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SUMMARY,

THE PREPARATION AND PROPERTIES OF SOME HYDRAZINTIUM AND KETAZINIUM
COMPOUNDS, ‘

1A

Previous work (PUgh and co—workers) had shown the ex1stence of a
new type of salt, It had, prior to this, seemed unllkely that
hydrazine sdlts and ketones would condense together under the strongly
acid conditions prevailing, because the formation of ketazines and

hydrazones is generally held to take place in neutral aline con-

ditions, Subsequently-similar salts were prepayéefzfom aldehydes.

..

A1l these salts were pnepared fron a 1j ed number of ke tones

" and sldehydes, and it seemed necessary tg:Ektend the work to aldehydes
and ketones in general to shoﬁ that 1&;; salt forming proPenfies were

" possessed by all types of aldehzggk' d ketones. This was done success-—
fully, salts being prepare~:§2§ both aromatic and aliphatic aldehydes .
and ketones, with bot 6@3 and complex anions, The difficulties were

m2inly those of pre a%ive techniques and analys1s.

In addltu;<¥o the preparation of the compounds and investigation
of some of their properties, a new analytical method for estimating

- halogen in halegenoplatinates was developed.

When salts could_not be prepared it was usually because the
relatively less soluble hydrazinium salt precipitated first, 1In some
cases, especially with the alipnatic ketones, the simple salts could
not be prepared because of the instability of the ketazinium or

hydrazonium ions concerned, In other caSes viscous oils were formed,
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an important factor no doubt beigg favourable ionic sizes for building

up the crystal pattern,

Pugh and his co-workers had also prepared a number of hitherto
unrecorded hydrazinium sal#s. These salts were similar to those

previously reported and bore ro relationship to the ketazinium galts,

Two points emerged from this work, One was the preparation of
hydrazinium hexachloro - and hexabromoaluminates; which indicated
gix co-ordinations of aluminium by chlorine and bromine and seemed
unlikely, The other was that a pentafluofoaluminate was prepared
in crystalline form,‘and this wag at variance with earlier reports
of this compound, The work was extended to the other group IIIB

compounds gallium and indium,

The complex hydrazinium chlorides, bromides and iodides of gallium
and indium could not be prepared., In all the preparations attempted
the relatively less soluble hydrazinium halides precipitated from

golution,

The crystal structure‘of the hydrazinium hexéchloroalumina#e
prepared by Pugh and his co-workers has since been examined by means
of X-Ray crystallography and it has been shown that the compound was
not the complex‘described. The hexa~halides therefdre do not appear
to exist, the compounds obtained being mixed, hydrated, salts which

have precipitated together from solution.

The hydrazinium fluorogallates and fluoroindates were prepared |
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by seven diffefent procedures, A crystalline, hydrated, penta-
fluorogallate was obtained, -and amorphous, anhydrous, difhydrazinium-
hexafluoro-gallates and indates were prepared. Also prepared were a
number of hexafluoro-gallates and indatQS‘With extra hydrogen
fluoride_presenf. These compounds could be grouped into three
categories: compounds with two or three molecules of hydrogen flﬁéride
extra, compounds with nine to eleven molecules of hydrogen fluoride

extra, and compounds with fourteen molecules of hydrogen fluoride extra.

The crystal structure of the pentafluorogallate could not be

determined as the crystals obtained were too small to be characterised.

The hexafluorides were investigated by means of conductimetric and
high~frequency titrations aﬁd by conductance measurements, All.that
‘resulted from thése experiments was the fact that a complex was present
and that thfee of the fluorine atoms behaved differently from the

other three,

The compound with fourteen extra hydrogen fluoride molecules
present was examined by eipelling hydrogen fluoride frém the compound
by heating, Loss of weight at different temperatures, and rate of loss
of weight at fixed temperature and pressure curves were determined.
Samples taken at various stages of the heating were analysed to
determine the extent of decomposition. Ls a result of these experiments
it was shown that three of the hydrogen fluoride molecules present
could be lost comparatively easily and were most likely allsorbed.

The other eleven molecules could only be removed by decomposing the
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compound, They were therefore more likely to be interstitially held,
and to be part of a‘definite complex compound, To see whether the
ability to hold extra hydrogen fluoride was a property of the complex
only, attempts were made to prepare hydrazine dihydrofluoride and
gallium trifluoride with extra hydrogen fluoride preseﬁt. K large
number of preparations were undertaken, using different techniques.

In no case was a hydrezinium compound found with more than two

fluorine atoms, and in only one case was a gallium compound with more
than three fluorine atomg isolated, This compound was GaF; 3H, O, HF;
the extra hydrogen fluoride beinz lost very easily on keeping the

compound under vacuum,
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CHAPTER T,

INTRODUCTICN,

Although the chemistry of hydrazine has been studied for almost
three quarters of a century, for many years it was considered a
speciality chemical available only in aqueous solution and in the form
of a few of its comﬁon salts, During World War II its interesting
fuel properties were discovered, and since then with the availability
of concentrated hydrazine solutions it has been subjected to extensive

research,

When dissolved in weter hydrazine yields a solution with basic
, : N
properties, The dissociation constants at 25°C have been calculated
and the following valuecs reported:

(w1 77 fom']

K = —TRm] = 8.5 x 10~'
i - (N, Hy++] [oH'] 60 1018
S

The value for the second constant is so small that it has been
generally acdepted that diacid salts of hydrazine do not exist in aqueous
solution, the N, ** ion reacting completely with the solvent water

according to the equation:
NH ™ + B0 » ME™ + Ho*

Since hydrazine is primarily a mono-acid base it resembles ammonia
and the amines rather than the organic diamines as is evident from a
comparison of the respective dissociation constants and an examination:

of the heats of neutralisation of the respective bases with acids in
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aqueous solution,

Hydrazine, however, forms nof only mono- and di-acid salf% of the
type NyHgA, N HgA, where HA represents a monobasic acid, but also
compounds of the types (W, H; ),B, N, HyB aﬁd‘ N,Hg, (HB), where H,B
represents a dibasic acid, In addition there are also known several
series of so called double salts prepared by bringing together in aqueous
solution the corresponding metallic and hydrazine salts in the proper
molecular proportions, Druce4 had reported a sﬁbstance formulated as
N, H,.H,SnClg (N,HsSnCl,) this being the only chlorostannate mentioned
in the literature prior to 1950, This formulation though in harmony
with that of the chlorogtannates of ethylenediamine and pheﬁylenediaminé ,
also prepared by Druce, seemed unlikely as the compound had been prepared
from stannic chloride and hydrazine monohydrochloride* which would be
expected to yield dihydrazinium chlorostannate (N,Hs )2 SnClg.

5 .
Pugh and Stephen repeated this work using stennic chloride.and

varying amounts of hydrazine mono- and dihydrochloride in the presence
of water, but the only compound they were able to isolate was the di-
hyarazinium chlorostannate, Under anhydrous conditions hydrazine
dihydrochloride'faile& to react, while hydrazine monohydrochloride

reacted vigorously giving the dihydraziniym chlorostanmate,

Presumed salts of ketazine and hydrazones.

The chlorostannate separated from water in the anhydrous condition

o2
-«

Although a consistent rational system of naming hydrazine salts would
be desirable, usage has conventionalised certain inconsistencies.
Because hydrazine compounds have been widely used by organic.
chemists the system of nomenclature used by these chemists is
employed in this thesis. :



but when obtained from agueous acetone or sgueous butanone mixtures

separated with what apoeared to be ketone of crystallisation, 'Subséquent
6 i

work: , however, indicated that the compounds were chlorostannates of

dimethyl ketazine and butanone hydrazone respectiveiy.

8 - .
extended this work and prepared the bromostannates and

79
Pugh
bfombstannites of hydrazine, dimethyl kétazine, and pentan-3-one
hydrazone; and also the halogeno- antimonites, and -biémuthites of
dimethyl ketazine, butan~3-one hydrazone, pentan-3-one hydrazone, and
heptan~3-one hydrazone, Attempts to make similar compounds from
hydrazine condensed with ethyl-methyl ketone 6r di-n-propyl ketone were (
unsuccessful yielding viscous solutions that could not be induced to J

crystallise even after several months at -10°C,

]
Shoesmith and Slater had previously reported a chlorostannate of

anisaldazine, and Sohn10 paralleling the work outlined above had pre-
pared a number of halogeno-antimonites, ;bismuthites, and ~stannates of
various aromatic aldazings. Sohn had also prepared a number of simple
aldazinium salts from aromatic aldehydes. Attempts to prepare compounds

from aliphatic aldehydes, however, had proved unsuccessful,

At this stage therefore some complex salts from the azines or
hydrazones of a number of aliphatic ketones (but not aldehydes) and a
number of simple and complex salts from some aromatic aldehydes (but not
ketones) had been'prepared. Part of the work presented in this
thesis was undertaken to suivey the salt forming properties in general;
to see whether aromatic ketazines or aliphatic aldazines would form salts

and also whether simple salts could be obtained from ketazines.



The Halegeno-gallates and halegeno-indates. of hydrazine.

The remainder of this thesis deals with the preparation of some
hydrazinium halides of gallium and indium,

~

Complex fluorides of the hydrazinium ion described in the

11 12
literature include the fluoro-silicate and titanate , -aluminate |,
18 S 14 15 16
~borate , -beryllate , and -germanate . Pugh recently prepared

the hydrazinium salts of complex fluoro-acids of tin, antimony and bismuth.

The complex halides constitute the most abundant class of complexes
formed by tﬂe Group ITI b elements; the distribution however is curious,
According to Sidgwick67, gallium forms only complex fluorides; indium
only chlorides and bromides; and thallium compiex chlorides,‘bromiaes

68 :
and iodides, Einecke on the other hand reports a complex chlorogallate

NH, GaCl, .

- 48
The complex indium halides are all chlorides or bromides, Meyer

prepared the soluble salts K, (InClg )1,5H,0 and (NH; ), (InClg (OH),).

49
Ekeley and Potraz made a series of complex indium chlorides and bromides
of alkyl amines; the types of salts varied from MInX, to M, In X;; the

(apparent) covalency of the metal in the anion being on the whole greater

the fewer alkyl groups were attached to the nitrogen.

v 5@
The first complex fluorogallates were made by Harnebohn and Klemm:

€152
and were -further examined by Pugh . They were made by mixing the
~components in dilute hydrofluoric acid solution, and are all of the type
M;GaFg. Their hydration, however, is very peculiar, When recrystallised

from water the lithium, sodium and ammonium salts have no water of

crystallisation, the potassium salt has one molecule of water of



of crystallisation and the rubidium and caesium salts two molecules,

the hydrated forms all lose their water on being heated -at 230°C,

52
Iater Pugh prepared a series of salts of divalent metals, '
especially of the type Mt (GeFy), 7H,0 or M+ (GaF (OH),, Y, 6H,0
where WP+ = ¥Mn®*, Co®™*, Ni, Cu®*, Zn and Cd, These are all readily

soluble in water,

Al so reported are a number of solid amines with a large number
of NH; molecules from the trichlorides, tribromides and triiodes of

53 54365
gallium and indium and with a smaller number from the

E6

trifluorides  where the highest are GaF,, 3NH; and InF,;, 3NH,.

68
Einecke also reports the existence of [(H,0); Ga (NH;)s ] [GaFg],

(NH, )2 [Gan] and of NH, (G;aF,,,).v

Weinland et al12 had reported a penta-fluoro-aluminate of hydraziﬁe
of somewhat variable composition, described as a non-crystalline white
powder, Hotz and Pughlv, however, obtained it as an anhydrous crystalline
product whose optical properties have been examined. They also report
the existence of hydrazinium hexachloro~ and hexabromo-aluminates. This
was surprising in that it seemed to indicate €6 - co ~ordination of

aluminium by chloride and bromine which is both unknown and unexpected, .

In view of this interesting result it was decided to extend this
work to the Group IIT b elements, Only gallium and indium were used,
as thallium behaves differently from gallium and indium (and hence from

aluminium) in its properties,
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CHAPTER II

SOME SATTS OF ALDAZINES AND KETAZINES,

(1) Halegeno -~ platinates of the aldazines and ketazines,

Prior to the work of Pugh and his co-workers (see Introduction,
PP. 2,3) it had seemed unlikely that hydrazine salts and ketones would
condense together under the strongly acid conditions prevaiiing, because
the fofmatibn of ketazines and hydrazonés was generally held to take
place under neutral or alkaline conditions.

The stability of dimethyl ketazine in water has been investigated
by G-J'.J_ber‘t:70 who states that it is soluble in water, yielding an alkaline
‘solution, and that if the hydroxyl ions are removed By acids more are
produced. In strong mineral acids, it is completelj hydrolysed to
hydrazinium ions and’ acetone, | Hydrolysis is, however, reversible
involving acetone hydrazoniumvion és well as hydrazinium ion, While
hydrolysisris promoted by acids, it is repressed by addition qf acetbne
and Gilbert reaches the conclusion that, in the presence of acetone,
dimethyl ketazine does not function as a base, "~The hydrolysis and
formation of dimethyl ketazine, according to Gilbert, proceeds according

to the following equations:-
Me, C: N. N: C Me, + H' + HO = [Me, C: N.NH;]® + Me, CO
‘ + : +
[Me, C: N.NH;]® + H,0 = [N,H ] + Me, CO

71 A
Conant and Bartlett , on the other hand, suggest that the formation of
semi-carbazones and related substance proceeds by reaction between

neutral molecules of semi-carbazide and ketones. This reaction was



shown to be catalysed, not only by hydrogen ions, but also by acid
molecules in the Bronsted sense, They showed too, that these semi-
carbazones, like the ketazines, are progressively hydrolysed at

increasing acidities.

Since all these observations were made in very dilute solutions,
the conclusions to be drawn from fhem are not necessary valid for the
concentréted solutions uged by the above workers. It was particularly
noted that some of the salts separated from strongly acid solutions
Which/indicated that dimethyl ketaziﬁium ions and ketone hydrazinium
ions must exist in considerable concentration in strongly acid solutions,

without the need of excess ketone to repress hydrolysis,

8 ' _
therefore suggested a mechanism that for these salts

Pugh
_condensation proceeds between hydrazinium ions and ketone as suggested
by Gilbert; the process being subject to general acid catalysis as
suggested by Conant and Bartlett, He put forward also reasons for
their being regarded as salts, viz., appearance, behaviour to acids

and alkalis, and the fact that acetone solutions of these substances

are excellent conductors of electricity,

A1l these salts were prepared from a limited number of ketones and
aldehydes and it seemed necessary to extend the work to show that all

types of aldehydes and ketones possess salt forming properties.

The first requirement was a stable anion., The hexa - halides of
platinum are well known, being used especially for the characterisation
of amines, It seemed most likely that chloro- or bromo-platinic acid

would yield salts with aldazines and ketazines and that these salts



would be stable enough to he isolated. This supposition proved

correct although decommosition of the anion due to the presence of

hydrazine caused some difficulties, This reduction,however, lead to
O

the development oﬁ/new method of estimating halogené in halegeno- .

platinates (See "Analytical Methods"),

The first compounds attempted were those using the aliphatic ketones
that had been used by the earlier workers. Then other aliphatic ketones
and some aromatic ketones were employed, these were followed by aromatic
and aliphatic aldehydes; and finally the preparation of salts of azines
prepared by condensiﬁg various conmbinations of aliphatic/aromatic aldehyde

with hydrazine and aliphatic/aromatic ketone was attempted.

Although a number of salts could not be prepared, sufficient compounds
were obtained to show that the salt forming properties were general and
were not restricted to any particular type of aldehyde or ketone,

Salts were obtained from Acetone Ketazine
di-Ethyl ketazine
Benzalazine
Acetophenoneazine
Acetaldazine *
Propionaldazine
"Mixed" azines from
Acetophenone and Benzaldehyde
Acetone and acetaldehyde

(See Table I)
w

* Partially polymerised products were obtained.

No salts were obtalned from Ethyl methyl ketazine
di-n-Propyl ketazine
Methyl-n-propyl ketazine
Methyl-iso propyl ketazine
Methyl-di-iso~propyl ketazine
Benzophenoneazine
n-Butyraldazine
"Mixed" azines from

Acetone and benzaldehyde
Acetophenone and acetaldehyde
Acetaldehyde and benzaldehyde
Acetone and acetophenone,



TABIE .I .
Halogeno-platinates of some azines and hydrazones.  (R:N,N:R'),H,Mf,

' Melting Point Analysis
R R? X | o¢ Appearance N, H, Pt. X c
(CHg)aC | (CHa),C | B | B2-84" Red crystalline |Found: | 6,9 | 22.9 |54.5
. B birefracting Reqd, 3 7.1 | 21,7 |53,3
(CHa)2C | (CHp)sC | CL | 157-158 ~ {Orange crystalline {Found: }10,5 | 31,4 |33,6%
decomposes birefracting Regde: (10,1 | 32,2 | 35.1
(CH,CH, )oC| H Br | Blackens 135 |Dark red Found: | 6,3 |21.7 |56 *
, decomp, at 170{Amoxphous ' Reqd, : 7,3 122,3 |54.7
%
(CH,CHy )0 H ClL | Darkens 120 |Yellow-orange Found: 10,4 |34.5 |34.8
' melts 187-188 |Amorphous Reqd, @ 10,55 | 32,1 | 35,1
CeH,CH CoHyCH Br | 188-189 Orange Found: | 5.9 |18,7 |44.1
, Anorphous Reqd, ¢ 5,9 | 17.9 43,8
CMeFPh - |CMeFh Br | 190-191 Red crystalline Found:; | 5.6 |17.1 |42.5
birefracting with [Reqd.: | 5.7 |17.3 |42.5
. _ straight extinection
CeHsCH ClMeFh B | 214~216 Red crystalline Found: | 5.0 |15.1 |37.4
i birefracting with |Reqd.: | 5.0 |15.2 |37.4
straight extinction
CHoCH  |[CH,CH B | 106-107 Orange Found: | 6,0 |18,5 {45.4 [18.1
‘ Amorphous - . Reqd, 6.0 |18,3 45,0 }14.6
CHyCH,CH |CHaCH,CH | Br | 78-79 Orange Found: | 6,0 {18,7 {45 = |21.4
* | Amorphous Reqd.: | 6.3 |19.2 [47.3 |21.3
(CHp )aC | CH,CH Br | 9496 QOrange Found: | 6,3 {18,8 |4L8
: Anmorphous Reqd. ¢ 6,2 |18.9 |46,4
® On dissolving in water reduction occurred,

*%#  Polymerised product,
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(2) Simple salts of ketazines.
Some simple aromatic aldazinium salts (i.e., salts with simple
halide or sulphate anion) had been prepared but no such ketazine salts

had been isolated,

As the aldazinium salts had all been aromatic, initially aromatic

ketones were used,

"The simplest aromatic ketone acetophenone was employed,vand the
substituted acetophenones were tried to see whether the substituent
group had any effect on the formation of salts. One would expect
electron repelling groups in the ortho and para positions to increase
the basicity while electron'attracting groups would have the opposite

effect, .

Benzophenone was then used and this was followed by a series of
preparations using azines ffom aliphatic ketones, Finally, attempts
were made to prepare salts from azines made by condensing one molecule
of hydrazine with an aliphatic and an aromatic ketone; and from an

azine prepared from an alicyclic ketone,

In order to eliminate hydrolysis as far as possible, a vacuun train
was built for some of these preparations (see Experimental, p. 79 )e
The only compounds that could be induced to give salts, however, were the
aromatic ketones, acetophenone and benzophenone, When salts could not
be prepared it was usually because the relativel& less solublé
hydrazinium salt precipitated first. In some ;asés especiall& with

the aliphatic ketones, the simple salts could not be preparedibecauée

of the instability of the ketazinium or hydrazonium ions contained,
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Cr .

In other cases viscous oils were formed, an important factor, no dousgz>hﬂrf
is favourable ionic sizes for building up the crystal pattern, . B NP

Salts were obtained from: Acetophenone azine
(See Ihblg IT) Benzophenone azine

No salts obtained from: m-~Nitro-acetophenone azine
o~Hydroxy-acetophenone azine
p-Methoxy-acetophenone azine
di-Methyl ketazine *
Bthyl-methyl ketazine *
di-Bthyl ketazine
n-di~Propyl ketazine
n-di-Butyl ketazine
Mixed acetone-acetophenone azine
Cyclohexanone azine

* TImpure products were obtained with these compounds,

TABLE IT,

Compounds of the general type (R:N,N:R)HX

Found (%) Required (%).

R | X M, Pt. Formula N, H, X + N, H, x t Method

CMePh: | Ol [132-134 | Gy ¢B ,N,C1 | 11,8 | 13,4 | 11.7 | 13.0| =a

CMeFh H30, |125-126 | C, g N, HS0,| 9.8 | 29.4 9.6 28,8 b

CPh, | Cl |[166-168 | CpeH,,N;C1 | 8.1 9,0 8.1 9.2 a

t mEere X = halogen or 30, not H30,.
Method a) Hydrogen chloride was passed through a solution of the
azine in ether.

b) An equivalent quantity of sulphuric acid (98%) in ether
solution was added to the azine in ether.
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(3) Discussion

This survey resulted in the preparation of halides, svlphates
and halogeno-platinates ofa variety of azines, The following points

\emerges

(1) Aromatic ketazinesyielded halides, sulphates and complex

salts,

(41) Aliphatic ketazines gave selts less readily, No simple
salts were obtained, although in same cases oily prodncéts
were obtained, at -50°C or below, which showed variable
composition indicating varying degrees of polymerisation, __. 7
Dimethyl ketazine yielded complex salts but its homologues,
under comparable conditions, formed salts of the
corresponding hydrazones instead; thereby confirming

637938
earlier work .

(344) "Mixed" azines containing 1 mol. each of ketone and aldehyde
condensed per mol, of hydrazine also gixve salts.

The view that these compounds were salts was based on the follow-
ing properties: (a) generally they were grystalline and sait-lﬂce.
(b) In their behaviour towards water, acids and alkelis they
resenbled the corresponding ammonium and potassium salts. (c) They
dissolved (in most cases) fairly readily in dilute acids, the solutions
containing hydrazine salts and free ketene. They are insoluble in
eyclohexane, ether and xylene, but disselve in ketones, (d) The
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complex platinates were all red in colour and behaved similarly to
other halogeno platinates in that transmission of light by their
solutions did not obey Beer's lLaw, The transmission of light by
solutions of the water soluble bromoplatinates was invéstigated,

using a leitz Colorimeter (Model 671),

Light absorptibns were difficult to determine; as solutions of
the salts were very unstable, décomposition to colloidal platinum

occurring in almost every case.

The best results were obtained with acetone ketazine (see Table

III, Here the error was 14,75%. (Accuracy of the method approx, 7%).

- TABLE IIT,
Concentratiom Depth
c hd tcC Error o Error
mgm, /100 ¢, C.
27,0 29,2 788 - ' -
13,5 49,97 674 114 14.75
6,75 unable to - - -
effect
balance

(e) Acetone solutions of these salts were good conductors of
ielectricity. (f‘) The salts showed the expected gradation in melting
points, the melting point rising with increasing complexity of the base
- for the game anion, It is true that they have low melting points

(¢ 220 C) and decompose when heated above their melting points, but

these properties are shared also by the simp1e~hydrazine selts.

The inability to obtain some of the salts might be explained to

some extent by the lack of favourable ionic sizes for building up the
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14,
crystal lattice., Another reason might be their solubilities, concen-

tration of the solution yiélding the relatively less soluble halides of
hydrazine as the first product.. Similar results have been noted by earlier

. 4336939940341 942948
workers who prepared "double halides" of hydrazine

The fact that the higher aliphatic ketones gaﬁe hydrazonium
instead of ketazinium salts, might have been due to lack of free
rotation of the azine in the molecule, or again to the ionic'sizgs
required to build up a crystal, Models of the various azines were made
using "Catalin" models, Free rotation was possible, i.e., ionic sizes

appear to be the limiting factor.

.. In two cases corordination products appear to haﬁe formed, The
early attempts to produce the salt from di-ethyl ketone yielded
(N,H, ), Pt Cl, and attempts to make the salt from ethyl methyl ketone

" gave a compound having the apparent formulation [Pt Br (H,0), (N,H,)s; JPt Br,.

Platinum compounds containing co-ordinated hydrazine are somewhat
limited in number because of the reducing nature of hydrazine, In
most cases recorded, hydrazine has acted as a bidentaté co-ordinating
molecule, Specific evidence that it can occupy only one co-ordination
position is offered by a number of Russian ihvestigators. Amongst

the compounds reported are [Pt(N,H,),]c1l, and [T%(NH@)Q(N5H4)2]01244.

In aqueous solution the first of these compounds decomposed,
especially on the addition of -alkali with effervescence and liberation
of platinum, An aqueous solution of the latter on being treated with

hydrochloric acid gave [Pt(NH, ), (N,H, ), 101,.2HC1;  this with
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potassium chloroplatinite yielded [Pt(NH,), (N;H,);); (PtCl,)se  On
boiling with dilute hydrochloric acid this last compound decomposed

" to form hydrazine hydrochloride and platinous cis-dichloro diamine,

The above compounds, however, are platinous compounds, whereas

the ones obtained during the course of this work are platinic,

Co-ordination could explain the slow titrations when hydrazine was .
determined in these compounds by Andrews' method, The possibility
exists that | |

(PtCle)?~ + 2N;Bz™ -+ PtCL, (N;H ), + 2HC1
or (PtBrg)?~ + 2N,H,* - PtBr,(N,H,), + 2HFr,
the hydrazine molecule co-ordinating with one of the NH, groups
replacing a halogen which is of comparable size., Water molecules

could also replace the halogen.

If the hydrazine is co-ordinated it will not react easily ﬁith
the iodate solution, On standing some of the molecules are dislodged
by collisions and are then available for reaction. Increasing the
temperature (i,e. the number of collisions) caused the titration to
proceed far more rapidly (2-3 minutes instead of ¥ 30 hours),
Acetaldazine and propionaldazine also gave slow hydrazine titrations,
here, however, polymerisation appeared to have taken place. In these
polymerised compounds half of the hydrazine reacted immediately, the

other half very slowly.

10 _
Sohn had also obtained similar results with acetaldazine,
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She, however, had 5 aldehyde molecules (mol, wt. of base 455 wt, units)
more than expected, the campound discussed sbove had 5 extra molecules
(mol, whk, of base‘ 351 wt, mxité). Her compound gave no immediate

hydra.z:.ne titration whereas the bromoplatinate gave one mol, instantly,

Possibly the latter compound is polynerisod to a lesser extent,

Infra-red analyses were done on both the acetaldazine (A) and
propionaldazine (P) bromoplantinates by the N,C,R.I., Pretoria, no

facilities being avedilable in these laboratories.  The spectra'were

"run off in the solid state, in pressed KBr discs, from 2 - 15i,

The chief bands, none of which were well defined, (with tentative

assignments) were as followss=

A P :
2,99 243 N stretching; «0H groups
3,40 3,40 C=-H stretching
3. 84 3,88 ?
4,03 ?
6, 15 6. 15 «C=N' stretching; or -C=C-
6.48 6,56 ~ e
6,90 6.87 C~H deformation; active H, vinyl group
7.05 ? '
7.21 7.21 CHy; group
7.72 ~COE, ~OCHg.

Absence of strong absorbtion at about 5,81¥ showed the absence of
free cerbonyl groups, i.e. all the extra aldehyde .molecules had

condensed,

The absorbtion at 2,93y and 7,72y might indicate the presence of
an alcohol, but this is doubtful as there was nc characteristic
absorbtion in the 9.0 - 9,5u range. The other possibility is that

& cyclic ether of sorts had been formed.
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An infra red analysis on the acetaldazine compound preparea by
Sohn showed a number of similarities, absorbtion occurring at

2,93, 3,75, 6,90, 7.05, 7.21 and 7,724,

A further attempt to show that the acetaldazine compounds were
similar was mde by taking X-ray powder photographs, No characteristic
patterns could be obtained however, due to the microcrystalline powder
giving very diffuse bands,

Wﬁile acetophenone gave salts the substituted acetophenones did not,
It has been shom“i’“ al that meta and para substitution in an aromatic
nucleus has 1little effect upon the rate of formation of céndenéa.tion
products, Wllereas the presence of groups in the ortho positions retards
the reaction seriously, regardless of the nature of the substituent -the

"ortho or proximity effect".

In the reactions discussed above, however, the azines had been
prepared successfully and failure to obtain salts might have been due
to hydrogen bond formation (in the case of the ortho-hydroxy compound)

or to steric congiderations.

+inally, even though simple salts were not obtained from aliphatic
ketones, their existence in solution seems probable, Polymerised
products.were obtained in some cases, "In others, impure products were
obtained at low temperatures, th.s. decomposed repidly at room
- <)

. 3
temperature, More recent work done in this department  seems to

indicate that the acetone ketazinium ion does exist in solution,
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CHAPTER TIII,

FLUOROGALLATES AND FLUOROINDATES OF HYDRAZINE,

(1) The preparation of the halegenogallates and indates.

(i) Hydrazinium chlorides, bromides and iodides of gallium and
indium,

The previous salts reported had been made by bringing the
components together in dilute acid solution. The complex chloro-
gallates, chloroindates, bromogallates, bromoindates, iodogallates
and iodoindates of hydrazine could hot be prepared; in all the
preparations attempted the relatively less soluble hydrazinium halides
precipitated from solution.

17
The hydrazinium hexa-chloro-aluminate prepared by Hotz and Pugh
has since been examined by means of X-Ray crystallographyég and it
has been shown that the compound is not the'complex described; the
chlorine atoms not being co-ordinated around the central aluminium ion.
The hexa-halides therefore do not appear to exist; thé compound.s

obtained being mixed, hydrated, salts which have co-precipitated from

solution,

' \
(ii) Hydrazinium fluorogallates,

" The hydrazinium fluorogallates were prepared by a number

of different methods viz:

(2) Gallium hydroxide was dissolved in 10% hydrofluoric acid
solution, and was then treated with the calculated amount
of 10% hydrazine hydrate.

(b) Gallium trifluoride, trihydrate was dissolved in 50%
hydrofluoric acid and was then treated with 10% hydrazine
hydrate, - .
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(c) Gallium trifluoride, trihydrate was dissolved in 50% hydrofluoric
acid and the resulting solution was treated with the stoichiometric
amount of hydrazine dihydrofluoride dissolved in water.

(d) Gallium trifluoride, trihydrate was dissolved in 20% hydrofluoric
acid and the resulting solution was treated with the stoichiometric
amount of hydrazine dihydrofluoride dissolved in water.

(e) Gellium trifluoride, trihydrate was dissolved in 10% hydrofluoric |
acid and the resulting solution was treated with the stoichiometric
amount of hydrazine dihydrofluoride dissolved in water.

(f) Gellium trifluodie, trihydrate was dissolved in water and was then
treated with the stoichiometric amount of hydrazine dihydrofluoride.

(g) Gallium h&droxide was dissolved in water and the solution treated
with hydrazine dihydrofluoride,

(h) Gallium sesquioxide was dissolved in 50% hydrofluoric acid and
was then treated with 95% hydrazine solution.

The majority of the preparations gave compounds of the type sought

and their composition is discussed in Section 3 (p. 21 ).:

(3ii) Hydrazinium fluorindateé.

Generally the fluoroindates were prepared by analagous

methods, viz:

(a) Tndium trifluoride, trihydrate was dissolved in 10% hydrofluoric
acid and the solutlon was treated with the calculated amount of
50% hydrazine hydrate.

(b) Indium trifluoride, trihydrate was dissolved in 50% hydrofluoric
acid and treated with the calculated amount of hydrazine dihyro-
flucoride,

(¢) Indium trifluoride, trihydrate was dissolved in 10% hydrofluoric
acid and treated with the calculated amount of hydrazine
dihydrofluoride,

(@) Indium trifluoride, frihydrate was dissolved in water and was
treated with the calculated amount of hydrazine dihydrofluoride,

(¢) Indium chloride was dissolved in 10% hydrazine hydrate solution
and the resulting solution was treated with 50% hydrofluoric
acid,
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The compounds obtained were very similar to those obtained from

gallium and are discussed in section 3 (p. 21 ).

(2) The determination of fluoride-in fluorogallate and fluoroindate.

It was obvious that the estimation of fluoride was of paramount
importance in dete?mﬁnh%ﬁw empirical formila of these compounds, and
for this reason considerable care was given to the choice of the

analytical method finally used (see analytical methods, p. 41 ).

Five methods were considered:
(1) Precipitation as lead chloro-fluoride
(ii) Precipitation as calcium fluoride
(1ii) Precipitation as lanthanmimr fluoride
(iv) Titration with thorium nitrate
(v) High frequency titration using lanthanum acetate.
Method (i) was rejected as the precipitate obtained is very
difficult to handle. The other methods were all tested, using pure
gallium trifluoride, trihydrate, [The lead chloro-fluoride method
was found to be the most suitable even though the precipitate is

relatively solul e (370 mg/litre) and the method is known to be

subject to errors of as much as 3%].

(5) Composition of the Fluorogallates and fluoroindates of hydrazine.

In all but a few cases, where for some inexplicable reason the
hydrazine content was very low, compounds of the type sought were
found, Only once was crystalline product obtained, the other
preparations yielding, generally, amorphous powders and in a few

instances vitreous glass-like product,
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The crystalline producf was the hydrated penta-fluorogallate
sought. The crystals were far too small for X-Ray analysis but
could be examined under the polarising microscope where they showed
straight extinction, A large number of fan—like multiple crystals
were present in the crop, These two properﬁies show that

definite symetry exists in the crystal structure.

Also prepared were the anhydrous dihydrazinium hexafluorogallates
and indates and a number of hexa-fluorogallates and -indates with
extra HF present, The compounds with the extra HF could be grouped
into three categories, those with 2-3; 9~11; and 14 molecules of
HF extra, If stored under vacuum for some time the compound with
14 molecules of HF extra lost three molecules, the desiccator

becoming very severely etched in the process.

To see whether the ability to hold extra HF was a property of
the complex 6nly, attempts were made fo prepare hydrazine dihydro-
fluoride and gallium trifluoride with.extra HF present, Hydrazine
is known to form a mono and a difluoride. A large number of pre-
parations\wére undertaken and in no case was a hydrazinium compound
found with more than two fluorine atoms, Gallium trifluoridé wa.s
prepared from gallium metal, from gallium hydroxide, from gallium |
nitrate and from gallium sesquioxide (a number bf times from each
stafting material) and in only one case was & gallium compound with
more t@an three fluorine atoms isolated. This compound was GaF,, 3H,0.
HF; the extra moiecule of HF being lost very easily on storing the

compound under vacuum,
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(4) Investigation of the complex salts by physical methods.

The problem of the extra molecules of hydrogen fluoride reguired
consideration, The extra molegules might have been adsorbed on the
surface, hydrogen fluoride being known to form chains up to about
(HP)s with bond angle 140058. On the other hand metal fluorides
are often solvated by hydrogen fluoridé, and the extra molecules
might have been held in this manner, A number of series of such
solvated compounds are known, potassium forming the series KF, KF.HF,
KW, 2HF, KF.3HF, KF.4HF and ZKFL5HF59; rubidium forming the series
RbF. 2HF. RbF. 3HF. and RbF. 3.5HF; and caesium forming the series

CsF, HF, CsF,2HF, CsF.3HF, and CsF, 6HF,

(i) Spectroscopic methods.

Compounds with one or tw§ molecules of hydrazine had been
prepared. Two alternative formulations therefore offered themselves,
_Either the "complex" anion was GaF52- with either one NgHg2+ or two
.N5H5+ ions present, or it was GaF,! in some cases and Gang_ in others
with hydrazine always present as the N,H, W ion.

' 62
The Raman spectrum of hydrazine dihydrochloride reveals a very

sharp and intense line at 1036 cm™ assigned tobthe N, Hg?* ion,
flanked by two weaker and broader lines at 968 e¢m™* and 1110 cm™*
arising from dissociation of .the N;H,®* ion to the N;H;* ion. = The
spectrum of hydrazine mono-hydrochloride reveals only the latter lines
with no trace of the line at 1036 em™, A study of the Raman spectra
of the compounds under investigation, it was thought, would show

which species was present.
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Facilities for Raman spectrum investigation were not available,
A Hilger D77 constant deviation spectroscope with reascnable dispersion
in the range réqﬁired was available, however, and attempts were made
to adopt this instrument for Raman analyses. A special camefa, suitable
for Raman work, to fit the spectroscope was obtained from Hilger and
Watts Ltd.,, and it was felt that this with Kodak Type 0a-0 plates
tmaximum sehsitivity in the spectrum range under investigation, and
with best 1light gathering capabilities for exposures of one minute or
longer) might prove adequate, A high intensity mercury lamp with_itsl

' 72

controls was built in the laboratory and uselas a light source .

(See Fig. 2, p. 101),

No successful exposures Weré méde however, and no information could
be obtained, Facilities for Raman investigation subsequently became
available at the National Physical Iaboratories, Pretofia, and a sample
of the crystalline hydrazinium pentafluorogallate was sent to them for
examination, They were unable to obtain a sufficiently concentrated

solution to enable the spectra to be taken.

(ii) Conductimetric titrations and molar conductances.

(a) Attempted determination of free HF,

60 :
Webb and Prideaux  while investigating the acid fluorides

of Rubidium had determined free HF using ammonium hydroxide in carbon -

dioxide~free water with bromo-thymol-blue as indicator.

- N ; '
An approximately /SO solution of ammonium hydroxide was made by

rassing pure ammonia gas through carbon dioxide-free distilled water.
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a combination of the previous two, the conductance dropping initially,

then rising and finally increasing at a greater rate.

The break in the hydrazine dihydrofluoride curve occurs at the
theoretically expected valﬁe. The break in the gallium trifluoride
trihydrate curve occurs at 2/3 of the theoretical expected value
indicating that two of the fluorides are behaving differently from
the third, i.e. an ionic species GaF?* appears to remain, Witﬁ the
complex hexa-fluorogellate the first break corresponds to two fluoride
iong, i.e. to the hydrazine dihydpofluoride while the second is'
equivaleht to a.further three fluoride iong also indicating that one
~ atom remains associated with the gallium atom, i,.e. GaF2+.

84

This agrees with previous work gallium being known to form

complex ions in solution in the presence of fluoride, the majority of
the metal being present as GaF* * according to the following relationship:-
[GeF® ] [H"

(Gas 1[I ] 1.2 x 102

A very small percentage of the gallium will be present as the hydrated

ion according to the relationship

[Ga(oH)* "] [E']
[Ga®"]

-4

1.2 x 10

and some of the fluoride will be associated to HF,\HFQ- and HéFag—.
TheApresence of all these species naturally affects the precise

values obtained in the titrations.

(¢) Molar conductances.

The molar conductance at infinite dilution of gallium

trifluoride and of the hexa-fluorogallate were determined at 25°C,
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(See Figs. 4 and 5),

The value obtained from the trifluoride could not be checked against
that required theoretically as no data could be found with respect to
the conductivity of the gallium ion, It could be assumed, however;
.that the conductivity of GaF®t must be less than the conductivity of
3+ 74

Al , i,e., is of the order of 50 ohm—%cnf. Davies gives a value for

the fluoride ion of the order of 150 ohm™ em .

Assuming that in solution we get GaF,.3H,0 = GaF2+ + 2F= + 3H,0
we would expect a value of the order of 350 ohm_lcm.z, The observed
value 320 ohr 'em® is in reasonable agreement, bearing in mind the

other species which might be present (see (b) above).

Irrespective of the actual value, however, we can assume that in
determining the molar conductance of the hexa-fluorogallate, the

gallium will behave in the same way.

The curve for the compex followed the pattern normally shown by
hydrazine complexes, i.e, a gradual increase in M with a sudden increase
36

at very low concentrations giving the molar conductance at infinite

dilution approximately 1800 ohm™ cm®.

Taking a value of 320 ohm™em’ for the gallium and'three fluorides,
150 ohm ‘cm® for fluoride, 350 ohm em® for the hydrogen ion and
70 ohm™ em® for the N,Hg* ion . we obtain a value of 1900 ohm™ cm®
if we assume the presence in solution of three hydrogen fluoride
molecules, This indicates that the complex is more likely to be
N, H; GaF . 2HF than N Hy GaFgy HF, the following reactions occurring

on solution,
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N,H, GaF, 2HF = NyHy @ + GaF,~ # 2HF
GaF, = GaFy + HF

- CaF, = GaF?" 4 2p-

(iii) High frequency titrations.

4 High Frequen;y Titrimeter as describedvby Dowdall,
Sinkinson and Stretch65 was coﬁstructed, and the titfations were
‘carried out as described by them, viz: using lanthanum acetate as
titrating agent, the solution being buffered with acetic acid; The
lanthanum acetate was standardised against sodium fluoride, A series
-of titrations were carried out on hydrazine dihydrofluoride solutions.
The éurves obtained were similar to those obtained with sodium fluoride

(current decreased until equivalence point was reached and then

increased) and the break corresponded to the total fluoride present.

The curves obtained with GaF, . SHQO are shown on Fig. 6.(4) was
a 2.2 x>10"a M solution (required 3 c,c, of reagent), Two breaks
occurred having the ratio 2:1, the final break occurred at 1/3rd the
value expected, indicating the formation of a complex ion according
\ ,

to the relationship

GaF, = CaF,” + F~

Of interest is the vertical portion of the éurve. The basis of
these titrations is very complex and is by no means understood, |
consequently no explanation can be offered for this vertical portion
of the curve. A possibility exists that in this range the gallium
complex and the lanthanum fluoride behave in the same manner under

the conditions of the titration.
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Curve (B) is for a solution of twice the previous concentration
i.e. 4.4 i 10™ M.  The first break disappeared and there ﬁas no
change in the final titration figure, This indicated that only half
a molecule of fluoride had reacted. Possibly in this concentration

the gallium trifluoride is more stable than lanthanum flﬁoride.

Titrating the complex>N§Hg CeF, 2HF gave the curve shown on Fig. 7.

Here tPe curve inftially followed the expected course, then rose
vertically as with the gallium trifiuoriae, trihydrate and finally
the current increased steadiiy With addition of the lanthanum reagent,
The two breaks again were in the ratio 1:2 and the end point was 2/5
of that theoretically required, indicating that only four fluorides had
reacted in two stages, i.e,

N, H CaF, 2HF - N,H* + GaF,~ + 2HF

GaF,~ — .CaF," + 2F "
Fig, 8. Shows the titration curves for the complex (N;H;),. In Fs.2HF
Curve (&) was determined on solution, Two breaks were again recorded,
the final value being 5/7th of that expected, indicating once more a
two stage breakdown leaving a complex I; F2+.

(N,H), Th Fy . 2HF - 2 NoH "+ SFF + 2§ + Tn Fy

InF, » InF,  +F"

Curve (B) was recorded after the solutions had stood for three weeks.
Here a third inflection was obtained at the expected value, It
seemed that on standing the complex had dissdciated

InF,” = In"@ &P

The final titrations were done on a solution 2,5 x 10"3 M of the
S

o bd
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complex with 14 extra molecules of hydrogen fluoride. (NoH; ), GaFs
1w,  (Fiq &)

Here Curve (A) was determined -on solution and had two breaks with
no vertical portion, The breaks were in the ratio 3:4 but the final
figure only éorresponded to 11 fluorides, No explanation could be found
for this, Curve (B) was determined after the solution had been
allowed to stand for three weeks, Here instead of getting a higher
titration figure, the seéond break in the curve disappeared altogether.
It is possible that the relatively higher concentration of fluoride
(with some chance of HF complexing) had something to do With these

results,

(iv) Thermal decomposition.

88
The potassium acid fluorides were investigated by Cady |,

who treated them, in a closed copver container, with anhydrous hydrogen
fluoride, The compounds formed were not separated or examined but
their existence was confirmed from the nature of the curve of initial

freezing points and the calculated compositions of the mixtures,

76
Ruff and Staub  investigated the ammonium acid fluorides., They
used an open system adding various quantities of hydrogen fluoride to
ammonium bifluoride, and obtained evidence of the existence of the
complexes by means of an approximate thermal diagram,
The acid fluorides of rubidium were very extensively investigated
860

by Webb and Prideaux . Initially they added HF to the system being

investigated and plotted the cooling curves., They also expelled HF by’

|
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heating the mixture at the appronriate temperature. The rate of loss
of weight gave just as satisfactory informstion as the previous method;
changes in direction of the curve giving results which agreed with

those found from the cooling curves,

The caesium fluoride-hydrogen fluoride system was investigated by

1

6 :
Windsor and Cady who also determined cooling curves,

e8
Einecke had reported that the compound (NH, ), GaFs could be

converted to NH, GaF, by heating; it seemed likely, theréfore, that
some information about the fluorogallates could be obtained by

investigating their thermal decomposition,

The first compound to be heated was the complex (N,Hs), GeFy.HF,
This was heated in an open platinum dish in an oven, the dish and
contents being weighed hourly., No change in weight for five
successive Weighiﬁgs was considered sufficient to agsume constant
weight, The curve "Loss of weight agéinst temperature" is shown on
Fig. 10, There are two straight line portions indicating loss first
of HF and then of hydrazine and HF to give the N,H; GaF, x HF compound.
Finallx there is a continuous curve as the complex breaks down to

form Gal'g.,

Similarly, heating the compound with 14 extra HF molécules, gave
the curve shown on Fig. 11, _Thére are two distinct breaks one at
12% loss and the second at 34%. If all the loss is due to HF the
first break correspondé to the loss of 3HF and the second to 8.5 HF,
The first result agrees with earlier results (14\HF -+ 11 HF on being

stored under vacuum), the second break indicates a compound with
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6 extra HF molecules present. Such a compound was not found. However
this portion of the curve flattens out in the region of 150°C and it is

possible that hydrazine is coming off as well,

Fresh samples of the compound were heated, this time at constant

-

temperature and the rate of loss of weight was plotted.

The resuits of these experiments are shown on Figures 12, 13 and
14, TFig. 12 shows the result of heating at 80°C at atmospheric
pressure, \Regular steps were observed at what appeared to be
multiples of 5%; 4% being approximately one molecule of HF, At
12% loss in weight the loss of HF ceased and the compound attained
constant weight, Thié is equivalent to 3 molecules of HF and agrees
with the results found.by analysis and with the first break in the
curve on Fig, 11, The temperature was increased at 135°C and the
curve shown on Fig, 13 was obtained. Here there are alsb stepwise
breaks, at irregular values, however, The curve becomes horizontal
at approximately 34% loss in weight. This agrees with the second
break in the curve shown on Fig., 11. The temperature was again
increased (to 238°C) and the curve given on Fig, 14 was obtained,
Here there was only one arrest, otherwise there was a regular loss
in weight., These curves were redetermined under reduced pressure
(40 ﬁm.,'80°C); initially the loss was more rapid than under
atmospheric pressure, as was to Be expected, énd a number of arrests.
in the curve were not obtained. No arrest point W;s found in the

region of 12% but the curve flattened out in the neighbourhood of
28 - 32% L Se Rq. %)
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This last curve was determined with the sample in a boat made from
polythene tubing, During the heating this boat became coloured due to
depolymerisation, The effect of heéting this tubing was investigated,

no significant change in weight was noted, however,

Semples were taken at different stages and analysed for hydrazine
and gallium, Under 12% loss the hydrazine:gallium ratio was 2:1, from
this point hydfazine began to be lost as well, giving a 1:1 ratio by the
time‘thé 34% point had been reached, Thereafter the second hydrazine
began to come off as well, This explains the variation in the size
of the steps, and there being no relationship to the number of molecules
6f He, These.experiments indicate therefore that 3 molecules of HF are
relatively lightly held and can be lost easily, The remainder are more
strongly bound and the complex itself deéomposes before they are lost.
It would‘therefore seem that these compounds with a large excess of
fluoride are definite compounds and that the excess is not there as

adsorbed HF,

(5) General discussion of the fluorogallates and fluoroindates.

(1) Structure of the complex.

Weinland had reported the existence of amorphous hydraziﬁium
fluoroaluminatelg, whereas Hotz and Pugh17 obtained it as a-crystalliné
substance. The fluorogailates‘and fluoroindates reported in this
thesis were génerally obtained as amorphous substances, although on

some occagions vitreous product was obtained., Once a crystalline

fluorogallate was prepared.

78 : :
Wells  states that similarity in formula type does not necessarily



mean similarity in structures.
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Compounds of the type A BX,, assuming
that all the atoms of each kind have similar environments in the

crystal, may be grouped into a number of classes.

There seems little
doubt that the fluoroaluminates belong to the class where B and X

form finite complexes (BX,) of one kind only and can be described in
terms of AlF, octohedra.,

Theoretically one would expect the fluorogallate to be similar,

Consideration of the maximum co-ordination number with reference to
the charge on the central ion, and consideration of the critical ratio

of the radii of the Ga+ and P ions indicated that there should be five

or six fluorine atoms around the central gallium atom in the fluoro-
7

i 7 8-
gallates, Moeller 1lists a complex ion (GoXg) .

While this finite complex might be present in the cfystalline

product (the Physics Department of the University of Cape Towr were

approached with a view to examining the structure of the crystals,

which provéd too small, however, for X-Ray diffraction studies) it
does not seem likely in the amorphous powder.

, - .
Audrieth  has discussed the structure of the hydrazine molecule,

It seems probable that the molecule exists in the form shown below,
with bond angles 108 ¥ 10 degrees.

////0
O
: (b)
: Structure of hydrazine molecule,
(a) in perspective

(b)

O,‘.——O

with N=N axis perpendicular to the
plane of the page.
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The éallium triflvoride molecule is planér in shape, and it seems

feagible that the hydrazine cen be joined to two hydrogen atoms and

thence to two fluorine atoms by hydrogen bonding; and that it can

similtaneously be attached to the gallium trifluoride molecule by

hydrogen bonding, This arrangement is shown schemetically below:”
H ‘H--F

. ~N /
F--H - N - N -H--F Ga
F--u 7 Ng--F

a Y ¢
There are three types of linkage a, B and ¥, @ and B could be on

either nitrogen but y is assymetrical., We can therefore get the

following configurations:

@ -y ~-a
a-y - B
B -x -«
P-y-8B

The middle two being the same form,

There could be a statistical arrangement of»these three forms as
with the gilicates. This would explain *the lack of crystalline product
and also the formation of vitreous product on occasion, when the
solutions were evporated to dryness. Whether the crystalline or
amorphous form precipitates might depend on the relative amounts of
gallium, hydrazine and fluorine present, or on the temperature of
the solufion.' There is insufficient information at the moment,

however, to hazard a guess,

hY
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(ii) Nature of the complex,
The results of the thermal decomposition experiments
indicate very strongly that the extra fluorine is interstiéially

held and not merely adsorbed on the surface of the complex.

The complex anion is most likely GaF, with the hydrazine
present as N2Hs+. This agrees with the Raman work of Woodward and
9 80

7
BRill and of Woodward and Nord which shows the existence of the

complex’ions InBr, and GaBr, in solution, On standing this

' 24 -
‘complex appears to dissociate to give GaF * and 3F ,

In the compounds with more than one hydrazine molecule the
basic complex appears to be (N,H; ),GaFs. This agrees with the
ammonium fluorogallates reported by Eineckeee where both NH,GaF,
and (NH, ), GeFy were found, the latter decomposing to give the

former on being heated,

34,
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CHAPTER IV,

EXPERIMENTAL,

(1) Starting materials,

The aldehydes and ketones used were in the majority of cases
obtained from reputable manufacturers of chemicals and were used as
supplied, Where the source of supply did not give the purity (e.g.
the acetone and ethylmethyl ketones were commercial grade) the ketones

were redistilled and the correct boiling point fraction utilised.

The azines mentioned in the literature had been made by condensing
the amine with the carbonyl compoundla; by treating the aldehyde or
ketone (kept below 10°C) with hydrazine hydrate and then drying the
product with potassium car‘bonate19 or by adding the ketone (in a suit-
able solvent) to a.Warm solution of hydrazine sulphate and sodium
carbonate iniwaterzo. With the availability of concentrated hydrazine
solutions it seemed likely that direct condensations would take place.
This was found to occur in some cases. Subsequent to the work
discussed in the first section of this thesis being completed, a
similar technique was reported with regard to the synthesis of some
kétazines and thio—semi—carbazones?l. Vhen solid, the azines were
recrystallised; j;iquids were fractionated and the correct boiling

point fraction used. The azines were analysed in all cases, Unless

otherwise stated the analyses agreed with those required.

[

ACETOPHENONE AZINE was obtained by treating the ketone (10 g.) with

60% w/w hydrazine hydrate (2 c.c.). Crystals separated on the solution

standing overnight, Yield 60% of theoretical.



36,

m-NITROACETOPHEH\IOI\E AZINE was obtained by treating the ketone (2 g, )

dissolved in ethanol with 60% w/w hydrazine hydrate (0.5 c.c.) The
solutioﬂs were heated on the water bath for 6 houfr-s; and crystalsA

~ separated on the solution being allowed to stand ov%er night, Yield

55% of theoretical,

o~HYDROXYACETOPHENQNE AZINE was obtained by ref'luxing & solution of

the ketone (1 g,) in ethanol with 60% w/w hydrazine hydrate (0,5 c.c.)
for 5% hours, Crystals separated on the solution standing for 15 hours,
Yield 40% of theoretical, |

p-METHOXYACETOPHENCNE AZINE was obtained using the method of Boray,
Braude and Piaka;zo. The ketone (7.5 g.) was dissolved in ethanol and
added to a warm solution of hyarazine sulphate (3.25 g.) and sodium
carbonate in water. The azine was recrystallised from benzene,

Yield 12% of theoretical,

BENZOPHENONE AZINE was prepared by refluxing the ketone (10 g.)

dissolved in 96 ethanol with 96% hydrazine solution (S.Gi 1.008)

(0.9 c.c.) for 8 hours, Crystals of the azine separated after the
solution had been kept at -10°C for 6 weeks., Yield less than 1%, A
_further preparation involved refluxihg the ketone (14 g.) dissolved in
chloroform with 96% hydrazine (2 c.c,) for 55 hours, On evaporating
_ off the chloroform layer a golden liquid remained which was used without

further purification,

ACETONE KETAZINE, ETHYL~METHYL KETAZINE, DIETHYL KETAZINE, n-di-PROPYL

KETAZINE, ACETAIDAZINE AND PROPALDAZINE were all prepared by an
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. : 19 .
analogous method to that quoted in Beilstein wviz: 60% hydrazine

hydrate was cooled in a salt/ice mixture and the ketone or aldehyde
added slowly (2 mols, of the aldehyde/ketone to 1 mol, of hydraszine-~
about 30 g. of the ketone:was token inieach-case, the temperature mever
being allowed to exceed 10°C,  Potassium carbonate was added until

the solution became pasty and the mixbture allowed to stand for some days.
The keté.zine was then ether extracted and the ether distilled off, The
correct boiling fraction was used, Yields were of the order of 50%, In
the case of acetone ketazine the fraction reéuired, that distilling
over between 131°C and 132°C gave a low hydrazine analysis, 26,9% com-
pared with a theoretical figure of 28.6%. The refractive index at 25°C
~was found to be 1.446, required 1,45, Moisture (tested for with
anhydrous copper sulphate) was absent. The reason for the low value
could not be explained, (Tt might be due to some ketons being present

which seems most unlikely).

CYCLOHEXANONE AZINE; preparation of this compound was attempted by

treating the ketone (6,5 g.) dissolved in anhydrous ether with 96%
hydrazine (1,11 g.). After standing for 12 hours a yellow oil
separated which decomposed when ‘attempt's were made to ascertain its
boiling point, - | | | |

22
ACETONE HYDRAZONE was prepared by the method of Curtius and Pflug.

viz: acetone (15 g,) was added gradually to a mixture of 60% w/w
hydrazine hydrate (15 g.) and barium oxide. After seven days the

impure base was ether extracted and distilled,

CHLORO- AND BROMOPLATINIC ACIDS were prepared during the prelmunary
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st#ges of the work by dissolving platinum metal in aqua regia, evaporating
almost to dryness and then doing repeated evaporations (7-8 in all) with
either concentrated hydrochloric acid or with a bromine/hydrobromic acid
mixture, In the latter stages of the work, pure platinic chloride and
platinic bromidg were used as starting materials, They were dissolved
in either hydrochloric or hydrobromic acid, evaporated ‘l:ov dryness and

then taken up in the slvent being used.

GALLTUM METAL used was either spectrographically pure metal available

in the department or pure metal obtained from reputable suppliers,

GALLIUM MRoicI_QE_ (hydrated gallium oxide ?) was either obtained from

‘gallium residues or from gallium sesquioxide, In the first instance, .
the residues were acidified to methyl violet and any group two
impurities precipitated. Germanium which was present was removed by
distillation from concentrated HCl and the hydroxide was then
precipitated by making the resultant solution just alkaline to methyl |
red indicator with ammonia solution (S.G. 0,88), In the lattor case the
oxide was dissolved in 40-50% hydrofluoric acid and the hydro:d.de pre-
cipated by making the solution Just alkaline to methyl red indicator

using O, 88 ammonium hydroxide.

GALLTUM TRIFLUORIDE TRIHYDRATE was prepared by dissiving gallium

hydroxide in 40-50% hydrofluoric acid, or by dissolving gallium metal
in agqua regia, evaporating almost to dryness and ‘bhen doing three

evaporations to dryness with 40-50% hydrofluoric acid.
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GALLTUM CI'H.»ORIDE; GALT.TUM BROMIDE AND GATLIUM IODITE were not isolated.

In all cases gallium metal was dissolved in agua ;'egia, taken a.]mos'.t’ to
dryness and then evaporated almost to dryness three times with A,R.
concentrated hydrochloric acid, A,R, bromic acid/bromine mixture, or AR,
iodic acici respectively, The products , after the third evaporation,

“were taken almost to dryness and the resulting syrups used,

INDIUM METAL - was obtained from reputable suppliers,

INDIUM FLUORIDE, INDIUM CHLORIDE, INDTUM BROMIDE AND INDIUM TODIDE
were obtained by analogous methods to those used for the gallium
halides, |



(3) inalyticel sethous.

HYDRAZINE was determined by the direct iodate titration (Andrews's)
2392492569286 .
method s aldehyde or ketone being removed as a preliminary

to analysis by boiling with SN hydrochloric acid.

CARBON AND HYDROGEN were determined in the conventional combustion

traim,
, . 27328929
KETONES were ‘determined by the hypoiodate (Messinger's) method .

PLATINUM = was determined g‘avimetrica.ny by combustion to the metal,

HATOGENS (with the exception of fluorides) were determined by Volhard's

method, It is w7ell known~that solutions of >chloroplatinates do not yield
pure silver chloride on treatment with silver salt solutions and therefore
Volhard's method would not give the true chloride content,  During
p::'e1'.3.111:i.maﬂ1:y~ work on the chlordpl;'a.tinate of dimefhyl ketazine it was

noted that the solution im water decomposed on boiling (due to the
presence of hydrazine) with the formation of platinum black, This
suggested the use of Vhydravzine as a means of destroying the complex

anion prior to the estimation of halogen with silver nitrate, The
method employed was to dissolve the salt in water, if necessary, with

the aid of halogen free sodium hydroxide, boil and then add an excess

of 3% hydrazine hydrate solution, - The solution was then boiled to
coagulate the platinum, On occasion a few milliliters of sodium

hffdroxide were needed to complete the destruction of the anion, The
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excess of ¥ hydrazine hydrate solution (approx, 5 c.c. for 0.2 gn,
samples) added, The solution was then made alkaline with halogen
free sodium hydm:dde and 'béiled for a few minutes in order to
coagulate the platinmum which had precipitated,  The platinum was
filtered off and weighed, if desired, to check with the direct ’ |
combustion figure, The clear solution was made acid with nitric acid
and the halide determined by Volhard's method, | This technique was
checked using ammonium chloroplatinate and potassium chloroplatinéte

-wi'th the results showvn below:

Substa.rice ; - Chlorine 4
Found Calculated

(NH, )5PtClg 48,1 - 48,0

K, PtClg » ' 43,8 43,8

The method was extended by Pughzyz3 ~ to a variety of chloro- and bromo-
platinates, In all cases the solution after treatment contained the

whole of the originally covalently-bound halogen in ionic form,

FLUCRIDE was determined by the lead chlorofluoride method, This method
is empirical and precautions have to be taken to avoid excessive
solubility losses, Saylor and his co-workers .  have shown that
modifications of the method give results that can be high by as mich
as 3k; before deciding to use this method therefore a number of

methods were considered,

Most of the techniques described recently are for traces of
fluoride and were not entertained, Three methods other than the



42.

lead chlorofluoride method were considered:‘

() Gravimetric analysis precipitating the fluoride as calcium
fluoride, ' Solubility of the caloium fluoride is 16 mg/
litre as compared with 370 mg/litre for lead chlorofluoride,
The disadvantage is that the precipitate is gelatinous and

difficult to handle,

(4%) Precipitation as lanthanum flucride. Here also gelatinous
precipitate is obtained, Popov and: WendlandtmS
published a modification to fhis method while the work
described in this thesis was in progress. The modification,
even though it eliminated the gelatinous precipitate, was '
fairly involved, and no change in the method employed was
made, | | |

28
(4i1) Titration with thorium nitrate |, This method had been used

by Pugh and its use was contemplated., The end point of the
titration was not very precise however, Determinations of
fluoride on pure gallium trifluoride, trihydrate were made

using this method and the lead chlorofluoride method,  Tre

latter gave far more accurate results and was finally chosen,

Towards the end of the work describéd in this thesis, a high frequency
titration method was published by Dowdall, Sinkinson and Stretch s
This method enabled fluoride to be es'h;iznated rapidly and was tried on
conmotﬁds which had been analysed chemically. The method proved
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satisfactory when tried with sodium fluoride and hydrazine dihydro-
fluoride; but gave i:mccur_a'ﬁe results with the fluorogallates,
- possibly because of complexing of gallium and fluoride ions in

‘

solution,

CHIORIIE, BROMIDE and IODIE in the simple salts were determined by
Volhard's method, ‘a

HYDRAZINE was determined by the direct ioda-te titration (Andrew's)
method“’”’so’u. Difficulty was found in get'ha.ng the aromatic
compounds into solution, and hydzvlysis w::.th 5N’ sodium hydroxide was
sometimes neocesgsary. Aldehyde which interfered with the titration |
wa:sremavedasaprelimnazyto analysis by'boilingwith 5Nhydro
chloric acid, Reducﬁ.on of the platimm from the platz.nic to the
platinous state occurred on occasion and the titré obtained wa.s.
greater than that required theoretically, A correction factor

. (see Page 49) was used* for these titrations.

GALLIUM and INDIUM were determined gravimetrically, The salt was
evaporated 7-8 times with émcenu'ated nitric acid, heated strongly
" and weighed as the oxide,

PLATINUM was determined gravimetrically by combustion to the metal,

SULPHATE was determined gravimetrically after precipitation as
bariun sulphate,

=l

CARBON and HYDROGEN were determmed in the conventionzal combustion train,

823933934

KETONES were determined by the hypoiodate (Messingert!s) method .



(3) Preparative methods and analytical results.

(1) Helegeno-platinates of the aldazines and ketazines.

1 gn. of hydrazine hyﬁroéhloﬁ.de wag dissolved in'aquéous acetone
(2 cece acetone 2 CoCs Water), On adding a solution of chloroplatinic

acid (equivalmfb to 1 gm, platinmum) in water a precipitate formed,
Addition of excess acetone (Witimately 6 .c.c. were 2dded) yielded a .
orop of orange colowred crystals, These were dried under vacuum
over concentrated sulphuric acid, Yield 2 gmn, Analysis gave
N,E, 10,5; Pt 3L4; CL 35,7 Acotane ketezine chlcroplatinate
requires NH, 10,1; Pt 50,95 Cl 55,6% The salt melted at

- 157-8°C with active decompoéition to ‘give gas and sublimate, No

blackening was cbserved,

Bromoplatindc acid (equivelent to 0,25 gn, of platinum) was
dissolved in water and treated with excess acetone, To this
solution was added a solution prepared by neutralising -(to methyl red)
0.4 c.0s Of 60% hydrazine hydrate with 50% hydrobromic acid.

 After standing at room temperature for a few howre a orop of
éiystals resulted, These were washed with i-_c;. ¢, water containing
1 &qp ‘of hydrobromic aecid and 1 drop of ketone, ,_‘Yield, aftei' _ ’
dry::ing, 0.2 gm, The mother liquor was left in a aesiccafor for
48 hours &uring which time @mst a‘.‘Ll of the liquid evaporated.
After s‘bandx1g for 3 days a second m:'op of crystals was obtained.
On being dried the:.r colour chzmged from red-orange to yellow to -
grey-~black. . On being moistened they turned yellow and dlssolved.

-



ANALYSIS,
1st Crop: N,H, 18,55%,  Acetone ketazine bromoplatinate requires

N.H, 7.1; Pt 21.7; PBr 53,35,

The crystals were added to the mother liquor and excess acetone
added, The acetone was warmed until a2ll the solid had dissolved and
the solution allowed to cool, Brick coloured needles came down, These

were dried and analysed, Found: N,H, 6,8; Br 53,0%

2nd Crop:s Found N,H, 7.3; Br 58%, These figures looked

promising and the preparation was repeated on a larger scale,

Bromoplatinic acid (equivalent to 1.4 gm, of platihmn) was
evaporated down to dryness on the water bath and then taken up in
acetone, 2.3 c.c, of 60% hydrobromic‘ acid (S.G, 1.7) was added to
6 coc. Of water. 1 c.c. of 60% hydrazine hydrate was then added and
the: solutioh evaporated almost to dryness on the water bath, The-
concentrate was then dissolved in 2-3 c.c. of ace‘boné containing 5
drops of water, | The hydrazine hydrobromide golution was added slowly .
to the bromoplatinic acid solution -and' a red precipitate formed almost
immediately. The product was separated, washed with small quentities
of acetone and dried, Yield 4,25 gm,  fAnalysis gave N,H, 6,93
Pt 22,9; Br 54,56 M, pt. 82-84°C, |

Atterpts to recrystallise the above compound gave a yellow solid,
which did not contein hydrazine. (Tt was insoluble in hydrochloric
acid and water, but dissolved in warm ammonium hydroxide solution,

On being heated strongly colloidal platinum was precipitated from



the solution. When heated with agueous sodium hydroxide colloidal
platinum was formed, No effect on litmus was noted but a faint
smell of ammonia was detected, When the recrystallisation liquor
was evaporated almost to dryness a red product was obtained which
contained 7,8% hydrazine, = The proauct appeaiea to be the salt

sought, but was somewhat impure,

At a later stage attempts to obtain é. purer sample of the salt
using acetone ketazine instead of acetone and hydrazine were made,
The azine was dissolved in ether (i c.c. azine 4in 10 c.c.), cooled to
0°C and treated with bromoplatinic acid (1 gm.) dissolved in n-butyl
alcohol.‘ (The reason for using n-butyl alcohol as solvent is dis-
cussed belofv). A red powder precipitated immediately, this was
separated washed with ether, dried and analysed, Analysis éaVe'

' N,H, 8.7; Pt 22,9; Br 59%, giving a ratio of N,H, :Pt:Br of
2,4:1:6,5; i.e, the compound prepared by this method was less pure
than the one previously _o'btained.

DIETHYT, KETAZINE,

Chloroplatinic acid (equivalent to 1 gm, of platinum) dissolved
in 5 c.c. of water was treated with 1 gm, of hydrazine dihydrochloride,
Violent gas evolution took place and heat was liberated, Colloidal

platinum was formed in apprecisble amounts,

Approximately 1 c.c. of the ketone was added and the solution
cleared. The colloidal platinum was removed and a further 1,5 c.c,

of ketone was added, The solution was allowed to cool, A crop of
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crystals formed and was separated. These crystals contained colloidal
platinum, On the mother liguor being left in the.refrigerator over-
night a second crop of crystals was obtained, These were separated
and the mother liquor was allowed to evaporate slowly, initially at
room temperature and then on the water bath, A third crop of. product

was obtained,

On analysis the first crop gé.ve a negligible hydrazine titre. The
second crop contained between 12.7 and 13,7% hydrazine, different-
samples giving different values, The third sample had 19, 6% hydrazine,

The second crop was washed thoroughly with aqueous acetone and dried
under vacuum. Analysis gave N2H4 13.2; Pt 56; Cl 31.2%,  This gave

aratioof NH, tPt $CL :: 1.5 :1:8ar$ s2 ¢ 6,

Testing with dinitrophenylhydrazine gave negative results i.,e. no

ketone present,

The preparation was repeated using hydrézme moriohyﬁroc’hloride
instead of hydrazine dihydrochloride, the ketone being added this time

at the beginning of the preparation.

1 gn, of platinum as chloroplatinic acid was dissolved in water
and 0,5 c.c. o‘f the ketone was added., On adding the ketone the solution
became ice cold, This solution and the hydrazine monohydrochloride
solution were mixed and a large volume of gés was _givén off, A& yellow
powder (4) came down and some colloidal platinum was seen, The

solution had become quite werm at this stage,
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The powder was separated and a further 0,5 gm, of hydrazine EONo=-
hydrochloride added. The solution was allowed to stand and crystals
separated, The mother liquor was left in the refrige:;-ator for 12 hours
end a further orop of product was obtained, These two crops were com-
bined and treated wlth excess ketone; a change in structure appeared to
take place, The resulting crystals (B) were filtered off, washed with
ketone and aﬁed under- vacuun for 1 hour, On being removed from the
desiccator a strong smell of hydrochloric acid gas was noticed. The

crystals were stored in a desiccator over sulphuric acid,

| On analysis Crop (4) gave N;H, 22% and 24.8% on separate
samples, and Cl 61%, Crop (B) gave N;H, 15.2; Ol 34.1%,

[(N,H, );PtCl, requires WN,H, 15.8; Pt 48.8; CL 35,3%¢]. The compound
was dried for a furtbher 8 hours under vecuum and ré-analysed. Found

Pt 44,3; Ol 33,2%

The hydrezine titrationé were done with some difficulty as the
pink coloration in the car'b§n tetrachloride layer (éolowless at end
point) kept on returning, Ultimately after adding small quantities
of iodate over a period of hours no pink coloration returned after
45 minutes, Initially N,H, was found to be 16.9%, on the second and

more slowly done titration 17,7% of hydrazine was found to be present,

During the titration with iodate the following reactions are

possible:

34 4

Pt =+ Pt w2

NoH, > N, +48" 4 4e
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As two mols, of hydrazine were present, eighf electrons would have been
involved in the oxidation, i.c. a total of ten electrons were transferred.
Assuming that 4/5 of the titre was due to the hydrazine, the hydrazine
percentage was recalculated to be 14,2%. Taking 1/5 of the titre as
being due to the gatinum, the datinum percentage was determined and

found to be 44.1%, This agreed with the 44,3% found by direct com-

bustion.

The chloride was then re-determined using a modified Volhard
titration with nitrobenzene used to coagulate the precipitate, .
Chloride was found to be 34%,

The mother liquor was left in the deep freeze (=10°C) for three
weeks and a very small crop of crystals (0,36 gm,) was obtainéd, On
analysis these gave: N,H, 15.7; Pt 33.4; Cl 35,6%  The hydrazine

titration was again very slow,

At this stage it was decided to repeat the preparation keeping

the solutions at 0°C,

Chloroplatinic acid (equivalent to 1 gm, platinum) was dissolved
in 5 c.c. of water and 1 c,c. of the ketone added, The solution was

warmed for a. few minutes and then cooled in melting ice,

0.8 gm, of hydrazine monohydrochloride was dissolved in 1 c.c, of
water and 1 c.c, of the ketone added, This mixbure was boiled for a
few minutes, allowed to ¢cool to room temperature and then cooled to 0°C,
When both solutions had cooled to 0°C, the hydrazine hydrochloride



50,

solution wag added to the chloroplétinate solution, Small quantities
were added at a time, the solution being cooled between additions,

The ketone layer became brown in colour after the first addition and
successive additions caused vigorous gas evolution, Vhen all the
hydrazine hydrochloride solution had been added the mixture was

shaken thoroughly and placed in the deep freeze, After 2-5 hours the
upper ketone layer contained a greyish precipitate and a few crystals

had appeared in the lower layer,

After being left in the deep freeze overnight, the ketone layer |
had become black' in colowr and there was an appreciable quantity of
crystals in the lower layer, The solutions were allowed to stand at
room temperature and the ketone layer separated. The liquor of the
bottom (aqueous) layer was decanted, and on standing a second crop of

crystals appeared;

The first crop of crystals contained some colloidal platinum,
These were dried in a.:n.r and analysed, The hydraz:me titrations were
again slow and different samples gave respectively 15,9, 15,4 and
14,2% NpH,; Pt, on combustion was 44,9%, taking one fifth of the
lowest hydrazine titre gave 43.4%. Cl was found to be 35,5%,

Teking the highest platinum and hydrazine wvalues, we get a total of

96% and a ratio NyH, : Pt : Cl of 2.1 : 1 ¢ 4.4,

The second crop was analysed and gave N H; 14; Pt 39.4
(4itration), 48,2 (caombustion); Cl 39, 2-44%,

At this stage of the worl it was thought that better results
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might be obtained if bromoplatinic acid were used instead of chloro-
platinic acid. = On the one hand,a larger molscular weight would reduce
slight variations in the calculated percentages required, and on the
other, bromide could be determined more easily and accui-ately' tham
chloride by the Volhard's titration, |

Bromoplatinic acid (gquivalent to 2 gm, of platimm) dissolved im
50% hydrobromic acid was cooled in melting ice and treated with 2,5 c.c,

of the ketone.

0.8 c.c. of 60% hydrazine hydrate was acidified (to methyl red)
with hydrobromic acid and was then treated with 2.5 c,c. of the ketone,
The indicator turned yellow during the addition. The resulting

solution was cooled in melting ice,

The solutions were mixed slowly, the temperature being kept at 0°C,
A brick red product precipitated almost immediately. This was .- |
separated, washed with eter and dried. Yield 4.95 gm.  The product
dissolved readily in weter with some gas evolution and slight reductiom,
Positive results were obtained on testing for the presence of kétone
with 2.4.dinitro-phenyl hydrazine, On being heated the amorphous
product blackened at 135° and decomposed at 170°, Analysis gave
NoH, 6.4; Pt 2..7; Fr 56%. The bromoplatinate of the hydrazone
 of diethyl ketone requires NyH, 7.3; Pt 22,2; B 54,7

As what appeared to be the bromoplatinate of the hydrazone had
been prepared, a further attempt was made to prepare the chloroplatinate.
This time water was eliminated as far as possible,
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Chloroplatinic acid (equivalent to 1 gm, of platinum) was evaporated
to dryness and then taken up in 16 drops of concentrated hydrochloric
acid, The solution was cooled in melting ice and when cold 1.2 Ce Co
of diethyl ketone added, The solution was kept at 0°C, |

_ , _
0.6 c.c. of 60% hydrazine hydrate was made acid (to methyl red)

with concentrated hydrochloric acid, cooled in melting ice and 1.2 c,c,

of diethyl ketone added,

The hydrazine hydrochloride solution was added to the platirum
~ solution, the mixture being kept at 0°C, Then approximately half
the hydrazine solution had been addegi, vigorous gas evolution took
place and when approximately three-quarters of the solution had been
added an orange precipitate began to separate. Precipitation was
complete a few minutes after a2ll the solution had been added, The
precipitate was filtered off, washed with 1 c. ¢, of the ketone, dried -
between filter papers and then sun-dried for 30 minutes, The yield
was 0,95 gm,3 o second crop (yield 0,4 gn.) came down subsequently,
The salt gave a positive reaction with d.n.p, reagent and dissolved
in water with vigorous .gas evolution, On heating it darkened at
120°C and melted at 187-188°, Analysis gave N,H, 10,43 Pt 34.5;
Cl 34.8%  The chloroplatinate of the hydrazone of diethyl icetone
required N,H, 10,5; Pt 52.1; Cl 35.1% The high platinum value
| found could be due to tr;aces of colloidal platinum being present,
This would also explain the other analyses giving slightly low
results,
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ETHYTMETHYL, KETAZINE, | ‘o |

Preparation of the bromoplatinate was attempted first, 1.3 gm.
of the ketone was added to 1 c.c, of 60% hydrazine hydrate and the
mixture cooled to 0°C, Bromoplatinic acid (equal to 2 gm. of platinum) )
wa.s evaporated. to dryness and dissolved in 7 c,c, of the ketone con-~
taining 5 drops of 50% hydrobromic acid, This solution was also

cooled to 0°C,

The solutions were mixed, end the ketone allowed to evaporate
slowly., After 24 hours an oil had separated, Over a period of a
few weeks a number of orops of solid material were obtained, Crop 1
(yield 0.25 gm,) and Crop 2 (yield 0,89 gm. ) both gave on analysis
N.H, 4,64; Pt 29,43 Br 42,65 . These added up to 76,6% and gave &
ratio of N;H, ¢+ Pt ¢ Br as 1': 1 : 3,2, The difference was

assumed to be H,0 (equivalent to 8,6 mols, ).

The third crop (yield 1.3 gm.) gave a different vanalysis viz,
NyH, 9; Pt 36; FBr 51,8%  These gave a total of 96,8% and the ratio
N.H, et Pt ¢t Br as 3 : 2 ¢ 7, The difference could have ‘been two
mols, of water, This appeared to be a covalent compound, (cf.
discussion below), but definitely was not the salt sought.

An attempt to make the chloroplatinate by treating 1 c.c. of the
already characterised azine with 1 gm, of chloroplt_a.‘bim‘.c acid in |
ah.hydrous ether also proved unsuccessful, A yellow oil separated
which was dried under vacuum and on analysis appeared to be unchanged
chloréplatinic acid, On repeating this preparation a brown-red
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amorphous product was obtained which decomposed in the temperature
range 181-186°C, All attempts at recrystallisation led to reductiom

of the product and the formation of colloidel platinum,

At a later stage in the work a further attempt was made to prepare
the bromoplatinate using the ketazine in the presence of excess ketone
and n-butyl alcohol as solvent,

2 c,c. of the ketaz:.ne and 5 c,c., of the ketone were dissolved in
20 c,c, of ether and were cooled to 0°C. 1 gm. of bfomoplatinic acid
in n-butyl alcohol was added, There was immediate formation of what
appeared to be a fine orange precipitate (which could not be filtered)
and also a viscous red oily layer which settled to the bottom of the
dish, On stending overnight the ether evaporated leaving a clear
orange coloured solution, The "precipitate" in all probability had
been an emulsion, Adding ether did not reproduce the emilsion,
The orange solution left im. the deep freeze for some weeks did not
yield any solid product. The preparation was repeated with similar
results except that formation of the emilsion was obvious. The
solution was mixed with that from the previous preparation and 'both
heated on the water bath, A viscous oil resulted which 'd.id not
solidify even on prolonged standing,

Di.-n-FPROPYL, KETAZINE,
0.3 c.c, of 95% hydrazine and 2,66 c,c, of ethyl methyl ketone
were dissolved in absolute ethanol, A solution of bromoplatinic

acid (equivalent to 1 gm. platinum) dissolved in absolute ethanol was
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added, Vigorous effervescence took place even though the solutions

were kept at 0°C, and colloidal platinum came down which was removed.

On standing overmight a yellow powder intimately mixed with
colloidal platinum was obtained, On slow evaporation of the solvent |
a viscous oil resulted, which di‘ied to give a "scaly" product, Vater
was added and some gas evolution tbok place with the formation of a
red-orange solution, A few c.c, of e'_l:hariol were added and the solutioﬁ
heated on the water bath and then allowed to stand at room temperature.

After standing for 5 weeks a few crystals made their appearance,
but the crop did not increase during the course of a further 2 weeks,
The solution was finally taken to dryness under vacuum in the presence

of concentrated sulphuric acid,

On opening the desiccator fumes of HBr were noticed. A small
yield (0.09 gm,) of mauve crystals were obtained which deliquesced on

being exposed to the air,

A few crystals were dissolved in water. This solution deposited
a ia.rge amount of colloidal platinum on being reduced with hy'draziné
in the presence of sodium hydroxide. An appreciable quantity of red
precipitate, showing the presence of bromoplatinate, was obtained on
treating the solution with silver nitrate in the presence of nitric
acid. Negative results were cbtained on treating the solution with
benzaldehyde or iodate solution and Iassaignes test showed the absence

of nitrogen, Hydrazine therefore was not pi'esent.
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On heating no charring or other indication of oréa.nic constituents
was noted, and testing with dinitro phenyl hydrazine reagent showed the
sbsence of ketone, Analysis gave Pt 25,9, Br 537, The melting point
was determined as 55-56°C, H,Pt Bre.6H;0 requires Pt 23,3, |

Br 57,3% and melts below 100°C,

i“m:"bher a;ttempfs to prepure the salt were made by dissolving 0,35 c.c.
of the ketone in 10 c,c. of ether and adding 0,63 c.c. of 60% w/w
hydrezine hydrate, Vhen 40 hydrobromic acid was added to acidify the
solution hydrazine hydrobromide precipitated,

Adding bromoplatinic acid to the ketone/hydrazine solution led to

reduction with the formation of colloidal platinum,

» Attempts to make the chloroplatﬁate by dissolving 1 - 2 c,c, of
n-propyl ketazine in anhydrous ether and then adding 1 gm. of chloro-
platinic acid in 5 c.c, of ether (containing a few drops of conceﬁtrated
hydrochloric acid) also proved unsuccessful; even when the solutions
were kept at 0°C, The only product isolated was hydrazine hydrochloride

contaminated to a greater er lesser extent with chloroplatinic é;cid.

OTHER ALIPHATIC KETAZINES,

| Attempts to prepare complex chloro- or bromoplatinates from methyl-
n-propyl ketazine; methyl-iso~propyl ketazine and meﬂwl-di—iso—propyl
ketazine proved unsuccessful, In all cases reduction tock place after

the zddition of a few drops of the acid solution, /
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BENZATLAZTNE,

Bromoplatinic acid (equivalent to 0,5 gm, of platinum) was dis-
solved in absolute ethanol and the solution treated with 0,7 c.c. of
60% hydrazine hydrate dissolved in an excess of benzaldehyde, A
red~-orange Product-separated which was filtered offf, washed wlth ether

and allowed to dry. Yield 0.8 gm, = Melting point 188-190°C,

Analysis, gave N,H, 5.6; Pt 16,4; Br 48,1%  Benzalazine
bromoplatinate requires N,H, 5,9; Pt 19,9; Br 45,8%

The preparation was repeated using as starting materials bromo-
platinic acid (equivelent to 0,5 gm, platinum) in absolute ethanol

and 1 gm, of benzalazine dissolved in absolute ethanol,

A red4ora,11ge product was obtained which was washed with absolute
ethanol and dried, Yield 1 gm. A second crop (0.4 gm. ) was
obtained on evaporating the mother liquor, Analysis gave N;H, 5.9;
Pt 18,35 Fr 44,1%  These crystals melted at 187-189°C,

ACETOPHENONE AZINE,

1 gm, of acetophenoneazine was .dissolve,d in 30 c,c, of warm benzene,

Bromoplatinic acid (equivelent to 0.5 gm, platinum) dissolved in 30 c.c.
of 50% hydrobromic acid was added, |

A yellow-brown product was obtained which was washed with ether,

dried between filter papers and left under vacuum overnight,

On examination through the magnifying glass the product was seen
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to contain amall particles of colloidal platinum, As much of-the
platinum as possible was removed by hand, and the remainder of the

powder was mixed very thoroughly.
\ .

The powder which was not very soluble in water, decomposed in
hot acid depositing colloidal platinum, It gave positive results
on being treated with dinitro phenyl hydrazine reagent and melted
sharply at 178-180°C,

Mnalysis gave NyH, 3,6; Pt 11,2; Br 38,8% which gives the
ratio NoHy ¢ Pt ¢t Br ¢: 2 ¢ 1 ¢ 8,6, The total percentage, however,
was short of 10075 even when allowance for ketone content hdd been made,
Tt seemed likely that the difference was water. Heating Ori-gi, for

1 hour at 110~115°C resulted in a 35, 7% loss in weight. Reanalysing
gave Br 34%, i,e, bromine had also been lost during the heating,

N,H, and Pt were re-determined and found to be 6,1 and 16,1%

respectively.

Acetophenoneazine bromoplatinate required N,H, 5.6; Pt 17;
B 41, 8%,. and it seemed that this might be the correct salt, but
very impure, 0.5 gm, of pla.tiﬁwn as bromoplatinic acid was dissolved
in sbsolute ethanol and added to 1.8 gm. of the azine dissolved in
"Analar" benzene, A small quantity of solid separated during the
addition, but no appreciable increase was noted on leaving the
solution standing overnight. The bottom layer had becbme very

viscous,



59,

L

The solution was evaporated almost to dryness on the water 'bé.'bh,
a few drops of hydrobromic acid added and the solution lef't standing

for a few days.

A dark brown (tinged with orange) solid resulted,  This was
filtered off, washed six times with benzene, four times. with ethanol
(in which it was slightly soluble) and finally five times with ether.
The product was dried between Pilter pepers and left wnder vacuum for
48 hours.

t

On heating it melted to give a tarry product and then gave off
pungent white fumes (very sim:ilai‘ in character to those obtained when
heating the product obtained in the previous preparation), Platinum
was found to be 26.9%.

| Hydrazine and bromine could not be determined a.é the substance
 was almost insoluble. Refluxing with a 1:1 concentrated hydrochloric
acid-water mixture for four hours did not ‘decompose the product, The
‘freparation was repeated , onees again in the presence of aqueous

hydrobromic acid,

1.8 gn, of the azine was dissolvéd in 50 c.c. of benzene, 2 c.C.
 of 40% hydrobromic acid in 10 c.c. of water and 0,5 gm, of platinum

(as: bromoplatinic acid) in ethyl alcohol were added and the mixture
heated on the wata' bath, On heating a viscous pi‘oduct formed which
settled to the bottom of the dish., The supernatent liquid was decanted
into another evaporating basin and both solutions allowed to stand, |
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A mixture of yellow c:ys‘b_als, brown crystals and a brown oil
resulted from the viscous product, The yellow crysta.is proved to be
unchanged azine {contaminated to some extent) while the brom pfoduct
and the oil did not give congistent repetative analyses,

At this stage it was decided to.repeat the preparation by the
original method, namely, in the presence of a large qﬁahtity of aqueous
. hydrobromic acid,

1 gm. of the azine was dissolved in 30 cec. of benzene, 0.5 gm. of
pletimm as bromoplatinic acid was dissolved in 30 c.c, of 40% hydro-
bromic acid, !I.’nis.;solutio'n which appeared to contain same colloidal
platimm was Filtered and then added o the benzene solution, A
yellow-brown product was obtained which was seperated, washed three.
times with benzene, once With 40% hydrobromic acid and three times
with water. It was then dried between filter papers and left under |

vacuum in the presence of concentrated sulphuric acid for 48 hours,

AN

Yield 0,15 gm, Melting point 169-171°C, Flatinum content 12,14%
The compound was heated at 100-110°C for 43, hours and & loss of weight
of 27,5% occurred. There were no obvious signs of decompositio_n,‘ the
colour, however, changed to a dark brown. The new melting point wes
found to be 138~140°C and the 'bronune content only 16.5%. This pr.oduct
obviously was not the salt sought,

The preparation was repeated with 0,6 gm. of azine in 10 c,c, of
benzene, 20 G.c. Of 40% hydrobromic acid was added and the mixture
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treated with 1 gm, of bromopiatinic acid in 20 c.c. of water. There
was no apparent reaction and on eveporation an oil formed which would

not solidify,

At this stage it was thought that if a solvent could be found for
the bromoplatinic acid which would not decompose the azine, a purer
product might result, As the acid dissolved in ethanol, higher

alcohols were tried,  n-Butyl alcohol proved a suitable solvent,

Tt was also decided to use the ketone as solvent for the azine

in order to further reduce the chance of decomposing the azine, The

equilibrium
o Q

_\C-:N-N’:G -+ 2 K0 & 2 C=0+ NH,
/ AN /

CH, CH, CH

would tend to be kept to the left if water were reduced to the minimm

and acetophenone present in excess,

0.6 gm, of the azine was dissolved in 35 c,c., of acetophenome,
1 gm, of bromoplatinic acid (made by treating platinic bromide with
hydrobromic acid and then evaporating to dryness) was dissolved in

35 c.,c, of n~butyl alcohol,

The acetophenone solution was placed in melting ice and set solid.
(Acetophenone melts at 19,7°C), It was allowed to thaw and the

bromoplatinic acid solution was stirred in, The two solutions were
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| perfectly miscible and there was no apparent reaction.

The mixture was left standing overnight and a red solid separated
which was filtered off, washed four times with ether and dried under
~vacuum in the prese'noe‘ of concentrated sulphuric acid, Yieid 0,42 gm,
Melting point 190-191°C, Analysis gave I,E, 5.6; Pt 17.1;

Br 42,5%. Acetophentneazine-bromoplatinate required N,H, 5.7;
Pt 17.3; EBr 42,5%.

Attempts to meke the chloroplatinate proved unsuccessful , the
only proauct which could be isolatéd was impure hydrazine dihydro-~
chloride, This was probably the least soluble of all the products

present in solution.

EENZOPHENONE AZINE,

-1 gn, of bénzwlzénone was dissolved in 80 c.c, of chloroform.
0.7 gm, of the benzophenoneazine hydrochloride previously prepared was
added, but d:l.d not dissolve to any appreciable extent. 15 c.c, of
nitrobenzene and 5 c.c. of n=butyl alcohol were added and the mixture
| heated on the water bath for one hour. During this period most of
the agine dissolved, The hot solution was filtered as rapidly as
possiﬁle and 1 gm, of chloroplatinic acid,dissolved in ether added,
After standing for three hours a yellow oil separated which gave a
small yield of white powder on being left overnight. The powder proved
to be hydrazine hvdrocl'ﬂ.oridé. The filtrate was left in the deep
:E‘reéze for 10 days, but no further solid product precipitated, It was

then heated on the water bath and a viscous oil was obtained which
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could not be induced to solidify,

An attempt was subsequently mede to prepare the bromoplatinate,
5 gm, of benzophenone was dissolved in 60 c,c, of chloroform and - .
0.5 c.c. of 95% hydrazine added, The mixture was heated under refiux
for 1 hour, and a cloudy solution resulted, This was allowed to stand
for 12 hburs and then cooled to 0°C, no solid product separated., 1 gm.
of bromoplatinic acid dissolved in n-butanol was then added, The
solution became more milky and then developed a brown (milky coffee)
colour, A few drops of hydrobromic acid were added and a yellow
powder, which proved to be hydrazine dihydrobromide contaminated with

bromoplatinic acid, separated,

ACETATDAZINE,

2 c.c, of é.ce'ba.ldaz:i.ne and 5 c,c, of acetaldehyde were dissolved
in 20 c.c, of ether and the solution cooled to 0°C, 1 gm, of bromeplatinic
.acid dissolved in 5 c,c, of n-butyl alcohol was added, Immediate |

precipitation of an crange powder took place,

The powder was filtered, washed five times with ether and left
under vacuum over concentrated sulphuric acid overnight., Yield 0.8 gm,

Analysis gave Pt 19,0; Br 45.4%.

Todate gave an immediate titre equivalent to 3,035 of hydrazine,
i. e, 1 mol, The pink colour in the carbon tetrachloride lé.yer came
back slowly, and small additions of iodate brought the value up to
5.1% Repeating the hydrazine determination, after ensuring that all
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the aldehyde had been removed by boiling with concenﬁa‘bed hydrochloric
acid gave an immediate titre equivalent to 3,05%, Additional amounts

of iodate were added until no pink coloration returned after 24 hours,
This titre waa. again assumed to be both hydrazine and platinum, 4/5ths of
the titre gave NoH, 6.3% and 1/5th gave Pt 19%,  This latter figure
agreed with the value found by combustion,

A combustion ana.‘lysis for carbon and hydrogen geve the following
C 18.1; H 3.3% The total percentage did not add up to 100%, the

difference, however, might be explained by the presence of oxygen,

The preparation was repeated as follows, 2 c,c. of acetaldazine
and 5 c.c, of acetaldehyde were dissolved in 20 C.Ce Of ether, and
cooled to 0°C, 1 gn, of bromoplatinic acid in 10 c.c. of n-butanol was
a.t}ded slowly., There was immediate precipitation of an orange powder.
Yield 0,9 gm, I, pfc. 106-107°C,

The hydrazine determination, as before, was done with some difficulty.
Half the final figure was obtained almost immediately, the remainder of
the hydrazine reacting very slowly, The final addition of iodate was

mede some 24 hours after the ’_citratibn wés commenced,

On heating a solution of the compound to = 80°C the titration took
only a few minutes and a hydrazine value of 6,0% was obtained, (4

" possible explanation for ‘the slow titration is given below),

Analysing for the other elements present gave the following results:
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Pt 18,5; B 45,4; C 19,8; H 3,5%, These give the following ratio.
NH, : Pt s Br :C ¢ Hs 221,98 :1:6 : 17,4 = 36,5, i,e., there are

either four or five extra acetaldehyde molecules present,

‘ \c N-N= 0] :lPtBra 5CHyCHO requires N,H, 6,0;
Pt 18.3; Br 45; C 14.6; H 3.6%

With the exception of the carbon these figures agreed with those deter-
mined experimentally, No explanation for the low carbon figure could
be found, |

Attempts to make other salts of acetaldazine had shown them to be
decomposed by the smallest traces of water or of free acid, To see
whether acetaldazine would give a bromoplatinate under agueous/acid

conditions, the preparation was repeated as follows,

1 c.c, of acetaldazine and 2,5 c.c, of acetaldehyde were dis-
olved in 10 c,c, of ether and cooled to 0°C, 0.5 gm. of bromoplatinic
acid were dissolved in 10 c,c., of 50% hydrobromic acid, The solutions
were mixed and bwo immiscible layers formed, The addition of 10 c,c.
of abgolute ethanol, however, resulted in a homogeneous solution,

On standing for 72 hours‘ a few red crystals mande their appearance,
The crop did not increase on standing for seven days., Attempts to
concentrate the solution were unsuccessful, Heating the solution led

to decomposition with the formation of colloidal platinum,
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PROPIONALDAZINE,

5 c,c, of propionaldehyde in 20 c.c, of ether was treated with.
0.5 c.c, of 64% hydrazine hydrate., On adding the hydrazine solution
a. vigorous >rea.ction took place, The mixed solutions were cooled to
0°C and 1 gm, of bromoplatinic acid in n;-'buty'l alcohol was added,
There was immediate precipitation of an orange powder. This ﬁvas
filtered off, washéd four times with ether and dried in air, Yield

0,9 gn, M pt, 78-79°C,

In the cold the hydrazine solution was again very slow, werming
the solution to 80°C ensbled the titration to be completed within a

few minutes,

Mnalysis gave the following results:s N,H, 6,0; Pt 18,7;
B 45,03 C 21,4; H 3,7 This gives the ratio N2H4 Pt Br
: $¢2:1 618 : 38y i,e., there appear to be two ald.ehyde

molecules more than expected,

CHeCHy __
[ SC=N-N= C :l PtBrs . 2CH,CH, CHO requ:xres
B 54

2 NyH, 6.3; Pt 19,2; Br 47.3;

C 21.3; H 3.7
Infra-red spectra were taken of these compounds which showed that the

extra aldehyde molecules were not present as free aldshyde. The
results of the infra-red analy: es are discussed below,
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n~BUTYRALDAZINE, |
| 0.4 c.c. of n-butyraldehyde was dissolved in 10 c.c. of ether and
treated with 0,12 c.c, of 647 hydrazine hydrate. The mixture was
cooled to 0°C anhd bromoplatinic acid added, Reduction took place

with the formation of colloidal platinum,

The preparation was repeated using an excess of the aldehyde,
0.8 c.c. of hydrazine hydrate was added to 5 c.,c, of the aldehyde
disolved in 10 c,c, of ether, 1 gm. of bromoplatinic acid sdis=
solved in n~butanol,was added. There was no apparent reaction,
No product was cbtained on prolonged standing, Heating the solution

led to decomposition,

MIXED AZINE FROM ACETOPHENONE AND EBENZALDEHYDE,

The simple salts of mixed bases had been made by treating a mixture
of the azine of the aldehyde and excess ketone with halogen acid, The
"mixed base" salt being the least solu'bie had separated from the

equilibrium mixture (see below),

As the bromoplatinates of acetophenoneazine and benzalazine Iha.d
similar melting points, 190-191°C and 187-189°C respectively, and as
their analyses did not differ appreciably it was decided to make the
hydrazone of acetophenone and then to treat this with benzaldehyde and

bromoplatinic acid rather than use an equilibrium mixture, ‘.

The hydrazone was made (cf, J.C,S, Abstracts, 1935, pg. 1891) by
digesting a mixture of acetoj:henone (10 gm, ) with hydrazine hydrate
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(8 gm, ) and some sticks of barium oxide for three days on the water bath,
More barium oxide was added and then five volumes of ether. The

suspension was filtered and the filtrate fractionated,

The 240-260°C" fraction was taken and treated with 10 gm, of
benzaldehyde and 2 c.c, of chloride free 2 N sodium hydroxide (cf,
J.C.S, Abstracts 1892, Part I, pg. 451). A yellow oil resulted,
colloidally dispersed, 15 c.c, of this colloidal dispersion was
takgn,. cooled in melting ice, and treated with a solution of 0.5 gm.
of bromoplatinic acid dissolved in n-butyl aleohol, After 1 - 2
minutes an oil started ‘l;.o separate and 5 c,c, of 50% hydrobromic acid

was added, After an hour an appreciable quantity of oil was present.

The oil was left in contact with the mother liquor overnight and
a crop of red crystals were obtained, The crystals were separated,
washed three time with ether and dried in the sun, Yield 0.31 gm.

M, Pt. 214-216°C, Analysis gave N;H; 5.0; 15.1; Br 37.4%.

Ce ¥ B
[\ :C-.:Né- =C: Pt Brg required N;H;, 5.0; Pt 15,23
_ CBX-J
: 2

CH, H
Br 37.4%

{ Benzalazine bromoplatinate

M, Pt, 187-189°C, N,H, 5.9; Pt 17.9; B 43.80%

Acetophenoneazine bromoplatinate

M. Pt, 190-191°C, N,H, 5,6; Pt 17.9; Br 41.8%}
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Mixed az:x.ne ﬁ'om Acetone and Acetaldehyde.

4 c,c, of acetaldazine and 2,5 c,c, of acetone were dissolved
in 20 c.c. of ether, After being cooled to 0°C, 1 gm, of bramoplatinic
acid dissolved in n-butanol was added, There was immediate pre- |
cipitation of a red-orange product., The product was separated,
washed four times with ether and dried in air, Yield 0,8 gm, M. Pt,
94~96°C, Analysis gave N,H, 6.3 (¥ of titre); Pt 19 (% of titre),
18,8 (combustion); Br 41, 8%

- CHy __ _E |
4 C=N-N=C ~ Pt Brg, required NH, 6,2; Pt 18,9;
CH, ©~ H CH,
2 Br 46,45%
The bromine figure was very low, The preparation was repeated, this

time using acetone ketazine and acetaldehyde as starting materials,

9 c.Cs Of acetone ketazine and 1 c.c, of acetaldehyde were dissolved
- in 10 c.c. of ether and cooled to 0°C. 1 gm, of bromoplatinic acid in
n-butyl alcohol was added. A red oil separated immediately, -  The
mother liquor was decanted and the oil washed three times with 10 c.c.
lots of ether and left under vacuum for 24 hours, It was then allowed
to stand at room temperature, All ‘attempts to induce crystallisation

over the course of two months proved unsuccessful,

. Mixed szine from Acetane and Benzaldehyde.
1,2 gm, of benzalazine and 2 c,c, of acetone were dissolved in
20 c,c, of ether and the mixture cooled in melting ice. 0,5 gm, of
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bromoplatinic acid in n-butancl was added, There was immediate preci-
pitation of orange product. On standing for a féw minutes a second,
coléurless, gelatinoug precipifate made its appearance, The
precipitate dissolved on. the addition of ether, The orange precipitate
was filtered off, washed six times with 15 c.c, portions of ether and

dried under vacuum,

lnalysis gave NyHy 9.7; Pt 8,8; v 25,1% This gives a ratio
of NoHy: Pt B a8 6,8: 1 ¢ 6,4, The bromoplatinate of the mixed

azine required N,H, 6.4; Pt 19,6; Br 48,2%,

Attempts to purify this compound led to aecoug:osition. The
product was probably a mixture of more than one azine salt,

Mixed szine from Acetaldehyde and Acetophenone,

2 c,c, of, acetaldazine and 1 c,c. of acetophenone were discolved
in 20 c,c, of ether, cooled to 0°C and treated with 0,5 gm, of bromo-
platinic acid dissolved in n-~butyl alcohol,

The solution became cloudy and an orange oil separated., | On
standing necedles formed which were washed with Watei (four times),
acetone (twice) and ether (twice). The crystals melted at 121-122°C
and on analysis proved to be acetophenone azine, i.e., of all the possi'ble

products the acetophenoneszine is the least soluble,

Mixed azine from Aceteldehyde and Benzaldehyde,

‘2 c,c. Of acetaldazine and 1 c.c. of benzaldchyde were dissolved
in 10 c.o, of ether and cooled in melting ice, On being treated with
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a solution of 0,5 gm, of bromoplatinic acid dissolved in n~butanol, a
viscous red oil separated. No solidification occurred on standing far
five days. The oil was then heated on the water bath, A solid mass
formed which did not give repetitive analyses,

i

Mixed azine from Acetophenone a.nd Acetone,
1 gm, acetophenoneazine was dissolved in a mixture of 30 c.c,

acetophenone and 30 c.c, acetone; The mixture was cooled to 0°C and
treated with 0,5 gm. of bromoplatinic acid dissolved in n-butyl
aleohol, A clear liquid resulted which did not yield a product even
' on prolonged standing, VWhen heated on the water bath é. viscous oil
separated which could not be induced to solidify.,

~ Attempts to make simple salts from acetophenonsazine-acetone
mixtures had proved unsuccessful (see above), and attempts to prepare
the free base from the hydrazine of acetone and acetophenone yielded

acetophenoneazine,

Attempts to make simple _éalts of aliphatic ketazines had lead

to ring closure in some instances (see above), The ring closed

products, however, had not yielded salts with chloroplatinic acid,

Pyrazoline was prepared and treated with the halogeno platinic
acids and salts were obte.iﬁed. Details of these preparations are not

given as the results of a fuller investigation of the salt forming
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properties of the 3 : 52 5~trimethyl-82-pyrazolinium ion and of the
3¢5 5-tﬁ.methy1-1—isopropylidene-ﬁa-pyrazolinimn ion undertaken by

v a7 ,
the late Professor W, Pugh have already been published

Condensation products of aldehydes and ketones with salts of some
. substituted Az-pyrazolineé and hydrazines were subsequently investigated -
by Lamchen, Pugh and Stephen. The results of this research have also
been publishedaa. | |



(i) Simple salts of ketazines.
ACRTOPHENONE AZINE,

0,5 gn. of the azine was dissolved in dry ether and dry hydrochloric
acid gas was passed through tiae solution for 5-10 minutes, A white |
crystalline_ solid separated, This was washed with ether and dried,

M, pt, 132-134°C, Analysis gave NH, 11,8; Cl 13,4% NN' di
(1~phenyl ethylidene) - hydrazinium chloride (methyl phenyl ketazine
hydrochloride) requires N,H, 11,7; Cl 13,0%  The salt hydrolyses

easily and fumes in air.

0.44 g. of the azine was dissolved in ether and treated with a
stoichiometric quantity of 98% sulphuric acid in ether, A white
erystalline solid separated, which was washed with ether and dried over

sulphuric acid, M, pt. 125-126°C,

Analysis gave N,H, 9,8; S0, 29,4%, NN' ai (1 phenyl ethylidene)-
hydrazinium hydrogen sulphate (methyl phenyl ketazine hydrogen sulphate)

requires N,H, 9.6; SO, 28,8%.

m-NITRO ACETOPHENCNE AZINE,

Approx, 0,3 g, of the azine was dissolved in a suitable solvent,
warm xylol, and dry hydrochloric acid gas passed through the solution
for 5-10 minutes, The solution became cloudy initially, but cleared as
the gas bubbled through, On standing no product precipitated. This
might have been due to insufficient hydrochloric acid gas being
dissolved in the xylol, The procedure was repeated using nitrébenzene _

as solvent, Here again no product was obtained,
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. The hydrochloric acid ga..e.;. wa.s 'boiled off and a few cubic centimetres
of 48% hydrobromic acid were added, There was no appercnt reaction at
the interface betwsen the aqueous and non-agueous layers (the aldazinium |
compounds had precipitated at the interface) and the solutionswere
allowed to stand for 48 hours, No product was obtained other than
the azine which had crystallised out, 0.2 g. of the azine was dissolved
in nitz‘ébenzene and treated with hydroiodic e.c:Ld. No product was

vo'b'bainad;

0,23 g, of the azine was dissolved in hot xylol and treated with a
stoichiometric quentity of 98% sulphuric acid in ether, A small yield
of white product was obtained which was allowed to stand in the solution
at -10°C for 3 weeks, The crystals (mainly yellow flecked with white)
were separated, washed with'ether and analysed, Found N;H, 6,5 ;

S0, 23,6% This gives a hydrazine: sulphate ratio of 1:1,2.

The azine monosulphate requires N,H, 7.6; SO, 22.8%, and the
azine disulpﬁate requires N;H, 6,1; SO, 36,8% This is possibly
a mixture of the two, Similar results were obtained W:Lth o-hydroxy

acetophenone (see below),

o-HYDROXY ACETOFPHENONE AZTNE,

0,1 g. portions of the azine dissolved in ether were treated in
turn with dry hydrochloric acid gas; 48% hydrobromic acid and 50%

hydroiodic acid, No products were obtained with any of these reagents.

Approx, 0.1 g. of the azine dissolved in ether was treated with the

stoichiometric amount of 98% sulphuric acid dissolved in ether, There
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was no immediate result but after standing at -10°C for a few days
yellow corystals separated, These were washed with ether, dried and
annlysed, Fouwnd N;H, 7.5; SO, 25.4% Tnis gives a hydrezine to
sulphate ratio of 1:1.16 which agrees very closely with that obtained

from the compound made from m-nitro acetophenone azine.

p-METHOXY" ACETOPHENCNE,

0,3 g, of the azine was dissolved in 50 ¢,c. of benzene which was
warned slowly. The azine diséolved at 55°C and the solution was them:
brought up to 60-65°C and held in this temperature range., Dry hydro-
chloric acid gas was passed through the solution for 30-35 minutes, and -
a yellow product cbteined, This was separated and washed twice with |
benzene and twice with ether, Yield 0.21 g., m, pt. 186-190°C,
Tests_for-the presence of chiloride gave positive resuli:s. N,H, was
found to be 10,63%,  The azine hydrochloride requires 9.57% N,H,
whereas the azine requires 10,74% N,H, and melts at 200-201°C. The
prodﬁc'b therefore appeared to be impure azine,

0.2 g. of the azine was dissolved in benzene and the stoichiometric
amount of 98% sulphuric acid in ether added, A yellow powder flaked
with white resulted immediately., This was separated, washed with
ether and analysed, N,H, found to be 7, 9%, the azine sulphate requires
ﬁam 8,1% On standing in a desiccator overnight the crystels changed
colour from yellow toi salmon pink, On treating with barium chloride
a mixture of crystals - separated,
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FENZOPHENONE AZINE, |

The total crop of crystals obtained in the first azine preparation
(from ethanol) 0,13 g. dissolved in ether, was treated with the
calculated weight of 98% sulphuric acid in ether, . On adding the
sulphuric acid ether solution the mi;d:m'e became cloudy, the cloudiness,
however, disappeared on adding fhe remainder of the acid, The mixture
was left standing at ~10°C but no salt was obtained,

Dry hydrochloric acid was passed into the mother liguor from which
the crystalline azine had beeﬁ obtained, The solution became appreciably
hot, the temperature rising approximately 80° (from ¥ -5° to & 75°C).

A yollow oil separated and the mixture was kept at ~10°C, The solution
was shaken regularly over the course of a month but no crystallisatioh
could be induced, .It was therefore decided to separate the oil from the
alcohol solution and attempt a recrystallisation from another solvent.

On opening the flask containing the solution, there was a sudden release R
of pressure and hydrochloric acid fumes were given off, Tmediate

crystallisation took place, the whole -solution setting solid,

The solid was filtered off and the solvent squeezed out, Ether
dissolved the crystals, so they were washed with absolute alcohol and
dried §ver calcium chloride in the preseﬁce of stick sodium hydroxide,
On analysis no hydrazine was found to be present. The chloride content
was 1, 7%,  Testing with di-nitro-phenyl hydrazine (d.n.p.) gave
positive results. The substance melted at 48-48°C, i,e. was benzo-
phenone contaminated with hydrochloric acid, the azine having hydrolysed
- in the alcohol in the pi-esence of hydrochloric acid,
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The 1iquid obtained from the second azine prepa.i’ation (ex chloro-
form) was dissolved in 10 c,c, of ether and dry hydrochloric acid ges
passed through the solution, A white solid (yield 2 g.) resulted,

This was washed twice with ether, dried and analysed. M, pt., 166-168°C,
Pound N,H, 8.1; Cl 9,0%  Diphenylketazine hydrochloride requires

N,H, 8,1; Cl 9,%%.

ACETONE KETAZINE,

0.4 g, was dissolved in ether and treatéd with the stoichiometric
amount of 98% sulphuric acid, The solution became cloudy and an oil
separated, The oil became viscous on standing at 10°C and was
centrifuged off and allowed to dry, Analysis showed it to be impure

mono hydrazine sulphate,

0.5 g. of the azine dissolved in ether was treated with 48%
hydrobromic ac:l.d. The mixture was cooled in ice and a few crystals
formed which disappeared on standing, The preparation was repeated '
the crystals this time were separated immediately, washed once with
ether and analysed, They proved to be hydrazine dihydrobromide.
Treating the azine dissolved in ether with dry hydrochloric acid gas

yielded hydrazine dihydrochloride.

ETHYL, METHYT, KETAZINE,

0.52 g, of the é.zine was dissolved in ether and treated with the
calculated weight of 98% sulphuric acid, The mixture became cloudy
and an oil settled out. After standing at -10°C for a week, the
- ether was allowed to evaporate off and a viscous yellow product remained,
This was allowed to stand over concentratedv sulphuric acid until it had



hardened and was then analysed, The compound proved to be impure

hydrazine disulphate,

The azine dissolved in nitrobenzene and treated with 48% hydro-
bromic acid gave hydrazine d:'hyd.i-o‘bromide, and treating an ethereal
solution of the azine w:.th hyﬂrochlor:ié:aéid gas yielded hydrazine

dihydrochloride,

di-n-PROPYL, KETAZINE,
The ketone was dissolved in enhydrous ether and treated with a

solution of 95% hydrazine in dry ether, The mixture became cloudy

but cleared on standing, Hydrochloric acid gas passed through a few

| milliliters of the clear solution gave an immediate white precipitate

which on analysis appeared to be impure hydrezine dihydrochloride, A

further few cubic centimeters of the solution was taken and treated with

dry hydroéhloric acid gas. Wh:Lte product was again obtained which on

analysis proved to be almost pure hydrazine dihydrochloride,
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CONSTRUCTION OF VACUUM TRAIN,

As the failure to obtain compounds might have been due to
hydrolysis it was decided to repeat some of these preparations under
strictly anhydrous conditions,

A train was constructed (see Fig. 1) in which all the operations
i,e, preparatio_n, filtration, washing, recrystallisation, etec. could
be carried out with moisture rigorously excluded,

The apparatus consisted of a train (A) to dry the air used for
flushing the apparatus, The rate of flow was controlled by a screw
clip and the incoming air passed successively through concéntrated
sulphuric acid, calcium chloride, potassium hydroxide and phosphorus
pentoxide. Train (B) produced the dry hydrochloric acid gas. The
gas was pr;oduced from ammonium chloride and sulphuric acid in a Kipp's
apparatus and was dried by passing it through phosphorus pentoxide and
concentrated sulphuric acid, Both of these trains led into a vessel %c')
fitted to the train by means of a ground glass joint. (This vessel
contained solvent for washing the filter plate in the reaction vessel
after the reaction was complete), and thence to the reaction vessel (D)
via a filter plate (E). A separating fumel (F) used for introducing
either starting materials or wash liquids led into this vessel and from
it an outlet tube led to another drying train (X), then through a
splash bulb to a sulphuric acid drying tower (to remove water vapbur
from the suction pump), and finally through a water trap to a water
suction pump, Air inlets were provided on either side of the

sulphuric acid containers to minimise sucking back when the suction
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pump was turned off, Suction for filtering was obtained from a rotary
vacuum pump protected by a liquid oxygen trep (J). This section of the
apparatus was connected to the filter plate via a tube containing self=~
indicating silica gel (which could be replenished easily through é;
ground glass end) and a séparating»ﬁmnelv (G) from which the filtrate
could be removed, Filtrate was only removed if absolutely necessary,
as, due to the vacuum in the apparatus, liquid would only mun out with
difficulty,

PREPARATTONS UNDER STRICTLY ANHYDROUS CONDITIONS :

ACETONE KETAZINE,

The azine dissolved in anhydrous ether (made by distilling ether
mixed with sulphuric acid and drying the distillate over sodium) was
introduced into the reaction vessel (G). Dry air was sucked through the
apparatus for 15 minutes and then dry hydrochloric acid gas was passed
_ through the solution, For the first 10-15 minutes nothing was observed
and then suddenly dense white fumes sppeared, This was followed by the
separation of a yellow oil. The gas was passed through for a further

15 minutes,

The ether was sucked off and removed at (G). Dry cyclohexane
wes introduced via the dropping funnel (F) (to recrystallise the oil if
possible), and the reaction vessel was heated to 60-65°C (by surrounding
it with water held in this temperature range),  On cooling, yellow
crystals appeared; The cyclohexane was filtered off, the érystals

were removed, washed with ether and dried, Analysls gave no free
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hydrazine, negative results were obtained on testing for ketone with
dinitro phenyl hydrazine, Chloride was found to be 22,9%  Both
acetone ketazine hydrochloride and pyi-azoline hydrochloride require
23.8% chloride, The crystals were recrystallised from absolute

aloohol and a melting point taken, . Found 175-176°C, Pyrazoline
hydrochloride melts at 175-177°C,  The ketazine had ring closed
- under the influence of heat and the ring closed product had formed

the s:unple chloride salt,

As heating had caused ring closure it was decided to répeat the

preparation keeping the reaction vessel cold,

The azine dissolved in dry ether was placed in the reaction vessel
which was surrounded by dry ice, Adr was sucked through the apparatus
forl approximately 10 minutes and then the hydrochloric acid gas was
introduced, air be:mg pulled through the apparatus .at the same time,
After a minute or two dense white fumes began to form in the reaction
vessel which became less dense with time and ultimately disappeared
af'ter about 8 minutes, Hydrochloric acid gas was passed for 2-3 minutes
longer and then air alone was allowed to flow for a further 2 minutes,
The dry ice was removed and the air flow continued to aid the
evaporation of the ether, As the reaction vessel warmed to room
temperature a yellow oil 'began to appear which slowly settled to the
bottom, After sbout 10 minutes the air supply was cut off and the
apparatus was left under suction fér 30 minutes, During this period
dry ice was againv placed around the reaction vessel, By this stage
almost all the ether had heen removed and the liquid inside the

reaction vessel was a cloudy yellow. The liquid was removed from
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the react:i.dn vessel as quickly as possible and the bulk of it,
unfiltered and wrwashed, placed in the deep freeze, The remainder

was found to be ‘insoluble in cyclohexane or 5ry101. It appearea to
dissolve in water, but on standing the solution separated into two
 layers; an oily yellow layer and an agueous layer containing a few
cream-white crystals, The crystals proved to be hydrazine dihydro-
chloride, The oily layer dissolved m 99% ethanol and gavé a clear
yellow solution, this was kept at =10°C for 15 hours with no apparent
result, On standing at room temperature, however, a crop of cream

coloured crystals separated which proved to be hydrazine dihydrochloride.

. }
The bulk of the sclubion after one week at -1o°c had set solid,

on being brought up to room temperature a viscous mass (1. 02 g )

‘resulted. This was dissolved in 100 c,c, of water (in this considerable

excess no oily layer separated) and was analysed, A positive dan.p.

reaction was rapidly obtained, N,H, was found to be 13,5% and

ClL 31,%%  The hydrazine: chlorine ratio being 1:2, This was

probably a mixture of hydrazine dihydrochloride and acetone, as the

presence 9f ketazine would have given a high hydrazine velue and not

a low one,

ETHYL METHYL, KETAZINE,

The azine dissolved in dry ether was introduced into the reaction:
vessel and cooled to 0°C, Dry air was sucked through the apparatus
for 40 minutes and then the hydrochloric acid gas introduced. Af'ter
about two minutes white fumes appeared, (cf, Previous atfempt, it
is possible that this is the time taken for the hydrochloric acid gas



to reach the reaction vessel), After about 5 minutes a dark yellow
oil began to separate, After a further 5 minutes the fumes had
ceased, and the oillhéd ‘changed colour from yellow to red-brown, The
KL gas was stopped after 15 minutes and the air continued for a
further 5 minutes, The viscous oil was removed from the reaction
vessel and a. few crystals found to be present were filtered off as
rapidly as possible, | Both the liquid (in a stoppered weighing bottle)

and the crystals were kept over sulphuric acid,

The liquid was insoiufble in ether whereas the original azine
(pale yellow in colour) had been completely miscible, , The oil
dissolved in water to give o golden yellow solution and treatment
with d.n,p, Teagent shcwed the presence of ketone., Hydrazine
titrations on different samples showed in turn 22,9, 13,1 and 12.7%.
Chioridé on the last sample was 26, 4%; The azine hydrochloride
requires NyH, 18,1, €1 20,1%, At this stage the oil started
showing a marked difference in appearance and was o'bv—iously decomposing,
The crystals would not diséolve in water, gave positive results with
d.n.p, reagent and N,H, was found to be 28,5%. They weré probably
(on analysis figure) hydrazine dihydrochloride conteminated with
ketone, This salt dissolves very easily in water, however, and it
seemedunlikely that tfaces of the ketone | should affect its solubility,
The liquid was refluxed with xylol (with which it was immiscible) and
dense white fumes: were given off, A tar formed which was discarded,
It was decided to repeat this experiment at a lower temperature and
to avoid decomposition of any producf as much as possible by dissolving

&
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the entire yield in water and then to analyse aliquots{

The ketazine, without solw}ent, was placed into vessel (C) which was
to be used'l as the reaction vessel, The reaction vessel was surrounded
with liquid oxygen so that the ketazine was frozen solid, the oxygén

level being not appreciably higher than the toﬁ of the ketazine in the
reaction vessel. Dry air was sucked through the apparatus fd.f- 10-15
minutes and then dry HCl gas introduced. After about 10 minutes the
Dowar"flask containing the liquid oxygen was removed, The hydrochloric
acid had formed a solid layer sbove the azine, This liquified very
rapidly and the HCl supply was closed off, As the HC1l vaporised and
the ketazine liquified a vigorous reaction took‘place. The a.z:.ne layer
changed in colour from straw yellow to a deep golden in the course of
10-12 minutes, At this stage the 1iquid became opague and bubbles

 were still coming off, but very slowly., After a further 5 minutes
the bubbling had all but ceased, and after another 20 minutes the
product was very viscous (or appeared so), containing either another

’ liquid or a finely divided solid in éuspension. Its colour had
deepered to a light brown., The vessel was .remved from the train
and the product transferred as rapidly as possible to a weighiny-bittle
(previously weighed), weighed and dissolved in distilled water, The
solution was then made up to 100 c.c, | On being exposed to the air

, pungent fumes were given off instantly and on being dissolved. in water
a white solid was formed (N,H;Cl ?) . which dissolved in excess water.
The total time from opening the train o making the standard solution
was 3 minutes.
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sudden surge occurred before the reaction was complete, = The turbidity |
might bé explained by the 'brea_.kdbwn 6f unchanged azine into ketone and
lwdrazine giving a second liquid phase, This would explein the positive
den,p, and the presence of hydrazine hydrochloride., Tt would also
account for the low figure obta;i.ned for the hydrazine titre, If a
ring closed product had been formed there was the possibility that a
chloroplatinate might be obtained, it had been shown that pyrazoline

formed s chloroplatinate (see below).

20 c,ce (20,3 g,) of the solution of the supposed ring closed
product was teken and treated with 18 c.c. of M/40 potassium iodate
solution, This (on the analysis figures) would remove all the free
hydrazine, It was then added to a solution of dﬂoroplatiﬁic acid
(equivilent. to 0,2 g, of platinum) in excess dilute hydrochloric acid,
Nothing appeared to happén and the solution was eveporated to dryness

on a water bath,

A brown viscous product cmtaining a large quantity of colloidal_ -
platinum resulted. On close emmination red crystals were .seen
present in the brown oil, Re@éated flotations (12 in allj with water
isolated the crystals which were oven dried at 95°C for 15 minutes,
Yield was 17 milligrams, }, pt. 179-181°C,

Testing w:.th dinitrophenyl hydrazine gave no crystalline product
therefore ketone was absent, Treating with silver nitrate and nitric
acid yielda& a yellow precipitate which indiéated the presence of “the
chloroplatinate ion, Flame test indicated the presence of potassium,

but no confirmation was obtained on treating a few drops of a solution
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On analysis N;H, was found to be 12.5% (cf previous case 12,7%),
and the chloride 39% (higher than previous case), The ratio of
hydrazine: chlorine being 1:2,8, 4An immediate reaction with d.n.p,
reagent was o'btained. >The' product smelt similar to ethyl methyl

ketone, there was no trace of the characteristic ketazine odour,

What might possibly have happencd was that ring closure had taken
place to some extent,and that some of the unchanged azine had been '

decomposed forming ketone together with hydrazine hydrochloride.

The previous experiment was repeated. The liquid oxygen surround-
ing the reaction vessel was lowered very slowly and the ketazine melted
slowly. The resultant liquid darkened slowly., As the top of the
"Dewar "flask containing the oxygen came below the level of the ketazine,
there was violent reaction with a pressure surge which blew the end out
of the drying chanber () in the vacuum pump train, The reaction
vessel was removed immediately and clouds of acrid fumes were given off
(HC1),the 1liquid in the vessel bubbling furiously. The bubbling ceased
after a few minutes, and the clear i‘ed-‘brown liquid which resulted was
transferred to a weighing bottle and weighed, During the weighing it
began to become turbid, The liquid was transferred to a standard
measuring flask and made up to 100 c,c. with distilled water. On the
initial addition of water, hydrazine hydrochloride was precipitated, but
not in any appreciable amount, Analysis gave N,H, 5; 9, Cl 14, 6%
which gives a hydrazine to chlorine ratio of 1:3,4, The liquid left
in the reaction vessel whén tested with d.n.p. feagent ‘showed the

presence of ketone, Probably the ketazine was ring closing and the
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of the compound with sodium cobaltinitrite solution.

A combustion analysis on 12 milligrams gave C, O0; H, 2-3; and
Pt of the order of 50%. No greéter accuracy was possible on the
quantity handled, l

35
) requires

* Hydrazine chloroplatinate prepared by Thiele (1892
H2.2; Pt 45.7% No m pt. given. A& melting point determination
was done on a sample of pure hydrazine chloroplatinate (containing
half a mol, of water per moi. of chloroplatinate) prepared by
M, M,C,E, Hbfz for conductance mea.s\:l:remen'l:ssse on hydrazine salts,

The salt decomposed at 206°C with reduction of the chloroplatinate.
Potassium chloroplatinate might have been formed (the potassium from

the iodate solution reacting with the chloroplatinic acid), This salt
woe yellow in colour, had no hydrogen, platinum of the order of 40% and

" decomposed é.t 250°C,  Potassium chloroplatinate is red-brown in colour,
also has no hydrogen, has platinum of the order of 47% and .deéonlposes on

heating, no tenipemture is given,

To see whether a product of similar melting point could be obtained
by tmatiré the ketazine with chloroplatinic acid, a few c.c. of the ‘
chloroplatinic acid solution was added to a solution of the keta.z'ine.

No apparent reaction was noticed Apart from the production of colloidal
platinum, The platinum was centrifuged down and the clear solution
decanted off and evaporated to dryness on the water bath, A red—’brown
" amorphous product was obtained which decomposed in the range 181-186°C,
On at'té@ting to recrystallise this mixture (solvents alcohol, water,
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ethyl methyl ketone) decomposition with the formation of colloidal

platinum toock place, Subsequent attempts to prepare complex platinum
salts with ethyl methyl ketazine led to similar results and to the

formation of what appeared to be co-ordination compounds (see below),

DI-ETHYT, KETAZINE AND DI-BUTYL, KETAZINE.

Similar preparations were tried with the above, the reaction vessel
being kept at 0°C, No product other then hydrazine hydrochloride was
obtained, N

Mrs, Sohn (loc. sit) had,concurrently with this work, attempted to
make simple hydrochlorides of n-propaldazine and p-butaldazine, using -
the same apparatus, She had also met with no success and it seemed
reasonably certain that if these simple salts with aliphatic ketazines
did exist, thej‘were most unstable under normal conditions and decomposed

in the presence of the slightest trace of moisture,

AZINE CONSISTING OF 1 MOL, OF ACETONE AND 1 MOL. OF ACETOPHENCONE WITH

1 MOL, OF HYDRAZINE,

The iodide and .'bronvn‘.de of a base made by condensing 1 mol, of
acetoﬁe, 1 mol, of bemaldéhyde and ‘1 mol, of hydrazine had been pre--
‘pared by Mrs, Sohn, and ‘it seemed possible that similar compounds might
be made from a mixed base made from hydrazine condensed with acetone and
acetophenone, The hydrazone of acetone was prepared by the method of
Curtius and Pflug (loc, sit) on being treated with acetophenone (1 mol.
for each mol, of acetone) no apparent reaction was noted, On being
left at -10°C for & weeks yellow crystals were obtained, These pioved

to be impure acetophenone azine crystals,



T4 was therefore decided to try to get the salts by mixing the
‘two ketones, hydrazine, and the acid. This method had proved |
successful in the case of acetone-benzalazine, the salts of the mixed
azine being the least soluble product, Acetophenone azine was
dissolved in excess acetone, To half the solution was added a
soiution of hydroiodic acid in acetone and to the other half‘ a solution

of hydrobromic acid in acetone,

- The solutions were kept at 0°C but no product was obtained, The
solutions were then heated on the water bath and allowed to cool.
With the }wdioiodic acid no product was obta.il\'xed, with the hydrobromic
acid a black oil was formed which could not be analysed., The previous
"mixed base" had been made by treating benzalazine with acetone, The
work was repeated by taking acetone ketazine and treating this with
benzaldehyde, Both the iodide and the bromide were prepared without

any difficulty,

CYCLOHEXANONE AZINE,

The yellow oil thought to be cyclohexanone azine (it had decom-
posed when attempts were made to analyse it or to find its boiling
point) was treated with dry hydrochloric acid in an attempt to make
the hydfochlorid.e. No product could be isolated, Treeting with

hydroiodic acid and with hydrobromic acid also yielded no product,



90,

(iii) Preparation of the fluorogallates and fluorcindates of hydrazine,

"Before preparing the complex fluorogallates and indates
described below, attempts were made to prepare the other halegeno-

gallates and indates,

With the exception of gallium triiodide the trihalides were not
isolated, They are all very deliquescent and the syrups obtained
_after the final evaporation (see Stafting Materials,p. 38) were used
as starting materials, The amount: of gallium or indium originally
taken‘was known and the stoichiometric quantities of other reagents

were calculated using these weights.

With the bromides and iodides the felatively less soluble hydrazine
salt always precipitated first, With the chlorides this also ocecurred
with the exception of one preparation when a ratio of hydrazine to
chloride of 1:6 was obtained. Gallium could not be determined cwing

to the volatility of the gallium chloride.

Meanwhile X-Ray diffraction studies of the hexachloroaluminate
had been made by the Department of Physics, University of Cape Town.,
'A persohal communication has iﬁdicated that the salt thought to be
the hexachloroaluminate is not the compound reported, the chlorides not

being co-ordinated about. the central metal ion,

The complex chloro-, bromo- and iodo- gallates and indates of
hydrazine therefore do not appear to exist. The qompogﬁ@s obtained
féiﬁg:miied,“h&dféted salts which have precipitated together from

solufion.
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(a) The Fluorogallates of Hydrazine.

Gallium hydroxide (equivalent to 0.44 gm, Ga) prepared by
precipitation from gallium residues was treated with 2.5 gm. of 34% w/w
hydfofluoric acid, A white powder reéulted which dissolved in 30 c,c,

of water on being heated on the water bath for 5 hours.

%

The volume of the solution was reduced to 10 ¢c,c., and 2,2 gm. of
10% hydrazine hydrate,which had been.diluted to 25 c.c. and made acid
with HF, was added, The mixed solutions were allowed to stand with no
apparent result. Reducing the wvolume to half also produced no results,
but after a further reduction in volume, product was obtained on seeding
‘with solid product.obtained by evaporating a few drops of the solution to
dryness, A second crop was obtained on evaporating the mother liquor to

- dryness.

Analysis of these products gave hydrazine 9,9, gallium 27,85 and
fluoride 37, 6%. Theée did not fit any expected formula and gave a

ratio of NyH,:Ga:F::0,8:1:9,

Gallium hydroxide (equal to 0,43 gm. of Ga) was treated with 1.3 gm.
of 34% HF, The hydroxide did not dissolve eaéily as in the previous
attempt, and solution could only be effected on adding an extra 2.3 gm,
of HF, A éolution of 6 gm. of 10% hydrazine hydrate, made acid with
H', was added to the gallium-fluoride solution and on cooling a white
solid separated. This was dried over sulphuric acid (with a 2% loss
in weight) and then analysed, Yield 3,2 gnm. Analysis gave hydrazine
16,1, gallium 26,6 and fluoride 57.2%. These figures did not fit any

expected formulation and gave a ratio of N,H, :Ga:F::1,3:1:8,8,



92,

The gallium:fluoride ratio was similar in the two preparations,
hydrazine Was,'however, loWer in the first. All the product of the .
first preparation that remained after analysis . (approximately 1 gm. )
was dissolved in water, made acid with HF and treated with 2 gm. of
10% hydrazine hydrate, After being warmed on the wétér bath and then
béing allowed to cool slowly, the solution yielded a white substance
which contained 16,4% hydrazine, a result very similar to that obtained

for the second preparation,

The su?stance théined in the second preparation (1 gm. ) was
dissolved in 5 c.c, of warm water and the solution was allowed to cool .
slowly, No product was obtained and the volume was reduced by
evaporation. When the volume had decreased to approximately 1 c.c,
crystals were obtained. The méther'liquor was decanted and the
. product dried under vacuum over concentrated sulphuric acid._ On
examin;tion, using a hand lens, two distinct types of product were
seen. A few large transluéent crystals which were removed by hand
and on analysis gave NyH, 9,8% (cf. first preparation) and a white

powder which gave N,H, 16.8, Ga 32,2, F 60,8%  N,H;GaF,.3HF requires

N,H, 15.4, Ga 29,2, F 63.6%,

Gallium trifluoride trihydrate was prepared and analysed. 1 gm.
was taken and dissolved in 30 c.c. of 20% HF. 5.4 gm. of 10% (w/w)
hydrazine hydrate (equivalent to three molecules of hydfazine to one
molecule of gallium) was made acid with HF, and this solution was
added to the gallium trifluoride solution and heated’on the water bath,

When the volume had been reduced to 20 c.c. a white powder separated
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and further concentration to approximately 5 c,c. yielded a second crop

of product, A third crop was obtained on taking the solutioﬁ to dryness,

The second crop, which was likely to be the purest, was analysed.
Obtained N,H, 13.0, Ga 15.1, F 69,5%, (N,H; ), GaFs.11 HF requires

N, H, 14.2, Ga 15.46, F 67,45%,

All three crops of product were digested in 5 c.c. of watér for
half an hour. On cooling a crop of solid product was obtained, the
bulk of the substance, however, being recovered only on evaporation to
dryness. Analysis gave N,H; 9.2, Ga 19,8, F 71,5% N Hs GaF,.10HF

requires N,H, 8,44, Ga 18,42, F 70, 3%,

To reduce the chance of adsorbed HF beiné present, gallium
trifluoride +trihydrate and hydrazine dihydrofluoride were used as
starting materials, 0.6 gm. of gallium trifluoride, trihydrate was
‘dissolved in watef and 0;24 gm, of hydrazine dihydrofluoride was added.
The solution was concentrated almost to dryness and allowed to cool,
PTolongea standing did not yield any product, Further concentration
gave a very viscous syrup which yielded solid product.on being evaporated
to dryness. Analysis gave N,H, 14, Ga 29,4, F 45,3%,  N,H;GaF,.2HF
requires N,H,14.64, Ga 31.85, F 52,2%, N, Hy; GaF,.HF requires N,H,

16,13, Ga 35,2, F 47,8%,

This preparation having given promising results, the next was
carried out using hydrazine monohydrofluoride instead of hydrazine
dihydrofluoride, 1 gm. of gallium trifluoride trihydrate was

dissolved in 30 c.c, of warm water, and to this solution was added |
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a solution of 0,6 gm, of‘hydrazine monohydrofluoride in 10 c,c, of
water, The mixed solutions were allowed to cool, but no solid
separated on standing for twenty—foﬁr hours, The solution was
evaporated down very sloWiy, but no product was obtained until it had
been taken qompietely to dryness. Thé substance obtained was very

_ soluble in Water and attempts to recrystallise it from acetone led

to the formation of a viscous oil that could not be handled,

The preparation was repeated using hydrazine dihydrofluoride,
3 gm., of gallium trifluoride trihydrate aqd 1 gm. of hydrazine
dihydrofluoride were dissolved separately in water, The two solutions
- were mixed and heated on the water bath, Solid product (yield 3,4 gm, )
was obtained before the solution had been evaporated completely.
Analysis gave NH, 11.5, Ga 28,6, F 34,75%. The fotal figure did
not add up to 100% even aftef allowance for hydrogen, etc., had been
madé, and it seemed likely that water of crystallisation was present,
The difference was equivalent to four molecules of water of
crystallisation, N,H;GaF,,HF,4H,0 requires N;H, 11.7, Ga 25.42, ¥ 34, 6%,
The substance was too soluble to recrystallise from water, and as‘the
use‘of acetone had led to a viscous.oil‘being formed in the previéﬁs
preparation, ethyl alcohol was used for the recrystalliéation. Here
again an oll resulted which dried to give a vitreous glass-like solid,
This was dissolved in water and the resulting solution evaporated to
dryness, A white substance was obtained which was dried under vacuum,
over sulphuric ;cid, for 72 hours and then ana;ysed.
Analysis gave N;H, 21.4, Ga 32.5, P 30,7%. Assuming water present these

give a ratio N,H,:Ge:F:H,0::1,47:1:3.47:1.9, result which were
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unexpected and inexplicable,

1,5 gn. of gallium trifluoride trihydrate and 0.5 gm. of hydrazine
dihydrofluoride were dissolved separately in water. The solutions were
mixed and heated on the water bath, Oﬁ evapdrating the solution to
dryness a white substance was obtained which was dried under vacuum,
err'sulphuric acid, for 72 hours and was then analysed., Found
N,H, 29,98, Ga 30,9, F 29%, = Here again the totals did not add up to
100% and water was assumed present., The analysis gave the ratio
NoHy :Ga ¢ F ¢t H,0 20 2.1 :1 ¢ 3,5 ¢ 1.2, These figures are
unexpected'aé although the Ga:F ratio is what is expected (1:4), the
hydrazine is very high; one would expect only one molecule of

hydrazine associated with a GaF, ion.

Purther preparations were again carried oﬁf in acid solutions.
1.5 gm. of gallium trifluoride, trihydrate was dissolved in 100 c.é. of
10% HF solution, and to this solution was aaded_0.6 gm., of hydraZine‘
dihydrofluoride dissolved in 25 c.c. of water. The mixture was heated
on the water bath and a crop of crystals was obtained when the volume
of the solution had been reduced to approximately 20 c.c. After
standing for 48 hours, almost all the water had evaporated and a large
crop of product was obtained, The yield was 1,7 g., which was more
than the weight of the starting.materials, indicating that water of HF
had come down with the product., Analysis gave N, H, 15.2, Ga 31.6,

F 51,8%, N,H;GaF,.2HF requires N, H, 14.64, Ga 31.85, F 52, 2%,

The next preparation followed the technique which had been used

successfully for the preparation of the ammonium penta-. and hexa-
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fluoroaluminates, namely boiling aluminium hydroxide in an aqueous

solution of ammonium fluoride.

0.1 gm, of gallium as the oxide was dissolvéd in aqua regia and the
hydroxide precipitated with ammonia solution. The hydroxide was
separated by centrifuging, washed with distilled water and dissolwved
in a solution of 0.4 gm., of hydrazine dihydrofluoride in wafer, i.e.:

an excess of fluoride,

A vitreous deposit was obtained when the solution was evaporated
to dryness. This was dissolved in a few c.ci of water and allowed to
stand; after 48 hours. a gelatinoﬁs substance was seen to be present,
some of the original product having dissolved. The gelatinous
precipitate was separated, and on being dried yielded 0.3 gm. of a
grey-like substance, The mother iquor was evaporated to dryness on the
water bath, and a deliquescent white powder resulted which was dried

over sulphuric acid,

The gelatinous substance on gnalysié gave NoHy 5,1; Ga 16,4 and
F 60,8%, Assuming that water is present we get a ratio N;H, : Ga : F :
B0 :: 2 3 ¢ 42 ¢ 12, The product could possibly be a mixture of
one molecule of gallium trifluoride trihydrate and two molecules of

N, Hs GaF, . 14, 5HF,4 H,0,

The product obtained by evaporating the mother liquor to dryness
gave W,H, 28,9, Ga 35,2 and F 35,1%, This gives a ratio of
NyHy, : Ga ¢ F :: 1,8 :1 : 3.8, VWhile the Ga:F ratio is what one

would expect, the hydrazine is twice that expected. These results
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are very similar to those obtained earlier when gallium trifluoride.

in solution was treated with hydrazine dihydrofluoride solution.

/

1.5 gm, of gallium trifluoride trihydrate was dissolved in 100 c,c.
of 10% HF soiution and this solution was treatéd with 0.6 gm, of
hydrazine dihydrofluoride dissolved in 25 c,c. of water, The mixed
solution was heated on the water bath and when the bulk had reduced to.
about 10 c.c, so0lid product precipitated. The solution was allowed
to cool and the mother liquor was decanted. The precipitate was washed
with 1 - 2‘c.c. lots of water and the washings-weré added to the
mothef liguor. The mother liguor was evaporafed to dryness and anotherv
crop‘of product was obtained, The products were very moist and were
dried under vacuum. A large volume of HF was given off which compietely
etched the desiccator. The first crop on analysis gave‘NgH; 12.45,

Ge 13,85, F 72.5%& (N,Hy ), GaFs, 14.5HF requires N,H, 12,26, Ga 13,36,
F 71, 0%, The product obtained by evaporating the mother liquor to
dryness gave on analysis NyH, 11.64, Ga 16,1, F 59.5%,  There is some
12% unaccounted for; if this is assumed to be fluoride the compound
obtained could be (N;Hy), GaFs, 11HF, on the other hand if it is

assumed to be water, the compound could be (NQI%)Q GaFs , 9HF, 2H,0,

A final large scale preparation was carried out as follows:
12,6 gm. of the oxide was treated with an excess of 50% (w/w) HF and
evaporated to dryness, This was repeated five times. The powder
obfained was treated with HF (large éxcess of the weight theoretically

required) and then with 4 c.c., of 95% hydrazine solution, The
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mixture was taken to dryness and then extracted four time with 250 c.c.

lots of water. After the fourth extraction a negligible gquantity of

solid remained,

The soiutions resulting from the extractions were mikea and
concentrated on the water bath; when the volume had reduced to 100 Cu C,
a crop of crystals separated, Yiela 5 gm. Microcrystalline needles
often joined to give a fan-like groﬁp. Further concentration to 25 c.c,
gave a second crop of 13.5 gm, which were also micro-crystalline.

Evaporation to dryness yielded 2.5 gm. of an amorphous powder,

Crop 1 analysed to give NH, 17.3, Ga 30,7, F 43,5%.  Crop 2 |
analjrsed to give N,H, 13.1, Ga 28.,95%, F 40,75%.  Crop 3 gave WpH, 12.1,
Ge 32,9, F 40,3%. N,H; GeF,.HF.2H,0 requires N,H, 13.5, Ga 29.4 and
F 40, 1%, Crop 2 was was to be expected was the purest, However, all

the crystals appeared to be the pentafluorogallate sought.

(b) The fluoroindateS'of hydrazine.
The first preparation.attempted was by an analogous method to
that used to prepare the ammonium fluoroindate, namely treating the.
chloride with ammonia solution and then treating the solution with

hydrofluoric acid.

~ 1 gm, of indium chloride was diséolved in 10 c.,c. of water, an
excess of hydrazine hydrate was added, and the solution was made'acid
with hydrofluoric acid, On concentrating the golution a number of
- crops of crystals were obtained, these all proved to be hydrazine

dihydrofluoride,
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The next preparation attempted was with the trifluoride. 1 gm, of
indium trifluoridé trihydrate was dissolved in water and the solution
made acid with hydrofluoric acid, This solution was treated with the
theoretical amount of 60% hydrazine hydrate (heat was generated on
‘mixing) and a white precipitate formed which disappeared on stirring, .
On standing for 72 hours a crop of crystals was obtained, and a second
crop was obtained when the mother liquor was evaporated to dryness.

Both crops of crystals proved to be hydrazine dihydrofluoride.

0.5 gm, of indium trifluoride trihydrate was dissolved in § c.c, of
water. and 2 c,c. of 48% (w/w) HF and 0,2 gm, of hydrazine dihydrofluoride
vas added. This dissolved immediately and the solution was allowed to
cool. On standing a whita amorphous powder separated which on analysis
gave N,H, 7.9, In 18,2, P 72.8%  (N,Hy ), InF.17.5HF requires N,H,
10,88, In 19,48, F 66, 3%, i.e. the product appears to the abové salt

contaminated with hydrazine dihydrofluoride,

A further 1.2 gm, of indium trifluoride trihydrate was dissolved in
water and was treated with 0,38 gm, of hydrazine dihydrofluoride. On
concentrating the solution almost to dryness a yiald (0.86 gm.) of a
white substance was obtained, which on analysis gave N;H, 27.7, In 28,2,
F 47,7%. ‘These give a ratio NyH, : Tnh : F s: 7 : 2 : 42, which could
be explained by the product being a mixture of five molecules of

: hydraziné dihydrofluoride and two molecules of N,H; InF,, 12HF.,

3 gme of indium trifluoride trihydrate were taken and attempts were
made, unsuccessfully, to dissolve this in 1 litre of water. This was

67 . S
rather surprising as Engslin and Dreyer had quoted the solubility



100,

as 8,38 gm, /100 c,c. It was possible that the insoluble oxyfluoride
might have formed, but this seemed unlikely. The saturated solution
still_in contact with the solid was treated with 1 gm. of hydrazine
dihydrofluéride dissolved in 15 c,c, of water., 1In all the previous
preparations the complex had proved very soluble indeed and it wﬁé

felt that evidence of solution of the excess would have indicated
complex formation, There was, however, no appareht solufion of the
undissolved indium fluoride, The solution was filtered through

Whatman No, 42 filter paper and the undissolved solid weighed. 1.6 gm,
had dissolved which is equivalent to 0,2 gm, /100 c.c. ~ The clear
filtrate was concentrated on the water bath, product was only obtained
bwhen all the water had been evaporated, The substance obtained (yield
1,53 gm, ) was dried over sulphuric acid and énalyséd. Found N,H, 26,75,
In 20,6, F 46, These figures give a ratio NyHy, : In ¢ F :2 4,7 2 1 ¢
13,5, i,e. the product appeared to be a mixture of indium trifiuoride
and hydrazine dihydrofluoride, one molecule of the former to five of the

latter. The proportions in all probability depended on the amount of

indium that had gone into solution.

The uﬂdissalved residue on analysis gave N,H,0, In 67.5, F 6. 6%,
which gives a ratio Tn : P :: 1.7 ¢ 1. As mentioned above formation
of the oxyfluoride would have explained the lack of solubility, The
oxyfluoride, however, requires a 1:1 ratio; and the above ratio could

not be explained,

The preparation was repeated in dilute HF solution. 1.5 gm, of

indium trifluoride trihydrate was dissolved in €0 c.c, of 10% HF and

!

-
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0.5 gm, of hydrazine dihydrofluoride. The solution was evaporated on
the water bath and product precipitated when the bulk,had'reduced to

10 c.c. The product was separated, dried and analysed, Found N,H, -
19,7, In 37,25, F 4%, (N,H; ), InFs.ZHE‘vrequires N, H, 20: 3, In 36,35,

F 42, 2%, .

(4) Unsuccessful attempts to obtain Raman spectra.

Facilities'for_Raman spectrum investigation were not available.
A Hilger D77 constant deviation spectroscope with reasonable dispersion
in thé range required was available however, and it was decided to try
to adapt this instrument for Raman analyses. & special camera suitable
for this work was dbfained from Hilger and Watts Ltd.,, and it was felt
that this with Kodak Type 0a=0 plates (maximum sensitivity in the
range required, and best light gathering capabilities for exposures

of one minute or longer) might prove adequate.

The conventional light source consists of a number of straight
mercury discharge lamps, arranged around the tube cohtaining the
specimen being investigated; the whole lamp being surrounded by a
- diffusing surface to ensure even lighting., These lamps, with their
controls, ére expensive, and it was felt that the expense in purchasing
such a unit was not warranted. A lamp similar to one seen in the
chemistry laboratories, University College, London, was constructed
instead, The lamp (see Fig. 2) was a length of "Pyrex" tubing bent
to a circle, the ends forming mercury reservoirs. The lamp was blown
in glass as facilities for working with quartz tubing were not available,

This meant that high operating temperatures could not be permitted and
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that a large proportion of the ultra—violef light would be filtered
out, As the spectrograph used had a glass prism, and as the exciting
frequency was that of wave~length 4358 A, this latter disadvantage was
of no coﬁseduehce. Tungsten electrodes were used which after being
'sealed in position were cleaned by electrolysihg N/10 sodium hydroxide
in the lamp, This was washed out and the lamp cleaned with aqua regia,
It was finally rinsed very thoroughly with distilled water and dried

under vacuum,

Trebly distilled (polargraphically pure) mercury was distilled
into the lamp at 1078 mm, preséufe via a ground glass ball and socket
joint which enabled the lamp to be moved in any direction ensufing an
even filling of the mercury reservoirs, A spiral was introduced into
the filling line between the ball and socket joint and the lamp to

slow dovm the mercury flow.

After the lamp had been filled it was heated under vacuum

for 2 hours (to remove adsorbed moisture, gases, etc.) and then a

potential of 200 volts was applied and the lamp struck. It was allowed

to run for 5 hours under a vacuum of 2 x 10~ mm. of mercury and then
left overnight under vacuum., The following morning the vacuum having

held, the lamp was'restarted, run for 7 hours and sealed off,

Details of control circuits were not available, and the electrical
circuit finally devised is shown on Fig, 2, Basically this consisted
of a 200 volt d.c, potential applied to the electrodes. A large

inductance was included in this circuit to prevent current fluctuations

-
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breaking the arcj; algo a variable resistance to alter the current
flowing and hence the intensity of the lamp, The lamp wés heated
primarily by a 120 Watt heating coil wound round the mercury reservoirs,
Whenbthe lamp struck, relays X and Y operated. Relay Y broke the
"Tessler" coil circuit which provided the discharge which started the
lamp; should the lamp have gone out for any reason the "Tessler"

coil would have started dperating automatically. Relay X performed
two functions, TFirstly it brought a cooling fan into operation, and
secondly it operated relay Z Relay Z in turn broke the heating coil
circuit, and also closed an independent 6 volt circuit which ensured
that it remainéd in operation even if relay X opened due to the lamp
failing, The heating coils-therefore couid not be switched on until
the 'remake' switch in the heating circuit was opened to interrupt the
6 volt supply. Thus, in the event of a breakdown in the lamp, over-
heating and consequential damage to the lamp (not to mention the
danger of fire) could not take place, The luminous output was found
adequate, and examination of the spectrum showed it to be pure with

very little background,

Unfortunately on being run for long periods (®dsall had used
exposures of 18 -~ 24 hours) érécks developed in the fungsten seals.
Attempts to obviate this by changing the position of the fan, eliminating
the cooling water, altering the connections to the electrodes and |
modifying the sizes of the resevoirs proved of no avail, The lamp
was modified (or remade) five times without a succeséful exposure

resulting,
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Subsequent to this, facilities for Raman investigation became
available at the N.P,L,, Pretofia. A sample of the crystélliné
hydrazinium pentafluoro-gailate was sent to them for examination,
They were unable to get a sufficiently concentrated solution, and
were unable to make any successful exposures,

(5) Conductimetric and high frequency titration investigation of
the fluorogallates and indates,

(1) Conductimetric titrations.

A modified "Kolrausch" bridge similar to that described by
-Findlay73, i.e. point between the measuring arm and the cell earthed,
was used, The power supply was a fixed 1000 cycle electronic
oscillator with a variable output gain control., The deteétor con-
sisted of a transformer coupled amplifier which fed through a
rectifier into a direct current milliammeter, All the titrations
were carried out at cbnstant temperature using lanthanum acetate
solution, The lanthanum acetate was prepared as follows:

25 gm, of A.R., lanthanum chloride was dissolved in 40 c.c. of water.
Ammonia gas was bubbled through the solution and the hydroxide
precipitated. The hydroxide was dissolved in 40 c.c, A.R.‘glacial_
acetic acid, The solution was conéentrated to approximately 40 b.c.
and allowed to stand., After 48 hours a crop of crystals was
obtained (5.9 gm.). The mother liquor and washings were evaporatéd
almost to dryness and another 46 gﬁ. of product resulted. The
lanthanum acetate was analysed and a standard solutioh made by

dissolving 8 gm, in 1 litre of water., The solution was standardised

using AR .sodium fluoride, 1 c.c. 0,001065 gm, F .-
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a) Hydrazinium dihydrofluoride., 2.5 x 10™° M,
(a) Hy ¥

c.c, lanthanum -4
acetate - 1/R x 107" mhos
0 9.10
i 7.25
2 6, 52
3 +10,42
4

13,93

(b) Gallium trifluoride trihydrate, 2.5 x 1072 M,

c.c, lanthanum -4
acetate - N 1/R x 107" mhos

0 2,90

1 3,55

2 4,30

3 6. 00

4 8, 20

5 10, 60

6 13. 30

7 15. 29

8 17.50

9 19,90

10 21.80

(¢) Hydrazinium hexafluorogallate, (N,H;GaF,2HF) 2.5 x 107 M,

c.c, lanthanum , 4
acetate : /R x 107 mhos

10.10
9,69
9,28
9, 33
9,61
9. 80

10,40

12,26

14,15

16,40

OCO~JOU LR O

(i) Molar conductances.

The same apparatus as was used for the conductimetric

titrations was used, the cell constant being determined using Molar



106,
potagsium chloride,

1000 K
A= T, where K = cell constant, C = concentration,

(a) Gallium trifluoride trihydrate,

v M x 10" A o™t ecm.? .
1.100 251
1,575 223
2,250 , 182(.5%
3,210 127(.5

(b) Hydrazinium hexafluoropgallate (N,H;GaF,,2HF)

vC M x 1072 A ohm™! om,?
0.40(0) 1000
0.62(5) 540
0.85(0 280
1,25(0 220
1.80(0 175
2.50(0 150
5.oo€o 100

- 7.10(0 80

(1ii) High frequency titrations

A high frequency titrimeter as described by Dowdall,
Sinkinson and Stretch65 was constructed and the titrations were carried
out as described by fhem, namely using lanthanum acetate, the solution
titrated being buffered with acetic acid, The same solution was used
as for the cdnductimetric titrations, but was restandardised,
1 c.é. = 0,001215 gm, F . | - The actual numerical values are

meaningless as the initial setting was arbitrarily chosen,
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() Gallium trifluoride trihydrate. 2.2 x 107 M,

c.c. lanthanum uA
acetate
0 36,5
0.1 35.5
0,2 34.5
0.3 3345
0.4 32,5
0.5 3.7
0,6 31.2
0,7 31.0
0,8 31.0
0,9 31.0
1,0 31.95
1.1 32,0
1.2 32,7
1.3 33,4
1.4 34,0
1.5 34,8

(b) Gallium trifluoride trihydrate, 4.4 x 102 M,

¢, ¢, lanthanum By
acetate
0 31,0

0.1 31,0

0,2 31.0 .
0.3 31.0 -
0,4 31.0

0.5 31.0

0.6 31,0

0.7 31, @

0,8 3.0

0.9 31,0

1,0 3.5

1,1 31.8

1.2 32,3

1.3 32,7

1.4 33,0

1,5 33.8
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(¢) Hydrazinium hexafluorogallate (N,HsGaF,2HF) 2.5 x 10~° M,

¢.c¢, lanthanum
added

QUOUO MmO uoO

LA
34,0
29, 4
25,6
22,0
21,0
21.0
21,0 .
22,0
%, 0

(@) Hydrazinium hepfafluoroindate (N, By ), InFg 2HF,

On solutiong c.C,

lanthanum
added

ORI DDNDR O
e 8 o & » & & e e 8 » o
OQOUVOUOUOQUOUOUOWULO

After standing for 3 weeks:

C.C.

lanthanum
added

S e M
NOMOUVOMO VIO U O

HA

gmmwmwuuuuguu
DNy O OOPOOWORr MW [0

s o
COO0OO0OMMNMNOOOOO0OO0OO0O0O

[S N ]
. T e s o o
=1

NN
h’"—‘m.\'llo

e & o
DOOO0OOOOOO P

QW RWRWWW
HPOOOHMN

2.5 x 10~ M,

-
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6.0 33.0
6.5 34,0
7.0 36,0 .
7.5 39,8

i 8,0 46,0

(e) Hydrazinium fluorogallate with 14 extra HF molecules
(N,H ), GaFs ,14HF, 2.5 x 1073 N,

On solution:

c.c., lanthanum

added i
0 41,0
0.5 38,4
1.0 54, 8
1.5 32,0
2.0 29.0
2.9 26,0
3,0 24,0
3.5 26.0
" 4,0 30,0
4.5 37.0
5.0 44,0
After standing for 3 weeks:
c.c, lanthanum '
added hA
0 31.0
1.0 26,0
2,0 21. 4
3.0 18.0
4,0 28,0
5.0

38,5

(6) Thermal decomposition of the fluorogallate.

The compounds (N,Hs ) GeFg.HF and (N,Hs ), GaFy.14HF were
investigated by heating in an open platinum dish in an oven, the dish
and contents being weighed hourly. No change in weight for five
successive weighings was considered sufficient to assume constant.

weight,



110,

Further experiments were done on the compound with fourteen extra
molecules of HPF, Thé compound was heated at constant temperature and
the rate of loss of weight was observed., This was done both with the
compound heated in an open platinum dish in an oven at atmospheric
pressure, and with the compound in a polythene boat in a drying pistol
at 40 m,m, bf mercury, Duriné this latter experiment the boat became
discoloured due to polymerisation, The éffectAof heating this tubing

was investigated, no significant change in weight was noted, however,

Different samples were taken, and the tables below are the results
of a number of experiments., Generally constant weight was reached

after 6 - 8 hours.

(1) (N,H, ),GeF,.HF heated at 760 m,m,

| °¢ ' % Loss

60 0
106 2
116 3 (another sample gave 1.7)
130 6
139 : 9
150 - 13
164 44,
224
282

after 27 hours heating
after 24 hours heating
{(after 25 hours heating

(11) (N, H; ),GeFy5.14HF heated at 760 m,m,

oC % Loss
65 1.13
84 6, 84
104 11,83
115 13, 28
120 18,00
125 ' . 23,7
131 o 27.75
154 : 31.95
183 : 33,7

205 44,9
238 . 51,5

290 - 59,5
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(1iii) (a) (N,Hs),GeFs.14HF heated at 80°C, 760 m.m.

Time % Loss
0 0
2.5 1.85
3.5 2,28
5 3e15
6 3,15
7.5 3e 80
8,5 4, 54
9,5 5,11
- 10,5 S5.11
11.5 5,42
13 8, 50
14 7,50
15 7.50
16 ' 7.50
18.5 9,23
19.5 9,65
20,5 - 10,42
21,5 : 10,75
23 | 10, 75
24 10, 75
25 10,75
26 11. 3¢
27 11,84
28 11.84
29 12,05

30 12.05 -

31 12,056
33 12,05
3445 : 12.05
36.5 12,05
39 12.05
A1 12,05

4 } 12,05
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(b) (NyH;),GaFs.14HF heated at 135°C and 760 m,m, starting
with compound which had lost 12,05%,

Time _ % Loss
1 16,4
2 20, 3
2.5 . 21.6
%) 21.6
3.5 22,8
4 24,8
4,5 25,1
o 25,95
5.5 26,15
6 27.1
6.5 27.1
7 28,3
7.9 29,3
8 29.3
8,5 29,3
9 30,3
9.5 30,4

10 30,5
10,5 _ 3.4
11 31,4
11.5 ] 31,8
12,5 : : 32,65
13 33,5
14 33.5
15 : 33,5
17 33,8
18 34,7
20 34,7

22 : 34,7
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1
(c) (N,H;),GaF,14HF heated at 238°C and 760 m.m,
starting with compound which had lost 34, 7%,

Time o Loss
0 34,7
0.5 37,7
1.5 39,0
2 40,8
3, 25 42,0
4 &z, 2
5 44,4
5.5 45,3
. 6.5 47,3
7,5 48.8
8.5 49,4
9.5 50,8
10,5 51.8
11,5 53,1
12,5 54,2
13.5 55,4

(iv) (NyH ),GaFs,14HF heated at 80°C and 40 m.m,

Time %o Loss Time . % Toss
1 2,86 31 26,0
2 4,63 32 26,0
4,5 8,16 33 . 27.8
5.9 8.50 . 34 27.8
7 10,14 35,5 27.8
8 10,14 37 28,2
Q 12,11 . 38 28,55

- 10 12.9 ‘ 39 28,55

11 14,95 , 41 28, 55
12 14,95 42 29,1
13 14,95 44 29.1
14 17,42 45 29,4
15 19,55 47 31,3
17 20,4 + 48 . 3143
19.5 21.55 50 32,0
20,5 21.55 . 51 32,2
21,5 22,9 52 32,2
22.5 23,4 52.5 32,2
24 23, & 54,5 52,2
25 23,95 56 - 32,6
26 24,3 58 33, 4
27 24,3 60 3345
28 24, 65 61 3345
29 25,4 63 34

30 25.4 64 34,5
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Time t Loss Time % Loss
66 34,8 75 37.0
67 35.1 78 - 38,6
69 35.6 : 81 38.2 (?)
71 36,5 , 84 38.4
73 37.3 (2?) 87 39.2

89 39,5

Samples were taken at various stages during the heating, analysed

t

and the hydrazine:gallium ratio calcula%ed.

Under 12% loss in weight the ratio was aporoximately 2:1, from
this point hydrazine began to be iost as well,and the ratio had become
approximately 1:1 by the time the 34% loss had been recorded., Thereafter
the second hydrézine began to be lost as well, and the ratio became

x:1 where x became less than one and decreased rapidly.
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