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LECTURE NOTES

FOLL

CHEMICAL STUDENTS,

R L T P L L L R R R R et e el e e

ORGANIC CHEMISTRY.
CHAPTER I.

INTRODUCTOLRY,

Tue name organic i3 commonly restricted, by chemists, to
compounds the molecules of which consist of one or more
atoms of carbon direcfly combined either with earbon, nitro-
gen, or hydrogen. Thus, according to this definition, car-
bonic anhydride (O=C=0) and hydric potassic carbonate
(H—O0—C—O0—K) are mineral or inorganic compounds,

|
0
because the carbon which they contain is directly combined
. 0'——-([3—0—-]3:
with oxygen only; but oxalic acid ( ) cyanie
0=C—0—H/’
acid (N=C—0—H), and formic acid (O=C—O0—H) are

|
H

organic compounds, because their molecules contain carbon
directly combined, in the first case with carbon, in the second
with nitrogen, and in the third with hydrogen.

The number of elements usually entering into the composi-
tion of organic compounds is very small.

A large number of these compounds consist of ecarbon united
with only one other element, either hydrogen or,rarely,nitrogen.

The members of another very large class contain only three
elements :—carbon, hydrogen, and oxygen ; earbon, hydrogen,
and nitrogen ; or carbon, nitrogen, and oxygen,

VOL. II. n



2 COMPOUND ORGANIC RADICAILS.

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

Some contain sulphur, chlorine, bromine, iodine, silicon,
phosphorus, boron, or metals ; but these are comparatively 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 (hydrocyanic
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,
i 5 Stearin o 1B s
o . Margarin o ol £ gt ”
7 ’ Albumen g 226" "
2 % Protagon 4 384

- 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 methylic 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,” because 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




NOTATION OF ORGANIC COMPOUNDS. 3

or more atoms of carbon of which one or more bonds are unsatis-
Jied ; and it is either a monad, dyad, §e. 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,
it combines with another group of atoms like itself, forming
a duplex molecule. 1t is only by this union of two semi-
molecules that the vacated bonds can be satisfied.

The following are two of the prinecipal series of compound
organic radicals :——

Monads. Dyads.

Methyl. .. Methylene... CH, or Me"*.

{cH {Me
Ethyl .. {g-}% or { Ethylene ... C,H, or Et".
Propyl ... { g { e

Butyl .. {gg“' or

Amyl ... {g*H“ or {ﬁi Amylede ... C,H,  or Ay".

Organic radicals are the analogues of the monad, dya.d,
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 eompounds 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 formul® ought to express,
as exactly as possible, how the elements are combined with each
other. Thus in a compound containing C,H,O., 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

Propylene... ‘G H, or Pr’.

Butylene ... CH, or Bu".

4
3
4
i

*. Only known in combination,

B 2



4 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
it is 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 organie
compounds.

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

H
1. The monadelphie, or marah-gas} I—-I"‘——
EY PO 5 v B s R R T . {r =
81
H:"H

b
2. The diadelphie, or methyl type ... H—C—C—II
: L
H
Nitrogenous organic compounds arrange themselves in the
most convenient manner under the two following types:—

H
3. The ammonia type ........ s ,#’I!q‘\
H' H
Cl
4. The ammonic-chloride typo ...... II——lll" —H
if i

In addition to these types a few others will be occasionally
necessary, such ag:—

LA ER
5. The triadelphic type ...... I—I—-br-ilj'-—jﬁ?—ﬂ

res] w6l
il
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H i31

| I |
6. The double monadelpbic type ... IIf—('J—O -—?—II

H I
H H
7. The condensed diadelphie or} é:é
olefing by po....ccoavvinsorans o Gl
H H

Double, and sometimes even treble ammonia and ammonic-
chloride types are required for certain compounds, but they
do not need special description here.

The above types are written symbolically as follows :—

1. Monadelphie type..........coccvuneens -CH..
2, Diadelphic Bype ... oevivemsasoncaa: { CH, .
. aaaEa 01{3
8. AmMMOnis: bYPe.:. . xivieescssivasresn N,
4, Ammonic-chloride type ............ N'H,CL
CH,
0. Triadelphic type ...ccoenvioiiaiiina CH.,.
I P on’
(CH,
6. Double monadelphic type .. ...... -G
| CH,
: . » [ CH
7. Condensed diadelphic type ....., ' { .
Ly CH,

Tn order to facilitate the use of these symbolic types, it is
advisable to become familiarized with the symbols of the fol-
lowing analogues of hydroxyl, in addition to those alrcady
given for inorganic compound radicals at p. 28 of vol. i, and
for the monad and dyad radicals at p. 3 of the present
volume :(—

Methoxyl ............ CH,0 or Meo.

Bhoxyl it C,H,0 or Eto.
Bropexxl. ., . ;e C,H.O or Pro.
Putoxy 205 2 C,H,O or Buo.

Amnoxyl: .. T C.H,,0Oor Ayo.
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Formul@ written on the triadelphic type can be reduced to
the diadelphic type, and those on the latter to the monadelphie
type, as follows :—

; CH
Fropylic g, — {CHEILE N ey 5 i rGRia
hydride. C'H CH, Fad 3
Tnm:lrlph:c Diadelphie. Monadelphie.

The above alternative monadelphic formula, although appa-
rently different, are in reality identical, as can be easily
proved by expressing both graphically, thus:—

H ; }11 | H

OMeH, = H-{‘:_ﬁ--c—f—c—-l[
5l g
e T
H H | H

| ssdlengl
CEtH, H—(0—C——C—H

I

I
H H : H

On the other hand, monadelphic formule, 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.

CEtH, CH, CH,

__[CPrH, | CH, CH, _ JCH,
f“‘l‘f’ﬂl{e— (Ghi=16m =<en =1<em
ormal butyl, or cEtII CH GII
LT T  CMeH, | 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-
thylated methyl.

Secondary and tertiary organic radicals (see p. 10) cannot
be completely developed vertically :—
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(CH, (CH,
CMcH, [CH, CH,
CEtMeT CMeH ) CMeH _ | CH(CH,) .
CEtMeH = ) CMeH = CMeH — \ CH(CH,)
methy. (Moleetiey ¢ CMeH, ngi | gi
(CH, CH,
CMe, _ JCMe, _ | C(CH)(CH,)
CMe, — CMe, — G[CII YWCHL,)
cHB :EI-
Trimethylated

methyl. (Molecule.)

It will be seen, on comparing the above formule with the
graphic representation of the respective compounds, that both
express the same ideas of constitution. Thus in the developed
symbolic formula of normal butyl it is evident that the two ex-
treme carbon atoms are each united with three atoms of hydrogen
and one of earbon, and all the intermediate ecarbon atoms with
two of hydrogen and two of carbon, exactly as shown in the
following graphic representation :—

MaaE BB o HoH H OH

e b e e e
H—U——U—U—C—;—U—{'J—U—C‘——H

i, e e e}
HHHH: HHHH

Normal butyl or propylated methyl. (Molecule.)

From the developed symbolic formula of methylo-ethylated
methyl, it is evident that the two central carbon atoms are
united with three atoms of carbon and one of hydrogen, that
the two extreme carbon atoms are united with one atom of car-
bon and three of hydrogen, that the intermediate carbon atoms
are joined to two hydrogen and two earbon atoms, and that the
remaining carbon atoms are each combined with one atom of
carbon, and three of hydrogen, thus:—
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19y 4 Jirgal
i H M
H—C—H
l
I

Methylo-ethylated methyl. (Molecule.)

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

H I 4
HoC—H H—0_H
H I |
1—1—111 ¢ ¢ Jl':_u {1
1L | i 1
HomalOH o ] O
I I

Trimeihylated methyl, (Malecule,)

oo

CLASSIFICATION OF ORCGANIC COMPOUNDS,

e s

The most important organic compounds can be convenicntly
divided into the following thirteen families : —

1. Organic radicals.
2, Hydrides of organic radicals.
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8. Aleohols.

4. Ethers.

5. Haloid ethers.

G. Aldehydes.

7. Acids.

8. Anhydrides.
9. Ketones.

10. Ethereal salts.

11. Organie compounds containing triad or pentad nitrogen.

12. Organo-boron and silicon compounds.

13. Organo-metallic bodies.

CHAPTER II.

ORGANIC RADICALS,
This family of organic compounds is divided into two
classes i —
Class 1. Positive radicals.
Class II. Negative radicals,

- Crass 1.
POSITIVE RADICALS,

Monads.
Methyl or (C,Ha.yy), Serics.
Vinyl or (C,H,,.,), Serics.
Phenyl or (C,H,,.,), Serics.
Dyads.
Ethylene or C,H,, Series.
Acetylene or C,H,,_, Series.
Phenylene or C,H,,_s Series.

Triads.
Glyceryl or (C,H,,_,)", Series.



10 ORGANIC RADICALS.

Crass 1.

POSITIVE RADICALS.
MONADS.
METHYL or (C,Ha.y,), SERIES,

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

Secondary, and Tertiary :—
General formulge.

: C(C,H,,,)H
1. Normal Radiecals ...... { C( Unqu+i) Hz

c { Gi:HE.ll-{- 1} g_H
C(C.H,p).H'

3. Tertiary Radicals ...... {gEG"Hﬂ""")“.

nt2n-41) 5

2. Secondary Radicals ... {

In the first of the above formulee » 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 zincic 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 radical: ethyl etho-dimethomethyl or ethyl
1soamyl :—

Ci, = CMe,Et

{CMEUL iy, = AROL G {CM@HE'

Chloride from Zincie Zincie Ethyl ethodime-
acetone, ethide. chloride. thomethyl

1. Normal Radicals.

This series contains the radieals of the methylic series of
alcohols.
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These radicals also enter into the composition of the normal
series of fatty acids.

The following list contains all the radicals of this section
that have been hitherto obtained :—

Bni_lil:f-
pointa,
Methyl ...... {ﬁ:’ or{ggz. o s s s iRy L NG T O WL
&
Bt CMeH, H, !
Byl e {Et’ or {GHEH; Or) GH. about —23°,
: CH,
(CH,
' Cli,
Propyl .. copees { gﬁ, r { ggﬂr‘; or< gl}_E ............ +68°
“h OHE
 CH,
Bubgl v {%ﬂ, or {gg;gé ........................ 119°,
Ay CBuH o
2T S {A}r’ or { GBuH: ........................ 159°,
Caproyl ...... {gg, nr{gig’;gﬂ e R RN | L
2

Preparation—1. By the action of zinc on the iodides of the
normal radicals :—

_ [C(C,H,)H

2C(C,.Hy)HI + Zn = Znl, -+ 1C (G“H:.:I)H:'

Part of the liberated radical is at the same time decomposed
into the hydride of the radical and the corresponding dyad
radical :—

C(C.HyH, _ [C(CH,.)H i
(S = (85" + ey

A remarkable special method for preparing ethyl consists in
exposing mercury and ethylic iodide to the influence of sun-
light :— 1

2EtI + Hg = Hgl, + Et.

Ethylic Mercurio Ethyl,
i&dfde. iodide, Y
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2. By the electrolysis of the salts of the normal fatty acids.
In this process, nascent oxygen acts upon the fatty acid, con-
verting its oxatyl into carbonie anhydride, the positive radical
being set free :— s

C (Un-ﬂ':'u-;- ) H L C( G..I'I:-n-i- )Hg
2 { 0 ; : + D { c{ollHﬂn-l-:)Hz

COH
Fatty acid. Radical,
+.2C0, + OH,
Carbonic Water. -
anhydride.

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

Mol 4+ Hily!li 'Zm = "Zml Vope {}Iﬁf
S fotie. el
ETHYL.

1|{ IFI I

CMcH Al e
{GMCHZ II“'L]"{'“;“L[—%-*II

' H HY HH

Molecular weight =58, Molecular volume [1]. 1 litre qf
ethyl gas weighs 29 criths. Boils at about —23° C.

Preparation.—DBy digesting together in a close vessel at 120°
ethylic iodide and zine, the reaction being similar to that
between hydriodic acid and zine ;—

/, TR .y SRR T { I
Hydriodic Zingio Hydrogen,
acid. iodide.

= Eb

7n 4+ 2B = . Zml o { B

Ethylie Zineic Ethyl.

iodide, iodide.
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2. Secondary Radicals.

Two secondary monad positive radicals are known :—
Tsoprapyl........c... {CMEEH .................. boils at  58°
A CMe, I

-.e's.m}'l-isuprﬂpyl {gﬁfﬁf}{ st shdmradosoy i 210°

VINYL SERIES.
C(C,H,,_)H,
C(C,H,,_)H,

The first member of this series, vinyl, has not yet been
1solated.

General formula... {

ALLYL.
C.H, C(CMe"H)H,
C,H, 7 | C(CMc"H)H,
H: 0
i sl
H—(C—C—(C——(C—-C—C—H
3l e it
HeH - B i .
Molecular weight =82. Molecular volume [1]. -1 litre of
allyl vapour weighs 41 criths. Sp.gr.0°684. Boils at 59°.
Preparation—By digesting allylic 10odide with sodium, and
then distilling :—
' " C(CMe"H)IT .
Na, + 2C(CMe"H)H,I = {c(c:Mu“H)H: + 2Nal.
Allylic iodide. Allyl, Sodie fodide.
Character.—Bromine and iodine unite directly with allyl,
producing allylic tetrabromide and tetriodide. In these com-
pounds the molecule of allyl plays the part of a tetrad radical.
- Inallylie tetrabromide, four latent carbon bonds in the mole-

cule of allyl have become active, and have united with four atoms
of bromine :—

C(CMe"H)H, C[C(CH,Br)BrH]H,
{G(UM{:”HJH, Tl S {G%CEOH,Br}ErH]H;
- tAllyl Allylic tetrabromide.
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An avalogous case is met with in ferric chloride, where two
tetrad atoms, united by one bond of each, become together
hexadic :—

FeCl,
FeCl,
Allylic monobromide can only be obtained by the action of
phosphorous tribromide on allylic aleohol :—
3C(CMe"H)H,Ho + PBr, = 3C(CMe"H)H,Br

Allylie aleohol. Phosphorous Allylic monobromide.
tribromide.

+ POHHo,

Phosphorons acid.

PHENYL SERIES.

Greneral formula ... { g:g::: ,

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

Phenglt L. 51 o bsandan o { gEII:II:
C H Me
HBhE] el ot s h bt s it { CH M
CH,(C,H))
Benzyl ..ol bbb {CH,(U“H::)'
{CA'_V-
L) GH
< CH
Amyl benzol or amyl phenyl... CH,(C;H,,) =1 cH
CH
"CH -
u{ CA.? -
{oH
Amyl toluol or amyl benzyl... C,H (CH,)(C,H,) =" cg
|CH
"1CMe-
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w1 CAY
CH
CH
Aniyl xplallc . ... . Carap.om CGH:,{CH,),(CEH”)="{cH :
CMe
”.:GMU—
PHENYL.
C.H,
CH
Hiisils ovipouHish H
Lol i ol o
0=C i (=0

{3 \
F S C—H
LA o e Sl
c—Cc : C—-C

i od oo

Molecular weight =154. Molecular volume (1. 1 litre of
phenyl vapour weighs 77 criths. Fuses at 70°. Boils at
240°,

Preparation—By the action of sodium on phenylic bro-
mide :—

9CHBr + Na, = {gﬁﬁ + 9NaBr.
Phenylic bromide. P]'.l:n}']:: Sodic bromide.

Reaction.—By treatment with bromine, phenyl produces
bromphenyl and hydrobromie acid :—

C.H C,H Br
{ on’ + B = {c,_.,HjBr + 2HBr.

Phenyl. Bromphenyl. Hydrobromic
acid,
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CHAPTER III.

POSITIVE RADICALS.
DYADS.
ETHYLENE or C, H.,, SERIES.

Preparation.—These compounds are produced as follows :—

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

2. By the abstraction of the elements of water from the
normal monohydric aleohols of the methylic serics, as for in-
stance :—

CH D [ OH
{cHzHEI T {GH: + OH,.
Ethylic aleohol. Ethylene. Water.

3. By passing the vapours of the haloid compounds of the
normal monad radicals of the C,IL.,,, series over heated lime,
thus :— ' |

o RO o =< |
{CH:CI 5 {c:H, oL
Ethylie Ethylene. Iydrochlorie
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 :—

C(CH,)H, _ , [CH CH,
{ C(CE)H, -= { cH, T 1cH

Ethyl. . Ethylene. Ethylio
hydride.

5. By the action of the iodide of a monad radical on {he
sodium compound of a monad radical : —

CH cH ! . [ CII CH
{GH:I &+ {CH:Na = Hal U {CI{: T {cH;
Ethylie Bodic Bodie Ethylene. Ethylio
iodide. ethide, iodide. hydride.
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6. Methylic iodide and allylic iodide dissolved in ether and
digested with sodium in sealed vessels produce methyl-allyl, an
isomer of butylene :—

CH“ ri{g%‘z
CHI + ch + Na, = 2Nal + {cH'

CH,I E'Hj
3};&;}1 el:iﬂ ﬂi,:iléﬂl! Methyl-allyl.

7. By the action of zincic ethide on allylic iodide, ethyl-allyl,
isomeric with amylene, is obtained :—

H CHE
(CL (CH, |'{ CH
ZnEt, + 2"ICH = 2Znl, + 2"]JCH or jCH;
tomI {CH, Bt j CH.
cH,
amde, todlde. fodide. T

8. By treatment of vinylic bromide (brominated ethylene)
with zincie ethide, ethyl-vinyl, isomeric with butylene, is pro-
duced :—

J‘ch
"CH "CH CH
ZnEt., + 2{ = Znbr. + 2 or 2
- CH,Br CH.Et | CH
CH.
Zincic Vinylic Zinei Ethyl-vinyl.
ethide. bromide. bromide.

Methyl-allyl differs from ethyl-vinyl.
Character.—The lower members of this series of dyad radicals
are gaseous, the higher solid, and the intermediate ones liquid.
The following list includes the known dyad radicals of this
series, together with their fusing- and boiling-points :—

Fusing- Boiling-
point.  point.

Hthplenat .00 SR EHY UL —

Feopylane 0 ISR S Ao bnligerg
Pseudobutylene ............... CH; ...... — — 70
E- ] i o - SRR 5 £ . 140 — = 50
Butylene ™. LA 4. ... LS CH. . — + 30
Amylened il ... L R G ... N L8
Hexylene ol o). . Lon. sl D 1 — -390

VOL. IL. C
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Fusing- Boiling-

point.  point.
Heptylene or (Enanthylene... CH,, ...... 550°
Octylene or Caprylene......... GH. — 950
Ianylene .....oss e CGH., — 125
Paramylene thiae 90 A8 cH,...——
3 T L TR tal 1 5 8 1 . H s —_—
Geiioliene i daaself o osiey G Hanbh 57° 275
Melene <oty o G H e UG R o

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

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

CH,CI "CH
Ethylenic Potassic Potassie ¥Yinyhe chloride, Water.
dichloride. hydrate. chloride. or chlorinated

ethylidene.

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

{ CHCICI
CH,CI *
which, by further treatment with aleoholic potash, yields dichlo-
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 :— |

" {C}H2 { CH,ClI { "CH { CHCICL {CHCIGI

CH. |CHClL |CH(C |CHCI "GH
CICIC] { "CCl [ CCIC, { cCl,
CHCIClI |CHCI, |CHCICl 1”CCl

——
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Tetrachlorinated ethylidene absorbs two additional atoms of
chlorine, producing the solid dicarbonic hexachloride :—
C(l,.
CCl,

Dicarbonic hexachloride.

2. The dyad radicals of the ethylene series can be transformed
into the monad radicals from which they are derived If ethylene
be digested with hydriodie acid for 50 hours at 100° C., it is
transformed into ethylic iodide :—

e L owmo- (SN, |
2
Ethylene. H}'i!;iigdic Eigﬂf

From this, ethyl may be prepared, as snown at p. 12.

Isomerismof ethylene and ethylidene compounds.—The chlorides ¢
of the dyad radicals are isomeric :—

1. With the chlorides of the monochlorinated normal monad
radicals.

2. With the chlorides derived from the aldehydes, which,
however, are identical with the chlorides of the monochlorinated
normal monad radicals :—

CH,Cl CH, CH,
CH.Cl CHUI, CHOL,
Ethylenic Ethylidenie diehlo- Honﬂchlormated
dichloride. ride (obtained from ethylic chloride.
aldehyde.)

These substances, when treated with alcoholic potash, all [
yield the same vinylic chloride :—

CH,C1 L PTEH

thi- i.emﬂ Potassie Vinylic Water. Potassie

dichloride. hydrate. chloride, chloride,
CH, ; GH
KHo =
Monochlori nal;ed Potassic Viny In:r Water. Potassic
cthylic chloride, or hydrate. hlor g
Eth_}'llflm:ilc iollos” ¥ chloride, chloride.
ride

But certain compounds of ethylene yield paralactic acid,
whilst the corresponding compounds of ethylidene give lactic
c2
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acid. The boiling-points of their chlorides also differ, ethy-
lenic dichloride boiling at 85° whilst ethylidenie dichloride
boils at 64°; on the other hand, ethylenic oxide boils at 185,
whilst ethylidenic oxide (aldehyde) boils at 20°.

The oxides of the dyad radicals are isomerie :—

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-
mulse :—

{cmo CH, {”GH
CH, coH CH,Ho'
Ethylenic Acetic Vinylie
oxide. aldehyde. aleohol.
ETHYLENE.
H H
b il
1 {g% O 85

L_ |

=

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 :—

Fi CH2 e
{Gm = S
Ethylene. Marsh-
gas.

2. Burns in chlorine with deposition of earbon :—
{gﬁ 420, = .0, ;7| 4HCL
Ethylenﬂe, Hydrochlorie

acid.

3. Ethylene when agitated with solution of potassic perman-
ganate is oxidized, oxaiic acid, formic acid, and carbonic anhy-
dride being formed :—

—
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COHo
cﬂHi “‘I' 05 = { cOHﬂ' + OH!‘
Ethylene. qu.{]:lli-: Water.
H
cg:{‘]; + Oﬁ e GDHO + 002 + OHE'
Ethylene. Formie acid. Carbonie Water.
anhydride.

Ethylidene, the isomer of ethylene, has not yet been isolated,
unless the hydrocarbon C,H, derived from the transformation of
ethyl is this body. The constitutional formula of ethylidene is

i

¢H, | “H=C"H
"CH ™ |
H—C
Q

ACETYLENE or C,H,,_ . SERIES.

Acetylene is the radical belonging to this series which is
| best known. The series comprises the following members :—

ARERFIBRG. . i CH,.
7.1 0l Lot e et el e CH,
Orotorylene .. 7 ki CH..
L1 Y e T T e e SRR TR C.H..

These radicals stand in the same relation to the aleohols of
the vinylic series as ethylene bears to ethylic aleohol. They
are also probably capable of assuming tetrad functions.

ACETYLENE.
=y
i "CH —0—C—H or -—C—C—H
cﬂHaor,{”CH‘ B0 C—H or B=00

Molecular weight =26. Molecular volume [T ]. 1 litre weighs
13 eriths.
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Preparation.—1. By synthesis from ifs elements. When an
electric arc 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 :—

UK. O e tEe S R,
Potassic Water. Acetylene. Potassie
earbide. 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, + 3H,.
Marsh-gas, Acetylene,

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

ness :—

9CHCl = CH, 4+ 2HCl + H.
Methylie Apetylene. Hydrochlorie
chloride. acid.

5. By passing the vapour of chloroform over ignited copper :—

2CHCl, + Cuy, = CH, + 3Cu Cl.
Chloroform. Acetylene. Cuprous
chloride.
6. By the action of calcic carbide upon water :—
CCa + 20H, = CH, + CaHo,.
Caleie Water. Acetylene. Calecic
carbide. hydrate,

7. From vinylie bromide, one of the derivatives of ethylene,
acetylene may be obtained by the action of alcoholic potash :—

CHBr + KHo = CH, + KBr 4+ OH,
Vinylie Potassie Acetylene, Paotassic Water,
bromide. hydrate. bromide.

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

4CH, + 380, = 2CH, 4+ 60H,:
Marsh-gas. Acetylene. Water.
SOH, + O = sCH S oam.
Oleflant gas. Acetylene. Water.

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

C,Cu’ H Cu—Cu Cu-Cu
taining 4 O : L [ %7
C,Cu H H--(C—C—0—C—C—-H
L e
C,Cu H
2Ca'Cl, + 2CH, + OH, = 40 + 4HCL
C,/Cu' H
chipride. 01 B e 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 ecuprosovinylic ether with
hydrochloric acid, pure acetylene is evolved : —

'Con' H

0 + 4HCl = 2CH, + 2Cu(, + OH,
C,Cu H

Cuprosovinylic Hydrochlorie Acetylene. Cuprous 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,CuH

0 L, OO = ey | eskdanad O

C,Cu,H

Guprg:ilo;:fwhﬂ Acetylene. ater.
ﬂ.nctylene Eth}*lme

2. Aeety]ene is absorbed by aulphunc acid, producing vinyl-
sulphuric acid :—

CH, + SOHo, = S0,(C,H,0)Ho.
Acetylene. Sulphurie Vinyl-sulphurie
acid. acid.

.'."! =

-
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3. Acetylene unites with bromine, forming acetylenic dibro-
mide :—

e 0 W R T
Acetylene. Acetylenic
dibromide.

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

" CH o COHo
{CI—I ity 20 = {COHn'
Acetylene. Oxalie acid.

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

. [CH H
{01{ fioad e B {COHn +CO0..
BROMACETYLENE.
C,HBr.

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

CHBrBr _ :
{CHBrBr = HBr 4 Br = (CeB
Dibromethylenic Hydrobromiec Bromacetylene.
dibromide. acid.

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.H,.
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POSITIVE RADICALS.
TRIADS.

These radicals are unknown in the separate state, unless they
are identical with the dyad radicals of the acetylene series :—

cH = {{Gm~
Acetylene. Formyl.

They are, however, well known in a numerous class of com-
pounds belonging to families which will be studied hereafter.

CHAPTER IV.

ORGANIC RADICALS.

Crass I1.
NEGATIVE RADICALS.

Every positive radical may be looked upon as the source of a
negative radical, which is generated by displacing a portion of
the hydrogen of the former by oxygen. Thus:—

Ethyl {gﬁ_}.s yields acetyl {GZH 0

C.H,0
L R -
3 472

Ethylene (CH,)" , glycolyl (C,H,0)".
Propylene (C,H,)" , lactyl (C,H,0)".
b 1 malun}rl (caHzon)”‘

The constitution of the so-called compounds of these negative

radicals may, however, be more simply explained from another
point of view ; and, in fact it will rarely be necessary for us to
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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:—

Cytmogan, K { gﬁ’”‘ N—C——C—N
T

=0 00

Oxatyl, the molecule
of which is dry {gggg il
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 carbon, 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
cyanogen be dissolved in water, it is soon transformed into
ammonic oxalate :—

CN" _ [CO(N"H,0)
{GN”' A O = {co(Nijoy
Cyanogen. Water. Ammonic oxalate,

In the presence of potassic hydrate, cyanogen evolves ammonia
and produces potassic oxalate :—

CN"™ K COKo NH
{ cNH! + 2 0 "'l" EG:EI2 — { OOKD + 2 "
Cyanogen, Potaesic Water, Potassic Ammonia.
hydrate. oxalate.

From these salts, oxalie acid, or the molecule of oxatyl, may
be readily obtained by the action of sulphuric acid.
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In the converse manner, oxatyl may be converted into ecya-
nogen, by transforming it into ammonic oxalate and submitting
this salt to the action of heat :—

¥ Fir
{CD(N HO) o 10H, + {CN

CO(N'H,() CN""
Ammonic oxalate, Water. Cyanogen.

CYANOGEN.

{ gg;u or Cy..
Molecular weight =52.  Molecular volume [ 1 ). 1 litre weighs
26 eriths. Fuses at —34°. Boils at —20°7.

Occurrence.—Amongst the gases of blast furnaces,—a proof
of 1ts withstanding an extremely high temperature.
Preparation— By the action of heat on mercurie cyanide :—

HgCy, = Hg + Oy,

Merenrie Cyanogen.
cyanide.

This equation only partially expresses the reaction, as a brown
non-volatile compound (paracyanogen), Cy,, is simultaneously
produced.

Reaction.—Cyanogen unites directly with potassium :—

Cyanogen. Potassic
cyanide.

HYDROCYANIC ACID.

{ 1%0 or HCy.

Molecular weight =27. Molecular volume [1). 1 litre of hy-
drocyanic acid vapour weighs 13°5 eriths. Sp. gr. of liquid
0-7058. Fuses at —15° Boils at 26°5.
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Preparation.—1. In the anhydrous condition, by passing
hydrosulphuric acid over mercurie cyanide :—

Heg(Cy, + SH, = HgS' + 2HCy.
Mercuric Sulphuretted Mercuric Hrﬂ.m-c&'i:anic
cyanide. hydrogen. sulphide. aci

2. By distilling potassic eyanide, or ferrocyanide, with dilute
sulphuric acid :—
2KCy + S8SO,Ho, = 2HCy + 80,Ko,

Potassic Bulphurie de.rmlfanic Potasssic
cyanide. acid. acid. sulphate.

3. By passing nitrogen over an ignited mixture of potassic
carbonate and carbon :—

COKo,: ++0, it . = 2F0y L B0
Potassic Potassic Carbonic
carbonate, cyanide, oxide.

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

4. By heating fogether an alcoholic solution of ammonia,
chloroform, and potassic hydrate :—

NH, + CHCIL, + 3KHo = 3KC(Cl + NCH + 30H.,.

Ammonia. Chloroform. Hrﬂmcgﬁnic
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 :—

H
L AV {co(szp).
deroﬂanic Water. .%_mma;;ia

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

NOH '+ 205 b il .= {EDHU + NH,CL

Hydrocyanic Water. Hydrochlorie Formie Ammonie
acid. acid. acid. chloride.

3. The displacement of the hydrogen in hydroeyanic 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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Single Cyanides.

Potasgieeyanide. 2 o/ 0L L B LHR, KCy.
Znnpieseyamide b o el e e Zn(y,.
Eadmiieeyatiide™ t. L LRI RN AN CdCy .
Nigkelous eyamide )., .. o0 liiinaalie NiCy,.
Arsentic eyanidet 1. L0 MU TR AgCy.
Mercuria opanide .00 00 UL R A Hg(Cy,
siHronscygmdent )., ST IR AuCy.
Saprotd eyamide I, 0T 0L AN E o O,
Hereoas eyanider. . bl A R Fely,.
Eobalteusieyanide .. .. ...ooi ol i, CoC(y..
Double Cyanides.

Dipotassic zincic tetracyanide ............... K/Zn", Cy,.
Dipotassic cadmic tetracyanide ............ K,Cd", Cy,.
Dipotassic nickelous tetracyanide ......... K, Ni", Cy,.
Potassic argentic dicyanide .................. KAg, Cy,.
Potassic aurous dicyanide..................... KAu, Cy,.
Potassic auric tetracyanide .................. KAu", Cy,.
Dipotassic cuprous tetracyanide ....... e Gy Ey
Dipotasssic platinous tetracyanide ......... E . Cy,.
Tetrapotassic diplatinic decacyanide ...... K, Pt".Cy,,.
Tetrapotassic ferrous hexacyanide. (Po-

tassic ferroeyanide.) .............c..ooee... K,, Fe"Cy,.
Hexapotassic diferric dodecacyanide. (Po-

fasgic ferrieyanide.) .............c..i.o..e. o= Fe Oy
Hexapotassic dicobaltic dodecacyanide.

(Potassic cobaltieyanide.).................. K, 'Co" Cy,..
Hexapotassic dichromic dodecacyanide ... K, 'Cr"”,Cy,,.
Hexapotassic dimanganic dodecacyanide... K /Mn", Cy,.

The cyanides of the alkali metals when fused in contact with
air, absorb oxygen, producing cyanates :—

KCy + 0 = CyKo.
Potassic Potassic
eyanide. eyanate.

Some of the single eyanides, as potassic cyanide, are readily
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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 solufions of
the alkaline eyanides, forming double eyanides. Some of these
double compounds, when acted upon by hydrochloric acid, evolve
hydroeyanic acid, producing chlorides of both metals, as in the
case of dipotassic zincie tetracyanide. These are called easily
decomposable eyanides, and are indicated in the above Table by
the comma being placed between the eyanogen and the metals.

Other double cyanides do mnot evolve hydrocyanic 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
Kﬁr ) Bmscjr 12°

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

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

Fe + 6KCy + OH, + O = K/,Fe'Cy, + 2KHo.

Potassic Water. Potassic Potassic
cyanide. ferrocyanide. hydrate.

2. By digesting potassic cyanide with ferrous sulphide :—

FeS' + 6KCy = KFe'Oy, + SK,
Ferrous Potassic Potassic Potassie
sulphide. cyanide. ferrocyanide. sulphide.

3. On a manufacturing seale it is prepared by fusing nitroge-
nous animal matter with potassic carbonate and iron filings in
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iron vessels, lixiviating the resulting mass with water, and crys-
tallizing.
Reactions.—1. Potassic ferrocyanide, when fused with po-
tassic carbonate, forms potassic eyanide and cyanate :—
Fe'Cy,K, + COKo, = 5KCy + CyKo + Fe + CO,.

Potassic Potassic Potassic Potassie Carbonic
ferrocyanide, carbonate. cyanide. cyanate. anhydride.

2. By mixing solution of potassic ferrocyanide with ether and
hydrochloric acid, hydroferrocyanic acid is preeipitated :—

Fe'CyK, + 4HCl = 4KCl + Fe'CyH,
Potassic Hydrochlorie Potassic Hydroferrocyanic
ferrocyanide. acid. chloride. acid.

3. Potassic ferrocyanide produces, with solutions of ferrous
salts, a light-blue precipitate, which rapidly becomes dark blue
in contact with the air:—

Fe'Cy, K, + 8SO,Feo” = Te"CyJFe'K, + 80,Ko,
Potassic . Ferrous : Light-blue Potassic
ferrocyanide. sulphate. precipitate. sulphate.

~ 4. With ferric salts it gives prussian blue :—
3Fe'Cy,K, + 2Fe(l, = 8Fe'Cy,2Fe” Oy, + 12KCL

Potassic Ferrie Prussian blue. Potassic

ferrocyanide. chloride. chloride.

5. With cupric salts it gives a red precipitate of cupric ferro-
eyanide :—

KFe'Cy, + 280,Cuo” = Cu"Fe'Cy, + 280,Ko,.
Potassic Cupric Cupric Potassic
ferrocyanide. sulphate. ferrocyanide. sulphate.

POTASSIC FERRICYANIDE.
K, 'Fe",Cy,, or K Cfdy.
Preparation.—By the action of oxidizing substances, such as
chlorine or mitric acid, on potassic ferrocyanide :—

I B0y, + O i=nKTe" 0y, + 2K

Potassic Potassie Potassic
ferrocyanide. ferricyanide. chloride.
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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",Cy,, + 880,Ko,.

Potassie Ferrous sulphate. Turnbull's blue, Potassic

ferricyanide. sulphate.

OTHER COMPOUNDS OF CYANOGEN.

There are three isomeric chlorides of eyanogen :—

CyCl. Cy.CL. Cy,CL.
Gaseous. Liguid. Solid.
The molecular volume of all three eyanic chlorides is [T ].
1 Litre of gaseous cyanic chloride weighs ............ 30-75 eriths.

1 litre of vapour of liquid eyanic chloride weighs... 615
1 litre of vapour of solid cyanic chloride weighs ... 92°25

Cyanogen produces, with hydroxyl, three isomeric acids and
an isomeric neutral body :—

Cyamice aeid 500 w000 CyOH or CyHo.

Cyanuric acid ............... Cy,0,H, or Cy,Ho,.
Fulminurie acid ............ Cy,0,H, or Cy,Ho,.
Cyamelide: .. ...coceniin: Cy,/0,H, or Cy,Ho,.

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

yK + 8 = OyKs.
Potassic Potassic
cyanide. sulphocyanate.

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

OXATYL.

COHo
COHo’

This radical, in the isolated condition, constitutes dry oxalic
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acid ; and in combination with hydrogen and other radicals it
enters into the composition of nearly all organic acids. Acids
containing one semimolecule of oxatyl are monobasie, those
containing two are dibasic, and those containing three are tri-
basic.

The relations between methyl, oxatyl, and cyanogen are very
simple :— |

H o
H“_C'—""—C—H{ d, R e e s { = il
| oot el bbb b 1
H s H Methyl. Cyanogen.
Sty B o [ QO
O_(ﬁ—f Il:lj 0 { COHo
0 O Oxatyl
I i

i
1 A

In methyl the two carbon atoms are united together by one
bond of each, the remaining three bonds of each atom being satu-
rated by three atoms of hydrogen. In cyanogen the carbon
atoms are united in the same manner, but the three remaining
bonds of each carbon atom are saturated by triad nitrogen ;
whilst in oxatyl the three remaining bonds are saturated with
the dyad element oxygen and the monad radical hydroxyl.

Oxatyl has not been united with chlorine to produce oxatylic
chloride (COMoCl); nor has its hydroxyl been replaced by

chlorine to form gg% ‘When treated with phosphorie

chloride, 1t yields carbonic oxide and carbonic anhydride :—

COHo

Oxatyl. Phosphorie Carbonic  Carbonie Hydrochlorie  Phosphorie
chloride. oxide, anhydride. acid. oxytrichloride,

{OOHG + PCl, = CO + CO, + 2HCI + PO,

vOL. II. D
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0XALIC ACID.

COHo
COHo

Oceurrence.—In the form of the hydrie potassie saltin Ozalis
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 cyanide. (See pp. 26 & 28.)

2. By passing carbonic anhydride over heated sodium :—

20H, (erystallized).

=
360, 4 .Na, = { e
“Carbonie Bodic oxalate.

anhydride.

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

4. By beating 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
formie acid :—

COHo . H

{CDHu =10 SR R {COHD'

Oxalic acid. Carbonie Formic acid.
anhydride.

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

H
{co}ro =' OH,” 4 0.

Formic acid. Water. Uaﬂ_mnic'
oxide,

2. Substances having a strong attraction for water, such as sul-
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phuric acid, transform oxalic acid into water, carbonic oxide,
and carbonie anhydride :—

COHo
{COHU S 0 GO ASE O,
O=xalic acid. Carbonic Carbonie Water.

oxide. anhydride.

3. Heated with an excess of alkali, oxalic acid (or an oxalate)
yields hydrogen and a carbonate :—

COKo )

{coxu L SR HA ! = OO, . L
Potassic FPotassie Potassic

oxalate, hydrate. earbonate.

4. Argentic oxalate explodes when heated, producing silver
and carbonic anhydride :—

COAgo _
{COﬂgo =2 e g
late. sahydride.

Salts of' Oxalie acid —Oxalic acid forms three series of salts :—

Normal, Acid. Superacid.
COKo COHo COHo COHo
{ COKo { COKo COKo | COHo
COHo
CO
{ggBan'ﬂ ﬁ Bao" .
CO
L COHo

OXAMIC ACID.
{CO(N'”HE) = {com

COHo COHo
Preparation.— By heating hydriec ammonie oxalate to 230° :—
CO(N'HO) _ CO(N""H,)
{C‘OH‘G = {OOHG g i
Hydric ammonie Oxamie acid. Water.
oxalate.

Reaction.—By boiling oxamic acid with water it is retrans-
formed into hydric ammonic oxalate.
| D 2
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0XAMIDE.

CO(N"H,) {CO&&
{CO(N'”H) COAd

Preparation.—1. By distilling normal ammonic oxalate :—
CO(N'H,0) _ CO(N"H,)
{ COo(N'H,0) = 20H, + ][ CON"H.)"
Normal ammonie Water. Oxamide.
oxalate.
2. By acting upon ethylic oxalate by ammonia :—

COZEto 2 CO(N"H,)
{ GDEt{] + EHHE — { CU{N'”HZ) "l"' 2EtHD.
Ethylic Ammonia. Oxamide. Aleohol.

oxalate.
Reactions.—1. Oxamide, when heated with phosphoric anhy-

dride, evolves ecyanogen :—
COINSH). S CN"™

{ CD(NFHH:) : = 20H2 + { GNIH -

Water. Cyanogen.

O=xamide.

2. Dilute acids convert it into oxalic acid and ammonic

salts :—
CO(N"'H,) _ [COHo
Water. alic acid.

Bulphurie acid.

+ SO/(NVH,O0)..

Ammonic sulphate.

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

Oxamide.

CO(N'MeH,0) CO(N""MeH)
{ CO(N'MeH,0) = 20H, + {gp(f;”a{gj{)'
imethyloxamide.

Methylammonic oxalate. Water,

CONPRH,O) . oo 4 {CO(N”’PhH)
{CO(N'PhII 0 ki : CO(N"'PhH)"
Diphenyloxamide.

Phenylammonic oxalate. Water.
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CHAPTER V.

HYDRIDES OF THE ORGANIC RADICALS.
This family is divided into two classes :—

Class I. Hydrides of the Positive Radicals.
Class II. Hydrides of the Negative Radicals.

Class 1.
HYDRIDES OF THE POSITIVE RADICALS.

Two series of hydrides belonging to this class are well known ;
they are :—

1. Hydrides of the Radicals of the Methyl series.
2. Hydrides of the Radicals of the Phenyl series.

1. HYDRIDES OF THE RADICALS OF THE
METHYL SERIES, Marsh-gas or C,H,, . Series.

There is some difference of opinion as to whether these com-
pounds are identical or isomeric with the radicals of the methyl
series. Thus methyl and ethylic hydride both contain CH,,
and ethyl and butylic hydride both contain C,H,,. The graphie
formule exhibit no difference between these pairs of bodies re-
spectively. Thus:—

a H b H -:-r H HZ H H
&g 3L g o
Hifvg b gy H! _(, U——'—C‘—Cm}{
it | a‘ vl
B S H \ H I{ e - E
Methyl or ethylie hydride. Ethyl or butylic hydride.
These formule do not show us whether the molecule of

methyl or ethylic hydride will separate at @ and so be represented

by the formula {E(UH“)H*, or at b and so be written thus,
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{g%ai or whether the molecule of ethyl or butylic hydride

5 C(C,H,)H
H

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

gggg:g% . 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. Thereis 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 :—

when it should be represented by {

Zn (Uqun+1}g -+ EOHH — anﬂz o} 2 { %Hz,ﬂ-l :
Zine compound Water. Zincie Hydride of
of radical. hydrate. radical.

The corresponding compounds containing 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
ZIne :—

2{ft + Zn = ZmI, + CHa + {g' ™"

R E i T
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
also 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, &ec.

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

Boiling-points.
Methylic hydride, orMarsh-gﬂa' ......... MeH or C H,
Ethylic hydride ... s ibsn e siuaasvanas JOGEL 0D O H
Propylic or tutjhc h}rdndf: e, ErH. oF G, Ho
Butylic or tetrylic hydride ............ BuH or C, Hm slightly above 0°
Amylie or pentylic hydride ............ AyH or G H,, 30°
Hexylic or caproylic hydride ......... CpH or Gf_ H,. 68°
Hapiplio hydrida e lih. onietiidndus OEH, 92- 04°
Slntplicibpdride . .civseedeensnsessimmennasansseasse i nlBgilg | 1161187
N oy s axeasannnasanansnannnan ' My o 136-138°
Decatylic hydride ....ccccenoienmasaisrndesersisssisse - Cyplie  160-162°
Endecatylic hydride .........cccnssemencacnnnesanases Oy Ho, 180-184°
Dodecabylio bydride .........cciccoseesanrenesanaeess (G, 196-200°
Tridecatylic hydride .....c.ccasesmmensnancrnnnnensenn O Ho,  216-218°
Tetradecatylic hydride ....c.c.comniiinnanrinnecnnnes CpgHy,  236-240°
Pentadecatylic hydride .....ccocavsresessernssenneess Oy 256-260°

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

Molecular weight =16.  Molecular volume (1. 1 litre weighs
S criths.

Occurrence.—1. As a product of the demmpnﬂltmu 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 :—

Cox, + KHo = COKo, + CH,
Potassic Potassie Potassic Methylig

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

CCl, + H, = 4HCI + CH,:

Carbonic Hydrochlorie Methylic

chloride. acid. hydride.

CHCl, + H, = 3HClI 4+ CH..
Chloroform. Hydrochlorie Methylic
acid. hydride.

4. By passing carbonic disulphide and hydrosulphuric acid,
or carbonic disulphide and steam, over ignited copper :—
Cs", + 28H, + 4Cu = 4CuS" + CH,.

S e St

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

Reactions.—1. When equal volumes of methylic hydride and
chlorine are exposed to diffused davlight, methylic chloride is
formed :—

OH, 0. = HOlL+ o=
Methylie Hydrochlorie Methylic
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 + CH, + CMeH.,.

Bodie ethide. Ethylie Bodie Ethylene. Ethylic
wdide, iodide. hydride.




AMYLIC HYDRIDE. 41

Reactions.—1. When equal volumes of ethylic hydride and
chlorine are exposed to diffused daylight, the following action
takes place :—

CMeH, + C], CMeH,C1 + HCL

Ethylie B Ethylic Hydrochlorie
hydride, chlorde, acid.

A small portion of the body CMeH (I is ordinary ethylic
chloride, which is aliquid, boiling at 12°:5; but the rest is a gas
which does not condense at —18°,

2. When a mixture of two volumes of chlorine and one of
ethylic hydride is exposed to the action of diffused daylight, an
oily liquid having the composition of ethylenic dichloride is
formed :— -

CMeH, + 2Cl, = CHJCL + 2HCL

Ethylic : Hydrochloric
hydride, acid.

Il

AMYLIC HYDRIDE,
C.H,, or CBuH,.
Molecular weight =T72. Molecular volume [T]. 1 ltre of
amylic hydride vapour weighs 36 eriths. Boils at 30°.

Occurrence.—In petroleum and coal-oil.
Preparation—By digesting zinc and amylic mdlde with
water or aleohol at 100%:—

2CBuHI 4 2Zn + 20H, = 2CBuH,

Amylie Water. Amylic
iodide. hydride.
+ ZnHo, + Znl.
Zincie Zincie
hydrate. iodide.
PARAFFIN.
CnHﬂn-i—E*

This body is produced, together with numerous other com-
pounds of a like nature, by the destructive distillation of bog-
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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 it
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 distinct 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, Bp. gr.
Penbal........ 5. C, H, 600
Benzol ! s woIH, 805 0-85
Malitals .t C,H, 1100 087
Kewlal = CH, 1285 ——
Cumal .00 G HL 1485 0-87
Cymol." . ot C.H, 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
{c’%{ﬁ‘a* i s = QUka {%H*"-?.

Potassic salt. Potassic Potassic Hydride of
hydrate. carbonate. radical.

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

Methyl-phenyl, C 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 anbydride, and terephthalic acid :—

CHEt, + 120 = CH,(COHo), + 2CO, + 4OH,.

Diethyl benzol, Terephthalic acid.
Oxidized with dilute nitric acid, it gives ethylbenzoic acid .—
CHEt, + 60 = CHEt{(COHo) + 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 I, Me,Er, boils at 183°-
184°, and by oxidation gives acetic acid and an acid resembling
terephthalie.

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, €, H,, gives nitropentol, C, H, (NVO,) ?
» Benzol, C,H, , mnitrobenzol, C, H; (N¥O,).
» Toluol, C,H,, , nitrotoluol, C, H, (N'O,).
» Xylol, C,H , , nitroxylol, C,H, (N'O).
, Cumol, C, H, , nitrocamol, C, H (N'0,).
» Cymol, C, H,, , nitrocymol, C,H (N'O,).

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

Pure nitrotoluol is solid at ordinary temperatures. 1t boils



44 HYDRIDES OF THE POSITIVE RADICALS.

at 237°. By reduction it gives toluidine ; and by the action of

potassic chromate and sulphuric acid, paranitrobenzoic acid or
nitrodracylic aeid is formed.

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

BENZOL, Benzene, Benzine, Phenylic Hydride,
Bicarburet of Hydrogen.
C,H, or PhH.

P,

C—C

Lot b
0. =

% /4

i

H H

Molecular weight =78. Molecular volume [1]. 1 litre of

benzol-vapour weighs 39 eriths. Fuses at 5°°5. Boils at
80°'5.

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

or baryta :—
{gg{ﬁﬂ L Oa0) {%Hs + COCao'
Benzoie acid. Lime, Benzol. Caleie carbonate,

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

CH
(5, = oo, 0
Benzoic acid. Carhonio Benzol.

anhydride,
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3. By heating phthalic acid with lime :—
CHO, + 2Ca0 = CH, + 2CO0Cao"

Phihalic Lime. Benzol. Caleie
acid. carbonate.

4. By passing fats through red-hot tubes.

5. By the destructive distillation of coal.

6. In small quantity, when the vapour of acetic acid or of
alcohol 1s passed through a red-hot tube.

SUBSTITUTION DERIVATIVES OF BENZOL.
1. Bromo-Compounds.

MONOBROMBENZOL.
C.H,Br.
Boils at 150°,
Preparation—By acting with two atoms of bromine on boil-
ing benzol :—

CH, + Br, = CHBr 4+ HBr

Benzol. Monobrombenzol Hydrobromie
or phenylic acid,
bromide.
DIBROMBENZOL.
C H Br,.

Fuses at 89°, Boils at 219°,

Preparation.—By treating monobrombenzol with excess of
bromine.

TRIBROMBENZOL HYDROBROMATE.
C,H Br,.

Preparation~—By exposing a mixture of benzol and bromine
to the action of sunlight.
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TRIBROMBENZOL.
C,H,Br,.

Preparation.— By boiling the previous compound with aleo-
holie potash.

The following graphic formul@ show the probable atomie
relations subsisting between benzol, tribrombenzol hydrobro-
mate, and tribrombenzol :—

Br—(C—(C—Br
13 N~ |
Br,C O\Br
\ s
H—C—C—H

ity il
Br Br

Tribrombenzol hydrobromate.

H Br

[
C=C

Tribrombenzol,
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. IL. CRhloro-compounds.

Benzol forms three chloro- substitution compounds, similar
to the bromo-compounds just deseribed.

Btate of Fusing- Boiling-
agpregation. point. point.  Bp. gr.
Monochlorbenzol ... € H,Cl, Liquid... 136°.
Dichlorbenzol ...... C.H,CL, Solid ... 89°
Trichlorbenzol ...... CH,Cl, Oily ... —— 210° 1+457.

II1. Nitro-compounds.

Two only have hitherto been produced :—

Nitrobenzol ...... C H.(N'0,) or N(C.H))O.,.
Dinitrobenzol ... ... C.H,(N"0,), or N(CH)"O,.

NITROBENZOL.
N(CH,)0, or NPhO..
Molecular weight =123. Molecular volume [11. 1 litre of

nitrobenzol vapour weighs G1'5 eriths.  Fuses at 3°.
Boils at 220°,

Preparation.—By the action of nitric acid on benzol :—
CH, + NOHo = N(CH)O, + OH.,.

BEenzol. Nitrie acid. Nitrobenzol. Water.

Reactions.—1. By the action of reducing or hydrogenating
agents, as zine and hydrochlorie acid, sulphuretted hydrogen,
acetic acid and iron, or potassic arsenite, nitrobenzol 1s con-
verted into aniline :—

N(C,H,)0, + 3SH, = N(C,H,)H, + 20H, + S,
or CH,(N'0,) + 3SH, = CH,(N"H,) + 20H, + 8,

Nitrobenzol, Sulphuretted Aniline, Water.
] hydrogen.

2. Nitrobenzol iz also econverted into aniline when its
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vapour, mixed with hydrogen, is passed over spongy palla-
dium :—

N(C,H,)0, + 3H, = N(CH)H, + 20H,

Nitrobenzal, Aniline, Water.

The relation between nitrobenzol and aniline will be seen in
the following graphie formule -—

H H
it
C=( 0]
ke Mol |
H—C C—N
W et |
c—C O
I
o
Nitrobenzol.
1
|
A T
AR el
H—( C—N
N
¢ C H
I
Aniline,

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

_ . [N(CH,)
oNY(C,H,)0, + H, {N(G,,Hi) 4 O
Nitrohensol, Azobenzol. Water,
. [ N(C,H,) . [MCH)H
(Mo + o= {NcEmn

Azobengo Hydrazobenzid.
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DINITROBENZOL.

N,(CH,)"0O,.
Fuses below 100°.

Preparation.—By treating nitrobenzol with a mixture of
concentrated nitric and sulphuric acids.

Reaction.— By the action of sulphuretted hydrogen, dinitro-
benzol is converted into nitraniline :—

NO,
N,(C,H)"0, + SSH, = {(oﬁﬁi)” + 20H, + S,
o)

T

Dinitrobenzol. Sulphuretted Nitraniline. Water.
hydrogen.
Crass IL.

HYDRIDES OF NEGATIVE RADICALS.

Only two of these are known :—
Cyanic hydride or Hydrocyanic acid.
Oxatylic hydride or Formic acid,
The first has already been considered (p. 27) ; and the second
will be more conveniently studied in connexion with the fatty
acids (p. 121).

CHAPTER VI.

THE ALCOHOLS.

Tz aleohols form one of the most important of the families of
organic compounds. The simplest member of this family is
methylic alcohol, which is derived from marsh-gas by the
substitution of one semimolecule of hydroxyl for one of
hydrogen.

VOL. 1I. E
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CH, CH, Ho.
H 15
f |
]-I—LI‘J—H H—Cil-r—O—H
Hi H
Marsgh-gas. Methylie aleohol.

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

Monohydric. Dihydrie. Trihydrie.
Mﬁthj’l.ﬂr GNHEH-.[.IIIU G‘lfﬂ(}l ) or OHHEHHOE G‘lfﬂeri{lﬂr{.juHﬂ'u—‘LHﬂa
|eries. 2eri1es. series.
Yinyl or C,Hz,-1Ho | Orcin or C,Hgz,-sHo, | Pyrogallic or C,Hg,—9
series. series. Ho, series,
Phenyl or C,Hz,_ Ho
BET1es.

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

Monohydric Aleohols.
Propylic aleohol. 3 {C(CH YH,
(Methyl s&ries.)} = CHHoor|gyys ™
H iRk e L
Lovilafy ) g
H—C—(C—C—0—L

e |
H H H
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Allylic  aleohol.] _ . C(CH,)"H
(Vinyl series.) } = b ﬂr{CH,_,Hn :
H
|
H—(C=(C—C—0—H
e
HHH
Benzoic aleohol, J CcCH
(Phenyl series.) } = GC.H,Hoor {GH:E[D'
H H
.
C=C H
el
H—C C¢- 0—H
oasleaey
c—C H
Jpotd
H B
Dihydric Aleohols.
Propylenic alco- ;
Ivctrprﬂp}lm = C,H,Ho, or {EE_FE’QHHQ.
glycol ......... g
ol
|
T e
00 B
=]
H H
Tribydric Alcokols.
CIH, o
Glyeerin ............ = CH.Ho, or CHIlo .
CH_ Ho
11
II—C—(|3 —(lj—H
|
o]
F
H H H

51
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MONOHYDRIC ALCOHOLS :

Methyl or C,Hz, Ho series.
These alcohols may be divided into three classes, viz.:—

1. Monohydric normal aleohols { g( ?ﬁ{;—uﬂ) H,

C(C H. ) H,

» secondary. {C(C Hnm+1j}HIIn
{ C(C“H 'ﬂ*{*l)ILI

2 C (0. Hypi) Ho'

In the general formula of the mormal aleohols # may =0,
and even the whole radical C(C,H,,,)H, may be replaced by
hydrogen, as is the case in methylic alcohol. In the formule
of the secondary and tertiary alcohols may also =0, but m
must always be a positive integer.

3. i tertiary

NORMAL MONOHYDRIC ALCOHOLS.

Greneral formula { ggﬂ'ﬁ%"ﬂ”)}{ﬂ.

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

Fusing-  Boiling-
points. points.

Methylic alcohol ........................... {Gpme — 6%
Ethylic aloohol ......eueeeerssssneeenns SH'Ho — 784,
Propylic or tritylic al- [ CMeIl, C{CH,)H, -
Solil Ji s T {GH Ho °F {c“HEHu R Wi
Butylic or tetrylic al- [ CEtH, C(C,H,)H. -
cohol ........ T {GI—I Ho {c{H;HS} S
Isobutylic aleohol ...... { glrg[feﬁ]'f { gm%g* —— 109°,
Amylic or ]’JEHt}lFG al- [ CPrIL C(C,H.)IL -
cohol ........ {cu Ho o {cHEHD 3 e
CPrAH, _ [C(CMe,H)H, _ .
Isamylie aleohol ......... { CH, Hl:} or { Im]_:[2]:_1_{:'.: 3 .90°, 1290,
Pseudamylic alcohol {gﬂ”ﬁ“ or {STEICHI 196

Caproylic or hexylic alcohol vuvivivieess { gﬁgﬁ . —  150°.
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Fusing-  DBoiling-

points.  points,
(Enanthylic or heptylie alcohol..... ]r gI}TI{D — 170",
Caprylie or octylic aleohol ............... i Glgﬁu —_— 190°.
Nonylic aleohol .v.evveveeerersereniane, { < 1?1 ;. el o0e,
Decatylic alcohol......... { GH i:[ 5 —=  212°,
Cetylic aleohol ........... e {gﬂf[ﬂ]u boc., ——
Cerotic alcohol ........... o b A e { gﬁf[}f; 79°,  —
Melissic alcohol .. e { GBI S e

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,H,,\Ho alcokols to the monad CH,,,,
radicals.

1. The radicals C,H,,,, which are combined with hydroxyl in
the normal alcohols may be separated, by first converting the
aleohol 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 (see p. 119).

3. Inversely, the normal alcohols may be obtained by acting
upon the normal radieals 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 CH,

Methyl. Ghlnnnntcd Hydrochloric
methyl. acid.

-
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by the action of potassic hydrate upon this chlorinated methyl,
ethylic alcohol is formed, thus:—

cH SRR oi:
{GH:C-I + KHeo = {CHZHU + .. KLl
Chlorinated FPotaasie Ethylic Potassic
methyl, hydrate. alcohol. chloride.

This reaction requires further investigation (see p. 59).

Relations of the normal C,H,,,Ho alcohols to the dyad C,H,,

radicals.

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

CH » [CH

| Gty O o S

CH,

Ethylic Water. Ethylene.
aleohol. F

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. CH
{ gn " oL {chcr
Ethylene, Hydrochlorie Ethylic
acid. chloride.
CH CH
Ethylic Potassio Ethylie Potassie
chloride. hydrate. alechol. chloride.

Or by uniting the dyad radicals with sulphuric acid, and
distilling the product with water .:—

SO,Ho, + CH, = S0,Ho(C,H,O0):
Sulphuric Ethylene. Sulphovinie acid.

acid,

S0,EtoHo 4+ OH, = 8O0,Ho, + EtHo.
Bulphovinie Water. Bulphuric Ethylic

acid. acid, alechol.
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.Ralatwns of the normal C,Hy,,Ho alcohols to the hydrides
of the C,Ha,y, radicals,

1. When the alcohols are converted into iodides (see p. 96)
and the latter digested with zine and water at 100° the corre-
sponding hydrides are produced (see p. 38).

2. When the hydrides of the C,H,,, radicals are acted
upon by chlorine under the influence of light, they produce
the chlorides of the radicals, from which the alecohols may be
obtained by the action of potassic hydrate :—

BtH + 0., = EiCl> + HCl;

Ethylic Ethylic Hydrochlo-
hydride, chloride. ric acid.
EtCl + KHo = EtHo + KCL
Ethylic Potassic Ethylie Potassio
chloride. hydrate. alechol, chloride.

The greater quantity of the chlorine compound so formed is
isomeric with the chloride of the radical, and possibly gives a
corresponding isomeric aleohol.

Relations of the C H,,,Ho aleokols to the radical eyanogen.
Ascent of the alcohol series. Mendius's reaction.

By the dry distillation of potassie sulphovinate and its homo-
logues with potassic cyanide, the nitriles or abnormal eyanides
of the radicals are produced :—

S0,EtoKo + KCy = 80Ko, + EtCy.

Potassic Potassic FPotassic Ethylic
sulphovinate, cyanide. sulphate. nitrile.

By treatment with nascent hydrogen, this ethylic mnitrile
is converted into propylamine :—

NC(CMeH,) + H, = N[C(CMeH,)H,]H, or NP:H,.

Ethyliz nitrile, Propylamine,
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By the action of nitrous anhydride, propylamine is trans-
formed into 1sopropylic alcohol :—

2NPrH,. + N,O, = 28PrHo 4+ OH, + 2N..

Propylamine. Nitrous Izopropylic Water.
anhydride. aleohol.

It is obvious that by repeating these reactions on isopropylic
aleohol, butylic alcohol 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 ALCOEOL, Wood Spirit, Pyroxylic Spirit.
CH,Ho or Mello.
Molecular weight =32. Molecular volume [ 1. 1 litre of
methylie aleohol vapour weighs 16 eriths. Sp. gr. 0°798.
Boils at 66°5.

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

o3 e e
Marsh- Methylie Hydrochlo-
A, chloride, ric acid.
CH{l 4+ EHs = CHHa 1Ll
Methylie Potozsic Methylio Paotassic
chloride. hydrate. alechol. chloride,

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

C.H,OMeoHo 4+ KHo = CHOHoKo +4 MeHo.

0il of Gaultheria pro- Potassie Potassic salicylate. Methylic
cumbens.  (Metho=- h}"{h‘-ﬂh}. aleohol,
galieylic acid.) !
3. By the destructive distillation of wood.
Reactions—1. Methylic aleohol unites with some salts in the

capacity of water of crystallization, as, for instance,—
CaCl,, 2MeHo.

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

Potassic Sodic
methylate. methylate.
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3. By oxidation it is transformed into formic acid :—

H i)
{CHﬂHu s {GOHu i

Methylic Formie acid, Water.
aleohol.

4, When distilled with calcic chloro-hypochlorite (ckloride of
lime) and water, chloroform is produced,

(CaC(l

0

C&I!

2CH.Ho + 4Ca(0OCN(Cl = 2CHCL, + < ? + 30IL,.
'\:nfl

0

[ Call

Methylie Caleie chloro- Chloroform. Caleie oxy= Water,
aleghol. hypochlorite. chloride.

ETHYLIC ALCOHOL, dicokol, Spirit of Wine.

{ gEIzH o OF EtHo.

Molecular weight =46. Molecular volume [1]. 1 litre of
ethylic alcohol vapour weighs 23 criths. Sp. gr. 0792 at
20°. Boils af 784,

Preparation.—1. From ethylene (p. 54).
2. By the fermentation of grape-sugar with yeast at a tempe-
rature of about 22°:—
CH.,0O, = 2CHHo + 2CO,.

Grape-sugar, Ethylic Carbonie
aleohol, anhydride.

At the same time, however, other products are formed, but
in very small quantities.

Reactions.—1. Treated with potassium or sodium, aleohol
forms ethylates :—

CH, CH,
CH, Ko’ CH,Nao’
Potassic Sodic ethylate.

ethylate
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2, When passed through a red-hot tube, alecohol is decom-
posed into marsh-gas, hydrogen, and carbonic oxide :—

CHHo = €H, + ‘H, '+ GO

Et.'h?rliu : Marsh- Carbonic
alecohol. 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, '
{GHHU sl W {GOH i OHe
E;l:h 11413 Aldehyde. Water.
aleohol.
CH, ol
Cor - anllies {GOI‘IG
Aldehyde. Acetie acid,

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

Alcoholates are salts containing alcohol 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,o.

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) :—

CH, CCL CH,
2 { cHHo T 40 {GHHUE + {GH ¢ + 4HCL
Ethylie nlmhu::] Chloral hydrate. Ethylic
ehloride,
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MERCAPTAN, Sulphur Alcokol, Ethylic sulphhydrate,
Hydrosulphate of Ethyl.

CH
{ GH:HE. or EtHs.

Molecular weight =62. Molecular volume [T. 1 litre of
mercaptan vapour weighs 31 criths. Sp. gr. of liquid
0'835. Boils at 63°.

Preparation.—By distilling potassic sulphovinate with po-
tassic sulphhydrate :—

SOEtoKo + KHs = EtHs + soEKnﬂ.
Potassie Potassic Mercaptan. Potassic
sulphovinate. gulphhydrate, sulphate.

Reactions.—1. By the action of potassinm and sodium on
mercaptan, an atom of hydrogen is displaced by the metal, pro-
ducing mercaptides :—

CH, CH,
CH JKs' CH, Nas'
Pl:rtsl.sam Sodie

mercaptide, mercaptide.

2. Merecaptan acts upon merecuric oxide with great energy, a
white crystalline mercuric mercaptide being formed :—

2 ] = FE
CH CH. "
2 { CHSHE + Hg0 = cHngs + OH,
CH,
Mereaptan. Mereurie Mercurie Water.
oxide, mercaptide. ’

Propylic c:clm.?mﬂ,{ GIIEIEI?II , is obtained from the fusel oil

of the mare brandy of the south of France.

Butylic alcohol, {gHEHH* is contained in the fusel oil pro-

duced in the preparation of spirit from the molasses of beet-

root sugar. - Butylic alcohol of the form { ggtgﬂ is obtained

from butylic acid by Piria and Wurtz's reactions, described at
p. 120.
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. CPrSH, . . .
Amylie aleohol, { 2 is the chief constituent of the
m_i}' e aLcono GIIJIID 13 1

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{CuHﬂ‘n-]-l )II:]
C(C.H,. ) HHo

The secondary alcohols differ from the normal in yielding,
by oxidation, ketones instead of acids.

Seven secondary alcohols are at present known :—

Greneral formula. .. {

]]ni_]i:‘lga
Isopropylic aleohol or dime- { CH, NB;.
thyliearbinol [ i... ... ...... CMcE I :
. CcH
Methylethyl carbinol ......... { CEiHHo e 97
: CH,'
Methylpropyl carbinol ...... { CPiHHo 122,
Methylisopropyl ecarbinol ... { gﬁii%{n ............ 106.
Pseudohexylie aleohol or me- { GBS TS 136.
thylbutyl carbinol ......... CMeHHo
; CH
Methylhexyl carbinol ......... { c( liHm)HHu ......... 184.,
: CH,
Methylnonyl ecarbinol ...... {G(CHHM)IIHD Ve e AP,

The first is obtained by the action of nascent hydrogen on
acetone :—
CH, . [[CH
{co‘Me il {ChfeHHu'

Acetone. Isopropylic aleohol.
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The relation existing between ethylic aleohol, propylic
aleohol, and isopropylic aleohol, will at once be evident from
the following formulze :—

CH, C(CH,)H, { CH,
CH,Ho CH Hn 5 C[UH YHHo’
Ethylie aicohol. Propylic aleohol. Isopropylic alechol.

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

Ethylic alechol boils at .., 78°4
Propylic alechol ,, ... 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
CH, raises the boiling-point 18°6 ; whilst, if an atom of hy-
drogen in the oxygenated part be similarly displaced, the same
addition only raises the boiling-point 5°6.

Isopropylic alcohol yields by oxidation a ketone, and not an
acid. The radical oxatyl being a necessary constituent in
organic acids, it will be seen from the following equations that,
although propylic alcohol ean be converted into an acid without
the disruption of its carbon atoms, isopropylic alcohol cannot
be so transformed :—

CH, e CH, :
{cHHo E {COHD + OH,

Ethylie aleohol. Acetiz acid. Water,
H | 'H s ey
Joax il o] [l s
I—I-—IL‘—E—LI‘—H ;O I
I i
1 O H 0
i

I
H 1L
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C(CH), [ C(CH)H,
{C}LHo 5 {cgﬂf.:[f) AL

PID[lj'ﬁc aleohol. Propionic acid. Water.
III g I-|I : I_iI H H )
| J |
H——{IJT_E—C’,—;E—(l}—H Hathd oo 20
Bl [y
H H C]P H H (1)
H H
CcH CH
{C[CSIL)IIIIQ e {cofmg + OH,
Isopropylic Acetone. Water.
aleohol.
H. : Hype Thnle wik
[ | l
H#tl} —m(:|'—- —L‘l‘—H H——LF—C—C—H
: I
B 1o ac) o I 12800 0 L 3
|
H

TERTIARY MONOHYDRIC ALCOHOLS.

General formula...... { gEC %’;“iﬂ)n 3
m1)2
The following members of this series are known :— it
oiling=
ints.
Pseudobutylic alcohol Dr} CMe, Ho I;EQE‘
tmmethyllenxbitial) .. 7 | Wt S
Dimethylethyl carbinol ... CEtMeHo ............... 100°.

Dimethylpropyl carbinol ~ CPrMe,Ho ............... 120°
Dimethylisopropyl carbinol CPrMe,Ho ............ 112°

Methyldiethyl carbinol ... CEt,MeHo ............... 115°,
Triethyl carbinol ......... CEfHo Siiisic ... 141°,
Diethylpropyl carbinol ... CPrEtHo ............... ——

Pseudobutylic aleohol, { gi{fe Ho' exists in small quantities
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in butylic aleohol obtained by fermentation; it has also been
produced by acting with zincic methide on acetylic chloride,

and submitting the produet thus obtained to the action of
water :—

CH PO [ 1 :
{00%1 + EZ.‘JI\\IE: = {CI"{?"EE(ZHHM&D} + anECI,
Acetylic Zincic Zincie chlor-
chloride. methide, methide.
cH T
{cM%;(zn"Meo;. i el {CMLEHU

Water, Psendobutylic
aleohol,
+ ©H, + ZnHo,
Methylie Zineig
hydride. hydrate.
H;
|
Hw—{i?—H
H ......................... I
e ey cH
bt o { G
1 ? H
H
Pseudobutylic aleohol.

CHAPTER VII.

MONOHYDRIC ALCOHOLS :
1 Vinyl or C,H.,_,Ho series.

Two alcchols-only of this series are known ; of these the first
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1s a secondary, and the second a normal alcolol :

Vinylic alcohol...” {ggﬂﬂ or CMe"HHo.

. CMe"H
Allylic aleohol { :
yic alcono GHSI‘I'D

H

1

H“C:{T_O_H H—C=(C—-(C—0—1I

| il

Hi L HHHEH

Vinylic alcohol. Allylic aleohol.

VINYLIC ALCOHOL.

i [ OH i
CHHo

Preparation.—By combining acetylene with sulphuric acid
and distilling the product with water, in the same manner as in
the preparation of ethylic alcohol from ethylene (p. 54) :—

S0,Ho, + CH, = 80,(C,H,0)Ho.

Sulphuric Acetylene, Sulphovinylic acid.
acid
SO(C,H,0)Ho + OH, = SO,Ho, + CMe"HHo.
Sulphovinylic acid. Water, Sulphuric Vinylic

acid. aleahol,

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

w [ CH. CH, CH,
CHHo COH CH
Vinylic Aldehyde, Ethylenic
aleohol. oxide.

HCH
If the above, and not { CH,Ho’ 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-
sents it, this alcohol is normal and ought to yield on oxidation

an acid, { ggH ,» homologous with acrylic acid.
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ALLYLIC ALCOHOL.

{ gg%lj or All Ho.

Boils at 96°5. Sp. gr. of liquid at 0°=0-8709.

Preparation.—Glycerin, when submitted to the action of di-
phosphorcus tetriodide, yields allylic iodide :—

CH,Ho CH,
BT, = 245 CHHo = jC'H + 2POHHo, + I.
| CH. Ho |CH.I
Diphosphorous Glycerin, Allylie Phosphorous
tetriodide. iodide. acid.

The allylic iodide is then decomposed by argentic oxalate,
when allylic oxalate is formed :—

QAL + {0035" < {C’O‘mﬂ + 2Agl

COAgo COAllo
Allylie -Argentic Allylic Arcentic
iodide, oxalate, oxalate. iodide.

The allylic oxalate is next decomposed by ammonia, when
oxamide and allylic alecohol are produced :— '

{GOMI‘J + oNH, = {CO(NMH‘} + 2AllHo.

COAllo CO(N"H,)
Allylic Ammonia. Oxamide. - Allylie
oxalate. aleohol.

Reactions—1. In all ordinary reactions, allylic aleohol
behaves like ethylic aleohol. By oxidation it gives acrylic acid:i—

CMe"H i CMe"'H :
{ @ g e = { ¢om, T (OH-
.f‘!LIhln: Acrylic Water,
aleohol. acid,

9. With phosphoric anhydride it yields allylene oo

H
| JCH,
H—(C—-(C=(0-II = IC .
| Iy l cH
I :

VOL. II. x
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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 b
cHﬂ {GME H
SJ‘]‘ cHi

3 N
CH rr : i
CMe'H {eos
Alll}':l_if i %]]ylic. 2
(Garlic oil.) (Mustasd ofl))
CHAPTER VIII.
- MONOHYDRIC ALCOHOLS:

Phenyl or C, H,,_; series.

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

Crass I. Normal Aleohols.

C.H, -
General formula............ { CHjin'
Benzylie alechol® ......... { gi_]:]-——::i{ﬂ-

e e i e—

*H—C=C—-H H

H-—-tg é——-—f!l—ﬂ—l-[

o |
H—-C—C-—-H H
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. £
Xylylic aleohol ............ {gﬂ{]ef{f‘
Cumgylic aleohol ............ { g“I_II_I'I:I .

2 2
Sycocerylic aleohol ......... { gﬁﬂ Ho
2

Crass TT. Tertiary Alcohols,

General formula............ ©€,H,,_,Ho.
Phenylic alcohol. Carbo- '

T Tt L S A S SRR C H,Ho.
Cresylic alcohol ............ C,MeH, Ho.
15 113) o] (e AR C.EtH Ho.
Dimethyl-phenylic aleohol © Me,H,Ho.
Thymylic aleohol............ CEt,HHo?

Crass .I. NORMAL ALCOHOLS,

BENZYLIC ALCOHOL.
csHﬁ
' CH,Ho '
Boils at 204°,
Preparation.—1. By treating oil of bitter almonds with alcos
holie potash :—

(8 + 1o - (S, + (S

Cii,Ho COKo'
Benzoic aldehyde.  Potassie Benzylie aleohol. Potassie
{0il of bitter hydrate. benzoste.
almonda.) '
*H—C=(C-H
;s
H—U U—-0-I0
I
H—C—C—H

2



68 THE ALCOHOLS,

2. Benzylic aleohol may be obtained from toluol by first
converting the latter into toluylic chloride by the action of
chlorine—

C.H, CH, :
{CHH g {c}gu + THCL;
Toluol. ; Toluylic chloride, 'Eyﬂmchlurm
(Toluylic hydride.) acid
and then submitting the toluylic chloride to [the action of po-

tassic hydrate :—

CH s c H,
Tﬂlul-lic Potassio & Ben lle Putusrsm
chloride. h_fdmte aleohol, chloride.

3. By digesting benzyh-:: ﬂhlnnde with freshly precipitated
plumbic hjrdrate —

2{ans + PbHo, = PbCl, + 2{0,,1{5

CH.CI CH._ Ho’
Toluylie or Plumhbic Plumbie Benzylie alcohol.
Benzylic chloride. hydrate. chloride.

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

CH o vl e O
{coeﬁ + 2, O {ch{u +  HOL
Benzoylic chloride. Benzylic alechol.

Crass II. TERTIARY ALCOHOLS.

PHENYLIC, ALCOHOL, Carbolic Acid, Phenylic Acid.

C_ H,Ho or Phllo.

Molecular weight =94.  DMolecular volume (1. 1 litre of
phenylic alcohol vapour weighs 47 eriths. Sp. gr. 1'065 at
18°, Fuses at 34°., DBoils at 188°,

Occurrence.—In coal-tar, and in small quantity in the urine
of man, of the cow, and of the horse.
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Preparation.—1. By the distillation of salicylic acid with
baryta or lime :—

{ eo STeRHy 4. 00,
Balicylic FPhenylic Carbonic
acid, alcohol. anhydride.

2, It is also produced in the destructive distillation of nume-
rous organic substances.

3. Phenylic alcohol is formed when the vapour of ethylic
aleohol or acetie acid is passed through a red-hot tube. In this
manner phenylic compounds may be obtained from their ele-
ments ; for both acetic acid and alcohol may be built up from
carbon, hydrogen, and oxygen.

4. Phenylie aleohol is generated when aniline hydrochlorate
is treated with potassic nitrite :—

NPhH,C1 + NOKo = PhHo 4 KC(Cl 4+ OH, + N..

Aniline Potassic Phenylie Potassie Water,
hydrochlorate. nitrite, alechol. chloride.

Reactions,—Treated with chlorine, bromine, or nitrie acid,
phenylie aleohol produces a series of substitution products, of
which the following are examples :—

Dichlorphenylic acid ............ CH,ClHo.

Trichlorphenylic acid............ C H.CLHo.
Perchlorphenylic acid ......... C.Cl.Ho.
Bromphenylic acid............... C H BrHo.
Nitrophenylic acid............... CH/(NY0,)Ho.

Dinitrophenylie acid............ CJH (N"0,),Ho.

Trinitrophenylic acid. (Picrie
T B RS FN PR T C . H,(N*0,),Ho.

Amidodinitrophenylic acid.
(Picramic acid.)............... C I (N"H,)(N*0,),Ho.
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CRESYLIC ALCOHOL, -

C MeH Ho.
Boils at 2(}1“

This air.-.uhc-l is cantame& in crensuta, 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 formulee :—

Boiling-points.
Glycol or Ethylic CH,Ho
gl}*cﬂl T b } C.HO, or { CH, Ho _19?°5‘
- . CMeHHo
Propylic glyeol... C,H,O, or { CH,Ho 188°-189°,
. | CEtHHo =
Butylic glyeol ... CH,,0, or {CHnHo 183°-184°,

CPrHHo
UH Ho 177°.

Methylic glycol has not beeu ﬂbtmned

Amylic gl}rcﬂi e AGUEL. 0 or {

The existence of normal, seeundary, &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 formulze.

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 case of the normal monohydriec alcohols: the
more complex substances boil at a lower temperature than
the simpler ones.
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‘E:r]f-YCOL. ETHYLIC GLYCOL, Ethylenic Alcohol.

CH,Ho
CH, Ho’
Molecular weight =062. Molecular volume ). 1 litre of
~ethylic glycol vapour weighs 81 criths.  Sp. gr. 1125,
Boils at 197°5.

Preparation.—Ethylenic dibromide is treated with argentic
acetate, and thus converted into ethylenic diacetate :—

CH,Br CH,-O-CMeO
{CH:Br + 2CMeOAgo = {GHi-O-CMeO +. 2AgBr.
Argentic

Ethylenic Argentic acetate. Ethylenic diacetate.
dibromide. (Diacetic glycol.) bromide.

The ethylenic diacetate is now acted upon by potassic hydrate,
and yields potassic acetate and glycol :—

{3%:283%%28 +28Ho = {Sﬁﬁg + 2CMeOKo.
Ethylenic diacetate. Potassie [:‘rl}ra::nl. Potassic acetate,
hydrate.

Reactions.—1. Glycol is easily oxidized, the first product of
its oxidation being glycollic acid :—
{ CH Ho T, { CH, Ho L O

CH Ho coilo
Glyeol. Glyceollic Water.
acid.

2. By further oxidation oxalic acid is formed :—

CH_ Ho 73 COHo
{CH:H-:- B = {GO‘HG +, 20H,,
Glycol. : Oxalie Water.

acid.
3. Potassic oxalate is produced by heating glycol and po-
tassic hydrate together to 250° :—

CH, Ho COKo
{GHEHG AL {com + H,
Glyecol. Potassic Potassic

hydrate. oxalate,
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- 4. Treated with potassium or sodium, the hydrogen of the
hydroxyl in glycol is replaced in two successive stages :—

CH_ Nao CH, Nao
cHﬂHn J C'H Nao*®
Monosodie glyeol. Ihsndm glycol.

The following list contains some of the principal derivatives
of glycol :—

CH_ Ho CH, Hs
CH.Ho" CH.Hs"
Glycol. Bulphur glycol.
{ CH, Ho { CH, Ho
CH Ol 24 T CH, Br
{lh]m‘hydnu Br-:rn.'-}fjrﬂri.a
. pglyeal. glycol.
[ CH,Eto. CH. Eto
{ CH.Br { CH,Ho -
]]mmt"th}'lm H:_rdﬂe ethylic
glycol. : glycol,
GH ,Br
{ CH gEtn' { CH,Br
CIL;Eto ﬁ co * | GH;0.0Me0r
Diethylic i E’-lreoﬂm
glycol, acetobromide.
(CH,
(CH,Ho SO
U5 2 {CH Ho J CH, [CH,-0-CMeO
| co CH,-0-CMeO: 7 cH CH,-0-CMeO*
\CH, co
\ CH,
Monacetic

Diacetie glycol.
glyeol,




POLYETHYLENIC GLYCOLS. 79

H,

0

H, . [CH.0-CMcO
H CH,-0-CPrQ *
0

T A oRE

QCcQQoQQ

LC(C,H)H

Ammgutyrin glyeol.

POLYETHYLENIC GLYCOLS,
Polyethylenic Alcohols.

These bodies are produced by heating ethylenic oxide with
glycol in sealed tubes, and by other processes. They may be
regarded as formed by the addition of ethylenic oxide to

glycol.
- CH, Ho

ol " CH,Ho
Diethylenic glyeoal ... < GII: or - gulh
| Qnm, \CHHo
( CH,Ho
CH. ¢ CH,Ho
CH, C.H,
Triethylenic glycol... < CH, or < C.H,
CH. 0
0] i CIL 1o
. CH, Ho :
- CH,Ho
o ( CH,Ho
() ; CEH»I
= .
Tetrethylenie glycol < CH, or < a
O
CH, S.H,
S CILH
P L_ o110
( CH,Ho

Pentethylenic and hexethylenic glycols have also been
formed.
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CHAPTER X.
DIHYDRIC ALCOHOLS.
Orecin or C,H,,_,Ho, series,

Like the phenyl series, the orein series of alcohols are the
derivatives of benzol. The following alcohols belonging to this
series have been deseribed :—

Melting-

pointg

Hydroquinone 177°5

Resorcin ]»fJ,,LHJﬂJc»2 { 99°0

- Pyrocatechin or Oxyphenol 111%5

Orein 860
Moorncoyrocaiblil } S o, i {

Betaorcin C,MeHHo,....... v —

Theory indicates the existence of four isomeric bodies of the
formula C H,Ho,, the graphic formul® of which are thus
written :—

(1) (2)

H—0--C=0—0—H H—C=C-—H
H—t‘!] (EJ—II H—(!} C—H
]-i[—-fg—g-—}[ li—ﬂ—i.l.l:—il:—o—-l{
H— C{EC—H H—0-- G(i.) C—H

11_0_¢‘ é_OmH H—-fll Llh—0~H
II-éw{lZLwH | 1-1_{%—("3“—1{

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 meighbours, in 4 they are separated by one inter-
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vening atom of carbon, and in 3 by two intervening atoms of
carbon. The isomerism of Nos. 1and 2 is not equally obvious ;
indeed it has been overlooked by Kekulé, who considers that
three modifications only of the formula C I 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 mneighbouring 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

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

HYDROQUINONE.
C,H Ho..

Preparation.—1. By treating arbutin with emulsin, or by
boiling it with dilute sulphuric acid :—
C.H O, + OH, = CHHo, + CH,O,.
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 :—

CHHG = cuH_LO} =B
Hydroguinone. Quinon.r:,

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

CHHo, +Y 0= cﬁug.} i O

Hydroyuinone. Quinone.



76 THE ALCOHOLS,

3. By the action of chlorine or a mixture of potassic chlorate

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

o iz s o cﬁchg} + GHCL
Hydroquinone, Chloranil,
ORCIN.
C MeH Ho,.

Melts at 86°. Boils at about 290°,

Oceurrence—In certain lichens, such as Lecanora tartarea,
Lloecella tinctoria, and Variolaria oreina.

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

CHO, = CMeHHo, + €CO,.
Orsellinie acid, Orein,

Many other bodies which are obtained from licheng, 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 orcin and carbonic anhydride ;
thus :—

CED A4 w08 20,H,0,.

Lecanoric acid. Orsellinie acid.

CaanOm + EOI-IE G:I'.[mo.: + EGHHBO.]'

I

Erythrie acid. Erythrite. Orsellinie acid.
C.H,0; 4 OH, =" CH O/ -CHD,
Picroerythrin. Erythrite. Orsellinie acid.

Reactions.—1. With chlorine, bromine, iodine, and nitric

acid, orcin gives the following substitution products . —

Melting-
point,

Monobromorein ......... €, MeH,BrHo,......... 185°
Trbromorcin ... .o & MeBr Hop o b, .o 2108
Trichlororein ............ C MetL_Ha a0, . 00 159°
TriedGpeIn. .. . ... o0 he. - Gl T el Sl Ll
Trinitro-orcinic acid ... € Me(NO,),Ho, ...... 162°
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2. By treatment with ammonia in the presence of free
oxygen it yields orcein, the colouring-matter of Arehil and
Cudbear, the reaction being probably the following :—

C MeH,Ho, + NH, + O, = CMeH,(N¥0,)Ho? 4+ 20H,.

Orein, Oreein,

3. Heated with an excess of concentrated sulphurie acid to

a temperature of from 60° to 80° orecin yields orcin-disulphurie
acid (dihydric orcinic disulphate) :—

980,Ho, + CMeH Ho, = S0:H%@ MeH 0)" + 20H,.

— SO0O,Ho
Sulphuric Orcin. Dihydric orcinic
acid, isulphate,

CHAPTER XI.

TRIHYDRIC ALCOHOLS.

Glycerin or C, H.,_,Ho, series.

These alcohols contain three semimolecules of hydroxyl
united with three different atoms of carbon; consequently the
lowest term of the series contains three atoms of carbon.

Only two of these alcohols have been hitherto obtained :—

H H H
f20 o]
CH,Ho (5l
Glycerin.......... CHHo. ) O |
: C1L,Ho 0 0

20800
L) His H
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s

—H
—H,

H—

CII,Ho ;e
Amylglycerin ...4 CEtHo?
CH,Ho H—C

I
0

15 i

The constitution of amylglycerin is not at present eatuhhahed
Its formula may possibly be -

' { CEtHHo

——C— n— e

m—-aw?—_;l

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

GLYCERIN,

CH,Ho
CHHo .
CH, Ho

Sp. gr. of liquid at 15°4 is 126. Crystallizes at low lempera-
| tures, and remains solid aﬁerwara’s at ordinary tempemtm 8.
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 waterat high
temperatures, or by bases giving salts insoluble in water :—

CH,-0-C(C,.H,)O0  [CHMo . gy
CH'.0.C(C H)0 +30H,= { CHHo +3 {CUH
CH,-0-C(C.H.)0 CH Ho 0

Btearin. Water. Glycerin. Btearie acid.
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Relation of Glycerin to Isopropylie Alcohol.

By the action of hydriodic acid, g]ycerm is converted into
isopropylie iodide :—

CH,Ho CIL,
CHHo 4 OHHI = CHI + 2I, + 30MH,
CH,Ho CH,

Glycerin, Hrf:iﬁﬂic Iacirgﬁﬂglic Water,

Relation of Glycerin to Allylic Alcokol.

When diphosphorous tetriodide is brought into contact
with glycerin, an energetic reaction ensues, allylic iodide being
formed :—

( @H,Ho _[CH,
Pri + 2{CHHo = 2'lCH + EPOHHo, 4
CH,Ho CH,I
Diphosphorous Glyecerin, Allvlm Phosphorous
,tetriodide. iodide, acid.

Relations of Glycerin to Propylic Glycol,

The several semimolecules of hydroxyl in glycerin are
capable of being replaced by chlorine, bromine, &e.; thus,
by the action of hydrochlorie acid on glycerin, one semimole-
cule of hydroxyl is displaced by chlorine, monochlorhydrin
being formed :—

CH,Ho CH,Cl

CHHo + HCl = {CHHo + OH,

CH,Ho CHHo .

Glycerin, Hydrochlorie Monochlor= Water,
acid. hydrin.

Monochlorhydrin is identical with monochlorinated propylic
glycol :—

et [o(oH,cifEHy

!CHHo = CILH

CH, Ho e
Munmhlﬁrhydrin. Monochlorinated

propylie glyeol.
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By the action of sodium amalgam and water, monochlorinated
propylic glycol is readily converted into propylic glycol :—

[C(CHCO)HHo | 5 _ {G(DHE]HHG

| CH,Ho CH,Ho + HCL
Monochlorinated Propylic Hydrochlorie
propylie glycol. : glycol., acid.

Relations of Glycerin to the Trikydric Acids— Glyceric Acid
and Tartronic Acid.

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

CH, o CH,Ho
CHHo + 0, '= <CHHo '3 OH,.
CH_ Ho COHo
Glycerin. E'rig,:iiria Water.

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

COHo
Cll Ho.
COHo

Tartronic acid.

Relations of Glycerin to Acrylic Acid.

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

GHEHID it
{CHHU  OOE. T { s
CH_ Ho

Glycerin. Water. Acrolein,
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By the absorption of oxygen, acrolein is transformed into
acrylic acid :— '

CMe"iL CMe"H
{CUH A e {G(}HU :
Acrolein, Acerylic acid,

Both these reactions are accomplished simultaneously when
glycerin is added to fused potassic hydrate :—

CH, Ho
: 5 CMe"H
OHHo| + KHy = { S ST
Glycerin. Potassic Potassic Water.
hydrate. acrylate,

CHAPTER XII.

TRIHYDRIC ALCOHOLS.
Pyrogallic or C,H,,_,Ho, series.

Like the phenyl and orein series, these alcohols are the direct
derivatives of benzol.

The following bodies are believed to belong to this series,
whilst several other compounds not yet sufficiently known will
probably soon be added to it :—

Melting-point.
Pyrogalbm: T - 116°.
Phloroglucin ......... } CEHHo, ... .. { 220°,
Phenomalic acid ? ...

G
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Theory points to four isomeric modifications of the formula
C . H Ho,, viz. :—

H—0=0—0—H H—0=C—0—H
11_—(],: (!}—0-1{ Hb 60—
(0T 0t
H0—0—0—H H—0—C=C—0—H

WO AT
H(—C—0—I R

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

PYROGALLIN, Pyrogallic deid.
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 HH
{Som> = CHHe, + €O,
Gallie acid. Pyrogallin.

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, + 38Zn = CH, + 3ZnO.
Pyrogallin. Benzol.
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~ 3. Bromine converts pyrogallin into tribromopyrogallin :—

CHHo, + 8Br, = CBrHo, + SHBr
Pyrogallin, - Trib;:ln;up}'r&-
1.

4. Heated to 250° it yields water and metagallic acid :—
CH:Ho; = CH,0Ho + OH..

Pyrogallin, MMetagallic
acl

5. Ammonia in the presence of air forms with it pyrogallein,
tn which the formula C,;H, N,O,, has been assigned.
- 6. Concentrated boiling solution of caustic potash decom-
~ poses it into acetie, oxalie, and carbonic 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.

OTHER POLYHYDRIC ALCOHOLS.

Hrythrite (Erythroglucin, Erythromannite, Phycite, Pseudor-
cin) 18 a tetrahydric aleohol ; 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-
. mul® of these aleohols and acids will show their relations :—

CH,Ho (COH
Chilo | CHHe _{GHH“(CEH'?) {GHHG(CDHO)

. . | -{ CH(CH,Ho) CH (COHo)
CHHo* | CHHo .
CH.Ho | COHo CH,(CH,Ho) | CH,(COHo)
Erythrite.  Tartaric acid. Tetrahydric aleohol Citrie acid. ¥

{unknown).

| . When redueed by hydriodic acid, erythrite yields butylie
odide :—

CH, Mo cH,
oL HD = 48H, =+ gi} i o],
CH, Ho CHI
Erythrite. IIyduzigdiu Water. Hut{{m

a2
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Pinite and Quercile ave believed to be pentahydrie a,leohnlé;
and aposorbic acid is probably a derivative of one of them :—

“CH, Ho
CHHo
CHHo.

| CHHo

|LCH Ho

Pentahydric

aleoho

Mannite 18 a 11e:;n.hj,rdric aleohol. There are three acids cor-

1.

COHo
CHHo
CHHo.
CHHo

. COHo

" Aposorbie
acid.

responding to this aleohol : these are saccharic and mucic acids,
which are isomerie, and mannitic acid :—

"CH,Ho
CHHo
"CHHo
< CHHo
CHHo
| CH,Ho

Mannite.

(COHo

CHHo
| CHHo
'<| CHHo
| CHHo
\ COHo

Baecharie
or mneie acid.

(CH,Ho
CHHo
CHHo

S CHHo'

CHHo

. COHo

Mannitio
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 :—

{ 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,.

i e e e
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CHAPTER XIII.
THE ETHERS.
Tuxse compounds are the oxides of the positive radicals.
Each series of alecohols produces a series of ethers; we have
thus ethers of the monohydrie, dihydrie, and trihydric alcohols,
of which the following are the general formule :—

Methyl Vinyl Phenyl

SeTies., SeTivdE. geries, |

J U:JII‘.'H+1 {J“}[ﬂ” =1 r CJi]-II.'JI-'I
0 O O ;
l G"T’Tgu.g,l C:..I r:."u -1 C.IEHEH—T

Ethers of the dihydrie aleohols... C,H,,O.

Ethers of the monohydric aleohols

Ethers of the trihydric aleohols | CLIT,, -O-H,,_,C,

i:.C‘.lr]--l-ﬁ'u, -{-_)']:'[2“ L?”
lonHM _'O'H'J“ C”

ETHERS OF THE MONOHYDRIC ALCOHOLS.

These bodies are derived from the alcohols by the substi-
tution of the hydroxylic hydrogen contained in the latter by
a positive monad radical.

METHYL SERIES.

The following list contains some of the ethers of this series :—

Boiling-
roints,
: [GITH
Methylie ether ....... lg or OMe, =21I°,
H,
CH, [ CH,
Methylicethylicether 1 O or ] 0 or OMeEt +$11°.
C.H,  CMeH,
C.H, ( CMel,
Ethylic ether ......... 0 or 0 or OQILt, 330,
" 1e,H, | enrer,
cH CH.
Methylicamylicether 4 O " or 1’ 0 or OMeAy 929,
C.H, | oBun



86 THE ETHERS.

Boiling
pointi.
C.H, CMeH,
Ethylic butylic ether. 4 O 8] or OEtBu 80°2.
O CPrH,
C.H; CMeH,
Ethylic amylic ether. { O O or OEtAy 1129
C.H,, CBul,
. C.H, CPrH,
Butyic ether .........{ O or {0 or ODBu, 104°,
C.‘H.;. CPI':E:2 E
C.H, CBul,
Amylic ether .uuuiii. D or { O or OAy, 176°.

Formation.—1. Bj‘ the action of sulphurm acid upon the
C,H,,.,Ho alcohols. The process may be divided into the two
following stages :—

C.H;.,Ho 4 80,Ho, = 80,Ho(CH,.,0) + OH,.

Aleohol. E!u]p'!u&riu Bulpho-acid. Water.
aci
SO, Ho(C,H,.,0) + O,H,,.Ho = {0 + SO0,Ho,
GIIII2H+I
Sulpho-acid. Aleohol Ether. Sulp'.ll:ié.lrie
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 :—

2 CHHEH-I-lHD "I“ Nﬂa = 2 Cth+1N&U + Hg'

Aleohol. Bodie aleohol.
{oF: A
CHHEM-l-l
Bodie aleahol. Todide. Ether. Bodie iodide,

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

U-ﬂH2ﬂ+1
0 -+ ESDaHUE = ESDEHG(C”Hgn.l_lO) '}" OHE.
: CnHﬂn-|—l

Ether. Bulphuric acid. Sulpho-acid. Water.

Sozl{ﬂ(ang..+10) + O]."I2 = SO 2-.[_:[".:'z + C"ng_'_lHG.

Sulpho-acid. Water. Sulphurie acid. Aleohol.
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METHYLIC ETHER, Methylic Owide.
CH,
O or OMe,.
CH, '

Molecular weight =46. Molecular volume [T 1. 1 litre of
methylic ether vapour weighs 23 criths. Boils at —21°,

Preparation—By heating methylic aleohol with sulphurie
acid or boric anhydride :—

CH,Ho + S0,Ho, S0,Ho(CH,0) + OH,;

I

Methylie Bulphuric Sulphomethylie Water
aleohol. aeid. acid.
CH,
SO,Ho(CH,0) + CHHo = {0 + SOHo,
CH,
Bulphomethylie Methylie Methylie Sulphuric
= :mid,.h:r alcohol. ether. acid.

Reaction.—Methylic ether is acted upon by chlorine under
the influence of light, the hydrogen being displaced atom for
atom by chlorine. The following compounds are formed :—

CH,Cl CHO, coL

0 3 0 ; ek

CH,Cl CHCI, col,
Dichlorinated Tetrachlorinated  Perchlorinated
methylie ether. methylic ether.  methylic ether.

. ETHYLIC ETHER, Ethylic Oxide, Ether, Sulphuric Ether.
CMeH,
0 or OEL,.
CMell,
Dolecular weight =74. Molecular volume [T 1. 1 litre of
ether vapour weighs 37 criths. Sp. gr. =0723. Fuses at
—31°.  Boils at 35°6.

Preparation.—A. mixture of equal volumes of sulphuric acid
and alcohol is heated to a temperature of from 140° to 145°, and
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a constant stream of aleohol is allowed to flow into the mixturve,
Ether and water distil over together. ''wo reactions take place
suceessively : in the first, the aleohol is converted into sulpho-
vinie acid ; and in the socond the sulphovinic acid is converted by
a further quantity of aleohol into sulphurie acid and ether:—

BtHo 4 S0Ho, = SO0EtoHo + O,

Aleohol. Sulphurie acid. Sulphovinie acid. Water.
S0, Etollo 4+ EtHo = OEt, + 8SO0,Ho,.
Sulphovinie acad. Aleohol. Ether, Sulphurie acid.

in this manner the same quantity of sulphurie acid can
convert an unlimited quantity of aleohol 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 alcobol, the mixed cthylic amylic ether is
formed :—

S0,Ayolo + FtHo = S0MHo, + OAyE:

Sulphamylic acid. Ethylie Sulphuric Ethylie amylic
aleohol. acid. ether.,
Reactions.—1. Ethylic ether, when mixed with an equal
volume of sulphurie acid, produces sulphovinie acid :—
OEt, + 280,Ho, = 280,EtoHo + OH,.
Ethylic ether, Sulphurie acid. Bulphovinie acid. Water,
2. Hot nitric acid converts ethylic ether into earbonie, acetie,

and oxalie acids.
3. Exposed to the air, it gradually absorbs oxygen and is

transformed into acetic acid:—

(CH,
B L o o o
<]¢H A "{COH-::' e
| CH,

Ethylie ether, Acetic acid. Water.
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ETHYLIC SULPHIDE, Sulpini Efler,
i’ CMeHl,
- D or S,
| CMet,
Molecular weight =90. Molecular volume [T 1 litre of
ethylic sulphide vapour weighs 45 ciiths. Boils at 73°.
Preparation.—By adding cthylic chloride to potassic sul-
phide, and distilling :—

C)Mell,
9CMeH, (1 + SK, = {8 +  9K(l,
CMeH,
Ethylie chlovide. FPotassie Ethylic sulphide, FPotassie
R sulphide. chloride.

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

Sulphurous triethylo-iodide ......... SEt,I.

By the action of argentic oxide on this iodide, the corre-
sponding hydrate may be formed :—

SuLT . AoWo = SELHo L Acl

Sulplurous Argentic Hulphurons Argentic
triethylo- hydrate, triethylo- iodide,
iodide, hydrate,

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

ETHERS OF THE VINYL AND PHENYL SERIES.

C.H,
Of the ethers of the vinyl series, allylic et-]mr,{D' ;
C I
alone is known. It boils at 82°, F

C.H,
In the phenyl series, phenylic ether, { 0 ', and benzylic
{07]{1.' ¥
ether, 1 O , have been obtained.
CH

T
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By digesting benzylic chloride with potassic phenylate, a
mixed ether, phenyl-benzyl ether, is formed :—

cﬁHﬁ
{gﬁh p CHEe ~ldig LS
C,H,
:fl?}ﬁéi; phP:nt;?:it?}. Eh?nm::?&i: Phe:;ytt::ﬂzyl

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,O............... 13°-5.
Propylenie oxide, CH,O............... 85%0.
Amylenic oxide, C,H O............... 95°0.

ETHYLENIC OXIDE, Ethylenic Ether.
CcH
cHO = {gmo.
S CH,
Molecular weight =44. Molecular volume [11. 1 litre of
ethylenie oxide vapour weighs 22 criths. Boils at 13°5.

Preparation—FEthylenic oxide is obtained from glycol by
converting the latter, first into ethylenie chlorhydrate, or
chlorhydric glyeol, by the action of hydrochloric acid, and
-subsequently treating the compound thus formed with potassie
hydrate :—

[ CH,Ho _ [CHHo _
-{CH:HG + g Ve {cﬂ,cl R
Glyeol. Hydrochlo- * Ethylenie Water.

ric acid. chlorhydrate.

Il

'{gg%“ 4+ KHo {gﬁzo T N )
Ethylnanin Potassic Eth;:l:nin Water. Potassic
chlorhydrate. hydrate. oxide. chloride.
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- Isomers—Ethylenic oxide is isomeriec with vinylic alcohol

and acetic aldehyde.
the following formulse :—
H
C'HEO | O
H—-C_/
Ethylenic
oxide. |
H
CH,
COH

Acetic aldehyde.

The nature of this isomerism is seen in

}
(9. H‘?’]
‘i‘ﬂ]{“ G o
1“]11|¢ 1
0
|
i
H
I
A
H—(=0

* Reactions.—1. Ethylenic oxide unites mth nascent hydrog gen,

forming alcohol :—

{Gmo + B = {Grns
Ethv!fnm Aleohol.

2. It also unites with oxygen, forming glycollic acid :—

{80 + o = {Ehi
Ethylenie Glycollic
oxide. acid.

3. It is a basic substance, and unites directly with acids:—

{GHEO i HO = _{0]1201

CH

Ethylenie
oxide,

CH.Ho"
Ethylenic

chlorhydrate
or chlorhydric

glyeol.

4 Ethylenic oxide precipitates as ﬁydratea many metals from
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solutions of their salts, such as the fervie, aluminie, cuprie, and
magnesie¢ hydrates :—

CH - CH., (I
2 () MgCl 20H, =2 : M
{ c 2{. + E(t o + D 3 i CHE-’,’IO + EHUT
Ethylenic Magnesie Water. Ethylenie Magnesie
oxide. chloride. chlorhydrate. hydrate,

5. It also combines directly with water, reproducing gly-
col :—

CH, _ (CH,Ho
{GH;O FQH, = {CI—I:HG‘
Ethylenic Water, Glycol,
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 formulae :—

H H H H
) ] i ' I I cnlls
Ethylic ether ......... H—C—C—0—-C—-—C—-H =<0 .
] el C.H;
H H H H
H H
g
Ethylenic ether ...... H—C—C—H = {ggﬁﬁ.
| 2
k.oJ

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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GLYCYLIC ETHER, Glycylic Oxide.
H T

H—{!}‘—D—é—]{

| { CH,-0-H,C }
Hi(- D0 HL]CH.-0-HC

| CIH,-0-11,C
B 0—0—(C—H

| |
H H

Preparation.—By the astion of potassic hydrate on so-called
10dhydrin ; —
(CII,
CcH
CH, (CH,-0-HC
<0 4+ KHo = KI 4+ OH, + s CH-O-HC ;.
CH, 1 CH,-O-HC
CHI
CH,Ho
Todhydrin, Potassia Potassic Water. Glyeylic ether.

hydrate. iodide.

CHAPTER XIV.

THE HALOID ETHERS.

Eacu series of positive radicals forms its own series of haloid

ethers,
These ethers are produced by the substitution of hydroxyl in
the alcohols by chlorine, bromine, iodine, fluorine, or eyanogen.

Haloid Ethers of the Monad Positive Radicals.

As these radicals can only unite with one semimolecule of
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hydroxyl, they can only form one haloid ether. Each series of
radicals therefore forms one series of haloid ethers :—

I. Haloid ethers of the form C,H,,,CL
1L, 1 TR | ) GnHﬂqs—iol-

HI_' n 0 ] 1 CHHEH =7 01!

The following will serve as examples of the three series :—

H H
Propylic iodide... @ C,H.I R
R | Hﬁli’J—G—C—I
C(C.H,)H,I. Pow)
( 2 .'}) H H H
Allylic iodide ... CH,]I I
| Ly nonr. I—C—C=C—H
C(C,H,)H,I. 1'1 | ]{1 LI[
Phehylic iﬂdide... C.H,1I H-hl'!? {l;"_I
.
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,
&c., and the second by the llke dmplacement of both semi-

molecules of hydroxyl :—

- 1. Haloid ethers of the form C, H, HoCl
]-I' 1] L] » )] GHHE.-;CL-

The foﬁuwing exaﬁﬁplea will suffice to illustrate the consti-
tution of both these classes of haloid ethers:—
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Chlorhydrie glycol or ethy- H I
lenic chlorhydrate......... C,H HoCl (Ij (!; S
or | I
CH,Ho O Cr
CH,CI - |
H
Ethylenic dichloride ......... CH,Cl, I]I I|{
or
A II
CH, (1 Hen ? {'|'
CH,CI B0

Haloid Ethers of the Triad Positive Radicals.

Three classes of haloid ethers are derived from the trihydric
alcohols by the successive substitution of the three semi-
molecules of hydroxyl contained in these alcohols by chlorine,
bromine, &e. A fourth class also exists, which stands inter-
mediate between the ethers and the haloid ethers, and which
is formed by the substitution of one of the semimolecules of
hydroxyl in the alcohol by a monad negative radical, such as
chlorine, bromine, or eyanogen, and the remaining two semi-
molecules of hydroxyl by a dyad oxygen :—

T. Haloid ethers of the form C,H,,_,Ho,CL.

II' ] » » Cth—lHﬂCln'
I1I. LE] » ” GRH?ﬂ-lCIS'
B, 0, VW o 0T, OO,

The following are examples of each of these classes :—

HHH
e by
CH,Ho HOL Ol
Chlorhydrin. { CHCI [ 4)
CH,Ho 0 Q

| 5
13 g
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Ill H H
| il
; : J’ CIH,Cl H—C—(C—C—II
Dichlorhydrin ... CHTo. bt
| cH,0l cl 0
l
H
H'H"H
; CH (1 [kl
Triehlorhydrin ... ¢ CHC1, H—(—(C—(—I1
CH, (I R |
Cl Cl ¢l
_ 1 A 2 IO |
Hydrochloric C1,Cl b &l (J)
glycide or f:pi_{GH 0 - H—(C—C—C—I1L
chlorhydrin ... CH, | L |
Cl 0~/

HALOID ETHERS OF THE MONAD POSITIVE
RADICALS.

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

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

CHzpHo 4 HC = CH,,;,01 +. 0OH.
Aleohol. Hydragglﬂc-ric Haloid ether. Water,

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

3Cﬂng+1H'D 'I" PUL‘ = Bangn.t.lcl + POHHI}E.
Aleohol. Phosphorous Haloid ether, Phosphorous

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

Gqu".'.],H “I“ Cli = OHHQ',H.[U]. + HGL

Hydride. Haloid ether, Hydrochloric

acid.
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- It is obvious that in these reactions bromine and iodine may
be used instead of chlorine.

These reactions apply equally to the C,H,,_, and C,H,_,
series,

For the preparation of the nitriles, which are isomeric with
the eyanides of the radicals, two special reactions (Nos. 1 and 2)
are employed.

1. The distillation in the dry state of a mixture of the po-
tassic sulphate of the radical with potassic cyanide :—
S0,Ko(C,H,,,0) + KCy = 80,Ko, + CH,,Cy.
Potasaic sulphate of the Potassic Potassic Abnormal eyanide

radical. cyanide. sulphate. or nitrile,

2. The fatty acids are converted into ammonium salts and
distilled with phosphoric anhydride, when the abnormal eyanides

of the positive radicals which they contain, or nitriles, are pro-
duced :—

OFIHEH-I-]. ] o CJlHEn+l
{Coiimoy + RO, = {GyF* + 4RO
Ammonium Phosphoric Abnormal eyanide Metaphosphoric
salt. anhydride. or nitrile. acid.
3. By the action of chloroform on an amine in the presence
of an aleoholic solution of potassic hydrate, a normal cyanide is
produced. These cyanides are isomeric with those obtained

by the two previous processes, and appear to contain nitrogen
in the pentad condition :—

{jE + cHOL = sHOL + {STFw

Amine, Chloroform. Hydrochlorie Cranide.
acid.

Reactions.—1. Treated with alcoholic solution of potash,
most of the haloid ethers of the C',H.,y, series, except the cya-
nides, are reconverted into alcohols :—

C:lHﬂﬂ-]-lGl + KHD = G“HE',H.FIHD + KCL

Haloid ether. Potassic Aleohol. Potassic
; hydrate, chloride.

2. The nitriles, or abnormal cyanides, under similar circum-
VOL. IL H
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stances are converted into potassic salts of the acids which
contain the positive radical of the cyanide :—

c N air
Abnormal Potassic Water. : Potassic Ammonia
cyanide. hydrate. galt.

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

{Gx# + HCL + 20H, = NHO + {gﬁﬁugh
Nitrile. Hydrochlorie Water. Ammaonic 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 :—

O, H,, W
{ No ™ + HCl + 20H, = { GOt - N0 HE

Cyanide. Hydrochloric Water. Formie Hydrochlorate
acid. acid, of amine.

This reaction appears to take place in three stages; and in
the case of phenylic cyanide the intermediate compounds have

been obtained : —

CH H "

2{NG® + 20H, = (Como + N.(CI)"(CH)H,
Phenylic Water. Formic Formyl-diphenyl-diamine,
eyamde. acid.

Ll el cﬁHi cRH
N,(CH)"(CH)H + OH, = {N(CDH)H i {HH:
Formyl-diphenyl-diamine. Water. Phenyl formamide.  Phenylamine,

CH, e UG H
{N(CDH)H oA {NE: v {comr
Phenyl formamide, Water. Phenylamine. Formic acid.

9. When the iodides are digested with zinc or magnesium,
the radicals are either liberated or unite with the metal :—
ECMH?H-I-II + EZH — zn(UnHEn-{-I)-; "i"' angj

Todide. Organo-zine Fincie
compound. iodide.
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or
ZC'“H?J#-I-II + le = { CMHEM-I.I "I" an-u-‘
e ST | 7
Todide. Free Zincic
radical. iodide.

6. When the iodides are submitted to the action of sodie
ethylate, a mixed ether (or a simple ether if #=2) is formed :—

anﬂJi+1
CRH‘.;NH.U + GiIHEM-I-lI = D + NRI*
c‘.!HS
Sodic Todide, Ether.

ethylate.

7. The haloid ethers of the monad positive radicals are the
representatives of the hydracids of mineral chemistry, and
unite directly with ammonia, producing salts which, when treated
with potassic hydrate, yield compound ammonias containing the
basylous radical of the haloid ether in the place of one atom of

hydrogen:
NH, + FEtI = NHZEL
Ammonia, Ethylie Ethylammonic
iodide. 1odide.
NHEI + KHo = NEtH, 4+ KI + OH,
Ethylammonic Potaasic Ethylamine. Potassic Water.
1odide, hydrate. iodide.

METHYLIC CHLORIDE.
CH,CI or MeCl.

Molecular weight =50'5. Molecular volume [1]. 1 litre of
methylic chloride vapour weighs 2525 eriths. Doils at
—21°,

Preparation.—By heating together sodic chloride, methylic
alcohol, and sulphuric acid :—
S0,Ho, 4+ MeHo = 80OMecHo + OIi,

Sulphurie Methylic Bulphomethylic Water.
acid. aleohol. : acid.
SO,MeoHo 4+ NaCl = MeCl + 8SO,HoNao.
Bulphomethylie Sodie Methylie Hydrie sodic
acid. chloride. chloride. sulphate.

H 2
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Reaction—By the action of chlorine, methylic chloride pro-
duces three substitution derivatives :—

Boiling-
pount.
Monochlorinated methylic chloride, CH,CL,. 31°
Dichlorinated o 5 MICHEL. 60°8
Trichlorinated 4 W -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
c¢hloride, which 18 said to boil at 31°,

CHLOROFORM, Dicklorinated Methylic Chloride.
CIICl,.

Molecular weight =1195. DMoleeular volume [1]. 1 litre of
chloroform vapour weighs 5975 criths. Sp. gr. 1'48. Doils
at 60°8.

Preparation.—This compound is manufactured in large
quantities by heating alecohol with a solution of calcie chloro-
hypochlorite (ckloride of lime). 1t may also be made by treat-
ing methylic aleohol in the same manner. For the reaction
see p. 67.

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

CHCl, + 4KHo = CHOKo + B3KC(Cl + 20H,.

Chloroform. Potassic Potassie Potassic Water.
hydrate, formate. chloride.
2. 'When acted upon by chlorine in the presence of sunlight,
the hydrogen of chloroform is displaced by chlorine, and carbonie
tetrachloride (CCl,) formed.
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ETHYLIC CHLORIDE.
C.H,C1 or EtCl.

Molecular weight =64'5. Molecular volume [T ). 1 litre of
ethylie chloride vapour weighs 32:25 eriths. Sp. gr. 00874,
Boils at 11°5.

Preparation.—Ethylic alcohol is saturated with hydrochloric
acid, and digested in sealed tubes at 100° for one or two hours,
when the mixture separates into two layers, the upper one
being the ethylic chloride : —

EtHo + HClI = EFEtCl + OH.,.
Aleohol. Hydrochlorie Ethylie Water.
acid. chloride.

ETHYLIC IODIDE.
C.H.I or EtI.

Molecular weight =156. Molecular volume [ 1. 1 litre of

ethylic iodide vapour weighs 78 eriths. Sp. gr. 19464,
Boils at 72°2.

Preparation.—By placing in a retort two parts by weight of
alcohol and one of amorphous phosphorus, and then introducing
five parts of iodine and distilling in a water-bath :—

8C.HHo + P .+ .1, = 3CHI + POHH,,

Aleohol. Ethylia Phosphorous
iodide, acid,

Reaction—Ethylic iodide, when heated with water in a
sealed tube, produces ether and hydriodic acid :—

cH,

2CHI +-"QH . .— 10 + 2HIL
CH,

Ethylic Water. Ether. Hydriodie

indide. acid.
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The methylic and amylie iodides are similar liquids, and ob-
tained by analogous processes ; the methylic iodide, CH,I, has
the sp. gr. 2:237, and boils at 42° C. Amgylic iodide, C;H I, 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,H, 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 chlorhydrie glyeol { ggﬂg{) .

CH,Ho
CcH,1I °

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

Ethylenic iodhydrate or iodhydrie glycol ... {

II. 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......... CRGL. .. 40°
2 iodidel ..o ... LIGEEL IR 118 10 gl 81°
Ethylenic chloride ......... GHGL ... 85°
- bromide ......... C.H Br 129°



ETHYLENIC BROMIDE. 103

Boiling-point.

Ethylenie iodide ............ A [ TR
Eropylenic chloride ......... 'S HOL) ...... 108°
" bromide......... CHBr, ...... 144°
N vodideits ). v 20 2 ) R
Butylenie chloride ......... GO 137
o bromide ......... CHBr ... 160°
Amylenic chloride ......... S 5 il D1 e e
5 bromide ......... CH. B ... 175%

By the action of potassium, sodium, or zine, the radicals ave
again liberated, except in the case of the methylene compounds.
The bromides are the most important members of the series.

ETHYLENIC BROMIDE.

GII Br L
C.H,Br, or { GH:Br or Et'Br,

Molecular weight =188. Molecular volume [1]. 1 litre of
ethylenic bromide vapour weighs 94 criths. Sp. gr. 2'16.
Fuses at —18°,  Boils at 129°.

Preparation—By agitating bromine and water with ethy-
lene.
Reactions.—1. Boiled with aleoholie potash it yields brom-
ethylene or vinylic bromide :—
CHBr, + KHo = CHBEr 4+ KBr + OH.

Ethylenic Potassie Vinylie bromide Patassic Water.
bromide. hydrate. or bromethylene. bromide.

2. Heated with an aleoholic solution of potassic acetate, it
yields monacetic glycol.

CH,Br _ [CH,-0-CMcO
{cH,_,Br + 2CMeOKo + OH, = {GHEHG

Ethylenie Potassic Water. Monacetic glycol.
bromide, p acetate.
+ CMeOHo + 2KBr.
Acetic Potassic

acid bromide.
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ETHYLENIC CYANIDE, Ethylenic Nitrile.

CHCy _ :
{CHZU}r = GC.H/Cy..

Fuses at 37°.

Preparation—DBy heating ethylenic bromide with potassie
cyanide to 100° for sixteen hours :—

CH,(CN")

CH BT.‘ PR =

{c}rjnr + 2CN"K = {GHE(CNH,} + 2KBr.
Ethylenic Potassic Ethylenic Potassic
bromide. cyanide, nitrile, ; hmmid_c.

Reaction.—When boiled with alecholic potash, ethylenic
nitrile or abnormal cyanide yields potassic suceinate :—

CH,(CN") _ [CGH,(COKo)
Ethylenie Potassic Water. Potassie Ammonia.
nmitrile, hydrate. succinate,

HALOID ETHERS OF THE TRIAD POSITIVE
RADICALS.

I. of the form C,H,,_,Ho,Cl.
Boiling-
pont,
(CH, Ho
CHUL ... it 227°,
| G o

[ CH_ Ho
Bromhydrin ...{ CHBr ............ 180° in vacuo.
 CH,Ho

Chlorhydrin

A,

I1. of the form C,H,,_,HoCl,

CI1L,Cl1
Dichlorhydrin... 4 CHHo ............ 180°,
CH,Cl
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III. of the form C,H,,_,Cl..

Boiling

point
CH_C1

Trichlorhydrin.,q CHCI ............ 155°,
CH, (I

IV. Of the form C,H,,_,0Cl.

Hydrochlorie CH, 0

glycide or epi- ][ G v 118°,

chlorhydrin ... { CH,Cl

Preparation—The ethers of the first three forms are obtained
by the action of the hydracids upon glycerin; whilst those of the
fourth are produced by the action of alkalies upon the second
form of compounds.

CHAPTER XV.

THE ALDEHYDES.

THESE compounds are intermediate between the aleohols and
the acids. They are formed from aleohols by the abstraction of
hydrogen ; hence the name, which is an abbreviation of alcoliol
dehydrogenatum.

Three series of aldehydes are known, corresponding to the
three series of monacid alcohols, viz. :—

A. Aldehydes derived from C,H,,,Ho alcohols.
B. 3 33 13 UnHEu—lHﬂ a3
C' 2 33 1] GnHE"n—-,HQ 1

Preparation.—1. The aldehydes are formed by the oxidation
of the alcohols ; ethylic alecohol, for instance, yields acetic alde-

hyde :—
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CH cH,
{UH:H-:: - { cofy + OH.
Ethylic Acetie Water.
alechol. aldehyde *.

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

CH, o e o2

{ coko T {COKn = {GDH . FO0Ko,
Potassic Paotassic Acetio 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 aleohol by nascent hydrogen then the
alcohol converted into an abnormal eyanide or nitrile, which
by treatment with potassic hydrate gives the potassic salt of
the next higher acid. Thus:—

CH S T
{coi{ i {CH:H:)’
. Acetic Ethylie
aldehyde. aleohol
CH. 4+ SO0Ho, = SOHoE + OH,;
CH.Ho 40 :
Ethylic Bulphurie Sulphovinie Water.
alephol. acid. aecid.
80.HoEto + CN"K = 80.KoHo -+ { T
migogit . Teste . Tl 1 Bl
CMeH,, . CMeH
{GN”' 2 ..l.- KHD + OI-IE = {GDI{D? ..I- NHE'
Ethylie Potassie Water. Potassie Ammonia.
nitrile. hydrate. propionate.

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

H O
|
e
H I
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Reactions.—1. By direct absorption of oxygen, the aldehydes
are transformed into the corresponding acids :—

cuH? Ll anE
{Gom" + © = {Gom"
Aldehyde, Acid.

2, Also heated with ammoniacal solution of argentie oxide,
the aldehydes are converted into acids, metallic silver being
deposited :—

C1m., C.H.,
{Goi™ + oas = {coﬁﬁ' + Ag.
Aldehyde. Argentic oxide. Acid,
3. When heated with potassic hydrate, the aldehydes yield

the potassic salts of the corresponding acids, with evolution of
hydrogen: —

Aldehyde. Potassio Potassic
hydrate. salt.

4. Treated with nascent hydrogen, they are converted into
the corresponding alcohols :—

{Sorr + ® = {Gitiis-
~ Aldehyde. . Alcohol.

5. Most aldehydes combine directly with ammonia, forming
erystalline compounds :—

cﬂH 1 c?IH
{cor" + { GOy
Aldehyde. Ammonia, Ammoniu‘_lm
compound.

6. Aldehydesalso combine with the alkaline hydric sulphites,
producing erystalline compounds :—

{g,%%ﬂ + SOKoHo = SOKoHo, {g’t‘)}{—"f“‘
Aldehyde. Hydrie potassic

sulphite.
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A, ALDEHYDES DERIVED FROM THE C,H,, . Ho
SERIES OF ALCOHOLS.

The following are known :—

Fusing-  Boiling-
point. point.

Formic aldehyde '”{EOH R S e

Acetic aldehyde ...... {ggir SR ) o By ey
Propionic aldehyde.. { S ¢F% or 'ggﬁi‘aiﬂz ......... . (40°-45%).
Butyric aldehyde .. {gg‘i?ﬁ or { ﬁ S e (68°-75%).
Valeric aldehyde .. { ggﬁ:{- or { IZI L —— 93°,
Enanthic aldehyde.. { S or | & fiIHu}Hs below —12°,  152°.
Capric aldehyde...... {g%ﬁﬁﬂ‘f}ﬂﬂ ........................... — 27, 228°7
Euodic aldehyde...... {gf{%fm?“s ........................... 4+ 7 219
Tauric aldehyde...... { St — e,
Palmitio aldehyde ... { GOT 2 coevecsnresninsen 52°.

ACETIC ALDEHYDE, Aldehyde.
{ CH,
COH"

Molecular weight =44,  Molecular volume [1]. 1 litre of
aldehyde vapour weighs 22 criths. Sp. gr. =079. Boils
at 21°8.

Preparation.—1. By oxidizing aleohol with chromic acid,
chlorine water, or manganic oxide and sulphurie acid :—

CH, _ [cH

{GHEHU o0 {coﬁ il
Ethylic Acetic Water.
aleohol. aldehyde.

2. By oxidation, casein, fibrin, and albumen also yield alde-
hyde.
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3. Aldehyde is formed when the vapour of aleohol or ether
is passed through a tube heated to dull redness.

Reactions.—1. It gradually absorbs oxygen from the air,
forming acetic acid, into which it 1s also readily converted by
oxidizing agents:—

CH CH

{coir O — {coi{o*
Acetio Acetic
aldehyde, acid.

2. It reduces silver salts, depositing lustrous metallic silver
on the sides of the vessel.

3. By the action of phosphoric chloride on aldehyde, ethyli-
denic dichloride is produced :—

CH CH
3 R 3 POCL.
{CUH 5 B, cuo, T 3
Acetic Phosphoric Ethylidenie Phosphoric
aldehyde. chloride. dichloride. oxytrichloride.

4. When submitted to the action of potassium, one atom of
hydrogen is substituted by an atom of the metal, the compound
{ CH:I
COK
being formed.
5. Hydroeyanic acid transforms aldehyde into alanin :—

(e + mon + om, - (GO
Acetic H}rﬂruﬁ‘{nnia Water. Alanin.
aldehyde. acid.

By the action of nitrous anhydride, alanin or lactamic acid
1s converted into lactic acid :—

5 { S LR EL i i, = o { CMeHHo

COlHo goHo T 2N, +OH,
Alanin. Nitrous Lactic Water.
anhydride. acid.

There are three isomeric modifications of aldehyde :—
Metaldehyde, crystalline, subliming at 120°,
Paraldehyde, liquid, boiling at 125°,

Elaldehyde, crystalline, fusing at 2°, boiling at 94°.



110 THE ALDEHYDES.

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,

{ ccl,
COH

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 chloral alecoholate is generally produced.
Its constitution is expressed by the following formula .—

C(l,
CHEtoHo

B. ALDEAYDES DERIVED FROM THE CH,,_Ho
ALCOHOLS.

ACROLEIN. Aerylic Aldehyde.
CMe"H
COH

Molecular weight =56. Molecular volume [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 :—

CH, Ho o
OHHo = 90H; (4 {ggifl =L
CH,Ho -

Glycerin., Water, Acrolein,

2. By the oxidation of allylic alcohol :—

CMe"'H _ [CMe"H

{cH;{o ¥ i il {GOH AL
Allylie Acrolein. Water.
aleohol.
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3 By the action of heat on the product of the union of ace-
tone with bromine :—
COMe __ JCMeBr,
{GlIa 1 T BrGs ‘{ CH_Ho

Apctona.

{ﬂ]ui-::]hﬁ'i e {GMB”H

CH, Ho QpE " 7 e
Acrolein. H}'L'Irctli:;omic

Reaction—By oxidation, acrolein yields acrylic acid :—

EMEHY {cMe"H
COH = 1 COHo °

Acrolein, Acrylie acid.

C. ALDEHYDES DERIVED KFROM THE CH,, ;Ho

ALCOHOLS.
Boiling-
point,
Benzoie aldehyde ...... { g%—:I[fI 1807,
Cuminic aldehyde ...... { gﬁ%‘...ﬂg‘%.

BENZOIC ALDEHYDE, O:l of Bitter Almonds, Hydride of
Benzoyl.

C,H,
COIL

Molecular weight =106. Molecular volume [T. 1 litre of

benzoic aldehyde vapour weighs 53 criths. Sp. gr. 1'043.
Boils at 180°.

Preparation.—1. By the oxidation of amygdalin by nitric
acid, and by the action of a mixture of manganic oxide and sul-
phuric acid on-albumen, fibrin, casein, and gelatin.

2. By digesting bitter almonds with water for five or six
hours at 30°-40°. The synaptase present acts as a ferment on
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the amygdalin, converting it into glucose, benzoic aldehyde, and
hydrocyanic acid :—

C,H,NO, + 20H, = { S 4 NCH + 2,0,
«  Amygdalin, Water. Benzoic  Hydrocyanic  Glucose.
aldehyde. aci

3. By digesting together plumbie nitrate, water, and benzylic
chloride (chlorotoluol), benzoic aldehyde is formed :—

C H. " CH

o { &1 01+ N.O,Pbo"=IN,0, + OH,+ PhCL, +2 { SOk
Bcnayllc 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, benzoic aldehyde
absorbs oxygen and is converted into benzoic acid :—
[ C.H, P e
1cor "+ 0= by
Benzoic aldehyde. Benzoic acid.
2. Heated with solid potassic hydrate, it gives hydrogen and
potassic benzoate :—

C.H, CH
Benzoic Potassic Potassic
aldehyde. hydrate. benzoate.

CHAPTER XYVI.

THE ACIDS.

Tae 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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Others are produced by the action of chemical agents on
various organic substances.
Some are formed in the animal organism, as, for instance,
formie, paralactic, oleie, and stearic acids.
The organic acids are divided into three great classes, accord-
ing to their basicity :—
1. Monobasic acids.
2. Dibasic acids.
3. Tribasic acids.
The basicity of organic acids is determined by the following
simple law:—an organic acid containing n semimolecules of
oxatyl is n-baste.

MONOBASIC ACIDS.

The monobasic acids, which always contain a single semi-
molecule of oxatyl (COHo), include the six following series :—

General formulae,

1. Acetic or fatty series ...... {gﬁ{?
2. Acrylic or oleic series ...... {gBGﬁEEH}IJ(OmHmH)_
. diachie gerien T L {ggi*ﬁ[““)(c’"H"”"“)Hﬂ.
4, Pyruvic series ............... {ggﬁ“ﬂﬂ"“).
5. Glyoxylie series............... { g%%i{m‘”)}mﬁ
6 B 1 : . cit]‘;‘[ﬂﬂ-?
. benzoic or aromatie series COHo

The 1st, 2nd, 3rd, 5th, and 6th of these series may be regarded
as the derivatives from corresponding series of alcohols.

1. The Acetic series from the Methyl series of aleohols.

i erylip o »  vinyl h 5
A ilmelie i Lol Loy A
5. , Glyoxylic,, s  Glyeerin 4
6. , Benzoic ,, s ~Ehenyl %

VOL, II. I
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The acids of the first, second, fourth, and sixth series are
termed monohydrie as well as monobasic; 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 positive 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-
basic, indicating that they are derived from the trihydric aleo-
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... { g’g{ﬁf

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

A. Normal acids.
Genm_*al formula. .. { gg_-}[fi%"'""")ﬂﬂ-

B. Secondary acids.

(General formula... { ggjﬁgﬂ“'“}ﬁ.

C. Tertiary acids. _
C(C,H,p1)
General formula ... { COlo +1/3,
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A. NORMAL ACIDS OF THE ACETIC OR FATTY
SERIES.
C(C.H,,.)H,
COHo :

General formula...

In formie acid, which is generally considered to be the first
term of this division, the radical C(C, H,,,)H, is replaced by
I ; and in acetie acid the value of #=0. In reference to the
following list of normal fatty acids, it must be borne in mind
that the normal character has not been established in the case
of those members which possess a higher molecular weight
than cenanthylic acid :—

Fuszing  Boiling-

point. point.
Mormic asidi. ... .0, et { IOIOHU A +1° 100°
Rostio akid ... { Gorro or{ GOt v 170 117,
Propionic acid ... { g%ﬂ:ﬁl_ﬂl or { g(OC}II_E)H — 141°
e CEtH, C(C,HH)H below ..
Butyric acid ...... { COH. nr{ COTo” ° + —ogo, 161°%
i CPrH (C,H,)H, o
Valeric acid ...... { COHe OF { COllo’ .. —— 175°%
Isopropacetic acid { T { Gome ), e 1750
Caproie acid ...... { gg%ﬂ or { EB%I}}Hﬂ A 4282, 108%
(Enanthylic acid { g%{’gi r{ g{(j%lgﬂ)Hﬂ... — 2]2°
Daprylic acid { SobL or { b o L SRS T
elargonic 86id .....rveveren. . { SO e 4187 2607

T2
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Capricacid L. Lo ol i ek { c&%{){l'}H?
Faaurie acid . ase . aranie L {gg’}'“?“)Hi
Myristic acid { AT
Palmitic acid..................... { SO,
Miaeparie Reid alinien g { ggﬁffﬂ}l{#
Stearic acid ... ........ {ggc}rfoHﬂ)Hl
Arachidic acid ... .............. { g}'}c}rffm)ﬂs
Behenieieds . o e { g%&ﬂl-"ﬂ{ﬂ
Hycenasic acid .................. { ggffgif)H*
Ceroticacid ..... ..., { ggjﬁi{“)”ﬂ*
Melissic acid .....c.....c.u....... { gg}ﬁgh)Hﬂ

Fusing-
point,

27°:9(30°).
43°6.

53%8.

G2°,

| 78°.

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 monohydrie
alcohols. Thus spermaceti is cetylic palmitate, and chinese wa

cerylie cerotate.

A large number exist as natural fats in the form of th
ethereal salts of glycerin: this is the case with butyrie, pal-
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mitie, and stearic acids, which, united with glycerin, form
respectively butyrin, palmitin, and stearin.

TFormation.—1. By the oxidation of the normal aleohols of
the methyl series, as in the conversion of alcohol into acetic
acid by heating it with a solution of chromie acid :—

cH CI, .
{CH:HQ 5060 ‘1 {CDH{J TR,

Aleohol. Acetic Water.
acid.

2. By the action of alkalies or acids upon the nitriles or
abnormal cyanides of the C,H.,, series of radicals:—

anEu-{-l SiE CHHEHH :
{ cNHr + I{IIG "I"' DHJ — { COI{D + NH'\] 3
Nitrile. Potassic Water. FPotassic Ammonia,
hydrate. salt.
and

: GHIT'.'-'HE o T B GJII.I'-:'H
{CN”' H L HOL e SOH = { Sofmt 4 NHCL.

Nitrile. Hydrochlorie Water. Acid, Ammonic
acid. chloride.

Instances of these reactions are seen in the treatment of
ethylic nitrile by a boiling solution of potassic hydrate, when
it is converted into potassic propionate, ammonia being evolved,
thus—

CMeH _ [CMeH, :
Ethylic Potassic Water, Potassie Ammonia.
nitrile. hydrate. propionate.

and in the conyersion of ethylic nitrile, by the action of hydro-
chloric acid, into ammonie chloride and propionic acid—

{gﬁ*@ TS50 - 20H, ‘= {gzgfl;g + NHCL

Ethylie Hydrochlorie  Water. Propionic Ammonie
nitrile. acid. acid. chloride.
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3. By the action of the potassium or sodinm compounds of
the C,H,,,, radicals upon carbonie anhydride—

€O, + CH..Na = {gnps,

Carbonic Hodium Bodie
anhydride. compound. salt.

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

CMeH
CO CMeH Na = 2,
20l : CONao
Carbonie Bodic ethide. Bodie
anhydride. propionate.

4. By the oxidation of aldehydes—

C, 1., e
{coﬁ“ + 0= {caﬁf*
Aldehyde. Acid.

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

CH. e[
{coir L {GDHD'
Acetio § Acetic
aldehyde. acid.

‘Besides these reactions of general 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, easein, and other
similar substances, there are produced formie, acetie, propi-
onie, butyrie, valerie, and caproic acids.

Propionic and butyrie 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 Fatty Acids to the C,H,, , Series of
Radicals.

1. When these acids are submitted to the action of nascent
oxygen evolved by electrolysis, the negative radical oxatyl is
converted into carbonie anhydride and water, the positive
radical being set at liberty :—

CRIIII: 7 CHI-I?JF
2{cods + © = {cmr + 200, + om,
Aeid. FPositive Carbonic Water,
radical. anhydride.

On electrolyzing a solution of potassie valerate, hydric po-
tassic carbonate and the normal radical butyl are formed :—
C.H,

CH, L .
2{001{0 + OH, + 0 = {g}y + 2COHoKo.

Potassic Water. ' Butyl. Hyidrie potassic
valerate. carbonate,
2. When the ammonic salts of these acids are heated with
phosphoric anhydride, they are converted into the nitriles or
abnormal cyanides of the radicals of the C, H,,, series—

an2ﬂ+I — G’J T'"’.n-i—l
{ GD{N‘.H‘iD) + 2P2_05 = CNIJI + 4POHHD’
Ammonie salt. Phosphorie Nitrile. Metaphosphorie
anhydride, acid.

as in the transformation of ammonie acetate into methylie
nitrile by distillation with phosphoric anhydride :—

CH, it

{ GOm0y + 2P0, = { ox' + 4PO,Ho.
Ammonie Phosphoric Methylie Metaphosphorie
acetate. anhydride. nitrile. acid.

These abnormal cyanides are converted into monohydric
alcohols by Mendius’s reaction (see p. 55).

From the alcohols so obtained, the C,H.,,,, radicals are iso-
lated as described at page 53.
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Relations of the Normal Fatty Acids to the C,H., ., Ho Series of
Aleohols.

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

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

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

2nd, by Piria and Wurtz’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,

crrHEn II __ ciaHﬂﬂ.

{Gors + {coxo = {t:ﬂ:?n{{+l 1y, SO
Fotassia Potassie Aldehyde, Potassic
galt. formate, £ carbonate,

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

GMHE—H'- b — r an:‘n
(Gor" + H = {Guis
Aldehyde. Rormal

aleohol,

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

o cﬂl—r?rl cﬂHﬂrr — anﬁ‘u
”{':J()HS(1 + {cocf‘ 4. 2Ns, = 3{coz¢$§

Aegid. Chlaoracid, Bodio salt.

an'_-'u 1
L {cﬂﬁn + NaClL

Aleohol.
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.
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Relations of the Normal Futty Acids to each other. Ascent of
the Series,
If the hydrogen constituting the positive part of formic acid
were substituted successively by methyl, ethyl, &e., the whole
series of normal fatty acids would be obtained :—

Furmi-:::_acid ......... { gOHU :
Acstic acid ......... { ggf{ 5

Propionic acid ... { g%—%{ o
Butyric acid ... { oo

This substitution has not yet been accomplished; but an
analogous series of reactions has been effected with acetie acid.
By the action of sodium on acetic ether, one of the hydrogen
atoms in the positive part of the compound becomes substituted
by sodium, producing
{ CH, Na
COEto"
By acting on this body with the iodides of the C,H,,,, radi-
calg, ethylie salts of the higher acids are produced.
On submitting monosodacetic ether to the action of ethylic
“iodide, for instance, butyric ether is produced—

Monosodacetic ether ......

CH_Na _ [COHOE
{Gotte + CHI = {Ghg,  » + ML
Monosodacetic Ethylic Buiyric Sodie

ether. iodide. ether, _ iodide,

FORMIC ACID.
{IéIDHG or CHOHo.

Molecular weight =46. Molecular volume [T 1 litre of
Jormic acid vapour weighs 23 criths. Sp.gr. of liquid 1'2353.
Fuses at 1° C, Boils at 100° C.
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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 acquires 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 organie
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 + 8KCl + 20H,.

Chloroform. Potassic Potassie Potassic Water.
hydrate, formate. chloride.

3. By the oxidation of methylic alcohol :—

H H
{CHEHG T = {GOH.:. + OH,
Methylic Formic Water.
aleohol. acid.

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

{coHn ot {H + co,

COHo COHo
Oxalic Formic Carbonie
acid. acid. anhydride.

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

EH«D -|-' c 0 = { EO K o
Potassic Carbonic Potassic

hydrate. oxide, formate.
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6. Formie acid is produced in small quantities by digesting
carbon with permanganic acid.

Formic acid from any of these sources is obtained in the
concentrated state by decomposing plumbic formate with sul-
phuretted hydrogen, and afterwards rectifying the acid over
plumbic formate :—

CHO, Lt H f
SoPho’ + SH, = 2{001:10 4+ PbS",
Plumbie SBulphuretted Formic Plumbic
formate. hydrogen. acud. sulphide,

Character—When heated with concentrated sulphuric acid,
formic acid splits into water and carbonic oxide :—

H
= C OH. .
{ COHo LR
Formio Carbonio Water,
acid. oxide,

Chlorine converts formie acid into hydrochloric acid and car-
bonic anhydride :—

H -

{ COHo + C—l3 = 2HCl + GDE
Formie Hydrochlorie Carbonic
acid. acid. anhydride.

‘When heated with excess of mercuric oxide, it is converted
into carbonic anhydride and water, the mercury being reduced
to the metallic state . —

{EOH(} + HgO = €O, + Hg 4+ OH.,
TFormic Mercuric Carbonie Water,
acid. oxide, anhydride.

ACETIC ACID.
CH.
COHo "

Molecular weight =G60. Molecular volume [T1. 1 litre of

acetie acid vapour weighs 30 eriths. Sp. gr. of liguid 1-064.,
Fuses at +17°.  Boils at 117°.
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Oceurrence.—Found in emall quantities in the juices of
plants and in animal fluids.

Manufacture—1. By the destructive distillation of wood,
a liquid is obtained which contains acetic acid; the acid is
purified by being converted first into a calcie, and then into a
sodic salt, the latter being afterwards decomposed by sulphurie
acid.

2. By the oxidation of ethylic alcohol :—

CH, _ [em.
{GHEHG R0, o= {coﬂo e
Ethylic Acetic Water.
alechol, acid.

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

CH, OF, abr g WS e
COKo* | COHo — COKo COHo'
Potassic diacetate, I’amtg:‘i?n .’hm:éiu

Character.—Chlorine acts on acetic acid in sunlight, pro-
ducing three chlorinated acids, in which chlorine is substituted
for hydrogen :—

CH, _[ena

{COHG T ake aine { Q080 s
.!'!-('t_‘fl-!fﬂ Mmmch!a:immtin II}-drqtll'EllorIn
A, Ac. Ok,
(S0 oo {JH 4

Monochloracetic Dichloracetic Hydrochloric
acid. acid. acid.
CHOJ, o A

{Goms + O. = {OOH& i
Dichloracetic Trichloracetic Hydrochlorie
acid. acid. acid.

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

CH,
{-COM{} j
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The acetates of the dyad metals have the constitution repre-
sented by the following general formula :— '

cH
{cofomf, o {GMEU CMc0-0

Mo" or . M.
CO-0 : CMc0O-0
{ oI, CMeO

By the action of phosphorous chloride, acetic acid yields
acetylic chloride :—

CH Seve | OEL

3{Goi, + PCL =3{Goy + POHMHo,
Acetio Phosphorous Acetylic Phosphorous
acid. chloride. chloride, awid.

PROPIONIC ACID, Methacetic Acid.

CMeH,
COHo -
Molecular weight =T4. Molecular volume [ 1. 1 litre of pro-
pionic acid vapour weighs 37 eriths. Boils af 141°,

Preparation.—1. By the oxidation of metacetone—a liquid
obtained by the distillation of a mixture of sugar and lime.

2. By the action of concentrated solution of potassic hydrate
on sugar.

3. By the fermentation of glycerin, and also of sugar, by
means of putrid cheese in the presence of ealcic carbonate.

4. By the action of potassic hydrate or hydrochloric acid on
abnormal ethylic eyanide (see p. 117).

5. By the action of carbonic anhydride on sodic ethide
(see p. 118).

6. By the action of hydriodie acid on lactic acid :—

Mel FO\TaT
2 R S

Lactic Hydriodie Propionic Water.
acid. acid. acid.
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BUTYRIC ACID, Ethacetic Acid.
{ CEtH, .
COHo"

Molecular weight =88. Molecular volume [11. 1 litre of
butyric acid vapour weighs 44 criths. Sp. gr. of liquid
09886. Fuses below —20°. Boils at 161° C.

Oceurrence.—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 Aeid.

CPrH,
COHo’

Molecular weight =102.  Molecular volume [T]. 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 amylic alcohol with a mix-
ture of sulphuric acid and dipotassic dichromate :—

{G(UEH.,)H.} 4 02 —_ {G(GHHT)Hi -}~ 'O'I‘I,.

CH, Ho COHo
Ampylie Valeric Water.
aleohol. acid,

Isomerie forms.—There are four possible isomers of valerie
acid :—
Normal valerie acid or { CPrH, " {CHg{CI'Tg[GHE(UHs)])_

propacetic acid ...... COHo °"|COHo
[
H‘—”‘(IJ—(J)—?—E—?—“Q_?; 0
[ :
5 W < K o R O

|
H
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CPugH, CH,CH(CH,),].
COHo °F | COHo.

H -
|

02 | |

I e
Higa Ju petigdo

Isopropacetic acid

| i z
H—C—H 111' O
[ |
H H
CEtMeH { CH(CH,)[CH,(CH,)]

Methethacetic acid. .. {COHG COHo
H
H H 1[-—%1—
o O—:— 0=0
e
i
Trimethaceti_e Heid {glgﬁﬂ or {ggci_%}ﬂ.
H
H—‘(ll——H
H
g g o
i 5
H—C—H I!I
i
Of these, the normal, the isopropacetic, and the trimetha-
cetic acid are known.
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B, SECONDARY FATTY ACIDS.
C(C,H,,.,) H
General formula... { COTo i e

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

are produced.
2. By the action of a boiling solution of caustic potash upon

the nitriles or abnormal eyanides of the secondary radicals.

DIMETHACETIC ACID, or Isobutyric Acid.

{ CMe,H
COHo -

Molecular weight =S8,  Molecular volume [[1). 1 litre of
dimethacetic acid vapour weighs 44 eriths. Boils at 152°,

Isomeric with butyric or ethacetic acid.

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

[ CNa,H . [CMeH

licoxi, . 2Mel = TlinGrg, ok Setial
Disodacetic Methylie Dimethacetic Sodie
ether. iodide. ether. iodide,
CMe, I _ JCMeH

{coﬁtu R S T T

Dimethacetic Potassio Potassic Aleohol,
ether. hydrate. »  dimethacetate.

2. By boiling isopropylic nitrile with solution of caustic
potash :—

CMe H CMe H
{ CN"F + I{I'Iﬂ + DHE = { CO:E-D -']- NHE*

Isopropylic nitrile, Potassic dimethacetate, Ammonia:
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Reaction.—By a hot solution of chromic acid dimethacetic
acid 1s decomposed into carbonic anhydride and acetic acid :—

CMe H Lat CH,
{coﬂaﬂ + 80, = 200, + 200, + {Go¥,
Dimethacetic acid. Acetic acid.

Acetone is sometimes formed as an intermediate product.
Diethacetic acid, { ggtl_*lﬂ, isomeric with caproic acid, and

diamylacetic acid, { g‘%ﬁn isomeric with laurie acid, have been

prepared by the substitution of ethylic and amylic iodides in
the above reaction,

C. TERTIARY FATTY ACIDS.

C(CJIII " }1
(Gteneral formula... { O Huz +

Formation.—As ethereal salts, by the action of the iodides
of the C,H.,,,, radicals on trisodacetic ether.

TRIMETHACETIC ACID.

CMe,
: COHo’

Molecular weight =102.  Molecular volume [T ). 1 litre of
trimethacetic acid vapour weighs 51 criths.  Isomeric with
valerie acid,

For the graphie formula of trimethacetic acid see p. 127.

Preparation.—As an ethereal salt, by the action of methylie
iodide on trisodacetic ether:—

CNa., . o CMe

{coﬁta t  8Mel = {coEi;a + 8NalL
Trizsodacetic Methvlic Trimethacetic Sodie
ether. iodide. ether, iodide.
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CHAPTER XVII.

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

General formula of normal and ][ C(C.H,,)"(C Hgm.,_,)
secondary aecids ............... COHo

This series is divided into normal, secondary, and olefine
acids. In the normal acids =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 acrylic series of acids :—

A. NORMAL ACIDS.

Aoryliesend:t? . AU T { glggg or {ggcgj e
Crotonic acid.................. gg%{:}l or { gJ"H') H.
Angelicacid oo e e {ggﬁ? or { ggj ]3")! H.
Pyroterebic acid ............ { ggﬁf or { C(C Hﬂ)”H.
el o e s ey e A C H,EOR.
6oy T o S B B | T C H O,
Moringie acid............ C H O
Cimicie acid } """"""""" il
Physetoleic acid.........
Hypogzic acid ......... } ................ C,H,,0,
Oraidin Beid. .. ... ety
OlaioHBi® .. ... sk, %L A0 {eom™ =
Blaidigiaid. .. ... ... e ottiihennsmnmenestibiithnn. ChsH aiii
DoerBEMEIA | ...\ cionien dun s boinais sarRUE o) C H., 0.
Brassic acid. (ZErucic

.................. C,H,O,.
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B. SECONDARY ACIDS.

Methaerylic acid............ { g]&[f{’éiie or { g%ﬁ[;) (CH, ),
Methylcrotonie acid ...... { gg‘iffe or { ggj I{f o) '(CH, )
Ethylerotonie acid ......... { gg%ﬁt o { g(‘i{i[ﬁ' (C.H

C. OLEFINE ACIDS.

CMe"H C(CH,)"IL
3 Crotonie aeid ............ CH, or < CH,

COilo COio

Formation of Normal Acids—1. By the oxidation of the
alcohols of the vinyl or C,H.,_,Ho series :—

(S8 + o, - (S om
Aleohol. Acid. Water.

2. By the oxidation of the aldehydes of the acrolein or
C(C,H,,)'H
con

series :—
C(C,H.)"H " C(C, H.,)”H
{COH il st aAons {co To
Aldehyde. Acid.

Formation of Secondary Acids.—By the action of phosphorous
chloride, phosphoric chloride, phosphoric oxytrichloride or
phosphoric anhydride upon the ethereal salts of secondary
acids of the lactic series, the elements of water are removed
and the ethereal salts of the acrylic secondary division of acids
produced : —

3 { ggjﬁE]mH:‘eHU i PCIa e 3 { C{ GHH.-J-"} '(GNH:M'H)

COZEto
Ethereal salt of Phosphorous Ethereal salt of
the lactic series. chloride. the acrylic series.
+ POHHo, + SHCL
Phosphorous Hydrochlorie

acid. acid.

K 2
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Formation of Olefine Acids—By the action of potassic
hydrate upon the nitriles or abnormal cyanides of the C,H,,_,
family of radicals :—

| CMe"H CMe"'H
10512 3o KHo- 4Oy d €5, | b NE
CN"™ COKo
Allylic nitrile. Potassie Water. Potassie Ammonia.
hydrate. B crotonate. |

Lielations of the Acrylic 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 acctic series:—

{ G{CnHm)”(GmHinr-i—l) s 2KHD == { ggjﬁHml)Hz
0]

COHo
Acid of the acrylic series. Paotassic Potassic salt of acid
hydrate, of the acetic series.
C(C,.H.,_.)H,
i e

Potasaic salt of acid
of the neetic 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 is 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
potassie hydrate the dyad radical becomes substituted by two

atoms of hydrogen. Thus:—

[ CMe'H __ [ CH, H .
4 OKHo = | . {COKU i

| COHo | COKo
Acrylie acid, Potassic Potassic Potassic
hydrate. acetate. formate.
CEt"H CH. CH
{coms + 2KHo ={ &ffic, +{Goko + I
Crotenie Potassic Potassic Potassic
acid. hydrate. acctate. acetate.
CPr'H cH CMel,
{GUHu + 2KHo ={coi{a gt {COKD Gl
Angelie Potassie Potassie Potassic

acid, hydrate, acetate, propionate.
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Some of the secondary acids also give acetic acid when treated
with fused potassic hydrate; but this can only happen when
the dyad radical is ethylene, thus:—

CMe"Me _ | CMeH, H
{GDHu T gl —‘{ COKo T {C‘DK@ + H,
Methacrylie Potassic Potassic Potasaic
acid. hydrate. propionate, formate,
CEt"'Me CMeH CH,
{G{)Hu +2KHo = { COKo® T { coko + I
Methylero- Potassio Potassic FPotassic
tonic acid. hydrate. propionate. acetate.
CEt"Et CEtH CcH
{ S el {com:f + ‘{ coko * H-
Ethylero- Potassic Potassic Potassic
tonic acid. hydrate. butyrate. acetate.
ACRYLIC ACID.
CMe"H
COHo °

Molecular weight =72. Boils at about 100°,

Preparation.—By the oxidation of acrolein with argentic
oxide :—

CMe"H CMe"'H
{cofx e = {CDHG L
Acrolein. Argentic oxide. Acrylic acid.

&
Reactions.—1. Acrylic acid, under the influence of nascent
hydrogen, produces propionic acid :—

{GME"H. b e {CMeHs

COHo COHo -
Acrylic acid. Propionic
acid.

2. Acrylic acid also combines directly with bromine, pro-
ducing dibromopropionic acid.
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OLEIC ACID.
C(C,H,)H
{ SOt -

Preparation.—ODbtained in the purification of stearic acid.
Reaction.—Heated with potassic hydrate, 1t gives potassic
acetate and palmitate :—

O(C,H)'E | oo [CH, | [C(O,HH,
{COHu +2KHo= { cokot {coﬁfw I

Dleic acid. Potassio Potassie Potassic palmitate.
hydrate. acetate.

CHAPTER XVIII.
THE ACIDS,
8. LACTIC SERIES OF ACIDS.

General formula of normal and secondary acids :—
{ gg}ﬁ:ﬁ[ﬂn-}-1)(OIRH2HI+'L}HD.

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

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 one 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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H H H
|
t!) H—C—H H—C—H
H 1
| (J (I) C=0
H—(Q——C—H Epsuh pillooil j
p g posie i ?
B - H) H—(C——C—H B, 5.
(=0 R s |
| H H—C——C—H
0 —0 f lopss.
I& |' H
0 ==L]
Lactic acid, | I
H 0
Methyl-lactic |
acid. H

Aceto-lactic
acid.

The acids of this series at present known, or which could
be obtained by obvious processes, are classified into the fol-
lowing eight divisions :—

Normal Acids.

Etheric Normal Acids.

. Secondary Acids,

Etheric Secondary Acids.
Normal Olefine Acids.

Etheric Normal Olefine Acids.
Secondary Olefine Acids.
Etheric Secondary Olefine Acids.

PRGNy O i ipg B2

1st. Normal Acids.—A normal acid of the lactic series may
be defined as one in which an atom of carbon is united with
oxatyl, hydroxyl, and at least one atom of hydrogen. The
general formula of these acids is therefore

CRHTo
COHo °
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In this formula R may be either hydrogen or any monad
positive organic radical. The number of acids possessing
the same atomie weight, and belonging to 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 mot 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 :—

o
2 (A W EEE7p . €l H
| ankinemnaliid
D 0 lHJ,lu-
I

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

3o CH, Ho
Gxlycalle'=aend ol esan {COHG :

S CMeHHo
Lacticiaeid alllch olimoad { COHo *

Oxybutyric acid ............ { ggi_ﬁl{n.

- Lt CPrHHo
Valerolactie acid............ { COlo °

Lencie aid ..ooeensensianvess {gg“H}iHo.

2nd. Etherie Normal Aeids,.—An etherie normal acid of the
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lactic series is constituted like a normal acid, but contains a
monad organic radical, positive or negative, in the place of the
hydrogen of the non-oxatylic hydroxyl. The following is there-
fore the general formula of these acids : in the graphic formula
n, as before, may =0,

H (H 3
[ [ £
S R [ It
I
0o O i H s
|
R

The number of possible isomers belonging to this division 1s
very great ; for, in addition to those of which the normal acids

+
containing B of the same value are susceptible, a host of others

4
must result from the complementary variation of 145:. and R.
The lowest member of the division, methylglycollic acid (iso-
meric with lactic acid), is the only one incapable of isomeric
modification.
The following examples will serve to illusirate the constitu-
tion of the acids belonging to this division :—

Methylalyoollic acid:........... {ggﬁf’“
Ethyllactic acid ............... { o

) L CMeHAco*
Aceto-lactic acid ......veuvnnen {COHO ;i

3rd. Secondary Acids.—A secondary acid of the lactic series
is one in which an atom of carbon is united with oxatyl, hy-
droxyl, and #wo semimolecules of a monad positive organic
radical. The general formula of these acids is :—

* Aco=peroxide of acetyl, C,H,0,.
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In the graphic expression, the values of » and m may differ;

but both are positive integers, and neither may =0. In the

-
symbolic formula R must be a monad positive organic radical.
The following examples will serve to illustrate their constitu-
tion :—

Dimethoxalic acid ............ { g%IHE“BHG,
Ethomethoxalie acid ......... { gg%EHﬂ.
Diethoxalie acid.......... { Gty

The number of acids possessing the same atomic 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 isomeric modi-
fication by either of the causes mentioned.

4th. Etheric Secondary Acids.—These acids stand in the
same relation to the secondary as the etheric normal to the
normal acids; they consequently contain a monad organic
radical in the place of the hydrogen of the non-oxatylie hy-
droxyl. The following is therefore the gemeral formula of
these acids :—
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S
R

= -+ ff .

l CR,R

H [ F' : {i)l.[lj1 e L O {COHE‘
H)., {l;*zo \H Jm

I
l
H

5th. Normal Olefine Aeids.— A normal olefine acid belonging
to the lactic series is one in which the atom of carbon united
with oxatyl is no# combined with hydroxyl, and in which the
atom of carbon united with hydroxyl is combined with not less
than one atom of hydrogen. The following are the general
graphic and symbolic formule of the acids belonging to this
division :—

(H H +
| 1 | CRHHo
H—0— e ) (g EEEEEEe. C_D—H or { (GHE}H =
0 VEE i o

In both these formule 7 must be a positive integer and

cannot =0, but R may be either hydrogen or a monad positive
organic radical. The olefines of these acids may belong either
to the ethylene or ethylidene series.

The following are the only acids at present known belonging

to this division :—
CH, Ho
Paralactic acid ............... CH, .
| COHo

(CH Ho
Paraleucic acid ............... { (OH)".
: : | COHo

The number of isomers in this division will obviously depend,
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first, upon the complementary variations of R and (R )

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

6th. Etheric 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,

(H 51 o
N | ; CRHRo
H _O_O ................ F Gl ............... G_O_R or {(GHE)H“ i
| | 1] I COHo
0 H In ﬁ

As in the fifth division, » must be a positive integer and cannot

=(), whilst R may be either hydrogen or a monad positive
+

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

7th. Secondary Olefine Acids.—A secondary olefine acid of
this series is one in which the atom of carbon united 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
formulee :(—

(H R i
| | CR,Ho
H—0O—C e O i, C—0—H or (CH2 irﬂ_
n B e COHo
0 ),

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

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

8th. Etheric Secondary Olcfine Aecids—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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Formation of the Normal Acids.—1. By the oxidation of
the glycols, or dihydric alcohols.

CH H CH_ H
{GmHy + 0 = {Gofs + O
Glycol. Glyeollic ~ Water.
' acid.
2. By the oxidation of the C,H,,,Ho alcohols :—
CH ot CIH_Ho
{GH:Hu e D= {coi—m + OH.
Ethylic Glyeollie Water.
aleohol. acid.

3. From the fatty acids, by converting them first into chloro-

substitution acids, and then acting upon these compounds with
potassic hydrate :—

C(C.H,, ) H _ [€(CH,.,)HCI _
{GOHJ“ i {GUHH 5 L
Faity acid. Chlorofatty acid. H}rdm'::}i. loric
Clg i, I HOO T e ) He v U
{CUH;H + KHo = {GOI‘ID e + KCL
Chlorofatty acid. Potassic Normal acid of the Potassic
hydrate. lactic series.

chloride.

Formation of Secondary Acids.—By the action of the zine

compounds of the monad positive organic radicals upon ethylie
oxalate, and the subsequent addition of water :—

COFEt C(C,H, ). (Zn"C.H,
{ GOEtE it gzn(GHHﬁu-}-I)g = ‘!, G(DEtUE +l)ﬂ{ n a +1OJ
Ethylie

Zine ecompound of
oxalate. monad radical,

+ Zn(C,.T.']_g,,+1)EtG 3
G(CHI-IEH l)ﬁ(ZHHCMH-Eu 10) e c UMITEJI 1 __II'D
{ccmm e A A0, = {Ci(JEto g

Water.

+ {p + ZaHo,

Hydride of
radical.

Secondary acid,

Zincio
hydrate.

Formation of Olefine Acids.—By uniting a dyad positive or-
ganic radical with carbonic oxydichloride (phosgene gas) under
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the influence of sunlight, and subsequently acting upon the
product with potassic hydrate :—

. [ CH _ . {OH.Qy o
LCH: 5 00L& '{GH.,(CDGW

thylene. Carboni di- Chlo ionyli
N7 ehloride, A
(Phosgene gas.)
CH,CI CH,Ho

: 3KHo = ¥ 2KCl + OH..
{GHz(C-OCl) i CH(COKo) T TS
g Chlorpropionylic Potassic otassic Potassio Water.

chloride. hydrate. paralactate. chloride.

Relations of the Lactic to the Acetic Series of Acids.

1. The transformation of the acetic or fatty into the normal
lactie 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 :—

{gg}cﬁgﬂ.tﬁ}(cmﬂw)ﬂo 4 oHI= { gg}cﬁgm)(cmﬂw)ﬁ

Acid of lactic series. Hydriodie Acid of acetic series.
acid.

40 OH, .
Water.

If m does not =0, the fatty acid will be a secondary one,
like the member of the lactic series from which it is derived.

Relations 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,
phosphoric oxychloride, or phosphoric anhydride, the ethereal
salts of the secondary acids of the acrylic series are produced :—

C( 0, B (€ Hans JHo _ o | C(C,Hy,11)(CoHon)"”
3{ Qo) O im0 L POl =8 { Gl

COE
Ethereal salt of lactic series.  Phosphorous  Ethereal salt of acrylic series.
chloride.
4+ POHHo, + S8HCL
Phosphorous Hydrochlorie
acid. agid.

This reaction has not yet been accomplished with the normal
acids of the lactic series.
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A secondary lactic acid minus OH,= an acrylic acid. The
reverse of this operation has not been performed.

LACTIC ACID.
CMeHHo
{GOHD ]
Sp. gr. of liquid 1°215.

Occurrence—In sour milk, Sawerkraut, fluids of muscular
tissue, gastric juice, saliva of diabetic patients. In the acid
liquor of starch-factories, in blood, urine, tears, bile, &e. Itis
also a general product of putrefactive fermentation. The acid
contained in animal fluids is paralactic acid (see p. 145).

Preparation.—By fermenting sugar with putrid cheese,

For other processes, see pages 147 and 148.

Its salts have the following general formulse :—

CMeHHo
CMeHHo CD-DW,
COMo €0.0;
{ CMeHHo
Balts of monad metals, SBalts of dyad metals,

Tsomerism in the Lactic Series.

The synthetical study of the acids of this series affords an
insight into numerous and interesting cases of isomerism.
Commencing with the lowest member of the series, we have
for glycollic acid the formula
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An mspection of this formula shows that glycollic 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 line, which admits of
the following modification :—

------------------------

The acid represented by the formula so modified no longer
comes within the definition of the lactic series. It is earbo-
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
to go one step further in order to perceive the constitution of carbonic acid
itself, and the explanation of the anomalous basicity of this acid; for if, in
the above graphic formula for carbomethylic acid, we replace the methyl by
hydrogen, we have :—

I

H—C—H 1T

| |

0 O

1 I
C=0 u=0

> I t

0 O

| l

| H
Carbemethylic acid. Carbonic acid.

It is thus evident that the radical oxatyl, when united with hydroxyl, has
suflicient negative power to produce a feebly dibasic acid; but inasmuch as
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There being no decisive evidence that komolactic acid differs
from glycollic acid, experiment and theory both agree in
asserting that the formula C,H,O, represents only one acid in
the lactic series.

Proceeding now one step higher in this series, we have in
the formula of lactic acid an expression capable of the following
three variations without quitting the lactic type:—

No. 1. No. 2. No. 3.
H H H
o ' I
H {f‘l J|) H—C—H
| |
H—C—C—H H—C-—-H )
ol | |
=0 H—C—II H—C—H
| ;
i I
H O +
I
H H
Or, expressed symbolically :—
No. 1. No. 2, No. 3.
{ CMeHTHo { EH B | G Ll SR { CH, Meo
COHo -~ | CH,(COHo) COilo COHo -

All the acids represented by the above formule are known.
The first expresses the constitution of. lactic acid, which

+
belongs to the normal division ( QRHH‘D) of the series,
COHo

described at page 135; the second shows the atomic arrange-
ment of paralactic acid; whilst the third represents methyl-
glycollic acid. The proof that the first two of these acids are
so constituted is afforded by the synthetic processes sometimes

carbonie acid is not ineluded in the eategory of organie acids, it forms no
exception to the law that an organic acid containing # semimolecules of
oxatyl is #-basic.

VOL. II. L
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employed to produce them ; for ethylideniec eyanhydrate is con-
verted by ebullition with potash into a salt of lactic acid,
whilst ethylenic cyanhydrate is transformed under similar eir-
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 :—

I
H—C—H or {FCI_II_*"I
S [
H [O

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 phosphoric chloride
takes place as follows :—

cH i (-
Aldehyde. Phosphoric Ethylidenic Phosphoric
chloride. chloride. oxytrichloride.

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

H
|

r?_H b 2 ][ CH,

\e—n CH,
|
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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acids; hence No. 1 is the constitutional formula of lactie acid,
and No. 2 that of paralactic acid—a conelusion which harmo-
nizes perfectly with all the reactions in which the production
of these acids can be traced. Thus in the formation of lactic
acid by the oxidation of propylic glyeol, we have

CMeHHo

CMeHHo _
{CH._;HD LT e {CO‘HD + OH,
Propylic glyeol. Lactic acid. Water.

ﬁgain, in the production of this acid from ethylidenic cyan-
hydrate,

[ CH, _[CH
| CHHo(CN") T+ EHo+OH,= 1 apiocokoe) + NH.-
Ethylidenic Potassic Water. Potassic lactate, Ammonia,

cyanhydrate. hydrate.

" The formula given for potassic lactate in this equation is only
apparently different in type from that previously used for lactic
acid, since .

CH, oL _ [ CMeHHo

{ €l (CORg T CMeHHo(CO0Ko) = {COKn :

_In the reaction by which chloropropionie acid is transformed
into lactic acid we have the following change :—

{GMEHG] T g {GMEHH‘?‘ + KCl + OH,

COHo COKo
Chloropropionic Potassic Potassic lactate. Potassic Water.
acid, hydrate. chloride.

The production of lactamie acid (alanin), and that of lactic
acid from the latter by the action of nitrous acid, are also

clearly confirmatory of the above view.

CH _ [CMeH(N"H,) :
S0y +NCH+ Ol + HCl= { o +NH,CL:
Ammonic Hydrocyanic Water. Hydro- Lactamie acid. Ammonic
aldehyde. acid. chlorie (alani!}}. chloride.

acid.

{GMEH(N'”HE} 4+ NOHo = {CM&HHG & OHE i Ng.

COHo COHo
Lactamic acid Nitrous Lactie acid. Water.
{alanin). arid.

Ty
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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 pyruvie acid :—

COMe | g _ {CMEHHU
COHo =S OOFs «

Pyruvie acid. Lactic 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,

I
{cﬁHHo i %H{m}{”
(CH,)".{(COHo) ™ | § -

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

CH,Ho
{CI'LH" e e« T { OH, - "

S VAT
CH,(CN™) COKo
Cyanhydric Potassic Water. Potassie Ammonia,
#lycol. hydrate. paralactate.

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

CH,Ho COHo
CH, + 0, = +4CH, 4+ OM,.
COHo COHo

Paralactic acid. Malonie acid.

By the action of water upon the chloride of 8 chlorpropionyl,
a body of the composition of chloropropionic acid is obtained ;
but inasmuch as this body yields paralactic acid by ebullition
with potash, whilst chloropropionie 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 formule :—
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i 0% s No. 2.

1l Cl
H-—'g—-H H—JJ —H
Cl— [JJ‘—H H-—é—H

(|3=O ézO

.a !

I k

A comparison of these formule with those of lactic and para-
lactic acids (p. 145) shows at a glance that No. 1 is the
chloropropionic acid which yields lactic acid, whilst No. 2 is
iso-chloropropionic acid, which, by the substitution of its
chlorine by hydroxyl, must yield paralacticacid. By the action
of nascent hydrogen, both isomeric chlorides will obviously
produce the same propionic acid.

The cause of the isomerism of methyl-glycollic acid (No. 3,
p.- 145) is so obvious as to require no further explanation.
Proceeding to the next higher stage in the series, such is the
rapid increase of isomeric forms, that we now encounter no less
than eight possible isomers, all within the lactic family.

Etherie normal,

Normal. Secondary. - ~
No. 1. No. 2. No. 3. No. 4.
{ CEtHHo { CMe,Ho { CH, Eto CMeHMeo
COHo - COHo - COHo COLo 7
Normal olefine,
— e —. Etheric normal olefine,
Na. 5. No. 6. No. 7. No. &
CH,Ho CH_Ho CMeHHo CH Meo
CH, OMeHi 04 CHu 2., Gl oo
CH, COHo COHo , |COHo
COHo

Of these acids, Nos. 1, 2, and 3 are known. No. 1 is oxy-
butyric acid; No. 2 is dimethoxalic acid, which is identical
with acetonic acid. This being the case, the formation of the
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latter by the action of hydrocyanic and hydrochloric acids upon
acetone is easily intelligible :—

CIH, __ [ CMe,Ho
{ G0, + NCH + 20H, + HOl = { i T
Acetone. Hydrocyanic Water.  Hydro- Acetonie or
acid, chloric acid. dimethoxalic acid.

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

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

y A CEtMe¢Ho

Ethomethoxalie acid ...... { COHo i
) ' CPrHHo
Valerolactic acid......... ... { COllo -

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

Wil ! CBuHHo
Leneieacid ... ... s { COHo
Diethoxalic acid ............ { ggtﬁ%ﬂ.

CH Ho
Paraleueic acid ............ (C H%
COHo

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

the formula { E%}I-I; and the reaction in question is therefore

explained by the following equation :—

Bu __ [ CBuH(N"H,)
{co (v +NCH+OH, + HOl= { N ) wm 1.
Ammonie Hydro- Water. Hydro- Amidocaproic acid Ammonie
valeric aldehyde.  cyanie chloric (lencin). chloride.

acid, acid.
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Such being the rational formula of amidocaproic acid, its trans-

formation into leucic acid by nitrous acid determines the con-
stitution of leuecic acid :—

CBuH(N"H,) < [ OByHH. :
{cc}}{u % [INOEo = {cm—ra + OH, + N,

Amidocaproic acid. Nitrous acid. Leucic acid. Water.

CHAPTER XIX.
THE ACIDS.

4, PYRUVIC SERIES.

CO(UHII'H }
(General formula... ... { COHo Tkl

In this formula 2 may =0.
The following list contains all the known members of this
series : —

Pyruvie acid ............

{ ggrﬁrﬁ Boils at 165°.

Convolvulinoleic acid ... { gg%'Hﬂ}. Fuses at 42°.
Co(C, H,)

Jalapinoleicacid......... { 2
e St Co(C, 1)
Rlﬂlﬂﬂlﬁlﬂ perd, { GOH(; BB E3 0°.

Pyruvic acid only is well known.

The first member of this series would have the formula
{COH

COHo' Tmisacidis believed to be formed by the dehydration

of glyoxylic acid; but its existence has not yet been satisfactorily
demonstrated : —

CHHo, coH
‘{coﬁu' — OH, = {cm{u-

Glyoxylic acid. ; Glyoxalic acid.
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The aldehyde of this acid, however, 1s 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
{cHﬁm A {GOH e
Elt-h }l'llli? Glyoxal. 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 acetic acid :—

CH, . CH,
COHo " COMe’
Apcetic acid. Acetone.
COHo {COMe
COHo- COHo
Oxalic acid. Pyruvie acid.

The pyruvie series is also closely related to the lactic series ;
pyruvic acid absorbs hydrogen and is converted info normal
lactic acid :—

COMe W A CMeHHo
COHo e B COHo °
BeT L

5. THE GLYOXYLIC SERIES OF ACIDS.

1 C H. Ho
General formula. .. { g%ﬁ]}""d) Ho, or{ g,,.H;:._lﬂu.
OHo

In the second formula # may =0.
The two following acids of this series are known :—

Formula. Physical condition.
Glyoxylic acid ... { ESESJ Syrupy, erystalline hydrate.

{ CH, Ho
Glycerie acid ......y CHHo. Syrupy.
COlIlo
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These acids are trihydrie, but monobasic, and are related to
the glycerin series of alcohols in the same way that the mem-
bers of the lactic series are related to the glycols :—

CH,Ho CH,Ho
CH_Ho COHo "
Glycol. Glycollie acid.
CH,Ho CH, Ho
CHHo . CllHo.
CH, Ho COHo
Glycerin. Glyceric acid,

By a reaction similar to that which is believed to produce
glyoxalic acid from glyoxylic acid, glyceric acid yields pyruvie

acld :—
CH, o CII,
CHHo — OH, = ey
COHo COHo

Glyeerie acid. Pyruvie acid.

CHAPTER XX,
THE ACIDS,

6. THE BENZOIC OR AROMATIC SERIES OF
ACIDS.

Geeneral formula .., { C M.,

COHo

Formation—1. By the oxidation of the aromatic or
C,H,,_.Ho alcohols :—

C.H, Wo[GH
{OHJI@ ol = {C{)Ho # NOH..
Benzylie aleohol. Benzoie acid.

2. By the oxidation of the aromatic aldehydes. Thus benzoie

acid is formed from benzoic aldehyde, or oil of bitter almonds
(see p. 112).
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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 :— 0. 19

{g,f[ + 0 KHg -+ OH, = { Sod, + NE,
Benzonitrile. Potassic benzoate. Ammonia.

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

CHBr + Na, + €O, = {gﬁ%@_m + 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 :—

CMoH, '+ B & {gg{%} + OH,
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 oxalie acid, produces
phenylformamide :—

{ GOt + NH,(C,H,) = NH(C,H,)(CHO) + OH, + CO,
Ozalic acid. Phenylamine. Phenylformamide. Water. Carbonic

anhydride.
Phenylformamide, by the action of heat, gives water and
benzonitrile :—
CH
NH(CH,)(CHO) = OH, + {c*“N.."L

Phenylformamide. Benzonitrile.

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

C.H, SO 11, ]

{GN... + KHo + OH, = { oog, + NH,

Benzonitrile. Potassic Potassic Ammonia,
hydrate. benzoate.

Toluylic acid, { gEOHIjIIge, can thus be obtained from toluidine,

NH,(C,H,Me).
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The following terms of this series are known :—

Ml:lt_.itlli:- Bni]_.ir;g-
poin point.
Phenoic acid ...... 0 oot adni. 60°,
Oollinic acidiey. { it niiod bt 97°.
Benzenie acid ...... above...110°. 2356°,
Benzoic acid { ngIlu ............ 121°-4. 239°
Toluylicaeid .. itz { gﬁﬁg{‘ ......... 175%0. ——
Alpha-toluylie acid... ... { gg}i_g ............ 76°5. 265%5.

; 103%:0. 273°.
T { d 126°0

3 163°0. —

Alpha-xylic acid ......... { SO, | a0, —
Gikinie acid 5 L. { e 9200, ——
Alpha-cymie acid ...... { gr(];]ffi{“ .........

These acids have the same constitution as those of the acetic
series, but contain the C,H,,_. radicals.

They have been much less studied than the acetic series ; and
further investigation will probably bring to light other series
holding towards them the same relation as the acrylie, glyeollie,

~ pyruvic, and glyoxylic series bear to the aceticseries. Already

an acryloid acid of this section is known corresponding io
alpha-xylic acid :—

. C(C‘THT)Hﬁ C(OTHE)”H
COHo g COHo :
. Qph&lyﬁc acid. Cinnamie acid.

Cinnamie acid is decomposed, like the acids of the acrylic
series, when heated with fused potassic hydrate ; it gives, under
these circumstances, potassic acetate and benzoate. For the
analogous reaction in the acrylic series see p. 132.
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Atropic acid, obtained by the action of alkalies on atropine,
has the formula { gﬁé{ﬁﬂ, and 1s 1someric with cinnamie acid.

Salieylic acid (with which oxybenzoic acid and parabenzoic
acid are isomeric) 18 the lactic acid of benzoic acid :—

cﬁHﬁ GGHIHD .
COHo COHo
Benzoic acid. Salicylic acid.

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

C,H,Ho
COH -

Oxymethyl-phenylformic acid is the lactie representative of
toluylie acid, from which last-named acid it is prepared. Its
constitution will be understood from the following graphic
formula :—

o
Rl gl gt
CH, Ho [
B H
Eois AlEiag iglen

Oxymethyl-phenylformie acid.

The following acids also probably belong to the phenyl-lactic

geries ;—
Mell;inf-
poin
ks i Ao C.H.O
"E [Crcsutm BeHlInE L {CbHD 153°.
=
e e, S | ot e L
Paraphloretic acid ......... { gTOHIj‘II;IED ...... —_—
e { e i

—
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BENZOIC ACID.
C,H,
COHo~
Dolecular weight =122. Molecular volume [11. 1 litre of

benzoic acid vapour weighs 61 eriths. Fuses af 121%4.
Boils at 239°.

Occurrence.—~In many balsams and gums. In putrid urine.
Preparation.—1. By the oxidation of oil of bitter almonds

(p. 112).
2. By the action of fused potassic hydrate on cinnamic

acid :—
C(C,H)"H _ e, ¢ I,
{CUHG) + 2EHo = {cm{a i {cm{o + H,

Cinnamic Potassic Potassic Potassic
acid. hydrate. acetate. benzoate,

3. By boiling hippuric acid with hydrochloric acid :—
CDHEN{}a + OII_., = { CHE(NH:.:) + { cGT[_;

COHo COHo"
Hippurie Water. Glycollamic Benzoic
acid. acid. acid.

4. By the action of oxidizing agents on casein or gelatin.

5. From gum benzoin, by sublimation, or by extraction with
potassic hydrate and subsequent precipitation of the acid by
hydrochlorie acid.

6. Styrol treated with a solution of potassic permanganate
gives benzoic acid and carbonic anhydride :—

&5 10, = {caus g0, - Of,

COHo
Btyrol. Benzoic Carbonic Water.
acid. anhydride.

Glallic acid is a tetrahydric monobasic acid of the formula

C . H, Ho,
COHo

It may therefore be regarded as benzoic acid in which three
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atoms of hydrogen have been replaced by three semimolecules
of hydroxyl.

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

COHo
C.H,Ho,
< 0 ;
| C.H,Ho,
. COHo

CHAPTER XXI.

THE ACIDS.

DIBASIC ACIDS.

General formula..., A(COHo), or { ggggl}%gg’

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

These acids all contain two semimolecules of oxatyl ; and if
in the general formula », m, and I =0, oxalie 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 :—

{Blcomy = O + {B(0®):

Acid. Water, Anhydride.
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. 2. If the anhydride be submitted to the action of phosphoric
chloride, an atom of oxygen is replaced by two of chlorine :—

A(COA\ _ [A(COCI)
Anhydride, Phosphoric Chloride. Phosphorie
chloride. oxytrichloride.

3. Both the anhydrides and the chlorides are reconverted
into the acids by the action of water:—

A(COHo)

{%EEBEB + 20H, = {B(UDHD) Vs o
Chloride. Water. Acid. Eyﬂm@é‘:]nrin

The dibasic acids may be divided into the four following
series :—

1. Sucecinic or acetoid series......... { ETEIIIETEFC%[{?Q) :
In the first member of the series m =0.

2. Fumarie or ﬁcrylaid geries ......" -{ E:E?::Eggggg :

3. Malic or lactoid series ............ { gﬂf:(gg}}([g?m)

4. Tartaric or glyoxyloid series ... { g"gh_lggégggg;*
e B |

The first and second series are dibasic and dikydric ; the third,
dibasic and #rikydric ; and the fourth, dibasic and fetrahydric.

1. THE SUCCINIC OR ACETOID SERIES.

General formula... g“li_]rf’* C.H., .
: i COHo

COHo

In addition .to oxalic acid (oxatyl) which many chemists
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regard as the first member of this series, the following are

known :—

Malonic acid .........

Sueeinie acid .........

Tsosuceinie acid ... ...

Pyrotartarie acid

Adipic acid ... .........

Pimelie acid

Suberie acid .........

Anchoie acid .........

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

TRoceellic acid ......... d

A,

COHo
CH,
| COHo
(COHo
CH,
CH,
L COHo
(COHo

A

 COHo

(COHo
C.H, .
 COHo
COMHo
CH, .
| COHo

Q
=

A N
Q
[
—_—

W

COHo
CH,.
COHo

(COHo

ke s

| €OXo
(COHo

| COHo

CMel,

GISH:EIIJ 4

. Fuses at 140°,

. Fuses at 180°.

Fuases at 130°.

Fuses at 112°,

Fuses at 140°,

. Fuses at 134°.

. Fuses at 125°,

Fuses at 116°.

Fuses at 127°.

Tuses 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 succinic acids, one con-
taining ethylene, and the other ethylidene (see p. 168) :—

CH,(COHo)
CH,(COHo)

1 {G‘Hs
¢ | CH(COHo),
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1. Relations of the Succinic to the Lactic Series of Acids and fo
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 COHo - COHo
Glyeol. Glycollic acid. Oxalie 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) | CHE{CII ;Ho) {CH ,(COHo)

| CH. Ho | COHo COHo
Isopropylic glycol. Paralactic acid. Malonic acid.
{bniumwn )

C H, (CH. .110) CH (CH,Ho) [ C,H(COHo)
CH, Ho COl ; COHo i

U n]xn:}w’n glycol. Paraleucic acid. Adipie acid.

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

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

C,H..(CN") _ [©,H,.,(COKo)
{ OO + 2K Ho+20H, = { CH (oK) +INEL,
Abnormal cyanide of Potassic  Water. Potassic salt of the  Ammonia,

the dyad radical. hydrate, dibasic 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
CH, = 2C0, + (CGH)'E,
Buberic acid. Carbonic

anhydride.

VOL. II. : M
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COHo
CH, = 200, + (CH,)"H,
COHo ! :
Sebacie 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,

{ gh}%gi —GDE — cﬂHm.l.lH.
In the case of a dibasie acid,
C H
: C, H.,(COHo) Lo
1 t t e ... J’ e — co = cﬂ]-i“'n :
SLEEe s | B HA (GO Ho) 2 {COI:IE-
C H,,
2nd stage... 'l.'..‘lm]ET:,,-l-1 - 0, = {cngin-l-‘t_
COHD nIn4-1

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

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 earbon

less :—
COHo H
{ o A { COHo'
Oxalic acid. Carbonie Formic acid.
anhydride,
COHo
CH
GH ) st GOPSL { 4
{ COHo d COHo
Malonic Carbonic Acetic acid.

acid, anhydride.
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"COHo

CMeH
GEHI = CUR —I_ { Cé}Hﬂ E.
t COHo
Buccinic Carbonic Fropionic
acid. anhydride. acid.

In the first two cases the action of heat alone is sufficient
to effect the transformation; but in the third the affinity of
lime for carbonic anhydride must be superadded.

2. Conversely, the members of the acetic series may be con-
verted into those of the succinic containing one atom of carbon
more, by replacing one atom of the hydrogen in the positive
radical of the acid by cyanogen, and then boiling with potassie
hydrate :—

CH,(CN") - A O (00Ka)
{coﬁo B S ‘{coko i
Cranacetie acid. FPotasaie Potassic malonate. Ammonia.

hydrate.
The conversion of formie acid into oxalic acid, by heating
with potassic hydrate, also belongs to this class of reactions :—

H _ [COKo
E{COHG 9K Hy = { GO risom, Y
Formic acid. Potassic Potassic Water.
hydrate. oxalate,

SUCCINIC ACID.

COHo
CH,
CH,
COHo
Fuses at 180°. Boils at 235°. Dissolves in 20 parts of cold

water.

Occurrence.—In amber; in some kinds of lignite; in the
resin of some kinds of pine ; also in many other vegetable and
animal substances.

Formation.—1. By the action of potassic hydrate upon ab-
normal ethylenic cyanide (p. 161): this reaction proves that
succinie acid contains ethylene, and that its constitutional for-
mula 1s as given above.

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

COIo
CEtH
TR RS o
{ COHo ’ ‘l S :
Butyric acid. Buecinic acid. Water.

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

‘CH, COHo
cH' e 1o
COHo COHo

Butyric acid. Succinic acid. Water.

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

COHo COHo
CHIo CH,
G_I.IE + II_. = CHE + OH._;._-
COHo COHo
Malic acid. Suceinic acid. Water.
4. By the reduction of tartaric acid by hydriodic acid :—
COHo COHo
CHHo CH,
COHo | coito
Tartaric Hydriodie Buceinic Water.
acid. acid. acid.

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, fumaric and maleic acids, are
converted by nascent hydrogen into succinie acid :—

COTHo COHo ;
:r{gg ‘f‘ ]:‘:[2 = o gg:
{COHo | COHo
Bueecinie acid.
COHo "COHo
G+ W o= oy
COHo  COHo

Buerinic acid.
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6. By boiling ethylic 5 cyanopropionate with solution of
caustic potash :—

GNIH' GOKO

CH, _leH

cu’ + 20KH + OH, =1 g + HEto + NH,

COLEto COKo

Ethylic g Buecinie Aleohol.  Ammonia.
cyanopropionate. acid.

The two processes by which succinic acid is generally pre-
pared are, the distillation of amber and the fermentation of
calcic malate.

Reactions.—1. By distillation, succinie acid splits almost
entirely into suceinic anhydride and water:—

GOHG CO——j

gl - €0 0 & OH

COHo co—

Bueccinia Buccinic Fater.
acid. anhydride.

2. Under the action of nascent oxygen produced by electro-
lysis, sucecinic aeid yields ethylene, carbonic anhydride, and
water :—

COHo

gu -0 =fgH 900, .+ OH,
COHo

Buecinig Ethylene. Carbonie Water.
acid. anhydride.

3. Succinic acid may be boiled for hours with concentrated
nitric acid without suffering any change ; neither is it affected
by a mixture of potassic chlorate and hydrochloric acid ; but it
produces acetic acid when distilled with sulphurie acid and
manganic oxide.

4. Succinic acid forms three kinds of salts, viz. :—

Normal. Acid. Superacid.
(COMo COHo COHo [(COHo
JOH," . CH €y 0n, .
| COMo_ {COMD {COM{) { COHo
KeladE
{C.H, Mo".

co—

-
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ISOSUCCINIC ACID.

COHo
CMeH. .
COHo

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

cNF”’ GOKG
CMeH + 20KH + OH, = < CMeH + HEto + NH,,
COEto COKo
Ethylic Buecinie Aleohol. Ammonia.
a cyanopropionate. acid,

CHAPTER XXII.

THE ACIDS.
2. FUMARIC OR ACRYLOID SERIES.

General formula ..." { g:g::ggg%ﬁ; or C H,, ,(COHo),.

In this series there are three isomeric acids containing four

atoms of carbon, viz.
Formula.

Fumaric acid
Maleie acid ]» ...... "C",H,(COHo),;
Isomaleie acid
and three other isomeric acids containing five atoms of carbon,

Viz.
Ttaconie acid

Citraconic ucid} ...... WC)"H,(COHo),.
Mesaconic 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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No. 1. No. 2. No. 3. No. 4
H H H H
I |
A
|
(ijzo C=0 e I - (g g
! g7l
H—tfh H—AF‘—HH Bl glloesmin g
| ) L
H_clu 8D, G )
l | I
0=('J 0=t 0 0
I | 1
? 0 H 1
H i
fe i S0t COHo (COHo
ol =l C("CH)H. CMe". .
CH C con COH
{COHo COHo 4 ¢

Of these formule, Nos. 1 and 2 represent fumaric and maleie
acids. Data are still wanting to enable its own particular for-
mula to be assigned to each of these acids; but the first two
formulze must belong to fumaric and maleic acids, because both
these acids yield succinic acid under the influence of nascent

hydrogen, thus:—

H
No. 1. J)
{GOHG COHo I
4 TCH., |

{COHo COHo H-—p

No. 2 H—{—H
COHo COHo I
”gH + H, = SH“’ 0=?
GOH'D cgEHn ?
H

Suecinic acid, Bueeinie acid.
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That succinic acid contains ethylene (” { gg) and mnot

ethylidene ( { ”ggﬂ), is proved by its formation from abnormal

ethylenic cyanide (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. (I)
COHo COHo |
CCCHHE + H, = { CMeH. H (=0
COHo COHo |
HC-—C—F
No. 4. | i
JGME" + H, = { CMeH. |
L COHo COHo (I_}
H
Isosuecinie acid. Izosuccinie acid.

Fumaric acid combines directly with bromine, producing
dibromosuceinic acid. Maleie acid also combines directly with
bromine, producing isodibromosucecinic acid. The following
formule show the nature of this isomerism :—

Corresponding to No. 1.

O H H D
COTo I s
o e
Skl O Br Br 0

1 f

151 H

Corresponding to No. 2,

O H Br O

| |
e i gl B
CBr, |
COIlo O it e b

f l
I I
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‘When acted upon by nascent hydrogen, both these isomerie
bromo-acids produce, as might be expected, the same succinic
acid :—

gDHa COHo
HBr CH T .
cupr + H, = o ' 211Br:
COHo COHo
Etmc.iéﬁu lfyr:’lrob&*omie
acid. DCLl.
COHo COHo
S Hy =B | oHEr
COHo COHo
Buceinie Hydrohromie
acid. acid.

Inasmuch as formule Nos. 1 and 2 belong to fumarie and
maleic acids, it follows that one of the two remaining consti-
tutional formule must be that of isomaleic acid. It is impos-
sible at present to determine which of these formule is to be
assigned to this’ acid; but in any case” there can scarcely be a
doubt that isomaleic acid, when treated with nascent hydrogen,
will yield isosuccinic acid, as shown above.

Of a similar character is the relation subsisting between the
isomeric acids of this series containing five atoms of carbon,
viz. itaconie acid, citraconic acid, and mesaconic acid. There
are no less than eleven possible formule for this five-carbon
group of acids ; but the three individual formule belonging to
the three known acids cannot at present be determined. The
following four formule will serve as specimens of the whole,
and as illustrations of the cause of isomerism in these acids :—



I

{COHo

\CH
cH .

{ ClI,
COilo

THE ACIDS.
No. 2. No. 3.
H H
| |
0 0
| |
C;:{} {EJ‘:D
(P H“T_H
H—C—H D
F |
H—(C-H H-(C—H
I |
O: 0=
l |
| 1
|
H H
( COHo COHo
| .”c GHB
CH, {"C
CH. | CH,
. COHo . COHo

H

|
=
!
H

=
=
O—H &

I
o

H—

=

i O e e

—0
|
O
|
H
COHo
CH,

CMe" -
COHo

Itaconie, citraconie, and mesaconic acids stand in the same
relation to pyrotartaric acid as fumaric and maleie acids occupy
with regard to succinic acid ; for, when submitted to the action
of nascent hydrogen, they all yield the same pyrotartaric acid;
and it is therefore highly probable that the first three of the

above formulw belong to these acids.
tartaric acid is

The formula of pyro-
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H
|
0
1
C=0
J
(COHo H—O—H
CH, |
CH, H—C—H
CH. |
(. COHo H—ff_H
0—C
|
1)
|
H

Treated with bromine, the three acids yield three isomerie
brominated acids, which are transformed by nascent hydrogen
into the same pyrotartaric acid.

By the action of hypochlorous acid on itaconic acid and
subsequent replacement of the chlorine by hydroxyl, itatartarie
acid 1s formed .—

{301[0 rCOHo COHo
\C | CH Ho CHHo
CIL < CHC(I CHHo
{GHE | CH, CH,
COHo L COHo { COHo
Ttaconic acid. Ttatartaric acid.

Ttatartarie aeid, by distillation at 125° gives carbonic an-
hydride, water, and pyroitauvic acid, which appears to belong
both to the lactic and the acrylic series of acids.

(COHo

CHHo " gEHD
|g%ﬂn - C0, + OH, + {GH.
LCOfIﬂ GOHO

Itatartarie acid. Pyroitauvie acid.
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CHAPTER XXIII.
THE ACIDS.

8. MALIC OR LACTOID SERIES.

COHo
General formula...... { g’*gﬁ"(‘b%n}([cﬂ? Ho) 0 { C,H.,_.Ho.
o 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 b o
COHo | P e |
Tartronie acid...... ClHo. C—C—C
COHo | | (})
T sortag]
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).

H
|
0] 0O 0
(COHo | i !
Malic acid ...... CMeHo. C C C
COHo | ] |
0O H—C—H O
| | |
H H H
Malic acid may be viewed as the product of the oxidation
CH,Ho
of the hitherto undiscovered butyl glycerin, 4 CMeHo.
CH, Ho

This acid is contained in apples, and in many other fruits.
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When gently heated with potassic hydrate, hydrogen is
evolved, potassic oxalate and acetate being produced :—

COKo
: COKo CH
CMHy LRy < { 2 { TR
{GGK& COKo COKo
Potbassio Potasaic Potassic Potassie
malate. hydrate. oxalate. acetate.

4. TARTARIC OR GLYOXYLOID SERIES.

This series contains at present only two members ; but these
have numerous isomers, which have been studied, however,
only in the case of the first. Like the glyoxylic series, these
acids contain two semimolecules of non-owatylic hydroxyl.

(COHo
MTartaric acid .....e.covee 1 gﬁﬁg
| COHo

(COHo

Homotartaric or glyco- ggho

malie acid |5 CH_HE;
L\ COHo

There are four possible constitutional formule for tartaric
acid, viz.:— '

A, B. 35 D.
gg%i rggﬂa CH,Ho CHHo,
, 2 { CHo(COHo). { CH(COHo).
CHHo CHo, = COt.
COHo COHo & g

The known varieties of tartaric acid are also limited to four,
viz, :—
1. Dextrotartaric or common tartaric acid, so called from its

property of causing the plane of polarization of a ray of light
to rotate to the right.
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2. Leevotartaric acid, which turns the plane of polarization
to the left.

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

4. Metatartarie acid.

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

{CHEHG
CHo(COHo) + 4HI = 20H, + 2I,
COHo
CH, COHo
- {CH(COHD) or J[GMEH.
COHo COHo

Isosuccinie acid.

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

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

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

COAgo COHo
CHBr CHHo
OEE: + 29H,%=Niome s 2 aEe
COAgo COHo

Argentic_ﬂil.;rﬂumu— Water. Inactive dbartaric ﬂlrgcr_ﬁie
snccInace. acia. romiaoe.

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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Metatartaric acid is produced by fusing dextrotartaric acid.

Reactions.—1. Dextrotartaric acid, when treated with
powerful oxidizing agents, gives formic acid.

2. Under the influence of very gentle oxidizing agents, tar-
tronic acid is formed :—

OOHG COHD

Gl e 8Bl 4+ €O+ OH
o 3 COHo :

OHo

Tartarie Tartronic Carbonic YWater.
acid, acid. anhydride.

3. Heated with fused potassic hydrate, tartaric acid gives

potassic oxalate and acetate, but without evolution of hy-
drogen :—

COHo 3

CHHo OKo CH,

G 1|50 = {001{& + {coxu + 30H,
COHo

Tartaric Potassic FPotassic Potassie Water,
acid. hydrate.  oxalate. acetate.

OTHER SERIES OF DIBASIC ACIDS.,

There is evidence of the existence of other series of dibasie
acids, which may be regarded as derivatives of benzole or as the
hexacarbon representatives of the succinic, fumarie, and tar-
taric series. The following are examples :—

0 M H 0
H—D—(J;L— *———_—(Ir—([;l*—o H

C,H, (COHo), H—(IJ—H H-(lz'-—H

a al!:-_H

g L

Hexahydrophthalic acid (Hexacarbon-succinie series).
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H v H
o S T
|
H 0O 0 o_m
C,H,Ho,(COo),. | &—
H—C—H H—C—H
"R PR
| |
H H

Tartrophthalic acid (Hexacarbon-tartaric series).

0 0
Ho0b e g
C,H,(COHo),. HHE—-H H—CL_H
ol b
o

Tetrahydrophthalic acid (Hexacarbon-fumarie series).

The existence of another series of dibasie acids derived from
hydrocarbons of a (', H,,_,s series is indicated by the formation
of anthraquinonic 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 sulphuric acid, is converted into disulphanthra-
quinonie acid, which has probably the following constitution :—

CO(S¥0,Ho)
(c H )H’
{ CO(S0,Ho)

‘When disulphanthraquinonic acid is heated with potassic
hydrate to a temperature of about 180° C., it becomes intensely
coloured, and is found to be converted into putaaalc alizarate

(potassic anthraquinonate) :—
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CO(8¥0,Ho) COKo
(C H)" + 60KH = {(C,H,)" + 2SOKo,
CO(S0,Ho) COKo
Disulphanthraquinonic Potassic Potassic Potassic
acid, hydrate. alizarate. sulphite.
+ 40H,.
Water.

On the addition of an acid to an aqueous solution of potassic
alizarate, alizaric acid (C,,H,(COHo),), identical in properties
with the natural alizarin of madder root, is precipitated.

Anthraflavie acid (C,,H,(COHo),), isomeric with alizaric
acid, but possessing no tinctorial properties, is usually simul-
taneously formed in the above reactions.

CHAPTER XXIV.
THE ACIDS.
TRIBASIC ACIDS.

The tribasic acids all contain three semimolecules of oxatyl.
They may be divided into the following three series, each series
being, however, at present only represented by one acid.

1. Tricarballylic or acetoid series :—

CH,(COHo)
Tricarballylic acid ... { CH(COHo) .
CH,(COHo)
2, Aconitic or acryloid series :—
: »JCH(COHo)
Aconitie acid ........., (C(COHo) .
CH,(COllo)

YOL. II. N
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3. Citrie or lactoid series:—

CHHo(COHo)
Citrie acid ............ 1 CH(COHo)
CH,(COHo)

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

CH,(CN") CH,(COKo) |
CH(CN") + 8KHo + 30H, = { CH(COKo) +3NH..
CH,(ON") CH,(COKo)
Tricyan- Potassic Water. Potassic tricarhb-  Ammonia.
hydrin. hydrate. allylate.

Aconitic acid (equisetic acid, citridie acid) is 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,;
CH,(COHo) CH,(COHo)
Citrie acid. Bromotricarballylic acid. Water.
CH(COHo) =~ = !C©(COHo) + HBr.
CH,(COHo) CH,(COMHo)
Bromotricarballylie acid. Aconitic acid.

Heated to 160°, aconitic acid is converted into itaconic acid :—

COHo
JCH(COHo CH
CLADHD) vy ma» "TCH ik B0
CIL(COHo) CH,
{COHU
Aconitie acid. Itaconie Carhonie
acid. anhydride.

Citric acid is tetrahydric, and contains, therefore, like lactic
acid, one semimolecule of non-oxatylic hydroxyl. It is found
in the free state in oranges, lemons, citrons, and many other
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fruits, also in the potato and the onion. By the graduated
application of heat, citric acid yields aconitie, itaconie, and
citraconic acids. At the earlier stage of the decomposition it
also yields acetone. Heated with fused potassic hydrate it
gives potassic oxalate and acetate :—

CHHo(COHo) _
{GH{COHG) +4KHo— {gg},{;’ = z{ggﬁ +301L,.
CH,(COHo) = Y
Citrie acid. Potassic FPotassic Potassic Water.
hydrate. oxalate. acetate,

By being heated with hydriodic acid, citric acid is trans-
formed into tricarballylic acid :—

CHHo(COHo) CH,(COHo)
CH(COHo) ~+ 2HI = { CH(COHo) + OH, + I,
CH,(COHo) CH,(COHo)

Clitric acid. Tricarballylic acid. Water.

Desoxalic acid is closely connected with citric acid ; it is hexa-
hydric, and may be regarded as citric acid in which two atoms
of non-oxatylic hydrogen have been replaced by hydroxyl. Its
constitutional formula is probably

CHHo(COHo)
CHo(COHo) .
CHHo(COHo)

It is obtained from the product of the action of sodium upon
oxalic ether.

TETRABASIC AND HEXABASIC ACIDS.

Pyromellitic acid (CH,(COHo),) and mellitic acid
(C,(COHo),) are instances of acids of these degrees of basicity ;
and it can scarcely be doubted that an intermediate pentabasie
acid will be found to exist. The following graphic formula of
mellitic acid shows the relation of this acid to benzol, and indi-

N 2
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cates the constitutional formulwe of the other acids built upon
the same type and mentioned below : —

Mellitic acid.
{I:i' 0]

l
H—0—C—C=0—C—0—H
0 | ' 0
I |

H—0—C—C (C—C—0—-H
I
H—0—-C—-C "ILL C—0—H

l I
0 0

Five out of the six possible acids thus related to benzole are
now known. Their names and formule are given in the fol-
lowing Table :—

Benzoic a0id .......ccnremnnnnrnaninie S HACOHO):

Phthalic acid............

Isophthalic acid ...... s isanat S (COHG),!
Terephthalic acid ...... )

Trimellitic acid.........

Tranisgio Beid S, i C H,(COHo),.
Hemimellitie acid

Pyromellitic acid

Prehnitie acid } ------------ C.11,(COHo),.
Mellophanic acid

Uplmown neidat o bt aah by C,H(COHo),.
ME‘]liﬁﬂ aﬂid.-. sammansean e swn vmndedndd cﬁ(COHD)I}'
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CHAPTER XXV.

THE ANHYDRIDES.

TaE anhydrides are compounds obtained from the acids by
the abstraction of the hydrogen of their hydroxyl, together with
sufficient oxygen to form water.

For every two atoms of hydrogen and one of oxygen thus
abstracted from hydroxyl, there will obviously remain one atom

of oxygen, which, as a dyad element, exactly satisfies the two
bonds vacated by the hydroxyl :—

9Ho = OH, + O".
Hydroxyl. Water.

On this account, two molecules of a monohydric acid are re-
quired to form one molecule of anhydride, thus :—

CMeO

9CMeOHo = 40 + OH,
| CMeO

Acetic acid. Acetic  Water,
anhydride.

The anhydrides of those monobasic and dibasie acids which

contain one and two semimolecules of hydroxyl have alone
been investigated.

They may be divided into the following classes :—

! C.H,, C.H.,_;
1. Anhydrides of the | €O cO
monohydric mono-< O and < O
basic acids ......... | €O | CO
u_,cuHEu—H LcuHﬂu-I
2. Anhydrides of the [ C(C,Hs,1.),
dihydric monobasic 0.
aeltdbE L. e LCO
3. Anhydrides of the [ g%_ﬂl}
dihydric  dibasic | Uatlz, U.
AR .o B8
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1. ANHYDRIDES OF THE MONOHYDRIC
MONOBASIC ACIDS.

These are known only in the acetic and benzoic 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-benzoic 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 :—

C(U,,Hhﬂ)o

C(C, Ha,11) OKo 4 C(C,Ha, )00 = +KCL
c(cuHi‘n-I-l) 0

Potassic salt. Chloracid. Anhydride. Potassic

chloride.

Reaction. In contact with water they are converted into the
corresponding acids :—

(G0
O]:‘I2 - EC(GﬂHgn_l_]) OH{L
| @m0
Anhydride. Water. Acid.

The following is a list of the anhydrides belonging to this
class :—

Fusing-  Boiling
point. point.

CMeO C(CH,)O
Acetic anhydride ...... O or 10 —_— 138°.
CMeO C(CH,)0
CEtO C(C,H,)0
Propionic anhydride .., { O or {D  — 165°.
CEtO C(C,H;)0
CPrO |’ E‘[G H.)O
Butyric anhydride...... { O —— ahout 190°.
oo 1 &m0
CBuO C(C,H,)O
Valeric anhydride ...... { O or 1 0 about 215°.
 CBuO C(C,H,)0




ANHYDRIDES OF MONOBASIC ACIDS. 183

Fusing-  Boiling-

point. point.
CAyO C(C.H,,)0
Caproic anhydride...... { O or { 0]
CAyO C(C.H,,)O
CCp0O C(C,H,,)O
(Enanthylic anhydride.§ O or 4 O 4322, 310°,
- CCpO C(C,H,,)0
C(C,H;)0
Benzoic anhydride......1 O P LT AT
C(C,H,)O
CMeO
Acembﬂﬂzﬂiﬁ H.Iﬂl}’l.h‘]de D L L L e T Y | r ].Eﬂu-
C(C,H.)O
C(C,H,;)0
Caprylic anhydride ... O FER I L i below 0°, about 290°,
C(C;H,,)0
C(C,H ;)0
Pelargonic anhydride. .{D < A N R L T T
C(C,H,,)0
il | C(C,;H;,)0
Palmitic aphydride ...30 = = civeeciieens P D38, —
C(C,,H,)0

2. ANHYDRIDES OF THE DIHYDRIC
MONOBASIC ACIDS.

Forination.—By applying heat to a dihydric monobasic acid,
thus :—
CMeHHo CMeH

Lactic acid. LacX'de. Walter.
(Lactic anhydride.)

Reaction—Boiled with water, and especially with alkalies,
they reproduce the acids from which they were derived :—
CMeH CMeHHo
{co Ehissh B o5 {OOHD. ;

Lactide, Water, Lactic acid.
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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 dihydrie dibasic acids:—

COHo CO——|
CH = {CH, 0 + OH,

COHo co—
Buccinie Buceinic 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.

Tue 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- com COMe’
Acetie Acectie Acetone.

acid. aldehyde,

The ketones may also be correctly described 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 aleohols, whilst the aldehydes,
under the same treatment, yield normal alecohols :—

cH e
{coi{e 51 ke {cMeHHo

Acetone. Isopropylic
ohol,

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 sodie sulphite.

Formation—1. By the action of the zine compounds of the
positive monad radicals upon chloracids :—

OﬂH o et CHHEM 1
2 { Cellait | Zn(C,H,uy), = E{CO{CJ:HE,,H) + ZnCl,
Chloracid. Zing compound, Ketone, Zineie

chloride,

2. By the action of sodic ethide and its homologues on car-
bonic oxide : —

— cn]:]:ﬂi'r
Carbonic Sodium compound. Ketone.

3. By the distillation of the salts of the fatty acids :—

OH:H T OiiHE'.H
2{001?01 = { Co(CiH,,) T CO0Ko.

Potassie salt Ketone. Paotassic
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. :
{coﬁzu“ + {COK{: e {comé C O,

Potassic Potassic Propylmethyl Potassic

butyrate. acetate, retone, carbonate.

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 . ,
Ethylic acetate. Ethylic disodacetate.
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The ethylic disodacetate is acted upon by excess of ethylic
acetate as follows :—

COMe
{ SORY + 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
CHNa 4 EtI = CHEt 4 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, alcohol, and potassic
carbonate :—

COMe COM
CHEt + 2KHo = ° + EtHo + COKo,
CH_ Et =

COEto 3
Ethylic ethaceto- FPotassic Ethylated Aleohol. Potassie
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, e o [IIINES

z{cﬂEm g 2{00Em T
Ethylic acetate. Ethylic trisodacetate.

CNa COMe

{ GO + COMeBto = 1CNa, + Nabto
Ethylie Ethylie Ethylic disodaceto- Bodic

trisodacetate. acetate, acetate, ethylate.
COMe COMe
CNa, + 2EI = {CEt, <+ 2NiL
COEto COEto

Ethylic disodaceto- Ethylic Ethyle diethaceto-

acetate, iodide, acetake.
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COMe
CE:, + 2KHo = {ggﬁﬁ + EtHo + COKo,
CO Eto T .

Ethylie diethaceto- Potassic Diethylated Aleohol. Potassic

- acetate. hydrate. acetone., carbonate.
6. By the action of zincic ethide on the chlorides obtained
from the dibasic acids, ketones containing dyad radicals are

produced ; thus :—
Succinylic chloride submitted to the action of zincic ethide
gives ethylene diethylic ketone :—

COCl COE#

(CH)Y + ZiBt = {(CH) + ZulL
[ co COEs

Buceinylic Zincie. Ethylene diethylic Zincie
chloride. ethide ketone. chloride.

The following is a list of the names, constitutional formulse,

and boiling-points of those ketones which are best known :—

Boiling-
point,

56°.

CH,
AmEmE e GOBIB T TR e s ae

Acetone .......

Metl :
ethylated acetone CMeH,

(Lthyl acetyl, mﬂ*{COM& e e B1T
thyl acetone.) .....,

(Dimethylated  ace-

Diethylated acetone GO v --eeome 138

‘G‘-C."Pr2 e e 1 1o

_ tone.  (Ethyl ace- { COMoe 93°'5
-2 Bome-Y oty il 0
é{ Ethylated acetone ... { gg‘ﬁé ............... 101°.
e
Propione. (Ethyl { CMeH, 101°

" propionyl.) ......... COES
S ( CPrH,
E A I#'Iethj’]. valeral” :..... { comé FIA e 120°.
2 | Bibyl butyral........ { R croreerersits 126,

Tsomerie.

| Butyrone
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Little is known of the ketones of the C,IL,_, series. The
following have been obtained :—

C.H. SO,

Benzophenone ( { cO(C,H.) ), the ketone of benzoic acid, is

obtained by heating potassic benzoate.
; | CH. ;
Methyl benzole or methyl benzoyl ( { c OEO‘;HJ) is prepared

by distilling together calcic acetate and benzoate.
Phthalylic chloride, treated with zincic ethide, produces
phenylene diethylic ketone :—

cocl COEt
(CH)Y <+ ZmE, = {(CH) + ZaoOL
coCl COEt

Phthalylie Zineie Phenylene di- Zincie
chloride. ethide. ethylic ketone. chloride.

CHAPTER XXVIIL

ETHEREAT BALTS.

Trrse 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 :—

CH CH

{ctﬁia ., oy = {cof{n R

Acetic acid. Potassie Potassic Water.
hydrate. acetate,

CH. L ol

{GOHu & o {coﬁm T Ol

Acetic acid. Ethylie Ethylic Water.

hydrate. acetate,

But as the hydrates of the organic radicals do not act upon
acids so energetically as potassic hydrate, it is often advisable
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to employ the acid in the form of a potassic salt, and the radi-
cal as a sulphoacid ; thus, with acids of the acetic series :—

S0,Ho(C,H,,,,0) + {ggIK {g(ﬂ% ,..,0)+ SO.HoKo.

Bulphoaeid. Potagsie Ethereal salt, Hydrie potazsic
salt. gulphate,

Monobasie acids form only one ethereal salt with each mono-
hydric alcohol ; and this salt is always norma.

'With dihydric aleohols they each form two ethereal salts,
and with trihydric aleohols three ethereal salts, These are

also normal. Thus with acetic acid we have :—
Acetic salt of a monohydrie alcohol :—
CH,
COEtﬂ
Ethylic acetate.
Acetie salts of a dihydric alcohol :—
CH,Ho CH,-0-CMeO
CH,-O-CMeOr CH,-0O-CMeOr

Monacetie glycol. Diacetic glyeol.
Acetie salts of a trihydric aleohol :—
CH,Ho CH,-0-CMeO [ CH,-0-CMeO
CHHo : CHHo - CH -O-CMeO.
CH,-0-CMeO CH,-0-CMeO CH,-O-CMeO

Monacetin. Diacetin, Triacetin.
Dibasic acids form, with monohydric alcohols, two series of
- ethereal salts :— ’
1. Acid ethereal salts, as :—

[COEto
Succinethylic aeid .................. < C:H . es
| COHo
2. Normal ethereal salts, as :—
(COEto
Ethylic succinate .................. LOH. .
| COEto

In the same manner, tribasic acids form with monohydric
alcohols three series of ethereal salts, the ﬁrst two of which are
acid, and the third normal.
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Prolonged contact with water generally decomposes ethereal
salts, liberating the radicals of the bases in the form of alco-
hols :—

SOMeo, + 20H, = SOHo, + 2MeHo.
Methylie Water. Sulphurie Methylic
sulphomethylate. acid. alechol.

Ebullition with potassic hydrate, especially when the latter is
dissolved in aleohol, effects this transformation very speedily:—

{Come + Ko = {GOj, + Bifo
Ethylie Potassie Potassic Ethylie
acetate. hydrate. acetate, aleohol.

CHAPTER XXVIIIL

ORGANIC COMPOUNDS CONTAINING TRIAD AND PENTAD NITROGEN
OR THEIR ANALOGUES.

Ta1s numerous family may be divided into two great classes:—

1. Compounds of triad nitrogen, phosphorus, arsenie, anti-
mony, and bismuth.

2. Compounds of pentad nitrogen, phosphorus, arsenie, anti-
mony, and bismuth.

I. COMPOUNDS OF TRIAD NITROGEN AND OF
ITS ANALOGUES.

This class may be again subdivided as follows i—

Positive. Neutral. Negative.

1. Amines. 1. Amides. 1. Imides and

2. Phosphines. 2. Alkalamides. nitrides of

3. Arsines. 8. 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 imporfant.
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PosITIVE SECTION.
1. THE AMINES.

The Amines are commonly termed organic bases or artificial
alkaloids ; they are divided into—

A. Monamines.
B. Diamines.

(. Triamines.
D. Tetramines.

The tetramines have been but little investigated.

A. MONAMINES.
There are three kinds of monamines :—

a. Primary monamines.
B. Secondary monamines.
y. Tertiary monamines,

a. Primary Monamines.

General formulse.

Methyl or C,H,,,, series......... N(CH,,,)H,.
Vinyl or C,H,,_, series ......... N(C,H.,_)H,.
Phenyl or C, H,, . series......... N(C.H,,_)H..

Formation—1. By the reduction of the nitro-substitution
compounds of the hydrides of the positive radicals by sulphu-
retted hydrogen, ammonic sulphide, zine and sulphurie acid, or
iron and acetie acid :—

N(CH,)0, + 38H, = N(CH,)H, + 20H, + 8§,

Nitrobenzol. Suolphuretted Aniline. Water.
. hydrogen.

2. By treating cyanic ethers with beiling solution of potassic
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hydrate. The reaction is perfectly analogous to the decom-
position of eyanic acid with potassic hydrate :—

CN“Ho + 2KHo = COKo, + NI,

Cyanic acid. Potassic Potassic Ammonia.
hydrate. carbonate.
CN"Eto + 2KHo = COKo, + NEtH,.
Ethylic 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 product so formed :—

NH, + BtI = NEHL
Ammonia. Ethylic Ethylammonic
: iodide. 1odide.
NEtHI + KHo = NEtH, + KI + OH,
Ethylammonic Potassic 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(CH,)H,.
Butylamine ............ NBuH, or N(CH,)H,,
Amylamine ............ NAyH, or N(C,H, )H..
Allylamine...... ceudans NAIIH, or N(C,H,)H,.

Phenylamine (Aneline) NPhH, or N(C,H,)H,.
Tolylamine (Zoluidine) NToH, or N(C ,H Me)H,.
LReactions.—Treated with nitrous acid, they evolve nitrogen
and yield the corresponding alcohols :—

NPhH, + NOHo = PhHo + N, + OH,

Phenylamine, Nitrous aeid. Phenylic Water.
aleohol,

. Secondary Monamines.

General formulae.
M&t-hy]. or CMHQH+1 Eﬁriea A wa T N( CHHEH-[LI)EH"
Vinyl or C H,,_; series............ N(CH,,_,),H.

Phenyl or C,H,,_, series ......... N(C,H,,_,),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, + FEtI = NEtH,LI
Ethylamine. ]134::::5_11}:'11;& Dl&tl‘g&:{rﬂlﬁnﬂmu
NEtHI + KHo = NEH + KI + OH,
Diethylammonie Potassic Diethylamine. Potassic 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. Ethyli Ethylphenyl i

(Aniline.y iodide. " lodlde.
NEPhH,I 4+ KHo = NEtPhH + KI 4+ OH,
Ethy]Ehen lam- Potasaic Eth]rlphenfla.mine. Potaasie Water
monie lodide. hydrate. {Ethylaniline,) ipdide.

The following secondary monamines are known :—

Dimethylamine............ NMeH or N(CH,) H.
Diethylamine ............ NEt H or N(CH,) 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(CH,)(C,H,)H.
Biperidine . htoldy. oo et NIVC 59
T N S C S [ B . SR =

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 + EtI = NEtHIL

Diethylamine. Ethylie Triet* ylammonic
iodide, iodide.

VOL. IL. 0
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NEtHI 4+ KHo = NEt, 4+ KI + 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 ;.. ... a NEt, or N(CH),)..

Tributylamine ............... NBu, or N(CH,),

Trismylamine ............... NAy, or N(CH,)..
Methyl-ethyl-phenylamine NMeEtPhor N(CH,)(C,H,)(CH,).
L U1l Mo b B L hgme nen DACOHL Y

el bt srviideer s o oichemaiy o 8 oo N(C.H,)".

Luotidine. ... .2l LELES, il R N(C,H,)".

Callidanie e e s et e N(CH,)".

Parvoline .ocssves.s s okt St N(C,H..)"

The constitution of the triad radicals contained in the last
five bases is not known.

2. When phenylammonie chloride (aniline hydroehlorate) and
methylic alcohol are digested together at from 280° to 300°,
the non-phenylic hydrogen becomes replaced by methyl,
thus :—

NPhH,Cl1 4+ MeHo = NPhMeH,Cl + OH,
Phenylammonie Methylie Methylphenylammonie
chloride. alcohol. chloride,
NPhMeH,Cl + MeHo = NPhMeHClI 4+ OH..
Methylphenylammonie Methylic Dim&tbylﬁhhon rlammonie
chloride. aleohol. chloride.

By continuing the digestion longer, the phenylie hydrogen is
also replaced by methyl according to the following reaction :—

N(C,H,)Me,HCl + MeHo = N(C,H,Me)Me,HCl + OH.,.

Dimethylphenylammonic Methylie Dimethyltolylammonie
chloride. alcohol. chloride.
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By these reactions the following tertiary monamines have
been produced :—

Dimethylaniing ..........ccciieesiennin N(C,H,)Me,.
Dimethyltoluidine ..................... N(C,H Me)Me,.
Dimethylxylidine ..................... N(CH,Me,) Me,.
Dimethyleumidine ..................... N(C .H,Me,)Me,.
Dimethyleymidine ..................... N(C,HMe,)Me,.

The final product which may be expected to result from this
reaction, N(C,Me,)Me,, has not yet been obtained.

Tertiary monamines, when acted upon by the iodides of
monad positive radicals, yield iodides which are not decomposed
by potassic hydrate. In this manner tertiary monamines may
be distinguished from primary and secondary monamines. The
three may be distinguished from each other by the alternate
action of ethylie iodide and potassic hydrate : thus, as we have
just seen, tertiary monamines are recognized by producing im-
mediately iodides which are not decomposed by potassic hy-
drate; a secondary monamine, however, produces an iodide
decomposable by potassic hydrate ; but the base thus liberated
is tertiary, and will therefore be transformed immediately into
the stable iodide by a second application of ethylic 1odide. A
primary monamine requires three applications of ethyliciodide
and potassic hydrate to produce the same result.

B. DIAMINES.

Formation.—The diamines are formed by coupling together
two atoms of nitrogen in two molecules of ammonia, or of a pri-
mary or secondary monamjne, by a dyad radiecal, which at the
same time takes the place of two atoms of hydrogen ; thus:—

NH, NH N NEt"
1 g Et",. Et, or { Et’ .
NH, NH N NEt"
Primary Secondary Tertiary diamine.
diamine. - diamine.

o2
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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 :— i

( NH,Br

ONH, + Et'Br, = B .
NH, Br

Ammonia. Ethylenie 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 :— : *

NH,Br NH,,
Et" + 2KHo = Et" O + OH, + 2KBr.
NH Br NH,
Ethylene-diam- Potasaic Ethylene-diam- Water, Potassic
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
ammonic cyanate or ethylammonic cyanate, or a homologue of
the latter. In these compounds, the two atoms of nitrogen
are held together by the dyad radical carbonyl, CO :—

NH,
CN"(N'H,0) = CO .
NI,
Ammonic eyanate. Urea
NHEt
CN"(N'EtH0) = <{CO .
NH,
Ethyl-ammonic Ethyl urea.

cyanate.

By heating ammonic carbonate tb 130°~140° in closed vessels
for a few hours, urea is produced :—

NH,
CONHO), = {CO 4+ 20H,
NH,

Ammonic earbonate. Urea. Water.
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Ureas in which ethyl and other monad positive radicals are
substituted for hydrogen may also be obtained by the action of
ammonia or a monamine on the cyanic ethers, thus:—

NHEt
CN“Eto + NH, —={CO .
NH,
Ethylic Ammonia. Ethyl urea.
cyanate,
NHEt
CN"Eto + NHEt = {CO .
NHEt
Ethylic Ethylamine. Diethyl urea.

cyanate.

Reaction—Urea is decomposed by nitrous anhydride :—

NH2
O TN e 0L AN, 20H.,
NH,
Urea. Nitrous Carbonic Water.

anhydride. anhydride.
The following is a list of the best-known diamines .—
_ (NH,
Ethylene diamine ............c........ ] Et" .
| INH,

(NHEt
Ethylene diethyl diamine ............ 1 O
| NHEt
(INH,
e ok an Lol e S aand 5B Ohs
| NH,

| (NH,
g b o= e et Ul MRS ORI {1 C8" .,
NH

k 2

( NHEt
7] T R s R O < CO
| NH,

_ (INH Ph
Sulphophenylurea..................... « CS"
phopheny NH

2
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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 Dbodies; it is obtained by the action of concentrated
sulphuric acid and red potassic chromate upon aniline. Tt is
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

Nﬁl CEGHE!'

It is probably a tetramine with the constitution shown in
the following formula :—

N-i( CTH-E)' '2( CGH{-)HEHQ'

Rosaniline is obtained from a mixture of aniline and tolui-
dine by the action of various reagents, such as carbonie chloride,
stannic chloride, mercuric chloride, ferric chloride, eupric 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 :—

"y th " &L

" im0 | OO,

ot daklin e | MO (G AT,
ipheny] iline, th " i

S8 tin vl .. | No(CHLY (CLHLY I

Triphenyl rosaniline, thebase
of aniline blue

} N, (C,H,)"(C.H,)"Ph,

Tritolyl rosaniline, the b § ;
o Dlusaine blos o } NCHY (CHLY (O,
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Triethyl rosaniline, the base i -
of Hofmann’s violet ...... } N, (C,H,)"(C,H,)" Et,.

Chrysaniline, Nicholson’s
yellomw e il } N, Oyt

Leukaniline .................. NG H...

LRosaniline appears to be formed by the abstraction of three
molecules of hydrogen from one molecule of aniline and two
molecules of toluidine, thus :—

N(CH)H, + 2N(CH)H, — 3H, = N,(C,H,)"(C,H,)",H,.

Aniline, Tolunidine. Rosaniline.

The phenyl derivatives of rosaniline are produced as salts of
hydrochloric acid by heating rosaniline hydrochlorate with
various proportions of aniline, thus : —

iv(Na)xi':OsH.:)” (CTH{'-}“EHiC]' T NP}JH: =

Rosaniline hydrochlorate, Aniline,
(N,)¥(C,H,)"(C.H,)",PhH,Cl + NI,
Phenyl-rosaniline hydrochlorate. Ammonia.

(N (CH,)"(CH)" HC  + 2NPhH, =

Rosaniline hydrochlorate. Aniline,
(N )%(C,H)"(C,H,)" PhH,Cl +  oNH,
Diphenyl-rosaniline hydrochlorate. Ammonia.

WN(CH,)(CHY,H,C  + SNPHH, =

Rosaniline hydrochlorate. Aniline.

v(N,)*(C,H,)"(C,H,)",Ph,HCl +  SNH,.

Triphenyl-rosaniline hydrochlorate. Ammonia,

The salts of tritolyl rosaniline are formed by analogous
reactions.
Triethyl rosaniline is obtained by heating to 100°% in a
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close vessel, rosaniline with ethylic iodide dissolved in al-
cohol :—

N,(CH)"(CH)"H, + SEI = N(CH)" (CH,)"Et,

Rosaniline, Ethylie Triethyl rosaniline.
iodide.

+ 38HL

Hydriodie
acid.

Trimethyl and triamyl rosaniline are obtained by analogous
processes.
Chrysaniline is formed as a secondary prnduet in the manu-
facture of rosaniline.
Leukaniline is produced by the action of zinc upon an acid
solution of rosaniline :—
N UL A N e

Rosaniline, Lenkaniline.

OTHER AMINES.

Subjoined are the names and formule of a number of organic
bases which cannot at present be satisfactorily classified :—

GOERAES C,H.N.O.
Gnanidife. s, ...l s G(NH)”(NHE)(NH,)
or C(NH)"A
H H
| |
by
|
H I?T H
H
HUFEOTING ...y euneieinssne C,H,N,0
AT RO R L | CMHHN
THIBIRG: . ...cconnmee snnnmvinss | AT

Dibutyraldine ........s...... CH NO.
ACPILIRRN =00 e vt C, H,N..
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Me—(C=N—N=(C—Me

Cyanmethine ...

(N, )*(CMe)'”, ...

e
|
O

I
Me

Et—C=N—N=C—Et

Cyanethine ...... “(N,)*(CEt)"™, .

Ne
N

i
C

|
Et

THE NATURAL ALKALOIDS.

Of the constitution of these organic bases very little is

known.
sources whence they are derived :—

Alkaloids from Opiuwm.

Hydrocotarnine ...............

INORpIrese Bho. o o o BELCE D
fEodeirte W s or Sl AR C
EEGEODING .. snwwici- i vi vovimbitunss
Papaverine
Uy PO e ok
Landanosineis. . s o seassotrs o
INAFEOUINe B . o essanon
Pdrepine bt e fii 0. St

------------------------

From Cinchona Bark.

T 311 O MUEARNE A,
Eamehorane ol Lot oo s
APICIIE S e sankuteg o 1 b XM,

The following is a list of ihe chief of them, with the

ClnﬂwNOa*
gL NG
C,H,NO, OH.,.
C,,H, NO,.
C, H, NO,.
C, H, NO,.
CEIHHIND&'
CmeNor
G, H,.NO,,
G EL NG

3 m

C,.H,.N,O.,.

C,H,N,O.
OHEHEENED-l'
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From Nightshade.

Atropine ...... et e CH . NO..
From Tobacco.
Nicotine - ..... cco-cmmms s G H, e
From Nux vomica.
Bbrrehring: Lok e s C.H N0,
Brucine...... s ks Deva st O e C,H,N,O,.

LFrom Tea, Coffee, and Cocoa.

Theobroming  ......i.c.ocoe SRS B L P
Caffeine (TReife).......eonnemnene O H N O

9,3, 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 arsenie, antimony,
and bismuth are known ; and they are produced by reactions
of which the following may be regarded as a type :—

AsNa, + SEtI = AsEt + 3Nal
Bodie Ethylie Triethyl Bodie
arsenide. iodide. arsine. iodide.

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 + Zn0O = 2PEtH,I + Znl, + OH,

Phosphonic Ethylie Ethyl- Water.
iodide. iodide. phosphonie
iodide.

9PH,I + 4EtI + 3Zn0 = 2PEt H(Znl)I + 30H, + Znl,.

Phosphonic thylie Diethyl-phos- Water.
iodide, iodide. phonie zineie
iodide,
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These reactions take place side by side ; but the primary and
secondary phosphines are readily separated from each other by
the consecutive action of water and alkalies upon the products
of the above operation.

The addition of water to the mixed product liberates the
primary phosphine from its compound, whilst the compound of
the secondary phosphine resists even boiling water, but easily
decomposes under the influence of alkalies.

The tertiary phosphines are produced by the action of the
zine compounds of the monad positive radicals upon phospho-
rous chloride :—

3ZnEt, + 2PCl, = 92PE:; + 3ZnCl,
Zincie ethide. Phosphoroys Triethyl Zincie chloride.
chloride. phosphine,

They may also be obtained in combination with hydriodic
acid by the action of phosphonic iodide upon the aleohols :—

PHI 4+ 3EtHo = PEtHI 4+ 30H..
Phc‘;séﬂhuuie Ethylic Triethyl- Water.
iodide. aleohol. phosphonie

indide.

By the action of alkalies upon triethyl-phosphonic iodide
triethyl phosphine is liberated :— '

PE4HL | 4 KHo = PBt  + . KI 4 OH,

Triethyl- Triethyl- Water.
phosphonie phosphine,
iodide.

The following Table contains the names of the known phos-
phines, arsines, and stibines :—

Primary Phosphines.

Formula. Boiling-point.
Methyl phosphine ......... MeH ... —14°.
Ethyl phosphine ............ PEtH, ......... 25°.

Secondary Phosphines.

Dimethyl phosphine ...... PMeH......... 25°,
Diethyl phosphine ......... EHLH . 8B%
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Tertiary Phosphines.
Formula. Boiling-point.
Trimethyl phosphine ...... PMe, ......... 41°
Triethyl phosphine ......... PEh............ 127%5.

Tertiary Arsines.
Trimethyl arsine ............ AsMe,......... 120°,
Triethyl arsine............... SARRE. e 140°,
Tertiary Stibines.

Trimethyl stibine ......... SbhMe, .........
Triethyl stibine ........ ... SbEt. ........ 158%
Triamyl stibine ............ SbAy, ...

Tertiary Bismuthine.
Triethyl bismuthine ...... BiEt, ........ =—

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 chlorine, bromine, or iodine, forming compounds in which the
grouping element becomes pentadic. Thus, by the absorption
of oxygen, triethyl-phosphine is transformed into phosphoric
triethoxide :—

PEt, + O = PE0.

Triethyl- Phosphorie
phosphine. triethoxide.

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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By the distillation of potassic acetate with arsenious anhy-
dride, a compound known as cacodyl, "As"” Me,, is produced.

This substance may also be prepared by the action of methylic
iodide upon an alloy of sodium and arsenic containing

'‘As",Na, :—
‘As" Na, + 4Mel = 'As” Me, + 4Nal.

Sodie Methylie Cacodyl. Bodie
i iodide.

arsenide. iodide.
By allowing cacodyl to absorb oxygen slowly, an oily liquid
containing cacodylic oxide (As,Me,O) is formed.
This oxybase does not appear to unite with oxygen acids,
but it is attacked by hydrochloric acid, forming cacodylic chlo-

Iide —_—

AsMe,

0 + 2HCl = 2AsMeCl + OH,
AsMe,

Cacodylic Hydrochlorie Cacodylic Water.
oxide. acid. chloride.

Cacodylic oxide, when exposed to moist air, absorbs water
and oxygen, forming cacodylic acid :—

AsMeO + O, + OH, — 2AsMeOHo.
Cacodylic Water. Cacodylic

oxide.

CHAPTER XXIX.

ORGANIC COMPOUNDS OF TRIAD NITROGEN
AND OF ITS ANALOGUES (continued).

NevTrAL SEcTION.

1. THE AMIDES.

These compounds are formed by the substitution of amidogen
(NH,) for the oxatylic hydroxyl of organic acids. They are
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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.
Acetamide :—

c
{gfﬁfo or NH,(CMeO), or { N

Chloracetamide : —

{ C(CH,C1)O

NE, or N'H,[C(CH,C1)O], or { S

COAd”

Benzamide ;—

{ a¢ %Ha)our NH,[C(C,H,)0], m‘{ Cost

Formation.—1. By ihe distillation of the ammonie salts of
the monobasie acids :—

cH CH,
{co%NvH,,U) = {GO(N“‘H,) + 'OH,
Amr:;&nin Acetamide. Water.

2. By the action of ammonia upon the chloracids :—

CH, Ol
{ c{}cl + N-:H::3 — { GO{NH!HE} ‘I" HCI.

Acetylic Ammonia. Acetamide. Hydrochlorie
chloride. acid.
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3. By the action of ammonia on the ethereal salts of the
monobasic acids :—

CH, VAT CH
Ethylic Ammonia. Acetamide, Alcohol.
acetate.

Reactions.—1. Boiled with aqueous solutions of acids, the
primary monawides yield ammonic salts and acids :—

CH. i, CH
{ CO(N”er) + H'Cl + OI‘:[2 = NH-I.C]' + { cOi_]_-ﬂ-
Acetamide, Hydrochloric Water. Ammonic Acetic
acid. chloride. acid.

2. Boiled with potassic hydrate, ammonia is evolved, and
a potassic salt, corresponding to the amide, is formed.

CH, 1 CH,
{ gonray TESNeeT o0 {001{5
Acetamide. Potassie - Ammonia. Potassic
hydrate. acetate.
I1. Secondary Monamides.
(CH,
| CO
Diacetimide ... N(CMeO),H or< NH.
| CO
\ CH,
[ [CO 1" CO4
Succinimide ...... NH‘ Cnl-IiJ or 1 Et” (N'"H)".
L 1 CO cO-

These bodies possess a negative character, and are treated of
under the negative section of this class as imides of negative
radicals (p. 210).

Tertiary monamides are little known. They are the nitrides
of negative radicals (see p. 210). '

B. DIAMIDES,

The diamides may be regarded as derived from two molecules
of ammonia, by the substitution of a dyad negative radical for
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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.

N COAd

Ozamide ...4(0.0)" or { :
][I'ﬁ{: COAd

co” COAd
Succinamide... N H (CH 0,)" or N .H, Et” Y, or{ Bt™ .
CO COAd

Formation.—1. By the action of heat upon the normal am-
monic salts of dibasic acids :—

CON'H,0) _ [CON"H
{f-‘»OEN?H;.og ¥ {cDEN'"Hﬂ T 298

Ammonie oxalate, Oxamide. Water.

2. By the action of ammonia on the ethereal salts of dibasie
acids :—

COEto L AN
{ GDEtD + ENH:, == { CO(N'”H:} -+ ZEtHD.
Eth 1:: Ammonia. Oxamide, Aleohol.

3. By the action of ammonia on the chloro-dibasie acids :—

cocl CO(N"H,)

ANH, + {E" = JB" ° + @NHCL
cocl CO(N"'H,)

Ammonia. Bueeinylic Bueccinamide. Ammonie

ehloride, chloride.

The secondary and tertiary diamides are but little known.

C. TRIAMIDES.

Primary Triamides—The primary triamides may be regarded
as derived from tribasie 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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by the replacement of three atoms of hydrogen by the residue
of a tribasic acid. A good example of a triamide is

CHHo(COAd)
Citramide ...... CH(COAd) orNH/(CH,O)".
CH,(COAd)
Citramide is formed by the action of ammonia on ethylic
citrate.

Secondary and tertiary triamides have not yet been formed.

2. THE ALKALAMIDES.

These compounds occupy an intermediate position between
the amines and the amides. They are derived from ammonia
by the substitution of part of the hydrogen by positive, and
part by negative radicals; and inasmuch as two atoms at least
of hydrogen must be so substituted, no primary alkalamide can
exist.

Secondary and tertiary monalkalamides, dialkalamides, and
trialkalamides are known.

Hthyl acetamide............5....... NHE:(CMeO).

Ethyl diacetamide .................. NEt(CMeO),.

Diethyl oxamide..................... N _H Et,(C,0,)".
Diphenyl-carbonyl-oxalyl diamide N,(C H,),(C0O)"(C,0,)".
Citryl-triphenyl-triamide ......... N.H (CH,),(CH,0,)".

The alkalamides incline towards a positive character, their
degree of alkalinity being about equal to that of urea.

3. THE TRICHLORINATED AND TRIBROMI-
NATED AMINES.

If the hydrogen in an amine be gradually substituted by
chlorine or bromine, the basic character of the amine gradually
diminishes, and finally a neutral compound is obtained.

This reaction has been studied in the case of aniline, which
VOL. II, P



210 COMPOUNDS OF NITROGEN AND ITS ANALOGUES.

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 :—

NH,(CH;). WH/(CH/Cl). NH/(CH/CL). NH/(CH,CL).

Aniline. _ Chlgraniline, Dichloraniline, Trichloraniline,

4, 'HE HALOID COMPOUNDS OF OXYBASES. j

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 hydrochloric acid, hydro-
bromiec acid, or hydriodic acid upon the oxybases.

General formula...... As(C,H,,.,),CL

NEGATIVE SECTION.
THE IMIDES AND NITRIDES.

[ of imides... NH(C,H,,_,0)
General formula.... | ;¢ itriden . N(CoHna Oy

Formation—By the action of chloracids (the so-called chlo-
rides of negative radicals) upon amides:—

NH,(CMeO) + CMeOCl = NH(CMeO), 4 HCL

Acetamide. Acetylie Diacetimide. Hydrochlorie
chloride. aci

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 :—

CO
These bodies have hitherto received but little attention.

- col”
Suceinimide......... NH(C,H,0,)", or NH]:{ Et":'.
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CHAPTER XXX.

II. COMPOUNDS OF PENTAD NITROGEN
AND OF ITS ANALOGUES,

This class of compounds contains the following series :—

Positive. Neutral. ; Negative.
1. Caustic Nitrogen bases. 1. Balts of Amines. 1. Organic arsenie
2, T Phosphorus bases. 2 »  Phosphines, acids, oxychlo-
3. 5  Arsenic bases. 3. 4 Arsines rides, and chlo-
4. ,  Antimony bages. 4 w  Btibines. rides.
5. Oxyarsenic hases. 5 w Oxyarsenie bases, 2, Organie antimo-
6. Oxyantimonic bages. fi »  Oxyantimonic bases. nic acids.

POSITIVE COMPOUNDS.

113 Caustic Nitrogen Bases.—
General formula...... N(C,H,,,,) Ho.

In each positive radical » must be a positive integer. The
radicals need not be all of the same atomic weight.

Formation.—By the action of argentic hydrate upon the
1odides of the compound ammoniums :—

NEtI + AgHo = NEtHo -+ Agl
Tetrethylammao- Arpgentic Tetrethylammo- Argentic
nic iodide. hydrate. nic hydrate. iodide.

2. Caustic Phosphorus Bases.

8. Caustic Arsenic Bases.

4. Caustic Antimony Bases.—

By displacing the IN'in the above general formula and in the
equation by P, As, and Sb, the constitution and formation of
these three series of compounds will be expressed.

5. Oxyarsenic Bases.—These bodies, which are diacid bases,
are obtained by the slow oxidation of the tertiary monar-
sines :—

As{cnﬂﬂu%)a T 0O = '&S(OHH‘.’J:+1)30'

Tertiary monarsine, Oxyarsenic basé.



212 COMPOUNDS OF NITROGEN AND ITS ANALOGUES.

6. Ozyantimonic 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-“:H-I-I ) ( CHIH."JH-I-I):] Cl .
N(CH,,)"(C,H,,)" H,CL.
N:i (C"HSH —l)r”(_C mH‘.’m - l)mgHa C[T

In the first formula s, may =0 ; in the second, C,, H,,, may be
displaced by H,; and in the third, C, 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, + HCl = NEtH,CL

Ethylamine. Hydrochlorie Ethylammonic
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 formule, 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 :—

‘N (C,H,,)" (C.Hsn) ", H(NO,) ;
2 (Na)xi (GMHEH =1 ) ”f( CmHEﬂ| — 1) ¥ Fn:E[(:J..-

The difference between these two classes of salts will be ren-

dered more evident by a comparison of the following graphic
and symbolic formule :—
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Normal Salts,

CI\KH Ll H“'\‘/Cl " N:EESCI
Et N or NNHEt"Cl,or{ Et" .
1/ H N NH,Cl

Ethylene-diammonic d.iq.-hl_q?ridc.
oL _H H_H H_Cl
N Et" N Bt" N
B B ) i
I)iet.'l:ylune-l‘riar;'tmunic trichloride.
(NH.Cl
| Et.”
or N,H,Et",CJ, or < NH,CL
| "
NI, CL
Monacid Salts.
H H

¥— E'— X or 'NWH,ECl ﬁr{gﬁxﬂflb”.
H\ NH

Ethylene-diammonie monochloride,

H"x S I o Bt
T R TR
7 At H O H

Diethylene-triammonic monochloride.

N,
or “(N)MH,Et’,Cl or { NH
Nl

Cl

Etll'f
EL™

Diacid Salt.

CL_H - ~/C1
o VL R SR IR
H O H I H " H

Diethylene-triammonic dichloride.

' NI Clp,
or "(N,)*H.Et".Cl, or [INH, 3.
N1, Cl
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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 Oxyarsenic Bases.

As(C,H,,,),Cl,.
Formation.—By the action of acids on the oxyarsenic bases :—
AsMe O 4 2HCl = AsMeCl, 4+ OH,
Argenie Hydrochlorie Arsenie trimetho- Water.
trimethoxide. acid. dichloride.

6. Salts of Oxyantimonic Bases.

These resemble the previous salts in formation and consti-
tution,

NEGATIVE COMPOUNDS.

1. Organic Arsenic Acids, Oxychlorides, and Chlorides.

The following are the principal bodies of this class :—

Monomethylarsenic acid............ AsMeOHo,.
Arsenic oxydichlormethide......... AsMeOCl,.
Arsenic tetrachlormethide ......... AsMeCl,
Cacodylic Bead.. .. .. ..o inge et 5 AsMe,OHo.

Cacodylic trichloride ............... AsMe,CL,.
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2. Organic Antimonic Acids.

No exploration of this series has yet been made. The
members of it will doubtless be found to have close analogies
with the corresponding series of arsenic compounds.

——

CHAPTER XXXI.

ORGANO-BORON AND SBILICON COMPOUNDS.

Turs famﬂy is divided into the two following classes :—

1. Organo-boron compounds.
2. Organo-silicon compounds.

1. Organo-boron compounds,

These compounds contain boron directly umited with the
carbon of monad positive radicals, and are thus distinguished
from organie compounds containing boron, as seen in the fol-
lowing formule .—

Organo-boron compound. Organic compound containing boron.
H H H R - |
l | | |
H—{lj—B—C—H H—C—0—B—0—(C—I1
| | |
5] H I {l} H
|
H—C—H H—-C—-H
| I
H H
Borie methide. Methylie borate.

The organo-boron compounds are produced by the replace-
ment of methoxyl or ethoxyl in methylie or ethylic borate by
monad positive radicals. Hitherto only the radicals methyl
and ethyl have been thus combined with boron,
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BORIC METHIDE,
B(CH,),, or BMe,.

Molecular weight =56. Molecular volume 1], 1 litre of boric
methide gas weighs 28 criths. Condenses at 10° under a
pressure of four atmospheres.

Preparation.—By adding to ethylic borate an ethereal
solution of zincic methide, when boric methide is evolved as
gas :(—

9BEto, + S8ZnMe, = 2BMe, + 3ZnEto,
Ethylie Zineie Borie Zincie
[borate, methide, methide. ethylate.

Reactions.—1. Inflames spontaneously in air or oxygen.
2. Combines energetically with ammonia, forming ammonia-
boriec methide: —

NH, + BMe, = NH,BMe,
Ammomnia. Borie Ammonia-boric
methide. methide,

3. Boric methide combines readily with potash, soda, lime,
and baryta, forming compounds the composition of which is
not known with certainty.

AMMONIA.BORIC METHIDE.
NH,,BMe,.
Molecular weight =T3. Molecular volume (anomalous)

Fuses at 56°. Boils at 110°. 1 litre of ammonia-boric
methide vapour weighs 1825 criths.

Formed as above described.

Reactions.—1. Cupric chloride absorbs ammonia from the
vapour of ammonia-boric methide, reducing the volume of the
vapour to one half and leaving boric methide gas :—
6(NH,BMe,) + 2CuCl, = 2CuCl,6NH, + 6BMe,.

Ammonia-borig Ammonia-eupric Boric
methide, chloride. methide,
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2. Ammonia-boric methide is readily decomposed by acids ;
even carbonic acid decomposes it. 'With hydrochlorie acid the
reaction is:—

NH,BMe, + HCI "NH/Cl + BMe,.

Ammonia-boric Ammonic Borie
moethide, chloride. methide,

BORIC ETHIDE.
B(C,H,), or BEL,

Molecular weight =98. Molecular volume [T]. 1 litre of
boric ethide vapour weighs 49 eriths. Boils at 95° C.

Sp. gr. of liquid *6961 at 23°,

Preparation.—By the action of zincie ethide upon ethylic
borate :—

9BEto, + 3$ZnEt, = 92BEt, + 8ZnFto,
Ethylic Zincie Boric Zinecio
borate, ethide, ethide, ethylate,

Reactions.—1. Inflames spontaneously in air, and explodes in
oxygen.

2. Allowed to oxidize gradually, boric ethide forms boric
etho-diethylate : —

BEt, + O, = BEtEto,

3. Heated with hydrochloric acid to 99° it slowly evolves
ethylic hydride, and is converted into boric dietho-chloride :—

BEt, + HCl = BE4,Cl + EtH.

Boric Borie dietho- Ethylie
ethide. chloride. hydride.
4. Borie ethide combines very energetically with ammoniacal
gas, forming ammonia-horie ethide :—

NH, 4+ BEt, = NH_BE:.

Ammonia, Boric Ammonia-boric
ethidg. ethide,
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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- Aleahal.
diethylate, dihydrate.

AMMONIA-BORIC ETHIDE.
NH,BES,.

Formed by the union of ammonia gas with boric ethide as

above deseribed.
Reaction.—Decomposed by acids but not by carbonic acid. -

‘With hydrochloric acid the reaction is as follows :—
NH BEt, + HCI = NH/(CL 4+ BES,

Ammonia-horiag Ammonic Boric

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 :— '

Silico-compounds. Organic analogues.
Sill,. CH,
Bilicie hydride. *  Marsh gas,
SiHCL, CHOL,.
Bilicon chloroform. Chloroform,
SiHO CHO
(0] : 1
SiHO CHO
Silicoformic Unknown

anhydride, formic anhydride.
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Tollowing the analogy of organic compounds, the substitution
of one of the atoms of hydrogen in silicic hydride by the
hitherto unknown radical silicon methyl (Sill,) would yield
a body constituted like the molecule of methyl or ethylic
hydride,

{ SiH,
SiH;

From this, silicoethylic chloride (8iH Cl) ought to be ob-
tained ; and then, by the substitution of hydroxyl for chlorine,
the silicon-analogue of common alcohol (8i,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 earbon 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,
guch as ethylic silicate (8iEto,), which do not, strictly speaking,
belong to it, inasmuch as they no longer contain silicon directly
combined with carbon :—

Name, b Formula. ]:;Etlﬂg'
Silicicmethide .oat it b i SiMe, 305
; SiMeo,
Disilicie oxy-hexamethylate ......... 0 202
SiMeo,
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Name. Formula.
Silicic methylate .....c.cicomueaimnnins SiMeo,
pihicie ethide . ...moims: cuosiotusinas s Sikt,
Silicic dimethylate ethylate........... . SiMeo,Eto,
Silicie chlortriethylate ... ............... SiClEto,
Silicie dichlorethylate .................. SiCl, Eto,
Silicig ethylate ... .on. v emis s it . SiEto,
Silicic triethylate amylate ............ SiEto,Ayo
[ SiEto,
Disilicic oxy-hexaethylate............ 10
| SiEto,
(SiEt,
Disilicie oxy-hexaethide......... e g
| SiEt,
Silicic hydrotriethylate ............... Sill Eto,
Silicic ethotriethylate .................. SiEtEto,
Silicic dieth-ethylate .................. SiEt,Eto,
Silicie trieth-ethylate .................. SiEt Eto
Silicie dietho-chlorethylate ............ SiEt,ClEto
Silicic ehlortriethide...............ccuue Sikt, Cl
Silicie dichlorethide ... . ..o wetsaiuiis; SiEt,Cl,
Silicie trichlorethide ............ccc.. SiktCl,
Silicic diethozide ..............cc.c....... SIELO
Siliconylic ehloride..................... { e
CMeHCl
Siliconylic alechal ..........;0000ine. { gﬁzaHHn
Biliconylic acetate ..................... { gl'[;[:‘:SiCEHmO)
SiEto,
Silicie aceto-triethylate ............... { 0
C OM
Bilicie fbelylate . dleomePon nomnsiina Si(COMe),
Silicopropionic acid .................. { E‘?%?Eﬂ

Silic 1 t Tri - :
ilicic triethohydrate  (Zriethyl { SiEt,Ho
SIEEO) i AR X

Boiling-
point.

o
121
1525
145
156

1665
220

190

211

1535
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SILICIC METHIDE.

|
B0
H H
Si(CH i
(nr 2% H—{l;‘ Si (T3
SiMe,. F 1
H H
s i g
l
H

Molecular weight =88-5. Molecular volume [11]. 1 litre of
silicic methide vapour weighs 4425 criths. Boils at 30°°5.

Formation.—By the action of zincie methide upon silicic
chloride at a temperature of from 120° to 200°.

SiCl, + 2ZnMe, = SiMe; + 2ZnCl,
Silicie " Zincie Silicie Zincie
chloride, methide, methide, chloride.

SILICIC ETHIDE.
Sikt,.
Molecular weight =144-5. Molecular volume (1. 1 litre of
silicic ethide vapour weighs 72:25 eriths. DBoils at 152°5.

Preparation.—By the substitution of zincie ethide for zincic
methide in the reaction last described, silicic ethide is pro-
duced.

Reactions.—Treated with chlorine, one atom of hydrogen is
replaced by an atom of chlorine, and siliconylic chloride is
formed :—

| SiEt(CMeH) + Cl, = { e b HECL

Silicie ethide. Biliconylie chloride.
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At the same time a portion of the silicic ethide is converted
into dichlorinated silicie ethide, which, when heated with
aqueous alcohol and potassic acetate, yields disilicic oxyethides

{ SiEt,
S
SiEt,

SILICIC TRIETHOHYDRATE. Driethyl-silicol.
SiEt Ho. _
Molecular weight =182'5. Molecular volume [T . 1 litreof
the vapour weighs 66°25 criths. Boils at 153°5. Sp. gr.
of liguid "8709 at 0°.
 Preparation. 1. By digesting silicie triethoethylate with
water at 200° :—
SiEt,Ete + OH, = BSiEtHo -+ OEtH.

Bilicie Bilicie Aleohol.
triethoethylate. triethohydrage.

2. By the action of aqueous ammonia upon silicic chlor-
triethide :—

SiEtCl + OH, + NH, = SiEHo 4 NHCL
clllms'tlll':li?t?lide. t.l'ietﬂhln;]:!'f_':r?irute.

SILICOPROPIONIC ACID.
{ CMeH,
SiOHo"

Preparation.~1. This acid, which contains the new negative
radical Si0Ho (that is to say, oxatyl in which carbon is re-
placed by silicon), is prepared from silicic chlortriethylate by
the following series of reactions :— |

1st. Silicic chlortriethylate is treated with zincic ethide and
sodium, and thus converted into silicic ethotriethylate by the
following reaction :—
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28iClEto, + 2ZnEt, = Zn(Cl, 4+ 28iEtEto,.
Bilicic Fincio Bilicie
hlortriethylate. ethide. ethotriethylate.

2nd. Silicie ethotriethylate, which is a colourless liquid,
smelling like eamphor and boiling at 158°5, is now heated with
concentrated solution of potassic hydrate, when the following
change takes place :— _
SiEtEto, + KHo + OH, = SiEtOKo 4 3EtHo,
Bilicie Potassic Aleohol.
ethotriethylate. gilicopropionate.
3rd. From the potassium salt, silicopropionie is obtained by
the addition of hydrochloric acid.
2. By heating silicic ethotriethylate with acetylic chloride to

180°, silicic ethotrichloride is produced :—

: cH . CH,
SiEtEto, + 3{00&1 = SiBCl, + 3{0()Etn'
Bilicie Acetylie Bilicie Ethylie
ethotriethylate. chloride. ethotrichloride. acetate,

By the subsequent action of water upon the silicic etho-
trichloride, pure silicopropionic acid is obtained as a white
insoluble powder resembling silica :— |

SiEtCl, + 20H, = SiEtOHo + 3HCL
Bilicie . : - Bilieopropionic
ethotrichloride. acid.

CHAPTER XXXII.

ORGANOMETALLIC BODIES.

Ta1s term is applied to a family of compounds in which an
organic radical is united directly with a metal; and it serves
to distinguish them from other organic ecompounds containing
metals, in which the metal and organic radical are indirectly
united or linked to each other.

Thus zincic ethide is an organometallic body, while zincie
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ethylate and zincic succinate are organic bodies containing

metals :—

T H H - H
gl o Jjiodhy aiy
Zincie ethide... ZnEt, H—(C—(C—Zn—C—C—H

;- L0z
H H H H

Zincic ethylate... ZnEto,.

Ha H ]i:[ I{-I
5
H—U—U—U_ZH—O—?—C—H
B l
H:, H HE
H S
|
GO AU
Zincie succinate ... ‘{CQH.I Zno". | Zin
== H-{i:-c-o—-J
I
H O

Many organic compounds containing metals are the deriva-
tives of organometallic bodies; thus zincic ethide by oxidation
yields zincie ethylate—

ZnEt, + 0; = ZII.EtDE;

Zincie Zineie

ethide. ethylate.
and by further oxidation zincic ethylate can be converted into
zineic acetate—

GMEI'I.., " - GMEO 1

Zincic ethylate. Zincic 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 carbonic anhydride :—

CMeH,K + €O, = {gﬁiﬁfa

Potassie Carbonie Potassic
ethude, anhydride. propionate.
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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 stafu nascenti
with a metal, or by the coalescence of a metal with the iodide
of a monad positive radical.

Thus, when zine and ethylic iodide are heated together to
100° in closed vessels, zincic ethide is formed :—

2EtI 4+ Zn, = 2ZnEt, + Zmnl,.
Ethylie Zineic Zincie
iodade. 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 + Hg = HgEtl

Ethylic Mercuric
iodide. ethiodide.

II. 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 radieals,

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 arsenic, antimony, tin, mercury, lead, bismuth, and tellurium
compounds :—

ARtI + SnNa, = SnEt + 4Nal
Ethylic Tin sodinm Btannic Hodie
iodide. alloy. ethide. iodide.
oRtI + HgNa, = HgBt, + 2Nal
Ethylie Sodium Mercuric Sodi
iodide. amalgam. ethide. iodide.

VOL. II. ; Q
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2C, HBr 4 HgNa, = Hg(C H), + 2NaBr.
Naphthylic Bodium Mercuric Bodic

bromide (bromo- amalgam. naphthide. bromide.
naphthaline).

III. By the action of the zinc 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 to 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, + ZnBt, = SnEt (0, + ZnCl,
Stannic Zineic Btannie dichlor- Zinecic
chloride. ethide. ethide, chloride,
SnCl, + 2ZnFt, = SanEt, + 2Zn(l,.
Btannic Zincie Btannic Zincic
chloride. ethide. ethide. chloride,
oHgFEtl + ZnEt, = 2HgEt, + Zml,
Mercurie Zincic Mereuric 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 into the composition of the resulting organometallic
body :—

3ZnEt, + Na, = 2ZnNaEt, + Zn.

Zineie Bodic zincie
ethide. ethide.
SHgE;, + Al, — 'Al"E + 3Hp
Mercurice Aluminie
ethide. ethide.
HgAy, + Zn = 2ZmnAy, + Hg.

Mereuric Zineie
amylide. amylide.

NP
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Reactions of organometallic bodies,

1. The most interesting reaction of the organo- compounds
of the monad metals is their transformation into salts of normal
fatty acids by the action of carbonic anhydride (see p. 118),

2. The organo- compounds of potassium and sodium decompose
the iodides of the monad positive radicals in the cold, forming
hydrides and dyad radicals :—

CHNa + CHI = Nal + CHH 4+ CH..
Bodic Ethylie Bodie Ethylie . Ethylene.
ethide. ipdide, iodide. hydride,

3. The organo- compounds of zinc are decomposed by water,
with formation of the hydrides of the radicals :—

ZnEt, + 20H, = ZnHo, 4+ 2EtH.
Zineie Water. Zineie Ethylie
ethide. hydrate. hydride.

4. By the slow action of dry oxygen, they pass through two
stages of oxidation :—

ZnEt, + O = 2ZnEtEto;
Fincic Zineie etho-
ethide. ethylate,
ZnEtEto + O = ZnEio,
Fincig etho= Zincio
ethylate. ethylate.

5. Monad negative elements, such as iodine, remove succes-
sively the two atoms of ethyl :—

ZnEt, + I, = ZaEtl + EtI:

Fincie Zineie Eth;,'lic-
ethide. ethiodide. iodide.
Zalitl + I = Znl, + BFiI.
Zineie Zincic Ethvlie
ethiodide, indide, iadide,

6. The organo-zinc compounds are extremely useful for the
displacement of chlorine or its analogues by ethyl or its homo-
logues :—

9PCl, + 3ZnEt, = 2PEt, + 3Zn(l,

Fhosphorous Zineig Triethyl- Zincie
trichloride. ethide, phosphine. chloride.

Q 2
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SiCl, + 2ZnEt, = SiFt, + 2Zn0l,
Bilicie Zineic Bilicie Zincie
chloride. ethide. ethide. chloride.
C,H,Cl C.H B

240 e Z'I:IEt,_; = 2<0 - Z‘I:IC].Z :
C,H,Cl C.H,Cl
Chlorether. Zincie Ethylo- Zincie

ethide. chlorether. chloride.
C,H,Et C,H Et

2{0 + ZnBt, = 240 + ZnClL
czHa,Gl GEH 4Et
Ethylo- HZinecie Diethylated Zineie
chlorether. ethide. ethylic ether. chloride.

Diethylated ethylic ether is isomeric with butylic ether, and
contains the radical methylo-ethylated methyl (see p. 8).
By oxidation it would. .doubtless give methylated acetone
(p. 187).

7. Oxygen may also be displaced in a similar manner.
Thus :—

ML N,OEt-O— | N EtO.. .
2N",0, + ZnEt, = N OE:-0 jn or NEEtDznn .
Nitrie Zincie Zincie dinitro-ethylate.

oxide. ethide.

This eompound is analogous to zinciec propionate, the latter
- containing two atoms of tetrad carbon in the place of the two
tetrad pairs of nitrogen atoms :—

COEt-O— | CEtO

Zincic propionate ... COELO _Zln or  apioZno”

8. An analogous reaction is observed with sulphurous anhy-
dride :—

SOMe-O SMeO,,
SO, ZnlMe, = Zm"
280, + nble, SOMe-O_ln or SM&O no".
Bulphurous Zincic Zincic methyldithionate.

anhydride. methide.
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9. When ethylic borate is acted upon by zincic methide, the
ethoxyl becomes replaced by methyl :—

BEto, + 3ZnMe, = BMe, 4 3ZnMeEto.
Ethylic Zincic Baric Zincic methide
borate methide, methide, ethylate.

10. When ethylic oxalate is heated with zincic ethide, and
water afterwards added, ethylic diethoxalate is formed :—

COEto COEto

Ethylie Zineie Water. _ Ethylic Zincie Aleohol.
oxalate. ethide. : diethoxalate, hydrate.

{ COBto, Znkt,+ 20H,= {cEt=H” + ZnHo, + EtHo.

11. By the action of ammonia, or of certain amines and
amides, zincic ethide exchanges its zinc for hydrogen :—

ZnEt, + 2NH, = ZnAd, + 2EtH.
Zincic Ammonia. Zincic amide. Ethylic
ethide. hydride.

12. The organo-zine compounds, by losing one semimolecule
of their organic radical, become monad radicals, as shown by
the following formul= :—

Methylozincic dinitmme-}, o
Ehylate, . oame o N",0Me-0-(ZnMe).

Eth}']ﬂ'?-iﬂﬂiﬂ din.if-r{)ethjf- } INFI OEt-O-{ZﬂEt)
labe .o miendnen, oo * *

Ethylic ethylo-zincic 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 Mercuric Ethylic
ethide. ethobromide, bromide.

14. Mercuric methide, when submitted to the action of mer-
curic iodide, yields mercuric methiodide :—
- HgMe, + Hgl, = 2HgMel.

Mercuric Mercurie Merearie
methide. iodide. methiodide,
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The hydrates corresponding to the mercuric ethobromide and

methiodide have been produced. They are powerful caunstic
bases of the formulz

HgEtHo and I-IgMeHu

Mereurie Mereutie
ethohydrate. methohydrate.

15. The organo-stannous c:c:—mpuunds-i_ unite directly with
negative elements, passing into stannic bodies :—

SnEt, + I, = SnEtL.

Btannous Stannie
ethide, iododiethide.

16. I ypostannic organo- cum}wumfs undergo a similar trans-
formation :— .

'Sn"Ft, + I, = 2SnEtI:

Hﬂmhaume v Btannie

ethide, ; iodotriethide.
SnEtI 4+ I, = SnEtl, + BtL
Stannic Btannic Eth;'lw
ipdotriethide, iododiethide. ipdide.

17. Hypostannic ethodiniodide is formed by the action of
icdine upon stannic ethodimethide :—

' e
oSnEtMe, + I, = 'Sn"EtL -+ 4Mel.
Stannie Hypostannie Methylie
ethodimethide. ethodiniodide. iodide.

18. Stannic ethide, when treated with hydrochlorie acid,
yields stannie chlorotriethide and ethylic hydride :—

SnEt, + HOl = SaEtCl 4+ EtH.
Stannic Hydrochlorie Stannic Ethylie
ethide. acid. chlorotriethide. hydride,

The oxide and hydrate corresponding to the stannic chl-::-ro-
triethide are known ; their formule are :—

Snkt,
Oxide ...4 O  ; Hydrate... SnEt,Ho.
SnEt, :

These compounds, and the salts which they form, correspond
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in composition, constitution, and, to a certain extent, in pro-
perties, with the compounds of methyl :—

Alcohol. Haloid ether. Ether.

(CH,

Methylie ............ CHHo. CHJCL 10 .
| CH,
(SnEt,
Stanntriethylic...... SnEt,.Ho. SanEtClL {0 .
 SnEt,

19. Stannic chlorodiethide is readily reduced to stannous
ethide by the action of zinc:—
SnEt,Cl, + Zn = SnEt, 4+ ZnC(l,

Stannic Btannons fincie
chlorodiethide. ethide. chloride.

20. Perplumbic ethide resembles stannic ethide in its re-
actions; thus with hydrochloric acid it yields perplumbic
chlorotriethide and ethylic hydride :—

PbEt, + HCI = PbLE{ClI + EtH.

Perplumbic Hydrochlo- Perplumbic Ethylic
ethide. ric acid. chlorotriethide. hydride.

21. Perplumbic triethohydrate (PbEt,Ho) is a powerful base,
forming salts with acids.

22. The organo-tellurium compounds form oxides and salts.
The following are the formule of tellurium ethide and some of
its compounds :—

delnrium ethide 1. ... ... Tekt,.
Tellurous diethoxide.................. TeEt,0.
Tellurous diethiodide ............... Tekt,l,.
Tellurous diethosulphate...... e TekEt,(S70,)".

Constitution of Organometallic Bodies.

The organometallic compounds are constituted on the types of
the metals they contain. It was, in fact, the study of these
bodies which first led to the doctrine of the atomicity of
elements. They afford striking examples of monad, dyad, triad,
tetrad, pentad, and hexad types.
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The organic derivatives of the monad metals are formed on
the type of potassic chloride (KCI) :—

l

K—C1 K——-C—(L—H '
I

Potassic chloride. Potassic ethide.

The organo-zine, cadmium, magnesium, and mercury cﬁm-,
pounds are formed upon the type of zincic chloride (ZnCl,) :—

H H H H
- bk s did
Cl—Zn—Cl H—C— —-Zn—{ll—C—H
| fstl
_ H }‘[ H H
Zineie chloride. Zincic ethide.
L

: i udl
I—Hg—G—(l'}—H
I
HH

_ Mercuric indethide.

The t}rgann-alummm cumpuuuds are fnrme-:'[ upon the type -

of aluminic chloride ('Al", Cl,;) S

i e H
! J} i
H—C=H H—C—H
Cl «l H e H
5% 24 Xt % |
Cl—Al—AI—0l H—0——A] Al—C—H
DR l | -
Cl -Cl H R H -
H—LI:"-H H—C—H
Joti “
H H
Aluminie chloride. 3 Aluminie methide.

The organo-tin compounds are formed upen the three types
"Sn"Cl,, 'Sn",Cl;, and SnCl,,—the first resembling the zincic
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chloride type, and the second the aluminic chloride type (see

p. 232) i—
Cl Et - E|t ]?t
- |
Cl— Sln-—GI Et—Sn—1 Et—Sn—Et Et—Sn—Et
: | |
(!Jl I ]{‘t I
Stannie chloride. Btannic iododiethide. Stannic ethide. Btannic iodotriethide.
Et Et Et
| | |
Et—Sn—0—H Et— 5‘|n—-0-—5|11——E1;
|
Et Et Et
Btannic triethohydrate. Distannic hexethoxide.

The i inorganic types of the organo- tel]unum series are TeCl,
and TeO,:

Cl—Te—Cl1 0=TE=O
© Tellurium chloride. Tellurous oxide.
Tl R R el
—Je—Ilt = O=lTe :
L gt TRE
Tellurinm ethide, Telluroua diethoxide, Tellurous
T : diethiodide.

The organo-arsenie, antimony, and bismuth compounds are

. derived from the types 'As"”,S",, AsCl,, AsOHo,, SbCl, Sb(l,,

Bi(l,, and BiO,Ho (sce pp. 204, 211, and 214) :—

0 . 0
| by l
H— O—ﬁi s=—0—H = H—-0—As—0—-H
(l) : Me
& ;
Arsenic acid, : Monomethylarsenic acid.
O o
| | I

Me—As—O—H _ Me—As—Me

Mo i iy

Cacodylic acid. ' Arsenic oxytrimethide.
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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 aecid)
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-zincic methide............ KMe,ZnMe,.
Potassio-zincic ethide ...... s KEt,ZnEt,.
Sodio-zincie ethide.................. NaEt,ZnEt,.
. Lithio-zincie ethide ............... LiEt, ZnEt,.
Lithio-mercurie ethide ............ LiEt, HgEt,.

IT. Organo- compounds containing dyad metals :—

Magnesic ethide...............-0-x.. MgkEt,.
Zineie methide ..........cocoooeno. danMe,
Zineieebhide ... ootk L ZnkFEt,

Zancie aroydadb ., S0 L ke e ZnAy,.
Mercuric methide .................. HgMe,
Mercuric ethide ..................... Hgkt,.
Mercuriec methiodide ............... HegMel.
Mercuric ethonitrate............... HgEt(NV0,).
Stannous ethide .........coorveiinn "Sn"Et,.

Tellurium methide .................. TeMe,.
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III. Organo- compounds containing triad metals :—

These compounds belong to the 11th family of organic
bodies, and have been treated of at p. 202.

IV. Organo- compounds of tetrad metals .—

pEanriie methade: .. .. o e SnMe,.
Stannic iodotrimethide ............... SnMe,I.
Stannic iododimethide ............... SnMe,lI..
Hypostannie ethide .................. ‘Sn'", Et,.
Stannic ethylodimethide ............ SnEt, Me,.
Stannie phenyl-triethide ............ SnPhEt,.
Stannic ethophenyl-dichloride ...... SnPhEtCl,.
Hypostannie ethodilodide ... ......... ‘Sn" Et 1.
Perplumbic efthide ..................... PbEt,.
Perplumbic chlorotriethide ......... PbEt,CL

V. Organo- compounds of pentad metals :—

These bodies belong to the 11th family of orgamie com-
pounds, and have been already treated of at pp. 211 and 214.
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Acetamide, 206.
Acetic series of acids, 114.
,, series of acids, relations of, to
acrylic series, 132..
.,  series of acids, relations of, to
lactic series, 142,
Acetic series, relations of succinic
series to, 162,
Acetone, 187.
X diethylated, 187.
i dimethylated, 187.
“ ethylated, 186.
i methylated, 187.
Acetyl, 25.
Acetylene, 21.
i series of radicals, 21.
Acetylie chloride, 125,
»  nitride, 21'1);23
Acetylide of co , 23.
Acid, acetie, 12%[‘61.
. aceto-lactic, 135, 137.
. acetonie, 150,
., aconitie, 178.
,» acrylig, 81, 111, 133.
» adipie, 160.
., alizarie, 177.
»» alpha-eymie, 155.
,» alpha-toluylie, 155.
., alpha-xylie, 155.
» amidoeaproie, 150.
,» amidodinitrophenylie, 69.
,» anchoie, 160.
= angelic, 130.
. amsie, 156.
, anthraflavie, 177.
» anthraguinonie, 176.
» aposorbie, 84.
,, arachidie, 116.
,, atropie, 156,
., behenie, 116.
,, benzenie, 155,
. benzoie, 155, 157, 180.
,, brassic, 130.
,, bromotricarballylie, 173.

Acid, bromphenylic, 69.

1"
"
i3
13
£

"

butyrie, 126.
cacodylic, 205, 214, 233, 234
capric, 116.

caproie, 115,
caprylic, 115.
carbolie, 67.
carbomethylic, 144.
cerotic, 116.
chloropropionic, 147.
cimicie, 130,
einnamie, 155,
citraconie, 166.
citrie, 178.

collinie, 155.
convolvulinoleie, 131.
cresotie, 156.
crotonic, 130.

B crotonie, 151.
cuminie, 159.

cyanie, 32.

cyanurie, 52.
damalurie, 130.
damolie, 130.
desoxalie, 179,
dextrotartarie, 173.
diamylacetic, 129.
dibromosuceinie, 168.
dichloracetie, 124.
dichlorphenylic, 69.
diethacetie, 129,
diethoxalie, 138.
dimethacetic, 128.
dimethoxalie, 138, 150.
dinitrophenylie, 69.
disulphanthraquinonie, 176.
doeglic, 130,

elaidie, 130,

erucie, 130,

erythrie, 76.
ethacetie, 126.
ethomethoxalie, 138.
ethylerotonie, 131.
ethylglycollic, 150.
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ethyl-lactie, 137.
formie, 121.
fulminurie, 32,
fumarie, 166.

gaidie, 130,

gallie, 157.

glycerie, 80, 152.
glyeollamie, 157.
glyeollie, 71, 91, 136.
glycomalie, 173.
glyoxalie, 151.
glyoxylie, 152.
hemimellitie, 180,
hexahydrophthalie, 175.
hippurie, 157.
homolactie, 145.
homotartarie, 173,
hy®nasie, 116.
hydrocyanie, 27, 49.
hydroferroeyanie, 31.
hypogemie, 130.
isobutyrie, 128,
1sochloropropionie, 144,
isodibromosuecinie, 168,
isomaleie, 166.
isophthalie, 180.
isopropacetic, 115, 127.
1sosuceinie, 166,
itaconie, 166.
itatartarie, 171.
}"ala.pinnlaic, 151.
actamie, 109, 147.

lactie, 109, 143, 147, 148.

levotartarie, 174.
laurie, 116.
lecanorie, 76.
leucie, 136.

maleie, 166.

malie, 164, 172.
malonie, 148, 160.
mannitie, 84.
margarie, 116,
melissic, 116,
mellitie, 179.
mellophanie, 180,
mesaconie, 166.
metagallic, 83.
metatartarie, 174.
methacetie, 125,
methacrylie, 131.
methethacetie, 127.
methylerotonie, 131.

m&thylghcﬂolhe, 137, 145.

methyl-lactie, 135,

4

INDEX,

Acid, monochloracetic, 124.

» monomethylarsenie, 214, 233,
234,

moringie, 130.

mucic, 84,

myristie, 116.

nitrophengylie, G9.

cenanthylie, 115.

oleie, 1

orsellinie, 76.

oxalie, 34,

oxamie, 3D.

oxybutyrie, 136.

oxymethyl-phenylformie, 156.

palmitie, 116.

paralactie, 139, 145.

» paraleucie, 139.

. paraphloretie, 156.

pelargonie, 115

perchlorphenylie, 69.

phenoic, 155,

phenomalie, 81,

phenylie, 68,

phthalie, 180.

physetoleic, 130.

picramie, G9.

picrie, 69,

pimelie, 160,

prehnitie, 180.

propionie, 125,

propylacetie, 127,

pyroitauric, 171.

pyromellitie, 179, 180,

pyrotartarie, 160, 171,

pyroterebie, 130.

pyruvie, 151.

racemic, 174,

ricinoleie, 151,

roceellie, 160,

saccharie, B4,

salicylie, 156.

sebacie, 160,

silicopropionie, 220.

stearie, 116,

suberie, 160,

succinethylie, 189,

suceinie, 163,

sulphamylie, 88,

sulphomethylie, 87, 99.

sulphovinie, 88,

tannie, 158,

tartarie, 83, 173.

tartaric (inactive), 174.

tartronie, 80, 172.
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tartrophthalie, 176.

terephthalic, 180.

tetrahydrophthalie, 176.

thymotiec, Fﬁﬁ.

toluylie, 155.

tricarballylie, 177, 178,

trichloracetic, 124.

trichlorphenylie, 69.

trimellitie, 180.

trimesie, 180,

trimethacetie, 129.

trinitro-orcinie, 76.

trinitrophenylie, 69,

valerianie, 126.

valerie, 126.

valerie (isomerice forms), 126.

valerolactie, 136.

xylie, 155,

acetic or fatty series of, 114.

acetoid series of, 159.

acrylie series of, 130.

benzoic or aromatic series of,
153.

classification of, 113.

de:rii';'gtiun of, from alcohols,

+ dibasie, 158.

dibasie, formation of, 158,

dibasie, reactions of, 158,

dibasic, fumaric or acryloid
series of, 166.

dibasie, other series of, 175. .

dibasie, succiniec or acetoid
geries of, 159,

dibasie, tartaric or glyoxyloid
series of, 173.

fumarie or acryloid series of,
166.

glyoxylic series of, 152,

hexabasie, 179.

lactic series of, 134.

lactic series of, classification
of, 135.

lactic series of, definition of,
134.

lactic series of, relations to
acetic series, 142,

lactic series of, relations to
acrylic series, 142,

law of basicity of, 113,

malic or lactoid series of, 172.

monobasie, 113.

normal fatty, ascent of the
series, 121.

1w

mw

i3

3

¥

%

”
EL
th]
1%

EE

Xy

239

| Acids, normal fatty, formation of,

117.

normal fatty, relations of, to
CnHap+ 1 Ho aleohols, 120,

normal fatty, relations of, to
CnHan+1 radicals, 119,

normal fatty, relations of, to
each other, 121,

normal, of acetic series, 115.

normal, of acrylie series, 130

normal, of acrylic series, for-
mation of, 131.

normal of fatty series, forma-
tion of, 117.

normal, of fatty series, occur-
rence of, 116.

normal, of lactic series, forma-
tion of, 141.

of acrylic series, relations of,
to acetie series, 132,

of lactic series, isomerism of,
143.

olefine, of acrylic series, 131.

olefine, of acrylic series, for-
mation of, 132,

olefine, of lactie series, forma-
tion of, 141,

oleie series of, 130.

organie, 112,

pyruvie series of, 151.

secondary fatty, 128.

s&cfgilary, of acrylic series,

secondary, of acrylic series,
formation of, 151,

secondary of lactic series,
137.

secondary, of lactie series, for-
mation of, 141,

succinie series of, 159,

sucecinie series of, relations to
acetic series, 162,

guecinie series of, relations to
dyad radieals, 161.

sueccinie series of, relations to
lactie series and to glycols,
161.

tertiary fatty, 129,

tetrabasic, 179.

tribasie, 177.

tribasie, aconitic or acryloid
series, 177.

mliissm citric or lactoid series,

3.
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Acids, tribasic, tricarballylic or ace-
toid series, 177.
Acridine, 200.
Aecrolein, 80, 110,
Acryl, 25.
Acrylic series of acids, 130.
Aecrylic series of acids, relations of,
to lactic series, 142,
Acryloid ﬂrli%%maric series of acids,
., series of acids, isomerism
in, 166.
Alanin, 109, 147.
Alcohol, allylie, 65.
i amylie, 52, 60.
E: benzylie, 67.
. butylie, 52, 59.
o caproylie, 52.
N caprylic, 53.
,  cerotic, H3.
1 cetylie, 53.
1 eresylic, 67, 70.
B2 cumylie, 67.
5 decatylie, 53.
,,  dimethylphenylie, 67.
,»  ethylenic, 71.
5 ethylic, 52, 57.
= heptylie, 53.
= hex}'{ic, 52,
B isamylic, 52.
. isvbutylie, 52.
is isopropylic. 60.
5 melissie, 53,
I met.h{liﬁ, 532, 56.
" nonylie, 53.
o octylie, H3.
5 ananthylie, 53.
il pentah_j’dric, 24,
Fi entylie, 52.
4 phenylie, tertiary, 67, 68.
phenylic, substitution pro-
ducts ﬂfjj EE. =3
% ropylie, 52, 24, bZ.
o E%lfdnmylic_, 52,
" pseudobutylie, 62.
pseudohexylic, 60.
stanntriethylic, 231.
.,  sulphur, 59.
o sycocerylie, 67.
. tetrahydrie, 83.
2 tetrylie, 52.
,  thymylic, 67.
1 'nn}'lm, 4.
" xylylie, 67.

¥
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INDEX.

Aleoholates, 58.

Aleohols, 49.
- dihydrie, 51.
. dihydrie, glycol series, 70.
o dihydrie, orcin series, 74.
»  monohydrie, 50, 52.

= mu;qhydric, methyl series,
5 L ]

- monohydric. methyl series,
normal, 52.

T monchydrie, methyl series,

secondary, 52, 60,
- monohydrie, methyl series,
tertiary, 52, 62,

5 monohydric, phenyl series,

,, man::whjrdrim phenyl series,
normal, 66, 67.

T monohydrie, phenyl series,
tertiary, 67.

o monohydrie, vinyl series,

5 pﬂlj:‘:ijrdriu, 83.
,, relations of, 53.
= relations of, to fatty acids,

120.

- secondary, oxidation of,
62.

. trihydrie, 51.

4 trihydrie, glycerin series,
77

., trihydric, pyrogallic series,
81

Aldehyde, acetic, 108,
i acrylie, 110.
= henzoie, 111.
" butyric, 108,
i caprie, 108.

i cuminie, 111,
s enodie, 108,
& formie, 108,
T laurie, 108,

o cenanthic, 108,

i palmitie, 108.

»  propionie, 108,

2l salicylie, 156.

o valerie, 108.

Aldehydes, 105.

s definition of, 105.

B derived from the
C, Hs,1Ho aleohols,
108

. from the CyHuqHo al-
cohols, 110.
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Aldehydes from the C,H2,_;Ho al-
cohols, 111.
" preparation of, 105,
o reactions of, 107.
Alizarin, 176.
Alkalamides, 209,
constitution of, 200,
Alkalmds artificial, 191.
from nmchunu 201.
from nightﬂllade, 202.
~ frooy nux vomiea, 202.
from opium, 201.
from tea, coffee, and eocoa,
202,
from tobacco, 202.
the natural, 201.
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Allyl, 13.
Allylamine, 192.
Allylene, 21.
Allylie iodide, T9, 94.

,» sulphide, G6.

sy  sulphoeyanate, G6.
Aluminie ethide, 226,
Amarine, 200.
Amides, 190, 205.

. definition of, 205.
Amines, 191,
classifieation of, 191.
diacid salts of, 213.

.,  monacid salts of, 213.

»  hormal salts of, 212.

salts of, 212.
Ammonia-boric ethide, 218,
i metlnﬂe, 2106.

Ammonia type, 4, 5.
Ammonie chlnrlde type, 4, 5.
Amoxyl, 5.

ygdalin, 112.
ﬁ.myidfil :

* Amylamine, 192,
Amyl benzol, 14.
‘Amylene, 17.
Amylenie chloride, 103.
»  bromide, 103.
o oxide, 90,
Amyl glycerin, 78.
Amylic iodide, 102.
Amylide, zincie, 234,
Amyl toluol, 14,
» Xylol, 15.
Anhydride, acetic, 182,
o acetobenzoie, 183,
I benzoie, 183.
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| Anhydride, butyrie, 182.

= caproie, 183.
o caprylie, 183.
3 lactic, 183.
- cenanthylie, 183.
., palmitie, 183.
5 pelargonie, 183.
» _ Ppropionie, 182,
- Eilicn-farmin, 218.
- suceinie, 184,
valerie, 182.
Anhj’drldea 181.
2 conversion into acids,
182, 183.
" definition of, 181.
B of the dihydric dibasic
acids, 184,
% of the dihydrie mono-
basic acids, 183.
B of the monohydrie mo-
nobasic acids, 182
Aniline, 191.
Aniline blue, 198,
X violet, 198,
Anthracene, 176.
Anthraguinone, 176.
Antimonie acids, organie, 215,
Aultgnc-n}', organic compounds of,
0
Arbutin, 75.
Avricine, 201.
Aromatie series of acids, 153.
Arsenic acids, organie, 214.
Arsenie, organic compounds of, 190.
Arsenic oxydichlormethide, 214.
»  oxytrimethide, 233, 234,
.  tetrachlormethide, 214.
.  trimetho-dichloride, 214.
»  trimethoxide, 214,
Arsenious oxybases, 204
Arsine triethyl, 204
,»  trimethyl, 204.
Arsines, 190, 202
» - salts of, 214,
Aseent of the aleohol series, 55.
Atropine, 202.
Azobenzol, 48.

Bases, caustic antimony, 211,

,, caustic arsenie, 211.
caustic nitrogen, 211.
»  caustie phosphorus, 211.
., imidogen, 193,

»n

L
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Bases, organice, 191.
»  Oxyantimonie, 212.
s»»  Oxyarsenic, 211.
Benzamide, 206,
Benzene, 44.
Benzine, 44.
Benzoic series of acids, 153.
Benzol, 42, 44.
,»  bromocompounds of, 45.
,»  chlorocompounds of, 47.
i su’ti,;f-ituﬁnn derivatives of,
Benzonitrile, 154.
Benzophenone, 188,
Benzoyl, hydride of, 111.
Benzyl, 14.
Betaorcin, 74.
Bicarburet of hydrogen, 44.
Bismuthines, 190, 202,
Bismuthine triethyl, 204.
Boric diethochlorde, 217.
,, cthide, 217.
., etho-diethylate, 218.
,, etho-dihydrate, 218.
,,»  methide, 216.
Bromacetylene, 24.
Bromethylene, 103.
Bromhydrin, 104.
Brucine, 202,
Butoxyl, 5.
But}"L 11.
Butylamine, 192,
Butylene, 17.
Butylenic bromide, 103.
& chloride, 103.
Butylic iodide, 83.
Butyrone, 187.

Cacodyl, 205.
Cacodylic acid, 205, 214.
= chloride, 205.
o oxide, 205.
= trichloride, 214.
Caffeine, 202,
Caproyl, 11.
Caprylene, 18,
Carbinol diethyl-propyl, 62.
s dimethyl, 60.
2 dimethyl-ethyl, 62.
,,  dimethyl-isopropyl, 62.
o dimethjl-pmpyf 62,
L methyl-butyl, 60.
,»  methyl-diethyl, 62.

INDEX.

Carbinol methyl-ethyl, 60.
i methyl-hexyl, 60. -
»w  methyl-isopropyl, 60.
,»  methyl-nonyl, 60.
o methyl-propyl, 60.
= triethyl, 62. 3
¥ trimethyl, 62.
Carburetted hydrogen, light, 39.
Caustic antimony bases, 211.
»  arsenic bases, 211.
»  nitrogen bases, 211.
,»  phosphorus bases, 211.
Cerotene, 18,
Cetene, 18.
Chloracetamide, 206.
Chlor#l, 110.
b aleoholate, 110.
»  hydrate, 110.
Chloranil, 76.
Chloraniline, 210.
Chlorether, 228,
Chlorhydrate, ethylenic, 95.
Chlorhydrin, 95, 104.
Chloride, methylie, 101.
Chlorine, action of. on the radicals
of the ethylene series, 18.
Chloro-compounds of benzol, 47.
Chloroform, 100,
Chloropropionylie chloride, 142.
Chrysaniline, 199,
Cinchonine, 201.
Citramide, 209.
Citryl-triphenyl-triamide, 209.
Claéasiﬁmtinn of organie compounds,
Codeine, 201.
Collidine, 194.
Compound organic radicals, 9.
v negntive radicals, hy-
rides of, 37, 49.

o oxamides, 506,
” 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.
umol, 42,

Cuprosovinylic ether, 23,
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Cyamelide, 32.
Cyanethine, 201.
Cyanie hydride, 49.
Cyanides, double, 29.
o easily decomposable, 30.
4 single, 29.
Cyanmethine, 201.
Cyanogen, 26, 27.
. chlorides of, 32,
Cymol, 42,

Definition of compound organic ra-
dicals,
organiec cnmpuunda L.
Derivatives of glycol, 72.
Derivatives, substitution, of benzol,
45.

Development of formule, 6, 7, 8
Diacetic glycol, 180.
Diacetimide, 207.
Diacetin, 189,
Diadelphie type, 4, 5.
])iallmllzjumidej;l,mﬁﬂg.
Diamides, 207.

25 eonstitution of, 207.

G formation of primary,

208.

o primary, 208,

2 secondary, 208,

b tertiary, 208.
Diamines, 191, 195.

34 formation of, 195,

- monacid salts of, 213.

. normal salts of, 213,

o3 oxides of, 196,

i1 primary, 195.

" secondary, 195,

tertiary, 195.
D1haaale acids, 158,
e anhydrides of, 184.
- fumaric or aecryloid

series of, 160.

Dibrombenzol, 45.
Dibutylamine, 193.
Dibutyraldine, 200.
IDichloraniline, 210.
Dichlorbenzol, 47.
Diechlorhydrin, 96, 104.
Dichlorinated meth}rh-:: chloride,

100.
Dichlorinated methylic ether, 87.
Diethylamine, 193,
Diethylammonie iodide, 193.
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i Diethylated acetone, 187.

ethylic ﬂ!;her, 228,
Dmth}'lbenzul 4.3,
Diethylene triammonic dichloride,
213.
,, triammonic
ride, 213.
% triammonie trichloride,
213.
Diethyl oxamide, 209.
Diethylphosphonic  zincie
202.
Diethyl urea, 197.
Dihydrie aleohols, 70, 74.
Dimethylamine, 193.
Dimethylaniline, 195.
Dimethylated acetone, 187.
Dimethyleumidine, 195.
Dimethyleymidine, 195.
Dimethyloxamide, 36.
Dimethylphenylammonie ehloride,
194,
Dimethyltoluidine, 195.
Dimethyltolylammeonic chloride,
194.
Dimethylxylidine, 195.
Dinitrobenzol, 49.
Diphenyl-carbonyl-oxalyl diamide,
m_}{m

monochlo-

iodide,

Diphenyloxamide, 36.
Diphenyl rosaniline, 198.
Disilicie hexachloride, 219.
Disilicie oxy-hexaethide, 220.
»w  oxy-hexaethylate, 220,
s  OXy-hexamethylate, 219.
Double eyanides, 29.
., monadelphie type, 5.
Dyad positive radicals, 9, 16, 21, 24,
i action of chlo-
rine on, 18,
i haloid ethers
of, 102.
i reactions of
ethylene se-
ries of, 18,

Elaldehyde, 109.
Epichlorhydrin, 96, 105.
Erythrite, 83,
Erythroglucin, 83.
Erythromannite, 83.
Ether, 85.

s allylie, 89,

R 2
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Ether amylie, 86.
.,  benzylie, 89,
i hutﬁic, B6,
s cuprosovinylie, 23,
s  diethylated ethylie, 228,
s  dimethacetie, 128.
., disodacetic, 128,
'y ethylenie, 90.
» ethylie, 85, 87.
»  ethylie amylie, 86.
»  ethylic butylie, 86.
»w  glyeylie, 93.
» et vlm 85, 87.
i mathvhc amylie, 85.
a mcthy]m ethylie, 85.
., monosodacetic, 121.
»  phenylie, 89.
,»  phenylbenzyl, 90.
.»  stanntriethylie, 231.
,»  sulphomethylie, 190.
,»  sulphurie, 87.
trimethacetic, 129,
Ethers R).
., Tormation of, 86.
» haloid, 93.
,»  haloid, of the dyad positive
radicals, 94, 102,
»»  haloid, of the monad positive
radieals, 93, 96.
»  baloid, of the triad positive
radieals, 95, 104.
;s of the dihydric aleohols, 85,
0.
»  of the methyl eeries, 85.
,»  of the monohydric alecohols,
85.
y  of the phenyl series, 89,
of gtlgle trihydrie aleohols, 85,
of the vinyl series, 89.
Ethere&l salts, 185,
salts, decomposition of, 190,
&'ﬂt,v-, definition of, 188,
salts of dihydrie aleohols,
189.
salts of dibasie acids, 189,
salts of dibasic acids, acid,
189.
salt; ?}f dibasicacids, normal,
189,
saltsof monobasicacids, 189,
salts of monohydric alco-
hols, 189,

¥

¥

a
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Ethereal salts of tribasic acids, 180,
»  salts of tribasic acids, acid,

189,

" salts of tribasic acids, nor-
mal, 189,

»  salts of trihydrie aleohols,
189,

3. salts, production of, 188.
Ethide, borie, 217.
3 h}rpnstanme 230.
s lithiomercurie, 234.
»»  lithiozineie, 254,
»  magnesie, 234
,»  Imercuric, 225.
»  perplumbic, 231.
s I:unhman::f 232,
»  potassio-zincie, 234.
»  sodio-zineie, 234.
»  Stannie, 225,
»  stannous, 230,
o  tellurium, 231.
zincie, 225
Lthnbmmﬂe mercurie, 229,
Etlmclnnethlde, stannie, 230,
Ethodiniodide, hypostannie, 230
Ethehydrate, mercarie, 230.
Ethonitrate, mercurie, 234.
Ethoxyl, 5.
Ethyl, 11, 12.
Ethyl acetamide, 209,
,» acetone, 187,
»  acetyl, 187,
»»  butyral, 187.
., diacetamide, 209,
»  propionyl, 187,
urea, 196.
Eﬂlj"l"l'l]‘ll'l’l&, 99, 192,
Ethylammonie chloride, 212.
- iodide, 99,
Ethylamylamine, 193.
Eth}flateﬂ acetone, 187.
Ethylene, 16, 20.
and ethylidene compounds,
isomerism of, 19, 146.
- eompounds, 18,
R diamine, 197.
Ethylene-diammonie dibromide,196.
dmhlorlde, 213.
monochloride,
213.
oxide, 196.
Ethylene dmthj’l diamine, 197.
e series, 106.

n

iy
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Eih;;lene series of radieals, action
of chlorine on, 18.
" series of radicals, prepara-
tion of, 16.
Ethylenic bromide, 103,
- chloride, 102,
,, chlorhydrate, 95, 102.
& eyanide, 104,
" dichloride, 95.
fr ether, 90.
= iodide, 105,
7 iodhydrate, 102.
5 nitrile, 104,
5 oxide, 90.
i oxide, isomers of, 1.
oxide, reactions of, 91.
Etl]j'hc acetate, 189,
,, borate, 217.
i clﬂm‘ide, 101,
,» @ cyanpropionate, 166,
» {3 eyanpropionate, 165.
,»  tiethaceto-acetate, 186.
,,  diethoxalate, 229,
»  disodacetate, 185,
. disodacetoacetate, 186.
., ethacetoacetate, 186.
,»  ether, 90.

» ethylozinciediethoxalate,229.

', iodide, 101.
»  sodacetoacetate, 180,
,» succinate, 189,
.,  sulphhydrate, 59.
»  sulphide, 89.
trisodacetate, 186.
I'Jl:hyhdenn and ethylene compounds,
izomerism of, 19, 146,

o compounds, 1%

T cyanhydrate, 147.

o dichloride, 109,
Ethylochlorether, 228,
Ethylo-zineic dinitroethylate, 229,

o ethylic diethoxalate,
229,
Ethyl-phenyl, 43.
Ethyl-phenylamine, 193,
Ethyl-phenylammonie iodide, 195.
Ethyl-xylol, 43.

Fatty acids, normal, 115.
,  acids, semnﬂ&r}, 128,
,  acids, tertiary, 129,
»  series of acids, 114,
Ferricyanide, potassic, 31,

R
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Ferrocyanide potassie, 30.
Fire-damp, 39.
Formulwx, development of, 6.
= graphie, of organic com-
pounds, 7.
Formyl, 25.
Formyl-diphenyl diamine, 98.
Fumarie or acryloid series of acids,
166
2, series of acids,
in, 16G6.
Furfurine, 200,

isomerism

Gaultheria procumbens, oil of, 56.
Glucose, 84.
Glycerin, 77, 78,
" relations of, 79, 80, 81.
Glycol, acetobutyrie, 75.
» amylie, 70.
»  bromethylie, T2.
»  bromhydrie, 7Z.
»  butylie, 70.
»  chlorhydrie, 72, 102,
»  cyanhydrie, 148,
,» derivatives of, 72.
»  diacetie, 71, 139,
,  diethylenie, 73.
,»  diethylic, 72
. disodie, T2,
» ethylie, T1.
,»  hexethylenie, 73.
s hydrie ethylie, 72,
s lodhydrie, 102,
,»  Mmonacetic, 72, 103, 189.
»  monosodie, 72
. pentethylenie, 73.
4 ropylie, TO.
i HPIIIIE{HI 72.
»  tetr ethjlcnlc 3.
triethylenie, 73.
Gly eollic acetobromide, 72.
Gr]ycols 70.
»  polyethylenie, 73.
i relations of succinic series
to, 161.
Grlycolyl, 25.
Glyoxal, 152,
Glyoxyloid series of dibasic acids,
173, :
Graphic formul® of organic com-
pounds, 7.
Guanidine, 200.
Guanine, 200.
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Haloid compounds of oxybases, 190, |
210,
. ethers, 93.
»  ethers of the dyad positive
radicals, 94, 102,
,»  ethers of the monad positive
radicals, 93.
»  ethers of the triad positive
radieals, 95, 104,
Heptylene, 18.
Hexylene, 17.
Hofmann's violet, 199. |
Homopyrocatechin, 74.
Hydrazobenzid, 48. -
Hydride, amylie, 39, 41.
o butylie, 39.
.,  caproylie, 39.
5 cyanie, 49,
i decatylie, 39,
o dodecatylie, 59.
L5 endecatylie, 39.
o ethylie, 39, 40.
s  heptylie, 39.
o hexylie, 39.
| methylie, 39.
= nonylie, 39.
- octylie, 39.
o oxatylie, 49.
»  pentadecatylie, 39.
= pentylie, 39,
4 phenylie, 44.
e propylie, 34.
‘\ tetradecatylie, 39.
o tetrylie, 59,
o tridecatylic, S9.
tritylie, 39.
of eompound negative ra-
dicals, 57, 44.
- of compound positive ra-
dieals, 37.
” of the radicals of the me-
thyl series, 37.
o of the radicals of the me-
thyl series, preparation
of, 38.
2 of the radiecals of the phe-
nyl series, 42.

Hydrochlorie glyeide, 96, 105.

H jrq:i’ridea

Hydrocotarnine, 201.
Hydrogen, bicarburet of, 44.
Hydroquinone, 75.

Hydrosulphate of ethyl, 59.
Hypostannic ethide, 230.

INDEX.

Hypostannie ethodiiodide, 230.

Tmides, 190, 210.
.»  general formula of, 210.
Tinidogen bases, 193.
Introduction to organic chemistry,
1.
Todide, phosphonie, 202.
Todhydric glyeol, 102.
Todhydrin, 93.
Tododiethide, stannie, 230,
Todotriethide, stannic, 230.
Isobutylene, 17.
Isomeric forms of wvaleric acid,
126.
Isomerism in fumarie or aeryloid
series, 1606,
= in the lactic series, 143. -
i of ethylene and ethyli-
dene, 146, 168.
Isopropylic aleohol, 61,
E ”PF iodide, 79.
o nitrile, 125,

Ketones, 184
¥ formation of, 185.
.,  isomerism of, 187.
o listiof, 187,

Ketones of the C,Hs,—; series,

188.

Lactic series of acids, relations of, to
acetie series, 142.
,, series of acids, relations of, to
acrylic series, 142
,, series of acids, relations of
succinic series to, 161.
TLactide, 183,
Lactoid series of dibasic acids, 172.
Lactyl, 25.
Laudanosine, 201.

Lead.
Perplumbic chlorotriethide,
231.
- ethide, 231.
= triethohydrate,
231.
TLeuein, 150,

Leukaniline, 199. _

Light carburetted hydrogen, 39.
Lithiomercurie ethide, 234,
Lithiozinecie ethide, 234.
Lutidine, 194,
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Magenta, 198,
- Magnesic ethide, 234.
Maﬁ: series of acids, 172
Malonyl, 25.
Mannite, 84.
Marsh-gas, 39.
Marsh-gas series, hydrides of, 37.
= type, 4.
Mauveine, 198,
Meadow-sweet, oil of, 156.
Melene, 18.
Mendius's reaction, 55.
Mercaptan, 59,
Mercury.
Mercuric amylide, 226.
,  ethide, 225 234,
5 ethiodide, 225.
- ethuhrnmidc, 229.
ry ethohydrate, 230.
i ethonitrate, 2.34.
' iodethide, 232,
ke methide, 229, 234,
o methiodide, 229, 234,
3 methohydrate, 230.
- naphthide, 226.
Organo- compounds, 225, 229,
232.
Metaldehyde, 109,
Methide, aluminie, 232,
= boric, 216.
. mercurie, 234,
= potassio-zincie, 234,
: tellurium, 2:34.
o zincie, 228, 234
Methoxyl, 5.
Methyl, 11.
Methyl acetone, 187,
,»  benzol, 188,
.,  benzoyl, 188,
,  series, hydrides of the radi-
cals of, 37.
,,  series of alcohols, 52.
.. series, normal alcohols of,
52, H3.
.,  series, secondary alcohols of,
52, 60.
.,  series, tertiary alcchols of,
52, 62.
. series, normal radicals of, 10.
.,  series, preparation of normal
radicals of, 11.
g e.erileg, secondary radicals of,

247
Methyl series, tertiary radicals of,
10

w  type, &
.  valeral, 187,
Methylamine, 192.
Methylated acetone, 187.
Methylenic chloride, 102,
iodide, 102,
Metln'.leth}rlamlne 1935,
Methylethyl-phenylamine, 194,
Methylic borate, 215.
b2 chloride, 99.
¥ chloride, dichlorinated,
100.
i chloride, monochlorinated,
100,
i chloride, trichlorinated,
100).
s iodide, 102,
. nitrile, 119.
oxide {.e‘lr!.eﬁ; iylic ether), 87.
Meth}'lo -zineie dinitr cmeth}']&te
229,
Methylphenyl, 42,
Methylphenylammonie chloride,
194.
Methyl xylol, 43.
Monacetic glyeol, 189.
Monacetin, 159.
Monad positive radicals, 10.
» positive  radicals,
ethers of, 93, 96.
Monadelphie type, 4, 5.
Monalkalamides, 204,
Monamides, 2006.
3 formation of primary,
206.
” primary, 206.
s reactions of primary,
207.
F secondary, 207,
v tertiary, 207.
Monamines, 191.
= formation of primary,
191.
3 formation of secondary,
193.
i formation of tertiary,
193,
i methyl seriesof primary,
191.
,, methyl series of secon-
dary, 192.

haloid
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Monamines, phenyl series of pri-

mary, 191.

,, phenyl series of secon-
dary, 192,

B primary, 191.

: reactions of primary,
192.

- recognition of primary,
195.

= recognition of secon-
dary, 195.

o recognition of tertiary,
195.

S secondary, 191, 192,

4! tertiary, 191, 193.

W vinyl series of primary,
BGLANCIA"
- vinyl series of secon-
dary, 192.
Monobasie aeids, anhydrides of, 182,
153.

i organic acids, 113,
Monobrombenzol, 45.
Monobromorein, 76.
Monochlorbenzol, 47.
Monaochlorhydrin, 79.
Monochlorinated methylie chloride,

100.

2 propylie glycol,
79

Monohydrie aleohols, 52, 63, 66,
o aleohols, secondary,
" alcohols, tertiary, 62,
67.
5% aleohols, normal, of the
phenyl series, GG,
o alcohols of the phenyl
series, G0.
0 alcohols of the wvinyl
series, 63,
Monomethylarsenie acid, 214, 233.
Morphine, 201.

Nareeine, 201,
Narcotine, 201.
Natural alkaleids, 201.
Negative compound radicals, hy=
drides of, 49.
»  organie radicals, 9, 25,
Nicholson’s yellow, 199
Nicotine, 202,
Nitraniline, 49,

INDEX.

Nitrides, general formula of, 210.
»  negative, 210.
Nitrile, ethylenie, 104.
s isopropylie, 128,
. mcth;f{ic, 119,
Nitriles, preparation of, 97.
Nitrobenzol, 43, 47.
Nitrocumol, 43.
Nitroeymol, 43.
Nitrogen, caustic bases of, 211.
o compounds of triad, and
its analogues, 190,
- compounds of pentad, and
its analogues, 211.
,»  organiccompoundsof, 190.
Nitropentol, 43.
Nitrotoluol, 43.
Nitroxylol, 43.
Nonylene, 18.
Normal acids, 114,
,»  acidsof theacrylie series,130.
,,  acids of the lactic series, 155.
,»  fatty acids, 115.
,, monohydrie alcohols of phe-
nyl series, 66, 6G7.
= olefine acids of the lactie
series, 139,
,,  radicals of methyl series, 11.
» radicals of methyl series,
reparation of, 11.
,  salts of amines, 213.

Octylene, 18,
(Enanthylene, 18.
01l of bitter almonds, 111.
,, of Gaultheria procumbens, 56.
Olefine type, d.
Oleic series of acids, 130,
Orcein, 77.
QOrein, 76, T7.
Organic antimonie acids, 215.
,»  arsenie acids, 214,
,,  arsenic chlorides, 214,
,,  arsenic oxychlorides, 214,
s  bases, 191,
,»  compounds, definition of, 1.
,»  compounds, classification of,

PR - A e R .'.

r cumilmmds* elements econ-
taine&(ii;. 1, 2. i

" COmpoun graphie or-
mula of, 7, 8.

,»  compounds, notation of, 3.
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Organie radicals, J.
s radieals, compound, defini-
tion of, 2.
Y radicals, neg;ltwe, 9,
,»  radicals, positive, 9.
Organo-aluminic compounds, 232,
»  antimony compounds, 233,
5  arsenic compounds, 233,
»  bismuth eompounds, 235.
»  boron compounds, 215.
,»  boron compounds, definition
of, 215.
,»  cadmium compounds, 232,
;s lead cnmpnungs, 231,
»  magnesium compounds, 232,
.,  mercury compounds, 229,
,»  potassium compounds, 227,
»  eilicon compounds, 215,
218.
,,  sodium eompounds, 227,
s tellurium compounds, 231,
,»  tin compounds, 230,
zine compounds, 227, 232,
QOr ganumetal]m bodies, 223.
= bodies, constitution
of, 231.
= bodies, definition of,
223.
" bodies, formation of,
225,
» bodies, reactions of,
227.
bodies, types of, 232.
D‘&.mmd{: 36, 208,
Oxamides, compound, 36.
Ozxatyl, 26, 32
Oxatylic hydride, 49.
Oxyantimonic bases, 212,
. bases, salts of, 214,
Oxyarsenic bases, 211,
bases, salts of, 214.
Dt}rbases 190, 204.
»  arsenious, 204,
i haloid eompounds of, 190,
210,
Oxyphenol, 74.

Papaverine, 201.
Paraffin, 41.
Paraldehyde, 109,
Paramylene, 18.
Parvoline,. 194,
Pentol, 42.
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. Perchlorinated methylic ether, 87.

Phenyl, 15.
Phenyl series, ethers of, 80,
,»  series, hydrides of the radi-
cals of, 42,
»  series, monohydric aleohols
of, 66
»»  series, normal monchydric
alcohols of, G6.
. series, radieals of, 14.
i sﬂries, tertiary aleohols of,
67, 68.
Phcnvlmume 192,
Phenylene diethylic ketone, 188
2 series of radicals, 24
Phenyl formamide, 98, 154,
Phenylic eyanide, 98.
s hvdride, 44.
. lodide, 94.
Phenyl rosaniline, 193,
Phloroglucin, 81.
Phlorol, 6G7.
Phosphine, diethyl, 203.
e dimethyl, 203,
= ethyl, 203,
- methyl, 203,
-5 triethyl, 204.
trimethyl, 204,
Phusi:-hmes, 190, 202,
o primary, 202,
n salts of, 214,
2 acmndarv 202,
= tertiary, 203,
Phosphonic iodide, 202,
Phosphorie tr 1{=+I1m1de, 204,
I"llln::(;E]:rlauuls organic compounds of,
Phthalylic chloride, 188.
Phyeite, 83.
Picoline, 194.
FPieroerythrin, 76,
Pinite, 84.
Pi eridiur, 193.
Pﬂ];'ﬂl‘lrdllf. alecohols, 83,
Positive compound radicals, h ydrides
of, 37.
B dd radicals, haloid ethers
of, 04, 102,
»»  monad radicals, haloid ethers
of, 93, 96.
»  organie radicals, 9,
»  triad radieals, haloid ethers
of, 95, 104.
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Potassium,
Potassic cyanate, 29,
s ethide, 232,
3 ferricyanide, 31.
»  ferrocyanide, 30.
. suceinate, 104.
o sulphoeyanate, 52,
Potassiozincie ethide, 234.
k] I'ﬂi:ﬂﬁﬁﬂ, 23"'1'.
Propione, 187.
Propoxyl, 5.
Propyl, 11.
Propylene, 17.
FPropylenic bromide, 103.
i chloride, 103.
o 1odide, 103.
= oxide, 90,
Propylic glyeol, monochlorinated,
T9.
Propylic iodide, 94.
Protopine, 201.
Prussian blue, 31.
Pseudobutylene, 17.
Pseudorein, 83.
Pyridine, 194.
Pyrocatechin, 74.
Pyrogallin, 81, 82,
Pyroxylic spirit, 56.

Quereite, 84,
Quinine, 201.
Quinone, 75.

Radicals, acetylene series of, 21.

. dyad positive, 16.

. dyad. relations of sueccinie
series to, 161,

- haloid ethers of the dyad
positive, 94, 102,

o haloid ethers of the monad

ositive, 93, 96.

5 ]1afc]id ethers of the triad
positive, 95, 104.

.»  hydrides of positive com-
pound, 37.

£ monad positive, 10.

2 monad, relations of, to
{atty acids, 119.

" negative, hydrides of, 37,

,  normal, of the methyl se-
ries, 11,

Radieals, l]m']'.l‘l"tl of the methyl
ries, preparation of, 11.
»  of the phenylene series, 24.
» of the phenyl series, 14.
»  of the phenyl series, hy-
drides of, 42,
»  of the vinyl series, 13.
i organie, 3.
i secondary, of the methyl
series, 10
0 tertiary, of the methyl se-
ries, 10,
triad positive, 25.
Remrmn, 4.
Rosaniline, 198.

Salts, ethereal, 188.
Secondary monohydrie aleohols, GO.
= radicals of the methyl
series, 135,
Silicic aceto-triethylate, 220.
» acetylate, 220,
» chloroform, 218,
. chlortriethide, 220).
y» chlortriethylate, 220.
., dichlorethide, 220.
., dichlorethylate, 220.
- dicth-eth}fﬂlte, 220.
. dietho-chlorethylate, 220.
,, diethoxide, 220.
,» dimethylate ethylate, 220.
» ethide, 221,
, ethot rtet'lwlate 220.
,, ethylate, 220,
., hydrotriethylate, 220.
,s methide, 219, 22].
,, methylate, 220,
trichlorethide, 220.
, trieth-ethylate, 220.
,» triethohydrate, 222
triethylate amylate, 220,
Silicoformie anhydride, 218.
Siliconylic acetate, 220.

ot a1cuhn1. 220,

i chloride, 220.
Silicopropionic acid, 222,
Single cyanides, 29
Sodio-zineie ethide, 226, 234,
Spirit of wine, 57.

Stearin, 78.
Stibine, triamyl, 204.
,,  triethyl, 204
,»  trimethyl, 204.

P
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Stibines, 190, 202.
,,  salts of, 214, I

| Tin.
Stannie ethide, 225.

Strychnine, 202,
Styrol, 157.
Substitution derivatives of benzol,
45.
Sueccinamide, 208,
Suecinic series of acids, 159,
,  series, relations of, to acetic
series, 162.
»w  series, relations of, to dyad
radicals, 161.
.  series, relations of, to lactie
series and to glycols,
161.
Suceinimide, 207, 210.
Suceinylie chloride, 187.
Sulphophenyl urea, 197,
Sulphur aleohol, 59.
Sulphurie diethoxide, 89.
Sulphurous diethoxide, 81,
p triethylo-iodide, 89.
»  triethylo-hydrate, 89,

Tai-%ric or glyoxyloid series of acids,
Tellurium ethide, 231.
Tellurous diethoxide, 231, 2:33.
= diethiodide, 231, 233,
i diethosulphate, 231.
Tertiary acids of the fatty series, 114,
129.
,  diamines, 195.
o monohydrie aleohols, 62,
67.
..  monamides, 207.
.,  monamines, 191, 193.
o monarsines, 211.
y»  radicalsof the methyl series,
10.
Tetrachlorinated methylic ether, 87.
Tetramines, 191.
Tetrethylammonie hydrate, 211.
Thebaine, 201,
Theine, 202,
Theobromine, 202,
Thialdine, 200.
Tin.
Distannie hexethoxide, 233.
Hypostannie ethide, 230.
. ethodiniodide, 230.
Stannie chlorotriethide, 230.
y  dichlorethide, 226.

|
|
|

»  ethodimethide, 230.

s  ethophenyl dichloride,

, iododiethide, 230).

»  lododimethide, 235,

s l1odotriethide, 230.

yw lodotrimethide, 235.

y»  methide, 235.

w  phenyl-triethide, 235,

»  triethohydrate, 233.
Stannous ethide, 250.
Stanntriethylic aleohol, 231.

i chloride, 231.
N ether, 231.
i haloid ether,
231.
Toluidine, 192.
o blue, 198,
Toluol, 42,

Tolyl, 14.
Tolylamine, 192.
Triacetin, 189.

| Triad positive radicals, 25,

,»  positive radicalg, haloid ethers
of, 104,
Triadelphic type, 4, 5.
Trialkalamides, 209,
Triamides, 208.

- primary, eonstitution of,
208.

N secondary and tertiary,
209.

Triamines, 198.
w diacid salts of, 213.
2 monacid salts of, 213.
I3 normal salts of, 213.
Triamylamine, 194.
Tribasie acids, 177.
»  acids, aconitic or aeryloid
series of, 177.
.»  acids, citrie or lactoid series
of, 178.
s  acids, tricarballylic or ace-
toid series of, 177.
Tribrombenzol, 46.
Ttibrombenzol hydrobromate, 46,
Tribromopyrogallin, 83.
Tribromorein, 76.
Tributylamine, 194.
Trichloraldehyde, 110.
Trichloraniline, 210,
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Trichlorbenzol, 47.
Trichlorhydrin, 96, 105.
Trichlorinated &e. amines, 190, 209,
" methylic chloride,
100.

Trichlororein, 76.
Triethylamine, 194.
Triethylammonic iodide, 193,
Triethyl arsine, 204,

- phosphine, 203,

»  phosphonie iodide, 203.

i3 rosaniline, 199.

o silicol, 220,

¥ stibine, 204.
Trihydrie alechols, 51, 77.
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Turnbull’s blue, 32.
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» methyl, 4.
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»» ethoethylate, 227,
y»  ethylate, 224,
,» methide, 234.
,,» methide ethylate, 229,
,» methyldithionate, 228,
»  Ppropionate, 228,
» succinate, 224,

END OF VOL. II.

Printed by TAYLoR and Fraxcis, Red Lion Court, Fleet Street.
















