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The thesis which consists of about 8% pages is
divided into three parts.
Part I Is a historical survey of the earlier work carried
out on the diazonium salts by such workers as Griess,
Bamberger, and Hantzsch; followed by a discussion of the
structural formulae proposed for the diazonium, normal
diazo, and iso diazo salts, by these workers. The section
is concluded by a summary of the decomposition reactions of
diazonium salts in various aqueous solutions, e.g., in
water alone, and in solutions of various salts..
Part II Consists of a survey of decomposition reactions
carried out in non-ionic solvents. This work is of a more
recent nature, and commences with the work of Pray in 1926,

decompositions was no longer tenable. Examples from the
work of Hey and Waters has led to an alternative mechanism
being evolved - a free radical mechanism - this is discussed
at length with illustrations and examples. A general survey
is included of the preparation of organo metallic compounds
via diazonium decompositions, and concluced with a summary of
the various methods of preparation and properties of organic
antimony compounds.

Part III Is a summary of the research work carried out by

myself under the direction of Dr. Waters, and deals with the

decomposition of the diazonium chlorides prepared from



p-chloraniline, p-bromoaniline, 4-chloro-o-toluidine, 5-chloro-
o-toluidine, 4-chloro-o-anisidine, p-nitraniline, and ethyl
anthanilinate, in acetone and ethyl acetate, in the presence
of chalk alone, or together with mercury and antimony metal.

A summary of this work has already been communicated to
the Chemical Society, and appeared in the Journal of this
Society, June,1928, a copy of which is attached. A summary

and conclusion terminates the thesis.
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PART I.

(A). Historical Introduction.

With the possible exception of Wohler's synthesis
of urea from ammonium cyanate in 1828, no reaction is so
emminent in the mind of the student of chemistry as the
diazo reaction discovered by Peter Griess at Marburg in
1858, when he prepared the first diazonium salt from
piframic acidl. During the eighty ensuing years these
interesting compounds have been investigated far in excess
of any others, both academically and industrially. The
treatment of a primary aromatic amine with cold nitrous
acid leads to the formation of a diazonium salt with such
certainty and ease, that it has become the basis of a
qualitative test for the former group; since the produced
diazonium salt couples instantly with an alkaline solution
of any phenol, precipitating an insoluble dye.

It was already known in 1858 that treatment of an
aromatic amine with warm nitrous acid, led to the
replacement of the amino group by a hydroxy group, 1i.e.,
the corresponding phenol could be obtained. It is
reported that Kolbé suggested to Griess that treatment of
pﬁ%amic acid with nitrous acid would produce the
corresponding hydroxy compound. Griess, in following up

this suggestion, treated an alcoholic solution in the cold
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with N203, and obtained a crystalline solid with none of
the expected properties of hydroxy piramic acid. On
extending this treatment to other primary aromatic amines,
he came to the conclusion that he had discovered a reaction
of general application. At first he imagined that the
reaction could only be carried out in anhydrous solvents,
and erroneously imagined that two hydrogen atoms of the
aromatic nucleus had been replaced by nitrogen atoms as

follows

N
(:r/ﬁ’,ﬂ and accordingly called them diazo compounds.
~

This structural hypothesis, and cumbersome method of
diazotisation used by Griess were soon superseded by others
of whom Hantzsch, Bamberger, Strecker, and Blo¢mstrand were
the most notable.

A summary of the general methods of diazotisation now

available 1is given as follows

Table I
REACTION TECHNIQUE. SPHERE OF EMPLOYMENT,
1. Direct Method:- Martius 1866. (a). Strongly basic

A solution of a metallic amines whose salts are
nitrite is added to a cold soluble in excess acid.
solution of the amine in (b) . Sulphonated amines
Mineral acid ArNH, + 2HX + soluble in acids.

NaNOo, = ArNoX + Ho0 + NaX (¢). For the preparation

Quickest and cheapest of insoluble double

method. salts.
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Table I (Continued).

—— — A — — — ————— . a — A——r - A —————(— o~ t——

REACTION TECHNIQUE.

SPHEPE OF LLiPLOYwibNT.

Inverted Method:- Schmitt 1859.
Mixed alkaline solutions of s
metallic nitrite and a salt of
a sulphonated or carboxy amine
are run into excess of cold
mineral acid.

JNH,
ar” + NaNO, + FHX =
\SOzNa
NoX
Ar\ + 2NaX + 2H20
SOBH

- 7

(s) Amino zcids such as
sulphanilic, naphthoic,
amino benzoic, etc.

(b) Some weakly basic
amines, e.g.,
p-Nitraniline.

Clzus! Method 189%7:-

Amine dissolved in concentrated
acid (H,804, HzPO,, etc.) and
dlazotlsed with n%trosyl
sulphuric acid. (NaNO, in

conc. HpS0,).

ArNH, + NOHS04 —> ArNgESO4 +
H20 .

For the most weakly
basic amines easily
nitrated or oxidised,

e.g., Gaplanylomine,

Witt!s -Method 1909:-

and meta-bisulphite added
HNO, oroduced which diazotises
the amine.

1
!
{
Amine dissolved in nitric acid !
!

For weakly basic amines
not wasily nitrated or
oxidicsed.

Griess Method 1858:-

Amine susvended or dissolved
in alcohol and Npoz bubbled
in

Can be used for most
amines and gives the
solid crystalline salt.

6.

Knoevenagel'!s Method 1890:-~
The amine salt dissolved in
inert solvent and diazotised
by addition of alkyl nitrite.

Rapid method of
obtaining the salt in
crystalline state.

-— _
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Table I (Continued)

REACTION TECHNIQUE. SPHERE OF ENPLOYMENT.

7. Hantzsch and Jochem's Method: Rapid method of
1901:- obtaining solid
Amine salt suspended in crystalline salt no
glacial acetic acid and alkyl advantage over
nitrite stirred into mixture, Knoevenagelt's nethod.

precipitated with ether.

-t ~—mma

In general characteristics each of the above methods
are similar, in that they ultimately treat the amine salt
wlth cold nitrous acid, according to the ecuation
06H5NH2.HX + HNOp ——— C6H5N2X + 2H50.

The object in dissolving the amine in an excess of
acld being twofold; firstly, as a means of bringing the
amine into solution anc also liberating free nitrous acid,
anc secondly, to eliminate counling reactions taking vlace
between the diazonium salt and free amine, with the formation
of insoluble diazo-amino compounds.

When diazo compnounds are prevared as intermediaries
for further recctions, such as the preparation of phenol from
aniline, or the elimination of -NH, from an aromatic nucleus,
it is not necessary to isolate the solid diazonium salts as
crystalline solids; yet, in order to investigate the
properties and decomposition mechanisms of these substanrces,
they must be isolated in the solid state. The most useful
method of obtaining solicd diazonium salts is via the method

of Knoevenagelz, iln which the amine salt is dissolved or
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suspended in absolute alcohol, into which is blown a little
dry HCL. By this means hycrolysis or the amyl nitrite
which is allowed to drip slowly into the cold solution,
ranidly takes vl=2ce, nitrous acid being liberated and
diazotisation ensuing without colouration of the product.
The diazonium salt at this point is in solution in the
alcohol. If dried ether i1s added to the alcoholic
solution, cooled in ice and stirred, the solid diazonium
salt rapidly crystallises out as a perfectly white, cubical
crystalline solid, in most cases highly delinuescent and
ravidly colouring in the air. The solid may then be
filtered off ané either washed with the solvent in which

it is to be decomposed or alternatively, dried in a
desiccator. This latter procedure has often proved
dangerous, Since diazonium salts are soontaneously exnlosive
when oerfectly dry, and several serious accidents have been
attributed to this cause.

An alternative method of isolating solid diazonium
salts in a stable condition, in which they can be handled
with safety, is the precipitation of the zinc chloride
double salt. Diazotisation is carried out as in the
"direct method" above; to the cold solution is added the
calculated quantity of zinc chloride in concentrated
hydrochloric acid with stirring, almost immediately the

double salt is precipitated as a white solid, which can be



Page 6

filtered and dried for use. Various other double salts

may be prepared (page 41).

Theories of the structure of diazonium salts and
the diazotates have been so voluminous and controversial
tnat no attempt will be made to explore the labyrinths
of all such theories, but only those of direct importance
to decomposition reactions will be surveyed.

By altering the pyg of the solution of a diazonium
salt, three broad zones can readily be distinguished,
depending on their reactivity towards phenols. Hereafter
they will be termed diazonium salts, normal diazotates,
and iso-diazotates. A tabulated list of their properties

and structures is given as follows3
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Table IT.

R

solution.

Zone. Stability Nature of Reaction Other Formula.
Range. compound. with major
Phenols. character-
istics.
Diazonium Up to Strong salt- Couples | Salts strongly
salts. PH %.5 forming base imperfectly.| ionised, Ph - zww_
unstable in readily forms i
_ solid state. double salts. N
Free hydroxide
zbwmowwdmdwm. i wHo\amﬁwmsa
|
Normal Very weak acid, Couples | Salts Ph - N
diazotates m.m@m.o salts unstable. readily. ! hydrolytic- i
Free hydroxide I ally HO N
isolated, very : dissociat-
unstable. | ed, weak
oxidising
agents,
readily
decompose
liberat- Hantzsch.
L ing nitrogen.
Iso- PH Weak acid, salts Does not Undergoes Ph - N
diazotates. >8.0 stable, couple, or most reactions H
isolation of free only slowly of normal N - OH
hydroxide in cold diazotates
doubtful. aqueous though slower.
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The final recognition of Bloomstrand's formula in 1890
came from Bamberger and Hantzsch, the latter proposing the
name diazonium salts from analogy with those of the ammonium
radical, and suggesting that diazonium salts and diazotates
were tautomeric. The only later modification to Bloomstrand's
formula arose from the ionic theory which stipulated that the
fifth nitrogen valency was ionic, and the true representation

B *
of the formula was |Ar - N X'
"

N

—~

The Normal Diazotates.

Since despite numerous ingenious attempts by Hantzsch
and his co-workers to isolate bénzene diazonium hydroxide kyve
failed6, we can only presume that addition of alkali brings
about rapid tautomeric change of the unstable diazonium
hydroxide, to a more stable form - that of the normal diazotate.
The equilibrium between these two forms does not appear clear
cut, but is dependent on internal molecular conditions
(i.e., substituents), as well as pyg and temperature. The
following equilibria being effected

+ 1

- - _ - +- t - = ppa——
Ar % X Ar g OHt — Ar N NOtH =

Ar - N = N - OH.
Hantzsch7 suggested that with certain diazonium halides

the following equilibrium may exist in the solid state
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iso-diazotates as nitrosamines Ar - NH - N=0, and the
normal diazotates as true diazo compounds Ar - N = N - OH
as assigned by Kekulé to them. In supvort of this theory
Bamberger treated sodium iso-diazotate with methyl iodide,

and obtained nitroso methyl aniline
Ar - ? - N=0 * CHBI —> Ar - ? - N=0 + Nal
Na CH3

Pechmann, however, repeated using methyl iodide and
silver iso-diazotate and obtained Ar - N = N - OMe, thus
refuting Bamberger's nitrosamine formula, or at least,
showed that the 1so-diazotates were capable of yielding
either -0 or -N derivatives according to the method used.
Hantzsch maintained that such results merely illustrated the
tautomeric nature of the diazo compounds.

Hantzsch's first paper on the diazo compounds was
published in 1894, in which he put forward his new theory
in no uncertain terms, although it was based on very little
experimental evidence, namely, that two forms of diazoamine-
benzene and a second form of potassium diazo benzene
sulohonate existed. Later, Bamberger showed that the
former was actually a bis-diazoamino compound, whilst the
analyses of the latter unstable compound were far from
satisfactory. The main argument of Hantzsch's paper was
to draw a comparison between the oximes and diazo compounds,

and he presumed that an identical type of isomerism existed

between the normal and iso-diazotates.
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(3) Iso diazotate of the type Ar - N
N- X
and
(4) Nitrosamine of the type Ar - NH
¥ = 0.
Although he was unable to obtain unequivocable evidence,
he did isolate the three requisite diazo cyanides, together
with the three members from diazo benzene,ULsulphonic acid.
Whilst conductivity measurements of the salts of these latter
have shown the normal salt to be a weaker acid than the iso,
both having three ions, which strongly supports the stereo-
chemical theory.

The nitrosamines were shown to be neutral substances
containing no hydroxyl group, and can be produced by passing
CO, into a solution of the sodium iso-diazotate. Bamberger
maintained that by replacing the metallic atom in an
iso-diazotate by hydrogen as above, a labile molecule results,
which can be converted to the nitrosamine form

Ar - N _ Ar - NH
g - OH é = 0.

They are, therefore, pseudo acids, since treatment with

alkali converts them to neutral salts - the iso-diazotates;

whilst treatment with concentrated acid converts them slowly

into diazonium salts.
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A parallel has been found in azobenzene which exists in
two 1someric forms, cis and trans. The transformation
of cis into trans azobenzene has been shown by Hartleylo to
have a similer activation energy to the dizzo cyanides,
and it 1s therefore probable that the transformation
mechanism is identical.

Le Fevre has also brought forward evidence that this
isomerism in the diazo cyanides can take place in the
solid state when exposed to ultra-violet light, thus

upholding a further postulate made by Hantzsch7.

(C) Lecomposition Reactions in Acueous Solution.

When aniline sulphate is diazotised at 0-59C. bty
the addition of sodium nitrite, a solution of benzene
diazonium sulphate is obhtained whose properties are

summarised as follows:-















































































































































































































