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2 COMPOUND ORGANIC RADICALS,

Others contain four elements—carbon, hydrogen, oxygen,
and nitrogen.

Some contain sulphur, chlorine, bromine, iodine, silicon,
phosphorus, boron, or metals ; but these are ecomparatively rare.

Although the number of the elements entering into the com-
position of organic compounds is much smaller than that usually
taking part in the formation of minerals, yet the complexity
of the former class of compounds is frequently much greater.

There is no instance of an organic molecule containing but
two single atoms, and only one containing three (hydroeyanic
acid, HCN).

On the other hand, the number of atoms in a single organic
molecule is sometimes very great. Thus:—

The molecule of Spermaceti contains 98 atoms.

= 4 Stearin - 178 144
. 5 Margarin " 21F g
] uy .-:"L].h'llmE]l 3 226 .

» # Protagon ¥ 384

In nearly all organic compounds carbon is a fetrad. It
forms, therefore, with 1 atom of hydrogen a triad compound
radical, which exists in chloroform (C"H)"'Cl,; a dyad com-
pound radical with 2 atoms of hydrogen, as in methylenic
dichloride (C"H,)"Cl,; and a monad compound radical with
3 atoms of hydrogen, as in methylie iodide (C*H,)I. But in
these compounds it will be seen that the carbon is always satu-
rated and always a tetrad.

This is in conformity with the following general law :—* In
every molecule of a chemical compound the sum of the bonds
is always an even number,” becanse every number, whether
odd or even, when multiplied by 2 gives an even number. To
this may be added the following law, to which no exception is
known :—* The sum of the bonds in any molecule is at least
twice as great as the active atomicity of the most polyad ele-
ment in the compound.”

A compound organic vadical is a group of atoms containing one
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or more atoms of carbon of which one or more bonds are unsatis-
Jied ; and it is either a monad, dyad, §ec. radical, according to the
number of monad atoms required to complete its active atomicity.

Such a radical, when a monad, triad, or pentad, cannot exist
as a separate group ; like hydrogen or nitrogen, when isolated,
1t combines with another group of atoms like itself, forming
a duplex molecule. It is only by this union of two semi-
molecules that the vacated bonds can be satisfied.

The following are two of the principal series of compound
organic radicals :(— ;

Monads. Dyads.

Methyl. .. {gﬁ or {ﬂg Methylene... CH, or Me"*.
3
Ethyl ... {g*gﬁ or {EE Ethylene ... C,H, or Et'.
-
Propyl ... {g:g; or { ]E; Propylene ... C H, or Pr".
Butyl ... {g*%ﬂ or { %3 Butylene ... CH, or Bu".
48

Amyl ... {gﬁg: or {i§ ‘Amylene ... CH, or Ay".

Organic radicals are the analogues of the monad, dyad,
and triad elements of mineral chemistry. -

Such being the constitution of the organie radicals, we will
now proceed to investigate their functions in organic com-
pounds, and to examine the general plan upon which these
compounds are, on the atomic hypothesis, built up.

We shall be assisted in our investigation if we reduce the
formule of these compounds to a few types or fundamental
forms. In doing this it is necessary to avoid, as far as possible,
all empirical grouping of atoms. Our formule ought to express,
as exactly as possible, how the elements are combined with each
other. Thus in a compound containing C,H,0,, the formula
ought to show, first, whether the hydrogen is combined with
carbon or with oxygen; or if combined with both, it should
indicate how many atoms are united with carbon, and how

* Only known in combination.

B2



1 TYPES OF ORGANIC COMPOUNDS,

many with oxygen. Secondly, the formula ought to show
whether the oxygen is united with carbon or with hydrogen, or
partly with the one and partly with the other, or, lastly, whether
1t 1s performing the function of linking hydrogen to carbon.

This information is most completely given, in notation, by
making carbon the dominant or grouping element in non-
nitrogenous compounds, and nitrogen in the remaining organic
compounds.

Non-nitrogenous organic compounds, exclusive of organo-
metallic bodies and organo-boron and silicon compounds, ean be
conveniently considered under the two following types, viz. :—

H
1. The monadelphie, or marsh-gas |_1 ,
e B KN o SRR } H—C—-I
5t
H H

&
2. The diadelphic, or methyl type ... H—C—C—H

H
Nitrogenous organic compounds arrange themselves in the
most convenient manner under the two following types :—

H

8. Tl 18 87P8 . Fovres e £
1e ammonia type ‘ P N
H- 5

Cl

4. The ammonic-chloride type ...... H—IL'#II

st
B

In addition to these types a few others will be occasionally
necessary, such as ;—

H H H

6. The triadelphie type ............... II—'[IJ—LIZ'—J“‘—]I

s vl
H H H






6 DEVELOPMENT OF FORMULZ.

Formule written on the triadelphic type can be reduced to
the diadelphie type, and those on the latter to the monadelphic

type, as follows :—

[ CH

Propylic = [CWeH,

hydride. gﬁﬁ = {(’;:]-I:1| = CMe,H, or CEtH,.
Triadelphic. Diadelphic. Monadelphie,

The above alternative monadelphic formule, although appa-
rently different, are in reality identical, as can be easily

proved by expressing both graphieally, thus:—

H .[r[I Il-[
o

CMeH, == H_OC— o0
8 gk il
Hi|g =B
H HH

oo o] i ]
g O M OO By
]

CEtH,
i
H O H i B

On the other hand, monadelphic formulw, if they contain a
sufficient number of carbon atoms, can be expanded into diadel-
phie, triadelphie, &e. fermule in the following manner :—

CH,

(CMeH, |CH,

CEtl, |CH, CH

S 20 FOPEE O L O )
GB“P‘HF{CHH; GH. TS CH, . = N
ormal butylon CEfH, |CH. |CH,
(Molecule.) | CMell, CH,
\CH.

This development of normal butyl depends on the following
facts :—1st, that normal butyl is propylated methyl; 2nd, that
normal propyl is ethylated methyl ; and 3rd, that ethyl is me-
thyiated methyl.

Secondary and tertiary organic radicals (see p. 10) cannot
be completely developed vertically ;—
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1
Tt
mHal 1 B EE
u—tlz—([j—u—g—tlf—flz— B
bdd |k
H—(—H
I
Methylo-cthylated methyl. (Molecule.) S

Lastly, in the developed symbolic formula for trimethylated
methyl, the two central atoms of carbon are each united with
four carbon atoms, and all the remaining atoms of carbon are
united with three of hydrogen and one of carbon, thus :—

H H
HoO H  H_0-m
8 10
H_& ¢ ¢ b
£ e !

II—(C—H II—C—1II

| l
I 1L

Trimethrlated methyl, (Molecule,)

CLASSIFICATION OF ORGANIC COMPOUNDS.

The most important organie compounds can be conveniently
divided into the following thirteen families ;:—

1. Organice radicals.
2. Hydrides of organic radicals.






10 ORGANIC RADICALS.

Crass I.

POSITIVE RADICALS.
MONADS.
METHYL or (C,H,.,.), SERIES.

These radicals are divided into three sections, viz. Normal,

Secondary, and Tertiary :—
Greneral formulae.

1. Normal Radicals ......... {0( C.Hy,40)H,

C{ Gn :E[‘.":H- I}H'jl
2. Secondary Radicals ... {ggg"ﬁ:i;:{_{
M . C(C,Haup)
(R T L — { oHewp)s
ertiary Radicals ClOH,.).

In the first of the above formule # may =0, but in the
others it must be a positive integer.

Examples of the tertiary series of radicals may be seen in the
tertiary fatty acids. They have not yet been isolated.

It is evident that, besides the three series of radicals shown
above, three other series, containing, in the same molecule,
normal and secondary, normal and tertiary, and secondary and
tertiary radicals, may exist ; but up to the present time only
one or two examples of such radicals are known.

By the action of zincie ethide on the chloride obtained from
acetone by means of phosphoric chloride, a hydrocarbon is ob-
tained, which may be regarded as a mixed normal and tertiary
monad positive radieal: ethyl etho-dimethomethyl or ethyl

isoamyl :— (O

cH CMe,Et
3 ZnEt, = ZnC(Cl S
{G‘Mech + : O, + {gme -~ —.
Chloride from Zineig Zincie Ethyl ethodime-
acetone, ethide. chloride. thomethyl.
- . C Pty U
1. Normal Radicals. 3 O

This series contains the radicals of the methylic series of
alcohols.
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2. By the clectrolysis of the salts of the normal fatty acids.
In this process, nascent oxygen acts upon the fatty acid, con-
verting its oxatyl into carbonic anhydride, the positive radical
being set free :—

2 { C(C;:IIL’W-{.])IIQ + 0 el { C{’ UNIIfu-}-I}I-Ig

COHo C(C.Hoyy)H.
Fatty acid. Radical,
+ 2CO 5 OH,
Carbonie Water,
anhydride.

3. By acting with zine upon the iodides of two radicals simul-
tancously, the so-called double or mixed radicals are produced :—

Mel + Etl + Zn = 2ol + { E[“
Methylic Ethvlic Zincic Methyl
iodide, iodide. & iodide, ethyl.
ETHYL,

BYH G Wl
[CMal, « i3y L ol
| CMeH, 1 ‘f ‘~| ‘] %“H
HH HH

Molecular weight =58. Molecular volume [1]. 1 litre of
cthyl gas weighs 29 eriths. DBoils at about —23° C,

Preparation—By digesting together in a close vessel at 120°
etbylic iodide and zine, the reaction being similar to that
between hydriodie acid and zine :—

Fn b SHI = ZRL & {}{
Ivdriodi Fincie "Mls
R i, By

Zn + 9Bt = Zal, + {ﬂ
Ethylic Zineio Ethyl.

IIU"L!hlL". iudi{l[."i






14 ORGANIC HADICALS.

An apalogous ecase is met with in ferric chloride, where two
tetrad atoms, united by one bond of each, become together

hexadie :—
{ FeCl,

FeCl;
Allylic monobromide can only be obtained by the action of
phosphorous tribromide on allylie aleohol :—

3C(CMe"H)H,Ho + PBr, = 3C(CMe H)H,Br

Allylie aleohol. Phosphorous Allylie monobromide.
tribromide.

+ POMHHo,

Phosphorous acid.

PHENYL SERIES.

C.H:._;

Greneral formula ... { T,

These radicals are but imperfectly known. The following
have been isolated :—

BHENFL i1 i s e { glg’
C.H Me
R R D { C'H Mo
CH,(C,H,)
Beneyl fii oo cen e as i e { C}lz(ou]fi)'
CAy-
FF{GH
ACH
Amyl benzol or amyl phenyl... CH,(C,;H,,) ="ch
CH
"\CH _
“{C_*'Lyj
{OH
_iecH
Amyl toluol or amyl benzyl... CH (CH)(CH,)="{ay. |
icH
"1CMe-
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CHAPTER IIIL.
POSITIVE RADICALS.
DYADS.
ETHYLENE or C, H,, SERIES.

Lreparation.—These compounds are produced as follows : —

1. In many ecases of destructive distillation, where, however,
the reaction cannot be traced.

2. By the abstraction of the elements of water from the
normal monohydrie aleohols of the methylic series, as for in-

stance :(—
CH, o JCH
{cH,Hu - {cui + OH,
Ethyliz aleohol, Ethylenec. Water.
3. By passing the vapours of the haloid compounds of the
normal monad radicals of the C,II.,;, series over heated lime,

thus :—
o7 S )
{G‘H:Cl & {cnj + B
Ethylic Ethylene. Hydrochlorie
chloride. acid.

4. By the transformation of the monad radicals at the mo-
ment of liberation from their compounds, when they split into
dyad radicals and the hydrides of monad radicals :—

A Jewr)E T o fEET " [CIE
S CH . CH, CH/'
Ethyl, Ethy!lene. Ethylic
hydride.
5. By the action of the iodide of a monad radical on the
sodium compound of a monad radical :— "%
CH CH, o n | CH, CH,
{chI + {cngm =+ Nol + {cnj i {cn;
Ethylic Bodie Bodie Ethylene, Ethylie

iodide. cthide, iodide. bydride,
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Fusing- Boiling-
point.  point.

Heptylene'or (Enanthylene... CH,, ...... 55°0°
Octylene or Caprylene......... CeH — 950
NOOWIOne vo.ors s o CH,..— 125
Pagayleme .0 ...y 2 1 R e R -
Gulohve’ -ooti s =R Koot

Clennlene L. oW s G Hio 57° 275
Melbris oo abovgasie o G He 62 375.

Reactions.—1. The dyad radicals of this series all unite
directly with chlorine, bromine, and iodine, producing com-
- pounds which, in the case of ethylene, are represented by

CH,Cl CH,Br [ CH,I
CH Cl CH Br | CILT
Ethylenic Ethylenie Ethylenic
dichloride. dibromide. diiodide.

These compounds, when treated with alcoholic solution of
potassic hydrate, lose one molecule of a hydracid, thus :—

CH,Cl b bl il "CH
{GHECI L THy = EOl { cicl + OH
Ethylenie Potassic Potassic Vinylhe chloride, Water.
dichloride. hydrate. chloride. or chlorinated

ethylidene.

The monochlorinated radical thus obtained again unites with
two atoms of chlorine, producing chlorinated ethykdenic di-

chloride, Adniia o IT “.'-a:;?‘:dfh“;
[ CHCICI fhmmif s
| CH,Cl ° R

3 «
which, by further treatment with alcoholie potash, yields dichlo- ﬂé‘}n
rinated ethylidene ; and so, by alternate treatments with chlorine
and potassic hydrate, ethylene becomes transformed into tetra-
chlorinated ethylidene. The following formule show the first,
intermediate, and final compounds :—

w [ CH, CIHL,Cl1 "CH CLcCIClL  jCHCICL
| CH, { CH (I { CH,Cl |CH.C J[ 'CHL
ClHCIC] "CCl [ CCICI, CCl,
{C.I;I.Gl{;l { CHCl, | CHCICI { "CCl
W’ ~3i 8 tt}wﬁ.

~eé¢ el
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acid. The boiling-points of their chlorides also differ, ethy-
lenie dichloride boiling at 85° whilst ethylidenic dichloride
boils at 64°; on the other hand, ethylenic oxide boils at 135,
whilst ethylidenic oxide (aldehyde) boils at 20°.

The oxides of the dyad radieals are isomeric :—

1. With the corresponding aldehydes.

2. With the aleohols of the vinylic or C,H,,_,Ho series.

The nature of this isomerism is seen from the following for-
mulae :—

{SH.j CH, {"CH
CH, comn | CH,Ho
Ethylenic Acetic Vinylic
oxide, aldehyde. alcohol.
ETHYLENE.
S |
.
(e

g

Molecular weight =28.  Molecular volume [ ). 1 litre weighs
14 eriths.
Preparation.—See general methods (p. 16).
Reactions.—1. Decomposed into carbon and marsh-gas by
passing through a red-hot tube :—

o [ e
{CH__, = g
Ethylene. Marsh-

2. Burns in chlorine with deposition of carbon :—

{gg"’ 4+ 901 = 0, #  4HCL
Ethylulfu, Hydrochlorie

acid.
3. Ethylene when agitated with solution of potassic perman-
oanate 1s oxidized, oxalic acid, formie acid, and carbonic anhy-
dride being formed :—
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Preparation—1. By synthesis from its elements. When an
electric are from a moderately powerful voltaic battery passes
between carbon poles in an atmosphere of hydrogen, acetylene

is produced.
2. By the action of water on potassic carbide :—

Ok 4lgpE ‘= 'CH 4 9KBo
Potassie Water. Acetylene, Potas=sic
carbide. hydrate,

3. By the action of heat upon olefiant gas or the vapour of
alcohol, ether, or wood-spirit, or by passing electric sparks
through marsh-gas :—

2CH = CH, 4 3H,

Marsh-gas. Acetylene.
4. By heating the vapour of methylic chloride to low red-

Ness i—

9CHCl = CH, + 2HCl + H..
Methylie Acetylene. Hydrochloric
chloride. acid.

5. By passing the vapourof chloroform over ignited copper :—
» 2CHCl, + Cuy, = CH, + 3Cu',CL.

Chloroform. Acetylene, Cuprous
chloride.

6. By the action of caleic carbide upon water :—
/ - €0 + 20H, = CH, + CaHo,

o’
'ﬂ..;.lf Caleie Water. Aecetylene. Caleic
carbide. hydrate.

7. From vinylic bromide, one of the derivatives of ethylene,
' acetylene may be obtained by the action of alecoholic potash :—
CHBr + KHo = CH, + KBr 4+ OH.,.

Vinylie Potassic Acetylene, Potassie Water.
bromide. hydrate. bromide.

8. By the incomplete combustion of bodies eontaining car-
bon and hydrogen :—

: 4CH, + 30, = 2CH, + G6OH.:
Marsh-gas. Acetylene. Water.
SO, 4 0= 20H '+ SOH.
Oleflant gas. Acetylene. Water.

The erude acetylene, obtained by any of these processes, is
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best purified by passing it through an ammoniaeal solution of
cuprous chloride, with which it forms a red precipitate con-

C,/Cu H Cu-Cu Cu-Cu
taining 1 O : (}J | (IJ
C,Cu ,H H—-C—C—0—C—C—H
L L S
C,Cu H
2Cu' Cl, + 2CH, + OH, = 0 + 4HClL
C,/Cu' H
hiorde. et L s bl e
of copper.)

If ethylene has been present in the crude acetylene, the
liquid containing the red precipitate is next heated to boiling,
in order to decompose a compound which ethylene forms with
copper. The cuprosovinylic ether is then collected upon a
filter and washed. On heating cuprosovinyliec ether with
hydrochloric acid, pure acetylene is evolved : —

“C,/Cu',H

0 + 4HCL = 2CH, 4+ 2Cu(l, + OH,
C,/Cu ,H

Cuprosovinylie Hydrochlorie Acetylene. Cuprons Water,
ether, (Acetylide acid, chloride.

of copper.)

Reactions.—1. When cuprosovinylic ether is heated with zine
and dilute ammonia, the nascent hydrogen, evolved by the action
of the zine upon the ammonia, unites with acetylene, producing
ethylene :—

C,Cu' H
0 b o ="l R O,
C,/Cu' H
Cuprﬁ:}:n'inylic Acetylene. Water,
GEH, + H, = cﬂHl'
Acetylene, Ethylene.

2. Acetylene is absorbed by sulphuric acid, producing vinyl-
sulphurie acid :—

OH + BOHe = EQ‘F(C.,HW,O)HG*

Acetylene. Sulphurie inyl-sulphuric
acid. acid.
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3. Acetylene unites with bromine, forming acetylenie dibro-
mide :— '

J-.rtc.l'ﬂl_:[2 + B r: — HCHEHEBRA.
Acetylene. _:llltl;ﬂtjlr_:gic
ibromide,

4. By agitating acetylene with solution of potassie perman-
ganate, oxalic acid is formed :—

1 cH Lo COHD
{cH + 80, = {CDHU'
Acetylene. Oxalic aeid.

Carbonie anhydride and ormic acid are simultaneously pro-
duced :—

. [CH i i
{01{ t.20, = {cm—xu +CO0,.
BROMACETYLENE.

C,HBr.

By boiling together dibromethylenic dibromide with alco-
holie potash, a spontaneously inflammable gas is evolved, which
is bromacetylene.

CHBrBr
{CHH:‘Br HBr: -  Br, 1+ GCHBn
o hi..rin“‘tha\'ll"“ic II}'dTD]?:_iﬂnli o Bromacetylene.

PHENYLENE or C,H,,_, SERIES.
The dyad radicals of this series are very little known.

The following have alone been isolated :—

Phenylene, C H .
Toluylene or Stilbene, C_11,.
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recognize the existence of more than two negative radicals, in

order to understand the whole range of negative organic com-
pounds. These are:—

CYBNOTEN .. 5 esonsssn o UN - NN

CN ST

Oxatyl, the molecule 0=C—-—?~—C=U
of which is dry 8811:{[3 | )
oxalic acid. ? ?
H H

These two radicals are the acidifying principles of nearly all
organic acids; they are, therefore, highly important compounds.
The semimolecule of each consists of an atom of earbon, one
bond of which is free to combine with other elements or groups
of elements, the other three bonds being saturated, in eyano-
gen by triad nitrogen, and in oxatyl by one atom of oxygen
and one semimolecule of hydroxyl. In the molecules of both,
the two free bonds of the carbon saturate each other.

These radicals are closely related to each other. Thus, if
eyanogen be dissolved in water, it is soon transformed into
ammonic oxalate :—

CN" . _  [CO(N'H,0)
{GN“’ 4 40E., = { CONH O
Cyanogen. Water. Ammonic oxalate.

In the presence of potassic hydrate, eyanogen evolves ammonia
and produces potassic oxalate .—

[CN" e L TS0

oy + 2KHo + 20H, = {gogp0 + 2NH,

Cyanogen, Potasgio Water. Potassic Ammonia.
hydrate. oxalate.

From these salts, oxalic acid, or the molecule of oxatyl, may
be readily obtained by the action of sulphurie acid.
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Preparation.—1. In the anhydrous condition, by passing
hydrosulphurie acid over mercurie cyanide :—

HgCy, + SH, = HgS' + 2HCy
Mercurie Sulphuretted Mercurie Hydrocyanic
eyanide, hydrogen. sulphide. aci

2. By distilling potassic eyanide, or ferrocyanide, with dilute
sulphurie acid :—

29KCy + SO0Ho, = 2HCy + 8S0,Ko,

Potassic Sulphuric Hydrocyanic Potasssic
cyanide. acid. acid. sulphate.

3. By passing nitrogen over an ignited mixture of potassic
carbonate and carbon :—
COKo, + 4%-& N, .=: 2By k. S3C0

Potassic Potassic Carbonic
carbonate. cyanide. oxide.

The potassic eyanide thus formed is then treated according
to process No. 2,

4. By heating together an alcoholic solution of ammonia,
chloroform, and potassiec hydrate :—

NH, + CHCIl, + 3KHo = 3K(Cl + NCH + 30H..

Ammonisa. Chloroform. Hydrocyanic
acid.

Reactions—1. Hydrocyanic acid in contact with water slowly
passes, partly into ammonic oxalate as mentioned at p. 26, and
partly into ammonic formate :—

_ T
NCH " + 20H, = {CO(N*HJD).

Hydrocyanic Water. Ammonic
acid formate,

2. If hydrocyanic acid be mixed with concentrated hydro-
chlorie acid, formic acid and ammonic chloride are produced :—

H

NOH 4 200 4, HO, = { s -k O
Hydrocyanic Water. Hydrochlorie Formig Ammonie
acid. awid. acid. chloride,

3. The displacement of the hydrogen in hydrocyanic acid by
metals gives rise to a very extensive series of single and double
cyanides, The following is a list of the most important of
these compounds :—
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decomposed by acids; others, as ferrous and aurous cyanides,
may be boiled with moderately strong acids without decom-
position. -

Most of the insoluble single cyanides dissolve in solutions of
the alkaline eyanides, forming double c¢yanides. Some of these
double compounds, when acted upon by hydrochloric acid, evolve
hydroeyanie acid, producing chlorides of both metals, as in the
case of dipotassic zincic tetracyanide. These are called easily
decomposable cyanides, and are indicated in the above Table by
the comma being placed between the cyanogen and the metals.

Other double cyanides do mnot evolve hydrocyanie acid
under the influence of hydrochloric acid, but produce a
chloride of one of the metals, the remaining elements of the
compound uniting with hydrogen to form a complex acid. In
the above Table the double cyanides of this class are indicated by
the comma being placed between the metals.

The most important of these double cyanides are the po-
tassic ferrocyanide K, Fe"Cy,, and the potassic ferricyanide

K,, 'Fe" ,Cy,,

POTASSIC FERROCYANIDE. W
K,, Fe"Cy, or K Cfy.

Preparation.—1. By placing a mixture of iron filings and
solution of potassic eyanide in contact with the air, oxygen is
absorbed and potassie ferrocyanide produced :—

Fe + 6KCy + QOH, 1+ @ = EK.Fe¢'Cy, 1 2KNHo.

Potasaic Water. Potassic Potassic
cyanide, ferrocyanide. hydrate.

2. By digesting potassic eyanide with ferrous sulphide :—
FeS' 4+ 6KCy = KJFe'Cy, + SK,
Ferrons Potassic Potassic Potassic

sulphide. cyanide. ferrocyanide. sulphide.

3. On a manufacturing scale it is prepared by fusing nitroge-
nous animal matter with potassic carbonate and iron filings in
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Reaction.—Potassic ferricyanide produces no precipitate with
solutions of ferric salts, but causes a deep-blue precipitate with
ferrous compounds :—

K, Fe",Cy, + 380,Feo” = Fe'/Fe",Oy,, + 380,Ko,

Potassic Ferrous sulphate, Turnbull's blue. Potassic
ferrieyanide. sulphate.

OTHER COMPOUNDS OF CYANOGEN.
There are three isomerie chlorides of eyanogen :—
CyCl. Cy,Cl. Cv,Cl.

Gaseous. Ligquid. Bolid.
The molecular volume of all three cyanic chlorides is [T ].
L litre of gaseous cyanic chloride weighs ........... 3075 eriths.
1 litre of vapour of liguid eyanic chloride weighs... 615 »
1 litre of vapour of solid cyanic chloride weighs ... 9225
Cyanogen produces, with hydroxyl, three isomeric acids and
an isomerie neutral body :—

Cramie gaad ... . 0A L CyOH or CyHo.

Uyannrieagid ... . ......o.. Cy,O,H, or Cy,Ho,.
Fulminuric acid ............ Cy,0,H, or Cy Ho,.
Cyamelide .........0....... Cy.0,H, or Cy, Ho,.

When potassie eyanide is boiled with sulphur, the latter is
dissolved and the solution contains potassic sulphoeyanate :—

CyK + 8 = CyKas.
Potassic Potassie
eyanide. sulphocyanate.

This compound produces with ferric salts a blood-red colour.

0XATYL.

{C{]Hﬂ
COo

This radical, in the isolated condition, constitutes dry oxalic






34 ORGANIC RADICALS.

0XALIC ACID.

{ gggﬂ, 20H, (crystallized).

Occurrence.—In the form of the hydric potassic salt in Oxalis
acetosella, and in the form of different salts in many other
plarts, and also in the animal organism.

Preparation.—1. From its elements through the medium of
potassic eyanide. (See pp. 26 & 28.)

2. By passing carbonic anhydride over heated sodium :—

CONao
2C0, + Na, {CON&G’
Carbonic Sodie oxalate.
anhydride.

3. By the oxidation of a large number of organiec compounds.
Most organic substances are converted by oxidizing agents
into oxalic acid before their final transformation into carbonic
anhydride and water: thus sugar is transformed into oxalic
acid by the action of nitric acid.

4. By heating sawdust with a mixture of potash and soda,
oxalates of these bases are formed.

Transformations—1. By the action of heat, oxalic acid is
transformed into carbonic anhydride and oxatylic hydride, or
formic acid :—

COHo __ H
{ COHo SO { COHo
Oxalie acid. Carbonie Formic acid.

anhydride.

A portion of the formie acid is at the same time decomposed
into water and carbonic oxide :—

H
{cm—xn = OH, + CO.
Formic acid. Water, Eﬂﬂ-?nic

2. Substances having a strong attraction for water, such as sul-
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OXAMIDE.
{ CO(N"H,) { COAd
CO(N""H,) °F | COAd'

Preparation.—1. By distilling normal ammonic oxalate :—
CON'H.O) . .. CO(N' "H,)
{ CONE,D) — 29H, + i | CO(N"H,)’

Normal ammonic Water. Oxamide,
oxalate.

2. By acting upon ethylic oxalate by ammonia :—

{ GGEtD + ENI:[H - { CO{N“II{E) _I_ EEtHﬂ_

COEto CO(N"H.)
Ethylie Ammonia. Oxamide. Aleohol.
oxalate.

Reactions.—1. Oxamide, when heated with phosphorie anhy-
dride, evolves cyanogen :—

CO(N"H.) . CN"
{ OO{NHJ'H‘-.) — 2°H-: + { CN”'I =
Oxamide. Water. Cyanogen.
2. Dilute aecids convert it into oxalic acid and ammonie
aalts :(—

CON""'H,) = [COHe
{ CON"I) + SOHo, + 20H, = {GOHD
Oxamide. Sulphurie acid. Water. Oxalic acid.

4+ SO/ (N'H,0),.

Ammonie sulphate.

By distilling the oxalates of the conipound ammonias instead
of ammonie oxalate, compound oxamides are obtained :—

CO(N'McH,0) _ _ CO(N""MeH)
{CU{"{ MeH Ay | 225 gt {CO(N”’M&H}'
Methylammonic oxalate. Water. Dimethyloxamide.
CO(N'PLILO) CO(N""PhH)
{GU(N”Ph]I ) rem, o © ot {CU{!}””PI]H)'

Phenylammonic oxalate. Water. Diphenyloxamide.
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{gg“; or whether the molecule of ethyl or butylic hydride
o+
C(C,H)H
H

will separate at ¢, and so be formulated 2—or at d,

ggbgﬁgz Some experi-
ments in connexion with this subject appear to show that these
compounds are isomeric.

A difference between methyl and ethylic hydride can only
be conceived on the supposition that the four bonds of carbon
have not equal values in combination, an hypothesis which is not
altogether unsupported by facts.

Preparation.—1. There is only one process of general applica-
tion for preparing these hydrides ; it consists in bringing water
into contact with the zine compounds of the respective radi-
cals :—

zn(CIuH.?n-{-l}g =T 201{1 an'I['}_z 4+ 2 { %HEH-H o

Zine compound Water. Zincic Hydride of
of radieal. *  hydrate. radieal.

when it should be represented by {

The corresponding compounds econtaining more positive
metals might doubtless be substituted for those of zine.

2. There are several special processes which may be used for
preparing these hydrides. Thus all the hydrides above that of
methyl may be obtained, together with the corresponding dyad

radical, by acting upon the iodide of the monad radical by
ZINg :—

: { Collais 4 Zn = ZaI, + CH, + { ol

Todide of the monad Zincie Dyad Hydride of
radical, iodide. radical. monad radical.
Methylic hydride, or marsh-gas, is produced during putre-
faction, and by the distillation of potassic acetate with excess
of potassic hydrate.
The destructive distillation of coal and of allied substances
algo furnishes a large number of the members of this series.
Character.—They are all distinguished by their great chemical
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indifference, and by their forming substitution compounds con-
taining chlorine, bromine, &e.

The following list contains the hydrides of the monad radicals
hitherto studied :—

Boiling-points.
Methylic hydride, or Marsh-gas......... MeH or C H,
Ethylic hydride .. sxassmenuabbem o  DIREL OE O B,
Propylic or tntyhn hjﬂnda ren. 2RH. oF O, Hy
Butylic or tetrylic hydride ............ BuH or C, H , slightly above (°
Amylic or pentylic hydride ............ AyH or C; H,, 30°
Hexylic or caproylic hydride ......... CpH or C; H,, 68°

Heptplic hydrids' & ol o et idissvangasse. OH o 92- W°
Oatylic bydrido .....seeisessanimscsessrsssnrsennneins Gy Moy  118-118°
Nonyhie hydrido..is i858 inieassoinmmimessons . Oy Hyy  100O=138"
Decatylic hydride ......sssscssesessiseiboinaannanee; Orolley 160-162°
Endecatylic hydride ........cccovniireniinnnnanenes O H,,  180-184°
Dodecafiylic hydride .........sensesissnvesensosenanes. GpaHoy 196-200°
Eridesatilio hydride .....cocoociiiciinciinnmeeses G, 216-218°
Tetradecatylic hydride .........veeeoerereveenesnss CpHyy  236-240°
Pentadecatylic hydride .........ccoscviennriineninnns CpHy,  206-260°

METHYLIC HYDRIDE, Marsh-gas, Light Carburetted
Hydrogen, Fire-damp.
CH, or MeH.

Molecular weight =16. Molecular volume [1). 1 litre weighs
8 eriths.

Occurrence—1. As a product of the decomposition of orga-
nic substances out of contact with air.

2. Evolved in coal-mines.

3. The gas of the mud-volcano at Bulganak in the Crimea is
nearly pure marsh-gas.

Preparation.—1. By the action of water on zincic methide.
(See general reaction, p. 38.)

2. By distilling two parts of potassic acetate, two of potassic
hydrate, and three of lime :—

SOk, + KHo = COKo, + CH,

Potassic Potassic Potassic Methylia
acetate. hydrate. carbonate, hydride,
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3. By the reduction of carbonic chloride or of chloroform
with sodium amalgam and water :—

CCl, + H, = 4HCl] + CH,:

Carbonie Hydrochlorie Methylic

chloride, acid. hydrde.

cHOL ¢ H' = sHOl L CH
Chloroform, Hydrochlorie Methylie
acid. hydride.

4. By passing carbonic disulphide and hydrosulphuric acid,
or carbonic disulphide and steam, over ignited copper :—

Cs', + 2SH, + 4Cu = 4Cu8’" + CH,
Carhonie Sulphuretted Caprio Methylic
disulphide. hydrogen. sulphide. hydnde.

5. By the destructive distillation of organic substances, such
as wood and coal.

Keactions.—1. When equal volumes of methylic hydride and
chlorine are exposed to diffused daylight, methylic ehloride is
formed :—

CH + 0. = HE 4+ CHO
Methylie Hydrochlorig Methylie
hydride, acid. chloride.

2. When methylic hydride is passed through a red-hot tube,
hydrogen, ethylene, acetylene, and ethylic hydride are pro-
duced.

ETHYLIC HYDRIDE.

C.H, or CMeH.,.
Molecular weight =30. Molecular volume [T, 1 litre weighs

15 eriths.

Preparation.—1. By the action of water on zincic ethide
(see p. 38).

2. By the action of ethylic iodide on sodic ethide, ethylene
being simultaneously produced :—
CMeH Na + CMeHI = Nal 4+ CH, + CMeH.,.

Sodic ethide. Ethylie Bodie Ethylene. Ethylic
1odide, iodide, hydride,
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head coal and similar substances. It is also found in petroleum
and asphalt. Chlorine has no action upon paraffin in the
cold; but if it be passed into melted paraffin, the latter
is slowly attacked, hydrochloric acid being evolved. In
this reaction paraffin resembles the hydrides of the monad
radicals, and differs from the dyad radicals, to which class 1t
was formerly considered to belong. In the formula C H,,,for
paraffin, the value of » has not yet been satisfactorily deter-
mined ; in fact it is probable that several distinet hydrides of
the class now under consideration are confounded under this
name.

2. HYDRIDES OF THE RADICALS OF THE
PHENYL SERIES.

The following six members of this series are known, viz.:—

Boiling-
Formulse, points, Sp. gr.
Pential,.. 1. c0ite. C, H, 600
Benzal s Gy HY 805 0-85
Tolmk. .. ciu C H, 110°0 087
Xyl i C. H, 1285 e
Cumol............ C H, 1485 087
Cymdley .= 1714 086

Preparation—1. These hydrides are produced by the distilla-
tion of the alkaline salts of the acids containing the same posi-
tive radicals, with excess of potassic hydrate .—

C!II{' - . CJIHEM—-.
{GU]:?DT 4+ KHo = COKo, + { 151 ;
Potassic salt. Potassic Potassic Hydride of

hydrate, carbonate. radieal.

2. By the destructive distillation of various organic sub-
stances, such as coal.

Methyl-phenyl, € H,Me, is ordinary coal-tar toluol.

Ethyl-phenyl, C H Et, is not xylol from coal-tar; it boils
at 135° six or seven degrees above the boiling-point of coal-tar
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xylol. Ethyl-phenyl produces a nitro-compound which can be
distilled ; it boils at 233°. Ethyl-phenyl, when oxidized by
chromic acid, gives benzoic acid and carbonic anhydride, while
xylol gives terephthalic acid.

Xylol from coal-tar is dimethyl-benzol or methyl-benzyl,
C.,H Me,. It may be produced by the action of bromotoluol
upon methylic iodide in presence of sodium.

Diethyl-benzol, by oxidation with chromic acid, gives water,
carbonic anhydride, and terephthalic acid :—

CHEt, + 120 = CH,(COHo), + 2C0, + 40OH,

Diethyl benzol. Terephthalic acid.
Oxidized with dilute nitric acid, it gives ethylbenzoic acid :—
C.HEt, + 60 = CHEtCOHo) + CO, + 20H,.

Diethyl-benzol. Ethyl-benzoic acid.

Cymol from cumin oil and from camphor are isomeric.

Methyl-xylol or trimethyl-benzol, C,H Me,, is the cumol of
tar. It boils at 165°-166°, and gives a compound with bromine
fusing at 72°-73°

Ethyl-xylol, dimethyl ethyl-benzol, C ,H ,Me, Et, boils at 183°-
184°, and by oxidation gives acetic acid and an acid resembling
terephthalic.

Properties.—These hydrides are distinguished from those of
the radicals of the C,H,,,, series by being less indifferent to
chemical agents. By treatment with strong nitric acid they
yield nitro-compounds :—

Thus Pentol, C, H,, gives nitropentol, C, H, (N'O,) ?
, DBenzol, C,H, , mnitrobenzol, C, H, (NVO,).
» Toluol, C, H, , nitrotoluol, C, H, (NY0,).
s Xylol, C,H, , nilroxylel, C,H, (N*0)).
» Cumol, C H, , nitrocumol, C, H, (N"0,).
» Cymol, C, H , nitrocymol, C, H  (N0).

Under the influence of reducing agents, these nitro-compounds
yield aniline and its homologues.

Pure nitrotoluol is solid at ordinary temperatures. It boils
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at 237°. By reduction it gives toluidine ; and by the action of
potassic chromate and sulphurie acid, paranitrobenzoic acid or
nitrodracylic acid is formed. = DT

So-called liquid nitrotoluol is a mixture of nitrobenzol and
nitrotoluol.

BENZOL, Benzene, Benzine, Phenylic Hydride,
Bicarburet of Hydrogen.

C.,H, or Phll.
H H
A
C=C
At i
H—C C—H
}‘5 /
—C
L]
H H

Molecular weight =T8. Molecular volume [T . 1 litre of
benzol-vapour weighs 39 criths. Fuses at 5°5. Boils at
80°-5,

Occurrence.—In Rangoon petroleum and in coal-tar.
Preparation—1. By heating benzoic acid with excess of lime
or baryta :—

{ Stk + Cad = {EH + COCao".
Benzoic acid. Lime, Benzol. Caleie carbonate.

2. By heating the vapour of benzoic acid to redness, when
it splits into benzol and carbonic anhydride :—

cl;H.i jra——
{001-1.:. = CO, + GCH,

Benzoie acid. Carbonie Benzol.
anhydride,
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TRIBROMBENZOL.
C,H,Br,

Preparation.—By boiling the previous compound with alco-
holic potash.

The following graphic formule show the probable atomic
relations subsisting between benzol, tribrombenzol hydrobro-
mate, and tribrombenzol :—

H H
i %3]
e
e
H-C C—H
Mo qult
C—-C
[
H B
Benzol.
H H
|
Br—(C—(C—Bx
Hw.s /H
Br/t  ON\Br
H—(C—(C—H
>
Br Br
Tribrombenzol hydrobromate.
H Br
|
I b

Tribrombenzol,
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vapour, mixed with hydrogen, is
dium :—

N(C,H,)0, -+ 3H,

Nitrabenzol.

—

The relation between nitrobenzol
the following graphic formulse :—

HYDRIDES OF THE POSITIVE RADICALS.

passed over spongy palla-

N(C,H)H, + 20H,

Aniline. Water.

and aniline will be seen in

H H
(= 0
g G
H—C C—N
Res
—C O
{ Lzl
H H
Witrobenzol.
H =
L =3
C=(C H
22 i ||
- H—C C—N
N, 2
C=C H
. |
H H

Aniline.

3. By the action of sodium amalgam and water, nitrobenzol
is converted into azobenzol, and finally into hydrazobenzid :—

ON'(C,H)0, + H, ="
Nitrobenzaol,

o [ N(C,H,) i
{Ncm) + W=
At!}bunlﬂ

N(C,H,)
\ncr) + 4Ot
Azobenzol. Water.

N(C,H)H
N(C H)H "
Hydrazobenzid,

{
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CII,. CII, Ho.
H H
I I
H—C—H H—C—0—H
I |
H H
Marsh-gas. Methylie aleohol.

. The alcohols have been termed the hydrated oxides of the
positive radicals ; but this is eroneous, as they do not contain
water. They may more correctly be defined as the compounds
of hydroxyl with the positive organic radicals, whence it follows
that each series of positive radicals forms a corresponding
series of aleohols. The alcohols act upon and saturate acids,
forming a family of compounds termed efhereal salts. The
acidity or acid-saturating power of the alcohols depends upon
the number of semimolecules of hydroxyl which they contain :
the monad radicals give monohydric aleohols, or aleohols con-
taining only one semimolecule of hydroxyl, the dyad radicals
dibydric aleohols, &e. We have thus the annexed three prin-
cipal subdivisions of the alcohol family.

Monohydrie. Dihydrie. Trihydrie.
Methyl or C,Hzqilo | Glyeol or C,HuHo, | GlycerinorC,Hs,-1Ho,
series, series, series.
Vinyl or C,Hz,—1Ho | Orcin or C,Ha,-sHo, Pyrn%ullic or C,Hg, -9
series. series, To, series,
Phenyl or C,Hs,_.Io
geries,

The following symbolic and graphic formule will exemplify
the digposal of the bonds in these three subdivisions :—

Monolydrie Aleohols.
Propylic alechol. : C(CII,)IT
(Methyl wfea.)} = S.H,Ho or {CHQL@ '
H H H

Lisilon.d
H—C—C—(C—0—H

ol g
HHH
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MONOHYDRIC ALCOHOLS :

Methyl or C,H,, .o series.
These alecohols may be divided into three classes, viz.:—

1. Monohydric normal alcohols { gg?ﬂ%ﬁl)l{

C(C H,.)H
. i seccondary ,, {CECL. ,‘:3)1-]?110'

. C(C,H.,.)H,
n  terbiary {G{L,,,H Lﬁ) o’

In the general formula of the normal alcohols » may =0,
and even the whole radiecal C(C,II,,,,)H, may be replaced by
hydrogen, as is the case in methylic aleohol. In the formulw
of the secondary and tertiary alcohols 2 may also —D hut n
must always be a positive integer. | ' |

3.

JI | \ o & * f Ly 0 e
4l M:E— A0 "FOH FDRI{? ALOOIIOLS
( : Gencml furmula { G(Cri]i['mH)H

The following is a list of the members of this class :—
Fusing- DBoiling-

points, points.
wrbssiorl | Methylic aleohol ....rrrrrrrrnrnnnnnnnene { €m0 e
L‘«@(-'ﬂ "z"' . CI[ .
CEthvlio aleolol o cvimmesmmaoniissss CH'II —_  758%4.
£ o 0
Yo €- e Propylic or tritylic al- [ CMell, [cqur }Il' b oL
nolpl 4T s CH,Ho ° | CI,] o
‘-'ﬁ?{'f - i3 But‘llﬂ or tetr ¥ lic al- fcl‘ tIT r GLC ][ ]H Ilv};
1 T 5 Lcu, Ho © ' lon, ‘Ho ;
brofed - : Me
M7(7 ; * Isobutylic aleohol ...... { EIE ¢ I];: {g}?lﬁ"g-‘ —  109°,
o {"“Am_}lm or peniylic al- [ CPrIT, [ C(C, I[.}II o
./27 5" cohol P ......... s | CHHo ™ | CH.H 137°
horler € vt o { S o { SOMOIDIL, _sgo, 129
a"ﬁ m“'}ﬁﬁ“ Pseudamylic alcohol . [g}}”ﬁt}“ {Gll‘lH O A2

b Caproylic or hexylic aleohol i { g II[ o —  150°,
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Fusing-  Doiling-
points, points.

(Enanthylic or heptylic aleohol......... { g&?ﬁa — 1707,
Caprylio or octylic alcohol............... { EIEHD == 1e0e.
Nonylig aloehiol .....ecomsvemnemininnans { gi—if{u —  200°
Deoontylioalonhol.: ottt { EEE % il g oB1BE,
Coty1ic alOohol covscerirssnerccrrens | G ¢I;If1|0 0o e
Oerofip aloohol ... {g’f[ﬁ;'["'ﬂ 7. —
Melissic alcohol ............. R o [gﬂ]!““ﬂ 8s%,  —

The lower members of the class are liquid, and the higher
solid. They are produced in a variety of operations, such as
destructive distillation, fermentation, and animal secretion, but
by reactions which cannot usually be traced.

Relations of the normal C,Hy,,,Ho aleolols to the monad C,H,,,,
radicals.

1. Theradicals C,H,,,, which are combiuted with hydroxyl in
the normal alcohols may be separated, by first converting the
alcohol into an iodide (see p. 96), and subsequently acting on
the iodide by zine (see p. 11).

2. The radical next lower in the series, than that contained in
the alcohol, may be obtained by converting the aleohol into the
corresponding fatty acid, and then submitting a salt of this acid
to electrolysis (sce p. 119).

3. Inversely, the normal aleohols may be obtained by acting
upon the normal radicals with chlorine under the influence
of light, when one atom of hydrogen in the radical is dis-
placed by chlorine.

Thus in the case of methyl we have

CH ACKR ey o
{ o + O = { ool + HCL:

Methyl. Chlorinated Hydrochloric
methyl. acid.
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by the action of potassic hydrate upon this chlorinated methyl,
uth;,'lir;: alcohol is formed, thus :—

CI, W [ ,
{cl-r;,(:'i + REgE = {cﬂiﬂn Al

Chlorinated Potassie Ethylic Potassie
methyl. hydrate. aleohol. chloride.

This reaction requires further investigation (see p. 53).

Leelations of the normal C, By, Ho alcokols to the dyad C,H,,

radicals.

1. The C,H,, radicals are obtained from the normal C, H,,,,Ho
aleohols by the abstraction of the elements of water :—

CH i J

{GH:HG W {CH:'
Ethylie Water. Ethylene.
aleohol.

2. Inversely, the normal aleohols are obtained from these
radicals by first uniting the latter with hydrochlorie, hydro-
bromie, or hydriodic acid, and then treating the product with
potassic hydrate :—

. [ CH, M reH
{cuz Bl = {01{201'
Ethylene, Hydrochlorie Ethylic
acid. chloride.
[ CH, i ooy |, JTEE
Ethylie Potassie Ethylio Potassio
chloride. hydrate. aleohol. chloride.

Or by uniting the dyad radicals with sulphuric acid, and
distilling the product with water :—
SO,Ho, + CH, = 80,Ho(C,H.O):

Suly n]_nin"u: Ethylene. SBulphovinie acid.
H T i

S0,EtoHo + OH, = 8SOHo, + EtHo.

Sulphovinie Water, Sulphuric Lthylic
aeid. acid. ) alechol.
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By the action of nitrous anhydride, propylamine is trans-
formed into isopropylie alcohol :—

ONPrH, + N0, = 28PrHo + OH, + 2N,

I’rup_rrla.mlm. N zt.ruua Iso wnpv]m Water.
anhydride. aleohol.

Tt is obvious that by repeating these reactions on isopropylic
aleohol, butylic alecohol would be obtained, the homologous
series of alcohols being ascended one step at each repetition of
the process. But the alcohols are, if possible, secondary or
tertiary. :

METHYLIC ALCOHOL, Wood Spirit, Pyroxylic Spirit.
CH,Ho or Melo.

Molecular weight =32,  Molecular volume [T]. 1 litre of
methylic alcohol vapour weighs 16 criths.  Sp. gr. 0798,
Boils at 66°'5.

Preparation.—1. From marsh-gas, by the action of chlorine
and subsequent treatment with potassic hydrate :—

CH + € = CGHO <+ HO;
Marsh- Methylie Hydrochlo-
[as. chloride. rie acid.

CH,C1 + KHo CHHo + KCl.

Methylie Potassie Me tlt_[|I lie Potassie
chloride. hiydrate. aleohol. chloride.

2. From the essential oil of Gaultheria procumbens, by the
action of potassic hydrate :—

C.H,OMeoHo 4 Kllo = CI ,0HoKo + MeHo.
Oil ef Gaultheria pro- Potassic Totassic salieylate. Methylie
ewmbens,  (Metho- hydrate, aleohnl,

salicylic acid, )

3. By the destructive distillation of wood.

Reactions.—1. Methylic alcohol unites with some salts in the
capacity of water of erystallization, as, for instance,—

Ca(l,, 2MeTHo.

2. By the action of potassium and sodium, methylates are
formed with elimination of hydrogen :—

CH, Ko. CII, Nao.
l’ntal sHie Badie

methylate, methylate.
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2. When passed through a red-hot tube, aleohol is decom-
posed into marsh-gas, hydrogen, and carbonic oxide :—
CHHo = CH -+ H 4 &0

Ethylie - Marsh- Carbonie
aleohol. gas. oxide,

Small quantities of ethylene, benzol, and naphthalin are
simultaneously produced, whilst carbon is deposited.

3. By oxidation, ethylic alcohol is converted first into alde-
hyde, and then into acetic acid :—

[ CH,

CH, £ .

{CH'EHG A i R
Eith 'lif Aldehyde. Water.
aleohol.

CH. o e

{coi{ S {001{0'

Aldehyde. Acetic acid,

4. Distilled with chloride of lime, ethylic aleohol produces
chloroform.

Aleoholates are salts containing aleohol in the place of water
of crystallization ; they are mostly decomposed immediately by
water.

The following are known :—

Zn(l, 2C,H Ho.
Ca(l,, 4C,H, Ho.
N,0 Mgo",6C,H, Ho.

5. Treated with chlorine as long as hydrochloric acid is
evolved, it is transformed into ethylic chloride and chloral
hydrate (the aldehyde of trichloracetic acid) :—

IGII:: ! — {CC]‘l cII-.t 4H(
3ol Y40k = | ent,, ¥ 1| cxla T O
Ethylic aleohol. Chloral hydrate. Ethvlic

chloride.
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Amylie aleohol, {gf{:%}r is the chief constituent of the

fusel oil obtained in the manufacture of alecohol from potatoes
or grain. Two other normal, isomeric amylic alcohols are
given in the Table at p. 52.

As far as these aleohols have been studied, they resemble, in
their chemical relations, the two previously described.

SECONDARY MONOHYDRIC ALCOHOLS.

C(C,H,... ) H,
General formula... { C(C_H,,,)HHo"
The secondary aleohols differ from the normal in yielding,
by oxidation, ketones instead of acids.
Seven secondary alcohols are at present known :—

Boiling-

: ¥ainta,

Isopropylic aleohol or dime- { CH, . Si
thyl eapbimoli st inviiiii CMeHHo "t :
T‘Iﬂﬂ]}']ﬂth}’l Eﬂrhiuﬂl ......... { gggH}Iﬂ ------------ 9?.
Methylpropyl carbinol ...... { ggl?;[-IHn Rt
Methylisopropyl carbinol ... { g%g}?}lu ............ 106.
Psendohexylic aleohol or me- { CHELRE L, (ORE 136.

thylbutyl carbinol ......... CMeHHo " '

Methylhexyl carbinol ......... { gg{, H JHHo 181,
. G-EI,,I 990
Methylnonyl carbinol ...... G0 T, ) Hip ine-tas (28

The first is obtained by the action of nascent hydrogen on

acetone :—
CH, : . B
{coh{e + H, = | cMeHHs

Acptone, Tsopropylic aleohol.
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The relation existing between ethylic alcohol, propylic
aleohol, and isopropylic aleohol, will at once be evident from
the following formule :—

CHa O(CH:«,) H-z CHE
CH_Ho' CHHo - C(CH,)HHo'
Ethylic aicohol. Propylic aleohol, Isopropylic aleohol.

From these formule it is seen that propylic alcohol is ethylic
alcohol in which one atom of hydrogen in the methyl (or non-
oxygenated part of the compound) is displaced by methyl;
whereas isopropylic alcohol is ethylic aleohol in which one atom
of hydrogen in the oxzygenated part of the compound is dis-
placed by methyl.

Ethylic aleohol boils at ... 78%4
Propylic alecohol ,, ... 97
Isopropylic aleohol ,, ... 84

Thus, by substituting an atom of methyl for one of hydro-

¥

gen in the non-oxygenated part of the alcohol, the addition of

/

Tlas L=

CH, raises the boiling-point 18°6 ; whilst, if an atom of hy- f e
drogen in the oxygena.ted part be Bimuﬂl‘l_}' displaced, the same = 4
addition only raises the boiling-point 5°6. L= 1 ""-4_‘
Isopropylic alcohol yields by oxidation a ketone, and not an g LA
acid. The radical oxatyl being a necessary constituent in s 1t
organic acids, it will be seen fmm the following equations that, ff o b

although propylic aleohol ean be converted into an acid without
the disruption of its carbon atoms, isopropylic alecohol cannot
be so transformed :—

CH gk e,
{cHiHa e {cm{n + OH,
Ethylic aleohol. Acetic acid. Water,
H | H H 0
] |
H—-—U—_i—(i.'———H I—C——C
) k]
H 0 11 ]

| |
1 I
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C(CH)H _ [e(CH)I
{GILIL} P {ODH.{’ W i
Propylie aleohol. Propionic acid. Water.
1-|[ : H ; H H 4. .H & O
o . oo 1 ol
II—{lJ—é—L;_;i—C—II Hi il 012
: oy [FEmERS L -
H H ci. H i PR
|
" H
CH, __ (CH |
{O(CH}HHn e e {CU{CH) O
Iso 11'1:1]"}'11., Acetone. Water.
LD 10 =
H ; HppH B - . H
i o ] 1 é
H—C ——;—Li‘—;—C—H  ; Py S AN B
[ i * e |
y2 LY - H..0 H
I
H

TERTIARY MONOHYDRIC ALCOHOLS.

C(C.Hy.11)H,
General formula...... { Gg C H :j) o'
The following members of this series are known :— i
points,
Pseudobutylic alcohol D[‘} OMEFED oiovncsbiniusalia g9c5,
trimethyl carbinol ......
Dimethylethyl carbinol ... CEtMe,Ho ............... 100°,
Dimethylpropyl carbinol ~ CPrMe[Ho ............... 120°,
Dimethylisopropyl carbinol C5PrMe,Ho ............ 119°
Methyldiethyl carbinol ... CEt,MeHo ............... 115°,
Triethyl carbinol ......... EEE o O inikvent 141°,
Diethylpropyl carbinol ... CPrEtHo ............... —

Pseudobutylic alcokol, { g;}p Ho' exists in small quantities
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is a secondary, and the second a normal aleohol :

i Lin nlmlml.””{CII“ or CMe"HHo.

CHlilo
: CMe"HI
Allylic aleohol ... { CH Ho *
H
i
H—(C=(C—-0—-1I H—(=C—-(C—-0—-H
g . e
H H H. T H
Vinylic aleahol. Allylie aleohol.

VINYLIC ALCOHOL.
" { CH, 5
CHHo
Preparation.—By combining acetylene with sulphurie acid
and distilling the produet with water,in the same manner as in
the preparation of ethylic alcohol from ethylene (p. 54) :—
SO,Ho, + ©C[I, S0,(C,H,0)Ho.

Bulphurie Acetylene, Bulphovinylic acid.
acid.

I

S0,(C,H,0)Ho + OH, = SOHo, + CMe"HHo.

Sulphovinylic acid, Water. Bulphurie Yionvlie
acid. sleohol.

This aleohol is isomeric with aldehyde and with ethylenic
oxide :—

o | CH. cH, CH,,
CHiTo COIT cH. V"
‘11' i:ll _i. 1 ii: Aldehyde. Ethy llrnin.;

If the above, and not {”gll—-t[uﬂo‘ be the true formula for

vinylic aleohol from acetylene, it is obvious that this body could
not yield anacid by oxidation ; but if the latter formula repre-
scnts it, this alcohol is normal and ought to yield on oxidation
an acid, { g éllllu’ homologous with acrylic acid.

L]
o . ."—-

Y
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Among the ethereal salts of allylic aleohol, the sulphide and
sulphoeyanate occur in nature as garlic and mustard oils :—

(CMe'H

CMe"H
o {CHE
CH, M1
CMe"H 1cs
- Allylie Allylie
sulphide. sulphoeyanate,
{(Garlie oil.) (Mustard oil.)

CHAPTER VIIL

" MONOHYDRIC ALCOHOLS:

Phenyl or C, H,,_; series.

These alcohols may be divided into a normal and a tertiary
class, Tle members of the first class possess the general
character of the normal aleohols of the ethyl series, while those
of the second class exhibit a slightly acid character.

il '

('rass I. Normal Aleohols.

General formula............ { gilfhﬁ;
Benzylie aleohol® ......... { gﬁrhﬂ : (,.? N-y":}
*N—C=C—H H
b 60— bo-m

I |
H—(C—C—-H H
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2. Benzylic aleohol may be obtained from toluol by first
converting the latter into toluylic chloride by the action of
chlorine—

{gz-I[{H # B = {g&[m =
Toluol. Toluylic chloride. Hydrochloric
(Toluyliec hydride.) acid.

and then submitting the toluylic chloride to ‘the action of po-
tassie hydrate :—

(G, oL s :
Tolm lm Potassic Benzylic Potassie
chloride. hydrate. aleochol. chloride.

3. By digesting benzylic chloride with freshly precipitated
plumbic hydrate :—

C.H, 4 CH,
{GH t, + PbHo, = PbOl, + Z{GH:H-}'

Toluylie or Plumbie Plumbie Benzylic aleohol.
Benzylic chloride. hydrate. chloride.

4. By passing a mixture of hydrogen and the vapour of ben-
zoylie chloride over heated spongy palladium :—

CH, Lo
{ obd, + 2H, = {cu ¢+ HCL

Benzoylic chloride. Benzylie aleohol.

Crass II. TERTIARY ALCOHOLS,

- PHENYLIC, ALCOHOL, Carlolic Acid, Phenylic Acid.

C,H,Ho or Philo.

Molecular weight =94.  DMolecular volume [11. 1 litre of
phenylic alcokol vapour weighs 47 eriths.  Sp. gr. 1:065 at
18°. Fuses at 31°. Boils at 185°,

Occurrence.~In coal-tar, and in small quantity in the urine
of man, of the cow, and of the horse,
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CRESYLIC ALCOHOL.
C MeH Ho.
Boils at 204°.

This alecohol is contained in ereosote ; it is isomeric with
benzylic aleohol.

CHAPTER IX.

DIHYDRIC ALCOHOLS.
Glycol or C',H,,Ho, series.

The following is a list of the glycols at present known, with

their probable constitutional formule :—
Boiling-pointa.

Glycol or Ethylie CH, Ho =
LA, 1 ¢H,0 { ClHi.Ho e
- y , CMeHH =
Propylie glycol... C,H,0, or {Gi{%{ 5 4 188°-189°,
) Borelioglonl .. OO {CE"'HH“ 183°-184°.
- A R ol +heths OF | @H Ho
Amylie glycol ... CH,O, or { s 177,

CH_ Ho
——— Methylic glycol has not been obtained.

The existence of normal, secondary, &e. aleohols of this sub-
division has not yet been clearly established ; but ethylic glycol
1s probably a normal glycol, whilst propylie, butylie, and amylic
glycols are generally considered to be secondary glycols, as
shown in the above formulw.

It will be observed that the boiling-points of the glycols
differ from each other in a direction inversely to that previously
noticed in the ease of the normal monohydrie alcohols: the
more complex substances boil at a lower temperature than
the simpler ones.
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4. Treated with potassium or sodium, the hydrogen of the
bydroxyl in glyeol is replaced in two successive stages :—

CH, Nao
CH. Ho
Monosodic glycol.

CH Nao
CH, Nao”
Disodic glycol.

The following list contains some of the principal derivatives

of glycol :—

CH,_ Ho
CH, Ho"

Glycol.

CH,Ho

CH.Cl *

Clllm*h:.'tlriﬁ
glycol.

[ CH Eto,
| CH Br

Bromethylic
glycol.

C11,Eto
CH,Eto

Diethylic

(CH,Ho
g s { CH, o
| co
(CH,

Monacetic
glycol.

CH,-0-CMcO:

CH, Hs
CH, Hs®
Bulphur glycol.

CH_ Ho
CH,Br

Bromhydrio
glycol.

CH,Eto
CH,Ho *

Hydrie ethylic
glyeol.

Joan { CIL,Br
| CO C1H,-0-CMeOr
_CH,
Glveollic
ncetobromide,

(CH,
cO
0
CH, [CH,-0-CMcO
GH. " {cuu-o.cn{eo-
0
CO
( CH,

Diacetie glycol.

(cmBr

e
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CHAPTER X.
DIHYDRIC ALCOHOLS.
Orein or C,H,,_,Io, series.

Like the phenyl series, the orcin series of aleohols are the
derivatives of benzol. The following alecohols belonging to this
series have been described :—

Mel!;igg—
point.
Hydroquinone 1
Resorcin }UEH4H0= ............ { 98%0
Pyrocatechin or Oxyphenol 111*5
Orecin S6°0
Homopyrocatechin } C.MeH,Ho, ......... { St
Betaorein C,Me, H, Ho,......... —

Theory 111dlcates the existence of four isomerie bodies of the
formula C H Ho,, the graphic formule of which are thus
wrltten —

(1) (2)
1I-0--c=(|::-f0—1{ II—~€13‘=0—-H
I |
B (8 H—C (—H
|| Il
H—{—0 B 00— (10—
(3) (4)
H—C=C—H H—0—(C0=C—H
I ] i
H—0—0 0—0—-H Heo) O—0=31
||l ol
H—C—C—H H— (- (C—H

The isomerism of 1, 3, and 4, and of 2, 3, and 4 is caused
(symbolically speaking) by the different distances from each
other of the two atoms of carbon with which the two semi-
molecules of hydroxyl are combined; in 1 and 2 these carbon
atoms are neighbours, in 4 they are separated by one inter-

j
| =
|

O it A

)
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vening atom of carbon, and in 8 by two intervening atoms of
carbon, The isomerism of Nos. 1 and 2 is not equally obvious ;
indeed it has been overlooked by Kekulé, who considers that
three modifications only of the formula € H Ho, are possible,
unless the six atoms of hydrogen in benzol be not regarded as
of equal value. An inspection of the above graphic formule
shows, however, that a fourth modification is possible, depend-

ent upon the mode in which the two neighbouring atoms of -

hydroxylic carbon are joined together. In No. 1 these atoms
are united by two bonds, in No. 2 by only one bond.

It is at present impossible to assign to each of the three

known isomers of C H Ho, its own constitutional formula.
The same is the case also with the remaining alcohols of this
series.

HYDROQUINONE.

s i Lo d e G :
A"'{"’ “-If"i"'. le g -'I"fr-f" et 1_{;? J
Preparation.—1. By treating arbutin with emulsin, or by

boiling it with dilute sulphurie acid :—
CHO 4+ OH, = CGHHo -+ GEO:
Arbutin. Hydroguinone, Glucose,
2. By the action of sulphurous acid upon a solution of
quinone.
3. By the destructive distillation of quinic acid.

Reactions.—1. Passed in vapour through a red-hot tube, it
is decomposed into quinone and hydrogen :—

CHHo, = cuHJg} £
Hydroguinone. Quinone,

2. By many oxidizing agents it is transformed into quinone:—

QX Ho, 411 Qs cuuﬂ} i AOEEL.

Hydroquinone, Quinone,

1M
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3. By the action of chlorine or a mixture of potassie chlorate

and hydrochlorie acid, it is converted into perchloro-quinone
(chloranil ) :—

O i = cucu,,g} + 6HCL

Hydroquinone, Chloranil.

ORCIN.
C Mel Ho,
Melts at 86°. Boils at about 290°,

Occurrence.—In certain lichens, such as Lecanora tartarea,
Roeecella tinctoria, and Variolaria orcina.

Preparation—By the dry distillation of orsellinic acid, or
by boiling this acid with powerful bases :—

CHO, = CMeHHo, + ¢CO,.
Orsellinie acid. Orcin,

Many other bodies which are obtained from lichens, such as
lecanoric acid, erythrin, and picroerythrin, yield orcin under
similar treatment ; but all these compounds give first orsellinic
acid, which then breaks up into orein and carbonic anhydride ;
thus:—

PR, = oEhve= 2017 0.

Lecanoric acid, Oraellinie acid.

0,H,0, + 20H, CH,0, + 2CH,O.

Erythrie acid. Erythrite. Orsellinie acid.
C.HO, + 0OH = CH,0 + CHO,
Picroerythrin, Erythrite. Orsellinic acid.

Reactions.—1. With chlorine, bromine, iodine, and nitrie
acid, orcin gives the following substitution products :—

Melting-
point.
Monobromorein ......... C.MeH, BrHo,......... 135°
Tribromorein:, ..t .. C,MeBr,Ho, ......... 103°
Tridhlororein; .- G MeOLIEe). o5 159°

Trilodomein s . G Mal Hin, © . oreti
Trinitro-orcinic acid ... € Me(NO,) Ho, ...... 162°
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I
I-I-—~{E—-—II
l
CII, 1o H H—C—H H
Amylglycerin ... 4 CEtHo? | [
CH,Ho H-—C C C(—H

Gy <o gy borty
B i Bbish R

The constitution of amylglycerin is not at present established.
Its formula may possibly be
W, 614
CEtHHo C s
CHHo ! & {C-‘ o€ e o4
CH_Ho C Tne o4F

The action of oxidizing agents on amylglycerin will pro-
bably throw light upon its internal structure.

GLYCERIN,

CH,Ho
CliHo .
CH Ho

Sp. gr. of liguid at 15°4 is 1'26.  Crystallizes at low {empera-
tures, and remains solid afterwards at ovdinary temperatures.
Boils in vacuo at 179°5,

Sources.—Most animal and vegetable fats consist of mixtures
of the glycerin ethereal salts of the fatty, and of the oleie, se-
ries of acids. Glycerin is liberated from these by water at high
temperatures, or by bases giving salts insoluble in water :—

CH,-0-C(C,1,)0 CHHo (@ x
CH -0-C((,,H,,)0+430H,= { CHHo +3 {c'ﬂnfé’
CH_-0-C((',.H,,)O CH Ho

Btearin, Weter. Glycerin, Stearic acid.
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By the action of sodium amalgam and water, monochlorinated
propylic glycol is readily converted into propylic glycol :—

{ C(CH,Cl)HHo + . [ C(CH)HH.

| CILHo ol = o b + HCL
Monochlorinated Propylie Hydrochlorie
propylie glveol. glyeol. acid.

Relations of Glycerin to the Trikydric Acids— Glyceric Aeid
and Tartronie Acid,

By the slow action of nitrie acid, glycerin is converted into
glyceric acid :—

CH,Ho C1L,Ho
CHHo + O, = {CHHo + OH.
CH_Ho COHo
Glycerin, G]i:;ﬁric Water.

A second semimolecule of oxatyl has not been produced in
glycerin, so as to convert the latter into a dibasic acid; but
there can be little doubt that tartronic acid, which is formed
by the spontaneous decomposition of nitrotartaric acid, is the
acid in question, and that it has the following constitution :—

COHo
CH Ho.
COHo

Tartronie acid,

Relations of Glycerin to Aerylie Aeid.

By the action of substances having an affinity for water,
such as phosphoric anhydride or sulphurie acid, glycerin is con-
verted into acrolein :—

GIII[U i
Gl canigom Sa bl gf‘]’fﬁ[ I
CllI, Ho S

Glyeerin, Water, Acrolein,
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Theory points to four isomeric modifications of the formula
O.H Ho,, vio. —

H—C=C—0—H H—(C=(C—0—H
II—Jl‘ Cr.f;O—H H—{IJ E‘—O—H
II—{IZi——g—O-—H Hﬁo—g—r'!iler
H—C=C—0—H H—0—(C=C—0—H

H—o—cl; (1:—}1 H—{Ij {lz—H
151 -*Ii* ':|:J‘ 0—H H-—-[llj—[[?J,‘-——U-—I{

It is at present impossible to assign any of these formule to
ihe above enumerated three members of this series of alcohols.

PYROGALLIN, Pyrogallic Aeid.
C H, Ho,
Melts at 115°.  Sublimes with partial decomposition at 210°,

Preparation—1. By heating gallic acid to 210°-220° in a
stream of carbonic anhydride :—

C.HHo, _ |
{ SobHo, — eHHo, + ©O,

Gallic acid. I'yrogallin.

2. By heating gallic acid with twice or thrice its weight of
water to 200°-210° for half an hour in a Papin’s digester.
The reaction is the same as in No. 1.

Reactions.—1. Does not neutralize alkalies or form true salts.

2. Passed over heated zine, it is transformed into benzol :—

CHHo, +~ 8Zn = CJH, + 3Zn0.
Pyrogallin, Benzol.
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3. Bromine converts pyrogallin into tribromopyrogallin :—

CHHo; + 8Br, = CBrHo, + 3HBr
Pyrogallin. Tribromopyro-

4. Heated to 250° it yields water and metagallic acid :(—

CHHo; = CH.OHo + OH,
Pyrogallin, Mo lic

2010,

5. Ammonia in the presence of air forms with it pyrogallein,
to which the formula C, H, N, O,, has been assigned.

6. Concentrated boiling solution of caustic potash decom-
poses it into acetie, oxalie, and carbonie acids.

7. An alkaline solution of pyrogallin rapidly absorbs free
oxygen, forming a dark-coloured body, together with acetic and

carbonic acids and a small quantity of carbonic oxide.

OTHEER POLYHYDRIC ALCOHOLS.

Erythrite (Erythroglucin, Erythromannite, Phycite, Pseudor-
cin) 1s a tetrahydric alcohol ; and the acid corresponding toit is
tartaric acid. Citric acid may also be considered as derived
from an unknown aleohol of this series. A glance at the for-
mule of these aleohols and acids will show their relations :—

CH,Ho (COHo

CHilo | CHHo | {CHHG(CHﬂHﬂ) {CHHG(COHG)

. . | { CH(CH,Ho) CH(COHo)
CHHo CHHo 2
CH,Ho |COHo | (CH.(CHHo)  [CH,(COHo)

Erythrite.  Tartaric acid. Tetrahydric alechol Citric acid.
(unknown),

When reduced by hydriodic acid, erythrite yields butylic
iodide :—

CH,Ho CH,
SEL. +UET AcdbE 3 (S5 pow,
CH,Ho CH,I
Erythrite. Hydriodie Water. Butylic
aeid, iodide,
G 2

ELJO‘“_,' 3
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Pinite and Quercile are believed to be pentahydric aleohols;
and aposorbic acid is probably a derivative of one of them :—

A

"CH_ Ho
CHHo
CHHo.
CHHo

 CH

Pentahvdrie

Mannite is a hexahydric aleohol.

COHo
CHHo
CHHo.
CHHo
| COHo

Aposorbie
acid,

There are three acids cor- .

responding to this aleohol : these are saccharic and mucic acids,

which are isomerie, and mannitic acid :—

(CH, Ho
CHHo
CHHo

CHHo
_CH Ho

Manmnite,

< CHHo'

‘COHo
CHHo
CHHo
\ CHHo'
CHHo
 COHo

Saccharic
or mueie acid.

(CH_ Ho
CHHo
CHHo
< CHHo'
CHHo
| COHo

Mn.n:nil:ic
acid.

Mannite is closely related to glucose, the latter containing
two atoms of hydrogen less than the former. Glucose can, in
fact, be converted into mannite by the action of nascent hy-

drogen :—

(CH,Ho
CHHo
CHo

"{CHo

{ CHHo

CH, Ho

Glucose,

(CH_ Ho
CHHo
CHHo
CHHo *
CHHo
| CH,Ho

Mannite.

Aleohols of high hydricity possess a sweet taste, in fact with
increase of hydricity the alcohols gradually pass into saccha-

rine substances or sugars.
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C.H,
Ethylic butylie ether, { O or
C=-I:EE
GEHS
Ethylic amylic ether. [ O or
cEHH
{ C.H,

B utyic ether ......... 8] or

Amylic ether ........,

or OEtBu
GPrH
GMEH

or OIitAy
GBuH
GPrH

or OBu,
CPrH
CBUH
{ or .0OAy,
CBuH,

Boiling
points.

80°%.

1129,

104°,

17

Formation.—1. By the action of sulphuric acid upon the

C,H,,,Ho alcohols. The process may be divided into the two
following stages :—

OH..Ho + SO0Ho, = S0.Ho(CH,.0) + OH,

Aleohol. Bulphuric Bulpho-acid. Water.
CMHE.H-l-l

S0,Ho(C,H;,1:0) + C,H,Ho = {0 + SO,Ho,
CHIIEJH-I

Sulpho-acid. Aleohol. Ether. Sulphurie

acid.

2. By converting the C,H.,,,Ho aleohols into sodium or
potassium compounds, and then acting upon the latter with
the iodides of the monad positive radicals :—

2C H,,.,Ho 4 Na, 2C,H,,.,.Nao 4+ H..
Aleohol. 8odic alcohol.
CyHeia
O:LHEH -E—lNilD -+ CHII‘.'H +lI - { O e Nal.
C.Hep i1
Bodie alechol. Iodide. Ether. Bodie iodide.

Leaction—The ethers can be reconverted into the corre-
sponding alcohols by treating them with sulphurie acid, and
then distilling, with water, the sulpho-acid so produced :—

C.Ha, 1

0

CN-I-IL’M+I
Ether. Bulphurie acid.

SO, Ho(C,H,..,0) + OH,

Water,

Bulpho-acid.

4+ 2S0,Ho, =

QSD:I'ID(CMIL,;HO) i i OH:'

Bulpho-acid.

= 80 Ho,

Sulphuric acid.

Water.

‘I" '..1"1”!:3“_}. [].'-.[U.

Aleohol.
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a constant stream of alcohol is allowed to flow into the mixture.
-Bther and water distil over together. Two reactions take place
successively : in the first, the alcohol is converted into sulpho-
vinic acid ; and in the second the sulphovinic acid is converted by
a further quantity of aleohol into sulphuric acid and ether:—

EtHo + 8SO0,Ho, = S0,EtoHo + OH..

Aleohol. Sulphuric acid. Sulphevinie acid. Water.
SO,BtoHo + FEtHo = OEt, + SO0,Ho,
Sulphovinic acid. Alcohol. Ether. Sulphuric acid.

In this manner the same quantity of sulphuric acid can
convert an unlimited quantity of alcohol into ether.

The formation of ether is not due to the simple removal of
water from two molecules of aleohol by sulphurie acid. This
is proved, first, by the sulphuric acid not becoming more
dilute, and, secondly, by the fact that, if sulphamylic acid be
acted upon by ethylic alcohol, the mixed ethylic amylic ether is
formed :—

S0,Ayollc 4+ EtHo = SOHo, + OAyEt.
Bulphamylie acid. Ethylie Sulphurie Ethylic amylic
aleohol. acid. ether,

Leactions.—1. Tthylic ether, when mixed with an equal
volume of sulphuric acid, produces sulphovinic acid :—

OEt, + 280MHo, = 280,EtoHo + OH,.

Ethylic ether. Bulphuorie acid. Sulphovinie acid. Water.

2. Hot nitrie acid converts ethylic ether into earbonie, acetie,

and oxalic acids.
3. Exposed to the air, it gradually absorbs oxygen and is
transformed nto acetic acid:—

GI-IH

CH, CH

<0 el 2{ G0k, + OE.
| CH,

Ethylic ether. Acetic acid. Water.
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ETHYLIC SULPHIDE, Sulplur Ether.

CMeH,
S or STk,
CMeH,

Molecular weight =90. Molecular volume [T]. 1 litre of
ethylic sulphide vapour weighs 45 criths. DBoils at 73°.

Preparation.—By adding ethylic chloride to potassic sul-
phide, and distilling :—

C)MeH,
9CMeH,Cl + SK, = {8 + 2KCL
CMeH,
Ethylie chloride. Potassie Ethylic sulphide, Potassic
sulphide. chloride.

Reactions.—1. Ethylic sulphide combines directly with
ethylic iodide, forming :

Sulphurous triethylo-iodide ......... SEtI —

By the action of argentic oxide on this iodide, the corre-
sponding hydrate may be formed :— K
SEtI + AgHo — SELHo + Agl.

Sulphurovs Argentic Bulphurous Argentic
triethylo- hydrate. triethylo- iodide,
iodide, ol hydrate,
T

2. By cold nitric acid it is converted into sulphurous dieth-
oxide (80Et,), which by more powerful oxidizing agents is
transformed into diethylsulphon (sulphuric diethoxide), SO, Et,,
which melts at 70° and boils at 248°,

ETHERS OF THE VINYL AND PHENYL SERIES.

c:iHE
Of the ethers of the vinyl series, allylic ether,q O

CH.
alone is known. It boils at 82°, o7

. CGHS
In the phenyl series, phenylic ether,{ O ,and benzylic

C.H. C.H,
ether, { O , have been obtained.
CH.
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By digesting benzylic chloride with potassic phenylate, a
mixed ether, phenyl-benzyl ether, is formed :—

o C,H,
H 0 CH,
C,H,

Benzylie Potassic Potassic Phenyl-benzyl
chloride, phenylate. chloride. ether.

ETHERS OF THE DIHYDRIC ALCOHOLS.

Of these the three following are known, but the first only
has been carefully studied :—

Boiling-points.

Ethylenic oxide, C,H,0............... 13°5.
Propylenic oxide, C.H,O............... 356%0.
Amylenie oxide, C;H 0............... 95°0.

ETHYLENIC OXIDE, Ethylenic Ether.

CHO = {gﬁ:{}.
Molecular weight =44. Molecular volume L11. 1 litre of
ethylenic oxide vapour weighs 22 criths. Boils at 13°5.

Preparation.—Ethylenic oxide is obtained from glycol by
converting the latter, first into ethylenic chlorhydrate, or
chlorhydrie glycol, by the action of hydrochloric acid, and
subsequently treating the compound thus formed with potassic
hydrate :— -

CH Ho v _ JCHHo :
{-CH:}IU iy S L {CHHE‘I ¥ S
Glycol, Hydrochlo- Ethylenic Water.
ric acid. chlorhydrate,
{gﬁﬁﬂ Ll = .{gﬁo + ORlL e RO

Ethylenic Polassic Ethylenie Water. ]’ntnqai 0
chlorhydrate. hydrate. oxide. chloride.
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solutions of their salts, such as the ferrie, aluminie, cuprie, and
magnesic hydrates :—

CH, _ . [CHL
z{cﬂﬂo + MgCl, + 20H, = E{GH:HI:; + MgHo,
Ethylenic Magnesic Water. Ethylenic Magnesio
oxide. chloride, chlorhydrate, hydrate,

5. It also combines directly with water, reproducing gly-
col :—
CH _ [CH,Ho
{GH:D + OH, = {GH,H.:;

Ethylenic Water., Glyeol,
oxide.

These reactions exhibit a wide difference between the beha-
viour of ethylenic ether and that of ethylic ether. This dif-
ference arises from the fact, that in ethylic ether the ethyl
semimolecules are held together by the oxygen only, whereas in
ethylenic ether the linking of the two groups of CH, does not
depend on the oxygen atom alone, as will be seen from the
following formule :—

H H H H
] | | | | Q,H_._
Ethylic ether ......... H—C—C—0—-C—C—H =<0 .
sl C.H,
H H i
H H
. :
Ethylenie ether ...... H—C—C—H = {ggsﬂ

|
\.0)
On account of this peculiarity of constitution, ethylenic oxide
can combine directly with many substances without the dis-

ruption of its molecule,—a property which obviously cannot
be possessed by ethylic ether.

ETHERS OF THE TRIHYDRIC ALCOHOLS.
Of these only one is known, viz, ;—
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hydroxyl, they can only form one haloid ether. Each series of
radicals therefore forms one series of haloid ethers :—

1. Haloid ethers of the form C,H,,,,CL

11. 1 ] th ” CnHﬂn—ICL
I11. n L 23 L} CnH-?n-'i CL
The following will serve as examples of the three series :—
H H H
Propylic iodide. .. CHI B[
or H—C—C—C—I
C(C,H,) ML | ]
HH H
Allylic iodide ... CHI I
or I—C—C=C—H
C(C,H,)H,I. E AL
HHH
H—C=C—H
l
Phenylic iodide... CH,I H—(¢ C—-1
.
H—C—C—-H

Haloid Ethers of the Dyad Positive Radicals.

As the dihydric alcohols contain two semimolecules of hy-
droxyl, it follows that there are two classes of haloid ethers
derivable from them. The first is formed by the substitution

of one of the semimolecules of hydroxyl by chlorine, bromine,
&e., and the second by the like displacement of both semi-

molecules of hydroxyl :—
1. Haloid ethers of the form C H. HoCl.
3. 7 i » G MO

The following examples will suffice to illustrate the consti-
tution of both these classes of haloid ethers:i—
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B H
i solifilsy]
: : CH,Cl e — 10
Dichlorhydrin ... ¢« CHHo. | J) i
| cH,ClI 10 Cl
E
H
H H H
CIL,Cl wiE
Trichlorhydrin ... ¢ CHC1, H—C—C—C—II
CI,(l e
Gl €1 L1
, HH H
Hydrochlorie CH,CI kol |
glyeide or epi_{CH 0 H—(C—-C—C-H
hlorhydrin ... | CH
chlorhydrin 3 G!l L(}Jl

HALOID ETHERS OF THE MONAD POSITIVE
RADICALS.

Preparation.—These ethers are produced by the following
general reactions :—

1. By the action of the hydracids upon the aleohols :—

C,.II:,,+IHG ’+' I{Cl — G"IIE,H.].C]. + DHE'
Aleohol. H ydm(_-.l;lnric Haloid ether. Water.

2. By the action of phosphorous chloride on the aleohols:—

8C H,,,Ho + PC, = 3CH,.Cl 4+ POHHo,
Aleohol. Phﬁph_q:lmus Huloid ether, P 11051:@3‘:&1”
clloride. FLIR A

3. By the action of chlorine on the hydrides of the radi-
cals :—

C“}.Ig".i_ﬁ[']: "l‘ O]J = C'—,*H.g"“f*-l + HCL.

Hydride, Haloid ether. Hydrochlorie
acud,
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stances are converted into potassic salts of the acids which
contain the positive radical of the eyanide :—

{grag}l:?:aﬂ + I{.HD + 0H2 st {CHHEH-PI + NH:!'

COKo
Abnormal Potassie Water. Potassic Ammonia
cyanide. hydrate. salt.

3. The nitriles or abnormal cyanides when submitted to the
action of acids yield an ammonic salt and a fatty acid :—

GMHEM — cuHEr.H-l
{cN”'“ + HCl + 20H, = NHCl + {GOHD.
Nitrile. Hydrochlorie Water. Ammonie Fatty acid.

acid. chloride.

4. The normal cyanides when acted on by acids behave like
hydrocyanic acid (see p. 28), producing formic acid and the
hydrochlorate of an amine :—

C.H., H
{ NG + HOL+ 20M, = { Gotto + N(C.H.. )HLL

Cyanide. Hydrochlorie Water. Formie Hydrochlorate
acid. acid. of amine.

This reaction appears to take place in three stages; and in
the case of phenylic eyanide the intermediate compounds have
been obtained :—

CH, i
E{NG & DOH, = {COHD + N,(CH)"(C.H,)H.

P]f('“-':l"“ Water. Fm‘%ic Formyl-diphenyl-diamine.
48 R UL CH CH
N(CH)"(CH)H + OH, = ][N“(CbH}H * {N’Hf :
Formyl-diphenyl-diamine. Water. FPhenyl formamide. ]."hmj'}unzine.
cri-l-.]:-l cliH H
{N{DDH)H ool MMy o {NH,,E b { COHo'
Pheny] formamide. Water. 1‘|1|.*n}'1:|t;1i11v. Formie acid.

5. When the iodides are digested with zine or magnesium,
the radicals are either liberated or unite with the metal :—

20, Hy T + 92%n = DZn(OH..). + Zal,

Todide. Organo-zing Zineio
compouni. iodide.
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Reaction~By the action of chlorine, methylie chloride pro-
duces three substitution derivatives :—

Boiling=
point.
Monochlorinated methylie chloride, CH,CI,. 31°
Dichlorinated # s KEEEEHL, 60°'8
Trichlorinated 5 0| L 78°

Chloroform, acted on by powdered zine and a solution of
ammonia, produces methylenic dichloride, boiling between
40° and 42° It seems to differ from monochlorinated methylic
chloride, which is said to hoil at 31°.

CHLOROFORM, Dicllorinated Methylic Chloride.
CHCL..

Molecular weight =119'5. Molecular volume [ ]. 1 litre of
chloroform vapour weighs 59°75 eriths. Sp. gr.1'48. DBoils
at GO™'8.

Preparation.—This compound is manufactured in large
quantities by heating aleohol with a solution of ealeie chloro-
hypochlorite (c¢klovide of lime). It may also be made by treat-
ing methylic aleohol in the same manner. For the reaction
see p. 57.

Reactions.—1. Chloroform is transformed into potassie for-
mate by boiling with alcoholic potash :—

CHCl, + 4KHo = CHOKo + 3KCl + 20H,
Chloroform. Potassic Potassic Potassie Water.
hydrate. formate. chloride.

2, When acted upon by chlorine in the presence of sunlight,

the hydrogen of chloroform is displaced by chlorine, and earbonie
tetrachloride (CCl,) formed.
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The methylie and amylic iodides are similar liquids, and ob-
tained by analogous processes ; the methylic iodide, CH,I, has
the sp. gr. 2237, and boils at 42° C. Amylic iodide, C,H,,1, has
the sp. gr. 1-511, and boils at 146°,

The haloid compounds of the allylic and phenylic series are
of comparatively little importance.

HALOID ETHERS OF THE DYAD POSITIVE
RADICALS.

1. Haloid ethers of the form C 1., HoCl,

Preparation.—These ethers are prepared by the action of the
hydracids on the glycols. The following will serve as examples
of this class :—

Ethylenic chlorhydrate or ehlorhydric glycol { g}ll:g{] '

Ethylenic iodhydrate or iodhydric glycol ... { gg{h.

Treated with potassic hydrate, both these bodies give ethy-
lenic oxide, as previously deseribed (p. 90).

I1. Haloid ethers of the form C,H,,Cl,.

Preparation—These ethers are generally formed by the
direct union of the dyad radicals with the negative elements,

The following list comprises the chief members of this
class :—

Boiling-point.
Methylenic chloride......... CH,Cl, ...... élﬂ*’)
S £ jodides - ... (IQGHER . LIED ORI
Ethylenie chloride ......... QH.AL . S5

- bromide ......... S HHe. 2. 1398
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ETHYLENIC CYANIDE, Iilylenic Nitrile.

CHCy __ il

Fuses at 87°.

Preparation-—By heating ethylenic bromide with potassic
cyanide to 100° for sixteen hours :—

(SHB 4 sov - [SHEY) L ok,
Ethyleiic Potaasic Et}:}'lenic Potassic
bromide. cyanide. nitrile. bromide.

Reaction.— When boiled with aleoholic potash, ethylenic
nitrile or abnormal eyanide yields potassic succinate :—

( CH,(CN"") . _ [CH,(COKo)

{ G'(on) + 2KHo + 201, = { ST (oK) + 2NH.
Ethylenie Polassic Water. Potassic Ammonia.
nitrile, hydrate. succinate,

HALOID ETHERS OF THE TRIAD POSITIVE

RADICALS.
I. of the form C,H,,_,1o,Cl.
Boiling-
point.
CH Mo (€
Chlorbydrin ... CHE¥F &¢........ 227°. <t le
| CH.Ho ﬁ 7 7
[ CH Hio A1
Bromhydrin ...y CHR# MC...... 180° in vacuo.
| CH Ho

II. of the form C H,,_,HoCl.,.

CILCl
Dichlorhydrin ... < CHHo ............ 180°
CH.Cl
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cH CH

{CH:HQ A {coi{ O
Ethylic Arvetio Water.
aleohol, aldehyde *.

2. Aldehydes are also formed by distilling a mixture of mole-
cular quantities of the potassie salt of a fatty acid and of potassic
formate :—

CH. H _[eR, c
{CDKQ + {CDKG = {GOH ® SURG,
Potassic Potasgie Acetie Potassic
acetate. formate. aldehyde. carbonate.

This is an important reaction, as by its means the series .
of fatty acids can be ascended; for the aldehyde may next
be transformed into an alcohol by nascent hydrogen then the
alcohol converted into an abnormal cyanide or nitrile, which
by treatment with potassic hydrate gives the potassic salt of
the next higher acid. Thus:—

CH, -
{GOH R T {GHEHG’
Apetio Ethylic
aldehyde. aleahol.
CH. 4+ S0Hs, = SOFHcHw + OH,;
CI_[H]__I[} g 2 g 39
Ethylic Bulphuric Bulphovinie TWater.
aleohol. acid. acid,
80 HoEie + CN"E = 80,KoHo .+ {gﬁ‘ﬁ]{ﬂ;
Bulphovinio Potassio Hydrie potassie Ethylie
acid. cyanide. sulphate. nitrile.
CMeT . [CMoH,
{GN'” = EHp 4 DE = {coKD* + NH,
Ethylie Potassic Water. Potassic Ammonia,
nitrile. h _'|.'|:1 rake. ]'l-'rr}l‘-immh-.

Starting again with potassie propionate, instead of potassic
acetate, the same series of reactions can be performed, resulting
in potassic butyrate, and so on.

H O

|
ta:
H II
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A, ALDEHYDES DERIVED FROM THE C,H,, ., Ho
SERIES OF ALCOHOLS.

The following are known :—
Fusing-  Boiling-

point.  point.
Formie aldehyde ... {gDH ................... SR B
Acetic aldehyde ...... {gg'i{ ................................. el T
Propionic aldehyde. . {gg’[ﬁ.}[ﬂ or {ggﬁfﬂnﬁ ......... —  (40°-457).
Butyrie sldehyde ... {ggg or {g%ﬁ-IHﬂHe ......... — (68°T).
Valeric aldehyde ... {g})ﬁ[ or {gﬁﬁff-me ......... ——

(Enanthie aldehyde.. {géﬁl“‘ or {gE}ci"IH“]'Hﬂ below —12°,  152°,

Caprie aldehyde...... { gg!ﬂ.H")Hf ........................... — 2°, 228°%
Euodic aldehyde...... { g{{%'rnlﬂjﬂﬂ ........................... 4 T 213
Lauric aldehyde....... { e — g
Palmitic aldehyde ... {gg,l,fH__,,,]H: ........................... 52°,

ACETIC ALDEHYDE, Aldelyde.
{ CH,
COHr
Moleewlar weight =44,  Molecular volume [11. 1 litre of
aldehyde vapour weighs 22 eriths. Sp. gr. =079, Boils
at 21°8.

Preparation.—1. By oxidizing aleohol with chromic acid,

chlorine water, or manganic oxide and sulphuric acid :—

(CH,

CII, - | |

{GH;HG t 05 qolp bz O
Ethylie Acetic Watur.,
alechol. aldehyde.

2. By oxidation, easein, fibrin, and albumen also yield alde-
hyde.
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By the action of chlorine upon aleohol, trichlor-aldehyde is
formed containing 3 atoms of chlorine in the place of 3 atoms
of methylic hydrogen. It is named chloral,

col,
COIT

This compound immediately unites with one molecule of
water, forming chloral hydrate, which has the following con-

stitutional formula :—

CCl,
CHHo,

In the same operation ehloral aleoholate is generally produced.
Its constitution is expressed by the following formula .—

C(l,
CHEtoHo"

B. ALDEHYDES DERIVED FROM THE C,H,,_,Ho
ALCOHOLS.

ACROLEIN. derylic Aldehyde.
CMe"'H
COH -
Molecular weight =56. Molecular wvolume [T). 1 litre of
acrolein vapour weighs 28 eriths. Boils at 52°4,

Preparation.—1. By the action of phosphoric anhydride or
of sulphuric acid on glycerin :—

CIIJHU L
orlfs Lot dem e | g%}[l.__[ﬂ_
CH, Ho ' e

Glycerin. Water. Acrolein.

2. By the oxidation of allylic alcohol :—
[CMe"H _ [CMe"H
| CH,1lo ifF g B b 1 COH & GH.,,

..-'1.].|_'|.'11'|". Acrolein, Water,
aleoliol, g
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the amygdalin, converting it into glucose, benzoic aldehyde, and
hydroeyanic acid :—

C,H,NO,, + 20H, = { CIL + NCH + 2¢,1,0,

Col
Amygdalin. Water, Benzoic  Hydroeyvanic  Glucose,
aldehyde. acid.

3. By digesting together plumbic nitrate, water, and benzylic
chloride (ehlorotoluol), benzoic aldehvde is formed :—

2 { Gt 1+ N.0,Pbo'=N,0,+ OH,+PbCl,+2 { &l
Benzylie Plumbie Nitrous Water. Plumbie Benzoie
chloride. nitrate. anhydride. chloride. aldehyde.

The benzylic chloride is prepared by passing chlorine into
the vapour of boiling toluol.

Reactions.—1. When exposed to the air, benzoie aldehyde
absorbs oxygen and is converted into benzoic acid :—

C.II. CH.
{ Qo A D= { CO1lo
Benzoic aldehyde. EBenzoic acid.

2. Heated with solid potassic hydrate, it gives hydrogen and
potassic benzoate :—

CH. N -
Benzoie Potassice Potassie
aldehyde. hydrate. benzoate.

CHAPTER XVI.
THE ACIDS.

Tur acids form the most numerous family of organic com-
pounds.

Many of them are contained in plants in the free state, or
in combination as metallic or ethereal salts.
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The acids of the first, second, fourth, and sixth series are
termed monohydric as well as monobasie; whilst the acids of
the third series are termed dikydric and monobasie, indicating
their origin from the dihydrie aleohols, and that they contain
two semimolecules of hydroxyl, one of which is in the oxatyl
or negative part, and the other in the posifive part of the mole-
cule. The hydrogen of the latter hydroxyl may be displaced
by highly positive metals, in the same manner as the hydrogen of
the hydroxyl in aleohols; but it cannot be displaced by double
decomposition with bases, in the same manner as the hydrogen
in the oxatyl may be substituted. |

The acids of the fifth series are termed #rihydric and mono-
basie, indicating that they are derived from the trihydrie alco-
hols, and that they contain, besides the hydroxyl in the oxatyl,
two other semimolecules of hydroxyl in the positive part of
the molecule.

1. ACETIC OR FATTY SERIES OF ACIDS.

.
Greneral formula... { COH-:-}H'

These acids may be conveniently arranged under three divi-
sions, Viz.:—

A, Normal acids.

| E} wHen) Hy

(General formula. ..

P i

B. Secondary acids.

General formula .. C,,II 1) H

C. Tertiary acids.
General formula .. { 'u+l}~:
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Otprie-soid | Ll..shasbedan e {g)( Ej’f”ﬂlﬂ 2772(30°).
Eanrie acid. o cosibubins e { gfﬁ’fgﬂ}H3 43°6.
Miysistie 01 . covsssiramssmsts { SCHIH, . 538
Pillmiie acid.l v b { gEJC]iI‘{I}{ﬂ)HE 62°.
Margaric acid ............ocou.s { gfﬁff’“) H, 59097
[T T T 1) A, { gEﬁ‘I‘E”) H, 69°2.
Arachidic acid ................ | GO
Behenic Beid-.... o vonsesinss v { gbﬂ-‘fg“}n-‘ 76°.
Hyenasic acid ................. Lol e o,
Uenaticama . oo mvatinsts [ gEJCﬁ'E“)H“ 78°
Melissie acid ......... I 13 ) ) { ggﬁ?ﬂﬂ[ﬁ 88°,

Occurrence.—~The greater number of the acids of this series
are met with already formed in nature, some in the free state, as
formic acid in ants and nettles, valeric acid in the valerian
root, pelargonic acid in the essential oil of the Pelargonium
roseum, and cerotic acid in bee’s-wax.

Others are met with as the ethereal salts of monohydric
alcohols. Thus spermaceti is cetylic palmitate, and chinese wax
cerylic cerotate,

A large number exist as natural fats in the form of the
ethereal salts of glycerin: this is the case with butyrie, pal-
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3. By the action of the potassium or sodium compounds of
the C,H,,,, radicals upon earbonic anhydride—

C, H.
GDE + c!lHE':l-]-lN:ﬂ' = { CBﬁ;;!
Carbonic Bodinm Bodie
anhydride, compound. salt.

as, for example, in the formation of sodic propionate by the
absorption of carbonic anhydride by sodic ethide :—

C H.Nag = 7 2,
D.‘ ']‘ GME gL & CONEG
Carbonic Bodic ethide. Bodie

anhydride. propionate.

4. By the oxidation of aldehydes—

cJI}I'-'.II £ cuH'.’rl-{-
{001{“ Sl {COHDI’
Aldehyde. Acid.

as in the conversion of acetic aldehyde into acetic acid by
the absorption of atmospheric oxygen :—

cI'Iﬂ = CHR
{COH 1 R {COHG'
Acetio Acetie
aldehyde. acid.

Besides these reactions of gemeral application, there are
numerous special methods for the production of certain mem-
bers of this series. In most of these methods, however, the
reactions cannot be clearly traced.

Thus, by the oxidation of albumen, fibrin, casein, and other
similar substances, there are produced formie, acetie, propi-
onic, butyrie, valerie, and caproie acids.

Propionic and butyric acids are produced in some kinds of
fermentation ; and acetic acid is obtained by the destructive
distillation of wood and other similar substances.
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Relations of the Normal Fatly Acids to the C ., Ho Series of
Aleolols.

1. By oxidation the normal aleohols yield these acids, as
above shown,

2. Conversely, the normal fatty acids ean be converted into
the C,H,,,,Ho alcohols,—

1st, by Mendius’s reaction (see p. 55);

2nd, by Piria and 'Whurtz’s reactions, viz. :—

Distillation of the potassic salt of the fatty acid with an
equivalent quantity of potassic formate, by which the acid is
converted into the aldehyde,

red. (1 SR
|COKe T lcoke = jcom + C0Ko,
Potassie Potagsic Aldehyde. Potassie
salt. {formate, carbonate.

and subsequent treatment of the aldehyde by nascent hy-
drogen,

[ c n II:'rr-.l—l

C.H., : e .
{ gog + Y = loHe:
Aldehyde. :\'In:';null

BACOII0L.

3. By the action of sodium amalgam upon a mixture of the
acid and chloracid :—

5 | Gy (€., Ll OB
91,008, -~ « | GOt % = 0 a0k
Acid, Chloracid, Bodie salt.
[ C,H., y
- 1oEH, T oleel
Aleohol, P

The anhydride of the acid is also formed and converted, by
the nascent hydrogen evolved by the action of the sodium upon
the acid, into alcohol.

_?l . | e '. v *f{" '

r?
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Occurrence.—1f red ants be made to pass over blue litmus-
paper and be at the same time irritated, they leave a red streak
behind them, produced by the formic acid which they eject.
By placing the hand on an ant-hill, a tingling sensation is felt
from the same cause, and the hand aequires the powerful and
pleasant odour of formic acid,

Formic acid also occurs in the hairs of certain caterpillars
and in the sting of nettles.

Formation.—1. Formic acid is produced in a very large num-
ber of chemical reactions, as in the oxidation of many organic
bodies (such as starch, woody fibre, or tartaric acid) by a
mixture of sulphuric acid and manganic oxide, or by potassic
hydrate or chromic acid,

2. By the action of potassic hydrate on chloroform, potassic
formate is generated :—

CHCl, + 4KHo = CHOKo + 3KCl 4 20H..

Chloroform. Potassic Potassic Potassic Water.
hydrate. formate. chloride.

3. By the oxidation of methylic alcohol :—

H | i) H :
{01[2][0 + 0 = {CDH:J + OH,
Methylic Formig Water.
alcohol. acid.

4. By heating equal weights of dry oxalic acid and glycerin
together to 75° C., when the oxalic acid splits into formic acid
and carbonie anhydride :—

COTlo I

{G(}Hu = {cm{u e Gl
Oxalic Formic Carbonio
acid. acid. anhydride.

5. By digesting together at 100° for forty-eight hours,
potassic hydrate and carbonic oxide :—

KHo 4+ €O = { B M
Potassic Carbonic Potassio

hydrate, oxide, formate.
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Occurrence.—Found in small quantities in the juices of
plants and in animal fluids.

Manufacture—1. By the destruective distillation of wood,
a liquid is obtained which contains acetie acid; the acid is
purified by being converted first into a caleie, and then into a
sodic salt, the latter being afterwards decomposed by sulphuric
acid.

2. By the oxidation of ethylic aleohol :—

CII i CH,
{G}I:Hn A A {GDHG + OH,
Ethylic Acetio Water.
aleohol, acid.

Preparation.—Pure acetic acid may be obtained by distilling
potassic diacetate : —

CH, OF. .~ o [CH, S { CH,
COKo» |COHo COKo | COHo*
Potassic dincetate, Pﬂt&;&lzf e A rgr&iu

Character.—Chlorine acts on acetic acid in sunlight, pro-
ducing three chlorinated acids, in which chlorine 1s substituted

for hydrogen :—

[ CH, sonm 1 (fiGERE o

| Colo. .+ Bk = jeoH, t HC
A:cal..-flic- Mmm:-hll_c{rﬂ-:-rtiu Hf'*l:‘f’.‘j'lwi“

(€39 + o = {3 + wa

Monoe h_l?rar:ruf: Di-:-hh:-_r?wti e H}-drn_rlltlariu
o, L LE HTWTL

( CHCI, ] BT

lcoms T “h = ook, * HE

Dichloracetie Trichloracetic Hydrochloric
acid. acid, acid.

The salts of acetie acid in which the hydrogen of the oxatyl
is replaced by monad metals have the general formula

CH,
{ COMo*
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BUTYRIC ACID, Ethacetic Aeid.

{ CEtH,
COHo®

Molecular weight =88. Molecular volume [1J. 1 litre of
butyric acid vapour weighs 44 eriths. Sp. gr. of liquid
0-9886. Fuses below —20°, Boils at 161° C.

Occurrence—In butter, juice of flesh, perspiration, and many
animal secretions.

Preparation.—1. By the fermentation of sugar with putrid
cheese.

2. By the action of ethylic iodide on sodacetic ether (for

reaction, see page 121).

VALERIC ACID, Falerianic Acid.

CPrH,
COHo’

Molecular weight =102, Molecular volume []]. 1 litre of
valeric acid vapour weighs 51 criths. Sp. gr. of liquid
0-937. Boils at 175°,

Occurrence.—In many plants, as in the roots of valerian and
angelica,

Preparation.—By the oxidation of amylie alcohol with a mix-
ture of sulphurie acid and dipotassie dichromate :—

{C’(CBHT)HE Py i {G{G,,HT)HE + OH.

CH_Ho COHo
Amylio Valerie Water.
alcohol. acid,

Tsomerie forms.~—There are four possible isomers of valerie
acid :—
Normal valerie acid or CP:rH, CH (CHI,
propacetic acid ...... { COHo ** { COHo
! T s IO - D )

pt gh0 i prinf
H—C s
[premennl U - i (TH
i SR
|

11

[CH,(CH,)])
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B. SECONDARY FATTY ACIDS.
C(C,H.,.,) . H
General formula... {GDHn i

Tormation.—1. By the action of the iodides of the C,H,,4,
radicals on disodacetic ether, the ethereal salts of these acids
are produced. a

2. By the action of a boiling solution of caustic potash upon
the nitriles or abnormal cyanides of the secondary radicals,

DIMETHACETIC ACID, or Isobutyric Acid.

CMe,H
COHo *
Molecular weight =8S.  Molecular volume [(1]). 1 litre of
dimethacetic acid vapour weighs 44 eriths. DBoils af 152°.
Isomerie with butyric or ethacetic acid.

Preparation.—1. Asapotassicsalt, by the action of methylic
iodide on disodacetic ether and the subsequent decomposition, by
alcoholic solution of potash, of the ethereal salt so formed :—

NoE Me,
{ga}ﬂ & ol e {gﬁgfj 4 O

Digodacetic Methylic Dimethacetic Sodic
ether. iodide, ether, iodide,
CMeH . pm, o [OMeH! . po
COEto — 1 COke :
Dimethacetio Potaszsic Potassic Alcohol.
ether. hydrate. dimethacetate,

2. By boiling isopropylie mitrile with solution of caustic
potash :—

CMe, I

{CN”' SO (<1 TR T { CMelL o Tm,

Isopropylic nitrile, Potassic dimethacetate. Ammonia-

i 7 'S
. !






130 THE ACIDS.

CHAPTER XVII.

THE ACIDS.
2. ACRYLIC OR OLEIC SERIES OF ACIDS.

Greneral formula of normal and { C(C, Hh)”(C,.,.Hmﬂ)
secondary acids ............... COHo

This series is divided into normal, secondary, and olefine
acids. In the normal acidsm=0 ; in the secondary it must be
a positive integer.

Most of the normal acids exist as ethereal salts of glycerin in
natural fats and oils.

The following is a list of the acrylie series of acids :(—

A. NORMAL ACIDS.

A iy CMe"H C(CH)"H
Afrj?llﬂ T e e It { COHo {GOHJ a2 flﬁ?
Crotonic acid...........cn. . .. {gg%{){ or { gE}C I}j H
Amgelieaeid o { ggﬁg{ { ggjulﬂ{ o) H
Pyroterebic acd ............ { gg?;? or { g{ocﬁlj”) =
Diamalurie @Bl & susonensses Bt WO - C.H,O..

BES 1o Ry S e Kl oy S ot C C,H,0..
Moringic acid............ C 0
Cimicic acid ............ } """ A S
Physetoleic acid.........
Hypogmic acid ...... } .................. CoiEL
Gaidie acid........oin
BIF T ) B Y R S R St dia { CBDI:‘E‘{EI J)'H
Blloldio ol ..o sl b o o iR i 0. Bl
Dopglio atids ... s s I C.H. 0.,
Brassic acid. (Erucic | CH.O
Sl e flu s LS B
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Formation of Olefine Aeids—By the action of potassic
hydrate upon the nitriles or abnormal cyanides of the C,H,,-,
family of radicals :—

 CMe"H CMe"H
CH, + KHo + OH, ={CH, + NH,
CN"™ COKo
Allylie nitrile. Potassie Water. Potassic Ammonia.
hydrate. B crotonate.

Relations of the Aerylic to the Acetic Series of Acids.

The normal and secondary acids of the acrylic series, when
treated with fused potassic hydrate, yield the potassic salts
of two normal acids of the acetic series:—

c(an-HErt)”{GJnHEm ) . it _[ G{CmHgMI)HE
{ COHo "+ 2KHo = 1 gpKo
Acid of the acrylic seriea. ]Potﬁga,:ic Pﬁfaiﬂ Fl::!t- of acid
\wdrate. of the acetic series.
Cf{:‘" -E}I:‘Jl— ) II
43 {001{0 e

Potasaie salt of acid
of the acetic series,

All the members of the acrylic series found in nature give
acetic acid as one of the acids produced in this reaction.
From this and other considerations, it 1s believed that their
positive radicals all contain one atom of hydrogen and a dyad
radical. They are normal acids ; and by the action of fused
potassic hydrate the dyad radical becomes substituted by two
atoms of hydrogen. Thus:—

[ ©Me"TI _ [CH,
|ooE, 2BBo'=; agigg + Goko + I
Acrylic acid, Polassie Potassic Potassic
hydrate. acetate. formate.
CEt"H = CH, [ CH,
{Gomp  + 2KIo ={Coko *1{G0ko +
Crﬂtrcilnic Ill‘n{tlm& P:}t:q:m I‘uh:sn:m
o, 1¥Urn acetate ucctate.
[CPr'"H A CH, CMeH
leom, T #hHo {cm{u {cm{u’ e M
Angelie Potassie Potassio Potassic

acid. hydrate, acetate. propionate.
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OLEIC ACID.

c ( Clﬂ-Hﬂﬁ} ”H
COHo. :

Preparation.—Obtained in the purification of stearic acid.
Reaction.—Heated with potassic hydrate, it gives potassie
acetate and palmitate :—

{EE;,GITEI“}"H +9KHo= { CH, {C(U]4Hﬁ}H,+H

COKo COKo 2
Oleie acid. Potassie Potassie Potassic palmitate.
hydrate. acetate.

CHAPTER XVIIL
THE ACIDS,

3. LACTIC SERIES OF ACIDS.

General formula of normal and secondary acids :—

{ ggjﬁ];}‘*:u-{— l) ( 0 m I-I.*’m-i-l}HD'

In the normal acids m in this formula =0 ; but in the secon-
dary acids it must be a positive integer.

The members of the lactic series may be defined as acids
containing one semimolecule of oxatyl, the fourth bond of the
carbon of which is united with the carbon of a positive group
containing oné semimolecule of hydroxyl, or of the peroxide
of a monad organic radical either positive or negative. The
following examples will serve to illustrate this definition :—
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Tn this formula R may be either hydrogen or any monad
positive organic radical. The number of acids possessing
the same atomie weight, and belonging fo this division, is
determined by the number of isomeric modifications of which
the positive organic radical is susceptible. Thus, of the acids
containing two, three, or four atoms of carbon, there can be
only one of each belonging to this division, because these acids
cannot contain a positive organic radical higher in the series
than ethyl, and this radical is not susceptible of isomeric
modification; but a normal acid containing propyl can have
one isomer in this division, the two acids containing respec-
tively propyl (CEtH,) and isopropyl (CMe,H). For acids of
this division containing normal positive organic radicals only,
the following general graphic formula may be given :—

H IH]

R

) = 7 e o, PSR =

TR i A

0 (l) l}.{ 1
5 |

In the case of glycollic acid n=0.
The following are the acids at present known belonging to
this division :-—

Gllyedle et G b { o
Lactieneld &.ciitene s {gl&IﬁiIHu.
Oxybutyrie acid ............ { ggﬁE’Hﬂ. s
Valerolactic acid............ { gg;ﬁHﬂ_ —
Lioucie a1d cuoessvssiorsnnses { gg;ﬁﬂﬂ

Ind., Etheric Normal Aecids.—An etheriec normal acid of the
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H
|
H (0] (H
7 E ............. (lj I] Uﬁtﬂo
C|-H or {C‘DHQ'

| I |
|H e 0=D JIJ,,.,

In the graphic expression, the values of » and m may differ ;
but both are positive integers, and neither may =0. In the

4
symbolie formula R must be a monad posifive organie radical.
The following examples will serve to illustrate their constitu-
tion:—

&

Dimethoxalic acid ........ - { o

4 i, o4 CEtMeHo -
Ethomethoxalic acid ......... {CGHn :

: . : CEt. Ho
Diethoxalie acid ......... { COllo -

The number of acids possessing the same atomie weight, and
belonging to this division, is determined, first, by the comple-
mentary variation of the two positive radicals, and, secondly, by
the number of possible isomers of these radicals. The lowest
two terms of the series are alone incapable of isomerie modi-
fication by either of the causes mentioned.

ath. Etherie Secondary Aecids—These acids stand in the
same relation to the secondary as the etheric mormal to the
normal acids; they consequently contain a monad organiec
radical in the place of the hydrogen of the non-oxatylic hy-
droxyl. The following is therefore the general formula of
these acids :—






140 ‘THE ACIDS,

BT -
first, upon the complementary variations of R and (CH),;

secondly, upon the isomerie modifications of which R is sus-
ceptible ; and thirdly, upon the isomeric modifications of
(CH,),.

6th. Etherie Normal Olefine Acids.—These acids only differ
from the normal olefine acids in having the hydrogen of the
non-oxatylic hydroxyl replaced by an organic monad radical,
positive or negative ; their general formula is therefore,

i H !

| + CRHRo

1[-.“. O_..G ................ | CI ............... U_D_E or {{CI‘IE)”H 1
| 1] | COHo
0 1,_1[ ) n ﬁ

As in the fifth division, 2 must be a positive integer and cannot
=0, whilst R may be either hydrogen or a monad positive
ae

organic radical; but R must be a monad organic radical,
either positive or negative.

7th. Secondary Olefine Aecids.—A secondary olefine acid of
this series is one in which the atom of ecarbon umted with
oxatyl is nof combined with hydroxyl, and in which the atom
of carbon united with hydroxyl is also combined with two
monad positive organic radicals, as shown in the following
formule :—

1 R "
| | CR.,Ho
H—O— e | O] mrsmsenienn C—0—H or { (CI'[-_I)”H-
[ | | COHo
0 H . i

In both of these formule » must be a positive integer and

cannot =0, and :ﬁ must be a monad positive radical.

8th. Etheric Secondary Olefine Acids.—These acids are
related to the secondary olefine acids in the same way as the
sixth division to the fifth. No member of the seventh or eighth
division has yet been formed.
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' 4

the influence of sunlight, and ﬂubsequent]yf acting upon the
product with potassic hydrate :—

: { gg“ Rl £ { o %001)=
Ethylene. 'Carl:.;ﬂt]l;ij E:i,rdl- B Chlurﬂjr;:smnylm
(Phosgene gas.)
CH,(Il CH, Ho
B Chlu wwopionylie Potassic Potassio Potassic Water.
lllﬁrlk hydrate. paralactate. chloride,

Lelations of the Lactic to the Acetic Series of Acids.

1. The transformation of the acetic or fatty into the normal
lactic series of acids has been mentioned above (p. 141).

2. The converse operation is effected with the normal and
secondary acids of the lactic series by means of hydriodic
acid :—

{ gE}CHI;)I n+1)(c H. m-f-l)Hﬂ' +92HI = { gE}UﬁIjsu-i-l)(CmH:th)H

Acid of lactic series. H }*{lr_l;im:lic Acid of acetic series.
ac.

4+ OH, + I.
Water.
If m does not =0, the fatty acid will be a secondary one,
like the member of the lactic series from which it 18 derived.

Lielations of the Lactic to the Acrylic Series of Acids.

If the ethereal salts of the secondary acids of the lactic series
be treated with phosphorous chloride, phosphoric chloride,
phosphorie oxychloride, or phosphoric anhydride, the ethereal
salts of the secondary acids of the acrylic series are produced :—

{ O(C :EI-—.’m[-I){CmH T L)]-ID + PC]3 — 3 J c ( CMH‘..'H+1)‘:E!|H1{EM|)”

COEto | COKot
Ethereal salt of lactic serics.  Phosphorous Ethereal salt of acrylic series.
chloride.
+ POHHo, + 8HCL
Phosphorous Hydrochlorie

neid, acid.

This reaction has not yet been accomplished with the normal
acids of the lactic series.
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An inspection of this formula shows that glyeollic acid
admits of no isomeric modification, except with a total change
of type. The part of the formula below the dotted line repre-
sents oxatyl, which cannot be altered without sacrificing the
acid character of the compound ; there remains therefore only
the part of the formula above the dotted Jine, which admits of
the following modification :—

H

|
H--C—H

l
0O

|

The acid represented by the formula so modified no longer
comes within the definition of the lactic series. It is carbo-
methylic acid, and differs essentially from glycollic acid and
the lactic series in general, inasmuch as the carbon of its
negative radical, oxatyl, is linked to the carbon of the positive
radical by oxygen *.

# Bearing this constitution of carbomethylic acid in mind, we have only
o go one step further in order to perceive the constitution of carbonic acid
itself, and the explanation of the anomalous basieity of this acid; for if, in

the above graphic formula for carbomethylic acid, we replace the methyl by
hydrogen, we have:—

I
H_b1 H
! b
b—o l—o
S 8
]![ ]l-[
Carbomethylic acid. Carbonie acid.

It is thus evident tlu{t the radieal oxatyl, when united with hydroxyl, has
suflicient negative power to produce a feebly dibasic acid; but inasmuch as

v | | »
ALl _ _I.[r
A e 98 ] Fradt
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employed to produce them ; for ethylidenic ecyanhydrate is con-
verted by ebullition with potash into a salt of lactic acid,
whilst ethylenic eyanhydrate is transformed under similar cir-
cumstances into paralactic acid. It has also been mentioned
above, that paralactic acid is produced by the action of phos-
gene gas upon ethylene. Now the formation of ethylidene, or
rather of its compounds, scarcely leaves a doubt that this body,
if isolated, would have the following atomic constitution :—

H

| cH
H—E—H or {”Gﬁ:
i

it would consist of a semimolecule of methyl and an atom of
hydrogen, both united with an atom of carbon two of the
bonds of which satisfy each other. Thus the formation of
ethylidene chloride from aldehyde and phosphorie chloride
takes place as follows :—

CH, st -
{cﬂb + o, = {Ghy + o,
Aldehyde. Phosphoric Ethylidenie Phosphoric

chloride. chloride. oxytrichloride.

the oxygen in the aldehyde being simply replaced by chlorine.
There now only remains one possible formula for ethylene, viz.

i

i
OH { CH,
\C—H .

|

H
Such, then, being the constitution of ethylidene and ethylene,
it follows that the former ought to give rise to an acid of the
constitution shown in formula No. 1, whilst ethylene should
produce an acid agreeing with formula No. 2. The acids
actually produced from these sources are lactic and paralactic
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Not the least interesting reaction illustrative of the consti-
tution of lactic acid is the formation of this acid by the action

of nascent hydrogen upon pyruvic acid :—

COMe g - JCMeHHo
QoMo T Ha ™ GO I

Pyruvie acid. Lactie acid.

In a similar manner it can be demonstrated that the above
formula No. 2 expresses the constitution of paralactic acid,
which belongs to the fifth or olefine division of these acids,

+
{cfiHHﬂ < fCIHLm).IP.
(CHn) ; 'ﬂ{ O O HD) GO I:ﬂ[ﬂ, =

That paralactic acid possesses this constitution is proved,
fiest, by its production from cyanhydrie glycol—
CH,Ho

{ CH,Ho ) + Kllo + O, = { OH, $<NT;

CH,(CN"' 2
i COKe-
Cyanhydric Potassic Water. Potassie Ammonia.
elyeol. hydrate. paralactate.

secondly, by its formation from phosgene gas and ethylene
(see p. 142); and thirdly, by its conversion into malonie acid by
the oxidizing action of dipotassic dichromate :—

CH, Ho COHo

{cHE B0 = {C}'HQ 4 OR,
COHo COHo

Paralactic acid. Malonie acid,

By the action of water upon the chloride of 3 chlorpropionyl,
a body of the composition of chloropropionie acid is obtained ;
but inasmuch as this body yields paralactic acid by ebullition
with potash, whilst ehloropropionic acid gives under the same
circumstances lactic acid, it follows that the former chloro-acid
must be isomeric, and not identical, with the latter. Now,
although the formula of propionic acid does not admit of any
isomer, yet that of chloropropionic acid does, as is seen in the
following graphic formulwe :—
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latter by the action of hydroeyanic and hydrochloric acids upon
acetone is easily intelligible :—

{ GOio + NCH + 20H, + HCl = { gH° + NHCL
Acetone. Hydrocyanic  Water. Hydro- _ Acetonic or
acid. chloric acid. dimethoxalic acid.

The third of the above formulze is that of ethyl-glycollic acid.

Of the possible acids containing five atoms of carbon, only
two, viz. ethomethoxalic acid and valerolactie acid, are known.
The cause of the isomerism of these two acids is seen at once
from an inspeection of their constitutional formulse :—

Ethomethoxalic acid ...... {EE%EHU.
Valerolactic acid............ { gg&?ﬂﬂn

Of acids containing six atoms of carbon, the following three
are known :—

Feinetio aoutl oo i ini { GBUHHO.

COHo

T e { o
CH_ Ho
(CL)"
COHo

Paraleucic acid ............

The above formula for lencie acid is founded upon a reaction
for the synthetical production of amidocaproie acid from valerie
aldehyde and hydrocyanie acid. Valeric acid contains butyl ;
consequently valeric aldehyde has the constitution expressed by

the formula { E%)H; and the reaction in question is therefore

explained by the following equation :—

Bu ron_ [ CBuH(N"H,)
{ Oy +NCH+OH, + HOl= { AL +NH,Cl.
Ammonie Hydro- Water., Hydro- Amidocaproie acid Ammonie
valerie nldehyde. cyanie chlorie (leucin). chloride.

i, acid,
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The aldechyde of this acid, however, is known, It is called
glyoxal, and its formula is :—

COH
{ COH"
Glyoxal is produced by the oxidation of ethylic alcohol by
nitric acid :—

CH COH :
{CI-IjIIn ey e {COH + I8
i i!ltc]";_!i'::i- Glyoxal. y Water.

These acids are the semi-ketones of oxalic acid, and they stand
in much the same relation to this acid as that which acetone
occupies with regard to agetic acid :— Mearttinate

CH, [ CH,
COHo* | COMer
Acetic acid. Acetone,
[ COHo_ COMe
| COHo* COHe e
Oxalie acid. Ryruvie acid.

The pyruvie series is also closely related to the lactic series ;
pyruvie acid absorbs hydrogen and is converted into nermal
lactic acid :— | |

COMe |, 5 _ [CMeHHo
COHo a1 O60Es
Pyruvie Lactic
acid. acid.

5. THE GLYOXYLIC SERIES OF ACIDS.

! ’ C,,Hg,,Hn
General formula... [ ©(C,Ha, 1) Ho, or+4 C, H.,_,Ho.
In the second formula z may =0.
The two following acids of this series are known :—

Formula. Physical condition.
Glyoxylic acid ... { ggll{lg' Syrupy, crystalline hydrate.
{ CIL,Io
Glyeeric acid ,,,... 1 CHIo. Syrupy.
4 COllo
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3. By the action of alkalies on the nitriles or abnormal

cyanides. Thus potassic benzoate is formed by the action of
potash upon Benzonitrile :—

C H. o JEEE
{CN,.; + KHo + OH, = {gHg, + NE,
Benzonitrile. Potazsic henzoate. Ammonia.

4. By the action of sodium and carbonic anhydride on the
bromides of the C,H,,_. radicals :—

CHBr 4 Na '+ €0 = { ook + Nabr.

Phenylic bromide or Bodic benzoate.
monobrombenzol.

5. Some members of the series are produced by the oxidation
of the hydrides of the C,H.,,_, radicals :—
C MeH
CMH, & 0, & { Pt
Dimethyl-benzol. Toluylie acid.
6. The acids of the aromatic series may be obtained from the
monamines of the series containing one atom less of carbon.

Thus Phenylamine, when distilled with oxalic acid, produces
phenylformamide :—

{ gg%g + NH,(C,H,)= NH(C,H,)(CHO) 4+ OH, + CO,
Oxalic acid. Phenylamine. Phenylformamide. Water. Carbonio

anhydride.
Phenylformamide, by the action of heat, gives water and

benzonitrile :—

NH(C,H,)(CHO) = OH, + {gf

Phenylformamide. Benzonitrile.

Benzonitrile, heated with potassic hydrate, gives potassic
benzoate and ammonia :—

{ G + KHo + OH, = {gg{iu + NH,
Benzonitrile, Potassio Potassic Ammonia.
hydrate, benzoate.

Toluylic acid, { g“{I;II_‘II;{G, can thus be obtained from toluidine,

NH,(C,H,Me).
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Atropic acid, obtained by the action of alkalies on-atropine,

has the formula { c'g{]:T[ o and is isomeric with cinnamie acid.

e ——_

Salicylic acid (with which oxybenzoie acid and pargbenzoie

acid are isomerie) is the lactic acid of benzoic acid :— *
C.H. C H Ho
COHo COHo °*
Benzoic acid. Balicylic acid.

and the oil of meadow-sweet (Spir@e ulmaria) is generally re-
garded as the aldehyde of salicylic acid :—

C,H,Ho
COH °

Ozymethyl-phenylformic acid is the lactic representative of
toluylic acid, from which last-named acid it is prepared. Its
constitution will be understood from the following graphic

formula ;—
i
CH, Ho |
'C“I{; — H
COHo H—C C—H
| H—C—C O—0—H
Oxymethyl-phenylformie acid. j“ e _J i N 'ﬂ*l 't'- ot |

The following acids also probably belong to the phenyl-lactic
series i—

th‘:it;g-

point.

< L C.H.0 z

“E Cregotic acid .......coieereos {COH{J ......... 153°.

ol il C . H Meo

= | Anisic acid ........cceeun.. { GOt 175°,
Paraphloretic acid ......... { gg{ﬁ[en ...... —_
Thyua0kic 861 eresnscres . { Soied 120°,
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atoms of hydrogen have been replaced by three semimolecules
of hydroxyl.

Tannic acid is obtained by the abstraction of ome molecule
of water from two molecules of gallic acid. TIts constitutional
formula is :—

COHo
cEHiHOE
< 0
C H.Ho
| S
C.o d
O -l'l -'L
£ - %&
C 1
:::.

CHAPTER XXI.
o s . i THE ACIDS.

DIBASIC ACIDS.

General formula... A(COHo), or {%ggggg)):

A and B being dyad radicals containing C,H, O,

These acids all contain two semimolecules of oxatyl ; and if
in the general formula n, m, and I =0, oxalic acid will be the
first term of the series. :

Formation.—Many of the dibasic acids are produced by the
oxidation of substances, the molecules of which are richer in
carbon, such as oils and fats. Others are found ready formed
in nature.

Reactions.—1. By the action of dehydrating substances, and
even sometimes by heat alone, these acids lose water, forming
anhydrides :—

A(COH A(CO
{chm{;)) ¥ Supe {Bgﬂﬂ )

Acid. Water. Anhydride.
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regard as the first member of this series, the following are

known :—

COHo
......... < CH,
| COHo
(COHo
CH,
CH,
| COHo
COHo

Malonie acid

Suceinic acid .,....... <

COHo
COHo

Tsosuecenic aeid ... ... {GHEH.

Pyrotartaric acid

Adipie acid ,,...onuie.

Pimelie acid

Suberie acid

lllllllll

Anchoic acid ......... < -
. COHo
COHo
CH. .
| COHo

(COHo

Sebacie acid............

Roccellic acid ......... <

| COHo

C.H,,.

. Fuses at 140°.

. Fuses at 180°,

Fuses at 130°.

g « Puses at 112°

. Fuses at 140°,

. Fuses at 134°,

. Fuses at 125°,

Fuses at 116°

Fuses at 127°.

Fuses at 132°,

Boils at 235°.

Boils at 200°,

Boils at 200°,

It is obvious that there may be several modifications of each

of these acids.

Thus there are two sucecinie acids, one con-
¥

taining ethylene, and the other ethylidene (see p. 168) :—

{ CH,(COHo)
Cl1I,(COllo)

CH,
nd {cHtODHu);
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1. Relations of the Succinic to the Lactic Series of Acids and to
the Glycols.
These acids are related to the lactic series and to the glycols
in the same way as the fatty acids are related to the monacid
alcohols :—

CH,Ho CH,Ho COHo
CH. Ho' cofo COHo
Glycol. Glycollic acid. Oxalic acid.

This relation, however, does not strictly extend beyond the
first member, although it may be partially traced in the rela-
tions of malonic and adipic acid to paralactic and paraleucic
acid :—

CH,(CH,Ho) CH,(CH,Ho) CH, ,(COHo)
CH,Ho ' COHo i COHo
Jpropylie glycol. Paralactic acid. Malonic acid.
Pioriag T (U nﬂwu]-.ﬂ:/aj gl fy by e i =
{ C.H (CH, Ho) { C H,(CH,Ho) { C,H,(COHo)
CH Hc- COHo i COHo '
U uknown glyeol. Paraleucic acid. Adipic acid.

2. Relations of the Succinic Series to the Dyad Radicals.

1. The acids of the sucecinic series are intimately related to
the dyad radicals, the nitriles or abnormal cyanides of which
are readily converted into dibasic acids by ebullition with
potassie hydrate or hydrochloric acid :—

C.H..(CN") KH ] i+ Hqﬂ(COKn}
Abnormal cyanide of Potassic  Water. Pntﬂ.ﬂ&in salt of tha Ammonia,
the dyad radical. hydrate. dibagic acid.

2. Some of these acids, when heated with excess of caustic
baryta, give up two atoms of carbonic anhydride, yielding the
hydrides of the dyad radicals :—

COHo
g%{l![au i 200; o {C“le) 'Hz"'
Buberic acid. Carbonic

anhydride,

VOL. II. M
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COHo

CH, = 2€0 4 (CH,)H.
COHo y S
Bebacic acid, Carbonie

anhydride.

These reactions are the analogues, in the dyad series, of
the process by which marsh-gas is obtained from acetic acid.
The hydrides of the dyad radicals so obtained are isomeric
with those of the corresponding monad radicals.

The elimination of carbonic anhydride from a monobasic
acid can only take place once, while from a dibasic acid it takes
place in two successive stages :—

In the case of a monobasic acid,

C.H
{cbﬁ“&“ 200, = C.HuH

In the case of a dibasic acid,

C.H,
C, H.,(COHo) [ St
1st stage ... {G,.HEH(COH{:) - €O, = {g:tl){lilu :
CMH'.E!H—
ond stage...{ C.H,. R {gngfﬂﬂ
GDHD =Sl

3. Relations of the Succinic to the Acetic Series of Aecids.

1. By the loss of the elements of carbonic anhydride, the
first three members of the succinic series are converted into
members of the acetic series, containing one atom of carbon

less :—

COHo H
{G‘OHG = Q0 +{CDH0'
Oxalic acid. Carbonie Formic acid.
anhydride,

COHo

Gl '\ & OOk { - P
COHo

Malonie Carbonio Acetic noid.

agid, anhydride.






164 THE ACIDS.

2. By the oxidation of butyric acid by nitrie acid :—

COlHo
CEt,
G e doH WSO
{ s : { COIlo :
Butyric acid. Bueccinie acid. Water.

The nature of this reaction is more clearly seen with fully
developed formule, thus :—

‘CH, COHo

Cl CH,

I ol ¥ - -
COHo COHo

Butyric acid. Suecinic acid. Water.

8. By the reduction of malic acid by fermentation, or by
hydriodic acid :—

COHo COHo

COllo COHo

Malie acid, Buceinie acid. Water.
4. By the reduction of tartaric acid by hydriodic acid :—
COHo COHo
CHHo ey CH,
CHHo T il = cliL’ 4+ 20H, + 2L.
COHo L COHo
Tm"tl-ﬁrie H}-dr_i?diﬂ Eum_:;iﬁﬂ Water.

It is evident that this reaction is perfectly analogous to that
by which lactic acid is transformed into propionie acid (p. 125).
5. The two isomeric acids, fumariec and maleic acids, are

converted by nascent hydrogen into succinie acid :—

{GDI[G (COHo
{COHo | COHo

Bueoinic acid.
COllo "COHo
" 4 B'= 108
COlo | COHo

Buceinie acid.
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ISOSUCCINIC ACID.

COHo
CMeH.
COHo

Fuses at 130°.  Dissolves in 54 parts of cold water,
Formation.—By boiling ethylic a eyanopropionate with solu-
tion of eaunstic potash :—

CN'"" COKo
CMeH + 20KH + OH, = ¢ CMeH + HEto + NI,
COZEto COKo
Ethylic Buccinie Alcohol. Ammonia.
a cyanopropionate. acid.

CHAPTER XXII.

THE ACIDS.
2. FUMARIC OR ACRYLOID SERIES.

imem] ermin o { g}%:ffggﬁ of C,H,,_(COHo),.

In this series there are three isomeric acids containing four

atoms of carbon, viz.
Formula.

Fumarie acid
Maleie acid } ...... "C",H,(COHOo),;
Isomaleic acid
and three other isomeric acids containing five atoms of carbon,

ViZ.
Ttaconic acid

Citraconic acid } ...... (C,)VH,(COHo),.
Mesaconie acid
Constitutional notation predicts the existence of a fourth
acid belonging to the four-carbon group. The following are
the four possible formule for these acids: —
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That succinie acid contains ethylene (n { gg) and not

ethylidene ( { .Jg]I:[IE), is proved by its formation from abnormal

ethylenic eyanide (p. 161) ; but formule Nos. 3 and 4 give, by
the addition of two atoms of hydrogen, the formula of isosuc-

cinic acid containing ethylidene, thus :.—

H
No. 3. (l}
COHo COHo |
C('CHH 4 H = CMeH, H C=0
COHo COHo 2]
H—(0—C—H
No. 4. 1 |
COHo COHo H C=0
«[ CMe' + H, = {CMeH. |
COHo COHo (l}
H
Isosuccinie acid. Isosuccinic acid.

Fumarie acid combines directly with bromine, producing
dibromosuccinic acid. Maleie acid also combines directly with
bromine, producing isodibromosuceinic acid. The following
formule show the nature of this isomerism :—

Corresponding to No. 1.

O H H O
COHo 15
CHBr (IJ_IIVLLI_{T
CHBr :
Sor 0 e Br 0
H H
Corresponding to No. 2.
O H Br O
- g eeenl
S (=000
c 2 [ S (B
Br, -
COllo {IJ H Br |
H H
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No. 1. No. 2. No. 3. No. 4.
H H H H
| | | |
1 i I |
|
i M AN i
- 155 H—(—H H #4051
Jall | I
H—-C/ ]I[_C,l__.I—I élj (==
| | I | [
H—C—H H—C—H H-—-(C—H H C=0
| | | I
e eS| 1
|
5 b : i
I
I I b
{CUH{J COHo COHo COHo
LCH "C cn, CH,
CH . CH, "Q CMe"*
{CHE CH. CcH, COHo
coiloe ( COHo | CO¥o

Ttaconie, citraconie, and mesaconic acids stand in the same
relation to pyrotartaric acid as fumaric and maleic acids occupy
with regard to suceinic acid ; for, when submitted to the aetion
of nascent hydrogen, they all yield the same pyrotartaric acid;
and it is therefore highly probable that the first three of the
above formule belong to these acids. The formula of pyro-
tartaric acid is

Cooh e pN g e
i I
G U NG p g
C.A (LA i g
A Cly NS L
" iy i LY
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CHAPTER XXIII.
THE ACIDS.

3. MALIC OR LACTOID SERIES.

General formula......

{ cu]T?n-!I-IG(CDIID) g{'};:[ﬂ 0
GHHEM(CDI{U) or ndla, 1110,
COHo

Only two acids belonging to this series are known, viz.
tartronic acid and malic acid. Like lactic acid, they both con-
tain a semimolecule of non-oxatylic hydroxyl :—

H
O (IJ 0
v COHo |
Tartronie acid...... < CHHo. C—C—C
\ : Ll COHo | | |
M s | - O H O
¢/ —N. 2D = = i I l
: CN (o) H H

This acid may be regarded as the product of the oxidation of
glycerin, although it has not yet been so produced. It is ob-

~ % . tained by the gentle oxidation of tartaric acid (p. 175).

A oM i8]
|

9 i oiios

(COHo | | |

Malic acid ...... CMeHo. C C C
1 COHo (]) [

H—C—H O

L e

Malie acid may be viewed as the product of the oxidation
CH_ Ho

of the hitherto undiscovered butyl g]j'{:erin,{ CMello.
CH, Ho

This acid is contained in apples, and in many other fruits.
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2, Levotartaric acid, which turns the plane of polarization
to the left.

3. Inactive tartaric acid, which does not affect the plane of
polarization.

4. Metatartaric acid.

It has been already shown (p. 164) that dextrotartaric acid
yields sucecinic acid under the influence of hydriodic acid,
whilst 1t has also been ascertained that inactive tartarie acid
likewise produces succinic acid under the same circumstances.
These reactions indicate A. and B. to be the formule of the
dextro- and inactive tartaric acids. The formule C. and D.
possibly belong to lasvo- and metatartaric acids, in which case
these acids, when treated with hydriodic acid, ought to yield
1sosuceinic acid, Thus—

CH, Ho
CHo(COHo) + 4HI
COHo

OO, 4 2L,

CH, COHo

+ {GH( COHo) or { CMeH.
COHo COHo
Isosuccinic acid.

Racemic acid is a compound of dextro- and lmvotartaric
acid. It may be produced by uniting them, and may again
be resolved into them.

Inactive tartaric acid cannot be resolved into dextro- and
leevo-tartaric acids.

It may be obtained by the action of water on argentic dibro-
mosuccinate :—

COAgo gDHG

CHBr = HHo

CHEy~ T Euie ) o S48
| COAgo COHo
Argentie dibromo- Water, Inactive tartarie Argentic
succinate, acid. bromide,

The converse of this reaction is the transformation of tar-
taric acid into succinic acid by means of hydriodic acid (see
p- 164).
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H  :
P
H—D—E‘[’—fl‘ ‘L g—-O——H

C, H,o,(COHo),. - | tJJ
H—C—H H—C—H

i M o, I

| I
H H

Tartrophthalic acid (Hexacarbon-tartaric series).

0 0
o c—b_o_m
C,H,(COHo),. HHE—H H_(_m
e, b
P&

Tetrahydrophthalic acid (Hexacarbon-fumaric series).

The existence of another series of dibasic acids derived from
hydrocarbons of a ', H,,_,; series is indicated by the formation
of anthragquinonic acid, which is identical with alizarin, the chief
colouring-matter of the madder root. By oxidation, anthracene
(C, H,,) yields anthraguinone (C,,H,0,), which, when heated
strongly with sulphurie acid, is converted into disulphanthra-
quinonie acid, which has prub-tbly the following constitution :—

GD(S“D Ho)
II )J‘!
{ CU[S“O HD}

When disulphanthraquinonie acid is heated with potassic
hydrate to a temperature of about 180° C., it becomes intensely
coloured, and is found to be converted into potassic alizarate
(potassic anthraquinonate) :—

» a
trl L -
L i e
~ |
: :
. b

=
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3. Citric or lactoid series :—

Citric acad ..........cs

CH(COHo)

{ CHHo(COHo)
CH,(COHo)

Tricarballylic acid is trihydrie. It is obtained from glycerin
by replacing the hydroxyl in the latter by eyanogen, and then
acting upon the tricyanhydrin,so formed, by potassie hydrate :—

CH,(CN") CH,(COKo)
! CH(CN"') + 8KHo + 8OH, =4 CH(COKo) +3NH,.
CH,(CN") CH,(COKo)
Trigyan- Potassic Water. Potassic tricarb-  Ammonia.
hydrin. hydrate. allylate.

Aconitic acid (equisetic acid, eitridie acid) 1s also trihydrie.
It is found in the roots and leaves of monkshood, and may also
be obtained by heating citric acid. Aconitic acid is also pro-
duced by the action of hydrobromic acid upon citric acid, the
reaction taking place in the two following stages :—

CHHo(COHo) CHBr(COHo)
CH(COHo) + HBr = ¢ CH(COHo) + OH,;
C1,(COHo) CIL,(COHo)
Citrie acid. Bromotricarballylic acid. Water.
CT'[BI'{CDHG) :JCH(COH
CH(COHo) = YC(COH + HBr.
CIL(COHo) CH,(COH
Bromotricarballylic acid. Aconitie nn:ﬂ?,

T

Heated to 160°, aconitic acid is converted %t\u itaconic acid :—

COHo W
+JCH(COHo CH V4
lQ(COHo) = "|CH <+ €O,
{Cli(COIlo) CH,

COlo

Aconitio acid. Itaconic Carbonic
acid. anhydride.

Citric acid is tetrahydrie, and contains, therefore, like lactic
acid, one semimolecule of non-oxatylic hydroxyl. It is found
in the free state in oranges, lemong, citrons, and many other
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cates the constitutional formule of the other acids built upon
the same type and mentioned below :—

Mellitic aeid.
(|1|1 0
]l
- Y O B T
0 0

I I

H—-—O0—C—(C (—C—0—H
I

B0 -0--0—(=0—-0--9

| I
0 0

Five out of the six possible acids thus related to benzole are

nsw known. Their names and formule are given in the fol-
lowing Table :—

Benzoie aside...lii.vvviiiiiinininnns O H (COEEG).
Phthalic acid............

Tsophthalic acid ...... LRt i C, H,(COHo),.
Terephthalic.acid ...... )
Trimellitic acid........."
Trimesic acid ......... L IR C,H,(COHo),.

Hemimellitic acid

Pyromellitic acid

------

Prehnitic acid ......... bt C H (COHo),
Mellophanic acid ......)
, UnEnOWH BRI ot e C,H(COHo),.

Mellabip g . codies = sl o C (COHo),.
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1. ANOHYDRIDES OF THE MONOHYDRIC
MONOBASIC ACIDS,

These are known only in the acetic and benzoie series.

They bear the same relation to the acids from which they
are derived as that borne by the ethers to the aleohols.

The residues of different acids unite to form mixed anhy-
drides anologous to the mixed ethers. Aceto-benzoie anhy-
dride is a body of this class.

Formation.—By the action of the chloracids, or so-called
chlorides of the monad negative radicals, on the potassic salts
of the acids :—

G(CHHEF!-]-I)O

C(C,Hy,,1) 0Ko + C(C,H,,,,)0CL =1 O +XCL
C(C,H,,.,)0

Potassic salt. Chloracid. Anhydride. Potassic

chloride.

Reaction. In contact with water they are converted into the
corresponding acids :—

f c{c Ha,n)O
1 c{f"n]-{“n-i—ljo

Anhydride. Water. Acid.

OHE — EO(CHH2J|+I)OHU‘

The following is a list of the anhydrides belonging to this

class :—
Fusing- Doiling

point, point.
{C'.‘-IED [ C(CH,)O
Acetic anhydride .., 1 or 10 —_ 138°,
CMeO C(CH,)O
CEtO C(C H;)O
Propionic anhydride .., {g or 1 O - 165°.
EtO C(C,H,)0
[ CPrO ( C(C,H.)O
Butyrie anhydride...... ] g 6 -l OO —— about 190°,
Pr O,
CBuO C(C,H,)O
Valerie anhydvride ......4 O or 1 O —— about 215°.

CBu0 C(C,H,)0
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3. ANHYDRIDES OF THE DIHYDRIC
DIBASIC ACIDS.

Formation—By the action of heat, or of substances having
a strong affinity for water, upon the dihydric dibasic acids :—

COHo GD_-q

CH = {CH 0 4 OH,

COllo co—

Buecinie Buecinia Water,
acid, anhydride,

Reaction.—Like the anhydrides of the first and second classes,
they unite with water, reproducing the acids from which they

were derived.

CHAPTER XXVI.

THE KETONES,

Tae ketones are derived from the fatty acids by the substitu-
tion of the hydroxyl of the latter by a monad positive radical ;

they thus resemble the aldehydes in constitution :—

CH, CH, CH,
COHo" COH COMe’
Acetie Acetio Acetone,

acid. aldehyde.

The ketones may also be correctly deseribed as compounds
of carbonic oxide with monad positive radicals, thus :—
COMe,.

Acetone,

By the action of nascent hydrogen upon the ketones, they
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are converted into secondary alcohols, whilst the aldehydes,
under the same treatment, yield normal aleohols :—

CH, CH,
{con{e Fily = {CMEHH{J
Acetone. Iso mpj'lm

Eﬂ D
Ketones, unlike aldehydes, do not oxidize spontaneously ;
neither do they reduce ammoniacal solution of argentic oxide.
Like aldehydes, many of them combine with hydrie potassic
or hydric sodic sulphite.
Formation.—1. By the action of the zinc compounds of the
positive monad radicals upon chloracids :—

C.H, C,H,,
?-l {cﬂci*""l _l- Z‘n(c Hﬂu-l-l) = 2 {co(c'ff[_l'ﬂ.l-l) + anlz.
Chloracid. Zine compound. Ketone, Zincie

chloride,

2. By the action of sodic ethide and its homologues on car-
bonie oxide :—

CO + 2Ma(CHu) = {Go@il,.y + Mo
Carbonic Bodium compound. Ketone. =

oride,
3. By the distillation of the salts of the fatty acids :—
OUHsi ' ' [CH,,.,
2{ Gos = {OO(C T @08,

Potassic aalt Eetone, Potassie -
of fatty acid. carbonate,

4. By distilling together salts of two different fatty acids, ke-
tones containing two different positive radicals are obtained :—

CEtH CH, CEtH,
{coﬁ.:f < {cm{u = {come FESORG
Beirease: s o e i el

5. Numerous ketones may also be produced by the following
series of reactions,
By the action of sodium upon ethylic acetate hydrogen
becomes replaced by sodium :—
CH, i CHNa, :
{ cokto 1 oy = {anm + H,
Ethylic acetate. Ethylic disodacetate,
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The ethylic disodacetate is acted upon by excess of ethylie
acetate as follows :—

N COMe
{ggﬁ; + COMeEto = { CHNa + NaEto.
COEto
Ethylic Ethylic acetate. Ethylic sodaceto- Bodie
disodacetate. acetate, ethylate.

When ethylic iodide is added to ethylic sodaceto-acetate the
following reaction occurs :—

COMe COMe
{eHNa + EtI = {CHE# + Nal
COEto COEto
Ethylic sodaceto- Ethylie Ethylic ethaceto-
acetate. iodide. acetate,

Lastly, ebullition of ethylic ethaceto-acetate with potassic
hydrate converts it into ethylated acetone, aleohol, and potassic
carbonate :—

CHEt + 2KHo = { & OMe, BG4 OOk,
COEto 2

Ethylic ethaceto- Potassie Ethylated Aleohol. Potassic
acetate. hydrate, acetone, carbonate.

Ethylated acetone is obviously acetone in which one atom of
hydrogen has been replaced by ethyl.

A second atom of hydrogen in acetone may be replaced in the
following analogous series of reactions : —

CH, £ CNa,
Z{CUEtu e B0iay. Z{GOEto H By
Ethylic acctate, Ethylie trisodacetate,

{ ONs, | COMeE: ONa,® + NaEt
= elito = a, 0.
Ethylie Ethylie Ethylic disodaceto- Sodic

trisodacetate. noetate. acetate. ethylate.
COMe COMe
CNa, <+ 2EI = CEt, 4 2NalL
COEto COEto

Ethylie disodaceto- Ethylic Ethylic diethaceto-

acetate, iodide. ncetate.

I P
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Little 18 known of the ketones of the C,H.,_. series. The
following have been obtained :—

Benzophenone ( { g{éI(ECBH,))’ the ketone of benzoic acid, is

obtained by heating potassic benzoate.

Methyl benzole or methyl benzoyl ( { g(}JIE CH )) is prepared
85

by distilling together caleie acetate and benzoate.
Phthalylic chloride, treated with zincic ethide, produces
phenylene diethylic ketone .—

COCl COEt
(CH)Y + ZaE, = {(CH) + ZmOL
COCl COEt
FPhthalylie Zincie Phenylene di- Zincie
chloride, ethide, ethylic ketone. chloride.

CHAPTER XXVII.

ETHEREAL BALTS.

TursE compounds correspond to the metallic oxysalts of the
acids.

The acids from which they are derived may be either mineral
or organic; but the base must always be organic. The haloid
ethereal salts are excluded from this family ; they have been
already described as haloid ethers.

The ethereal salts are produced by reactions analogous to
those employed for the preparation of metallic salts :—

{Gom, + Ko = {Gok, + OF

Acetie acid. Potassic Potassie Water.
hydrate. acetate.

Acetie acid. Ethylie Ethylie ‘. Water,

hydrate. acetate.

But as the hydrates of the organie radicals do not act upon
acids so energetically as potassic hydrate, it is often advisable
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Prolonged contact with water generally decomposes ethereal
salts, liberating the radicals of the bases in the form of alco-
hols :—

80 Meo, + 90H, ~ B80He -+ 2MeHo.
Methylie Water, Sulphurie Methylic
sulphomethylate. acid. aleohol.

Ebullition with potassic hydrate, especially when the latter is
dissolved in alcohol, effects this transformation very speedily :—

cH Ol
{ COlito T KHo = { ol it T
Ethylie Potassic Potassic Ethylic
acetate. hydrate. acetate, aleohol.

CHAPTER XXVIIL

ORGANIC COMPOUNDS CONTAINING TRIAD AND PENTAD NITROGEN
OR THEIR ANALOGUES.

Turs numerous family may be divided into two great classes :—
1. Compounds of triad nitrogen, phosphorus, arsenic, anti-
mony, and bismuth,
2. Compounds of pentad nitrogen, phosphorus, arsenic, anti-
mony, and bismuth.

1. COMPOUNDS OF TRIAD NITROGEN AND OF
ITS ANALOGUES.

This class may be again subdivided as follows :—

Positive, Neutral. Negative.

1. Amines. 1. Amides. 1. ITmides and

2. Phosphines. 2. Alkalamides. nitrides of

3. Arsines. 3. Trichlorinated and negative
tribrominated amines. radicals.

4, Stibines. 4. Haloid compounds

5. Bismuthines. of oxybases. :

6. Oxybases.

Of these the Amines and Amides are the most important.
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o
hydrate. The reaction is perfectly analogous to the decom-
position of eyanic acid with potassic hydrate :—

CN"Ho + 2KHo = COKo, + NH,
Cyanic acid. Potassic Potassic Ammonia.
hydrate. carbonate.

e CON"Ete + 2KHo = COKo, + NEtH,

Ethylie Potassic Potassic Ethylamine.
cyanate. hydrate, carbonate.

3. By the action of the haloid compounds of the monad
positive radicals upon ammonia, and subsequent action of
potassic hydrate upon the produet so formed :—

NH, + EtI = NELL
Ammonia. Ethylie Ethylammonic
iodide. wodide,
NEtHI + KHo = NEtH, + KI + OH,
Ethylammonie Potassie Ethylamine. Potassic Water.
1odide. hydrate. iodide.

The following are a few of the primary monamines :—

Methylamine............ NMeH, or N(CH,)H..

Ethylamine ............ NEtH, or N(C,H,)H,.
Butylamine ............ NBuH, or N(CH,)H,.
Amylamine ............ NAyH, or N(C,H )H..
Allylamine..,.......q0 .0 NAIH, or N(C H,)H.,.

Phenylamine (Aniline) NPhH, or N(CH,)H..
Tolylamine (Zoluidine) NToH, or N(C,H, Me)H,.

Leactions.—Treated with nitrous acid, they evolve nitrogen
and yield the corresponding alcohols :—

NPhH, + NOHo = PhHo + N, + OH,.
Phepylamine. Nitrous acid, l‘fw-iyllic Water.

3. Secondary Monamines.

General formula.
Methyl or C,H,,,, series ......... N(C, H,,, ). H.
Vinyl or C H,,, series............ N(C,Ha,-1),H.
Phenyl or C,H,,_, series ......... N(C,Hq,_,),H.
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The secondary monamines are derived from ammonia by the
replacement of two atoms of hydrogen by monad positive
radicals. They are sometimes called Imidogen bases.

Formation.—By the action of the haloid compounds of the
monad positive radicals on the primary monamines, and subse-
quent treatment with potassic hydrate :—

NEtH, + EtI = NE4H,L
Ethylamine, Ethylic Diethylammonic
iodade. Jdodide.
NEtHI + KHo = NEH + KI + OH,
Diethylammonie Potassie Diethylamine, Potassie Water.
iodide. hydrate. iodide.

By using the iodide of a radical different from that already
contained in the primary monamine, secondary monamines
may be formed containing two different radicals, thus :—

NPhH, + EtI = NEtPhH,L

Phenylamine. Ethylic Ethylphenylammonic
{ﬂn{linn.} imh%. : iﬂ'f].ljlll':i :
NEtPhHI 4+ KHo = NEtPhH + KI + OH,
Ethylphenylam- Potassic Ethylphenylamine. Potassie Water
monic iodide. hydrate. {Evbhylumli.uu.} iodide,

The following secondary monamines are known :—

Dimethylamine............ NMeH or N(CH,) H.
Diethylamine ............ NEtH  or N(C,H,),H.
Methylethylamine ...... NMeEtH or N(CH,) (C,H,)H,

Dibutylamine ............ NBu,H or N(CH,)H.
Ethylamylamine ......... NEtAyH or N(C,H,)(C,H, )H.

Ethylphenylamine ...... NEtPhH or N(C,H,) (C H,)H.
i s . At D e e N(C,H, )"H.
L R S eSS N(CH,,)"H.

v. Tertiary Monamines.

Formation—1. By acting upon the secondary monamines
with the iodides of the monad positive radicals, and subse-
quently treating the product with potassic hydrate :—

NEtH + FBtI = NE&HIL

Diethylamine. Ethylic Triet* ylammonio
iodide, iodide,

VOL. II. 0
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NEtHI 4+ KHo = NEt, + KI 4 OH,
Triethylammonic Potassic Triethylamine, Potassic Water,
iodide. hydrate. iodide,

By varying the radicals, tertiary monamines with several
different radicals may be formed. The following are a few of the
known tertiary monamines:—

Trimethylamine ............ NMe, or N(CH,),.

Triethylamine ............... NEt, or N(CH,),.
Tributylamine . .. c.-u.conses NBu, or N(CH,),.
Triamylamine ............... NAy, or N(CH,).
Methyl-ethyl-phenylamine NMeEtPh or N(CH,)(C,H,)(C,H,).
Pyrididie . A, L ket s N(C.H,)".

Picolime s, 4udeddhil. LI Sl N(C H,)".

LByt RS O W 8 R C S N(C.H,)".

Collidime, soreniiopthdel i . N(CH. )"

| gl - TG SR S e N(C,H,,)".

The constitution of the triad radicals contained in the last
five bases i1s not known.

2. 'When phenylammonie chloride (aniline hydrochlorate) and
methylie aleohol are digested together at from 280° to 3005,
the non-phenylic hydrogen becomes replaced by methyl,
thus :—

NPhH,C1 + MeHo = NPhMeH,C1 + OH,
Phenylammonie Methylie Methylphenylammonic
chloride. alecohol. chloride.

NPhMeH,C1 + MeHo = NPhMeHCl + OH.,.

Methylphenylammonic Methylie Dimethylphenylammonic
chloride. aleohol. chloride.
By continuing the digestion longer, the phenylie hydrogen is
also replaced by methyl aceording to the following reaction :—

N(C,H,)Me,HCl + McHo = N(C,H Me)Me,HCl + OH,

Dimethylphenylammonie Methylie Dimethyltolylammonie
chloride, aleohol, chloride,






196 CcOMPOUNDS OF NITROGEN AND ITS ANALOGUES.

This reaction is effected by treating ammonia or a primary
or secondary monamine with the haloid salt (preferably a bro-
mide) of the dyad radical, thus :—

( N'H,Br

9NH, + Et'Br, = 11% :
NI Br

Ammonia, Ethylenic Ethylene-diammonie
dibromide. dibromide.

‘When the salts of ethylene diammonium are decomposed by
potassic hydrate, an oxide of the compound nitrogenous radical
is produced, thus:—

NHEBI‘ NHE‘-|
Et" + 2KHo = Et" O 4+ OH, + 2KBr.
NHEBI' NHS_l
Ethylene-diam- Potassic Ethylene-diam- Water. Putﬂ.'!_»:ﬂic
monie dibromide. hydrate. monic oxide. bromide.

In this respect most of the diamines differ from the monamines.

Urea and its derivatives belong to the class of diamines.

These compounds are produced by boiling a solution of
ammonie cyanate or ethylammonie eyanate, or a homologue of
the latter. In these compounds, the two atoms of nitrogen
are held together by the dyad radical carbonyl, CO :—

NI,
CN"(N'H,0) = co".

NH,
Ammonic eyanate. Urea.
NHEt
r CN"(N'EtH,0) = 4 CO
Ethyl-smmonie Ethyl urea.
cyanate,

By heating ammonic carbonate to 130°-140° in closed vessels
for a few hours, urea is produced :—

N1, .
CONH,0), = {1CO + 20H,
NH,

Ammonic carbonate, Uren. Water,
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C. TRIAMINES.

To this class of organic bases belong many of the aniline
colours and their derivatives. Mauveine was the first discovered
of these bodies; it is obtained by the action of concentrated
sulphurie acid and red potassic chromate upon aniline. It 1s
also produced by heating the coloured product obtained by the
action of a solution of bleaching powder upon aniline. The
molecular formula of mauveine is

N'-I- CEBHEI'

It is probably a tetramine with the constitution shown in
the following formula :—

IN.-I.( CTI:[I'I ) : '2( CIEH-I }r 'EHJI :

Rosaniline is obtained from a mixture of aniline and tolui-
dine by the action of various reagents, such as carbonic chloride,
stannie chloride, mercurie chloride, ferrie chloride, cuprie chlo-
ride, the sulphuric and nitric salts of tin and mercury, and,
lastly, arsenic acid which has superseded all other reagents for
the technical preparation of the salts of this base.

By the replacement of hydrogen in rosaniline by positive
radicals, other bases, forming with acids valuable colouring-
matters, are produced.

The following is a list of the best-known of these bases :—

Rosaniline, the base of ma- "(C,H)"
jomrrgiogh .3 bl ¢/ d OB

~Phenyl rosaniline, the base
of daliline =000 o,

} N,(C,H,)'(C,H,)",PhH,.

Diphenyl rosaniline, the base
of aniline violet ............

} N (C,H,)"(C.H,)" Ph,H.

Triphenyl rosaniline, the base
of aniline blue .........

} N(C 1) (C 1) Ph,

Tritolyl rosaniline, the base
of toluidine blue .........

} N, (C,H,)"(C.H,)"(C,H.)..
ol

'
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close vessel, rosaniline with ethylic iodide dissolved in al-

cohol :—
N,(C,H)"(CH)"H, + SEtI = N,(CH,)"(CH,)"Et,
Rosaniline, ]Eg?;il.:c Triethyl rosaniline.
+ 3HI.
Hydriodio
acid.

Trimethyl and triamyl rosaniline are obtained by analogous
processes.
Chrysaniline is formed as a secondary product in the manu-
facture of rosaniline.
- Leukaniline is produced by the action of zine upon an acid
solution of rosaniline :—
Nac-anm + 1{2 P NaczuH:r

Rosaniline, Leukaniline,

OTHER AMINES.

Subjoined are the names and formule of a number of organie
bases which cannot at present be satisfactorily classified :—

B LT Ty e P s C.H,N.O.
Gaaniting;. . . dearvnsons C(NH)"(NH,)(NH,)
or C(NH)"Ad,.
g
N—(C—N
|
H I 4
|
H
B FOrINS .o cusatsenisnssmen C,H, N.O.
AT i s kv I T
g b e e = A 1 T -
Dibutyraldine ............... C.H, . NO.

Apriding S RVE O8I0 C,H, N,
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From Nightshade.

ABITPIAS . i sovhsehanons dutims C.H, NO,.
From Tobacco.
Wigdline' <o ioasia Bt O H N
From Nuxz vomica,
Bteyobming. .. ..ot . H N.O.
Brucine...... sy, A e C,H,N,O,.
From Tea, Coffee, and Cocoa.
Theobromine ............ et CH,NO,.
Caffeine (Theine).......un......... C,H,N.O..

2,3,4. THE PHOSPHINES, ARSINES, STIBINES,
AND BISMUTHINES.

The bases containing phosphorus may be obtained, like the
amines, by the displacement of hydrogen in phosphuretted hy-
drogen. The tertiary compounds only of arsenic, antimony,
and bismuth are known ; and they are produced by reactions
of which the following may be regarded as a type :—

AsNa, + SEtI = AsEt 4 3Nal

Saodic Ethylie Triethyl Baodie
araenide. iodide. arsine. iondide.

Primary and secondary phosphines are obtained by the
action of methylic or ethylic iodide and zincic oxide upon phos-
phonic iodide. With ethylic iodide the following reactions
oceur :—

2PH,I + 2EtI + Zn0 = 2PEtH,I 4+ Znl, 4+ OH..

Phosphonio Ethylic Ethyl- Water.
iadide. iodude. phosphonie
1odide,

9PH,I + 4EtI 4+ 3Zn0 = 2PEt H(ZnI)I + 30H, + Znl..

Phosphonic  Ethylic Diethyl-phos- Water.
jodide, iodide, phonie zingie
iodide,
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Tertiary Phosphines.

Formula, Boiling-point.
Trimethyl phosphine ...... PMe, ......... 41°
Triethyl phosphine ......... | gl 1V TR M s -

Tertiary Avsines.
Trimethyl arsine ............ AsMe. ... o000 120,
Triethyl arsine............... R8T, viieiins 140°,
Tertiary Stibines.

Trimethyl stibine ......... SblMe, .........
Triethyl stibine ........,... ShHte _...... 158°,
Triamyl stibine ............ ShAy. .........

Tertiary Bismuthine.
Triethyl bismuthine ...... BB i i —_—

Character—The phosphines, arsines, stibines, and bismuth-
ines possess very energetic affinities for negative elements,
Many of them are spontaneously inflammable in air and oxygen.
Most, probably all, unite with an atom of oxygen or a molecule
of chlormme, bromine, oriodine, forming compounds in which the
grouping element becomes pentadic. Thus, by the absorption
of oxygen, triethyl-phosphine is transformed into phosphorie
triethoxide :—

PEt, + O = PEtO0.

Triethyl- Phosphoric
phosphine. tricthoxide.

5. OXYBASES.
These compounds are only known in the arsenic series.

-

Arsenious oxybases.

Only one of these, cacodylic oxide, has been carefully inves-
tigated.
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most conveniently written on the diadelphie type, but may also
be formulated upon the ammonia type.

If the acid contain only one semimolecule of oxatyl, a mona-
mide is the result; if two semimolecules of oxatyl are present
in the acid, a diamide is generally formed, &c. Secondary and
tertiary compounds can also be produced, as in the case of the
amines ; but they belong to the negative section of this family.

A, MONAMIDES.

L. Primary Monamides.
A cetamide :—
{ l?ﬁ_][fe[} or N1I,(CMeO), or { gg.:k a

Chloracetamide : —

CH, (1
{ SCHDO op yyr fe(cm,cn0), or { SHa:

Benzamide :—

- 1,
{ gﬁfﬂs)ﬂur N [C(C,H,)0], or { el

Formation—1. By the distillation of the ammonic salts of
the monobasie acids :—

CH., o

{GU(.H‘*Hp} = {CO(N'“HJ + OH,
_P.mmntﬂlr: Acetamide. Water.
agetate,

2. By the action of ammonia upon the chloracids :—

CH, _ CH, 3
{Gotn + NH, = {GU(N”'H,_,} L
Acetylic Ammonia, Acetamide. Hydrochlorie
chloride. acid.
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two atoms of hydrogen ; or they may be considered to be formed
by the substitution of amidogen for the hydroxyl contained in
the two semimolecules of oxatyl in dibasic acids :—

Primary Diamides.

NH
. 2 COAd
Ozamide ...4(C,0))" or { A
(@ = {804
CO1” (COAd
Succinamide... NI (CH.0,)" or NH, | { Et” |, or{ Et" .
(o]0) COAd

Formation.—1. By the action of heat upon the normal am-
monic salts of dibasie acids:—

CO(N*H,0) _ CO(N"H,)
{CD(H*H.,O} il {_CO(N’“HQ) + 20H..

Ammonic oxalate, Oxamide. Water.

2. By the action of ammonia on the ethereal salts of dibasie
acids :—

COEto . JCO(NH.)
{ccnz:m D ms {GD(NH,H:} + 2EtHo.
Eth 'ltic Ammonia, Ozamide. Aleohol.
oxniate.

3. By the action of ammonia on the chloro-dibasic acids :—

cocl CO(N'"H,)

4NH, + {Et" = J{E + ONH,CL
COCl CO(N"H,)

Ammonia. Suceinylic Buccinamide. Ammonic
chloride, chloride.

The secondary and tertiary diamides are but little known.

C. TRIAMIDES.

Primary Triamides—The primary triamides may be regarded
as derived from tribasic acids by the substitution of amidogen
for the hydroxyl contained in the three semimolecules of oxatyl
of these acids, or as derived from three molecules of ammonia
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loses basic energy by the successive replacement of two atoms
of hydrogen, and finally becomes neutral by the substitution of
three atoms of chlorine or bromine for three of hydrogen :—

NIL(CH). NH(CHC). NH(CHCL). NH(CHCL).

Aniline. Chloraniline. Dichloraniline. Trichloraniline.

4. "HE HALOID COMPOUNDS OF OXYBASES~

These bodies are only known in the arsenic series; they are
formed by the action of chlorine, bromine, or iodine upon
cacodyl and its homologues, or of hydrochlorie acid, hydro-
bromic acid, or hydriodic acid upon the oxybases.

General formula...... As(C H,,4).CL

NEGATIVE SECTION.
THE IMIDES AND NITRIDES.

: : [ of imides... NH(C H.,_,0),
Greneral formula... \ of nitrides - N(C,Ha0), :

Formation.—By the action of chloracids (the so-called chlo-
rides of negative radicals) upon amides :—
NH,(CMeO) + CMeOCl = NH(CMe0), + HCL

Acetamide. Acetylic Dincetimide. Hydrochlorie
chloride. acid.

A repetition of this reaction gives acetylic nitride, which may
also be obtained by heating a mixture of acetonitrile and acetic
anhydride to 200%

An imide may also be formed by the substitution of a dyad
negative radical for two atoms of hydrogen in ammonia, thus :—

col”

Succinimide...... ... NH(CH,0,)", or NH[ _"Et”J.
coO

Mhese bodies have hitherto received but little attention.
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6. Oxyantimonic Bases.—These are formed in a manner
exactly analogous to that in which the oxyarsenic bases are
produced.

NEUTRAL COMPOUNDS.

1. Salts of Amines.
| General formule :—

N( CHH?:“-I- 1 )(CutHﬂm 11 )HC l .
Nz( CHHEH )” (C mHEm) ; IIRH:2 Clg .
N (O, ) (Ol B O

In the first formula s may =0 ; in the second, C,,H,,, may be
displaced by H,; and in the third, ¢, H,,_, may be substituted
by H.,.

Formation.—Like the analogous compounds of ammonia, the
salts of the amines are formed by the direct union of acids with
the amines without elimination of water, thus :—

NEtH, 4+ HClI = NEH,/CIL
Ethylamine. Hydrochloric Ethylammonie
acid. chloride.

The haloid salts of the amines may also be produced by the
anion of the haloid ethers of the monad positive radicals with
the amines (for reaction see p. 192).

Character—The salts of the diamines and triamines are often
found to contain only one molecule of acid, instead of two or
three as shown in the above general formulwe, which indicate the
composition of the normal salts. The nitrogen atoms are in
such cases united together by one of the bonds of each, besides
being linked by the polyad radicals, thus :—

'NY (C, Ha,)" (CoHaw) ", H(NO,) ;
N O, ) (0 By )" HOL
The difference between these two classes of salts will be ren-

dered more evident by a comparison of the following graphic
and symbolic formulwe :—
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2. Salts of Phosphines.
3. Salts of Arsines.
4. Salts of Stibines.

These three series of salts all present close analogies with the
salts of the amines both in constitution and in the mode of their
formation. The mode of formation of several of them is shown
at pages 202 and 203,

5. Salts of IO.ryrzreenic Bases.

As(C,H,,.),CL.
Formation—DBy the action of acids on the oxyarsenic bases : —
AsMe O + 2HCI = AsMeCl, + OH,
Arsenic Hydrochloric Arsenic trimetho- Water.
trimethoxide. acid. dichloride.

G. Salts of Oxyantimonic Bases.

These resemble the previous salts in formation and consti-
tution.

NEGATIVE COMPOUNDAS,

1. Organic Arsenic Acids, Oxyehlorides, and Chlorides.

The following are the principal bodies of this class :—

Monomethylarsenie acid............ ~ AsMeOHo,.
Arsenic oxydichlormethide......... v AsMeOCl.,.
Arsenic tetrachlormethide .........Y AsMeCl,
Cacodilic 8eld 5 -somss«ibbs it * AsMe,OHo.

Cacodylie trichloride ......... veeron A8Me Ol
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BORIC METHIDE.
B(CIL,),, or BMe,.

Molecular weight =56. Molecular voluine 1. 1 litre of boric
methide gas weighs 28 eriths. Condenses at 10° under a
pressure of four atmospheres.

Preparation.—By adding to ethylic borate an ethereal
solution of zincic methide, when boriec methide is evolved as
oas —

2BEto, 4+ 3ZmMe, = 2BMe, + 3ZnEto,

Ethylic Zincie Baorie Zincie
[borate, methide, methide, ethylate,

Teeactions.—1. Inflames spontaneously in air or oxygen.
2. Combines energetically with ammonia, forming ammonia-
boric methide :—

NH, 4+ BMe, = NH,_,BMe,
Ammaonia, Boric Ammonia-boric
methide, methide,

3. Boric methide combines readily with potash, soda, lime,
and baryta, forming compounds the composition of which 1s
not known with certainty.

AMMONIA-BORIC METHIDE,
NH,BMe,.

Molecular weight =73, Molecular volume (anomalous)

Fuses at 56°. Boils af 110°. 1 litre of ammonia-boric
methide vapour weighs 1825 criths.

Formed as above descrbed.

Reactions.—1. Cuprie chloride abgorbs ammonia from the
vapour of ammonia-horic methide, reducing the volume of the
vapour to one half and leaving boric methide gas :—
6(NH,BMe,) + 2CuCl, = 2Cu(l,6NH, 4 G6BMe,.

Ammonia-borie Ammonia-cuprie Borie
methide, chloride. methide.






218 ORGANO-BORON AND SILICON COMPOUNDS.

BORIC ETHO-DIETHYLATE,

BEtEto,.
Boils at 125° C.,

Preparation.—By the slow action of oxygen upon boric
ethide as above described.
Reaction.—In contact with water it is instantly decomposed,
forming boric etho-dikydrate :—
BEtEto, + 20H, = BEtHo, + 2HEto.

Boric etho- Water. Borie etho- Aleohol.
diethylate, dihydrate.

AMMONIA-BORIC ETHIDE.

NH BEt,.
Formed by the union of ammonia gas with boric ethide as

above described.
Reaction.—Decomposed by acids but not by carbonic acid.

‘With hydrochlorie acid the reaction is as follows :—
NH,BEt, + HCl = NHCl + BE,

Ammonia-horio Ammonio Barie
ethide, chloride. ethide.

2. Organo-silicon compounds.

The great similarity in chemical functions between carbon
and silicon seems to justify the anticipation that a great number
of compounds of silicon will be produced analogous in consti-
tution to the organic compounds of carbon. Already several
such compounds are known, as for instance :—

Bilico-compounds. Organic analogues.
Sil,. CH..
Bilicic hydride, Marsh gas.
SiH O, CHCL.
Silicon ehloroform. Chloroform.
SilHO CHO
O ; & I -
SilHO CHO
Bilicoformic Unknown

anhydride. formic anhydride.

5 -
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Following the analogy of organic compounds, the substitution
of one of the atoms of hydrogen in silicic hydride by the
hitherto unknown radical silicon methyl (SiH,) would yield
a body constituted like the molecule of methyl or ethylic
hydride,

{ SiH,
SiH,

From this, silicoethylic chloride (8i,H,Cl) ought to be ob-
tained ; and then, by the substitution of hydroxyl for chlorine,
the silicon-analogue of common aleohol (Si H,Ho). None of
these compounds containing silicon directly combined with
silicon have hitherto been formed; indeed, unlike the tetrad
elements, carbon, tin, and titanium, silicon appears to have little
tendency to form such compounds. Amongst the host of
silicon minerals there is not one in which the assumption of
the existence of silicon combined directly with silicon is ad-
missible. Disilicic hexachloride (8i,Cl) has, however, been
re cently formed.

But, although these true silicon analogues of the more com-
plex organic compounds have not hitherto been obtained,
yet a large number of bodies which contain silicon atoms
directly combined with carbon have been synthetically pro-
duced; and many of these substances exhibit interesting
analogies with corresponding compounds containing carbon in
the place of silicon. These are the bodies which are included
in the class of organo-silicon compounds. The following Table
contains the names and constitutional formule of the chief
members of this class, together with those of their derivatives,
such as ethylic silicate (SiEto,), which do not, strictly speaking,
belong to it, inasmuch as they no longer contain silicon directly
combined with carbon:—

Name, Formula. B{;’;&:E'
\ Silicic methide ........................... SiMe, 305 —
SiMeo,
t Disilicic oxy-hexamethylate ......... 0 202 -
SiMeo,
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Name. Formula. Boiling:

point.
Bilioi MBI ruvesoes mstiaonsns SiMeo, 121
b BN OUHTO0 . oo vns s s e rstexa SiEt, 152°5
(. Silicic dimethylate ethylate............ SiMeo,Eto, 145
.. Silicic chlortriethylate................... SiClEto, 156
Silicic dichlorethylate .................. 8iCl Eto,
- Bilicie gbhiviiln ... e crvirampren vretersn s SiEto, 1665
¢ Bilicic triethylate amylate ............ SiEto,Ayo 220
( SiEto,
Disilicic oxy-hexaethylate ............ <0 235
| SiEto,
‘SiEt,
Disilicie oxy-hexaethide............... 10 227
| SiEt,
~Silicic bydrotriethylate ............... SiH Eto, 134
Silicic ethotriethylate .................. SiEtEto, 1585
Silicic dieth-ethylate .................. SiEt,Eto, 1555
Silicic trieth-ethylate .................. SiEt,Eto 153
Silicic dietho-chlorethylate ............ 8iEt ClEto 148
Silicie chlortrethide...............cc0... Sikf,Cl 1435
- Silicic dichlorethide ..............c..... SiEt,Cl, 129
— Bilicie trichlorethide .................. SiEtCl,
i~ Bilicie diebhoxide; ... s ssssdsadissionnin SiEt,0 x —
Siliconylic ehloride. ...y i ensues oeesss { gﬁ&'ﬁ Cl 185
Siliconylic aleohol ..................... { gﬁhil{u 190
Siliconylic acetate ..................... { ggﬁ(smﬂﬂm 0) 211
{ SiEto,
Silicie aceto-triethylate ............... O _—
C OM-
T L Si(COMe), —

Silicopropionic acid .......

CMeH,
e [ T Py g

Silicic  triethohydrate  (Zhiethyl- { SiEt Ho 1535
-, e P . T S R ;

- £/ L U Nheloe ol twidade s
I -'!-""4; 2L ¢ L a “L‘_&-‘Lﬁﬂ!{&}r
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At the same time a portion of the silicic ethide is converted
into dichlorinated silicic ethide, which, when heated with
aqueous alcohol and potassic acetate, yields disilicic oxyethides

SiEt,
e
SiEt,

SILICIC TRIETHOHYDRATE. Triethyl-silicol.
SiEt, Ho.

Molecular weight =132'5. Molecular volume [ T]. 1 litre of
the vapour weighs 6625 criths. Boils at 153°5. Sp. gr.
of liquid 8709 at 0°,

Preparation. 1. By digesting silicie triethoethylate with
water at 200° :—
SiEtEto 4+ OH, = B8iEtHo + OEtH.

Bilicie Bilicie Alcohol.
triethoethylate. triethohydrate.

2. By the action of aqueous ammonia upon silicic chlor-
triethide :—

SiEt,Cl + OH, + NH, = SiEtHo + NHCI
-L-hluf':xl'!izﬁlide. triuli]l;:;{;lmf.v.

SILICOPROPIONIC ACID.

CMeH,
SiOHo

Preparation—1. This acid, which contains the new negative
radical 8iOHo (that is to say, oxatyl in which carbon 1s re-
placed by silicon), is prepared from silicie chlortriethylate by
the following series of reactions :—

1st. Silicie chlortriethylate is treated with zineie ethide and
sodium, and thus converted into silicic ethotriethylate by the
following reaction :—

ol
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ethylate and zineic succinate are organic bodies containing
metals :— :
H H H H

g |
Zincic ethide... ZnEf, H—C—C—Zn—C—C—H

v 4 |1l
TE H. H

Zincic ethylate... ZmEto,.
; H H H H

L5
II—t!'—{!,‘— —Zn—0—C—C—H
B bt

M &L H H

H O

!
_ Co— H—(C—C—0—
Zincice succinate .., {G*I-I_t Zno", | Zn
=l H—tf—f}—o_—"

|

H O

Many organic compounds containing metals are the deriva-
tives of organometallic bodies; thus zincic ethide by oxidation
yields zincic ethylate—

ZnEt, + O, = ZnEto,;
Zingio Zincic
ethide. ethylate.
and by further oxidation zincic ethylate can be converted into
zineic acetate—
CEZ[EII.J 7] () - &5 CE'IIEO i 0
Zincie ethylate. Zincie acetate. Water.

Another instance of the derivation of organic bodies con-
taining metals from organometallic bodies is seen in the for-
mation of potassic propionate by the action of potassic ethide
upon earbonic anhydride :— :

- CMeH,
CMHE + €0, = {Eog.*

Potassic Carbonic Fotassic
ethde, nnhydride. proplonate.
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Formation of organometallic bodies.

Organometallic bodies are produced in a large number of
reactions, which, however, may be classed under the following
four heads :—

I. By the union of monad positive radicals in statu nascenti
with a metal, or by the coalescence of a metal with the iodide
of a monad positive radical.

Thus, when zinc and ethylic iodide are heated together to
100° in closed vessels, zincie ethide 1s formed :—

2EtI 4 Zn, = 2ZnEt, + 2nl,.

Ethylie Zincie Zincic

iodide. ethide. iodide.
Sometimes light may be employed instead of heat to effect
this change, as in the case of the organo-tin compounds. In.
the formation of organo-mercury compounds by this method,

light is indispensable to the reaction :—
EtI 4+ Hg = HgEtL

Ethylic Mercurie
iodide. ethiodide.

I1. By the action of the respective metals alloyed with potas-

sium or sodium upon the iodides or, in rare cases, the bromides
of the monad positive radicals.
- By this process there is less tendency to form compounds
containing both positive radicals and negative elements. Potas-
sium or sodium compounds are never produced in this reaction,
because they cannot exist in the presence of ethylic iodide or
its homologues. This process is well adapted for the formation
of arsenie, antimony, tin, mercury, lead, bismuth, and tellurium
compounds :—

4EtI + SnNa, = SnBEf, 4+ 4Nal.

Ethylie Tin sodium Btannic Bodie
iodide, alloy. ethide. iodide,
9EtI + HgNa, = HgEt, + 2Nal.
Ethylic Bodium Mercurie Bodi
iodide, amalgam. ethide. iodide,

VOL. II. Q
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2C,H.Br 4 HgNa, = Hg(C,H), 4+ 2NaBr.
Na :ﬂth_\'llc Hodium Mereurie Bodie
hrnruiclil: {bromo- amalgam. naphthide. bromide.

naphthaline).

ITT. By the action of the zine compounds of the monad
positive radicals upon the haloid compounds, either of the
metals themselves, or of their organo- derivatives.

For the production of organometallic bodies containing less
positive metals than zine, this method is generally the most
convenient, and is of most universal application. Compounds
containing mercury, tin, lead, antimony, and arsenic have been
thus produced ; but the process has failed when applied fo the
haloid compounds of copper, silver, platinum, and iron; for,
although these bodies are violently acted upon, the organic
radicals do not unite with the metal :—

SnCl, 4+ 2ZnEt, = 8SnEt,Cl, + ZnCl.

Htannic dineie Stannic dichlor- Linecie
chloride. ethide. ethide. chloride.
SnCl, + 2ZnEt, = SnBt, + 2Zn(l,
Btannie Zincie Btannie Zincig
chloride, ethide. ethide, chloride,
2HgEtl + ZnEt, = 2HgEt, + Znl,
M ercuric Zincie Merenric Zincic
ethiodide. ethide. ethide. iodide.

IV. By the displacement of a metal in an organometallic
eompound by another and more positive metal.

This method has been successfully employed for the forma-
tion of the organo- compounds of potassium, sodium, lithium,
aluminium, and zine. In the first three cases the reaction takes
place at ordinary temperatures, some of the original compound
entering info the composition of the resulting organometallie
body :—

8ZnEt, + Na, = 2ZnNaEt, + Zn.
Zineie Sodic zineic

ethide. ethide,

sHgEt, + Al, = 'Al"Bt + 8Hp.
Mereuric Aluminie

ethide. ethide,

Hg\y, + Zn = ZnAy, + Hg.
Mercarie Zinecie

amylide. amylide.
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SiCl, <+ 2ZnEt, = SiBt, + 2ZnCl
Bilieie Zinecic Bilicie Zineie
chloride. ethide. ethide. chloride.
C,H,0l C,H Et
210 + ZmBt, = 21{0 + ZmClL:
C,H,Cl C,H, (I
Chlorether. Zincie Ethylo- Zincie
ethide. chlorether. chloride.
C,H Et C.H Et
lertfie 910" ' 4+ ZmBt = 2{0 ° + Za(l,
t"-‘-‘("“’l C,H,Cl < |C.HEs
L WeAoA L chlonitber. citide, ethytic other. chtoride.

Diethylated ethylic ether is isomerie with butylic ether, and
contains the radical methylo-ethylated methyl (see p. 8).

By oxidation # would doubtless give methylated acetone
M v cadirtert

3 © 7 (p. 187). ‘ .
TR 7. Oxygen may—alse—be displaced—in—a—similaz manner.
{ Thus :—
— N.OEt-0— N.EtO, .
2N",0, + ZnEs;, = NiDEt«O_ZIE or N;Et(}znﬂ .
N[f;:iic E;inlﬁic Zincie dinitro-ethylate.

This compound is analogous to zincic propionate, the latter
containing two atoms of tetrad carbon in the place of the two
tetrad pairs of nitrogen atoms :—

i e XU g 1 o RS, CEtO,,
: inecic propionate ... n' or - no”.
I : Lt COEt-0— CEtO
i 8. An analogous reaction is observed with sulphurous anhy-
dride :—
SOMe-0+ SMeO
280, ZnMe, = Zn" or N0,
8,3 ; SOMe-0- SMeO
Bulphurous Zineie Zincie methyldithionate.
anhydride. methide.
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9. When ethylic borate is acted upon by zincic methide, the
ethoxyl becomes replaced by methyl :—

BEto, + 8ZnMe, = BMe, + 3ZnMeEto.
Ethylic Zincie Borie Zineic methide
borate methide. methide. ethylate.

10. When ethylic oxalate is heated with zincic ethide, and
water afterwards added, ethylic diethoxalate is formed :—

COEto COEto
Ethylic Zincie Water. Ethylie Zineic Aleohol.
oxalate. ethide. diethoxalate. hydrate.

11. By the action of ammonia, or of certain amines and
amides, zincic ethide exchanges its zinc for hydrogen :—

ZnEt, + 9oNH, = 2ZnAd, + 2EtH.
Zincie Ammonia. Zincie amide, Ethylie
ethide. hydride.

12. The organo-zine compounds, by losing one semimolecule
of their organic radical, become monad radicals, as shown by
the following formule :—

Methylozincie dinitrﬂme-} 'N" 0 Me-0-(ZnMe).
bbb o ot i st

Et;]ailenzincic dinitroethy- } 'N" OFt-0-(ZnEt).

Ethylic ethylo-zincie di- { CEt,-O-(ZnEt)
ethoxalate ............... COEto ¥

13. Mercuric ethide, when treated with bromine, loses one-
half of its ethyl, which is displaced by the negative element :—

HgEt, + Br, = HgEtBr + EtBr.
Mercuric Mercurie Ethylic
ethide. ethobromide. bromide.

14. Mercuric methide, when submitted to the action of mer-
curic iodide, yields mercuric methiodide :—

HgMe, + Hgl, = 2HgMel
Mercuric Mercuric Mereurie

methide, ) iodide, methiodide,

L ll'I .;ll 'II.. y

-
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The hydrates corresponding to the mercuric ethobromide and
methiodide have been produced. They are powerful caustic

bases, of the formulse
HgEtHo and HgMeHo.

Mereuric Mercuric
ethohydrate. methohydrate.

15. The organo-stannous compounds unite directly with
negative elements, passing into stannie bodies :—

SnEt, + I, = SnEtl,
Stannouns Stannie
ethide. iododiethide.

16. Hypostannic organo- compounds undergo a similar trans-

formation :—

‘S Bt, + [, = 28nEt]l:

Hypostannic ' Htannic

ethide. iodotriethide,
SuFtI + I, = SnEt], + EtlL
Btanmic Btannic Ethylie
iododiethide. iodide,

iodotriethide.
17. Hypostannic ethodiniodide is formed by the action of

iodine upon stannic ethodimethide :—

oSnEtMe, + I, = 'Sn"Eil, + 4Mel
Btannie Hypostannic Methylie
ethodimethide, ethodiniodide. iodide.

18. Stannic ethide, when treated with hydrochloric acid,
yields stannie chlorotriethide and ethylic hydride :—
HCl = SaEt,(Cl 4 EtH.

SnEt, + =
Btannic Hydrochlorie Stannie Ethylic
ethide. acid. chlorotriethide, hydride.

The oxide and hydrate corresponding to the stannie chloro-
triethide are known ; their formule are :—

SnEt,

Oxide .5 Oidiie
Sn Bt

These compounds, and the salts which they form, correspond

Hydrate... SnEt,Ho..
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The organic derivatives of the monad metals are formed on
the type of potassic chloride (KCI) :—

B B
Ll
E—(Cl K—C—(C—H
[ o]
B
Paotassic chloride. FPotaseic ethide.

The organo-zine, cadmiunm, magnesium, and mercury com-
pounds are formed upon the type of zincic chloride (ZnCl,) .—

H-wHL H -H
exl | ol
Cl—Zn—C1 H—C—C—Zn—C—C—H
n sy ]
H H H B
Zincic chloride. Zincic ethide.
e
o et
=
H H

Merceuric iodethide,

The organo-aluminic compounds are formed upon the type
of aluminic chloride ('Al",Cl,) :—

H H
H—‘!J—H H-—{il‘—H

Cl Cl H H
gy | i
Cl—Al—Al—Cl H—C—Al Al—C—H
9 | | |
1 Cl H H

H—C—H H—-C—H

| I
H H

Aluminic chloride, Aluminic methide,

The organo-tin compounds are formed upon the three types
"Sn"Cl,, 'Sn",Cl,, and SnCl,—the first resembling the zincie
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The effect of the substitution of positive for negative radicals
in compounds is strikingly exhibited in the case of arsenic acid,
AsOHo,, as illustrated in the above graphic representations.
By the substitution of one semimolecule of methyl for hydroxyl,
a well-defined acid (less negative, however, than arsenic acid)
is produced, monomethylarsenic acid, AsOMeHo, By the
replacement of a second semimolecule of hydroxyl by methyl,
a very feeble acid, cacodylic acid, AsOMe,Ho, is obtained.
By the replacement of the third semimolecule of hydroxyl
by methyl, the acid properties are completely destroyed, a
feeble base, the arsenic oxytrimethide, being formed, AsOMe, .
Finally, by the substitution of methyl and hydroxyl for the
remaining atom of oxygen there is produced a powerful base,
tetramethylarsenic hydrate, AsMe, Ho.

The following is a list of the principal organometallic
bodies at present known :—

I. Organo- compounds containing monad metals :—

Potassio-zincie methide............ KMe,ZnMe,.
Potassio-zincic ethide ............ KEt,ZnEt,.
Sodio-zincie ethide.................. NaEt,ZnkEt.,.
Lathio-zincic ethide ............... LiEt, ZnEt,.
Lithio-mercuric ethide ............ LiEt, HgEt..

IT. Organo- compounds containing dyad metals :—

Magnesic ethide..................... MgEt,.
Zinciec methide ..................... ZnMe,.
Zimete ethide .........cocc000en s Znlt,.

Zinoie amylpde s s e ZnAy,.
Mercuriec methide .................. HgMe,.
Mercuric ethide ........ccvcvvneen.n. HgkEt,.
Mercurie methiodide ............... HgMel.
Mercuric ethonitrate............... HgEi(NY0,).
Stannous ethide ..................... "Sn"Et,.
Tellurium methide .................. Tele,.
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Acid, monochloracetie, 124,
monomethylarsenic, 214, 233,

Acid, ethyl-lactie, 1357.
., formie, 121. "

fulminurie, 32.
fumarie, 166,

234,
moringie, 130.

L ] 1

,  Eaidie, 130. . muecie, 84,

y  gallie, 157. ,» myristie, 116.

» Elyeerie, 80, 152, ,» mitrophenylie, 69,
= g]‘rmllmmc, 157. » enanthylic, 115.
» glyeollie, 71, 91, 1306. . oleie, 134,

,»  glyecomalie, 173. ., orsellinie, 70.

»» glyoxalie, 151, . oxalie, 34.

. glvoxylie, 1562. » Oxamie, 35.

+ hemimellitie, 180, w oxybutyre, 136.
. hexahydrophthalie, 175 5 oxvmethyl-phem]furmm 156.
,» hippurie, 157. s palmitie, 116.

homolactie, 145.
homotartarie, 175.
hymenasie, 116.
hydroeyanie, 27, 49,
hjdrofermujnnic, ol.
hypogeic, 130.
isobutyrie, 128,
isochloropropionie, 149,
isodibromosuceinie, 168,
isomaleie, 166,
isophthalie, 180,
isopropacetie, 115, 127.
isosueeinie, 166,
itaconie, 166,
itatartarie, 171,
jalapinoleie, 151.
lactamie, 109, 147.
lactie, 100, 143, 147,
levotartarie, 174.
laurie, 116.
lecanorie, 70.
leucie, 136.

maleie, 1606.

malic, 164, 172,
malonie, 148, 160,

mannitie, 84,

148,

paralactie, 1539, 145.
paraleucie, 139.
paraphloretie, 156.
pelargonie, 115
perchlorphenylie, 69.
phenoie, 155,
phenomalie, 81,
phenylie, 68,
phthalie, 180.
physetoleie, 130.
picramie, 69,
pierie, 69,
pimelie, 160,
prelinitie, 180,
propionie, 125,
propylacetie, 127,
pyroitaurie, 171.

pyromellitie, 179, 180,
pyrotartarie, 160, 171.

pyroterebie, 130,
pyruvie, 151.
racemie, 174,
ricinoleie, 151,
roceellie, 160,
saccharie, 84,
salieylie, 156.

¥ -]

,» margaric, 116, ., sebacie, 160,

., melissie, 116, . silicopropionie, 220.
., mellitie, 179. ,» stearie, 116,

mellophanie, 180,
mesaconie, 1606,
metagallie, 83.
metatartarie, 174,
methacetie, 125.
methacrylie, 131.
methethacetie, 127
methylerotonie, 131,

methylglyeollie, 137, 145.

methyl-lactie, 135,

suberie, 160,
succinethylie, 189,
suceinie, 163,
sulphamylie, 88,

sulphomethylic, 87, 99.

sulphovinie, 88, .
tannie, 158,

tartarie, 83, 173.

tartaric {mncth B} 174.

tartronie, 80, 172.
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Acids, tribasie, tricarballylic or ace-
toid series, 177.

Acridine, 200.

Acrolein, 80, 110.

Acryl, 25,

Aerylie series of acids, 130,

Aecrylic series of acids, relations of,
to lactic series, 142,

Acryloid or fumaric series of acids,

gseries of acids, isomerism
in, 166.
Alanin, 109, 147.
Aleohol, allylie, 65.
.  amylie, 52, 60.
5 benzylie, 67.
4 butylie, 52, 59.
» caproylie, 52.
»  caprylie, d3.
e cerotie, H3.
o cetylie, 53.
& cresylie, 67, 70.
5 eumylie, 67.
. decatylic, 53.
g dimethylphenylie, 67.
i ethylenie, 71.
e ethylie, 52, 57.
%5 heptylie, 5.
hexylic, 52.
i isamylie, 52.
. isobutylie, 52.
bt isopropylie. 60.
melissie, 53,
5 methylie, 52, 56.
5= nonylie, H3.
» octylie, 53
cenanthylie, 53.
,»  pentahydrie, 84,
1, pentylic, 2.
o+ phenylie, tertiary, E}T., GS.
phenylie, substitution pro-
duets of, 69,
o propylie, 52, 59, G2.
» psendamylie, 52.
pseudobutylic, 62.
paeuﬂuhexj'li-::. G,
i stanntriethylie, 231.
s sulphur, 59.
2 gycocerylie, 67.
. tetrahydrie, 83,
£ tetrylie, 52.
i thymylie, G7.
vinylie, G4.
xylylic, 67.

Lk

b}

"

o

INDEX.

Aleoholates, 58.
Alcohols, 49.
5 dihydrie, 51.
- dihydrie, glycol series, 70.

e dihydrie, orcin series, 74.

b monohydrie, 50, 5.

i monohydrie, methyl series,
52.

" monohydric, methyl series,
normal, 52.

i monohydrie, methyl series,
secondary, 52, 60,

i monohydrie, methyl series,
tertiary, 52, 62.

i monohydrie, phenyl series.
66.

,, monochydrie, phenyl series,
normal, 66, 67.

W monohydric, phenyl series,
tertiary, 67.

5 monohydrie, vinyl series,

,  polyhydric, 83.

iz relations of, 53.

£ relations of, to fatty acids,

20.

. secondary, oxidation of,
62,

. trihydrie, 51.

X trihydrie, glycerin series,
Ti.

Xy trihydrie, pyrogallic series,
81

Aldehyde, acetic, 108,
’ acrylie, 110.
5 benzoie, 111.
Ik butyrie, 108,
X ecaprie, 108,
= cuminie, 111.
- enodie, 108,
2 formie, 108,
i laurie, 108,
e cenanthie, 108,
2 palmitie, 108.
., propionie, 108
o salieylie, 156.
B valerie, 108,
Aldehydes, 105.
= definition of, 105.
o derived frem the
CNI'I;IH.{qHO .E'I].{‘Ullﬂlﬁ.
108

,, from the C,Hs,_1Ho al-
cohols, 110,
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Bases, organie, 191.
,»  oxyantimonie, 212.
,, Oxyarsenic, Z11.
llenzamirfe, 206.
Benzene, 44.
Benzine, 44,
Benzoie series of acids, 153.
Benzol, 42, 44.
,»  bromocompounds of, 45.
»  chlorocompounds of, 47.

., substitution derivatives of,

4.3.
Benzonitrile, 154,
Benzophenone, 188,
Benzoyl, hydride of, 111.
Benzyl, 14.

Betaorein, T4.
Bicarburet of hydrogen, 44.
Bismuthines, 190, 202,
Bismuthine triethyl, 204.
Boric diethochlorde, 217.
. ethide, 217.
., etho-diethylate, 218,
- etlm-dih)'(irale, 218.
,, methide, 216.
Bromacetylene, 24.
Bromethylene, 105,
Bromhydrin, 104,
Bruecine, :}Uﬂ.
Butoxyl, 5
Butyl, 11
Butylamine, 192.
Butv!mt L'fs
Butylenic bromide, 103,
i ['hlr.:rlde, 10:3.
Butylic iodide, 83.
Butyrone, 187.

Cacodyl, 205.
(Cacodylic acid, 205, 214.
o chloride, 205,
= oxicle, 205,
5 trichloride, 214.
Caffeine, 202,
Caproyl, 11.
Caprylene, 18,
Carbinol diethyl-propyl, 62.
. dimethyl, GO,
o dimeth yl-uth}'l. 62.
i dimethyl-isopropyl, 62.
- dimethyl-propyl, 62,
o methyl-butyl, GO,
% met]nl -diethyl, 62.

INDEX.

Carbinol methyl-ethyl, 60.
= methyl-hexyl, 60.
# methyl-isopropyl, 60.
;i methyl-nonyl, 60.
5 methyl-propyl, 60.

i triethyl, 62.
trimethyl, 62.
Carburetted hydrogen, light, 59.
Caustie antimony bases, 211.
= arsenic bﬂﬂ(‘&r 211.

»  nitrogen bases, 211.

.. phosphorus bases, 211.
Cerotene, 18,
Cetene, 18.
Chloracetamide, 200.
Chlord#l, 110.

.» aleoholate, 110.

»  hydrate, 110,
Chloranil, 7.
Chloraniline, 210.
Chlorether, 228,

| Chlorhydrate, ethylenie, 95,

Chlorhydrin, 95, 104.

Chloride, methylie, 101,

Chlorine, action of, on the radicals
of the ethylene series, 18.

Chloro-compounds of benml 47.

Chloroform, 100.

(Thlm'ﬂ]}rupiﬂnjliﬂ chloride, 142.

Chlirysaniline, 199,

Cinchonine, 201.

Citramide, 209,

Citryl-triphenyl-triamide, 209,

Classification of organie compounds,

8.
Codeine, 201.
Collidine, 194,
Compound organic radicals, 9

e negative radicals, hy-
drides of, 37, 49,

,. oxamides, J6.

5 positive  radicals, hy-

drides of, 37.
Compounds, organie, definition of,
1.

Condensed diadelphic type, 5.

Conine, 193,

Constituents of organic compounds,
1.

Crotonylene, 21.

Cryptopine, 201,

Cumaol, 42,

Cuprosovinylie ether, Z3.
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Ether amylie, 86.
4 hEll?:,h(‘ &9,
»  butylie, 86.
»  cuprosovinylie, 23,
s  diethylated ethylie, 228,
., dimethacetic, 128.
disodacetic, 128,
y  ethylenie, 40.
» ethylie, 85, 87.
w  ethylic amylie, 86.
yw  ethylie butylie, 86.
»  Elyeylic, 03.
.»  methylie, 85, 87.
,»  methylic amylic, 85.
.+ methylic ethylie. 85.
.  monosodacetie, 121.
»  phenylic, 89.
. phenylbenzyl, 90,
- stﬂnntueth}']m, 231.
s sulphomethylie, 190.
»  sulphurie, 87.
trimethacetic, 129,
Eﬂmrs 85.
» Tormation of, 86.
» haloid, 93.
,»  baloid, of the dyad positive
radicals, 94, 102,
haloid, of the monad positive
radicals, 93, 96.
yw  haloid, of the triad positive
radieals, 95, 104,
of {}tﬂhﬂ diliydrie aleohols, 85,

of Ih:e methyl series, 85.
of the monohydric aleohols,

85,

s of the phenyl series, 80,

o of the trihydrie alechols, 85,

93,
of the vinyl series, 89.

Eiherenl salts, 188,

3¥

¥

salts, decomposition of, 190. |

galts, definition of, 188,

galts of dibydric alcohols,
189.

salts of dibasie acids, 189,

salts of dibasic acids, acid,
189,

saltz of dibasicacids, normal,
189,

galtzof monobasicacids, 189,

salts of monohydric alco-
hols, 189,

INDEX.

Ethereal salts of tribasie acids, 139,
" salts of tribasic acids, acid,
189,
»  salts of tribasie acids, nor-
mal, 189,
»»  salts of trihydrie aleohols,
189.
s salts, production of, 188,
Ethide, borie, 217.
»  hypostannie, 230.
»  lithiomereurie, 234.
»  lithiozineie, 234.
»»  magnesie, 234,
»  ercuric, 225.
»w  perplumbie, 231.
s potassie, 252,
»  Ppotassio-zincie, 2:34.
s sodio-zineie, 234
e stannie, 225,
»  stannous, 230.
o  tellurium, 231.
» Zincie, 225,
Ethobromide, mercurie, 229,
Ethodimethide, stannie, 230,
Ethodiniodide, ]|5pustanni-_-, 230.
Ethohydrate, mercurie, 230.
Ethonmitrate, mercurie, 2:34.
Ethoxyl, 5.
Ethyl, 11, 12,
Ethyl acetamide, 209.
., acetone, 187.
»  acetyl, 187.
sy  butyral, 187.
.  diacetamide, 200,
»+  propionyl, 187.
urea, 1496,
Tl,'lnl‘unme, 99, 192,
I'-Lln lammonie chloride, 212,
i odide, D4,

| Ethylamylamine, 193,
| FEthylated acetone, 187.

Ethylene, 16, 20.

andethylidene compounds,
isomerism of, 14, 146.

= compounds, 15.

5 diamine, 197.
Ethylene-diammonie dibromide, 196,
" dichloride, 213.
E monochloride,
|
oxide, 196,
Ethylene ﬂlollwi diamine, 197.
L; series, 10,
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Haloid compounds of oxybases, 190,
210.
. others, 93.
s ethers of the dyad positive
radicals, 94, 102,
,»  ethers of the monad positive
radicals, 9:3.
,»  ethers of the triad positive
radicals, 95, 104.
Heptylene, 18,
Hexylene, 17.
Hofmann's violet, 199,
Homopyroeatechin, T4
Hydrazobenzid, 43.
Hydride, amylie, 39, 41.
i butylie, 59,
. caproy lic, 39.
o cyanie, 49.
! deml'rlu: 39,
»  dodecatylie, 39.
,w  endecatylie, 39,
¥ ethylie, 39, 40,
- heptylie, 39.
i hexylie, 89.
- methylie, 39.
5 nonylie, 34.
e octylic, 39.
= oxatylic, 49.
e pentadecatylie, 39.
= pentylic, 39,
5 phenylic, 44.
- propylie, 3.
i tetradecatylic, 3%.
- tetrylie, 39.
: tridecatylie, 39.
tritylie, “39.
H jrdl rides of mmlpmmﬂ negative ra-
dieals, 37, 49.
5 of compound positive ra-
dicals, J7.
L of the radicals of the me-
thyl series, 37.
# of the radicals of the me-
thyl series, preparation
of, 38,
" of the radicals of the phe-
nyl series, 42,
Hydrochlorie glyeide, 96, 105.
Hydrocotarnine, 201.
Hydrogen, bicarburet of, 44.
Hydroguinone, 75.
H ydrosulphate of ethyl, 59.
Hypostannic ethide, 230.

INDEX.

Hypostannie ethodiiodide, 230.

Tmides, 190, 210.
,»  general formula of, 210.
Tmidogen bases, 193.
Introduction to organie chemistry,
I
Todide, phosphonie, 202.
Todhydrie glycol, 102,
Todhvdrin, 93.
Tododiethide, stannie, 230,
Todotriethide, stannie, 230,
Isobutylene, 17.
Isomeric forms of valeric acid,
126.
Isomerism in fumaric or aeryloid
geries, 1066,
p in the lactie series, 143.
* of ethylene and ethyli-
dene, 146, 168.
Isopropylic aleohol, G1.
& iodide, T9.
- ml;rlle, 125,

Ketones, 184.
,, formation of, 185.
by isomerism of, 187.
5 list of, 187.
Ketones of the C,Ha,—; series,
188,

Tactic series of acids, relations of, to
acetic series, 142,
,, series of acids, relations of, to
acrylic series, 142,
., series of acids, relations of
sucecinic series to, 161.
Lactide, 183,

- Lactoid series of dibasic acids, 172.

Lactyl, 25.
Taudanosine, 201.

Lead.
Perplumbic chlorotriethide,
231.
< ethide, 231.
. triethchydrate,
231.

Leucin, 150,

Leukaniline, 199,

Light carburetted h{ch'ugﬁn. 39.
Lithiomercurie ethide, 234.
Lithiozinecie ethide, 254.
Lutidine, 194,
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Monamines, phenyl series of pri-
mary, 191,

i phenyl series of secon- |

clarv, 192.
¥ prmmry, 191.

5 rmﬁﬁz;mﬂ of primary,
s recognition of primary,
195,
& recognition of secon-
dary, 195.
e recognition of tEl't-III.I‘F
195,
” secondary, 191, 192,
i tertiary, 191, 193.
] vinyl series of primary,
191.
~ vinyl series of secon-
dary, 192,
Monobasic acids, anhydrides of, 182,
183.
A organic acids, 113.

Monobrombenzol, 45.
Monobromorein, Iﬂ-
Monochlorbenzol, 47.
Monochlorhydrin, 79.
Monochlorinated methylie chloride,

100,
5 propylie glycol,
T79.
Monohydrie aleohols, 52, 63, GG,
= aleohols, secondary,
G,
=3 alcohols, tertiary, 62,
67.
2 aleohols, normal, of the
phenyl series, 6G6.
- alcohols of the phenyl
series, G0,
= uluulmla of the vinyl
serm% 6G3.

Monomethylarsenic acid, 214, 233.
Morphine, 201.

Narceine, 201.
Narcotine, 201.
Natural alkaloids, 201.
Negative compound radicals, hy=-
drides of, 49,
organic radicals, 9, 25,
tholsnn s yellow, 199,
Nicotine, 202,
Nitraniline, 49,

|
|
|

INDEX.

Nitrides, general formula of, 210.
n negative, 210,
Nitrile, ethylenie, 104,
»  1sopropylic, 128,
»  methylie, 119.
Nitriles, preparation of, 97.
Nitrobenzol, 43, 47.
Nitrocumol, 43.
Nitrocymol, 43.
Nitrogen, caustic bases of, 211.
»  compounds of triad, and
its analogues, 190.
»  compounds of pentad, and
its analogues, 211.
s  Organic wmpnundsﬂf 190.
Nitropentol, 4.3.
Nitrotoluol, 43.
Nitroxylol, 43.
Nonylene, 13.
Normal acids, 114,
,,  acidsoftheacrylic series, 130,
»*  acids of the lactic series, 135.
»  Tatty acids, 115.
,»  monohydrie aleohols of phe-
nyl series, 66, 67.
, olefine acids of the lactic
series, 139,
,,  radicals of methyl series, 11.
., radicals of methyl series,
preparation of, 11.
,  salts of amines, 213.

Octylene, 18,
(= nauﬂnlenm 18.
Oil of bitter almonds, 111.
,» of Gaultheria procumbens, 5.
Olefine type, 5.
Oleie swms of acids, 130.
Oreein, 77.
Orein, 76, 77.
Drgmm. antimonic acids, 215.
e arsenic acids, 214,
. arsenic chlorides, 214,
»  arsenic oxychlorides, 214.
i bases, 191.
w  compounds, definition of, 1.
»  compounds, classification of,

»  compounds, glements con-
tained in, 1, 2.

.,  compounds, graphic for-
mulxe of, 7, 8.

,»  compounds, notation of, 3.
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Potassium,
Potassie eyanate, 29,
. cthulﬁ, 232,
= ferricyanide, 31.
yw  ferrocyanide, 30.
% suceinate, 104,
- sulphoeyanate, 32
Potassiozineie ethide, 234.
2% methide, 234.
Propione, 187.
Propoxyl, 5.
Propyl, 11.
Propylene, 17.
FPropylenie bromide, 103.
= chloride, 103,
- iodide, 103,

o8 oxide, 90,
Propyliec glycol, monochlorinated,
79.

Propylie iodide, 94.
Protopine, 201.
Prussian blue, 31.
Pﬁeudubul,}'lone 17.
Pseudorein, 83.
Pyridine, 194,
Pyrocatechin. 74.
Pyrogallin, 81, 82,
Pyroxylic spirit, 56.

Quercite, 84,
(Juinine, 201.
Quinone, 75.

Radieals, acetylene series of, 21,
“ d}'udypusitivc, 16,
dyad. relations of suecinie
series to, 161,

& haloid ethers of the dyad

positive, 94, 102,

5 haloid ethers of the monad
positive, 93, 96,

o haloid ethers of the triad
positive, 95, 104,

5 hydrides of positive com-
pound, 37.

N monad positive, 10,

- monad, relations of, te
fatty acids, 119,

: negative, hydrides of, 37,

Y normal, of the methyl se-

ries, 11.

INDEX.

Radicals, normal, of the methyl se-
ries, preparation of, 11.
5 of the phenylene series, 24.
L of the phenyl series, 14.
3 of the phenyl series, hy-
drides of, 42.
e of the vinyl series, 13.

5 organie, .

% secondary, of the methyl
geries, 10,

42 tertiary, of the methyl se-
ries, 10,

3 triad positive, 25,
Resorein, 74.
Rosaniline, 198,

Salts, ethereal, 188,
Secondary monohydrie aleohols, 60
b radicals of the methyl
series, 13,
Silicie aceto-triethylate, 220,
., acetylate, 220.
. chloroform, 218,
» chlortriethide, 220.
s chlortriethylate, 220.
. dichlorethide, 220,
. dichlorethylate, 220,
., ieth-ethylate, 220.
,» dietho-chlorethylate, 220,
., diethoxide, 220,
yy dimethylate ethylate, 220.
., ethide, 221.
ethotriethylate, 220,
,» ethylate, 220,
,» hydrotriethylate, 220,
., methide, 219, 221,
., methylate, 220.
. trichlorethide, 220.
o trieth-ethylate, 220,
., triethohydrate, 222,
triethylate amylate, 220,
1‘%1lh:,ll:rfr:n"lun:* anhydr ide, 218.
Siliconylic acetate, 220,
- aleohol, 220
o chloride, .E".!'I]
Silicopropionic ac id, 222,
Single eyanides, 24,
Sodio-zincie ethide, 226, 234.
Spirit of wine, 57.
Stearin, T8,
Stibine, triamyl, 204,
y»  triethyl, 204,
o trimethyl, 204,
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Trichlorbenzol, 47.
Trichlorhydrin, 96, 105.
Trichlorinated &e. amines, 190, 200,
i methylie chloride,
100,
Trichlororein, 76.
Triethylamine, 194.
Triethylammonie iodide, 193.
Triethyl arsine, 204.
5 phosphine, 203,
o phosphonie iodide, 203.
s  rosaniline, 199,
s silicol, 220,
= stibine, 204,
Trihydrie alechols, 51, 77.
5 ethers of, 93,
Tritodorein, 76.
Trimethylamine, 194,
Triphenyl rosaniline, 198.
Tritolyl rosaniline, 198,
Turnbull's blue, 52,
Type, ammonia, 4, 5.
. ammonie chloride, 4, 5.
,» condensed diadelphie, 5.
., diadelphie, 4.
y» double monadelphie, 5.
y»  marsh-gas, 4.
» methyl, 4.
»  monadelphie, 4, 5.
. oOlefine, 5.

INDEX.

Type, triadelphic, 4, 5.
Types of organic compounds, 4.

Urea, 196.
,» derivatives of, 197.
» formation of, 196.
,» reaction of, 197.
Urea a diamine, 197.

Valerylene, 21.
Vinylie bromide, 1043,
Vinyl series, ethers of the, 89.
,»  series, monohydric aleohols of

the, 6G3.
» series, radicals of the, 13.
Xylol, 42,

Zineie amide, 229,

» amylide, 234,

.  dinitro-ethylate, 228,
ethide, 225, 234.
., ethiodide, 227.
. ethoethylate, 227.
ethylate, 224,
methide, 254,
» methide ethylate, 229,
»  methyldithionate, 228,
»  propignate, 28,
»  succinate, 224,
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