Asia), and exists also in the root of Eumex oblusi-
folius, in the lichen Parmelia famiina, and in the bark of Cassia
b^uga. It is obtained by extracting rhubarb-root with efcher, and
crystallizes in tasteless golden-yellow needles, dissolving in alkalis
with a deep-red colour; by the action of sodium-amalgam this soln-
tion becomes colourless, but assumes again the original colour in
contact with air. I t forms, like the other dioxy-anthraquinones, a
diacetyl-compound.
. Telranitrocfirj/sopluinie Add C ^ ^ N O ^ C O H ) , , or Chvysamic
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Acid ia obtained by the action of nitric acid on chrysophanic acid
and on aloin (the bitter principle of aloes). It forms thin, yellow,
fern-shaped crystals, resembling lend iodide, and dissolving sparingly
in water with a purple colour. Barium chrysamaU CuI^O"2(lf02)4
O4Ba + 2H3O is obtained in red crystals by adding barium acetate
and acetic acid to a solution of the potassium salt. Lead clirysamato
CMHiiO

<'j(NO2)4CU)b + 4H20 is produced in a similar way, by using
lead acetate, and forms crystals exhibiting a magnificent bronze
reflection.

Eydrochrysamide C^O'ISE^O^OE)-—When chrysamie acid
is boiled with a solution of potassium sulphide, it dissolves with a
deep-blue colour, and, on cooling, hydrochrysamide separates out in
crystals, having a blue colour and copper-red reflection.

Frangulic Acid CMH0O"2(0H)a occurs as glucoside, called fmngulin,
in the bark of JRIiamnws frangula; on boiling it with hydrochloric
acid, it splits up into glucose and frangulic acid, which crystallizes
from alcohol in orange-yellow needles or quadratic plates, containing
one and a-half molecules of water. I t dissolves in potash with a
cherry-red colour, which disappears on boiling it with zinc-dust, but
comes baek again in contact with the air. Barium chloride gives,
with the red solution, a red precipitate.

Diacetyl-frangidk Acid CuH0O*'?(OC8H3O)2 is formed by heating
frangulic acid with acetyl chloride. It crystallizes from boiling
alcohol in small, yellow, lustrous plates, melting at 184°.

TittOXYAN-TflBAQUINONKS

Purpiirin exists in the free state, and as glucoside, in madder-root,
and may be extracted by a solution of alum, in which alizarin is in-
soluble. It crystallines in yellow needles, with one molecule of
water; on heating, the water is given off, and purpurin sublimes hi
red needles. It dissolves sparingly in water, and more freely in
alcohol, with a red colour, which on adding on alkali becomes darker,
but not purple. The calcinm and barium salts are purple precipi-
tates. The solutions of purpurin give different absorption-spectra
(Fig. 14), which enable us not only to deteot the merest trace of pur-
purin present in the midst of a quantity of impurities, but also to
distinguish it from alizarin, which gives a totally different spectrum.

Nitric acid oxidises purpurin to oxalic acid and phthalic acid.
Mitnjistin is found together with purpurin in Munject, or the

Indian madder (RvJbict Munjista). It is soluble in hot water, in
alcohol, and ether; its ethereal solution exhibits a fine fluorescence,
resembling that of a solution of quinizarin.

Munjistin crystallizes in yellow plates, and dissolves in alkalis
o a 2
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with a crimson colour; it dyes on alum-mordant a light orange, and
e fVTT

on iron-mordant a brownish-purple. The lead salt CMH6O"2-j
is an orange precipitate.

Anthrapurpurin has been found in commercial artificial alizarin,
and is isolated by dissolving the crude colouring matter in dilute
sodium carbonate, and agitating the liquid with precipitated alumina,
•which combines with the alizarin. On adding hydrochloric acid to
the nitrate, anthrapurpurin, mixed with anthrafiavic acid, and other
bodies is precipitated, from which it is separated by boiling with
alcoholic soda; anthrapurpurin forming a soda-compound, which is
with difficulty soluble in alcohol. This is then dissolved in water,
and barium chloride added; a purple precipitate is formed, which
is washed and decomposed by an acid. It is deposited from boiling
acetic acid in small groups of minute orange-coloured needles.

Anthrapurpurin dissolves in alkalis with a bluish-violet colour, and
forms with alumina a red lake. It has about the same affinity for
mordants as alizarin, giving similar shades, but the reds are much
purer, the purples more blue, and the blacks more intense. When
used to dye Turkey-red, it produces a brilliant scarlet, which is of a
remarkable permanence. Its alkaline solution gives a spectrum re-
sembling that of alizarin.

Diacdylanthrapurpwrin CMH60
Mo(OCaH.O)g is formed by heating

anthrapurpurin with acetic anhydride to 160 . I t crystallizes from
glacial acetic acid in beautiful pale-yellow glistening scales, melting
at 221°.

TETROXYANTHRAQ0INONES ^fi
( O H

Anthrachrysone is a derivative of a dioxybenzoic acid, and obtained
by heating this compound with sulphuric acid to 140*:—

2C«HS(OH)8CO.OH o 2H,0 + CaHs(OH),<((f ^

I t is a golden-yellow crystalline powder, which is almost insoluble
in water; when heated it gives off a quinone-like smell, but does not
melt at 320°, On adding barium chloride to its ammoniacal solution,
the salt C11H4O",(OH)«O.?Ba orystalHzes out in dark-red needles.
The magnesium and aluminum salts are amorphous red precipitates,

Anthrachrysone dyes on iron-mordants a brown colour, and on
alumina-mordants a colour like that of alizarin, but duller.

Svfiopin.—When narcotine (see Opium-alkaloids) is oxidized, it
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yields opianic acid, and this body is converted into rafiopine by
heating it with concentrated sulphuric acid to 180°:—

fOCH, CO
COH + 6H£0 4 = CflHB(OH)/1-1 >C9H2(OH)2 +

tCO.OH XCO'
3COS + 5SO2 + 9H2O

Eufiopin is sparingly soluble in hot water, and separates from it in
small yellow needles, and from alcohol in indistinct yellowish-red
crystals. In alkalis it dissolves with a red colour, and with ammonia
it forms a reddish-brown solution Calcium chloride gives with
these solutions a reddish-violet, and barium chloride a violet precipi-
tate. On mordanted cloth it dyes colours lesembling those produced
by alizarin.

HEXOXYANTHKAQUIKONE, OK KUFIGALLJC ACID, C0HjO"4(OH)e.

When gallic acid is heated with sulphuric acid in a water-bath, the
liquid assumes a dark purple colour, and on adding water, a red crys-
talline precipitate of rufigallic acid is obtained, which on heating sub-
limes in yellowish-red needles. Concentrated potash colours it blue,
and on addition of water it dissolves with a violet colour. It dyes
mordanted cloth like alizarin, but the colours are not very brilliant.
By fusing it with potash it is resolved into oxyquinone and foiroie
acid:—

.CO
C8H(OH)8<(| j\C f lH(OH)3+ 2K0H » 2CaH8(OH)O2" + 2COH.OK

Oxyquinone forms microscopic, pale yellow needles; on adding
ferric chloride to its aqueous solution, it colours first violet and then
bluish-green.

DIME'1'HYI..ANTHRACENE

When xylyl chloride is heated with water to 210", it yields
dimethyl-anthracene and the hydrocarbon CHa j C H ( C H ) ' &U^ ^ e

latter, when passed through a red-hot tube, is also converted into
dimethyl-anthracene. These reactions are perfectly analogous to the
syntheses of anthracene (page 443):—



454 THE CHEMISTRY OF

A0-

2H2

Dimethyl-anthracene has the greatest resemblance to anthracene;
it melts at 200°, and sublimes in white plates, exhibiting a bluish-
violet fluorescence.

Anlhraeenecaiionic Add CUH,,.CO2H.—This compound stands in
the same relation to anthracene as benzoic acid to benzene; it is pro-
duced by heating anthracene with carbonyl chloride to 200° for ten
hours, and digesting the product with dilute sodium carbonate. I t
crystallizes from alcohol or hot water in needles, melting at 206°, but
being slowly resolved at the same time into anthracene and carbon
dioxide; this decomposition takes place quickly by heating it with
soda-lime. A solution of chromic trioxide in acetic acid oxidizes it to
anthraq[unione :—

CMH0.CO2H + 30 = CMH8O2" + CO2 + H2O

PYBENE CWH1O.

When coal-tar is distilled until only coko is left in the retort, a
yellow greasy substance passes over towards the end. By treating it
with carbon disulphide, pyrene is dissolved. It is purified by recrys-
tallizing repeatedly from alcohol, and then mixing its cold alcoholic
solution with a solution of picric acid. The red crystalline precipitate
C,QH,0 + CJEIgtNO^jOH thus obtained is decomposed with ammonia,
and the hydrocarbon crystallized from alcohol,

Pyrene is obtained by the slow evaporation of its solution in
rhombic plates melting at 142°.

Heaxihydropyrene C,8HW is produced by heating pyrene with strong
hydriodic acid and amorphous phosphorus to 150°. It crystallizes
from alcohol in needles or prisms, melting at 127°, and does not com-
bine with picric acid. At a red heat it decomposes into pyrene and
hydrogen.

Nitropyrcnc 0WH9.NO, is readily formed by heating pyrene with
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weak nitric acid. It separates from an alcoholic solution iu yellow
needles or prisms, melting at 142°.

Dinitropyrene CjgHg^OJg is obtained when pyrene is toiled with
nitric acid of spec. grav. 1.45. It is insoluble in alcohol, and crystal-
lizes from acetic acid in slender yellow needles.

Tetmnitropyraie CJ8H8(NOJ)4 is formed by the action of boiling
concentrated nitric acid on dinitropyiene, and crystallizes from acetic
acid in glistening plates or needles.

Bromine-derivatives,—When pyrene comes in contact witli cold
bromine-vapour, it is converted into dibromopyrene dibromide
CLHaBr^ which crystallizes from nitrobenzene in pale yellow needles,
Trbromojn/rene GieELiBTa is formed by the action of bromine on a
solution of pyrene in carbou disulphide; it is almost insoluble in
alcohol, ether, and carbon disulphide; from boiling nitrobenzene it
crystallizes in colourless needles.

Pyroqwium G^R^if?—To prepare fchis compound, pyrene is dis-
. solved in glacial acetic acid, and solid chromic trioxide is added to
the solution. It crystallizes in red needles or prisms, dissolving in
concentrated sulphuric acid with a brown colour. Bed-hot zinc-dust
reduces it like other quinones; the hydrogen required for this reduc-
tion being furnished by zinc hydroxide, which is always present:—

0wF8Os + 3Zn + Zn(0H)2 = CwH10 + 4ZnO

CHRYSENE

On exhausting fche yellow body, which has been mentioned under
pyrene, with carbon, disulphide, ft granular powder, resembling flowers
of sulphur, and consisting of impure chrysene, is left behind. It is
but sparingly soluble in the common solvents, and crystallizes from
boiling alcohol i& rhombic plates, melting at 250°. "With picric acid
it forms a compound, crystallizing front benzene in brownish-orange
needles.

Nitroehrysmc C,8Hu.E'Oj is slowly formed when chrysene is boiled
with absolute alcohol and nitric acid; it forma orange crystals.

Tetranitwrhrysene C,?H8(NO2)4 is obtained by dissolving the hydro-
carbon in fuming nitric acid as a yellow powder, which is only
sparingly soluble in most solvents.

Chrysoquinone C18H,00"8 is produced by the action of chromic tri-
oxide on a solution of chrysene in acetic acid. It crystallizes from
hot alcohol in red rhombic prisms or plates, dissolving in strong sul-
phuric acid with a splendid bhie colour. On boiling it with potash
and zinc-diist, a yellow solution is formed, from which acids precipi-
tate ehrysohydroguinone C18H1O(OH), in nearly colourless flakes; it in
easily oxidized again to the quinone.
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RETENE vjjii,,,

This hydrocarbon has been found in wood-tar from Finland; it
forms colourless crystals, melting at 99°. Chromic acid oxidizes it to
acetic acid, phthalic acid, and dioxyrcsistene 0 ieHu02, a brick-red
powder, possessing the properties of a quinone.

IDBIALENE O^iw

The mineral Idrialite, occurring in the mercury-mines of Idria,is a
substance resembling coal, and contains idrialene, which may be ex-
tracted by benzene. Idrialene form!) small colourless plates, melting
above 285°, and dissolving in concentrated sulphuric acid with a blue
colour. Chromic acid converts it into Idrtopu'wme CMH12O"2, a red
crystalline solid, dissolving in sidphuric acid with a brown colour.

Idrialene is the last member of a series of hydrocarbons, which are
derived from benzene by the successive addition of C<Hr Their
chemical properties show that they mutt have a very similar consti-
tution, and consist of closed chain3 of carbon-atoms; for oxidizing
agents do not convert them into acids, like the homologues of benzene,
but into quinones. The following belong to this series;—

Benzene . .

Naphthalene.

Pheuanthreue \
Anthracene J

Chryseue , .

Idrialene . .

CflH8

cwH8

CH«I»

CWH,3

Pyrene does not belong to this group, but it also contains a closed
chain of carbon-atoms. It is isomeric with diphenyl-diethine ; both
hydrocarbona contain, o? all known definite carbon-compounds, rela-
tively the largest amount of carbon, viz., 95 per cent., or even more
than anthracite.

ON THE CONNECTION EXISTING BETWEEN THE COLOUR AND
MOLECULAR CONSTITUTION OF CARBON-COMPOUNDS.

THE great majority of carbon-compounds is colourless j among the
aromatic compounds, however, a number of bodies is found, having
the characteristic colours, or possessing the property of reflecting only
certain rays of light
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T h e s e co loured c o m p o u n d s h a v e o n e property in c o m m o n : t h e y a l l
c o m b i n e w i t h n a s c e n t hydrogen , w h e r e b y c o l o u r l e s s bodies are p r o -
d u c e d Thi s p r o v e 3 t l i a t they c o n t a i n cer ta in a t o m s more c l o s e l y
c o m b i n e d thau i s n e c e s s a r y for k e e p i n g t h e m o l e c u l e toge ther , a n d
therefore th is c l o s e r c o m b i n a t i o n m u s t be t h e c a u s e o f the c o l o u r a t i o n .

T h u s the q u i n o n e s o f b e n z e n e a n d n a p h t h a l e n e h a v e either a y e l l o w
or g r e e n colour, w h i l e t h e o x y q u i n o n e s o f a n t h r a c e n e (al izarin, &c.)
are m o s t l y red. T h e y c o m b i n e w i t h h y d r o g e n , forming c o l o u r l e s s
h y d r o q u i n o n e s , a n d co lour less c o m p o u n d s are a l s o produced b y c o m -
b i n i n g t h e two a t o m s of o x y g e n w i t h ac id or a lcohol -radica l s . F r o m
t h i s i t appears t h a t t h e c o m b i n a t i o n o f t h e o x y g e n - a t o m s is t h e c a u s e
of t h e c o l o u r : —

Quinone Qninliyilione Hytiroqninouo
(yollow). (green), (colourless).

( O f O - O C 9 H , O H i 0 H
( y )

f , H ( O s
^ . H * ( 0 >

Azo-compounds have either a red or blue colour, and yield, by
reduction, colourless hydrazo-connxmnds; their colour is, therefore,
due to the double linking of the nitrogen-atoms:—

Azobcnzono Hjjrazobonzcno
{ml). (colourless).

» - Q , U 3 HN-C 0 H 6

N-C,H S HN-C0HB

ludigotin Hydro-indigotiu
(blue). (colourless).

N—CaH..CO.CH HN—(LH..CO.CH
II ! I HI H

0 4 HN-—C0H4.CO.CH
Maftdala-veil. AzoJipli

N-C1 0H7 N - O . i l ,

N-CWH6.NHCC1OH7)

AzoJiplicnyMilue.

Similar relations exist undoubtedly between rosaniline and leueani-
me, and betweea the phenol-ooloura and theiv products of reduction.

OBSTRUCTIVE,' Dt8TIUAT10N.

W h e n a o n - v o l a t i l e carbon-conipounds are h e a t e d , they u n d e r g o d e -
c o m p o s i t i o n , a n d are reso lved i n t o different p r o d n c t s , vary ing w i t h t h e
n a t u r e o f the s u b s t a n c e a s wel l a s w i t h t h e m o d e o f heat ing .

T h e d e s t r u c t i v e or d r y dis t i l la t ion of coa l , b i t u m i n o u s s h a l e , w o o d ,
p e a t , & c , i s carr ied on for the p u r p o s e of o b t a i n i n g i l l u m i n a t i n g g a s ,
a s w e l l a s the l i q u i d a n d sol id products .
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Crude coal-gas contains hydrogen, marsh-gas, and other paraffins,
olefines, acetylene, vapour of benzene, and other volatile hydro-
carbons, carbon monoxide and dioxide, carbon disulphide, hydrogen
sulphide, &c.

The liquid products separate, on standing, into two layers. The
aqueous solution obtained from coal contains chiefly ammonia, whilst
that from wood contains methyl alcohol, acetic acid, and other fatty
acids, methyl acetate, dimethyl ketone, dimethylaoetal, &c.

The composition of the dark oily layer, or tar, is very varying and
complicated. The following bodies have been found in different kinds
of tar:—

(1.) Paraffins occur chiefly in tar which has been obtained from
bodies containing a relatively large quantity of hydrogen, such as
cannel and boghead-coal.

(2.) Olefines exist also principally in the same kinds of tar.
(3.) Hydrocarbon of the acetylene.series.
(4.) Benzene and methylated benzenes.
(6.) Naphthalene, acenaphthene, phenanthrene, anthracene, pyrene,

dbrysene, retena
(6.) Phenol, oread, and homologues.
Wood-tar contains also pyrocatechin and homologues, as well aa

their methyl-ethers (creosote).
(7.) Aniline, toluidine, and homologous bases.
(8.) Ficoline and leucoline-hases.
The formation of these different bodies is partly explained by the

following oleervations.
When a carbon-compound burns in a limited supply of air, there is

always some acetylene formed, and such an incomplete combustion
takes place ab tho beginning of the dry distillation. On exposing
acetylene to a dull-red heat it undergoes polymerization, and yields
benzene, styrolene, and other products, among which hydrogen and
naphthalene have been observed.

At a bright-red heat, acetylene is resolved into hydrogen and car-
bon, but at the time some marsh-gas, ethene and naphthalene are
produced.

Acetylene and hydrogen combine at a dull-red heat with the forma-
tion of ethane and ethene.

When benzene is exposed to a bright-Ted heat it yields dipheayl,
diphenyl-benzene, and other hydrocarbons.

Toluene produces, under the same conditions, marsh-gas, benzene,
naphthalene, anthracene, &e.

The xylenes and pseudocumene yield similar products, and the
different hydrocarbons thus formed undergo further transformations
by acting on each other at a high temperature.
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GLTJCOSIDES.

Nearly all plants contain peculiar compounds, which have the pro-
perty in common to be resolved into a sugar, and other compounds, by
the action of acids, alkalis, or ferments. Some of these glucosides
occur also in the animal kingdom.

The chemical character of these bodies shows that they are com-
pound ethers of sugar or of bodies nearly related to them, such aa
gum, starch, &c.

The number of glucosides known is very large, and most of them
yield products of decomposition belonging to tlie aromatic group.
We can describe here only those of more importance.

Myronic Acid C10H,9NSjO10.—The potassium-salt of this acid exists
in the seed of the black mustard, and is obtained by boiling the
crushed seed3 with alcohol, and exhausting the residue with water.
I t crystallizes in silky needles; on boiling it with baryta-water, or by
the action of a ferment called myrosin, which is contained in the
seed, it splits up into mustard-oil, glucose, and acid potassium sul-
phate :—

CJ0H18KNSaOw = C4H6NS + Cfi.fi, + HKSO,

The free myronic acid, which has been prepared by decomposing
the potassium-salt with tartaric acid, is a very unstable compound.

When silver nitrate is added to a solution of the potassiuin-salt, a
white precipitate consisting of C4H6NAg»S2O4 is formed, and glucose
remains in solution. Hydrogen sulphide decomposes this salt into
Rulphnr, silver sulphide, sulphuric acid, and crotonitrile :•—

C1H6NAg8S8O4 + HaS = S + AgaS +

GLUCOSIDES OF TIIE AfiOMATIC GROUP.

Amygdalin (LJH^NOJJ occurs in the kernels of cherries, plums,
apricots, &<x, and in large quantity in bitter almonds and the leaves
of the common laurel; it exists also in the leavea of the bird-cherry
(Primus Padits) and the sprouts and bark of the mountain-ash, and
in other plants belonging to the family of Dmjmcae and Amygdalae.

To prepare it, the paste of bitter almonds, from which the oil hns
been expressed, is exhansted with boiling alcohol, the solution con-
centrated, and the amygdalin precipitated by adding ether. It is
thus obtained in pearly scales, crystallizing from water in transparent
ptiams with three molecules of water.

When amygdalin is treated with dilute acids, or when enudsin (the
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ferment of bitter almonds) is added to the aqueous solution, it splits
up into prussie acid, benzaldehyde, and glucose:—

0 {
CflHBCO)

I + 2H2O = CNH + C6H5.COH + 2C9Hli!O<

Emulsin loses its active properties when heated to 100"; therefore
in preparing oil of bitter almonds the paate must be mixed with cold
water, and allowed to stand for some time before it is distilled.

Salicin CMH«O7 is found in the young bark of several species of
•willow and poplar, and in castoreum (the prepulial follicles of the
beaver). It is obtained by exhausting the bark with boiling water,
and digesting the concentrated solution with lead oxide, to remove
gum, tannic acid, &c. After filtering, the liquid is treated with
hydrogen sulphide, and the clear solution evaporated to the con-
sistency of a syrup. On standing, salicin crystallizes out in colour-
less prisms, melting at 198°, and possessing a bitter taste.

By the action of emulsin or saliva on its aqueous solution it is re-
solved into glucose and saligenin, or salicyl alcohol:—

SftS;} 0 + H2O = C6H12O6 + CaH4(0H)CH3.OH
Chromic acid-solution oxidizes it to s&lieylaldehyde, formic acid

and carbon dioxide.
Populin ĈHjjgOj + 2H2O occurs with salicin in the barks and

leaves of the aspen, and is separated from salicin by precipitating it
with potassium carbonate from the aqueous solution. It crystallizes
in small prisms having a sweet taste. Boiling baryta-water resolves
it into salicin and benzoic acid:—•

Vopulin has been produced artificially by tha action of benzoyl
•hloride on salicin.
Helicin CUHWO7 is obtained by oxidizing salicin with dilute nitric

icid. It is a crystalline substance, having a slightly bitter taste. By
preating it with eniulsin or dilute acids it yields glucose and salieyl-
.aldehyde:—

C18HwOy exists in the leaves of the bearberry (Arbutus
Ura-wrsi), from whioh it is obtained hi the same way as salicin from
willow-bavk. It is freely soluble in water, and crystallizes in needles
having a bitter taste. Emulsin or dilute acids decompose it into
glucose and hydroquinone:—
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Concentrated nitric acid converts it into diuitro-arbutin, which by
boiling dilute sulphuric acid is resolved into glucose and dinitrohydro-
quinone.

Phlorizin CS,H?4O1O + 2H2O occurs in the root-bark of the apple,
pear, plum, and cherry-tree, and is obtained by exhausting the bark
with hot dilute alcohol. It crystallizes from boiling water in silky
needles, possessing a bitter taste. On heating it loses water and melts
at 108". On boiling it with dilute acids it splits up into glucose and
phloretin:—

O2lH2Ao + 2H8O = CoH12Oa + C1SH14O8

Phloretin C,5Hn0a forms crystalline scales; boiling alkalis decom-
pose it into phloretic acid C.H4(OH)C8H6O2 (page 395) and phloro-
glucin CaH3(0H). (page 344).

Phlorizin has therefore the following constitution:—

C0Hx,O61 o

C8H4(0H)C2H4.COjo

JEsculin CaH24Olg exists in the bark of the horse-chestnut and
other trees of the genera dSsculus and Pavia. It is sparingly soluble
in cold and more freely in hot water, and crystallizes in colourless
needles having a bitter taste. Its aqueous solution, even if very
dilute, exhibits a beautiful sky-blue fluorescence. By boiling dilate
acids or emnlsin it is decomposed into glucose and tesculetin:—•

02iH84O13 + 3H4O = 2C8H12O6 + C9HaO4

uEseuldin C9Hg0t is also found in the free state in the bark of the
horse-chestnut. It is sparingly soluble in water, and forms needles
having a bitter taste. Boiliug potash decomposes it into formic acid,
oxalic acid, and protocatechuic acid CjHjtOH^COgH.

Qwrcztrin CgjH^Oj is the colouring matter of " quercitron " (the
bark of Querctis tinctoria), and occurs also in the flowers of the horse-
chestnut. It is sparingly soluble in water, and forms small yellow
crystals. By boiling it with dilute sulphuric acid it yields isodulcite
(page 280) and guercetin.

Qitercelin, or Flavin C^HjoO^, exists also in the free state in the
common heather, in tea, ana the root-bark of several trees. It is
sparingly soluble in water, and sublimes in yellow needles. When it
is heated with caustic potash different products are formed, among
•which have been found phloroglucin, protocatechuic acid, and querci-
merie acid CH^(OH)(COjH)., which crystallizes in thick prisms, and
gives with ferric chloride a bluish-black colour.

The following compounds have great resemblance to queroitrin;
they yield as products of decomposition quercetin and peculiar
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sugars, which are different from isoduleite. Kvtin exists in capers
and the common rue; Melin, is the colouring matter of Persian berries,
and Eobinin occurs in Bobinia pseud-acacia.

Carmwie Aeid CyB^O^ is found in cochineal and in the flowers
of Monarda didyma. It is prepared by exhausting cochineal with
boiling water, and precipitating the solution with lead acetate. The
precipitate is well washed, and decomposed by hydrogen sulphide j
on evaporating the filtrate at a low temperature, carminic acid is ob-
tained as an amorphous brownish-purple mass. Its salts are purple
or red; the splendid pigment "carmine" is the aluminium-com-
pound.

When carminic acid is boiled with dilute sulphuric acid it is re-
solved into a non-fermentable sugar and cavmiii-ved CjjH^Oy, which
is a weak acid, and dissolves in water with a red colour.

When heated with strong nitric acid, carminic acid yields oxalic

acid and nitrococeusie, or trinitrocresotic add C^NO^gOH -! QOSTT

+ H4O, crystallizing in large silvery plates, and forming very explo-
sive salts. On heating it with water to 180* it is resolved into carbon
dioxide and trinUrocresol, which is identical with that obtained from
coal tar-cresol.

By fusing carminic acid with potash it yields acetic, oxalic, and
8uccinic acids and coccinin CUHUO*, a yellow crystalline body.

Bqjkocdn CjaH10O0 is obtained by heating carminic acid (or car-
mine) with sulphuric acid to 140°. I t is a red crystalline powder,
which, when heated with water under pressure, is converted into
orange-ied needles, and dissolves in alkalis with a red colour. By
heating it with zinc-dust the hydrocarbon C^H™ is obtained, sub-
liming in white plates, melting at 188°, and yielding by oxidation a
yellowish-white quinone. This hydrocarbon is probably a derivative

of anthracene, having the constitution CMHg^ I .

Buficarmin OieH,8Oo has been produced by heating carmine with
water to 200°. It is a carmine-red powder, which is insoluble in
water but dissolves freely in alcohol.

Indican QuB«Ffiu occurs in all the plants yielding indigo, and
sometimes in urine, and forms a pale-brown syrupy liquid, having a
bitter taste. By the action of ferments or dilute acids it is decom-
posed into indigotin, a- kind of sugar, and other products.

frangulin C ^ H ^ o is prepared by exhausting the bark of
Bhaiavm frangtda with alcohol It is a lemon-yellow crystalline
powder, which dissolves in alkalis with an intense cherry-red colour,.
and is by boiling hydrochloric acid teaolved into glucose and fcangulic
acid (page 451) :—

4 4-

Riibiamc Acid, or M-uherythrie Acid CJOHJJO,^ exists in the fresh
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madder-root and in Morinda citnfolia. It is obtained by exhausting
the Toot with water, and adding lead acetate to the solution to pre-
cipitate several acids and other bodiea The filtrate gives with basic
lead acetate a precipitate of lead rubianate, which is decomposed by
hydrogen sulphide It crystallizes in silky yellow needles; by boil-
ing it -with dilute alkalis or acids it is resolved into alizarin and
glucose. The same decomposition is caused by tho action of a
ferment, which is contained in the root, and has been called eryth
rozijme;—

{ g ^ g 2C0H1 2O0

TANNIC ACIDS.

These compounds form a group of bodies which are widely diffused
through the vegetable kingdom. They are soluble in water, and have
an acid reaction and a veiy astringent taste. "With ferric chloride
they yield bluish-black or green precipitates, and with gelatin they
form an insoluble compound. They also combine with animal skin,
which thereby acquires the property of resisting putrefaction. For
these reasons tannic acids or the materials in which they occur are
largely employed in the preparation of leather, ink, in dyeing and
printing, &ft

Tannin, or Gallotannic Acid, occurs in quantity in nutgolls, and
exists also in sumach (Ehus coriaria,) and some other plants. To pre-
pare it, powdered nutgalls are exhausted with commercial ether; the
solution soon separates into two layers, the upper one consisting
chiefly of ether, and the lower one of a syiupy solution of tannin in
water, containing some ether. On evaporation, tannin is loft behind
as an amorphous, porous, andjriable mass. It is freely soluble in
water, less iu alcohol, and only sparingly in ether. "With ferric salts
it gives a bluish-blaclc precipitate, and with tartar-emetio a white one.
It precipitates also the solutions of most alkaloids, of starch, gelatin,
albumen, &c.

When tannin is hoiled with a dilute mineral acid it assimilates
water, and yields gallic acid and glucose. The same decomposition
takes place when powdered nutgalls aro. moistened with water and
exposed to the air.

The formation of gallic acid is generally explained by the equa-
tion ;—

+ 4HaO - C9HMOtf + 3C7H0O6

Kecent researches have however shown that commercial tannin con-
tains a large quantity of digallic acid (page 373), which by the as-
similation of water is also converted into gallic acid. On the other
hand, there cannot be any doubt tliat taunin contains a glucoaide of
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gallic acid or digallic acid, because sqgar lias been obtained from it,
and alcohol is formed by the fermentation of nutgalls.

Caffeetannie Acid C,6HJgO8 exists in coffee and Paraguay tea ; it is
a yellow brittle mass, which does not precipitate a solution of gelatin,
and gives with ferric chloride a green precipitate. On boiling it with
potash it yields a sugar and cciffeic acid CgH^OH^CgHjj.COjH
(page 397).

Quinotanndc Add is a substance resembling tannin, and exists in
combination with quinine and other alkaloids in Cinchona-barks. It
gives with ferric chloride a green precipitate, and on boiling it with
an acid it yields a sugar and cineluma-red Cj,H2«Ou, which also
occurs in the free state in the barks; it is a brownish-red amorphous
body, having acid properties. By fusing it with potash it yields
acetic acid and protocatechuic acid.

Quercotannic Acid-is found in the bark of the oak, and forms a
yellowish-brown mass, which precipitates ferric salts deep-blue, and is
resolved by boiling dilute acids into a sugar and amorphous qxicrcw-
red; on fusing this body with potash, phloroglncin and protocateehuie
acid are produced.

Similar tannic acids occur iu the roots of TormentUla offidnalis,
Kravwria triandra, and Aspidium Filiz-mas. They are resolved by
dilute acids into sugars and red nmorphous bodies, yielding, by fusing
with potash, phloroglucin and protocatechuic acid.

Gatechufannic And is a body resembling tannin, and is contained
in " catechu," a brown extract which is prepared in India from Acacia
Catechu and other trees. It precipitates gelatin and yields a dirty-
green precipitate with ferric chloride. Catechu contains, besides this
acid, a crystalline body called catechin Cu^O^ , which exists in
larger quantity in the catechu from Nauclea Gambir. It colours ferric
salts green, and reduces the solutions of the noble metals. When
heated it yields pyrocatechin, and when fused with potash it is de-
composed into phloroglucin and pyrocaleclniic acid.

Kinoiaanie Acid forms the principal constituent of "kino," a red-
dish-brown extract, which is prepared from the juice of Pterocarpus
eWiwwetts and Goccoldba uvifenu It gives with ferric salts a green
precipitate, and yields phloroglucin when it is fused with potash.

Mmtannic Acid, or Maclurin C,8H18O0 + H2O, is the colouring
matter of "fustic," or the wood of Morm tinetoria, and separates from
a hot aqueous solution as a yellow crystalline powder. I t colours
ferric salta green, and is resolved by potash into phloroglucin and
protocatechuic acid.

Fustic contains also worm CUH.OS> which is sparingly solnble in
water, and crystallizes in pale yellow needles. By the action of
sodium-amalgam and water it is converted into phloroglucin.

HaO + ^ = 2CaH9O3

Scojtarin CnHMO,0 exists in the common broom (Spartium sco-
parivnt), and separates from alcohol in small colourless crystals,
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wlricli dissolve in alkalis with a greenish-yellow colour, and on
boiling this solution down, phlorogluein and protocateckuic add are
Induced.

GLUCOSIDES VIELDtlTO PRODUCTS OP UNKNOWN CONSTITUTION.

Fiwcin C^HJJOJ is found in the bark of the ash and horse chest-
nut-tree, and forms colourless needles, which are sparingly soluble in
water, and yield a fluorescent solution. Dilute acids resolve it into
sugar and crystalline Fraxttin. C10H8O6.

Pinipicrin Gp"RaeOu is contained in the bark and needles of Pinna
sylvcstris and of Tkyja occickntalis. It is a yellow, amorphous, bitter
powder, which by dilute boiling sulphuric acid ist resolved into sugar
and ericiiwl C^n^O, a pale yellow oil possessing a strong aromatic
smell, and which is also obtained by distilling the leaves of Lcdv.ni
palmtre, BJtododcadvov, ferrugineum, C'alluna vylgans, and other
Eiieame with water.

Cmvolwlin CsnHjoO^ is the active principle of jalap, and forms a
resinous mass, which is soluble in alcohol and in alkalis; the latter
solution contains bibaaic convolmdic acid C8,HM0j7, an amorphous,
sour substance, which is soluble in water. These two compounds are
converted by the action of acids or emulsin into sugar and cowsol-
mliw)l C13H24O3, which combines with alkalis, forming monobasic
convolvalirwlie acid C,3H2?O4, which is sparingly soluble hi water, and
crystallizes in small needles. Nitric acid oxidizes it to ipomie ccid

JaUijnn C34Hs001B is a homologu© of convolvnlin, and exists in the
jalap from Convolvulus orizahcn&is. It has great resemblance to con-
volvulin, yielding sugar and jalapinol CwH300g, which by alkalis is
converted into jalapinolie acid C J J H ^ O ^ and by nitric acid into
ipoinie acid.

Similar resinous glucosidcs exist in other plants of the same
order; the root oilpomcea T-ivrpethum contains turpefhin, and that of
Convolvulus Scammonia a. compound called scammonin.

Hdleborem G^JQ^ is contained in the root of the Clwistmas-rosc
(Hcttcborus niger). i t crystallizes from water in small needles, and is
a narcotic poison. With dilute acids it yields sugar and amorphous
Mhlordin CWH«JDS.

Hetteborin CgaH^O^ is fonnd together with some helleborein in the
root of Kdlehmiis vindis. It is insoluble in water, and forms glisten-
ing needles. It is a powerful poison, and by boiling it with an acid
is resolved into sugar and amorphous helleboresin C ^ H O

C ^ ^ i d i h f S
g p ^ ^ ^

Saponin C82^B4^i8 *8 contained in the root of Sajwnam- officmalis,
Gypsophila Slmthium, Agrostema Githago, and different species of
Lychnis, in Poli/gala Senega, in the seeds of the horse-chestnut, and
many other plants. I t is a white amorphous powder, having a

0 H H
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sweetish astringent taste. Its dust produces violent sneezing, and its
aqueous solution, when shaken, froths like a soap-solution. Fuming
hydrochloric acid resolves it into an amorphous sugar and sapogenin

Caincin C^H^O™ is found in the caihca-root {Ghiococca racemosa),
and crystallizes in slender prisms. Hydrochloric acid decomposes it
into sugar and caHmebin, CgjH^Oj, •which when fused with potash is
resolved into butyric acid and caimczgenin 014HMOs.

Ckinovin C^H^Oj has been found in China nova and other cin-
chona-barks. It is an amorphous powder, which is insoluble in
water, and by boiling it with an acid yields mannitane and chinovie
add C^HjoO# which is insoluble in water, sparingly soluble in boil-
ing alcohol, and forms a white crystalline powder. It is a bibasic
acid, and apparently homologous with the phthalic acids.

Qlycyrrkicin, or Liquorice-sugar O^H^Og, is the sweet principle
contained in the root of tha common liquorice, and is prepared by
precipitating an aqueous infusion of the root with basic lead acetate,
and decomposing the washed precipitate "With hydrogen sulphide. I t
is a yellowish amorphous powder, having a sweet and acrid taste,
When boiled with a dilute acid, it is resolved into sugar and resinous

Oaphnin C8lH^Ol9 + 4Ha0 is found in the bark of the mezereon
and other species of Daphne. It is almost insoluble in cold water,
and crystallizes from a boiling solution in colourless prisms. Dilute
acids decompose it into sugar and daphnctin CWHMO9.

DigUalin is a most violent poison, existing in the common foxglove,
and forms an amorphous powder having an intensely bitter taste. Its
composition is not known; acids resolve it into sugar and amorphous
digitalretin.

Antiarin is the active principle of the arrow-poison of Java, which
is prepared from the milky juice of Antiaris toocioaria. It forms
colourless crystals, and is soluble in water and alcohol I t has not
been analyzed; acids convert it into sugar and a resinous substance.

Cyclamin CJS2fiio occurs in the tubers of Cyclamen curopmun,
and is resolvedinto sugar and cyclamirctin CnH,0O6.

Oiwnin O^H^O,, is contained in the root ot Owmia spinosa, and is
decomposed by boiling hydroohlorio acid into sugar and formonatin
C^H-jOy, which by alkalis is resolved into omonetin CjjHjjQg and
formic acid,

Conifcrin occurs in the cambial liquid of the Conifera>, and has
been resolved into sugar and a resin.

Menyanthin, which is found in Menyanthes trifoliata, yields with
acids sugar and menyantkol CgH8O, winch is a liquid resembling oil
of bitter almonds, and when exposed to the air is oxidized to an acid
of-unknown composition.

Polychrtfitt 0^11^0,9 is the colouring matter of aaffron, and forms
an amorphous, deliquescent, ruby-red mass. When boiled with a
dilute acid it yields sugar, crociu, and a volatile oil. Croein. CwHlgO6
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is a red powder, which is insoluble in water, but dissolves in alcohol
and alkalis. The volatile yellow oil has the composition C10HwO,
and smells strongly like saffron.

ANIMAL GLUCO8IDE8.

GMtin C9H16NO8 is the principal constituent of the horny cover of
beetles and crustaceans. To prepare it, the wing-cases of the cock-
chafer are exhausted successively with boiling water, dilute potash,
dilute hydrochloric acid, alcohol, and ether. Chitin ia left behind as
a colourless, translucent mass. With concentrated sulphuric acid it
forms a colourless solution, wbich, when diluted with water and
boiled, contains ammonia, a fermentable sugar, and other products.

Ccrebrin Cx^S.^SOa is a constituent of? the brain, and prepared by
exhausting brain with boiling water, which removes inosite, volatile
fatty acids, lactic acids, creatine, uric acid, and other bodies. The
residue is then treated with boiling ether, which dissolves cholesterin,
lecithin, and cerebrin, which latter, being insoluble in cold ether,
separates out on cooling. It is a light, amorphous powder, without
taste or smell; with boiling water it forms a gelatinous mass, and
boiling dilute acids convert it into sugar and other unknown bodies.

ARTIFICIAL BASKS FROM VARIOUS SOURCES.

BASES FROM ANIMAL OIL.

Tyridine . . . C6 H6 K Parvoline . . . Co H,8N
Picoline . . . C 8 H T N Coridine . . . C1OH,SN
Lutidine . . . Cy HgN Eubidine . . . C,,H17N
Cllidi O H N Viridi " QK^(Collidine . . • O8 HUN Viridine n w

These bases occur in "Dippel's oil" (Oleum anirmle Dippelii),
which is produced by the dry distillation of bones and other animal
matter, and occur also in coal-tar. They differ from the isomeriG
aromatic amido-compounds by being tertiary bases, which combine
with the iodides of the alcohol-radicals to form compound ammonium
iodides. Their hydrochloridea yield with the chloride of gold and
platinum double salts which readily crystallize.

JPyrMine C6H.N exists also in the products of combustion of
tobacco; it is a limpid liquid, which is soluble in water, possesses a
strong and persistent odour, and boils at 117°. It is also produced,
but in a small quantity only, by treating an alcoholic solution
of ainido-azonaphthalene with hydrocliloric acid and tin and by the
action of phosphorus pentoxide on amyl nitrate :—

C6HUNO$ = 3H4O + CjHgN
a H 2
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It forms a sulphonic acid with fuming sulphuric acid, and by add-
ing potash to a solution of pyridine-ethylammonium hydroxide a red
body is gradually formed, dyeing a beautiful red shade on silk.

Sodium converts pyridine into bases which are richer iu hydrogen,
and into dipyridine (^H^Ng, which forms colourless crystals melting
at 108°. It yields crystallizable salts, and is not acted on by concen-
trated nitric acid.

Picoline CgH^N is a liquid resembling pyridine, and boiling at 135°.
I t has been obtained artificially by the dry distillation of aorolein-
ammonia:—

C0H,,N0 = CaH7N + HaO

and by heating propenyl tribromide with alcoholic ammonia; first
dimonobromaUylamine is formed, which by the further action of am-
monia is converted into picoline :—

C0H9Br2N = C8H7N + 2HBr

Zutidim C.ILN is a liquid resembling picoline, and boils at 154°.

a powerful odour.
hyde-ammonia wit
acetaldehyde is probably first converted into erotonaldehyde, which is
then transformed into eollidine:—

2C4HflO2 + NH, = C8HUN + 2H20

The same base has been obtained by heating ethidene dibromide
with aqueous ammonia to 160°.

The other bases belonging to this group are also liquids possessing
a strong odour; their constitution is not definitely known, but they
contain the nitrogen only combined with carbon, and the carbon-
atoms probably linked together in a closed chain; this appears the
more probable as pyridine has been obtained from naphthalene, and
the constitution of the first member appears to be the following:—

CH

H</ X CH

HC CH

BASES CONTAINED IN COAL-TA.B.

Leucoline . . . C,, E7N Cryptidino , , CUHUN"
Iridoline . . . C10H,,N
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BASES FOBMED BY THE DESTRUCTIVE D18TILLA.TION OF ALKALOIDS.

Chinoline . . . C9 H7 N Pentahiroline . C,8H16N
Lepidine . . . CMH9N Isoline. . . . CMH,7N
Dispoline . . . CnHnN" Efctidine . . . C«H19N
Tetrahiroline. . C,,H,»N Validine . . . GllfLJS

12 18

Chinoline CgHyN has been produced by distilling quinine, ein-
chonine, strychnine, and other alkaloids with potash. 16 is a colour-
less liquid, possessing a strong aromatic odour, and boiling at 220°.
Its salts are soluble in water, and crystallize well. Fuming sulphuric
acid converts it into cMnolhicsulphonic acid C0H8N.SO8H, forming
hard, shining crystals, and yielding an amorphous barium salt, which
is sparingly soluble in water. When bromine-vapour comes in con-
tact with chinoline it is converted into tribromockinolinc C9H4Br3N,
crystallizing in soft silky needles.

Cyaninc C^HJJN^.—This beautiful compound is produced by
treating ehiaohne-amylainmonium iodide (C0Hj.C6Hu)UI with caustic
potash. It crystallizes in brilliant plates having a beetle-green lustre,
and dissolving in alcohol with a magnificent blue colour. On dissolv-
ing it in hot hydriodic acid a colourless solution is obtained, which on
cooling deposits yellow needles, containing CjJIjgNgl + IH. With
other acids it forms similar compounds, which are decomposed by
boiling water into free acid and the coloured salt.

The homologues of chinoline are capable of producing similar blue
compounds. A mixture of the chinoline and lepidine-compound waa
some time ago used for dyeing on silk a pure and rich blue, but its
use has been abandoned, on account of it being rapidly acted upon by
light and destroyed.

Lmeolinevtoa formerly believed to be identical with chinoline, from
which it differs by boiling at 238°, and not yielding a l)lue colonr
with amyl iodide and potash.

Chinoline lies a great resemblance with pyridine, and stands pro-
bably in the same relation to this base as naphthalene to benzene,
and its constitution would therefore be:—

HC CH

H 0 / V \

HC C CH
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NATURAL BASES OR ALKALOIDS.

Many plants, and principally those of medical or poisonous pro-
perties, contain basic compounds which are called alkalnds. They
contain nitrogen, and a few of them are volatile, and have groat
resemblance with compound ammonias; the majority, however, have
a more complicated constitution, and are decomposed by heat.

Most of them are sparingly soluble in water, more freely in alcohol;
the solutions have an alkaline reaction, and usually an intensely
bitter taste. They combine, like ammonia, with acids, forming crys-
tallizable salts, which are more freely soluble than the bases. Their
hydrochlorides form, with the chlorides of gold, platinum, mercury,
&O-, crystalline double salts.

Most alkaloids are precipitated from their solutions by tannin, the
double iodides of potassium, and mercury, cadmium and bismuth,
phosphomolybdic acid, phosphoantinyonic acid, metatungstio acid,
picric acid, and a solution of iodine hi potassium iodide, By treating
these precipitates with an alkali, the bases are set free, and the above
reactions are therefore frequently made use of hi the preparation or
detection of alkaloids.

VOLATILE ALKALOIDS.

Conine CgH^N exists in all parts of the true hemlock (Goninm
maeulatitm), principally in the seeds, from which it is obtained by
distilling them with dilute soda-solution. The distillate is neutralized
with sulphuric acid, evaporated to the consistency of a syrup, and
then distilled with concentrated soda.

Conine is an oily liquid having the specific gravity 0*89, boiling at
163°*5, and taming the plane of polarization to the right. I t pos-
sesses a nauseous and sharp taste and disagreeable smell; it dis-
solves to some extent in cold water, and this solution becomes turbid
on heating it gently, conine being more soluble hi cold than in warm
water. When in contact with air, it colours brown, and is slowly de-
composed with the formation of ammonia; the solutions of its salts
undergo a similar change. On oxidation it yields butyric acid, and
when nitrogen trioxide is passed into it, a yellow thick liquid is
formed, which by water is decomposed into nitric acid and azoconi/-
driw C8H|6(NO)K, a pale yellow oil, which is reconverted into conine
by the action of nascent hydrogen:—

CaHM(NO)N + 2Hj » C8H,,N + HjO + NHS

When azoconydrine is heated with phosphorus pentoxide, it is re-
solved into water, nitrogen, and conykne C8Hl4, which is a homologue
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of acetylene; it is a very refractive liquid, boiling at 126°, and form-
ing with bromine conylem dibromuk C8HuBr?) a heavy oil, possessing
a disagreeable, pungent smell. Conylene is the dyad radical of
conine C"8HU.NH

Methylconine C8H,,.NCHS occurs sometimes in hemlock, and is
readily prepared by the action of methyl iodide on conine. It has
great resemblance to Conine, and combines with methyl iodide, form-
ing crystalline conine-methylatimonium iodide N(C"gB,^{GU^)J[,
which by the action of moist silver oxide, is converted into the
caustic and alkaline hydroxide.

Conydrine C8H17ON exists also in hemlock, and forms colourless,
iridescent plates. I t melts at 120°'6, boils at 225°, and sublimes
readily at a lower temperature. When heated with phosphorus
pentoxide it is resolved into water and conine. I t forms crystalline
salts, and is not acted upon by nitrogen trioxide. By treating it with
ethyl iodide it forms conydrine-diethylatnine hydriodide N(C8H,6O)
( O H ^ I H .

jParaeonine CgH^N.—This isomeride of conine has been produeed
synthetically by the action of alcoholic ammonia on butyraldehyde,
which thereby is converted into dibutyrcUdine OJJH1 7ON, which is
isomeric with conydrine, and is by distillation resolved into water
and paraconine.

Paraconine is a liquid lotting at 160° to 170°; its odour and taste
resembling those of conine, and its aqueous solution becomes turbid
on heating. lake conine, it is a powerful narcotic poison, but differs
from it by being a tertiary base and possessing no rotatory power.

The constitution of these different compounds may be explained by
the following formulae:—

Conino. Paraconino.
CH.CH3.CH3.CH, 0H.CH2.CHa.CH8

CH.CHa.CHa.CH=NH N.CH=CH.CII3.CHa

Conydrino. DibatymMia.
CH.CHa.CHa.CHs HO.CH.CH3.CHjj.CH3

HN.CH=CH.CH.iCHa

Nicotine 010H.1Ni! occurs in the seeds and leaves of different kinds
of tobacco, Tne common sorts contain about 8 per cent, and
Havanna tobacco only 2 per cent. To prepare nicotine, the leaves
are exhausted with very dilute, warm sulphuric aeid, and the concen-
trated solution distilled with potash. The distillate is shaken with
ether, which dissolves the nicotine; on evaporation it is obtained as
an oil, which, is purified by distilling it over lime in a current of
hydrogen.

Nicotine is a colourless oil, possessing a faint smell of tobacco in
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the cold, but on heating it becomes nauseous and pungent. I t has
the specific gravity 1*048 at 0°, and boils under decomposition at
250°, but volatilizes without change in a current of hydrogen at about
180*. It is a bi-acid base, forming salts which do not crystallize well.

Nicotine is a terfciary amine, and forms with ethyl iodide the crys-
talline nicoti'w-ethylammmium. di-iodide N2(C,0HM)(C2Hfi)2I2, which
with moist silver oxide yields the caustic and strongly alkaline
hydroxide.

It combines with bromine, forming the compound C10H.2Br4lfj.BrH,
which crystallizes in light-red prisms, and is converted by boiling
water into dibramonicotine hydrobromide C10Ht2Br2N'j.BrH j by de-
composing this compound with ammonia, dibromonicotine is obtained,
crystallizing from hot water in long colourless needles.

NicoHnie Add C,0H8N2Oa is obtained by oxidizing nicotine with
fuming nitric acid or chromic acid solution. It forms colourless
crystals, which can be sublimed, and possesses ft strongly acid taste.
It forms not only metallic salts, but combines, like an amido-com-
pound, with strong acids. The hydrochloride 2Ci0H3N20a + 3HC1
forms colourless prisms, and gives with platinic chloride a double salt
4CwHgN4O8 + 6HC1-f 3PtCl4 + 8H?O, crystallizing in beautiful
orange-̂ red, oblique prisms. On distilling the calcium salt with lime,
nitrogen is given off and pyrMvm distils over.

AMCAlOlDS OCCURRING IX OPIUM.

Opium is the inspissated juice of the capsulre of the poppy
(Papaver 8omnlferum)t and prepared in large quantity in Asia Minor.
Turkey, Egypt, India, and Southern Germany. It is a very compli-
cated substance, containing a number of alkaloids hi combination with
meconic and sulphuric acids, and gummy and resinous matters, caout-
chouc, &o.

The best opium from Smyrna contains abont 10 per cent, of mor-
phine. The following opium-alkaloids are known ;—

Morphine . . C,,H19NOa
Oxyinorphine . CHH19NO4
Codeine . , . C18HolN0.
Thebaine .
Codamiue
Laudanine
Protopine .
Papaveriue

OJSi

H J H O J

Mecouidine
Laudanoaiae
Klioeadine
Cryptopine
Narcotiue.
Lanthopine
Narceino .

Of these compounds only morphine and narcotine exist in larger
quantities. Opium is a most valuable medicine; when given in a
small dose it acts as a sedative and anodyne, and produces a quiet
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sleep, although it increases the rapidity and fulness of the pulse. In
laTger doses it acts as a narcotic poison, producing intense sleepiness,
stupefaction, and death.

The most violent poison is thebaine; then in succession less, nar-
ceine, papaverine, codeine, morphine, and narcotine.

Morphine is prepared on the large scale by exhausting opium with
a small quantity of warm water, and adding calcium chloride to the
solution ; a precipitate of calcium meconate and sulphate is obtained,
and the solution contains the hydrochlorides of the bases. On leav-
ing the concentrated solution to stand, the salts of morphine, codeine,
and oxy morphine crystallize out, and are separated by adding ammonia
to their aqueous solution, by which only morphine is precipitated.

Morphine C,7H19NO8 + H2O crystallizes from alcohol in shining
prisms, dissolving in 1000 parts of cold and 500 parts of boiling
water; it is almost insoluble in ether and chloroform, hut dissolves in
caustic alkalis. When heated, it loses the water of crystallization
and melts, forming a colourless liquid, which on cooling solidifies to a
crystalline moss.

Morphine Hydrochloride C,jH10NOg.ClH + 3H2O dissolves freely in
alcohol and boiling water, and crystallizes in thin prisms.

Morphine Sulphate 2(C17H10NO8)SO4H2 + 5H2O is a similar body.
Morphine Acetate is very soluble in water, and does not crystallize
well.

When morphine is heated with potash, it yields methylamine. By
adding ferric chloride a solution of a neutral salt of morphine of a
deep-bine colour is produced, and a solution of molybdic acid in con-
centrated sulphuric acid gives with dry morphine, or one of its salts,
a magnificent violet colour, which in the air first turns into a greenish-
brown, and then becomes deep-blue. Morphine decomposes iodic
acid, iodine being set free, which can easily be recognised by stai'ch-
paste. When morphine is heated with strong sulphuric acid to 100",
and a drop of nitric acid is added, the liquid assumes a deep blood-
red colour.

Morphine and its salts are much used in medicine; they act more
agreeably than opium, and ore less exciting, and less liable to produce
nausea or headache.

ApmnorpMne Cj.H]7NO? is produced by heating morphine with a
large excess of hydrochloric acid for some hours to 150°;—

= G17H17N0a-hH2O

By decomposing its hydrochloride with acid sodium carbonate, the
free base is obtained as a white amorphous powder, whieh hi the air
rapidly turns green. It is more freely soluble in water and ether
than morphine; the green oxidized apomorphine dissolves in ether
with a splendid dark-pink, and in chloroform with a violet colonr.

The physiological action of apomorphine is entirely different from
that of morphine; a very small dose of the hydrochloride produces
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speedy vomiting and considerable depression, but this soon passes off
without leaving any ill effects.

Oxymorphine, or Pseudomorphine C^H^NO^, does not always occur
in opium, and is obtained by heating morphine hydrochloride with
silver nitrite. It is a white powder, which gives reactions similar to
those of morphine.

Codeine, or Methyl-morphine C],H,1(CH8)NO8, is precipitated from
the concentrated ammoniacal solution by caustic soda; it is freely
soluble in alcohol, ether, ammonia, and boiling water, and crystallizes
in large transparent octahedrons. I t is also used in medicine.

When heated with an excess of hydrochloric acid on a water-hath,
it is converted into chlorocodide;—

+ HC1 = C^H^CINC),, + H2O

CiU&rocodide is obtained by adding an alkali to the solution of the
hydrochloride as a snow-white mass, which readily dissolves in alcohol
and ether. On heating the hydrochloride with water to 140", codeine
is reproduced:—

HaO + CtfH^CH^ClNO, = HC1 + Cl7H17(CH,)(OH)NO2

When chlorocodide is heated with hydrochloric acid underpressure
it is resolved into methyl chloride and apomorphine:—

= CWH17KO2 + CH8C1

Narcotine CJ9H14(CH8)3NO7 is partly left behind in the " marc," or
insoluble portion of opium, from which i t is extracted with acetic
acid. I t crystallizes in small, glistening, white prisms, melting at
170°, and is tasteless and almost insoluble in water. It dissolves
readily in acids, but does not form well-defined salts.

When narcotine is heated with water to 260°, it yields trimethyl-
amine, and by heating it with fuming hydriodic acid it is resolved
into three molecules of methyl iodide and a aew base called nornuco-
tine CwHnNO7. Products standing intermediate between this com-
pound are formed by heating narootiae with hydrochloric acid; the
first product being dimethyl-narnacotine (XgH^CH^jNOf, which by
the further action of the acid is transformed into methyl-nomacotine
C H ^ C H ^ N O

Above 200° narcotine is resolved into meoomn and cotarnine, and
oxidizing agents convert it into cotamiae and opianiu acid.

Gotarnne C^H^NOa ia a base crystallizing from hot water in
colourless prisms. By the continued aotion of hot dilute nitric acid
it yields methylamino and eotarnic add CuHiaO&, and concentrated
sulphuric acid converts it into apophylknicadd CgHfNO^ which
forms large colourless crystals.

Meconine C,0H1004 occurs also in the free state in opium, and crys-
tallizes from not water in brilliant prisms melting at 110°. It has
the properties of an alcohol, and forma compound ethers.

Opianio Acid C10H10Os forms thin prisms, which are not freely
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soluble in water. It baa the properties of an aldehyde, and yields on
oxidation hemijainic acid C^H^Og, which is also obtained together
with meconin when opianic acid is heated with potash-solution.

Heawpimric Add C10H10O9 crystallizes in large four-sided prisms,
which melt at 180°, and sublime without decomposition. By heating
it with, concentrated hydriodic acid it yields oxalic acid, methyl
iodide, and two isomeric acids CMHM06.

Opvwk Add crystallizes from hot water in brilliant prisms, and
gives with ferric chloride a lilac colour.

Isopinie Add forms small warty needles, dissolving more freely
than opinic acid, and yielding a deep-blue colour with ferric chloride.

Thebaine C10HaNOs crystallizes from dilute alcohol in plates re-
sembling beuzoic acid, and from strong alcohol in thick prisms, melt-
ing at 193°. It is a strong base and a violent poison, producing tetanus.
In concentrated sulphuric acid it dissolves with a blood-red colour.

By heating it with hydrochloric acid it is converted into thebmine
hydrochloridc, crystallizing in large laminee having a bitter taste, and
consisting of CwHaNO8.GlH + 3H..O. On adding normal sodium
sulphide to its solution, thebenine is obtained as a white flocculent
precipitate, which rapidly oxidizes in the air. It is isomeric with
thebaiine, but differs from it, by dissolving in sulphuric acid with a
splendid blue colour.

Codamine G^B^NO^ crystallizes from benzene in email prisms
melting at 126°, and giving with ferric chloride or concentrated
nitric acid a deep-green solution.

Lcmdanine C^H^N®* forms small prisms melting at 166°; it gives
with concentrated nitric acid an orange-red solution, and with ferrio
ohloride an emerald-green colour.

Frotopine C^H^NO, forms small prisms melting at 202°; it gives
no colour with feme chloride, and dissolves in sulphuric acid contain-
ing ferric sulphate with a dark-violet colour.

Papaverine CgiH81NO4 crystallizes from alcohol in colourless prisms,
dissolving in hot sulphuric acid with a dark-violet colour; on adding
water to this solution brown amorphous flakes separate out, dissolving
in alkalis with a splendid purple colour.

Nitropa/paveriw COTH^NO^NO^ + H2O is obtained by the action
of strong nitric acid oo papavenne, and crystallizes in yellowish
needles. I t is a base forming crystalline salts.

Mcconidine C^H^NO^ is an amorphous mass which is soluble in
caustic potash. I t forms amorphous unstable salts, and dissolves in
sulphuric acid with an olive-green colour.

haudanosine C^H^NO^ is very soluble in ether, and crystallizes
from benzene in beautiful white needles melting at 89°. It dissolves
in sulphuric acid containing ferric sulphate with a brownish-red
colour, which on heating first becomes green and then dark-violet.

Rfueadine C^H^NO,, exists in Papaver Ilhasas, and also sometimes
in opium. It is a tasteless crystalline powder, and has no poisonous
properties.
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Gryptopine C^ILoNOg crystallizes from alcohol in short, hexagonal
prisms, melting at 217°. Its salts taste bitter and cooling like pepper-
mint. In concentrated sulphuric acid it dissolves with a deep-violet
colour.

Nitroctryptopint C ^ H M ^ O ^ N O J is produced by the action of dilute
nitric acid crystallizing ircm alcohol in pale-yellow plates, which are
coloured blood-red by concentrated sulphuric acid.

Lanthopine C^H^NX^ is very sparingly soluble in alcohol, and
crystallizes from chwroforni in white prisms. I t dissolves in concen-
trated sulphuric acid with a pale-violet colour, which turns dark-
brown on heating.

Ufarceine C^H^NO,, is readily soluble in boiling water, and forms
colourless crystals; when given in a small dose it produces,quiet
sleep. Iodine colours its solution blue, like starch .paste.

ALKALOIDS OCCURRING IN STRYCHNOS-SPECIES.

The seeds of Stiychnos Ntuc-vomiea and Strychnos Ignatius contain
two very poisonous bases.

Strychnine C ^ H ^ N ^ . — The St. Ignatius-beans contain about
1*5 per cent, of this base, which, however, is generally obtained from
mix vomica. These very tough seeds are softoned by boiling them
with alcohol, powdered, and exhausted with boiling dilute alcohol.
The alcohol is distilled off, and lead acetate added to the residue,
which precipitates foreign matters. The filtrate, after being freed from
lead, is concentrated, and the alkaloids precipitated with magnesia.
The precipitate, after standing for some days, is collected on a filter,
and exhausted with boiling alcohol. On cooling, the greater portion of
the strychnine crystallizes out j the mother-liquor is neutralized with
nitric acid and concentrated. On leaving it to stand, strychnine
nitrate crystallizes out, and is purified by recrystallization.

Strychnine crystallizes in brilliant rhombic prisms, possessing auch
an intensely bitter taste that it is even perceptible in a solution
of one part of the foise in one million parts of water. In water it
dissolves but sparingly, more readily in dilnte alcohol, and very freely
in chloroform; in ether and absolute alcohol it is insoluble. It forma
soluble and erystollizable salts, having an intensely bitter taste, and
being, like the base itself, fearful poisons, producing in a small dose
tetanus and death. The antidotes ore morphine, atropine, and chloral
hydrate.

The least trace of strychnine can be readily identified by moisten-
ing it with pure concentrated sulphuric acid, and adding a crystal of
potassium dichromate, when a deep-purple colour is produced, chang-
ing soon into red and yellow. Another very delicate test is to inject
a small qnantity of a very dilnte solution under the skin of a frog;
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tetanic convulsions will soon set in, and, if the dose was not large
enough to kill the frog, will last for hours.

Strychnine is a monacid tertiary base; strychnine-mcthylanwwnium
iodide ( N ^ C J J H J J O ^ C H J is a crystalline solid, and readily decom-
posed by treating it with silver oxide and water; the hydroxide has
not bitter taste, nor does it, or its salts, act as poison when taken in-
ternally, but when injected under the skin it produces paralysis like
curanne (see below).

On adding a solution of strychnine to alcoholic, yellow am-
monium sulphide, a precipitate is formed, consisting of orange-red
needles having the composition CJJHJJNJOJ + H2S8. It is decom-
posed by dilute sulphuric acid, and hydrogen (risulphide HgSs sepa-
rates out as a colourless oily liquid.

Brucine GiSRial^2Oi + 4H2O occurs together with strychnine in
the seeda of Strychnos Nux-vomica, and alone in the bark of this
tree (fake Angoshvra-lark). I t is prepared from the mother-liquor of
strychnine nitrate, by precipitating it with ammonia, and crystallizing
the base from alcohoL It forms colourless prisms, which lose their
water of crystallization when exposed to the air.

It is more soluble than strychnine, and has a bitter taste; its
poisonous properties are similar to those of strychnine, but it acts less
violently. With nitric acid it forms a red solution which becomes
yellow on heatings and when now stannous chloride is added the
liquid assumes a deep-violet colour.

When heated with sulphuric acid and manganese dioxide, it yields
methyl alcohol, and concentrated nitric acid, converts it into methyl
nitrate, oxalic acid, and cacoteline CajH^NO^jN^Oj, a weak base,
forming yellow crystals.

Brucine is a tertiary base; the salts of brueine-inethylammonium
act like the corresponding compounds of strychnine, but less
energetically.

Gtnurme Ci0H,6N is the active principle of the South American
arrow-poison, which is prepared from the milky juice of different
species of strychnos. It forms colourless crystals, having a very
bitter taste. When one milligram is injected under the skin of a
rabbit, paralysis very soon sets in, and the animal dies.

ALKALOIDS OCCURBlNCt IN CINCHONA-HARKS.

The barka of different species of Cinclwna, which are indigenons to
the eastern slopes of the Andes, and are also cultivated in India and
Java, contain a numbor of bases in combination with quinic acid.
The following have been isolated:—

Quinine . . . C20H24N2O2 Cinchonifline
Conquinine . . C20H24N2O,! Paytine . .
Quinamine . . C ^ H ^ N J O J Paricine
Cinchonine . H N O
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The most important of these is quinine, which always OCCUTS
together with cinchonine. The yellow bark (Cinchona Calysaya) con-
tains 2 to 3 per cent of quinine, and 0'2 to 0-3 of cinchonine; while
the pale bark (Cinchona Condaminea) contains about 0*8 of quinine,
and 2 of cinchonine, and the red bark (Ciitch&na sucdrubra), about
2 of quinine and 1 of cinchonine.

Quinine C«HMNSO2 + HjO.-—For the preparation of this com-
pound the yellow or red bark is chiefly used. I t is treated with
very dilute hydrochloric acid, and the solution is precipitated with
sodium carbonate. The precipitate is washed, and after being dried,
exhausted with boiling alcohol. The liquid is neutralized with
sulphuric acid, and the alcohol distilled off; from the residual liquid,
impure quinine sulphate crystallizes out, which is purified by dis-
solving it again in alcohol, adding animal charcoal to decolorize the
solution, and crystallizing the sulphate by concentrating the liquid.

Ammonia precipitates quinine as a powder, which dissolves in
900 parts of cold water, and is tolerably soluble in ether, and freely in
alcohol, crystallizing from these solutions as a powder, and from
chloroform in distinct prisms.

Quinine is a tertiary base, and forma several series of salts, those
containing one equivalent of an acid are sparingly soluble in water,
while those containing more than one equivalent are readily soluble,
and form highly fluorescent solutions, the reflected light being of a
sky-blue colour. Quinine and its salts have an intensely bitter taste.

Basic Quinine Sulphate 2(CL0HMNaO2)SO4HB + 8H8O is manu-
factured on a very large scale, and crystallizes in long brilliant
needles, which soon lose some water, and form a very light crystal-
line powder. It dissolves in 780 parts of cold water, and more readily
in alcohol, and in boiling water.

Nernial Quinine Sulphate CJB.^fi^O^ + 7HSO is obtained by
dissolving the basic salt in dilute sulphuric aoid, and forma trans*
parent four-sided prisms, which dissolve in 11 parts of cold water.

AM Quiwitie Sulphate C^M^p^3B0^i% + 7H2O forms soft
white prisms, and is freely sohible in water; its solution exhibits a
splendid fluorescence.

When the basic sulphate is dissolved in acetio acid, and a solution
of iodine is added, large thin plates separate out, consisting of
CjoHg-NjCLSC^Hylj; they appear almost colourless by transmitted
light, but snow by reflection a brilliant emerald colour. This beauti-
ful compound possesses the optical properties of tuimaline, and is
used for optical experiments, under the name of fferapathite.

Basic Quinine Hydrockbride CjoH^NjOyClH + l^HjO crystallizes
in silky needles.

Normal QuinineHydrochlaride C^H^KgO^ClH), does not crystallize
well, and is decomposed by water into the basic salt and free acid. By
adding platinic chloride to its solution, the double salt C^H^NgOg
(C1H), + PtCl4 + HjO is obtained as a pale-yellow precipitate, which,
on standing, changes into orange-red crystals.
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The solutions of quinine, and its salts, turn the plane of polariza-
tion strongly to the left. I ts salts dissolve in chlorine-water, forming
a colourless solution, which, on adding ammonia, assumes a deep-
emerald colour. If first potassium ferrocyanide be added, aud then
ammonia, the liquid becomes deep-red.

Quinine and its salts are powerful tonics, and most useful in
intermittent fevers.

Congumim, or Quinidine C^EL^SSii + H8O, is contained in
different barks, chiefly in that of Cvachyna pitayensis, and the yellow
barks from India, It is conveniently prepared from the mother-
liquors of quinine sulphate; on evaporating them, a resinous mass is
left behind, called quinmdine, which is exhausted with ether, and
after the ether has been distilled off, the residual solution is dissolved
in dilute sulphuric acid. The hot liquid is neutralized with ammonia,
and precipitated with a solution of Rochelle-salt. The precipitate
containing the tartrates of conquinine, and cinchonidine is dissolved
in a large quantity of water, and the solution precipitated with
potassium iodide. The conquinine hydriodide thus obtained is
decomposed with ammonia, and the base crystallized from alcohol
I t forms large prisms, which dissolve but sparingly in water, and
give with chlorine and ammonia the quinine reactions. It is as
powerful a tonic as quinine, from which it differs by having a strong
right-handed rotatory power.

Quinidne C^TELNjOo is produced when quinine or conquinine is
heated with a little dilute sulphuric acid to 130°. It is a resinous
mass, but forms crystallizable salts, and has a feeble right-handed
rotation. It appears to exist also in the barks, and in quinoidine.

Quinauinc C ^ H ^ N ^ is found, but only in a very small quantity,
in the red bark from India, I t forms long, white, light prisms, and is
very sparingly soluble hi cold water, a little more readily in hob
water, and freely in alcohol, and possesses right-handed rotatory
power.

Cincfionim C^H^O.—This base is readily separated from
quinine, as it is almost insoluble in water, and ether, and only
sparingly soluble in alcohol, one part requiring 30 parts of boiling
alcohol. It crystallizes in brilliant needles, and forms salts resem-
bling those of quinine, but being more soluble in water and alcohol.
I t turns the plane of polarization strongly to the right, and yields
with chlorine-water and ammonia a yellowish precipitate. It is not
used in medicine, as it has only feeble tonic properties.

Qoaycinchonine CLjHog(OH)N20.—This isomcride of quinine is
formed by treating emenonine with cold bromine, and acting on the
monobroinocinclionine thus formed with caustic potash; it is a
crystalline substance, which is insoluble in ether and water.

Ciudionidine CLH»,N«O occurs in different barks, and in quinoidine,
and differs from cinefiOHine chiefly by its strong left-handed rotatory
power.

Cinchonieine CMH24N8O is obtained by heating its isomerides with a
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little sulphuric acid; the base as well as its salts are very similar in
its properties to quinicine, and its salts.

Pti C H l L O H 0 h b
p p q ,

Paytine C^H^lLOj + H«0 has been found in a white bark from
Payta; it forms white needles or prisms, and possesses left-handed
polarization. By adding bleaehiug-powder to its acid solution, it
colours first red, and then blue, but the colour very soon disappears.

Paridne occurs in the red barks from India, and in other barks. It
is yellowish-white powder, which readily dissolves in ether and
alcohol; its composition is not known.

ALKALOIDS OCOUMJING IN CHEUD0N1UM MAJUS.

The common celandine contain two bases.
Ghelevyllvrine G1M11NOi exists also in the root of Sanguinaria

canadensia and in Gflameum Iviewn. It crystallizes from alcohol in
warty masses, possessing a very acrid taste; it is poisonous, and its
dust produces violent sneezing. Its salts have a red colour, and give
with -water an orange-red solution.

Ghelidonine C19Hl7NaO8 + H20 crystallizes from alcohol in glisten-
ing plates, having a bitter taste; it is not poisonous, and forms
colourless salts.

ALKALOIDS QCCCRK1NG IN VERATRUM.

Veratrine CS2H8gN2Og exists in the seeds of Vcrafncm SabadUla
and in the root of Veratrum album. It is almost insoluble in water,
but dissolves in ether, and alcohol, and crystallizes in white prisms,
melting at 115°, and solidifying again^o a resinous mass. Veratrin
is a most violent poison, and its dn'et produces violent sneezing.
With concentrated sulphuric acid it forms a yellow solution which
gradually becomes blood-red.

Jervine CjoH^NgOg occurs only in Veratrum album., and forms
colourless prisms; its salts are much less soluble than those of
veratrine.

ALKALOIDS 0CCTJBR1NG IK BEBBEK1S VULGAB1S.

Bcrbenne CJOH^NO^ + SHgO exists in the root of this shrub, and
also in the roots of Coecuhis palmatvs and Hydrastis canadensis. Jt
is soluble in water and alcohol, and crystallizes in yellow needles,
possessing, as well as its yellow salts, an intensely bitter taste.

By the action of zinc and dilute sulphuric acid, it is converted into
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hydrdberhmiic C^H^NO^ which separates from an alcoholic solution
in very brilliant, colourless crystals.

Oxyacanthine occurs in the root of berlieris, and crystallizes from
alcohol in colourless prisms, which, wlien exposed to the sunshine,
assume a yellow tint; its composition is not known.

BEBEEMNE C'10HMN03.

This base is found in the bark of the bebeero, or greenhart-tree
of British Guiana (Ncctandra Roddei) and of Gcoffrmja jamaieensis,
and in the trunk and roots of dssampclos Pareira, and in Bnxits
sempmmvcns. It is a colourless amorphous powder, and insoluble in
water, but dissolves in alcohol; its solution lias a very bitter taste,
and an alkaline reaction. Bcbeerine sulphate 2(C10H2,NO3)SO4H2 is
sometimes used as a substitute for quinine.

PIPERISK N | p6l?,w
n .

(. "-IJ11!)1-';!

This weak base exists in different kinds of pepper, and is prepared
by exhausting white pepper with alcohol and evaporating the solu-
tion; the residue is dissolved in alcoholic potash, and the impure
piperiue, which, on concentrating this solution, crystallizes out, is
purified by recrystallization from alcohol.

Piperine forms colourless, tasteless, nnd inodorous prisms; its
alcoholic solution possesses a sharp peppery taste, and a nqutral
reactioa

On boiling with alcoholic potash it is resolved into pvpcru&nc
eriHuN, and kittle acid. C,2H,0O4.

{ C* TT
,,5 l0 is a colourless liquid, which is soluble in

water, and boils at 10f>°; it has a pungent and caustic tnste, and an
anunoniacal and peppery smell. It is a powerful base, forming
erystallizaMe salts. When treated with benzoyl chloride it is con-

verted into Inizoyl-pipcridinc N \ r>\^% "wliitili is ft compound corre-

sponding to pipeline.
Pipette Add C'^HJOO., is a monobasic acid, crystallizing from hot

alcohol in long needles, melting nt 210°. Nascent hydrogen converts
it into hydropipene acid C,;H,o04, which consists of needles, melting
at 64°.

By adding potassium permanganate to a solution of potassium
pipcrate, piperonaldchyde is formed :—

Ci2H10O4 + 40 , = CH.0 , + C.H2O4 + 2C0, + H,0
0 I I
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Piperonaldehyde C8H,,Oa crystallizes from water in transparent,
brilliant prisms, melting at 263°, and smelling l ike cumarin; it
combines like other aldehydes with the acid sulphites of the alkali-
metals.

Piperonyl Alcohol C8H8O8 is produced by the action of sodium-
amalgam and water on the aldehyde, and forms colourless crystals,
melt ing at 51°.

Piperonie Acid C$H6O4 is produced by the further action of
potassium permanganate on tlie aldehyde. I t crystallizes in long
needles, melting at 228°. When i t is heated wi th dilute hydrochloric
acid t o 170°, it i3 resolved into finely divided carbon, and protocatechuic
acid. Phosphorus pentachloride converts it into diclUoropiperonyl
chloride C,HSC14O2.COC1, which yields with water diohloropiperonie
acid; and the latter, when boiled with water, is resolved into carbon
dioxide, hydrochloric acid, and protocatechuic acid.

On the other hand, by heating protocatechuic acid wi th potash, and
methene di-iodide (di-iodomethane), it i s converted into piperonic
add. These reactions prove that the piperonyl compounds are con-
stituted as fo l lows:—

Pipeionyl Alcohol. PiperonaldeViyde.

{ 0 > C H "

y

8 {
CH2.OH (COH

Pipuronlc Acid. Dlohloropiperoaio Acid.

C 6 H J O / C F » CJL | o ) C C 1 «
HCO.OH ' "(CO.OH

SIHAKSB

This base exists as sulphocyanate in the seed of white mustard.
To obtain this salt the crushed seed, which has been freed from the
fatty oil by pressing, is exhausted with alcohol; i t is a l i g h t crystal-
l ine powder, consisting of needles. The free suiapine i s not k n o w n ;
on boil ing one of i t s salts with water, the base i s resolved into oholtm
and bibasic sinapic acid G , , ! ! , ^ ^ crystallizing from hot water in
colourless prisms. This decomposition is explained by the following
equat ion :—

Cboline.

Sinapic Acid.
.CO)

HO.CO



THE CARBON COMPOUNDS. 483

ATROPIHK

This powerful poison exists in the deadly nightshade (Alrojoa
Belladonna), and in the thornapple (Datura Stramonium). To
prepare it the expressed juice of the flowering belladonna is heated
to 90°, filtered, and the liquid, after addition of potash, shaken with
chloroform. The impure atropine, which is left behind by distilling
the chloroform off, is crystallized from alcohol It forms prisms, having
a nauseous bitter and burning taste, and imparting a dry sensation to
the mouth with constriction of the throat. In a very small dose it
produces headache, and dilates the pupil powerfully.

When heated with baryta-water it is resolved into tropic acid
(page 394), and tropine C8H16NO, a base crystallizing in needles:—

HO.C0(CaH3.OH)C6H5

COCAlNK C,7H2,NO4.

This compound is the active principle of the coca-leaves (Ery-
throxylon Coca), which are used as a stimulant in Peru. It crystal-
lizes from alcohol in monoclinic prisms. When heated with hydro-
chloric acid, it is resolved into methyl alcohol, benzoic acid, and
ecgonine C9HUNO3 a base crystallizing from water in glistening
prisms:—

CH8 0
+ 2H8O = CH8.OH + CBHWNO8 + C9HS.CO.OH

PHY.SOSTIGM1NE OR ESER1NE

This base is found in the Calabar-bean {FhysosUgma vmosum). It
is a crystalline body, which is sparingly soluble in water, and freely
in alcohol, and has a strongly alkaline reaction. I t is a violent
poison, and produces a powerful contraction of the pupil,

HY.O8CYAMINE C^HJJFOJ.

The poisonous principle of the henbane (Hyoscyavius niger) forms
colourless thin prisms, which in the pnre state are odourless, but.

l I 2
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when impure possess a nauseous smell. 16 dilates 61m pupil like
atropine.

By boiling it with baryta-water it is resolved into hyoscindc acid
C0H10O3, and a powerful crystalline base called hyoscine O6H,}N.

AC0NIT1SE CjjjHggNO,,.

This most violent poison exists in the purple inonksliood {Aeonitum
NapcUus); it forms rhombic plates, having a sharp and pungent taste.

C,rHX0NO0

is a weak base occurring in ColcMeum autunnale, and forms an
amorphous powder, possessing a very acrid taste, tind producing, in a
small dose, vomiting and diarrlirea. On heating it with dilute acids,
it is converted into the isomeric colckkcine, which is a weak acid,
crystallizing in needles.

EMETINE CjolTyN^.

The active principle of Ipecacuanha is a light greyish powder,
having a bitter taste, and producing, in a small dose, speedy
vomiting.

HARMAL1XK C,31IUN,,O.

This body is extracted by acetic acid from the seeds of Pcganum
Jlannala—a plant indigenous to the steppes of Southern Russia—
and which are used in dyeing. Harnialinc crystallizes in rhombic
octahedrons, and forms salts having a yellow colour.

Harminc C,3H12NSO is obtained by oxidizing harmalinc and is
also contained in "the seeds; it is a base, and forms colourless
prisms.

SOUN1XE C'ljli-jNO,,,.

This coniponnd is a weak base which is found in different species
of solanuin, and chiefly in Sohnnm nigrmn, and in the shoots of
potatoes which have been kept in a cellar during winter. It is
roisonons, and crystallizes in silky needles.
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Solanidine C^H^NO.—Solnnine is a glncoside, and resolved by
boiling dilute hydrochloric acid into glucose and solaijidine :—

CWH71NOM+ 3H3O « 308H12O0 + 0BHUNO

Solanidine is a atrong base, and crystallizes from alcohol in long
silky needles.

Besides these alkaloids there exists a large number of others,
which, however, have been bnt imperfectly studied, and are not of
much importance. Of these the following may be mentioned :—

Oorydalinc C,8H,9NO4 occurs in the roots of different species of
Cori/dalis, and forms colourless crystals, possessing a bitter taste and
strongly alkaline reaction.

Cytisim C^ELN3O is found in the seeds of Cytisus laburnum,
and forms colourless crystals having a caustic and bitter taste, and
an alkaline reaction.

Dctphimw CyHsjNQj is a yellow powder possessing an unbearable
acrid taste, and occurring hi the seeds of Delphinium tttapkkagria.

Lyeinc C6H,7NO2 is found in the leaves of Lyeiuin barbarum, and
forms a crystalline deliquescent mass, having a neutral reaction and a
pungent taste.

Menispermim is a base existing in the seeds of Mmispcrnmm
Coceulus; it forms colourless prisms, and appears not to be poisonous;
the poisonous principle of the seeds being picratoxin (pagfi 487).

COLOURING AND BITTER PRINCIPLES.

There exists chiefly in the vegetable kingdom, a large number of
definite compounds which are neither glucosides nor alkaloids, and
are distinguished by characteristic colours, or a bitter or sharp tastv.
The following ore the more important ones of this not well defined
group.

JMrin CMHlgO? is the active principle of aloes, from which it may
be extracted by cold water. On evaporating the solution in vaetie,
and leaving it to stand, small pale yellow needles are obtained, •which
are not freely soluble hi water and alcohol. It has a sweetish-bitter
taste, and a nauseous smell; when heated it melts, and solidifies on
cooling to a brown resinous mass.

Cold fuming nitric acid converts it into oxalic acid, picric acid,
chry8ammic acid, and aloctic acid C^H^NO^O,,, a yellowish-red
crystalline powder, forming red salts, and yielding clirysamniic acid
by protracted boiling with nitric acid.

Atkamanlhin Cj,4H30O7 is a constituent of (he unripe seeds nnd
root of Atkamautd Orcoselinum, and consists of colourless prisms,
possessing a rancid smell, and a bitter and acrid taste. It foims
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definite compounds with sulphur dioxide and hydrochloric acid; the
latter is resolved by the action of heat into valeriame acid and
oreoselon C14H10CL a crystalline body which is soluble in alcohol and
alkalis. Boiling hydrochloric acid converts it into oreoselin CLH^Oj,
which is also soluble in alkalis and alcohol, and crystallizes in
slender needles.

By treating athamantin with nitric acid it yields a yellow powder
of Innitro-athamantin C^Hjj^O^gOj, which is insoluble in water.

Peucedanin C^H^O. exists in the roots of Peucedanum offieinaU
and Imperatoriwm Obstruthiiim, and crystallizes from alcohol in
brilliant prisms. On boiling with alcoholic potash it is resolved into
angelic akd and oreoselin.

Concentrated nitric acid converts it into dinitropewedamn
C^HjjfNO^Oj, which forms colourless flexible plates.

Lascrpitin G2J3MO7 is contained in Zaserpiiium milUfolium, and is
insoluble in water, but dissolves in alcohol; it forms brilliant prisms,
melting at 214°, and subliming without decomposition. By the
action of alcoholic potash it is resolved into angelic acid and
amorphous laserol CWH?2O,.

CantMridin C0H0O2 is the active principle of the Spanish fly, from
which it can be extracted by ether. It crystallizes in colourless,
tasteless and inodorous plates, melting at 250°, and subliming without
decomposition. It dissolves in boiling potash, forming the salt
C,H-KO3, which is decomposed by acids with the formation of
cantharidin and water.

Carotin C18H24O is found deposited as small crystals in the cells
of the carrot, and crystallizes from alcohol in small reddish-brown
crystals possessing a fragrant odour.

Hydrocarotin CyH^O is also found in carrots; it crystallizes from
efcher in large, colourless, rhombic plates.

Glilovqphjll is the name given to the green colouring matter of
leaves; it is soluble in alcohol, ether and hydrochloric acid. Its
composition is not known; it contains no nitrogen, but iron appsars
to be an essential constituent.

ColomHn Ca,HKO7 exists together with berberin in (!alumba-root,
and forms colourless crystals, having a bitter taste.

Curcumin C,?H,0Os is the colouring matter of turmeric; it is
insolnble in cold water, and dissolves sparingly in toiling water,
freely in alcohol; the solution exhibits a green fluorescence. It
forms brilliant yellow crystals; nitric acid oxidises it to oxalic acid

Rosocyanhi.—When turmeric paper is moistened with solution of
boric acid, it assumes, on drying. «n orange colonr, which by alkalia is
changed into a:pure blue, tnrning soon into grey. Tin's reactiou is
caused by the formation of a pecnliar compound of unknown com-

i i called Tfi«nr.rnnin. It is yvrcpnTpd T>y l i l l l l i
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solution of ourcumiu with boric acid and strong sulphuric acid.
Rosocyanin forms slender needles, having a green-metallic lustre,
and dissolving in alcohol with a splendid red colour, which on-adding
a drop of soda changes into a deep-blue, and when exposed to the
air fcums grey. Lime and baryta-water give with the alcoholic
solution fine blue precipitates.

Hdenin C^HjgOg occurs in the root of Invia ffelenium, and
crystallizes in colourless four-sided prisms, which are soluble in
alcohol. When heated with phosphorus pentoxide it ia resolved into
water, carbon dioxide and liquid Ifdenenc C,9Hj^

Iva&n, 02.HKO3 is found in Iva (Aehillea moschata) a plant growing
in the High-Alps. It is a yellow semifluid resinous mass, having
an intensely bitter taste.

Ivaol C^H^Oj is the volatile oil of Iva, and possesses a very
agreeable aromatic odour, and bitter and warming taste. Besides
these compounds Iva contains Moschatin C^IL-NO, and

AchUlcin C^HjgNjOjj, which is also found in Addllca millefolium
and forms an amorphous powder. When boiled with dilute acids
it yields ammonia, a volatile body having a fragrant smell, and
achilletin CUH17NO4, a brown substance having an aromatic but
not bitter taste.

JPicrotoxin. CiaHMOB is the poisonous principle contained in the
seeds of Menispermns Coceulus and prepared by exhausting them with
alcohol, and crystallizing the impure picrotoxiu from hot water. It
forms tufts of colourless needle?, having an intensely bitter taste.

Quamin CJOH^OJ is contained in the quassia-wood (Picraena
eoxeha) from Jamaica, and forms thin colourless crystals, which are
sparingly soluble in water, freely in alcohol, and possess a very bitter
taste.

Santonin C,&H,8Oa occurs in Semen-contra orworm-seed, which con-
sists of the unexpanded flower-heads of Artemisia Santoniat. To
prepare it, worm, seed is boiled with milk of lime, and the solution
precipitated with hydrochloric acid. I t crystallizes from alcohol in
colourless, flat, six-sided prisms, having a faint bitter taste; when
exposed to sunshine the crystals become yellow. Santonin is a
weak acid; the sodium salt 2(CuH,rNa0!!) -J- 9H,0 crystallizes in
colourless, transmceut plates, mid is decomposed by boiling' water.
Santonin is used as an anthelminic.

Turacin is the red colouring matter contained in feathers of the
win« of the Tnvaeo or plan tain-eater, from which it maybe extracted
by dilute potash. Its composition is not known, but it differs from
all other red colouring matters by containing 5-9per cent, of copper;
the presence of this metal can easily be shown by the green colour,
which the feathers impart to the colourless gas-flame; the green
feathers of this bird do not contain copper.
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COMPOUNDS CONTAINED IN BILE AND OTHER SECRETIONS.

Bile contains a number of peculiar compounds, some of them
occuring also in other parts of the animal organism.

Glycodwlic AcidO^^O^ is conveniently prepared by evaporating
fresh OK-bile on a water bath nearly to dryness, exhausting the residue
with alcohol of 90 per cent, evaporating the solution, and heating
with milk of lime to preeipibate the colouring matter. On adding
dilute sulphuric acid to the cold filtrate and leaving it to stand,
glycocholic acid crystallizes out, which is purified by pressing it
between filter-paper, dissolving the residue in lime-water, and
precipitating the acid with dilute sulphuric acid.

I t crystallizes in white needles, having a bitterish sweet taste. In
concentrated sulphuric acid it dissolves, forming a colourless liquid,
which oa adding a solution of sugar becomes violet.

When glycocholic acid is boiled with dilute acids, or alkalis, it is
resolved into glyeoooll or anridacotic acid, and cliolic acid C^H^Oj,
which crystallizes from alcohol in brilliant octahedrons. By protracted
boiling with acid3 it is converted into dyslysin CMH80O3, an amorph-
ous, neutral substance, which is reconverted- into cholic acid by the
action of caustic potash.

Tauroclwlic Acid C^H^NSOj is prepared by dissolving fresh
ox-bile in water and precipitating glycocholic acid, colouring matters
and other substances with lead acetate. To the nitrate a little basic
lead acetate is added, which removes the remainder of the glycocholic
acid, and then the clear solution is precipitated by adding some more
lead acetate and ammonia. The lead taurocholate is decomposed by
hydrogen sulphide, and thus the free acid is obtained, crystallizing in
fine silky needles. By heating it with water it is resolved into
cholic acid and taurine (page 102).

Hnuiau bile contains principally glycocholic acid, and only a small
quantity of taurocholic acid, which occurs alone in the bile of
the dog.

Hyoglycocliolic Acid C^H^NOj and hyotawoeholie acid C^H^SOQ
exist in the bile of tho pig and have been resolved into gyeocoll,
or taurine and Uyocholic acid C5H40O4, a compound resembling
cliolic acid.

C/icnotatirocholic Acid Ca)ir49lirSO8 is homologous with hyotauro-
cholic acid, and occurs in the bilo of the goose; it yields, as products
of decomposition, taurine and chcnoclwlic acid C^H^O^

Lithofetlic Acid C^H^O^ forms the chief constituent of the once
celebrated " oriental bezoar-stones," which are said to be biliary
calculi from a species of antelope. It crystallizes from alcohol in
small transparent six-sided prisms, which with sulphur acid and
sugar give the same reaction as glycocholic acid.
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(J/tolcslcnn C2OH4tO + H20 is found in the bile, the brain aud
nefves, in blood and the yolk of eggs, aud forms the chief constituent
of biliary calculi; it has also been found in plants. From alcohol it
crystallizes in small, brilliant plates, and from ether-alcohol in
beautiful largo plates, which are tasteless, and colourless, and melt
at 145°, and sublime when more strongly heated.

Cholesterin is a monad alcohol, and apparently homologous with
cinnyl alcohol.

Clwlcstcryl Chlwide C^3.JJ\ is produced by heating eholesterin.
with strong hydrochloric aciuand crystallises in colourless needles.

Gholesterylaminc C^H^NH, ia obtained by heating the chloride with
alcoholic ammonia. Ifc crystallizes in small iridescent plates, melting
at 104°, and exhibiting ia the liquid state a fine bluish violet
fluorescence.

Clwlesteryl Acetate C2a HWO.C2H3O is formed by heatingcholcsterin
with aoetyl chloride, anil crystallizes from hot alcohol in small
needles, melting at 92°.

Glwlesleryl BcnzoaCo C20H.3O.C7HBO is produced by heatiug
choleaterine with benzoic acid in sealed tubes to 200°. It crystal-
lizes from ether in small, thick, rectangular plates, melting at 125°.

OxycJwlic Add C24H10O,j is obtained by oxidizing cholesterin with
a dilute solution of chromic acid. It ia an amorphous mass, lmving

•a bitterish-sweet taste.
Isochdestenn C^H^O is found together with cholesterin and fatty

acids in suint. It crystallizes from ether in slender, transparent
needles, melting at 137°.

Iaoclwlesteryl Bensottte C^H^O.CJHJO crystallizes from acetone in
tufts of brilliant needles, and troin ether in microscopic needles.

Bilhiibin G',pH,gN3O3 exists in small quantity in the bile of different
animals, and in larger quantity combined with calcium in certain
biliary calculi, and is best obtained from those of the ox. It is
insoluble in water, sparingly solnble in alcohol and ether, freely in
chloroform, and foima dark-ied crystals. In alkalis it dissolves with
a dark-orange colour; the salts of other metala produce dark-brown
precipitates in this solution.

BUvcerdin C10H2AN.1O5.~Wben an alkaline solution of bilirubin 19
exposed to the air it turns green, and on addition of an acid a green
precipitate ia formed, crystallizing from glacial acetic acid in green
rhombic plates.

Hydrobilirubin or Urobilin C32HMN4Oy is produced by the action
of aodium-amalgain, and water on btttinbin, and biliverdin, and
exists also in lirino, chiefly in the dark-colonred one of fever-patients.
I t dissolves in alcohol and chloroform with a yellowish-red colour,
and in alkalis with a brown colour. By adding a little zinc sulphate
to its aminoniacal solution the liquid assumes a red colour, and
exhibits a green fluorescence.

BUifuacin C,,,H2()N3O4 is an almost black, glistening, brittle mass,
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dissolving in alkalis and alcohol with a brown colour; it is found in
small quantity in biliary calculi

Biliprasin CjgHjjNjOg occurs in biliary calculi, and in the ox-bile.
It is a dark-green powder, insoluble in water, and dissolving in
alcohol with a green colour, and in alkalis with a brown colour.

When nitric acid containing a little nitrous acid is added to an
alkaline solution of any of these colouring matters of bile, the liquid
first assumes a yellow colour, changing successively into green, blue,
violet, red, and finally again into yellow.

Bilihwniin. is a dark brown substance existing in all biliary
calculi, and which is also the final product produced by exposing an
alkaline solution of the other colouring matters of bile to the air.

Cystine C8H-NSO8 occnrs in the form of calculi or sediment in the
bladder. On dissolving it in ammonia, and allowing the solution to
evaporate, it is obtained in small, colourless, six-sided plates. On
heating it with soda-solution it yields sodium sulphide, and when
treated with zinc and hydrochloric acid it gives off hydrogen sulphide.
It has probably the following constitution:—^^(SHXNH^COjjH.

Kynurmic Add CjoH^NjOg exists in the urine or the dog, and
forma, in the pure state, silver-white glistening needles containing 2
niolecnlcs of water; it is insoluble in water, but dissolves in con-
centrated acids. Barium Ki/nurcnate C^HjjBaNjO,, + 3H2O is
sparingly soluble in water and crystallizes in glistening compact
needles.

When kynurenic acid is heated to 265° it melts, giving off carbon
dioxide, and being converted into Kynurine C^H^NJOJ, crystallizing
from warm water in beautiful transparent prisms, melting at 210°.
The hydrochloride C.8H,4N2O2(C1H)2 + 2H2O forms colourless
needles, and yields, witn platinic chloride, the compound C18HuNiO2
(O1H). + PtCl4, existing in beautiful crystals.

Lithurie And C^H^NOg.—A peculiar kind of calculi, which are
voided with the urine by oxen fed on the stalks of Indian corn in
Toskana, consist of the magnesium saltof this acid (C16H,8NO9)2Mg ;
it crystallizes from boiling water in small nionoclinic, transparent
prisms, which on heating decompose, giving oft' the smell of burnt
sugar. The free acid crystallizes from hot water in fine, silky, white
needles, melting at 205°,

Hxcretin C2?H3(lO is contained in human fteces, and crystallizes
from hot alcohol in small needles. By the action of bromine it is
converted into dibronuxcretin CMH84Br2O, crystallizing from ether-
alcohol in hard, globular masses.
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ALBXJMIHOIDS OR PROTEID8,

These important compounds form the chief parts of the solid con-
stituents of blood, muscles, glands, and other organs, and occur
also in plants, principally in the seeds. Their constitution is com-
pletely hidden in darkness; from the results of their ultimate
analysis no formula can be calculated, on account of their high
molecular weight, which, however, is not known, as they do not form
definite compounds with other bodies, and are neither volatile nor
crystalline. It is not even known whether some of them are pure
compounds or only mixtures. They have all a very similar composi-
tion, and contain in 100 parts :—

52—54 parts of Carbon
7—7*3 „ Hydrogen

13—16 „ Nitrogen
21—26 „ Oxygen
1—1-6 „ Sulphur

They also always contain a small quantity of calcium phosphate.
Most proteids exist in a soluble and an insoluble modification.

An aqueous. solution of the soluble bodies dries up to a gum-like
mass, and is precipitated by different agents, the insoluble modifica-
tion separating out as amorphous white flakes, or curds.

They all dissolve in glacial acetic acid, in a strong solution of
phosphoric acid, in concentrated hydrochloric acid, and in alkalis.
When the acetic acid solution is diluted with much water it yields
precipitates with potassium fcrrocyanide, ferrioyanide and platino-
cyanide. On boiling them with hydrochloride acid in contact with
the air, the solution assumes a blue colour, changing gradually into
violet and brown. When then1 alkaline solution is boiled, a part of
the sulphur is eliminated is the form of an alkaline sulphide. On.
heating a proteid with a solution of niereurous nitrate containing
nitrous acid, it assumes ft fine red colour, and a similar colour is pro-
duced by the joint action of a solution of sugar and sulphuric
acid.

When exposed to the air in the moist state, they rapidly undergo
putrefaction, the products consisting of ammonia, ammonium sulphide,
carbon dioxide, volatile fatly acids, lactic add, amines, leuciw and
tyro/tine.

The two latter bodies are also produced by boiling a proteid with
dilute sulphuric acid.

Chromic acid-solution oxidizes them to fatly aldehydes, acids and
nitrites and benzahhliyde aud henzoic and.

On. heating them with water ami bromine under pressure they are
rpsolved intn anrlinn rliorlrk, hvemoform. bromacctic and. oxalic acid,
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aspartic acid, levfiine, kucimide, btomanU, and amidotribromobeiizoic
acid.

"When heated with hydrochloric acid and stannous chloride, they
undergo a very simple decomposition, being resolved into ammonia,
aspartic acid, glutamtie acid, leminc and tyrosine.

Senim-Albumin exists in the blood of vertebrate animals, in chyle
and lymph, &c, and in small quantity also in milk. In diseases of
the kidneys it appears in considerable quantity in urine.

It is prepared by diluting blood-serum, with a little water, and
adding carefully acetic acid, to precipitate other proteids. The
filtrate is evaporated at a temperature not exceeding 40°, and thus
an amorphous mass is obtained, giving with cold water a clear
solution.

"When a solution of albumin is heated to 72° it coagulates to a
compact mass. Hie presence of acids or salts raises the temperature
of coagulation, whilst alkalis lower it. On adding hydrochloric acid
to a solution of albumin, a precipitate is formed which dissolves in an
excess of the acid.

Egg-Albumin is contained in the white of tlie egg, and differs from
serum-albumin by being almost insoluble in nitric acid, and being
gradually precipitated when its solution is shaken with ether. It is
also precipitated by hydrochloric acid, but dissolves only with difficulty
in an excess.

The two albumins possess right-handed rotatory power; that of
egg-albumin being less powerful than that of the other.

Vegetable Albumin exists in almost every vegetable juice, and
coagulates when its solution is heated; it has not been obtained pure,
and is therefore only imperfectly known.

Casein is found iu milk and the yolk of eggs, and obtained in a
pure state by adding dilute sulphuric acid to milk, from which the
cream lias been removed, and digesting the curdy precipitate with
water and lead carbonate. The solution thus formed is treated with
hydrogen sulphide, and the filtrate evaporated at a low temperature.

Casein is insoluble in pure water, but dissolves if a trace of an
acid or alkali be present. This solution is precipitated byjacids, a
compound of casein with the acid being formed. A solution of casein
is also precipitated by adding some "rennet" to it, aud heating to
about 53°, but not by heat alone.

Vegetable Casein or Zegnmin exists in many seeds such as peas,
beans, vetches, &c, from which it is obtained by softening them with
warm water, and triturating them into a pulp, which is pressed
through a sieve. On standing, the liquid deposits starch; the clear
solution is then decanted and precipitated with acetic acid. Legumin
has great resemblance with milk-casein.

Conghtiv. is a proteid existing in almonds and lupine-seeds. It is
a white powder, which is sparingly solnble in water, and freely in
dilute alkalis and in acetic acid. Acids precipitate it from the
alkaline solution as a very adhesive mass, drying up to a glassy
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substaucc. I t is tbo best material for the preparation of ghdawic
acid (see page 233).

Blood-Fibrin is dissolved in the blood, but coagulates as soon as
the blood leaves the living organism, and forms, together with the
red blood-globules, the blood-coagnlnm. Bnt if blood be run from
the veins into a concentrated solution of glauber-salt, the fibrin
remains in solution, from which, after filtration, it is precipitated by
adding common salt.

Mu$cle-Fibnn or Myoslu.—To obtain this body, finely chopped
meat is exhausted with cold water, and the residue triturated with a
solution containing not more than 10 per cent of common salt. The
inueilagenous solution thus obtained is precipitated by adding more
salt, myosin being only soluble in a dilute solution of salt, but
neither in a concentrated one nor in pure water.

Gkfoidin is contained in blood-serum, and obtained as a granular
precipitate by diluting the serum with ten parts of water, and passing
a rapid current of carbon dioxide through the solution. It dissolves
in very dilute salt-solutions, and in. water containing a trace of an
acid or alkali, but becomes insoluble when heated with water to 70°.

Vitcllin occurs in the yolk of eggs, and is obtained by treating the
yolk 'with ether to remove fats and the colouring matter; it is a
white granular powder, which is soluble in salt solutions. It has
great resemblance with rayosiu, from which it differs Ly not being
precipitated by saturating the solution with salt

Syntmrin is produced by the action of weak hydrochloric acid on
myosin or tbat of strong acid on any other proteid. When the
solution thus formed is diluted with water, syntom'n is precipitated
in combination with the acid. When this compound is decomposed
by a dilute solution of sodium carbonate, syntouin goes in solution.
It is insoluble in water, bnt dissolves in acids and in alkaline
carbonates.

Vegetable Fibrin.—"When wheatcn flour is made into a paste with
water, and this is tied up into a cloth and washed with water as
long as starch pusses through, an adhesive, elastic substance is left
behind, which is called gluten, and consists o£ a mixture of vegetable
fibrin and gliadin. Tlicy are separated by dissolving the gliadui in
alcohol and treating the residual fibrin with ether to remove fat.
Vegetable fibrin is a soft, elastic mass, dissolving in veiy weak acids,
and alkalis, from which it is precipitated by salts.

Gliadin or Vegetable Glne is an adhesive substance, which dries up
to a horny, fcvauslncent mass, resembling glue. It is insoluble in
water, bnt dissolves in alcohol, acetic acid and dilute alkalis.

Hamarjlobin forms the principal port of the red Hood-globule."!.
It is soluble in water; whon alcohol is added to this solution, and
the liquid is left to stand at a temperature below 0°, hremaglobin
separates out in the crystalline state, the form of the crystals varying
with the animals. After being dried over sulphuric acid at a
temperature not above 0", it forms a brick-red powder.
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Htemaglobin combines with many gases, forming peculiar unstable
compounds. Thus it absorbs oxygen, and assumes a brighfc-red
colour (arterial blood). When carbon monoxide is passed through
this solution the oxygen is given off, and the hsemaglobin combines
with the carbon monoxide, which again may be replaced by nitrogen
dioxide. It also combines with acetylene and hydrochloric acid.

Arterial blood, or a solution, heemaglobin saturated with, oxygen
gives an absorption spectrum containing two dark bands (Fig. 15,

Fia. 18.
No. 1), which, on saturating the liquid with carbon dioxide (venons
blood), are replaced by a single band as seen in No. 2. On shaking
venoua blood with air the two original lands make their appearance
again.

Heemaglobin contains in 100 parts:—

Carbon 54'2
Hydrogen 7*2
Nitrogen 16-Q
Oxygen , 21'5
Sulphur 0-7
Iron 0-4

100-0

Hamatin CJRygtfiJPe is produced, togother with a proteid,
when hseaiaglobin is treated with acids or alkalis. I t is an amorph-
ous bluish-black mass, having a metallic lustre, and dissolving in
alkalis, but not in alcohol and water. It is also capable of yielding
two absorption-spectra by the action of oxygen and carbon dioxide;
these bands are seen in Fig. 15; N09. 3 and 4.
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Its alkaline solution may be boiled without being changed.
Sulphuric acid dissolves hsematin, and on adding water, the com-
pound C34H80N4O9 is precipitated; it is an amorphous mass resembling
hsematin.

ffcmatin Hydrochttyi'ide or Hasmine (C8,HMN^O6Fe)j!(HCl)3 is pro-
duced by heating hwmttglobin with glacial acetic acid, and common,
salt. It crystallizes in thin rhombic plates, possessing a brownish-
red colour, and bluish-red reflection. Alkalis decompose it into
hsematin and hydrochloric acid.

The formation of these blood-crystals is made use of as a test for
detecting blood-spots in criminal cases.

Mutin is contained in the secretions of the mucous membranes
and is conveniently prepared by precipitating filtered cx-bile with
alcohol, dissolving the precipitate in water, and precipitating again
with acetic acid. It swells up in a little water, and dissolves in a
large quantity ; its solution does not coagulate on heating. Mucin
contains: carbon 52*2, hydrogen 7*0, nitrogen 12*6, oxygen 28*2.

Keratriti.—TMs, name is given to the residual mass, which is
obtained by exhausting epidermis, nails, claws, hoofs, hair, wool,
-whale-bone, &c, with ether, alcohol and a dilute acid. It dissolves
in potash with the formation of ammonia and potassium sulphide,
and acids produce in this solution a gelatinous precipitate. When
the substances above mentioned are boiled with dilute sulphuric acid,
they yield tyrosine and leucine, and nitric acid imparts to them a
yellow colour, The composition of keratrin does not differ much
from that of the proteids, but it contains more sulphur:—

Poreentago of
Sulphur.

Human-hair . . . . 4—5
Human-nails . . . . 2-8
Epidermis 0*7
Wool 2—3-5
Horse^hoofs . . . , 4*2
Whale-bono . . . . 3*5
T o r t o i s e - s h e l l . . . . 2*0

Elastiii ia a substance resembling keratrin, and is contained iu the
ligammtmn, ntichas of cattle. It is in the moist state extensible, but
becomes brittle after drying. Its alkaline solution is not precipitated
by acids. A similar substance has been found in the egg of the
common snake.

GELATIN AND CHONBEIN.

These twc compounds do not pre-exist in the animal organism,
But are produced by the action of boiling water on certain tissues.

Gelatin is obtained by boiling bones, tendons, skin, bladder, &c.,
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with water. The pure compound, as seen in isinglass, is a colourless,
glassy, brittle mass, while ghie is more or less coloured. I t softens
in cold water, and is converted into a gelatinous mass, and with
toiling water it forms a thick, viscid solution which, on cooling
again, solidifies to a jelly. "When a little nitric acid is added to a hot
solution of gelatine it remains liquid in the cold.

Its solution ia precipitated by tannin, even if very dilute, a
white curdy mass separating out. The tissues yielding gelatine also
combine with tannin; thus, on placing a piece of bladder or skin
into a solution of tannin, the latter is completely removed and leather
is formed.

When gelatin is submitted to dry distillation it yields ammonium
carbonate, ammonium sulphide, ammonium cyanide, amines, pyridine
bases, pyrrol, and other compounds, and when it is boiled with dilute
sulphuric acid it yields, among other products, glycocoll and
leucine.

The composition of gelatin is :—

Carbon 49-3
Hydrogen 6*6
Nitrogen 18-3
Oxygen 25-8

10O-O '

I t also contains invariably a small quantity of sulphur.
Ckondriii is produced by the action of boiling water on the young

bones, whilst yet in a soft state, and on the cartilage of the ribs and
joints. It resembles gelatine, but differs from it by being precipitated
from its solution by the addition of a little acid, and re-diasolving by
adding more. When it is boiled with hydrochloric acid, it yields a
fermentable sugar. Its composition is:—

Carbon 5O'()
Hydrogen 6*6
Nitrogen 14-4
Oxygen 29-0

100-O

SILK.

When rivw silk is heated with water under pressure, it yields two
compounds.

Fibroin C^H^lLOg constitutes about 66 per cent, of raw silk; it
is a silky, glistening substance which is insoluble in water, but
dissolves in strong acids, alkalis and a solution of cuprammonium
sulphate. When boiled with dilute sulphuric acid it yields glycocoll,
leucine and tyrosine.
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By treating sponge with ether, alcohol, hydrochloric acid, and
dilute soda, spcmgin is left behind, which has great resemblance to
fibroin, and also yields glyeocol, and leucine, but no tyrosine.

S&ricin or SiM-gelatin C|BH^N608 is a substance resembling
gelatin. Its hot aqueous solution is precipitated by alcohol, and after
drying the precipitate forms a colourless powder, which in cold
water swells up to a gelatinous mass. On boiling it with a dilute
sulphuric acid it yields a small quantity of leucine, and larger
quantities of tyrosin e, and serine, or amidoglycerie acid.

FERMENTS.

Under the head of fermentation it lias already been mentioned
that several kinds of sugar, and other bodies such as glucosides,
if a ferment be added to their dilute solution, are resolved into
two or more new compounds. Ferments are proteids in a peculiar
state of decomposition. Their constitution is quite unknown, and
none of them has been yet obtained in a pure state,

Yeast consists of one of the lowest members of the vegetable
kingdom (Torula ccrevisw). On treating it with dilute potash the
cells are disintegrated, and their contents dissolve in the potash. On
adding acetic acid, white flakes are precipitated, which, after drying
form a yellow, brittle mass, and contain :—

Carbon 55*0
Hydrogen 7*5
Nitrogen 14-0
Oxygen 230
Sulphur . . . . . . 0-5

100-0

Yeast has not only the property of resolving glucose into alcohol
and carbon dioxide, but also to decompose calcium inalate into
calcium carbonate, acetate and succinate, and to convert salicin in
presence of chalc, into lactic acid, and saligenin.

When yeast is kept under water, fermentation sets in, carbon
dioxide is evolved, and the liquid contains after some tune a little
alcohol, a kind of albumin and leucine.

By washing yeast with water, an organic substance goes gradually
in solution, possessing in the highest degree the property of con-
verting cane-sugai into inverted sugar.

Diastase.—When grain germinates a portion of one of the proteids
is transformed into diastase, which may be obtained by precipitating
a cold infusion of malt with alcohol in white flakes. Its aqueous
solution is not coagulated on heating, and possesses the properties of
converting starch into dextrin and dextrose, one part being sufficient

O K K
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for the conversion of 100,000 parts of starch. The composition of
diastase is not known.

Emidsiti or Synaptase is the specific ferment of bitter almonds, and
exists also in sweet almonds, from which it is obtained by exhausting
the powdered paste, from which the oil has been expressed with cold
•water, adding acetic acid to the solution to remove proteida, and
precipitating the eraulsin with alcohol. It is a white, friable mass,
containing about 30 per cent, of calcium phosphate, and consisting,
after deducting the ash, of:—

Carbon 42-9
Hydrogen 7'1
Nitrogen 11*5
Oxygen 37*3
Sulphur 1'2

100-0

Eniulsin has the specific property of decomposing aniygdalin,
salicin, arbutin, sesculin, and other glucosides.

Myrosin is contained in black mustard-seed, and is a substance
resembling diastase. I t is without any action on amygdalin, hut
readily decomposes potassium nryronate, into mustard-oil, sugar, and
acid potassium sulphate.

Pepsin is a substance resembling muciu, and is found in thegastric
juice. I t possesses the specific property to convert proteids in the pre-
sence of an acid, into soluble modifications, called peptones.

Ptyatin exists together with mucin and salts in saliva; it is
sparingly soluble in water, and insoluble in alcohol, and possesses the
property of changing starch into dextrin and dextrose, and decom-
posing salicin into sugar and saligeuin.

Similar substances exist in the pancreatic and intestinal fluids,
which have an alkaline reaction. The pancreatic fluid converts
starch rapidly into dextrose, and proteids into peptones, and resolves
fats into glycerin and fatty acids. The intestinal fluid also transforms
proteids into soluble modifications, and starch into sugar, and the
latter into lactic acid, and butyric acid.
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Accnaphtbeno, 437
Acetal, 195
Acotaldphyde, 134
Acotamido, 143
Acetanilido, 323
Acotdiamino, 143
Acotenyl-bemsene, 386
Aoetio anhydride, Itt
Acetoolilornydrin, 255
Acetooinnamone, 402
Acotoluidos, 360
Acetono, 162
Acetones, 86
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Acotyl bromide, 141

chloride, 140.
oyanide, 141
lodido, 141:
oxide, 141
peroxide, 142
suiphldo, 142

Acotyl.txrazono, 383
Acotylene, 274
Acotylono dModldo, 274
Acotyl.phonol other, 333
Acotyl.silicon oxide, 142
Aoid, aeetio, 136

acetono carbonic, 139
acetonlo, 218
acetylcltric, 238
acotyl.laql'K-,211
acetylmalio, 224
acotyltnrtnrio, 227
aconio, 238
aconitio, 238
aciylio, 266
adipic, 235
.vlipotartario, 236
allophanlc, 120
alloxanio, 243
alootlo, 485
alphatoluic, 383
alphnxylic, 390
nmaUc, 252
amontbonic, 234
tmidacetio, 199
nmidetliylnulplionic, 1(

Add, (unidobciuoncsuliihouic,
326

amktolionzoic., 305
nmidobatyricj '217
nmidocumic, 401
amidodracylic, 365
amidogjlycoric, 269
amklo-isocaproic, 234
nmidomolonic, 246

i d i t t e i 36GaroidonitTOterizoio, 36G
amldopropionio, 212
atnidosalioyllo, 370.
amjdosalyltc, 365
mnidosuccinfunio, 224
amidosuccinlo, 224
anndovnlerianic, 231
amylumsulpbunc, 293
nneollo, 269
nnislo, 371
antliraconecarbouic, 454
authraconosulphonio, 445
nuthrafltivic, 4S0
mithrauilio, 36S
oiithraquinonediaulnbo-

nio, 447
nnthraqniiioiKJinonosui-

phonio, 447
arnchidic, 174
nraoumononietliyllo, 90
nspnrtio, 224
ntropio, 394
nsolaio, 236

b njno
nzobonzolo, 3»5
ossulmio, 243
bnrbitnrio, 24iJ
bebonio, 174
bobouolic, 272
bebeuoxyllo, 272
benzrnntifteetic, 362
bontoucdiaulphonto, 320
bonacnosulphinio. 321
bonzonosulphonio, 320
benxhydi-ylbcnKOlO, 419
botuilio, $21
bonzoio, 360
bomoloic, 863
a bonzoyl bonzoio, 418

449
,363

d. bcnzylbeuzoic, 41ST
Ubromopyroiarbuic.

238
Whydrocarboxylio, 69
borncol-campLoiic, 303
brasslo,237
bromobcnzoio, 364
bromomolopbtholio, i0t>
butylflctic, 216
butyric, 165
caoodylio, 98
caft'ootonmc, 46i
cnffaic, 397
cnmphocarbouic, 303
compbolio, 306
oami>horio, 306 >"
CAmphoronio, 306
capno, 171
caproic, 166
cnprylio, 169
carbtunio, 05
carbolio, 331
cnrbonlo, 84
cnrbopyrolUc, 2S2

i l 462o, 2
catochutannic, 464
cor otic, 174
obolidanio, 233
chouolaurooliolic, 488
ohlnolinosulplionic, J6!1
oMnovio, 460
ohloranilnmic, 342
ohlomnllio, 341
ohlorothylaulphoiiio. 192
ohlorobonzoio, 363 *
chlorodracj'lio, 368
ohlororuuconio, 281
a ohloroproplomo, 210
ft „ f, 209
clilorosalylio, 363
chloroxynnplithalic, 43fi
ohrysammio, 460
chrj'snnisio, 372
clirysophnnic, 450
ouuieic, 370
ciinaniiQ, 392
cltrablbromopyrotartarie,

oitraeonio, 238
citramalic, 210

K K 2
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Acid, oltramonoobloropyro-
tartario, 240

oitratartwio, 240
oitrio, 237
comonio, 284
oonvolvullo, 415
oonrolvulinoUo, 466
oopalbio, 808
oresotto, 879
orooonlo, 70
orotouio, 267
oumario. 898
oumio, 401
oumidio, 399
oumyllo, 399
oyonaootio, 147
cyasio, 67
cyanoproplonio, 222
oyanurlo, 68
cymto, 403
deoxolio, 240
deoxyglutanio, 233
doxfa-oeampboric, 306
dextrosesulphurio, 289
dextrotartario, 226
diaoetylfrmigulio, 461
diooetyteortaiio, 227
dialurio,244
diamidobenzoio, 366
diazo-amidobeinsolo, ,366
dlanbenssolo, 366
dibemsyloarbonlo, 422
dibonzyldicnrboolo, 422
dibromaoetio, 147
dibromadiplc, 281
dibromosuccuio, 222
dlohloraoeUc, 146
diobloronthraoeno- diaul-

pboolo, 446
dioblorobonzoio, 364
dioblorodraoylio. 364
dioblorosolyrio, 364
diethoxalio,235
diotbylnoatic, 167
dietbylpbospborlo, 115'
dignluo,373
diglyoolllc, 198
di-iodaootlo, 147
diliturio, 246
diwethoxnlio, 218
dimothylpambanlo, 252
dlmetbylsuooinlo, 233
diaitraniaio, 371
dtnltrolwnzolo. 365
dinltroparomidobenzolo,

diorseUinio, S$0
dionybonaoio. 372
dipbento, U2
dlphenylaootlo, 421
diphonyldiflulphonio, 416
diphenylfflycolllo, 421
dlpheDylmonosulphonic,

416

Aold, elaldio, 271
" 378

dpbanjlpopoflio, 423
diphenylaucoialc, 422
dlphthalic, 424
diiulphobonzoic, 367
dttartorio, 226
eklo, 270

eruok, _.
,879
Bulphonlo, 193

ethene-laotio, 213
ethenoaulphonlo, 191
etbenosulphurfo, 191
athenylsufphurio, 275
etbidene-laotio, 214
etblonio, 191
etbomethoxallo, 232
ethylaoetic, 140
ethylaoatoae-corbonio,

189
etbylbenzolo. 390
e%l(aoodylio,126
ethylorotoaio, 270
ethyldlacotio, 189
ethyldlaulphooarbonic,

ethylglycolUc, 197
etbyllactlo, 210,
etbylmaUo, 224
ethymalonio, 232
ethyloxaUo. 203
etbyloxiunlo, 205
ethylpbosphtnlo, 124
othylpbosphoiio, 116
ethylphosphorous, 116
ethylsucoinio, 220
ethylsulpbonio, 114
othyjsulpburio, 113
ethyltartario. 227
euobrolo, 40* >.
ougonlo, 391
ougotlo, 402'
oiutanthio, 414
ouxanthonlo, 414
evernlo, 880
everninlo, 380
fllioio, 344
fiuobenzoio, 364
formlo, 104
fraoKulio, 451
fulmlnlo, 148
fulminurio, 149
fumario, 225.
galdlo, 270
gallio, 373
gaUotonnlo, 463
gluoinlo, 289
gluconlo, 287
glutamlo, 233
glutanlo, 233
glyoerio, 259
glyosrinpbospborlo, 256
glyooobolio,
glyeolllo. 196
glycoluito, 248
glyoxylio, 206
gttaioolo, 303
guaiaretio, SOS "
EemlmeUltio,407
hemipiDlo, 476
heptvllo, 188
heiahydrophthalic 405
heiylib, 168
blppurio, 862
homooumlo, 403

Arid, hyaonio, 174
hydoitolo, 248
hydmcryllo, 259
hydratroplo, 396
hydnsobenzolo, 865
hydrooaffeio, 897
hydrocarbojyllo, 69
hydrooinnanilo, 890
hydnuumaiio, 896
hydrooyaolo, 60
hydxoferrioyanio, 56
hydroferrooyanlo, 64
hydxomeoonio. 284
hydromellitlo, 406
hydromuconio, 281
bydroparaoumario, 395

hydroprehnltlo, 406
hydropyromolUtlo, 405
hydrosorblo, 272
hydrotersphthallo, 381
hydurilio, 246
hyocholio,488
hyoglyoouholio, 488
hyotauroohollo, 4S8
hyoacinio, 484
hypogaoio, 270'
iudlgosulphurio, 427
indigotindisulpbonlo, 427
indigotlnsulpbonlo, 423
iodobenaolo.. 364
a iodoproplonlo, 210

, 259

isatindisulphonic. 427
isatropio, 396 -
isothlooio, 191
isobutyrio, 167
isacapraio, 167
i8ooyanurio. 149
isoheptylio, 169 >
isohydromellitlc, 405
isohydroiiyroiuollltio, 405
isoptiUiollo, 381
iaopinio,47r>
isopropyhulphurio, 151
isopurpnrio, 336
isosucclnlo, 222
jsotoluio, 378
itaconlo, 238
ikmalio, 240
itatartario, 238
julnpiiii.lio, 405
tinlo,373
klnotannio, 464
kynurenlo, 490
Inotio, 208
lictonio, 237
touriH 174
locanorio, 380
leucio, 235
Jeuoonlo, 70
levocomphoHo, 306
Ievotortario, 228
TmoMo, m
Uthofellio. 48S
lithurio. 490
maleio, 825
malic, 223
malonic, 214
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Acid, mandelio, 88-1
manniUo, 280
mannylsulphurio, 279
margorto, 174
meconio, 283
melllotlo, 396
mollasio, 174
melUtlo, 403
mellopbaolo, 408
mesaconio, 238
mosadlbromopyrotartaric,

mesauionoohloropy rotar.
tario,24O

mesitylenosulplionlc, 887
raesitylenio, 388
raososalic, 243
meUinltrobensolc, 364
raetanltrodnnamio, 393
motaphenolsulphonlo, 834
raetatortoric, 326
mothoorylio, 269
methenodisnlpbonlc, 199
raetWnotrisulphoaic, 103
mothlonio, 139
raotbylorotonlo, 269
mothyldiacotio, 139
methyl •inopropylnco tic,

167
raothyMecanorio, 380
mothylmalonlc, 222
mothyloxybonffllo, 370
methyl pboaphlnio, S»7
motbylsucotnio, 232
mothylsulphocarlionic,
motliyl8ulphonic, 199
motbyhulphuric, 92
tnonlodacutlo, 147
raonobromacotio, 146
monobromisoorotonio.239
raonobromoleio, 270
monobromcwiicoinlo, 222
raonoohlomcotlo, 144
monoohlorooltramalic,240
raonoobloroorotonlc, 268
monoohloropjTOtartnrio,

240
monoohloroquartemo, 268
monoxvanthraquinono-

sulphonlo, 448
moritantilo, 464
muolo, 280
nraoonio, 281
mycomoiio,242
myrtstlo, 174
myronlo, 469
naplitboienebicarbonlc,

439
nnphtUnlonooarbonio, 438
nnphtbalenesulphonlo,

434
nftphthalio, 437
nnphtholo. 438
nnpbtbylfonuic, 438'
liaphthylpurpurio, 431)
nicotinio, 472
nitrnmsio, 371
uitrocinnoniic, 393

Aoid, nitroooooussio, 462
nltrooamio, 101
nltrolootio. 211
nitrosaUoyUo, 370
nitrotartario, 227
nonyllo, 170
octyllo, 169
oonanthyllc. 168
olelo, 270
opianio, 476
opinlo, 476
orsolllnio, 879
ortbooitrobeoisolo, 364
orthotoluio, 378
oxacetio, 196
oxalio, 201
oxalobydroxomic, 206
oxaluno, 247
oxamio, 205
oJtanllio, 324
oxatolulc. 883
oxybonnoio, 370
o oxybutyrio, 216
/J i, 217
osycnraphoronlo, 306
oxycbollo, 489
oxyoutnic, 401
oxyjsobutyrio, 218
oxyiaopropyl-phwiylfor-

niic, 401
osymaloaio, 228
oxymcaitylenio, 388
oxymethyl-phenylfonnic,

370
osyphonlo, 342
oxyphenyl-amldoproplon-

o oxynropionlo, 208
ojysnlioylio, 872
oxyvalorianlo, 231
palmitic, 174
palwitoBo, 270
palmitoxylio, 270
porabanlo, 247
pamoumario, 396
paradlphenylcarbonlc,425
paralaotto, 213
paramalio, 198
panuiltrobensolo, 365
paranitrocinnamio, 393
par&nltrophouy-pvoplo-

nlo, W6
para-oiybonzoio, 371
pamphenolsulphonlo,

334
paraphenylbenzolo, 425
paratolnlc, 377
poraxylio, 389
peltugonio, 170
pontyllc, 160
phonanthronosulphonic,

phenolsulpbonio, 333
pbonoldisulphonic, 334
phenylacotio, 383
pbonylnorylio, 892
phonylnngelic, 403
phcnylbonzolo, 442
phenylbroraoluotio, 394
phenylcblorolaotio, 394

Acid, phenyldibromopropi-
onio """

phenylglycollio, 384
phonyl-laotic, 394
phenylparalttotio, 394
phenylphospborio, 333
pbonylproptolic, 393
phenyljropionio, 390

phtĥ lo%81
phy»otolelo,270
ploramlc, 337
picric, 885
plorocyamic, 836

pimellc, 236
pinic, 308
piperio, 481
piporonic, 482
proliuitic, 406
propionic, 160
protocatechuic, 372
prosaic, 60
paeudo-uric, 214
purpuric, 240
pyrocomonic, 284
pyroMllio, 343
pyrofigneona, 137
pyromolUtlc, 406
a pyromncic, 281
P „ 282
pyroracemic, 230
pyrotartario, 232
pyrotcroblc. 270
pyruvio,230
quartemo, 268
qaeroimeric, 461
quercotnnnic, 464J
quinio, 873
quinotnnmo, 464
racemic, 228
rhodizonic, 69
ricinolaidio, 272
riclnoleic, 272
roqelllc, 237
rosollc, 411
ruborythric, 462
niblanic, 462
ruDgsIlic, 463
saccboric, 280
sallcylio, 368
Barcolaotlo, 213
sebaoic, 236
silicocopropionic, 132
sinapio, 482
sorblo,272
stoaric. 174
stenrolio, 271
stonroxylio, 271
styphnic, 343
suboric, 238
suboromalic, 236
suborotartftric, 286
Huccinamlo, 221
sncoinic, 218
sulphacotic, 198 •
sulpbnnilic, 326
sulphobonzoic. 367
milphocarbnimc, 09
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Aoid, sulphocarbonio, 68
gulphocyanic, 59
sulphopsendo-urio, 245
sulphopurpurlo, 427
siUnhosuccmic, 221
sylric, 308
tannlc, 463
tortaric, 228

inaotivo, 220
tartrello, 226
tartronic, 228
tartrophthallc, 406
tauroobollo, 488
terobentic, 300
terobio, 299
terophtholic, 831
tetrabydropbtbalic, 405
toranitrochrysophanic,

460
tetrolio, 268
thkootlo, 142
thymotie, 403
tiriic, 270
tokc, 377
tolyleneglycoUlc, 379
triamidobonzoic, 373
tribromacotic, 147
trioarballylle, 238
triobloracetic, 145
tricblorocrotonio, 268
triohlorolaotio, 213
trichlorophonolmalic, 34S
trihydroenrboxylic, 89
trimollitlc, 406
trimesic, 389
trimothylaootic, 164
trinitroorosotio, 36-J
trlosybenzoio. 373
tropic, 394
umbelUo, 897
uramldobonzolo, 366
urio, 241
usnio, 380
uvitic, 388
valorianlc, notivo, 163

inaotivo, 162
normal, W0
tertiary, 1W

voratrio, 398
violurio, 246
rulplnio, 383
xnnthlo, )17

li 389xnnthlo, )17
xylio, 389
xylldic, 389

Acids, fatty. 80
solid, 1
li

, 172
isaerylio, 265
isoluotio, 182

, asoriea, Cusorioa, CnHi>n_<0
Achilloiu, 487
AchiHotin,487
Aoonitlno, 484
Acridine, 41S
Aorol diolilorido, 260
Aci-ololn, 285
Aci-ololn-ammonta, 266
Aorylaldohydo, 265
Aosculin, 461

132
0
265

Aosouletin, 461
Alanino. 212
Albumin, 492
AlbuminoldH, 4S>1
Alcarsiae, 83
Aloohol.raaicala, 72, To

dyad, 176
Alcohols, 76

primary, 80
socondary, 86
tertiary, 88

Aldobydo, 134
Aldehyde-ammonia, 136
Aldehydes, 80'
Aldebydiue, 186
Alizani), 448
Alkali-bliw, 410
Alkaloids, 470
Allantoin, 2J8
Alloxan, 243
Alloxautin, 244
Allyl alcohol, 261

bromide, 262
carbamino, 263
obloride, 262
cyannmido, 264
cyanide, 2G3
bydrosulpbido, 263
iodide, 262
mercaptan, 263
oxide, 202
aulpb'dc, 263
sulphooarbamldo, 264
sulijliooirbiuiido, 263

AllytaQiine, 264
Allyl-bonzono, 891
AUylouo, 276
Allylpbenol, 3i>l
Allyphonol-motliyl otber, 3D1
Aloin, 435
Aluminium nootato, 137

mellitato, 404
Aluminium-othyl, 130
Amarino, 359
Ambor, 308
Amides, 82
Amido-anthnu}uinono, 447
Amido-nzobonzono, 331
Amido-azonapbtbalene, 433
Anildobonzeue, 321
Amldobonzonitrilo, 358
Amida-oomponnds, 3d!)
Amklo-isoxyleno, 87t>
Amidoraaloiiyl-urea, 246
Amidomcsttyleiio, 387
Amldonaphtbaleno, 433
Auldopbonols, 337
Amidopbloroyluoin, 344
Amitlopsoiidooninono, 9S8
Amitiotoluonos, 349
Amines, 77
Ammoude, 61
Ammolino, 61
Ammonium nootato, 137

oyanato, 6$
oyanide, 62
dooxaloto,
formate, 10 j
iiethoniato. 192
tnollitatc, 404

Amuioiiium oxalato, 203
sulphocyanato, 59

Amygdalin, 459
Amyl acetate, 162

secondary, 164
alcohol, primary, 160

secondary, 163
tertiary, 164

Amyl bromide, 161
chloride, 161
hydride, 161
iodido, 161

secondary, 163
nitrate, 161
nitrite, 161
oxido, 161
valeroto, 163

Amylnmlne, 162
Amyl-benzono, 402
Amylone, 231

dibromide, 231

ly'drato, 164
Amyl-toluene, 403
Amylum, 292
Analysis, optionl, 42

nltimato, 16
Anetho), 891
Angolio aldobydo, 269
Aubydridos, 81
Auil'des, 323
Anilino, 321

hydroohlorldo, 822
mtrato, 822
sulphate, 322

Aniline-blue, 110
Anilino-colours, 407
Anilino-green, 410
Aniline-orango, 361
Aniline-purple, 407
Aniline-rod, 408
Anibno-violot, 410
Aniline-yollow, 331
Anisol, 332
Anisyl alcohol, 371

aidebydo, 371
chloride, 371

Anol, 391
Anthrocono, 443

diobloride, 444
Anthraobrysono, 452
Anthrahydrooulnone, 44d
Antliraflavlno, iSO
Autbrapurpurln, 452
Antbraquinone, 446
Autinrin, 466
Apomorpblne, 473
Applc-oi), 163
AraWn, '29i
Arabinoso, 294
Arbutin, 460
Archil, 353
Argonto-othonyl oblorido, 276

oxido, 275
Aromatio compounds, 308
Arsondiethyl, 126
Arseudiraotbyl, 98

chloride, 98
oxido, 08

Arsennionoraotbyl, 99
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Araonmcmouiotbyl ohloridc,09

oxide, 99
Asparagin, 221
Atbamantin, 485
Atropino, 483
Aurin, 411
Asiolaie aldobydc, 271
Azobonzene, 327

dibromido, 328
Azo-co in pounds, 311
Azoconydrine, 470
Azodinaphtbyl-red, 483
Azodiphenyl-bluo, 408
A7.)xybenz:uo, 328

B.
Barium chrysammnto, 461

deoxidate, 240
kynuronate, 496
mollitate, 404
plaUnocyanido, 56

Boboorino, 481
Bees-wax, 174
Bonzaldabydo, 358
Benzamide, 362
Beuzapluacouo, 424
Bonzeno, 317

boxabromido, 345
bexaohlorido, 345
sulpboxido, 321
tricklorhydriu, 345

BomrauosulplioiiamMo, 320
Bonzoncsulphooio chlondo,

320
Benzhydrol, 418
BoircidiuQ, 415
Bonzil, 421
Benzoin, 420
Benzol, 317
Bonssonitrilo, 357
Bonzopbonone, 418
Bonzoyl-aoetyl oiddo, 362

anhydride, 361
olilorido, 881
dioxido, 3til
fluorldo, 361
oxide. 861

Bonzoyl.piperidine, 481
Bonzyl acetate, 351

nloohol, 954
bromldo, 364
earbiraide, 355
chloride, 364
oinnonmto, 393
oyonnto, 355
dlTOlpbldc, 353
byclrosulphldo, S55
iodide, 864
i8ocyaimwrto, 365
moronptau, 3S5
mustard.oil, 356
sulphide, 325
sulphooarbUnido, 356

Bonzylamlno, 355
Boneyl-anlsol, 417
BenzyMroiEene, 417
Beozylene diohloride, 368

Bouzylcncdiniuiuc, 30d
Bonzylotliyl.bonzene, 419
Bonzyl-motUyl ketone, 380
BouzyLoxybonzone, 417
Bonzyl'pUeuol, 417
Bonzylphenyl-mothyl other,

Bcnzylpbospbino, 350
Bonzyl rosaniline, 410
Bonzyl-toluene, 418
Bonzj-1-urcn, 3oii
Bcrlierino, 4SO
Botaino, 19G
Beta-oroiu, 37C
BUifuscIn, 48'.1
BUibuiniu, 490
Biliprasiu, 490
Bilirubin, 483
Bilirerdin, 480

Calcium butyrato, 155
campliorato, 306
citrato, 237
glycoUtito, 107
isobuljrnte, 157
lactato, 20(3
nifilnto, 223
oxalnto, 2fl3
(juinata, 374
tnrtrate, 227

Campbilcuc, 300
Ctuupholcnc, »I3
Cainplior, 303

(libromidc, 304
nitrate, 304

Camphoric anhydride, 303
Camphyl acobito, 304

alcohol, 304
chloride, 8'HBismnthethyl dicbloridc, 127 Campliyl.raclliyl ctber, 304

Biurot, 66 Cane-sugar, 235
Bixin, 41-t '-—" -Sj!-
Blood-fibrin, 483
Uor-othyl, U7
Bor-diotbyl chloride, 127
Bornconc, 304
Bornoocamjihor, 304
Borncol, 304
Borou.moU.vl, (W
Brosilin, 413
Bvomal, 147
Bromoform, lul
Bromotolueuos, 348
Buttdanlno, 232
Batano, 154
aButonc, 215
flButone,216
Butcno dibromidc, 215

chlorhydrato, 215
glycol, 215

Butenyl-bonzono, 402
Butiuo, 27G

Cautharidin,
Caoutchcne, 303
Caoutchouc. 302
Caramel, 230
Carbamide, 65
Carliamincs, 7S
Carlwnil, 324
Carbanilamido, 323
Cm-bnnuide. 323
Cartwzol, 415
CnrWzaliiic, 41<J
Carliimidcs, 79
Cnrbinola, 86
Onrbo.l.ydratcs, 284
Carbon dioxido, 0"?

diaulpliidc, 68
monoxide, 02
oxychlorido, 64
oxyaulpbido, 08
tortmbromidc, 107
tertraoblorido, 101

Butyl acctato, secondary, 15(5 Cnrtwnatos, 64
tertiary. 168 Cirbou-coinpouiidfi, boiling

a!cohol normal, 154 —'--' ""
secondary, 166
tortiary, 157

chloiido, 155
io-lido, normal, 165

sccomtary, 156
tertiary, 15S

snllihaearlnmiilc, 155
Biityinmino, 169

tortiniT, 15'J
Bntylono. 215
ButyraMoh.vdc, 1C0

C.
C'acodyl. 98

oxido, 08
Cacotdino, 477
Cnorolimiono, 417
Cnffbldmo. 252
Caffoino, 251
CnYiicotin, 466
Cainoiiigouiii, 4C0
Calnoin, 486
Cnlcinm acetylglycollate, lftS Ciiseiu, 492

iwiut, 37
cla>siflcation, 47
colour, 44, 45C
solubility, 44
melting point, 37
odour, 44
optical pitiportics, 40
libysical proportioa, 35
specific volume, 35
taatc, 44

Cirbonyl olilorido, 64
snlpbido, 68

Carbonyl-comiiounds, 62
Ciirbonyl.diaiilpliodiothyl.l'iO
CArbopyiTolanvidc, S52
Carbotripliiiiiyltriaiinnc, 325
farboxvf, 8li
Carbyl suliibato, 191
Carniiiic, 162
Cirmin-rcd, 462
Cai-nino, 249
Carolin,
Catcoliin, 464
Catechu, 464
Carthamiuc, 413
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Cuein vegetable. 4P2
Cellulose, 295
Cerebrin, 467
Cerot«ne, 234:
Ceiyl alcohol, 174

oerotate, 174
Gitene, 284

ehlorhydiate, 284
dibromide,234
oxide, 284

C%1 alcohol, 171
iodide, 171

Cotylatnine, 171
Chiflerythrtae, 480
Chottdontoe, 480

Ohiaovin, 466
Chlt5n,467
Chloral. 146

hydrate, 146

Cblorobenzoldehyde, 868
Chlorobenzyl alcohol, 857
Ohlorobenzylene dichlorido,
Chlorocodide. 474
Chloroform, 101
ChlorOoydranfl,841
Chlorophonol, 338
Chlorophyll, 486
Cbloropiorin, 102
Cholesterin, 489
Cholosteryl acetate, 489

obloride, 489
Cholastropiano, 253
Choline, 190
Ohoadria, 496
Chrysauiline, 411
Chrysohydroquinono, 465
Chiysoquinoiio, 455
Cinchona-red, 464
Cinohoaioine, 479
Cinohonidino, 470
Cioobonine, 479
Ciitnamaldehyde, 892
Olnnnmein, 893
Citinyl slcohol, 891

chloride, 392
oinnamato, 892
iodide, 892

Ciimylamine, 392
Circular polarization. 43
Oitreno, 301
Coal-tar, 468
Cobalt oyanido, {2
Cocaine, 483
Cocoiniu, 462
Codamino, 474
Codeine, 474
Coarulain, 413
Colohioine,484
CoUidine, 467
Collodion, 296
Colombin, 486 -
Colophony, 307
Conglutin, 49-3
Conlferin, 466

Conine, 470
Conquiaiuo, 479
CoDVolTulin, 466
CoovolvuUnol, 466
eonydrine, 471
Copper acetate, 138

amidacetate, 200
fulminate, 148
trichloracetate, 146

Coppcr-ethinyl-benzene, 886
Coridine, 467
Corydaline, 485
Cotornine, 447
Oroatino, 260
Creatlnine, 260 '
Creosol, 362
Creosote, 352
Cresol, 351
Cresol-methyl ether, 351
Crooin, 466
Crotonaldebyde, 267
Crotonchloral, 268

hydrate, 268
Crotonitrile, 263
Crotonylene, 276
Cryptidine, 468
Cryptopine, 476
Cumano anhydride, 396

Cumene, 390
Cumidino, 401
Cuminaldebyde, 401
Cuminol, 401
Cuprio acetate, 138
Cuproso-etbenyl chloride, 273

oxide, 273
Curarino, 477
Curourain, 486
Cyoliunin, 466
Cyolamirotin, 4«fl
Cyanamide, 60
Cyananilide, 324
Cyananlline, 326
Cyanates, 57
Cyanetholin, 119
Cyanides, 51
Cyanobemene, 325
Cyanoeen bromide, 67

chloride, 67
iodide, 67
sulphide, 60

Cynnogon-ootnpounds, 48
Cyanogen-gas, 49
Cyanummido, 61
Cyanurio ohlorido, 67
Cymono, 899
Cymophenol, 40O
Cymyl acetate, 401

alcohol, 401
chloride, 401

Cystine, 490
Cytisine, 485

Deoonylena, 277
Deoxyfwasoin, 421
Delphinine, 486
Dextrin, 294
Dextrose, 288
Diaoetamide, 144
Diaoetin, 268
Diaoetyl-alizarin, 460
Piacatyl-anthratiayiD, 460
Diacetyl-anthrapurpuriti, 462
Biallyleno, 277
DiaUyl,276
Diallyl carbamide, 264

etber, 262
Dialluramide, 244
Diamido-anthraquinone, 447
Diamidobenzenes, 827
DiomidodiphoDyl, 415
Diamidohydrazobenzene, 328
Diamidomesitytem, S87
Diamidonaphthalene, 433
Dimidophenol, 837
Diamidotoluene, 350
Diamyl, 170
Diamyl ether, 161
Dlamyleso, 284

Dioso-amldobenzene, 830
DiuBO-anthraquinoaa, 447

330
hydroxide, 330
nitrate, 880
potassoxide, 830
sulphate, 380

Dlazo-compounda, 311
Diazophenol chloride, 337
Oiai!Ors«iraia,343
Diazoresorufin, 343
Dibanayl, 419
Dlbeneyl ether, 364
Dibennylatnine, 855
Blbonzylphospbine, 366
Dibenayl-urea, 866
Dibromaniline, 326
Dibromo-anthtnceno, 444
Dlbromo-antliraqulnone, 446
Dibromobeneene, 319
Dibromodiphenyi, 416
Dibromodtirene, 398
Sibromo-iaoxylene, 875
Dibromomesitylone, 387
Pibromomethyltolueno, 376
Dibromonaphthalone, 432
Dibromonitro-agetonitrilo,

Dibromophenantbrene, 441
D i b h t b i

D.
Dapbnotin, 466 '
Daphnin, 466
Decatylnlcohol.170

chtoride, 170

ono. 4«
Dibromophenol, 339
Dibromopropyl alcohol, 261
Blbromopyrone, 456
Dibromonseudooumene, 888
Dibromololuene, 348
Sibutyryl-phlorogrtttcio, 344
Dicotyt other, 171
Dicbloranilino, 325
Dichloranthracene, 444
Dichloranthraquinone, 446
Diohlorethane, 134,195
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Diohlorathene, 185
Dtohlotethyl oxide, HI
MoUorethylamine, 121
Diohlorhydrin, 265
Diohlorisatin, 437
DiohJorohenzyi alcohol, 867
Siohloroglyofde, 256
Diohlorohydroquinone, 841
Ejohloromanoite, 279
DiobJoromethane, 101
Diohloromositylene, 386
Dichloron&phtalene, 482
IHohloronaphthohydroquin.

one, 436
Dlohloronaphthoquinone, 436

Dinltro-acetonitrile, 119
Dinitro-amidophenol, 837
Dinltro-amidotoluene, 351
Dmitro-anthrocene, 445
Dinitro-anthtaqainone, 417
Dinltrobenzene, 320
Dlnitrooresol, 861
Dinteodiphenyl,416
Dinitrodurene, 898
Dinitrohydraswbenzene, 828
Dinitrohydroaainone, 340
Dlnitro-isoxylene, 876
Dinitromeaitylene, 387
Pinitrometbyltoluene, 375
Dfoltronaphthalene, t~
Dinltronaphtbol, 435

Diohloronaphtbydrene glycol, Dlnitrophenauthrene, 441481
IHohlorophenol, 838
Diobloropropyl aloobol, 261
Diohloroquinono, 341
Dloyanamide, 61
Dfc 49y ,
Dfcyanogen, 49
Dlethene glyool, 1
Diethenedlattlne, 193
M l

9
ol, 185
l 193

Methyl, 154
Diothyl carbamide, 123

ethenate, 187
ether. 109
saipbooai'ianiide, 12

Slothybmine, 122
Djetbylaniline, 822
Dietbyl-benzeno, 399
Diothyl-benzyleno, W&
Diethyliydrio, 257
DlethylphospUne, 124

Digeranyl ether, 305
Digitalis, 466
DintalreUn, 466
Dihydro-anthracono, 444
DUtydronapbtbolene, 431
Dihydroityl-osamlde. 206
Dl-iodomethane, 102
Di.iodonltro-noetonitrilo, 149
Di-ispropyl, 167
Diraeaitybmethane, 423
Dimethyl, 72
Dimethyl oarbinol, 151

ether, 93
ketone, 152

Dlmethylacetal, 195
Dimethylatnine, 96
Bimethyl-anthtaceno, 453
Dlmethyl-benwnos, 374
Dlmethyl-butyl-methnne, 168

Dinltrophenanthrene-quin-
one, 441

Dlnitropbenol, 836
Dinitropsoudoonmone, 388
DinUropyrene, 466
Dinitroatllbene, 420
Dinltrotohiene, 349
Dioxetbylamine, 100
Rloxindol, 428
Dioiyanthraquinon«8,448
Dloxybenzones, 339
Dioxydiphonyl, 416
Dioxymetheno, 104
Dloxyoapbtbaieno, 435
Dloxynojihthoquinono, 436
Dioxytenatene, 466
Dioxytoluenos, 362
Dipalmitln, 238
Dipbthalyl, 423
Dlpbenlno, 328
Dlphenyl, 414
Diphenylcarbinol, 418

otbor, 333
ketone, 418

Dlphonylamine, 322
DipbenylanOine, 323
Diplienyl-benzene, 424
Diphonyl-dicarbimide, 824
Diphenyl-dlohlorothono. 422
Dipbonyl-dlchloromotbane,

424
Diphenyl-diothene, 423
Dlpbenyleue ketone, 442

oxido, 418
DipbenyUtbane, 419
Diphenyl-othono, 419
Diphwyl-flthinc, 422
Diphenyl-guanidlne, 324
Dipbenyl-mothano, 417
Diphenyl>rosnniline, 416Dimethyl.diethylmethftne,168 Dlphenyl-trichlorothono, 421

Dimethyl-otbeno, 215 DipbwyUurea, 323
— • — Dipropine, 277

Dipyrldino, 468
Disaoryl, 266i

Dimethyl-ethyl-bennene, 399
Dimethyl-ethyl-inethane, 161
Dlmethyl-isopropyl carbinol,

167
Dtmethyl-narcotlno,
pimethylphosphlne, 97

Disnoryl-roain,!
Diapolino, 469
Distillation, dostructive, 457

167 dry.45?
Dlmothyl.propybmethane,166 fraotional, 45
Dimonoohlorallylamine, 264 Distyrolene, 384
Dinaphtbyl, 439 Disulphydrin, 256-
Diiutphthyl ketone, 440 Ditorobeno, 300

Ditolyl, 419
Ditolylamine, 377
Drupose, 298
Ouloltan, 279
Dulcite, 279
Durene, 398
Dutoh liquid, 185

E.
Ebonlto, 309
Ecgonine, 483
ES-albumin, 492
Elaatln, 495
Gmeline, 484
Bmuisui, 498
Epichlorhydriii, 255
EHcinol, 465
Erytbrin, 379
Erythrito,27T
Erythryl nitrate, 278
Erythrojyme, 463
Esorine, 483
Ethane,183
EtLone, 184

alcohol, 187
arsonlo. bases, 194
chlorbydrat«, 188
chlorhydrine, 188
ohloriodide. 187
ohlonmitrate, 191
diucetate, 187
dibromide, 186
dichlorido, 185
dihydroauiphide. 192
di-iodide,186
dioxide, 189
Klyool, 187
Rydrosulphids, 192
iodobydrate, 188
moccaptan, 192
mouacetato, 187
nitrate, 191
nitrite, 191
iiltrogon-basc8, 103
oxido, 188
phosphorus-bas«9.194
8ulphido,lO2
sulpliooyanato, 193

Etbonedlftmino, \$&
Etbeue-diphenyl other, 333
Etbene-naphtbalone, 437
Ethenyi alcohol, 275
Ethonyl-benzeuo, 384
Ethor, 109

acetic, 188
disodncotonc.carbonic,

140
formic, 113
formic, tribasio, 118
oennnthic, 171

Ethers, compound, 76, 81
cyanic, 79
mixed, 77
salius, 76, 81

Etbldeno, 195
diacotate, 196
dichlorido, 195

Ethine,274.
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Ethine-naphthabne, 48S
Ethinyl-beustouo, 385
Ethyl acetate, 1»8

' aootone-carbonato, 139
acotyl-glycollate, 198
acotyl-malato, 224
alcohol, 107
acrylnto, 267
allophaiiato, 120
antimony-bases, 12G_
araonato, 110
araonie-basoH, 125
orsouito, 116
benzoato, 361
biamutli-husca, 12ti
borate, 110
bromido, 109
butyratc, 158
cnprylato, 170
carbaniato, 117
carbamine, 113
corbauilnte, 324
carbimido, 119
carbonato, 116
oklorido, 109
ohloroearboiiatc, US
ohlorofornmto, US
cituramato, 393
citroto, 233
oymittto, 119
cyanide, 118
dooxalato, 210
dicarbothiouato, 118
diacotouo-carbonate, 140
diphenylallophonate, 824
disulpuido, 128
otlmcotone-carboutite, 140
ethonato, 187
foranto, 118
gnUate, 373
glycolhtfc, 190
hydrosolonido, 128
liydrosulphato, 113
liydrostilphido. 127
iodide, 109 '
aotato, 210
•aalato, 224
meUitnto, 404
mouiodacotato, 117
mouobromacotato, 14*
raonochloracctatc, 145
mustard-oil, 120
nitrato, 112
nitrite, 112
nitrogon-basos, I-1

nitpofiiotato, 211
ootylato, 169
ortnocarbonnto, U"
urthofoiiuuto, 118
orthosllicopropimintfi 13:?
oxolato, 203
oxulurato, 247
oiomato, 2O.*i
oxiclo, 109
porohlorato, 113
phosphate, 110
phosphite, 115
phosphorus-basos, 123
pierato, 33(i

h h 115

INDEX.

Ethyl soleuido, 128
silicate, 111)
sucoinnto, 220
sulpliato, 113
snlpliidu, 128:
sulpliito, 114
swlphocarbonnto, 117
siilphocatbimidoi 120
sulpliooyiiiiato, 120
sulphoxide, 128
tartrato, 227
tollurido, 12J
terephthnlato, 381
xnntliato, 118

Ethyl-acetainide, 143
Ethyl-allyl other, 283
£thylnmidoboDeene, 3S2
Ethylamino, 121
Ethyl-arayl, 168
Ethyl-amyl other, 181
Ethylanihno, 322
Ethyl-benzono, 382
Ethyl-cacodyl, 126
Ethyl-camphor, 303
Ethyl-carbamide, 122
Ethyl-climetliyl carbinol, 104
Ethyldisuiphocarbonyl disul-

puido, 117
Etbylforammido. liy
Etbylhydrin, 257
Ethyl-isobutyl, 107
Ethyl-iaosylouo, (WO
Ethyl-methyl cai'binol, luti
Ethyl-raothyl kotono, 15(!
Etliyl-mothyl-beiiEono, 380
Ethyl-monobfomallyl other,

203
Ethyl-monobroniobonzone,

332
Ethyl-monoehlorallyl other,

283
Ethyl-monouitrobenzono, 332
Ethyl-nnphtbalono, 437
Etliyl-oxalvl chloride, 204
Ethyl-oxybonzono, 382
Ethyl-phouol, 882
Ethyl-phonyi other, 332
Ethylpliospmno, 123
Ethyl-pyrrol, 2S3
Ethyl-soloniura chloride, 129

oxido, 12ft
Ethvl-salphocarbamtle, 123
Ethyl-tolfurium ehlortdo, 129

oxide, 120
Ethyl-ureas, 122
Ethyl vinyl, 21«
Ettulino, 409
Eticalin, 292
Eucalyptouo, 305
Eucalyptol, 0̂5
Euchrono, 404
Eugonol, 391
lOiixantliono, 414
Excrotin, 4t'O

F.
Fcrmontation, 297

butyric, 298
lactic, 293

Formontatiou, njucio, 298
TOIOUS, 297 i

Formenta, 497
Ferric oxolftto,203
Forrioyanides, 63
Forrocvanides, 63
Forraus laotato", 209

oxnlato, 203
Fibrin, 493

voitotablo, 493
Fibroin, 496
Flavin, 401
Fluoroscin, 412
Fornmldohydo, 103
Formamide, 100
FormoniUdo, 323
Formulro, constitutional, 2(

empirical, 29
molecular, 26
rational, 29

Fraxotlu, 405
Fraxin, 465
Frangulin, 402
Fuohsino, 408
Fuousoi, 282
Fulmlnntcs, 148
Fui-furamido, 282
Furfurino, 282
Fnrfnrol, 282
Furfuryl alcohol, 282

a.
Gnlactoso, 292
Gatloin, 412
Gelatin, 495
Gontianin, 414
Gornnieno, 305
Uoroulol, 305
Geranyl alcohol, 305

clilorido, 305
sulphide, 305

Glladin,493
Globulin, 493
Glucosan, 289
Glucoso, 288
Olucosldos, 459
GIHO, vogotublo, 493
Gluten, 493
Glycerin, 253
Glycooinc, 199
Glyqoopl, 190
Glucodruposo, 296
Glycogon,296
Glycofiamido, 199
Glycollio anhydrldo, 19i
GlycoUido, 198
Glycollyl chloride, 197
Glygollytdiaraido, 200
Glycollyl-urea1.248
Glycols, 179
Gljoolurile, 248-
GlyoyiTOtin, 4««
Glyoyrrhioin, 460
Glyoxal,200
Gold cyonide3, 53
Grape-sugar, 288
Guaiacono, 288
Guaiacol, 342
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Gnanidino, 108
Guanine, 219
Gum aratdo, 294

British, 294
Senegal, 294
tragnoiuith, 294

Gun-cotton.

H.
Haetnin, 495
Hnematoln, 413
Haemoglobin, 493
Haomatln, 494
Haematoxylin, 413
Haemln, 496
Harmalinq, 484
Harmine, 484
Helonin, 487
Hellcin, 460
Helloboroln, 465
Helleborssln, 465
Holleboretin, 465
Helloborin, 466
Heptano, 108
Hoptono, 284

secondary,
Heptyleno, 284
Hovcene, 303
Hexacclyl.ftmylum, 293
Hoxncotvl-doxtrin, 294
Hoxacblorothane, 134
Hoxachlorobenzono, 319
Hoxaohloroquinhydrone. 341
Hoxahydronnthraeono, 444
Hoxahydroinositylonc, 387
Hexahydropyrono, 454
Hoxano, 165
Hexono, 233
Hexono glycol, 233
Hoxothylothonodiamlno di>

iodide, 193
Hoxino, 276
Hoxoxyanthrnqutaoun, 463.
Hexoxydlpbenyl, 417
Hoxoylono, 27o
Hpxyl aootato, 166

alcohol, primary, 166
secondary, 166
tortuury, 167

otbor, sooondary, 169
hydrido, 165
iodldo, 166

Hoxylono, 233
Hofmaim gum, 410
Hofninmi's yiolot, 410
Homologous eorios, 8
Romopyrooateohtn, 352
Honoy-stone, 403
.Hydnntoiu, 248
Hydracotamldo, 135
Hydrazobonzeuo, 328
Hydrasulmin, 243
Hydrnziilmoxin, 243
Hydrides, 72
Hydrobonzamldo, 359
Hydrobensoln, 420

Iiydroherliovm, 481
Hydi-obiliiuWn, 489
Hydrocaoroligiiono, 417
Hydrocorbnzol, 416
Hydrocarotiu,483
Hydroclirysamido, 451
Hydro-indigotin, 426
Ilyciro-ijntiu, 428
Hjdrophloi'ono, 3/0
Hydroquinouo, 340
Hydi'oquinouc-phtbnlein, 112
Hydroxyl-carbaraidc, 67
Hyoscino, 484
Hyoscyaniine, 483
Hj'poxanthiu, 249

Idrialouc, 456
Idrialita, 456
Idnaquinone, 456
Imidodiphonyl, 415
Indian-yollov, 414
India-rubbor, 302
Indlcmi. 462
Indigo, 425
Indigo-bluo, 425
Indigo-carnilno, 427
Indigo-extract, 427
Indigo-whitc. 426
Indol, 428
Iudophano, 437
lnosito, 292
Intestinal fluid, 493
Inulin, 295
Iodaniliuc, 3-20
lodoforni, lOj
lodotoluouos, 343
Iridollno, 468
Iron-liquor, 138
Inatin, 427
lsatydo, 428
Isothionio chloride, 192
lso-nmylnmino, 161
Iso-amylono, 231
180-anthracoao, 443
Iso-attthraquinone, HO
Iaobutono, 168, 215

ohlorhydrato, 159
dibromido. 216 -
glyeol, 216

130 butyl alcohol, 157
Iodldo, 1S7

Isobutylamine, 157
Isobutyl-bouzono, 402
lsobutyronitrilo, 162
lsoonproiiitrllo, 162
Isocbolostorin, 4S9
lsodinnpbtliyl, 440
Ieodnldie, 280
laohoptyl alocbul, 16!>
Isobexeno alcohol, 277

dlacotato, 277
oxido, 277

lsohcxlno, 276
l8ohoxino diohlordiliydrflto,

tctnibroinido, 2i(>
totranitrito, J76

Lsobcxiuc tetriodido, 276
lsobcxyl alcoliol, 16)
Isolino, 469
lsomoriam,3i
Isoultmntliracono, 445
Isophorono, 286
l8oprppouo, 303
Isojpropyl alcohol, 151

carliamlne, 152
othor, 151
iodide, 151

Isopropyl-anmlobeiizeno, Wl
Isopropylamiuc, 152
Isopropyl'bcnzono, 390
lsopropyl-etbono, 231
Isosulphocyanatcs, 60
Isotoluylono giycol, 420
Isoxylenc, 375
Isoxylonol, 376
Isuretino, 67
IvaKn, 487

.Iraoi, 487

J.

Jalnpiu, 465
Jnlapinol, 465
Japan-cnmplior, 303
J ^ 4 8 0
Juico, gastric, 408

K.

Kctoncs, 86
Rcratrin, 495
Kino, 464
Kynurino, 490

L.

Lactaniiilo, 212
Lactic anhydride, 211
Laotldo, 212
Laotyl acotttto, 2U

obloride, 210
nitrate, 211

Lanthopino, 47*3
Laudanmc, 475
Laudauosino, 476
Lasorol, 436
Lasorpitin, 480
lead aooMo, 1-"S

acrylate, 267
chrysammatc, 451
mnlato, 224
thincotnto, 142
ti'ichlontcotato, 145
xnnthato, 117

Lcad-tctrotbyl, 131
licad-trietbyl, 132
Lccithino, 258
Lcgumin, 492
Lcpidinc, 469
Loucanilino, 411
Loncanrin, 412
Leucino, 234
Lencolino, 468
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LeYobom&ol, 808
Levulosan, 291
Wulose, 290
Llgnia,296
Ugnose,296
•Liqnorice-augar, 466
Litmus, 863
Lophine,869
taHdine. 467
lycine, 485

M.
Haolurin, 461
Magnesium platlnocynnldo,
Mokmide, 224
Malonyl-urea, 246
Maonltan, 278
Mannito. 278
Mannitose, 280
Mannyl chloronitrato, 270

dioblorbydrate, 279
heiaeetatc, 279
nitrate, 278
tetraetearate, 279

Mauvo, 407
Maureins, 40?
Meconidine, 475
Meconlne, 474
Melamine,61
Melampynn. 279
Melanlline. 324
Melene,234
Melin, 462
MeUtose,288

MelUraido. 404
Mellite, 403
Mellitioolilorido, 404
Menaphthylnmiiio, 437
Menispennina, 485
Mentbene, 305
Menthol, 305
Mentbyl alcohol, 305
Menyanthia, 469
Menyanthol, 46S
Mercaptan, 127
Meroaptldos, 127
Jf orourio objorotbido, 130

oyanide,«3
ethide, 130
fuiminato, 148
lodothldo,130
metbido. 100
ntercaptido, 124
sulphatathide, 131
sulpbooyauate, 69

Merourous formato, 106
Mercury-acetamlde, 143
Merotuy-allyl iotlido, 262
Meroury-diethyl, 130
M«rcury-<Ilnaphtbyl, 437
Meroury-diphenyl, S44
Mesityloiide£158
Mesityiane. 386
Mesoxalyl-urea, 243
Metacetono, 286

INDEX.

Motoorosol, 351
Metacrolein, 266
Metadiamldobemsene, 327
Metttdjbromotonzene, 319
Meta-lodophenol, 389
MetaJdehyde, 136
Metamerism, 34
Metanitraniliuo,326
Metast>Toleno, 384
Matbane, 100
Metbene dicbloride, 100

di-fodide, 102
Methyl acetate, 138

alcohol, 90
aldehyde, 103
areen. bases, 97
bonzonte, 361
bromide, 92
carbatnine, 93
carblmide, 94
oblorido, 91
chlorooarbonate, 106
cbloroformat«, 108
citrate; 238
oyaoide.93
formate, 106
bydrido, 100
iodide, 92
nitrate, 92
nltrogen-basoa, 94
oxnlato, 203
oxide, 93
ub<npbora8-baso8, 96
salloylate, 369
sulphate, 92
sulphooarbimide, 94
sulpbooyanata, 94
terephtb&bto, 881

Methylaf. 195
Motbyl-Rlizarln, 450
Methylamine, 95
Jlethyl-omylcarblnol, 169
MothylanUlno, 822
Methyl-benaeiie, 345
Methylborine. 99
Methyl-butyl oarbinol, 166
MethyLbutyl kotone, 160
Methyl-camphor, 303
Methylohloracetol, 208
Mothyloonlno. 471
MetbylKKothyloarMnol, 16?
Methyi-dlethyl̂ theno, 169
Methyl-othylather, 111
Methyl-othyl-acetal, 195
Methyl-othyl-othene, 231
Methyl-glycoool, 200
Methyl-hoxylcarbinol, 170
Metbyl-liexyl kotono, 170
Methyl-lsoliulonyl ketone, 163
Methyl-Isopropyl carbinol, 163
MothyMsopropyl-benzene,399
Methyl-mouonitropbenyl ke-

tone, 383
Methyl-morphine, 474
Methyl-naphtualone, 437
Jfethyl-nonyl oarbinol, 171
Wothyl-nonyl ketono, 171
Methyl-noniacotino, 474
Methylpnm-oxybenzyl alcohol

Motbyl-peutyl kotone, 168
Methyl-pheuyl carbinol, 383
Hotbyl-phenyl ether, 332
Mothyl-phenyl ketone, 383
Methyi-phenyianUine, 323
Motbylpbospbiiio, 96
Mothyl-propyl carbinol, 160
Mothybpropyl ketone, 160
Motbyl-propyl'benzene, 399
Mothylrownillne, 409
Mothyl-salioylaldehydo. 368
Mothyltheobromine, 251
Mothyl- toluene. 375
Milk-sugar, 28/
Monacetln, 258
Moniodobenzene, 319
Moniodonaphthalene, 432
Moniodopbenol, 339
Monobromaoê leno, 276
Mouobromallyl acottite, 261

alcohol, 261
chloride. 262

Monbrom&niiine, 325
Monobrouotbyl-trimotbyl-

ammomum bromide,
194

MonobromobenzoDo, 819
Monobromocampbor, 304
Monobromodipbenyl, 416
Monobromo-isobutono, 216
Monobrotno-isoxyleno, 376
Mouobromoraesilylono, 387
Monobromomotbyl tolucno,

375
Moiiobromonapbtbalono, 432
Monobromophenauthrono, 441
Mouobromophenol, 339
Monobromopropane oxlde,266
Monobromopseudocumono,

Monochloraoetamido, 146
Monoohloracetyl ohlorido, 145
Monooblorallyl siUphooflrbl-

mide, 264
Sfonoohloranthrrwono, 444
Monooblordlnltrin, 257
Monoohlorothyl oxido, HI
Monoohlorethene, 185
Monoohlorhydrin, 264
Monoohlorobenzono, 319
Mouoohlorobenzopbouono, 418
Monoohlorocomphoi', 304
Mouoohlorhydroqulnone, 341
Monochloro-laoxyleno, 375
Monoohlororaesityleno, 386
Monochloronapbthalono, 432
Monoobloronaphtbol, 435
Monochloropropono, 208
Monoobloroô uinono, 341
Monoohlorosilicon-othyl, 132
Monooblorotoluenes, 348
Monofluobenzone, 319
Monoformin, 268
Mononitro-anthrnquinono, 446
Mononitromositylono, 3Si
Monoaitronnplithalono, 432
Mononitronaphthol, 435
Moiionitrophonanthrone, 441
Mononitrophonol, 335
Monoiiitropseudooiimeno, 388
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Mononitroresoroiu, 343
Monopalmitin, 268
Monosulphydrin, 250
Monoietbylaniine, 190
Monoxantbraquinone, 448
Honoxybenzone, 331
Monoxydiphenyl, 416
Morin,461
Morphino, 473

acetato, 473
hydroohlorldo, 473
sulptiato,473

MoRohatin, 437
Mucilage, 294
Mucin, 49S
Munjistb, 451
Murexido, 245
Musolo-fibrin, 493
Mustard-oils, 91
Mycoso, 288
Myosin. 493
Myricyl alcohol, 171

potentate, 174
Myroain,498

N.
Naphthalono, 429

dloblorhydroto, 431
diohlorido, 431
totracblondo. 431
tetrabydroxide, 431

Naphthazirin, 430
Naphthono alcohol, 431
Napbthohydroqulnono, 430
Naphthol, 434
Naphthonitrllo, 433
Naphthoouluono, 435
Napbthydii.no, 431
Naplrthylamino, 438
Naphtbyl-otbylotbor, 434
Napbthyl-pbonyl kotone,
Naplitbyl-phonylamino, 483
Naphtbyl-phonyl-mothaao,

439
Narcolno, 476
Narootlno, 474
Neurino, 100
Neutralisation, partial, 172
Nloholson's bluo, 410
Nlokeloyanlite, 53
Nicotine, 471
Night-blue, 410
Nltrilos, 79
Nitro-aootonltrile, 113
Nitro-amidoU>lneno3, 350
Nltro-anthmcone, 445
Nitrobenaaldehydo, 353
Nttrobenzono, 320
NitroboraoniltUe, 358
Nitrobeuzyl nlcohol, 35f
Nitrobenzyl hydrosulpblde,

367
Nitroohloroform. 102
NitroohryMne, 455
Nltro-compovinds, 399
Nitrooryptopine, 476
Nitrodiamidotoliieno, 391
Nitrwrytbrita, 2/8

Nitroethane. 113
Nitroform, 102
Nitroglyearin, 257
Nitro-isoxylcne, 37C
Nitromalonyl-urea, 219
Nitrom«nnlte, 278
Nitropapavorino, 476
Nltropblorogluom, 3U
Nitropru8side3, 66
Nitropyrene, 4(4
Nitrosodiothyliuo, 122 ,
Nitrosomalonyl-uren, 246
Nytroatyrolene, 385
NItrotoluenoa, Ut
Nltrotolylene diohloride, 378
NltrotricbJoromethano, 102
Nornarcotine, 474

O.

Orthoxylene, 876
Ozaloldebyde, 206
Oxaiyl-uraa, 247
Osaraethane, 205
Oxomide, 204
Oxanilide, S24
Oxatyl, 82
Oacdol, 428
Osyacanthino, 481
Oxyanthtaceno, 445
Oiyanthraquinones, 448
Oiybonzenos, 331
Oxybenzyl alcohol, 387
Oxybeozyleno diobloride, 368
Oxycinchonine, 479
Oxychloronopbthoquinone,

Oxycholine, 190
Oxyoymone, 400
Oxymorpbine, i!ti
Oiynaphthalene, 434
Osypontaldiue, 135,
Oiyphenylethylamino, 393
Oxyquiuono, 453
Oxytetntldina, 136

Octane, 169
Ootone, 234
OctohydrophomntUrene, 441
Octyl alcohol, normal, 169 » 4 , » , « » « o , , „

sacoudary, 178 Oxytoluenra, 351
chloride, 169 Oxytrialdino, 135

secondary, I/O Ozoccrito, 75
lodido, 169

socoudary, 170
Octylono, 234
Oonanthiudebyde, 168
Oeimnthidouo chloride, 234
Oenontbol, 1<S8
Oonanthylidoua, 277
Oil of borgamot, 30*2

bittor almonds, 368
cassia, 392
cinnamon, 392
cloves, 391
ourain, 399
lomon, 301
mustard, 263
ornngo-peel, 303
imtohouli, 305
ptyohotis, 399
rue, 171
scurvy-grass, 155
thyme, 399
turpontine, 299
wator-homiook, 309
wintot-greon, 368

Oloflant-gas. 1(4
Oieflncs, 175, 179
Ononetin. 46(i
Ononln, 480
Orcein, 353
Orcin, 352
Orcosolln, 486
Oreowlon, 486
Orthonmiiiophonol, 337
Orthochlorophonol, $3$
Orthoorosol, 351
Orthodiamidobonzoi>c, 327
Orthodinzophonol chlorido,337
Orthodibroniobonzeno, 319
Ortho-lodophenol, 339
Orthonitronilino, 326
Orthotoluonitrile, 378
Ortliotoluylamlde, 378

P.

Pulmilaldohyde, 172
Panoreatio fluid, 498
Papavcrino, 475
Parabromaniline, 326
Pavachloraailino, 326
Paraconlno, 471
Paracrosol, 351
Paradiamldobenzene, 327
Paradlbromobenzone, 319
Paraffins, 70
Paraformnldehyde, 103
Para-iodanilino, 32fi
Para-lodopbonol, 339
Paraldehydo, 13(>
Paramo, 61
Pammido, 404
Paranltratiilino, 326
Parauitrobonzyl alcohol, 357
Paranthrnceuo, 443
Pttrantkroquinone, 446
Paratoluonitrile, 377
ParolHUont-jinpor, 296
ParicllW, 480
Pai-volino, 467
Patctoulono, 305
Patcliouli-camphor, 305
FatohauU-oil, 305
Paythe, 480
Pear-«11,182
PontachlorobeoEcne, 319
Pentnchlorophenol, 3U8
Pentahiroline, 469
Penttne, 169
Pen too, 231
Pontonitrilo, 160
Pcntyl alcohol, primary, 160

socondary, 160
Pepsin, 498
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Perchloretbyl osido, 112 Pinito, 280
Percblororaethyl formate, 109 Fiporidme, 481
Perchloroanphthuluno, 432 Piporin, 481
PercUorophoaol, 338 itpowroaldehydo, 482
PercbJorophcnylene oxide, 338 Piporodyl alcohol, 482
Penceiimln, iW Pktinocyauides, 56
Phenanthrene, 440 Plumblo chlorotriotbido, 132.

dibromido,441 Plumbio othide,131
Phenanthrene-hydroqiilnoue, Polyohroitte, 46$

442
Fhenattthrono-aulnono, 441
Phenetol, 332
Phenol, common, 331
PhenoUoHrtirp, 411
Phenol-phtialeio, 412
Phenols, 310
Phenoquiaoaa, 341
Phenoso, 345
Phenylacetato, 333

alcohol, 331
carbamiae, 325
carbimido, 321
carbonate, 333
dfcyonate, 324
disulphido, 834
mustard-oil, 3

l h d t
mustard, 324
sulphydiuto, 333
sulpSdo, 334
sulphoearbimidc, 324

Phenylacotomtrilo, 333
Phonylallyl alcohol, 391
Phenyl-amidonapbthalano,'

433
Pbenylaralno, 322
Pbenylanilino, 322
Phonylbcnzyl carbliiol, 421

ketone, 421
Phenyl.buteno, 402
Phonyleno-biown, 331
Phenylethenyl-metliylkotonc,

402
Phonylolhyl-mctliyl tcotouo,

402
Phonyl-glyoolyl acotato, 384

alcohol, 384
chlorido, 334

Phonyl-ptopofto, 391
Phenylpropyl alcohol, 390
PhenylTosniiilino, 410
Phonyl-tolyl-motlitmo, IIS
Phenyl-uron, 323
PUenyl-urothnno, 321
Phlornmine, 344
Phlorotin,4Gl
Phlon'£iu,401
PUorogJudn, 344
Phlorol, 3S2
Phlorono, 376
Phorone, 306
Phosgeno-gAs, 64
Phosphenyl ohlorido, 321
Pbosptorus trloynnido, (51
Phthalic nnhydrida, $$l
Physostigmino, 483
Ptcotino, m
Picramide, 3S6
Pforoerytbrite, 330
Picrotoxin, 487
Picryl chlorido, 33«
Pinipiorin, 46S

Polyotbene glycols, 189
Polymorism, 36
PopuJin, 4«0
Potassium ncototo, 137

croconate) 69
cyanate, ol
cyanide, SI
Jichloracetato, 145
otkylcorbonate, 110
etbylsulphite, 114.
ferrioyanido, 55
JoiTooyanido, 03
isosulphocyaimW, 60
osalate, 202
piorato, 335
purpurato, 'US
sodium tartrato, 22<
8ulphocyaimte, 59
tartrato, 228

Prooipitation, fractional, 173
Propane, 151
Propargyl alcohol, 276
Pvopeno, 206
Propone alcohol, primary, 208

ohlorhydrato, 207
clibromide, 207
dioblorido, 107
glycol, 207
osido, 207

Proponyl alcohol, 253
(liclilorhydrato, 205
monochlorhydrato, 254
nitrate, 257
trlbromide, 256
triohlorido, 255

Propidono ilichlorido, 208
Proplno, 27(J
I'ropinyl alcohol, 270
Propinj1! othyl athor, 270
Proplonildobyde, 250
Praplonitrilo, 119
Projiyl nltfohol, primary, 150

nooondaiy. 151
Propyl-bonzono, 390
l'ropylono. 208
I>rotoid.o, 491
Protopiuo,475
Pru&skn bluo, 54
rmsdato of potash, yollow

red, 56
PsomioouDicuo, 3S"
Psouiloniovphino, 474
Psoudotoluidiac, 319
Ptyalin, 498
Purtee, 414
Pyrone, 454
Pyridino, 467
Pyrocatochin, 342
Pyrooatccliin-methyl otbor,

342

Pyrogollol, 343
Pyroniuolc aldehyde, 282
Pyroouinono, 355
Pyrrol, 282
PyrroLnxl, 288

Q.
Quassiin, 487
Quercotiu, 461
luorcito, 280

raitrui, 461
jbydroneJHO

. lomino, 470
Qulnlcino, 479
Quinidine, 479
Quinine, 478

sulphate, acid, 478
basic, 478

. normal, 478
liydrochloride, basio, 478

normal, 47S
Quinizarino, 450
Qninono, 340

B.

Badicftb, comiwund, 12
dyad, 175
Uosad,2<8
inonnd, 76
tetrad, 272
triad, 252

Rangoon tar, 429
Red liquor, 137
Roslus, 307
Rosorcin, 342
ltaoroin-phtlmloin, 412
lUtono, 456
Rhooivllna, 475
Roblnin, 402
Roobollosalt, 22?
Rosocyanino, 489
Rubidino. 407
Ruficai-rain, 46*2
Iiu6oocoin, 462
RuBopiu. 452
Rungo's bluo. 407
Rutin, 462
Rutylono, 277

a
Sacoharoso, 235
Safnm'm, 403
Saliciu, 460
Snlioyloldobyde, 3S8
Salioylomide, 369
Salicylio anhydride, 369
Snllgenin, 367
Salirotin, 368
Santalin, 414
Santonin, 487
Sapogenin, 465
Saponin, 466
Sarcinp, 249
Sarcosino,_ 200
•Scammouin, 465
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Scoparin, 464
Selenium mercnptan, 12$
Sericin, 497
Seruio, 259
Serum-albumin, 492
Silico-acetie anhydrido, 142.
SUicohoptyl alcohol, 133

oblorido, 133
other, 183
oxido, 133

Sffioondiothyl ether, 133
Siliconmonothyl trichlt>ride,132
8ilicononyl-compounds,182
gllicontrielhylohloride, 138

hydroxido, 1S3
Silk-gelatin, 487
Silvor acotato, 138

atnidocotato, 200
citrate, 238
cyanido, 62
dcoxalnto, 240
formato, 106
fulminate, 148
mcllitate, 404
valcrate, 163

Silver-acetamido, 143
Silvor-othinyl-bonncno, 385
Silvor-succinitnido, 221
8ilvor-propmyl, 296
Sinapino, 482
Sinapolino, 264
SinDamino, 264
Soap, 172
Sodium acotato, 137

cyanido, 62
othido, 130
othonato, 137
otbylato, 108
mothido, 100
nitropnjssido, 56
oxalato, £03
frilicohoptylcnrbomto, 133

Sodium-olbinyl homono, "J85
Solauldinc, 485
Soltiiiino, 484
Sorbin, 292
Spongin, 407
Staunlo othido, 131

oxo tli Wo, 131
phonyl-triothldo, 346

8tnnnoao-3tttnio otUde, 131
Stannous ethide, 131
Starch, 292
StiboUiyl, 130

ohlonde. 125
oxide, 126

Stilbono, 419
Stilbcno Rlycol, 420
Stilbyl alcohol, 421
Strychnino, 470
Styraoin, 893
Styrax, liquid, 884
Styrolcno, 884

dibromido, 385
dichlortdo, 384
dl-lodido, 385

Styrolyl alcohol, 332
secondary, 381

bonzoato, 88J
bromide, 382

Styrolyl chlorido, 3S2
Styrolyl-ethyl ethor, 383
Suboric aldehyde, 270
Substitution, 11

inverse, 70
Sttccinamide, 221
Succinic anhydride, 220
Succinlmklo, 221
Sucolnonitrile, 219
Succinyl chloride, 221
Sugar of lead, 138
Sugar, inverted, 286
8ulpbob<mzal<tebyde, 350
Sulphobcnzido. 321
Sulpbocarbaunde, 69
Sulpbocarbanilido, 324
Sulpbocorbiniides, 60, SO
Sulpbocarbonates. 68
Sulpliocarbonyl chloride, 69
8ulphocy«DatcB, 59,80
Sulphur-urni, 69
Synanthroae, 287
Synaptaso, 498
Syntonin, 493

T.
Tannin, 463
Tatronyl-urea, 244
Tartar omotic, 227
Tartartc nnhydrido, 226
Tartarus borahis, 227
Tauriuo, 192
Torobeno, 300
Torophthalonitrilo, 381
Tcrponodibromido, 300

ilihydioclilorido, 800
monohydrocliloiido, 300

Torpcnca,298
Toi-pin, 29fl
Tcrpinol.300
Tetrabromnnthraccnc, 446
Totrobi-omomcthnno, 101
Totrabromoiihouol, 33i>
Totraclilorouthraccne, 44.4
Totrachlorethyl oxide, 112
Totrachloritntm, 427
Totrnchlombonzono, 319
To traclilorohydroquinono, 341
Totrachloi-oincthano, 101
Totrncliloi-ophcnol, 338
Tetrachlorotiuinono, 341
Totracliloi-otenxjno, 300
Totrahirdino, 461
Totniliydroimphthiilono, 431
To trailydrophonnnthrono, 441
Tctrallj'lommoninm iodide,

264
Tctramothyl-alloxnntiu, "2i)2
Tetraiiicthylnmrnoninm hy-

droxide, W
iodide, S'l!

TotranioOiylarsoniura liyros-
i.lo,88

iodWo, 98
Totramothyl-bcnzcno, 398
Totramelbyl-otliano, 167
Totmracthyl-hoxnno, 170
Tctramotbyl-mothaiic, 104

TctramoQiylphospbonium hy-
droxido, 97 '

iodide,' 97
Tctranitrochrjscnc, 455
Tctrnnitronietbnne, 102
Totranitronaphthnlono, 433
Totranitropytcne, 456
Tetraphcnol, 2S2
Totmphcnyl-ojheno, Hi

glycol, 424
Tetrctheneammonium dtbro-

raids, 104 _
Tctrcthylammunium hydrox-

ide, 122
iodide, 132

TotretliyloMonium hydro xidoj
126

Iodide, 12$
TetrethylphosplioiHUm hy-

droxide, 125
iodido, 125

Tetrethylstibonium hydrox
ide, 126

hydroxide, 120
Tctroxcthylomine, 190
Tetroxyanthraqiunones, 452
Tctroxytetrnplienyl-etheuo,

Tlicbal'nc, 475
'llicbenino, 4)5
Tlioine, 251
Tlicobromiue, '251
Thiacotic anhydride, 192
Tbio-acids, 81
Tliio-aniliuo, 327
Tliiocrmone, 40O
Thiophcnol, 333
Thiosiniuimino, 204
Tliymohydroiiuinono, 400
Thymol, 400
Tliymomiinonc, 410
Tin-diethyl, 131
Tin-tctrotbyl, 131
Tin.triothyl, 181
Titauium nitrocyanide, 63
Tolane, 4?2
Tolucno, 345
Tohudino, 349
Tolnylcno, 419

elycd, 4»
lylnf • • "Tol)lnlcohol.»77

chlorido, 377
mvstanloil, 356

Tolylomino, 377
Tolylone diacctntc, 379

dibromido, 378
dichlniido. 378
di.iodido. 379
fib-col, 3J8
monobomoutc, 3i9

Tolylcne-monctliyl ether, 379
Tolyl-phonylfcetcnc, 418
Trchaloso, 'M
Trincotaiuide, 144
Triacctin, 268
TriacetyLpbloroKtacin, 3W
Triacotvl.pjTOgallol, 344
Triamido-azoboiucnc, 331
Tiiamidobcozcno, S'H
Tribonzylnmir.e, 355
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Tribromacetyl-urea, 217
Tribromanilino, 325
Tribromhydrin, 256
Tribrofflomeaitylene, 887
Tribromomethana, 101
Tribromophenanthretto, HI
Tribromophenol, 839
Tribroniophlorogluoln, 311

Tributymi, 2uo
Tricaprin, 268
Trioapromo, 268
•LnoapiTiiiif *0O
Tricatyfamino, 171
Triohloraoetaldebyde. 113
Trichloracetonitrile, 145
Triohloracefcyl chloride, 145
Triohloranilino, 325
Triohlorothane, 131
Triohlorhvdrin, 266
Triohlorobenzeno, 319
Trioblorocrotonaldehyde, 268
Triohloromeaityleno, 386
TrtobJoromethana, 101
TriobJorophenoI, 338
Triohloroquinono, 311
Triohlorotoluquinone, 353
TrielaJdin, 271
Trietheno glyool, 189
Triethediamlne, 191
Triathylcarbinol, 109
Triethylrilicol, 133
Triethyl-acotyl stlicato, 112
Triothylainine, 122
Triothylorains, 125
Triothylbismuthine, 126
Triathylborioo, 127
Triethyl-tarbamldo, 123
Triothylguanidlne, 123
Trio%lSydrin, 257
Triethyl-mothnne, 163
Triethylphenyhmmonlum

bydrozido, 323
iodUo, 322

Triethylphosphino, V2i
oxido, 125
sulphide, 125

Triatbyl-roaaniline, 110
Trlethylshbiae. 128
Triotbylsulphino, 123
Tri-iodomothano, 102
Trimothono dibromide. 207
Trimothyl oorbinol, 157
Trimatbylnmine, 98
Triniotbylarsino, 98

INDEX.
Trimotliyl-bonzenes, 386
Trimetbylcarbylamine, 169
Trimothyl-othyl-methane, 167
Trimethylglycerammonium

obloride, 266
Trimethyl-mothano, 168

Trimetbyl-rosanillne, 109
TrialtrlD, 257
Trinitro-aoetonitrile, 119
Trinitro-amidobeDzene, 836
Trinitroohloroboasoue, 339
Trinitrooresol, 361
Trinltro-isoiylene, 876
Trinitromothane, 102
TriDitrometbyl-toluone, 875
TrinitTOuaphtliabne, 432
Trinltrophonnl, 335
Trinltropsoudooumeno, 388
Trinitroresoroln, 343
Trinitrotoluenes, 319
Triolein, 270
Triozethyhunine, 190
Trioxindol, 128
Trioxynntbraquinones, 161
Trioxybeazenss, 813
T i l a 268
Triphenyl phosphate, 333
Triphonylamine, 323
Trlphenyl-beuseng, 425
Triphonyl-guonidino, 326
Triphonyl-mothano, 123
Triphenyl-roaanillno, 410
Tristearin, 268
Trisulphydrin, 256
Tritolytanino, 377
Tropiuo, 483
Tunioiu, 296
Turaoin, 487
Turkey-red, 149
TurnbuU'a bluo, 64
Turpentine oil, 299

hydrate, 290
Turpethln, 465
Tyrosine, 395

U.

Umboffiferon, 397
UramUo, 211
Urntos, 242
Urea, 65

nitrate, 66
oxalato, 66

Urethajie, 117
UrobiUu, 439

V.

Valeraldehyde, 162
Valeryleile, 276
Valldue. 469
Vapour-density, 21
Voratrine, 480
Veroti .
Verdlgria, 188
Vio •
Vit
Vh

Vitatt,'4«8
VuloanUs, 302

r, 351
alcohol, 275
a167

W.

,174
Ohineso,174
fosnll,75

Wood-tar, 158

X.

Xylone, 371
Xylenoi, 876
Xylidine-red, 411
Xylobydroquinone, 376
Xyloldin, 293
Xylol, 871
Xyloqulnone, 876
Xylyfohloride, 377

Yeast, 197

Y.

Z.

Zlno oyauido, 52
otWe, 129
iUlmlnate, 148;

, laotato,209
methide, 99
valorate 163

Zino-athyl, 129
Zinq-methyl, 99
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