
SUMMARY. 

(a) The behaviour of the aldazines,as bases was examined in the 

first place b)r attempting preparations of a series of salts 

of seven typical aldazines. It was found:-

(i) That aliphatic aldazines did not yield salts but 

either decomposed at once in the presenc.e of moisture 

and acid to give the corresponding aldehyde together 

with the hydraz :inium salt 1 or, . under anhydrous · 

conditions, polymerised readily in the presence of 

acid, the products then often forming salts. 

(ii) That aromatic aldazines formec1_ simple and complex salts. 

(iii) That 11mix:ed11 .. azines, ·containing one mol. of each of 

aromatic aldehyde and of acetone condensed per mol. of 

hydrazine, readily formed simple salts. 

A complete series of complex salts of three aromatic aldazines. 

was prepared and their properties compared. Several new simple 

salts .of these aldazines, ana of "mixed" azines were prepared, 

and the structural formula of one of the salts of a 11mixed" 

azine was established. A co-ordination compound of one of 

the azines was prepared. 

(See Table A below for a complete list of new compounds prepared). 

(b) E:xpe:ri..m&ntal GYidence r..as ~ for the f'irst time, been given f'or 

the presence of an aldazinium ion in solution. 

(c) The order of magnitude of the ionization constant as a base 

of one of the aldazines has been established. 

(d) ·~A preliminary kinetic investigation of the hydrolysis of the 

hydrochloride of one of the aldazines has been made., and a 

Bechanism for the hyaxolysis has been proposed. 
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SUMMARY. 

(a) The behaviour of the alda:d.nes as bases was examined in the 

first place by attempting preparations of a series of salts 

of seven typical a.ldazines. It was found:-

(i) That aliphatic aldazines did not yield salts but 

either decomposed at once in the presence of moisture 

and acid to give the corresponding aldehyde together 

with the hydrazinium salt, or, under anhydrous , · 

conditions, ~lyme~ised readily in the presence of 

acid, the products then often forming salts. 

(ii) That aromatic aldazines formed simple and complex salts. 

(iii) That 11rnixed" azines, containing one mol. of each of 

a.rornatic aldehyde and of acetone condensed per mol. of 

hydrazine, readily formed simple salts. 

A complete series of complex salts of three aromatic aldazines 

vras prepared and their properties col11Pared. Several n~v simple 

salts of these aldazines, and of "mixed" a.zines were prepared, 

and the structural formula of one of the salts of a "mixed" 

azine v~s established. A co-ordination compound of one of 

the azines was prepared. 

(See Table A below for a complete list of new compounds prepared). 

(b) Experimental evidence has, for the first time, been given for 

the presence of an aldazinium ion in solution. 

(c) The order of magnitude of the ionization constant as a base 

of one of the aldazines has been established. 

(d) A preliminary kinetic investigation of the hydrolysis of the 

hydrochloride of one of the aldazines has been made, and a 

mechanism for the hydrolysis has been proposed. 
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I. INTRODUCTION. 

eydrazine, l'{zl-4, condenses readily with aldehydes or ketones 

forming (i) hydrC~:zonos (containing one molecule of aldehyde or 

ketone condensed per moleculo of hydrazine and. (ii) ald.azines and 

ketazines (conta~ing trro molecules of aldchyc1e or ketone 

respectively condensed per molecule of hyurazine). EYarazino is 
. l 

prim .. 'U'ily a wecl:: monoaciO.. base (pi<1:;~{07. 95 at 25°C ), although )\ 

:;ome salts vlith hydrogen ho.lides, stable only in the s:>lid sta.te, 

I 
have been prepared whore it fUnctions as n. di-acid base. 

Stuclies in· the salt forming properties of hydrazine were 

initiated in the Chemistry Department of the University of Cape 

Tovm by tho late Professor w. Pugh in 1952. Before the work 

described in this thesis iii~D.s commenced he had already prepared. a 

series of hydrazinium salts of the complex ha.logeno-acids of tin, 
213 

antimony and bismuth , as "Well as compounds. presumed to be the 
4 

chlorostannates of oJJuethyl lcctazine and of heptan-4-one hydxazone • 

Work vvas also in pr~gress on the preparation of the bromosta.nnatcs 

~a bromostanni tes of hyo.razine, of dimethylkotazinc and of 
6 

pentan-3-one hydrazone, the rcs1.l].ts of vrhich were later published ., 

Thus although some compounds presUI"!led to be the corrwlex salts of 

ketazines bad been isolated, no atteil~ts were ilnde to prove their 

formulation, ana. no attempts had been made to prepare tho correspond-

ing aldazinium salts• A survey of tho literature revealed that 
6 7 

the hydrochlorides of bcnzul¢1.azine and of anisalc1azihe h1.d. been 

reported, again vv.ithout proof of fo~nulation, and. tlk~t a compound 

corresponding to anisald.a.zinium hoxachlorostannatc was obtained. by 
7 

Shoesmi th and Sla tor · on reducing anethole ni trosochloride in 

chloroform solution with stannous chlorioe and concentrated 

hydrochloric acio.. No structural formula '\7n.S suggested. by the 

authors for tl~is 11 adclition1i oorrg;>ound,. as it was then named., and. 

no evidence has previously boon obt:J.incd f'or the existence of 

the n.ldn.zinium ion. 



n~e present work vros undertsken in order (i) to make a survey 

of the salt-for~g proper~ies of the aldazines in general (ii) to 

try to fincJ. SJ me direct evidence for the existence of the 

aldazinium ion, pnd (iii) to atterr.g_)t to obtain the ionization 

constant as a base of at least one of tho alo~zinium bases. After 

several aldo.zin~um sn.lts had been preparoO. it was observed that 

in the presence of 1noisture and acid the ion vr.1s readily dccon1posed 

by hy0.rolysis, giving two molecules of aldehyde and one o£ 
( 

hydrazine. It vvas decided to attenpt a kinetic invest;i..gation of 

tho rate of this hydrolysis for at least one of the salts, and 

to suggest a possible mechanism for its. o6currence. 

To obtain as conrJ?rehensivc a survey as possible of ·the salt 

forming properties of tho aldazincs the following azines wore 

selected as bases:- acctalda.zinc, n-propaldazine, n-butaldazinc 

and crotonalo~inc and. the aroma tic azines benzaldazine, . 

salicylalda.zine and anisalo~zine. Attempts were made to prepare 

and compare their chloro- and bromo-stanna tes 1 chloro-1 bromo-

and iodo-antimoni tes and bisnruthi tea. · In order to detorrninc 

vrhcthor tho aldazines (as is tho case of the parent hydrazine) 

could sometimes act as di-acid bases, some simple sulphates and. 

halides uere also prepared. 

SpcctrophotoniDtric methods were used to investigate the 

existence of the benzalclo.zinium ion, in order both to obtain a 

measure of tho basic strength of benzaldazine, anc.1 to study tho 

mechanisrn of the hydrolysis of its simple hydrochloride to 

benzaldehyde and hydrazine. 

The aromatic aldazines were fmmd to yioid halides, sulpln tes 

and a con1plete series of the complex salts, vrl~ereas the aliphatic 

ones gave either oily products at -5oPC or below (which decomposed 

rapidly at roor.J. temperature) or, in some cases, crystalline proo.ucts 

Of variable COL~)OSition ru~oning different degrees Of polymerisation 

to have occurred. 



In all the silj~i?le salts Of the aldazincs Which vrere prepared 

the base WaS founc1 to be ll10l10aCidiC I OVen When nl1 exCeSS .Of acid 

vvas used in the preparation of the salt. 

DurL~g the course of these preparations some s~i~le salts 

of "mixec1" azines (containing one molecule each of nroDa.tic 

aldehyde and of acetone condensed per moloc~V.s o:r ll.y<Jraz;ino) 

v/crc isolated. Since these were prepared from acetone, the 

aroma tic aldehyde 1 hyc1razine and the halide acict, there was 
8 

some doubt as to their structure. As ~/fannich had shovm that 

aldehydes and ketones could' condense together with a pr:i.lmry or 

a secondary ~nine to forrn a be:.se, -·which could often lose a 

second molecule of vmter forniL~g a r~~-closed base, it vvas 

consicterecl neces::;ary to shcrvV' that the supposed salts of the 

11mixeCl.11 azines were not salts of Ed.m.ilnr Mannich bases, formed 

by such a condensation with hyc1razino replacing the primary or 

secondc.ry amine. Tho evidence in support of tlus is discussed· 

iri Chapter II, page 10. 

'When attempting to E1Dlce a chlorostanna to of D.cctaldaz inc 1 o. 

crystalline carrrpo1.mcl of constant composition and molting point,_ 

and of high molecular weight vms isola ted. The structure of 

this polymeriseCl. con:rpotmd appears to be conrplox and is discussed 

on page 8. 

It has also been shov~~ that the tendency which hyclrazine 

displays to act as an electron donor in the formation of complexes 

is also shovm by tho alclazinos. The assumption ha.s boon made, · in 

the case of hydrazine, tl~t both nitrogen atoms act as donors. 

Although simple salts in which the hydrogen ions arc co-ordinated 

to both nitrogen atoms do not exist in rolution, it is interesting 

to note that hydrazine in co-orclination with metallic ions appears 

to act principally as a bidentate molecule. In the case of tho 

aror:ntic ald~zines this property of tho nitrogen atoms of donating 

electrons appears to iJc retained, as under nnhyc'lrous conditions 



4. 

it vvns found that these aldazines co-ordinated vr.ith stannic chloride, 

antimony trichloride, and with bismuth t;r'ichloride. Only one such 

con-wound, 'namely disalicylc.ldn.zine stannic chloride was prepared 

pure., This substance can be corqpa.rec1 to SnC12 • 2N2 H4, which has 
9 

been reported by Franzen and von lvTayer • The structures of such 

compounds would proVide a further fielo. for investigation• 

n1e results obtained by the spectrophotometric investigations 

showed the presence of the benzaldazinium ion in a solution of the 

azine in dioxnn containing an excess of dry hydl~ogen chloride. 
10 

Hammett and Deyrup 's method. for determining the pKb values of 

weak bases vro.s modified in orc1er to obtain a meast.U'e of the basic 

strength of benzaldazine. Although fairly constant results were 

obtained for the pKb of benzaldazine it has been shown thn.t its 

standard deviation was too high for accuracy. All that could be 

deduced from the results vms that the pKb for benzaldazine lies 

be'tvveen the limits of 0. 16 and 1. 46. Tnis deduction is discussed 

on page 23. The basic strength of the azine thus appears to 
11 

be of the sa.ine order as p-ni troaniline, pKb = 1. 11 1 and as 

' 11 
bcnzenca.zodiphcnyla.mine1 pKb = 1.52 

A preliminary kinetic stuo.y of the hydrolysis of bcnzalc1a.zine 

hydrochloride revealed tl1at it vnts acid catalysed, the rate of 

hyclrolysis being directly proportional to proton availability. 

The reaction vms found to l)e of the first order 'vith respect to 

bcnzaldnzine, but the rates of hydrolysis at varying water con-

centrations could not be c1ctcrmi:ned. · Thus although a tentative 

mechanism for the hydrolysis has been proposed, it has not been 

confirmed. In order to do this a more rigid exclusion of moisture, 

both from the solvent and from the spectrophotometric cells during 

readings, would be necess~. 



II. THE: EXISTENcE liND HYDEO:GYSIS OP THE AZ!NJ:UM IDW• 

(1) Pre;pa.rai;ions of aromatic al;dazinium salts. 

(a.) !!Iethods of prepo.ra tion of complex salts. 

The first a.tt~n1pts to prepare the complex aldazinium 

salts of benzo.ldo.zino, f3B.licylaldazine and of aniso.ldazinc were 
21314 

based on methods. analo~ous to those used by w. Pugh for some 

of the corresponding kctazD1ium salts. These methods involved 

vmrking in aqueous or in alcoholic solution, ·using the appropriate 

n.lclehyd.c n.nc1 the metallic halide together vd th the hydrazinium 

halide, or in some cases '\vi th hydrn.zli1e hydra tc n.ciclified. vii th 

the concentrated halide acid. These methods were found to be 
/ 

md:inly tmsuccessful, a1 though in the case of benzaldazine bromo-

antimonito (n. successful preparation of whieh ims m.actc from~ 

antimony trioxid.ej hycxobromic o.cia, hycirnzine hydrate and 

benzaldehyde dissolved in ether) by changing the solvent to ether 

tho sn.lt vms obtained. It was fonnd impossible to usc ethanol as 

solvent as tho aldazinimn salts were decomposed by it, the 

hydrazinium salts being precipitated. The reasons Yvhy the 

complex aldazinium salts were not usually obto.incd pure by tmse 

methods appeared to be tl1.reefold. Firstly, they ''rore more roactily 

hydrolysed than the ke-'cazinium salts, yielding hydrazinium salts, 

whose solubility in most solvents was not very different from 

those of the aldazinium sn.lts. Thus mixtures vvore precipitated 

which were not easily separn. ted. In the case of the above 

mentioned benzaldazine bromoantimonito the difference in solubility 

in ether betvmen it and hycl.razine hydro bromide '\<vas sufficient to 

allow of a separation. 
7 

The fa.ct that Shoesmith and Slater hn.d 

isolated nnisaldazine chlorostannate in the presence of concentrated 

hydrochloric acid using chloroform as a solvent had indicated that 

the complex ald.azinium snlts woulcl be comparatively stable in the 

presence of strong acids. This, hovrover, wn.s . not al'\<mys fonnd to 

be the cn.se, the salts of anisn.ldazine being more stable under 

these conditions than those of the o'chor two azinos. The second 

ren.son v~ tho n.bove mentioned methods of preparation wore not 

5. 



usually successful v-ro.s that tho ald.azinium salts were found. to be 
. . 

soluble in the qld.ehyclds from which they were derived, and hence 

an excess of alqahyc1e had to be avoicled, as even a SJ.113.11 excess 

frequentiy caUS<;Jd the formation of an oily product. The third. 

reason v-ro.s the fact that the aldehydes and tho metallic halides 

form addition compounds, which were often a s::> urce of irirpuri ty. 

For these ~easons in the methods finally evolved for the 

preparations; :great care was taken to usc exact stoichiometric 

proportions of the val~ious starting materials,and either (i) to 

avoid the presence of moisture entirely, thus elir,rlnating 

hydrolysis and. obtaining a high yield or failing which (ii) to 

allow the presence of the tliniour!l quantity of water (by using 

47% hyclrobromic acid or 58% hydrioa.ic acid) but choosing by 

trial and error a solvent for the reaction in which the solubilities 

of the ald.azinium and the hyCl.razinium salts were sufficiently 

different to allow of a soparation. 

In order to ensure the presence of exact stoichiometric 

proportions (e~pecially ~o avoid excess aldehyde) it was found 

best to prepare the azinc first. This coUld then be c.issol vecl 

in a suitable solvent, in which tho required metallic halide was 

also soluble, and o. mixture of tho two solutions treated vvith 

the halide acid. In some cases no suitable solvent for both 

tho azine and tho metallic ho.lide coulc1 be found.. In such a 

case it was found possible to usc tvro clifferent, bu·t miscible, 

solvents. This was dono in the prep~ation of benzald.azine 

iocloantimonitc, where xylol and ether were used as solvents f.or 

the antimony tri-iodide and the benzald.azino respectively. 

In most cases ether vm.s found suitable as a solvent for 

benzalclazine, and :xylol or ni trobenzenc for the other tvro azines, 

which wore insoluble in ether. Tho reasons why salts of sali-

cylaldazine presented unusual difficulties can then be seen in 

that this azine was only ap1)reciably soluble in hot solvents, 



vn1ich increased the amom!t of hyoxolysis in the presence of • 

moisture, causing lower yields ~f tho aldazinium salts. The 

antimony and bisu.mth halides, being insoluble in ether, 

necessitated the usc of nitrobenzene as s:>lvent. Salicylaldazine 

bromobismuthite Yms the only aromatic complex salt which was not 

obtained entirely pure. ~"e·reason for this vms the great 
r 
similarity in solubility in all solvents tried of the hyd.robromide 

anc1 of the bromobismuthi te; it being found difficult to remove 

the last traces of the hydrobromide from the complex salt. 

For the chloro-complcx salts method of preparation which 

resulted. in the best yielcl was to mix solutions contairliT'B 

stoichiometric proportions of the simple hydrochloride 0f the 

nz:Lnc vvi th the metallic chlorio.es in ni t.rcben.aeno solution, as: 

this avoided ))oth the presence o£' rnoisturc and of excess acid. 

The hycl.rochloricte o-t: salicylaldazine 1 hov:revcr 1 in contrast ·to 
12 

its mcthochloride (ret>.d:Lly obtained by Irunohcn anc1 Stephen ) 1 

rfns not obtainod pure (see III(1) (g) page 53 ):, and hcn~e the 

above method cotud not be used for the preparations of the compleic 

chloro-snl ts of this azinc. ~10 difficulty in preparing this 

hya~~ochloric1e lD.y in the lovr solubility of the parent azine in 

all cold solvents, cambincCl. with the observed fact that the s:i.m:ple 

hydrochlorides of benza.lcl.D.zine and of anisalcl.azine vrere founc1 to 

7. 

decompose reac~ly on heating vvith the evolution of hydrogen chloride, 

which sugGested the need to avoid the use of hot solvents. Other 

a ttempJGs to llk'l.ke this hydrochloride, using different sta.rting 

mn:cerials and a wide variety of solvents were unsuccessful, the 

product being invariably contaminated with salicylaldazine. This 

difficulty did not exist in the case of the methocliloride of the 

azine where no contamination was possible. Tho above method of 
.J 

utilising the simple hydrochloride of tho azino as starting 

material could not be cxtonc'!.od generally to the hyc1robromidcs an.O. 

hydriodides as these s:i.uple salts v-.rore found to be oven more 

cnsily hydrolysco. tho..rl. the complex snl ts, 0.:'1c1 c1ifficul ty was 



experienced in preparing them in good yield in a sufficiently pure 

state. 

v1Jhen the first atten-q:>ts at preparing aliphatic aldazinium 

salts met with no success, it was considered lllcely that this 

might be due to two factors; the first being their rupposed 

even greater susceptibility to hydrolysis than the aromatic ones; 

the second 'heifig the knmvn readiness with vmich tho ald.azines 

polymerise in the presence of acid. Accordinely it vra.s decided 

to exclude moisture even more carefully than "~ivas possible working 

in tho apparatus previously used ( shovm in Figure XI, page 36a ,) 

in which rubber stoppers had been employed, and to work at low 

temperatures. A nevv a-pparatus was constructed (sho·wn in Figure VJJ, 

page 37a), in which the whole reaction, addition of reagents, 

passage of hydrogen chloride, precipitation, filtration and washing 

could be cl.one at any' desired temperature vvi th the exclusi6n of all 

moisture. Only oily products, hov?Over1 were obtained at room 

temperatures, ·whereas at temperatures of -50°0 and bclm-r crystals 

vrore formed, which became oils on reaching room temperature. In 

orc1er to test whether the case vdth which the aldazincs polymerise 

•~ a more important factor than the presence of moisture a sample 

of hydrazine chlorostannatc vro.s prepared, dissolved in the minimum 

of water and allowed to react -rd th an excess of acetaldchyc1e vli th 

cooling. Evon under these conditions polymerisation occurred ana 
tho crystals isolated were those of a chlorostannato of a ring 

closed base of empirical formula C22 1±40 ( 42 )N4 06 SnC16 • Although 

the structure of this compound was not worked out it ap1)carcd to 

be a chlorostannate of a base formed by the polymerisation of 

acetaldehyde together vvith hyc.l.razine. The hydrazine was in com­

bination in a ring fori!k'ttion as there was no 11 frec 11 hydrazine 

available for reaction vdth iodate. An infr~-red spectrun1 of 

tho compound vvas examined, and from the lack of absorption peaks 

between 5. 8fl. to 6. W it was deducecl that no ordinary C = o, C = C 

or C = N groups vrere present. Further, from the slight absorption 

s. 
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at 2. 91J. the prefience of an -OH vvas inclicatcd, a1 though =NH 

stretching absor-J?tion also o·ccurs in this region, and cliffer-

entia tion betvvecn the t-v;ro vro.s not possible 11i th the resolution 

of the particul~r instrument usec1, especially at such low wave 

lengths. It was noted, houever, that the intensity of the band 

at 2.9!-L decreased vrl1en the potassium bromide disc containing the 

substance was ke;pt in a desiccator, which indicaJceo. that the band 

vro.s due· to wa toil, which ha.Cl been removec1 subsequently in "!;he dry 

atE1osphcre. !n order to determine whether this was water of , 

crystallisation or a trace of surface vvnter vn1ich might have been 

pickec1 u-p when preparing the disc, tho compound. vvas heated for 

21h hrs. at 100°0 under reduced pressure. Althou@1 a colour 

change to a yellovr-brmm occurred, there was no loss in ·weight, 

proving the absence of water of ·crystallisation. From these facts 

it vro.s deduced that the oxygen present: must be combined as in 

etl10rs, probably in a closed ring. 

When attempting to prepare bgnzaldazine bromoantiminito from 

stoichiometric quanti ties of antimony bromide, hyo.razinc hydra to, 

4~ hydrobromic acid together with benzaldehyde in absolute 

ethanol solution yellow granular crystals of undecahydroazinium 

hcptadccabromodiantimonite, (N2 Ifs )11 Sb2 Bt-17 , were formed. These 
3 

were identical w:i.. th the product obtained by Pugh on vro.rming a 

mixture of hyo.razine hyd.robromidc and antiraony tribromide in con-

centratcd aqueous solution to which vvas added an equal volume of 

methyl alcohol. Further, on attempting to make the corresponding 

benzalo~zine iodoantimonite by an analogous method to that used for 

the above mentioned bromo-compoUnd (namely using ethanol as a 

solvent) large red cryst2~s of undecahyd.razinium_ heptadecaiodocli-

The hydrazinium 
3 

iodoant:imoni tcs reported by Pugh were trihydrazinium hexa.iodo-

antimoni to ancl hydraziniurn tetraiodoantimoni to both of' which were 
' 7 

prepared vvithout the use of alcohol as solvent. 



10. 
(b) SimPle salts of "mixed" azines, and evidence for 

their assigned structures. 

Wl1.en at·ccnTJ?t:ing to purify salicylaldo.zino tetrabromo-

nntimonite, contruninated rr.ith uncl~ged salicylaldazine, by 

extrnctb1g with boiling acetone, pll11~ leaflets, m.p. 177 - 178°0, 

separated on cooling. These 1ilere shovm. by analysis to have the 

As salicylnlc1azinc hyClrobromide1 

different salt had been formed. It appeared likely,that a molecule 

of acetone had replaced a condensed molecule of salicylaldehyde in 

the azine 
.¥ 

[06 14 (OH) - C :: N - N :: o{OH)C614] 

forming the hydro bromide of a so-cnllcd "mixed" azino 1 IT, 

[ 
HsC J ".c ::: N -N= C(OI-I)C6 :f4 
rise/ 

1\-vo other similnr salts were theh prepared, one a hydrobromidc 

from hydrazinc hycJra te in acetone acidified with 47% hyCJ.robromic 

acid together with benznldehycle, and the other a hydr iodide made 

from bcnzaldazine in acetone acidified '\<vi th 58% hydriod.ic acid. 

In oro.er to shovr that these salts dic1 contain a molecule of 

condensed acetone (as well as one of the original aldehyclc) 

attempts were nnde to c~::trac·c the free base from th() h.,Ydrioa.iae 

by ether extraction of un all~alb1.e paste (potassium carbonate-

vro.tcr ). The resulting extract contained bonzaldazino and acetone, 

tho former 1)eing isolated by evaporation in vacuo. The latter was 

detected by precipitation and ·subsequent-separation of the 

2 :4 dini trophenylhydrazones of acetone and of benzalc1ehyde 

obtained from the extract. The separation used "~s a modification 
lS 

of Rice, Keller nnd Kirsclmer 's method, (see page 55 ).. 1'he 

fnct that benzalc1azine and acetone wore obtnined in plnee of the 

free "mixed" azine , shovroc1 i·c to have been readily hydrolysed, 
t4 

a fact which is confirmed by Curtius and Pflug's failure to 

isolate it fi"om acetone hydrazone anc1 benzalc1ehyde, (they also 

obtained benznlctazine uncl acetone). Having shown that the base 

' 
of the hyd.riodidc containcu 1Joth condensed acetone and 
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benzaldehyde; it ~ms next nccessar.y to consider how the condensation 

had occurred~ ~.o possibilities existed - either the base vvas 

the sup1.,oscc1. 11mixcd11 a.zino II, or it was a :Mannich type base. 

The lattei' possibility sccmec1 unl:ilwly (i) in view of the fact 
. B . . 

that Mannich and I(athcr had indicated that hydrazine salts do 

not condense v-dth aldehydes and ketones in the same way as. primary 

and secondary arnines, ana: (ii) because o:):' the case with ·which tho 

salts hydrolysed, which would have been \ll1.Cxpected had they been 

salts of Mannich bases. In order to confirm this conclusion it 

'lims decided to make in an analogous way to that usect in preparing 

the above three salts of i•mixed11 azines., the salt of a ·11nrl.xed" 

base vrhich v-n:ts knmm and stable 1 to libera to the base from the 

salt, and t_? compare the former vdth an auJchentic specimen of 

the base. As N.:..o-nitrobenzylidcne-N 1-isopropylidcne hyClrazine 1 
1-1 

I 

C6 H4(N02 )- C = N-

16 

/CBs 
NerO 

·"-aHa 
(TII) 

~p. 67°01 had been reported , it was decided to choose this 
16 

azine as base. The azine of o-nitrobcnzaldehyde was first 

prepared, and its chlorostannate nade1 to test whether the azino 

of this ald.ehyde would form salts readily •. Then this azinc in 

acetone 17as treatec1 ·with 48% hydrobromic acid, and the precipitated 

' 
salt proved to be the hyClrobromideDof' the required "mixed" azine 

(IIT). This salt, made into a paste with potassium carbonate 

and vro. tor, v;a.s extracted i>ri th ether. The fl~e base, isolated 

in the usual vmy, had nt. p. 6'fJ ,. unclepressed on mixing with an 

authentic specimen. · This proved that it vms not a salt of a 

Mnnnich base, and as the three above mentioned simple salts had 

been macle in an analogous manner it was concluded that they, too, 

were salts of similar "mixed" bases. 

/ 



· ( 2) Spectrophotometric evidence of the ~xister10e of the 

aldazihium ion. 

(a) Choice of method an.d solvent. 

After a series of supposea aldazinium silts had been 

prepared it seemed desirabie (i) to obta:i.h so±ne more clircct evidence 

. foi' the existence of the aldazinium iort 1 and' also (ii) .to try to 

obtain the ionisation constant as a base of at least one of the 

ald.azines, namely benzaldazine. 

The experimental methods consio.ered were:- (i) a partition 

method, {ii) a potentiometric method, (iii) a conductivity method 

and finally (iv) a spectrophotometric methoi. Tm first was ruled 

12. 

out because of the susceptibility of the aldazinium salts to hydrolysia 

to tho aldehyde and hydrazine. The final choice of method depended 

on finding a sUitable solvent for the hydrochloride of benzaldazineJ 

which, in common '\dth the other alan.zinium salts, was either unstable 

or insoluble in most organic ::olvents. However, pyridine, nitro-

benzene and dioxan were found t6 dissolve this salt. The usc of 

pyridine, a. base1 as solvent for the purpose of determining the 

basic strength of the azine vvas naturally imposs~ble. The second 

solvent, nitrobenzene, vvas also excluc1ed for use in the first three 

of the above mentioned methods 1 as tho azine hydrochloride 1 although 

O.:i)prcciably soluble on vva.rming (possibly with docomposi tion) was 

sparingly soluble in too colo.. It vvas considered likely that the 

solubility of the hydrochloride in cold nitrobenzene would be 

sufficient for the spectrophotometric mpthod where only extremely 

dilute ro lutions need be employed. However 1 its optical density 

mad.e its usc as solvent unsuito.ble for the purpose required. A 

mixture of equal volumes cyclohexane n.nd. nitrobenzene '\vas also shown 

to be unsuccessful for the same reason. 

Thus the choice of solvent was restricted. to Cl.ioxan. Owing to 

its low di-electric constant and lo\7 specific conductivity the 

conc1uc·tivity methoa had to be cxcluc1ed. Of the two remaining 

methods the s-pectropho·cometric one vms chosen as the solubility of 
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the salt in diox.an vro.s considered sufficient f'or this but not f'or a 

potentiometric one. It vvn& further ascertained that the optical 

density of' pure dioxan nndc its use as solvent f'or the above purpose 

permissible, in that the rnrud.mum absorption of benzald.azine 

[e = 561 000 at 300 ~ in alcoholic solution16 and max 

e = 361 400 at 302 mf.l in dioxa.n solution. (this work)] occurred 
max 

at a wave length where dioxan vms completely transmit·t;ant. (Sec 

Figure XIV, page 54a.). 

The spectrophotometric method for determining basicity, first 
10 

used by Hammett and Dcyrup , is based on the fact t~t many organic 

bases have absorption curves which differ appreciably from those for 

their corresponding-cations. Thus if the absorption curves for 

· benzald.azine, for its s:imple hydrochloride, :md for the benzalda.zin­

ium ion :i.n a suitable solvent, could be plotted, then not only wouJd 

this fUrnish direct evidence for the first time for the existence of 

an a11ditzinium ion, but it ·would also provide data from which the 

relative pr~portion of free base to ion in the solution of the 

hydrochloride could be calcula tea. 
CB . 

This ratio, Cmr+ , together 

with a knowledge of the acidity function, HO, of the solution of 

the hydrochloride, vould enable the basic strength, pKb, of the 

azinc to be 
10 

calculated by Hammett and. Deyrup 's equations :-

C + 
= Ho ;; log ..]!!... 

CB 

= Ho * log 

•••••••••• Equation :r 

•••••• Equation n 

In these equations:-

CBI-r+ = molnr concentration of the benzaldazinium ion. 

CB = molar concentration of bcnzaldazinc. 

K = molecular extinction coefficient of' benzald.azine 
hyo.rochloridc. 

KB = molecular extinction co.efficient of benzald.azine. 

I~ = molecular extinction coefficient of benzaldazinium io~ 

Ho = . negative logarithm of the acidity of the solution in 
terms o:f a basic indicator. 



The val ucs f'or K, KB and KB:fi+ for usc in Equation II refer to 

solutions in tho same solvent at a fixed vmve length. 

A fuller definition of' Ho, first introduced by Hrumnott and 

lO ~ • t' f Deyrup , is gi von in Appendix :r, page '~ Tho derl. va 1.0n o 

Equn.tion IT from Equation I is shovm in Appendix II, page ~\• 

Thus if K, KB and I\::g:pr+ could be obtained, and if' Ho were knovm. 

for the particular solvent in usc, then it should be possible to 

utilise Equation II in order to fine!_ pKb• Although the acidity 

functiona, Ho 1 of 'V'al'ying con9-en~tra tions of hydrogen chloride 
l'l' 

14. 

in dioxan had boon obtained by Braude by spectrophotometric methods, 
lS 

there was some doubt as to their roliabili ty, because James and Knox 

had subsequently obtained consistently higher results by conductivity 

methods. As these authors, hovvever, had not measured Ho over a 

range of hydrogen chloride concentrations, Braude's figures vvore 

used for substitution in Equation II, and a final allavmnce made to 

the value of pKb obtained for tho variation in Ho. In order to use 

this method for obtaining the pKb of benzaldazinc reliable values for 

K, KB and Kmr1- were also required. 

(b) The absorotion curve for the bonzaldazinium ion. 

The first attempt to obtain an abso11)tion curve for the 

bonzaldazinium ion; vms based on the eTpoctation that that of the 

metho-chloride of' benzaldazinc, no.mely 

+ 
[0

6
H5 - c ::: If- N' == C - C6 B5 ]Cl-

1 I I 
H Clfs R 

would be almost identical. The presence of the methyl group on the 

nitrogen atom vrov.lo. not be expected Jco alter the absorption appreciably. 

Thus atte~pts were made to prepare tho above narned motho-chloride. 

These attempts, described on page 55, vrere unsuccessful in that no 

crystalline product ·was obtained. However, a sample of pure methyl-

hydrazine hydrochloride vvas prepared -r;rith the intention of dissolving 

a knovm vreight of it in dioxan, and of ao.ding tho stoichiometric 

quantity of benzaldchyCJ.c, ancl of then o.ctcrmining tbo absorption 
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s-pectrum of the resulting solution. This could not be done in 

practice as the methylhydrazine hydrochloride proved to be 

insufficiently soluble in dioxan, However, to its saturated solution 

in d.ioxon a slight excess of pure bcnzala..cbyde '~iras added,. and tho 

absorption curve of the mixture plotJced. This curve shewed a 

maximurn at 282 mil (see Table III, page 56), the actual height of 

the peak not being significant in this case, as the concentration 

of the solution vvas unknov~ 

This method of determ:i.J.1.ing the absorption curve for the azinium 

ion having failed, an alternative method was attempted.. It vvas 

considered possible that, if in a solution of benzaldazine in dioxan, 

the hydrogen ion concentration could be increased sufficiently, the 

azine would be partly or wholly converted to the corresponding ion. 

Accordingly an attempt was made to obtain the absorption curve of a 

solution of bonzaldazino in dioxan, containing a knovv.n concentration 

of dry hydrogen chloride. It was found, however, that in such a 

solution, at a fixed vvave length, the extinction changed comparatively 

rapidly with time, indicating tho occurrence of a chemical reaction. 

In order to attempt to determine the nature of ths reaction; its 

rate vvas studied.. It vms observed that during tho first few minutes. 

the graph of log extinction against time for a fixed wave length was 

a curve, thereafter a straight line. (Sec Figure I for a typical 

exru~le of the curves obtained, in this case for a 0,056 molar 

solution of hyaxogen chloride in dioxan). These curves were extra-

polated to zero time, ond it was hoped that the values of the 

extinction thus obtailled for the solutions containing the higher 

concentrations of hydrogen chloride, would be thoso of the bonzaldazin­

ium ian. After repeating the whole procedure at different con~ 

centrations of hydrogen chloride it ·was noted that (i) the error in 

extrapolation to zero time wn.s high a.ue to the shape of the curve 

obtained for the initial tvrolve minute period, and (ii) different 

vaLues of the extinction at zero time, e 0 , for the s~~e azine 

concontro.tion o.t a fixed wave length, vii'Oro obtained. Curve Y; 
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Figure II, shavrs the plot of log e 0 ( 280 m~) against the molhrity 

of hydrogen chloricie in dioxan, and Curve Ir in the same figure 
~ 

the plot of log 8 0 ( 280 ~)against the acidity function of the 

solution. Owing to the inaccuracy in obtaining e 0 both curv0s can 

be regarded only as 11 tr0nd11 curves. They do show, hovrever1 that 

8 0 does not reach a definite limiting value as th0 concGntration 

of hydrogen chloride was i.ncreased to thG maximum obtainable vri th 

any accuracy from the practical point of view. Thus it vvas clear 

that the molecular absorption curve for thG azinium ion was' not 

obtairk~blG by the above montionGd method. 

However, from tho plots of time against log e 1 at a fixed wave 

length, for solutions of the azinc in dioxan containing hydrogen 

chloride, complete curves of log e at a fixed time over the 

significant wave length range were dravm. Each curve thus obtained 

roprGscnted the value of the absorption at a particular time. A 

typical series of curves arc shovm in Figure III, (for a 0. 341 molar 

solution of hydrogen chloride), from which it vvas apparent that a 

new absorbing species was being formed during the first few minutes 

of reaction, ana. that this species was then tl!l:dergoing a further 

reaction. It also appeared that the latter ~~s a reaction of the 

first order (vdth respect to the azine concentration) as tlw plot 

of log extinction (a log a . ) against ·time was a straight line. 
a-:x: 

.Another significant point emerged on examination of the results. 

Namely, at certain wave lengths the molecular absorption of the new 

species vm.s greater tb.an that of the azine. This ·vm.s concluded from 

the observation that at these wave lengths; there ·was a rise in 

absorption v7ith time, i.e. on formation of tho new absorbing species 

(see Table VII, page 60). This meant that the latter could not be 

benzaldehyde or its hydrazone vvhich, over the wave length range 

under consideration had considerably lmver molecular absorption 

coefficients. This .is shovm on ·page 57 , Table IV 

where thG molecular abso~rtion coefficients of both substances in 

dioxan solution arc given. 



16a 

43 , " ' "' • ' I ' CURVE TIME . ' I \ MIN. I \ 

4,2 I 5 
II 9 

:m: 12 
:m: 22 
'J[ 27 
JZI 32 

4·1. 

' ... 

J. 

·,_ ... '. (·' -
.·. 

3•1 2~7~0~--~2~8~0----~29~0~--~3~0~0~--~3,~0~----3~2~0~----._ ____ --J 

WAVELENGTH MjJ 

FIGURE :m. 



The assumption was then made tlm t the new absorbing species was . 

the azinium ion. ~~o reasons for this were:- (i) Tho molecular 

extinction n~un of this ion, and the vmve length at which it 

occurred should not be very different from that of the parent azine, 

as it vvould have essentially the snmc amount of conjugt~.tion. 
19 

Further, Braud.c ha.s sho.-m that the m8.ximum possible extinction 

17. 

coefficients of molecules can be calculated from molecular dimensions, 

and tha.t those extinction maxima depend _on the effective "chromopho~e 

As for the azine and for its ion the effective 

"chromophone areas" should be of the sruno order of magnitude, their 

absorption a'Ud.nul. should also be similar. ( ii) The final max::i.nrum 

shovm by this now absorbing species was at a. wave length of 285 I!l1 1 

i.e. close to the ~ave length at which ~he maximum absorption for 

tho solution of methylhydrazinc hydrochloride with benzaldehyde in 

diox:an occurred. (Sec page 15 ). (iii) Tho possibility of a. 

solvent shift of the azinc curve due to tho presence of the hya.iogcn 

chloride, was ruled out as an explanation of tho reaction occurring, 

because this vmuld have been an instantaneous effect. Such a solvent 

shift of tho original azinc n.bsorption curve Yms not discarded entirely, 

as a possibility existed that tho results obtained reflected a com-

bin..'ttion of tvro effects, i.e. an immediate shift of the original azine 

extinction curve, due to tho presence of tho hydrogen chloride, 

follovred by a reaction. Such a shift could be due to a. change in 

the dielectric properties of tho solvent, on introduction of the 

polar hydrogen chloride molecules, with a consequent change in 

optical properties and in solute-solvent interaction. In ord.cr to 

investigate the nature of the reaction occurring in the course of its 

first few minutes, the effect o~ increasing concentration of hydrogen 

chloride on the height of the maximum absorption attained by an azine 

solution of fixed ·concentration at a fixed wave length (280m~), 'T.as 

studied. This choice of wu.ve length vvas made :in that it was close 

to that at which the new absorbing species shovred its maximum. From 

the results alrca.dy obto.ined of tho molecular extinctions, at 280 IDI-lt 



at various time intervals, of solutions of fixed azine concentration, 

but varying hydrogen cluoride concentration, the differences, 

ll(log e) between loge and log e0 (obtained by extrapolation) max 

for each run were plotted (i) against the molarity of the -hydrogen 

chloride in the solution (Curve I, Figure DT) and (ii) against the 

acidity fUnction, Ho, of the solution. (Curve II1 Figure IV). 

From these curves it can be seen that the maximum rise in absorption 

increases with increased concentration of hydrogen chloride. 

Further this maxirrrum rise in absorption bears an approximately linear 

relationship vdth the acidity function of the solution, substantiating 

the assumption that the reaction occurring in the first few minutes is 

the formation of the azinium ion. This is in contrast to the lack of 

cor.r9lation be~1ccn e 0 and the acidity function of the solution (see 

Curve II, Fie,rurc II, page 15a), indicating tlk'lt the initial drop in 

absorption is, indeed, clue to II solvent shift effect. 'J.h3 extent 

to vmich the absorption curve of the azinc is lowered depends, thus, 
/ ' 

more on the molarity of the solution (soc Curve r, Figure IV) 

than on its proton availability. 

The above tms taken as justification for the assumption that th<? 

new absorbing Species vms the azinium ion~ However, it was still not 

directly possible to obtain its molecular extinction curve, This was 

due to the reaction which the ion was undergoing, in that the curves; 

plotted at tho various times represented curves for unknown con~ 

centrations of ion. 

The following me·bhocl was evolvccl for finding the molecular 

extinction curve for the aziniuru ion. Since after tho first twelve 

minutes, vvhen t11vo absorbing species appeared to be present,presumably 

azine and azinium ion, the absorption curve assumed a definite shape 
/ 

and then simply dropped steadily with time, (sec Curves Dl to vr, 

Figure III, page 16a) it was tentatively assumed that these curves 

represented the true shape of that of the n.zinium ion. A methcxl 

vms sought for finding the 11 starting posi tion11 of these curves. It 

was noted that the molecular extinction curves of benzaldazine and of 
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·its hyo.rochloride in dioXD.l1 solvent (see Curves I and II, Figure v, 

page 19a) cut at about 290 mf.L- As this point must represent the 

vvave iength at which the azine and its protonated ion have .the same 

absorption, all curves of mixtures of the same total concentration of 

azine and of its ion, must pass through it. Thus the 11 starting 

curve" for the azinium ion, vvhich represents tP,e curve for complete 

conversion of the azine to its ion, must also pass through this point. 

Hence if the latter could be found accurately, the curves for the 

azinium ion of unknovm concentration could be adjusted to pass 

through it. ~vover1 the exact position of the point of cut of the 

absorption curves for the azine and for its hydrochloride vms not 

definite, as the t\70 curves were practically coincident over a vvavc 

length range of from 280 to 293 m~-~t (Sec Curves I and II• Figure v, 
page 19a)i To find. the point of cut ·more accurately use was made of 

the follovr.ing facts. At vv.ave lengths at which the absorption of the 

azinium ion vms higher than that of the azine 1 an immediate rise in 

tho value of the extinction on the formation of the ion v~uld be 

cx:Pocted, whereas at "mvo lengths at which the absorption of the 

azinium ion is less than that of the azine, an imrncdiate drop in 

the vnl ue of the extinction on the fornmtion of the ion should occur. 

Thus tho vnl uo of the wave length { 294 m.~-~.) at which there vro.s no 

immediate rise or fall in extinction vdth time ·vvas taken to be that 

wave length for which the azino and its ion had thG same absorption. 

The extinction curve for the benzaldazinium ion vvas then taken to be 

the curve obtained by adjusting any of the curves r.:r, V or VI, 

Figure III, page 16a, to ~ass through the point representing the 

v:iii.uo of the molecular extinction of benzaldazine at 294 mj.l. The 

curve thus obtained was Curve IIIj Figure v. Curves Dr and V 1 

Figure V, were obtained by repeating the above procedure 'IJT.i. th the 

results obtained for the same concentration of azinc but for 

molarities of hyClrogcn chloride of o. 682 and. 1. 262 respectively. 



~ 
0 

z 
0 
i= 
u 
~ ... 
)(' 
C&l 

19a 

' " 

·40~----~----~-----4------~~~+-----~-----4------r-----1-__, 

. I 

iSL---~28~0----~----~2~0~--~----~3~0~0~--~----~3~10~----._--~3~2~0--~ 

WAVELENGTH mp 

FIGURE :2: 



(c) ~ absorption curves for benzaldazino and for its 
• 

hyc1rocl'L1orido. 

The abso~ption curves for ben~aldazine and for its ~a­

chloride in dioxnn solution v7erc deterrained (Curves I and II, 

Figure V) and vrere fauna to be similar. This could be interpreted 

in three weys :-

(i) The o.zinium salt might exist in dioxan entirely as tree azine 
I 

and as hydrogen· chloride, i.e. no benzaldaziniUllL ion. might 

be present. This would irrq:>ly that the Curves I and II 

(Figure V) should be identical, and that the differences 
I 

observed Yrere fortuitous, or due to trace impurities. Poth 

those possibilities wore ruled out by, in tho first p~ce, 

determining mn.ny absorption curves on the same speciroons, 

and, in the second place 1 determining further curves. on 

specllaens prepared on different occasions from different 

stnrting mn.torials. Although the curves obtained were not 

always entirely coincident over the vmolc wave length range, 

it was apparent that the curve for the free azine was below 

that of its salt up to a certain wave length (between 290 and 

297 mtJ.) vd thin which range a point of cut ~rr the two ourves; 

could be observed. At higher v7avo lengths ·the abso~ption of 

the salt was slightly lower thnn that of tho free azine. 

(ii) The soconcl possibility 'V'Ias that the curves for the azine and 

for its iGJn might not differ materially. If this were the 

case the ~pectrophoto.metric method would have had to be 

abandoned, but as many oxanrples ·were lmown where an organic 

base and its protonated ion shovred appreciably different 

absorption curves (e.g. phena.zine and its hydrochloride) this 

possibility was considered unli..l{ely. 

(iii) The thirc1 possibility V'lt'.s that the azine was such a. vreak base 

that in benialdazine hydrochloride in dioxan the concentration 
I 

of the benzalo..ll)o.zinium ion would be c:ctremcly lovr, 



Thus it was obvious that if the basicity of the azine was to be 

detenaincd by ~1e method described above it vrould be necessary to 

plot the curves of the azine anc1 its hydrochloride with the max:i.rnulm 

accuracy. n1e follovr.ing precautions were therefore taken in 

obtaining the Curves J[ and II~ Figure V:-

(i) The concentration of the original az:i.ne solution was adjusted 

carefully so that all readings of extinction v10uld be in the 

_most sensitive part of the Beckman Spectrophotometric scale 

(i.e. be~vecn 0,2 and 0,9 extinction). 

(ii) The vvave length range was limited to that with least solvent 

or other interference. 

(iii) The effect of changes in temperature by uneven heating due to 

the hyCJ.rogen lamp aftc~ the first fcvv minutes was elim:i.nated 

by controlling the tcnrpcra ture to within o. 5°0, 

(iv) Readings wore commenccc1. at the same wave length (270 Jn!.l) 

vr.i.thin five minutes of preparing the solution, in order to 

21. 

cut out variability due to solvent-solute interaction. 1t 

vvas foUnd necessary to take these precautions, but va.riability 

of readings due to solvent evaporation '\'vas found to be 

insignificant when usi.ng dioxan as solvent. For-the more 

volat_ilc solvcmt, ethyl alcohol, such evaporation was more 

serious. 

(d) The detcnn:i.nation of the ionisation constant as a base of 

benzaldazine, and a discussion of its validity. 

An approximate value for the ionisation constant, Kb1 of 

benzaldazine was calculated by Hammett and Deyrup 's Equation J[ 

(sec page 13). Before substituting values forK, KB ano. K:sH+ 
obtainable from Ctirves I~ II, III, IV and V in Figure V~ page 19a, 

it was necessary to decide the maxunwn wave length range that could 

be chosen vr.i.th accuracy. Readings at vmve lengths below 275 m~ 

could not be used as the standard deviations of the individual 



readings for tho molecular extinction of tho azinc and of its 

hydrochloride wore abnost double tho standard deviations at higher 

vva.vo lengths. (Soc Tables V and~ pages 58. and 59). This vm.s no 

doubt due to the fact that the solvent dioxan, although 10ofo trans­

mittant at wave lengths greater tl~ 297 r~, absorbed slightly at 

lower '-lva.Ve lengths. (See Figure XIV, page 54a). Bchveon wave 

lengths of 270 and 275 m[l tho solvent was only botvveon 65% and 85% 

trru1smittant, and hence solvent interference v~s to be expected in 

t11is range, resulting in less reproducibility in rca~ings. At 294 m 

22. 

the azinc and its hydrochloride had the same value for their molecular 

extinctions,and betvreen 288 and 298 m [l tho differences in extinction 

were so small as to be useless for tho above mentioned. method of · 

calculation. At higher vmvo lengths than 298 ID<[l the curve of the 

azinium ion was not as reliable as for lovver ones, as its shape vms 

. only reliable near its maximum, tho lower portions being no c1oubt 

influenced by the presence of benzaldehyde or its hydrazone. Thus 

readings for K, KB and KBPJt were confined to tho wave length range 

275 to 288 m~ (See Table XII, page 64A). Tho moan value of Kb 

thus obtained v~s 0.11 ~ 0.035, the latter figure being the expori-

mental standard deviation. This deviation of 0.035 reflected a 

greater accuracy than it ·was possible to obtain using the above 

method. Its reliability vva.s checked by calculating tho standard 

deviation of the value of Kb by the following general method. 

then 

where 

If y - f(x1 ; X:3 • • • • • ) 

s 
y 

= [ [a f(x11 x2 ••••• )l2 

S2 +f a f(xu ~ • • • • • rr s2 
a xl __! xl L a X:a . _j X:3 

= true s·bandard deviation of function y, which vnrics 
vvi th x1 , X:a· ••••• 

S = stanclarc1 deviation of x1 xl 
S = stanc1arc1 deviation of x 2 X:a 

In the above case:-

I~ = 

+ ••••• 
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" • • 
~Rb aEb 2 a~ 2 

\,:aK-) 8lc + ( a19 • sEn + ( aK:ruJ • sRm. ... Equo. tion nr 

Substituting values.of K, KB and KBH+ at vvavc lengths of 2751 280
1 

282, 2841 _286 and 288 L1f.1. the mcnn of the values of S!\b obtained was 

found to be o. 13 and at v:m.vo lengths of 275, 280, 282 the mean was o. 08 

(see Table XIII, p. G6). 

In order to work out PEb for bcnzalda.zine from equation I, 

i.e. = Ho 
0 

+ log ~r'" 1 Jchc value for Ho for dioxan con­
B 

taining a vanishingly snall concentration of hydrogen chloride was. 

required. This quantity, Ho 1 first introduced by Hammett is a. 

measure of proton availability in non-aqueous solutions, its value 

decreasing vv.ith increasing protonavailability. 
17 

JO.though Braude 

has published the values of Ho for solutions of v~g concentrations 

of hycJrogen chloride in dioxan, there is some doubt as to tho 
19 

reliability of tl1ese values. James and Knox , using conductivity 

methods, found consistently higher results for Ho (for 0.1 molar 

hydrogen chloride in dioxan-vT.ater mixtures of varying proportions) 

than the corresponding ones given by Braude. In this work Braude 1 s' 

results l1ave been utilised, but a final adjustment to the possible 

range of values of pi~ for benzaldaz:i.ne has been 1nade to allow for a 

possible higher value of Ho in' accordance with James and Knox'. 

results. Thus Braude's values of -Ho for solutions of varying 

concentrations of hydrogen chloride in dioxan vrere plotted against 

the molarity of tho hydrogen chloride (Figure VI) and the curve 

obtained vvas; extrapolated to zero hydrogen chloride concentration, 

giving the required value of Ho as 1.,68. This value was novv · 

substituted in Equation I:-

Pl<b == 1. 68 + log (.11 t . 08) (Using Brau0..c 1 s value of Ho) 

i. c. .16 < pY"b < • 96 

As the possibility exisJcs tlm:b Ho is higher, in accordance with the 

results of James m1c1 Knox at 0.,1 molar hydrogen chloride, the upper 

limit for PKb nmst be extended to 1.46. 

i.e. .16 < PI<b < 1. 4:6 
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that the reaction was of the first order with respect to the azine 

concentration. The fact that at high acid concentrations (i.e. 

greater than 0.5 molar) the curve v~as no longer completely linear, 

did not necessarily mean a change in the order of the reaction, but 

was interpreted (see (a) nbove) as due to the formation of com­

paratively high concentrations of the hydrazone of benzaldehyde, 

the molecular extinctions of which would no longer be negligible. 

Similarly the shape of the log e-t:i.me curve for the first twelve 

26. 

minutes of reaction was. due to the presence of unchanged benzaldazine 

as well as of benzaldazinium ion. 

The effect of c1ifferent acid concentrations on the rate of the 

reaction was determined by measuring tho rates at different 

molarities of hydrogen chloride, keeping the azine and the water 

' concentrations the same. In order to obtain the specific velocity 

constants for the hydrolysis at various acid concentrations.• the 

slopes of the corresponding log e-time curves were required. 

Accordingl~ the c~~o ~~~wn 1n Figure IX were dra~n. These 

represented the log e against time curves for solutions of fixed 

azine concent;ra.tion, but varying acid concentrations at the wave 

length of 295 m~. This choice of wave length out of the five 

possible ones of 280, 285, 290 ,_ 295 and 300 mf..L was made, as at the 

first three mentioned tho absorption of the hydrazone of benzaldehyde 

formed affecteQ tho slopes of the log €-time curves at the higher 

acid. concentrations to a greater extent than at the last two vvave 

lengths. Further 300 m~ was cut out as at this wave length the 

values of log e droppecl. too lmv after n. compn.ra tively short time to 

fall on the more accurate part of the Becla118.nn spectrophotometeric 

scale. An examination of Figure IX shovred thD.t only on 0.48, 0. 54 

and 0.682 molar hydrogen chloride solutions did the log e-time 

curves cease to be linear after about eighteen minutes. The 

specific velocity constants K, were obtained from the linear 

portions of the curves in Figure IX, from the relat~.onship :-

-2.303 K = min~ rate of change ::Jf log e vrith time 



Hence the above method hn.s not given an absolute value for the 

ionisation constant of benzaldazinc, but has shown it to lie 

within the range:-

0.16 < PI<b < 1.46 

(3) The mechanism of the ~ydrolysis of benzaldazine in the 

presence of acid. 

(a) Determination of the nature of the reaction between 
benzaldazine,and hydrogen chloride in dioxan solution. 

As it was suspected that the reaction which had occurred 

when hydrogen chloride in dioxan was mixed with benzaldazine in the 

same sol vent, was an hydrolysis to benzaldehyde and hydrazine, 

attempts were made to verify this as follows:- The rate of the 

reactions were measured, keeping the azine and the hydrogen chloride 

concentrations the same, but adding varying quantities of water. 

As can be seen from Curves I, II, IIT, IV and V, Figure VII, where 

the linear portions of the Curves I to V are parallel, the rate of 

the reaction was found. to be independent of the water concentration. 

This could only mean either -(i) that water played no part in the 

reaction, indicating that it was not an hydrolysis, or (ii) that 

water was already present in excess in the solvent, and hence that 

the added quantity of vmter did not influence the rate. To decide 

between these two possibilities the water content of the solvent 

dioxan was determined by Karl Fisher titrations, (see page 54,). 

It was found that water was indeed present; its concentration being 

0.44% (0, 24 M) which would represent a large excess of water in 

comparison to the azine concentration in the dioxan, which was 

10,000 times more dilute. 

As the ease with which aziniurn salts hydrolyse in the presence 

of acid and water was well established, there was every indication 

that the reaction was indeed such an hydrolysis. This was confirmed 

by the results obtained on studyL~g the rate of the reaction at 

varying aciCl. concentrations. It v-vas found that when the hydrogen 

chloride concentration was low (up to about 0.3 :M) the plots for 
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that the reaction was of the first order with respect to the azine 

concentration. The fact that at high acid concentrations (i.e. 

greater than 0.5 molar) the curve v~as no longer completely linear, 

did not necessarily mean a change in the order of the reaction, but 

was interpreted (see (a) nbove) as due to the formation of com­

paratively high concentrations of the hydrazone of benzaldehyde, 

the molecular extinctions of which would no longer be negligible. 

Similarly the shape of the log e-t:i.me curve for the first twelve 

26. 

minutes of reaction was. due to the presence of unchanged benzaldazine 

as well as of benzaldazinium ion. 

The effect of c1ifferent acid concentrations on the rate of the 

reaction was determined by measuring tho rates at different 

molarities of hydrogen chloride, keeping the azine and the water 

' concentrations the same. In order to obtain the specific velocity 

constants for the hydrolysis at various acid concentrations.• the 

slopes of the corresponding log e-time curves were required. 

Accordingl~ the c~~o ~~~wn 1n Figure IX were dra~n. These 

represented the log e against time curves for solutions of fixed 

azine concent;ra.tion, but varying acid concentrations at the wave 

length of 295 m~. This choice of wave length out of the five 

possible ones of 280, 285, 290 ,_ 295 and 300 mf..L was made, as at the 

first three mentioned tho absorption of the hydrazone of benzaldehyde 

formed affecteQ tho slopes of the log €-time curves at the higher 

acid. concentrations to a greater extent than at the last two vvave 

lengths. Further 300 m~ was cut out as at this wave length the 

values of log e droppecl. too lmv after n. compn.ra tively short time to 

fall on the more accurate part of the Becla118.nn spectrophotometeric 

scale. An examination of Figure IX shovred thD.t only on 0.48, 0. 54 

and 0.682 molar hydrogen chloride solutions did the log e-time 

curves cease to be linear after about eighteen minutes. The 

specific velocity constants K, were obtained from the linear 

portions of the curves in Figure IX, from the relat~.onship :-

-2.303 K = min~ rate of change ::Jf log e vrith time 



No obvious rel~.tionship was noteo. between the molarity of the acid 

and the specific velocity constants, but the relationship be~veen· 

the acidity function of the solution and the corresponding specific 

velocity constant, K, is shown in Table XV • In the first column 

of this table the molarity of the hydrogen chloride in the dioxan 

is given; in the second is the corresponding value of the acidity 

function, Ho, as determined from the curve in Figure VI, page 23a, 
16 

which was drawn from figures published by Braude . , in the third 

column is the specific velocity constant, K in min-1
, as determined 

from the linear portions of the corresponding curves in Figure IX; 

in the fourth column the· logarithm of K is recorded; and finally 

in the last column the sums of log K and Ho are shown, and appear 

to be approximately constant. As Ho is also a logarithmic function 

this can be expressed in the following 'vay:-

loe; K - log h 

K 

= log C ••••• Equation IV 

or h = C -••••• Equation V 

where h. (see Equ,a tion VIII, appendix I, page 7 2 .. ) is a direct 

measure of proton availability. Thus the specific velocity 

constant, K, is directly proportional to proton availability. 

(c) Suggested mechadism of the hydrolysis of benzaldazine to 
hzdrazine and benzalde~yde. 

; ' 

With the solvent containing 0.44% "vater it was not ' 

possible to study the effect of changes in water concentration on 

the rate of hydrolysis. 

As, however, it was shoWn in Section II (2) that the azinium 

ion vms formed as the first stage in the hydrolysis, the following 

is suggested as a possible mechanism for the reaction:-

In the first place benzaldazine reacts w.i,th. the )~olvated proton 

to form the benzaldazinium ion:-

H H 

27. 

. I I · . Q-c =N- N= c_Q * H3 0 
··--·~ 

slow 

H @ H' 

0 1 +- ·'Q _C=·~_..N:C_ 

H 

T II 
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The hydrazone would now react with a solvated proton at the 

nitrogen atom having the higher electron density, i.e, at the 

nitrogen atom attached by the double bond to the carbon atom, 

forming V, 
Ff If 

~·-- ~)~~ -0 
'· . ~ 
H !if 

The final conversion of V to benzaldehyde and hydrazine would 

occur by a similar mechanism to that suggested above for the 

conversion of II to benzalhy0xazone and benzaldehyde. 

(4) Attempted preparations of aliphatic aldazinium salts. 

(a) Attempted preparations of simple and complex salts of 
aliphatic azines. 

, Attempts were made to prepare both simple and complex 

salts of acetaldazine, n-butaldazine, n-propaldazine and of 

crotonalc3.azine. 

·The preparation.of a hY.drochloride of acetaldazine was attempted 

by passing hydrogen chloride through its ethereal solution. This 

yielded a white crystalline product, consisting mainly of hydraz'ine 

dihydrochloride. All efforts to make the hydrohalides of this azine, 
:_ . .. 

if done in the presence of '1ater, gave the corresponding hydrazinium 

salt. \'Then working under strictly anhydrous conditions (using- the 

apparatus shown in Figure XII, page 378) oils which failed to 

crystallise even at -50°0 were obtained. 

Attempts to make a chloro- or bromo-stannate, a chloro-, bromo-, 

or iodo-antimonite of acetaldazine using different solvent and widely 

differing conditions, were equally unsuccessful. If done in the 

presence of even traces of water hydrazinium salts were precipitated, 

whereas wheri carried out in completely anhydrous conditions 

crystalline products were obtained which showed on analysis that the 

azine had polymerised in varying degrees. 

n-Butaldazine, b.p. 186 - 188°0, was prepared and attempts were 



No obvious rel~.tionship was noteo. between the molarity of the acid 

and the specific velocity constants, but the relationship be~veen· 

the acidity function of the solution and the corresponding specific 

velocity constant, K, is shown in Table XV • In the first column 

of this table the molarity of the hydrogen chloride in the dioxan 

is given; in the second is the corresponding value of the acidity 

function, Ho, as determined from the curve in Figure VI, page 23a, 
16 

which was drawn from figures published by Braude . , in the third 

column is the specific velocity constant, K in min-1
, as determined 

from the linear portions of the corresponding curves in Figure IX; 

in the fourth column the· logarithm of K is recorded; and finally 

in the last column the sums of log K and Ho are shown, and appear 

to be approximately constant. As Ho is also a logarithmic function 

this can be expressed in the following 'vay:-

loe; K - log h 

K 

= log C ••••• Equation IV 

or h = C -••••• Equation V 

where h. (see Equ,a tion VIII, appendix I, page 7 2 .. ) is a direct 

measure of proton availability. Thus the specific velocity 

constant, K, is directly proportional to proton availability. 

(c) Suggested mechadism of the hydrolysis of benzaldazine to 
hzdrazine and benzalde~yde. 

; ' 

With the solvent containing 0.44% "vater it was not ' 

possible to study the effect of changes in water concentration on 

the rate of hydrolysis. 

As, however, it was shoWn in Section II (2) that the azinium 

ion vms formed as the first stage in the hydrolysis, the following 

is suggested as a possible mechanism for the reaction:-

In the first place benzaldazine reacts w.i,th. the )~olvated proton 

to form the benzaldazinium ion:-
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-This reaction is a 11 slow11 one, in that its rate is measurable, as 

shovm by the shape of the rate curve during the first ten minutes 

of hydrolysis. (See Figure T, page 14a). As the formation of 

an ion is usually instantaneous, this result appears surprising. 

:However, it may be due to a steric effect, caused by the complexity 

I ,and size of the benzaldazine molecule, in that the ion may only be 

formed when +.he proton approaches the nitrogen atom in certain 

directions. Once the azinium ion is formed, the nitrogen atom 

carrying the positive charge would tend to draw electrons from the 

neighbouring carbon atom at its double bond:-

H (+' H ' ~- H i V I t 

C = N - N' = C -:-0 ~ 0-9-. -
' ' (j 
H , 

If H 
t 

N-N=C 

' If 
-· 0 

At this stage there appear to be .two ways in which III can be 

converted to 

H' H 

0 
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Either this' conversion occur-s in one stage by means of a water 

molecule attacking III at the electron deficient carbon atom, or 

it occurs in two stages, (the i.Ylitial attack being made by an 

hydroxyl ion) thus:-

H IF 

III 0
! 

... -~-~-N=C IV + H:aO 

IOi If 
I 
! 
H 

The next stage of the hydrolysis consists of the loss of a 

.......... 

28 .. 

proton, together with the formation of benzaldehyde and benzalhydrazone. 

I¥ II If 
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The hydrazone would now react with a solvated proton at the 

nitrogen atom having the higher electron density, i.e, at the 

nitrogen atom attached by the double bond to the carbon atom, 

forming V, 
Ff If 

~·-- ~)~~ -0 
'· . ~ 
H !if 

The final conversion of V to benzaldehyde and hydrazine would 

occur by a similar mechanism to that suggested above for the 

conversion of II to benzalhy0xazone and benzaldehyde. 

(4) Attempted preparations of aliphatic aldazinium salts. 

(a) Attempted preparations of simple and complex salts of 
aliphatic azines. 

, Attempts were made to prepare both simple and complex 

salts of acetaldazine, n-butaldazine, n-propaldazine and of 

crotonalc3.azine. 

·The preparation.of a hY.drochloride of acetaldazine was attempted 

by passing hydrogen chloride through its ethereal solution. This 

yielded a white crystalline product, consisting mainly of hydraz'ine 

dihydrochloride. All efforts to make the hydrohalides of this azine, 
:_ . .. 

if done in the presence of '1ater, gave the corresponding hydrazinium 

salt. \'Then working under strictly anhydrous conditions (using- the 

apparatus shown in Figure XII, page 378) oils which failed to 

crystallise even at -50°0 were obtained. 

Attempts to make a chloro- or bromo-stannate, a chloro-, bromo-, 

or iodo-antimonite of acetaldazine using different solvent and widely 

differing conditions, were equally unsuccessful. If done in the 

presence of even traces of water hydrazinium salts were precipitated, 

whereas wheri carried out in completely anhydrous conditions 

crystalline products were obtained which showed on analysis that the 

azine had polymerised in varying degrees. 

n-Butaldazine, b.p. 186 - 188°0, was prepared and attempts were 



that the reaction was of the first order with respect to the azine 

concentration. The fact that at high acid concentrations (i.e. 

greater than 0.5 molar) the curve v~as no longer completely linear, 

did not necessarily mean a change in the order of the reaction, but 

was interpreted (see (a) nbove) as due to the formation of com­

paratively high concentrations of the hydrazone of benzaldehyde, 

the molecular extinctions of which would no longer be negligible. 

Similarly the shape of the log e-t:i.me curve for the first twelve 

26. 

minutes of reaction was. due to the presence of unchanged benzaldazine 

as well as of benzaldazinium ion. 

The effect of c1ifferent acid concentrations on the rate of the 

reaction was determined by measuring tho rates at different 

molarities of hydrogen chloride, keeping the azine and the water 

' concentrations the same. In order to obtain the specific velocity 

constants for the hydrolysis at various acid concentrations.• the 

slopes of the corresponding log e-time curves were required. 

Accordingl~ the c~~o ~~~wn 1n Figure IX were dra~n. These 

represented the log e against time curves for solutions of fixed 

azine concent;ra.tion, but varying acid concentrations at the wave 

length of 295 m~. This choice of wave length out of the five 

possible ones of 280, 285, 290 ,_ 295 and 300 mf..L was made, as at the 

first three mentioned tho absorption of the hydrazone of benzaldehyde 

formed affecteQ tho slopes of the log €-time curves at the higher 

acid. concentrations to a greater extent than at the last two vvave 

lengths. Further 300 m~ was cut out as at this wave length the 

values of log e droppecl. too lmv after n. compn.ra tively short time to 

fall on the more accurate part of the Becla118.nn spectrophotometeric 

scale. An examination of Figure IX shovred thD.t only on 0.48, 0. 54 

and 0.682 molar hydrogen chloride solutions did the log e-time 

curves cease to be linear after about eighteen minutes. The 

specific velocity constants K, were obtained from the linear 

portions of the curves in Figure IX, from the relat~.onship :-

-2.303 K = min~ rate of change ::Jf log e vrith time 



III. E X P E R I M E N T A L. 

(1) Preparations of aromatic aldazinium salts. 

(a) Purity of reagents and solvents utilized. 

The aroma tic azines userl as startinG rna terials in the 

preparations of the series of salts, were made from hydrazine 

hyarate (6a,1o; 1 mol.) and the stoichiometric quantity of aldehyde 
13 14 

(2 mols.) in alcoholic solution. Benzaldazine 1 anisaldazine 
12 

and o-nitrobenzaldazine were crystallised from ethanol, and 
13 

salicylaldazine from chloroform. The aliphatic azines 1 

15 16 16 17 
acetaldazine 1 n-propaldazine , n-butaldazine , and crotonaldazine 

were prepared by the methods indicated in the references given. 

Hydrazine hexachlorostannate was prepared by fractional 

crystallisation of a mixture of stannic chloride pentahydrate and 

a saturated aqueous solution of hydrazine monohydrochloride. 

The stannic chloride used for the various preparations had been 

pUrified by low pressure distillation, and was completely anhydrous, 

while the other metallic halides used were C.P. grade. 

The solvents xylol, benzene and cyclohexane were dried by 

refluxing with sodium and were kept in containers with sodium vdre, 

while the nitrobenzene was freshly distilled. The ether was distilled 

from conce·ntrated s11.lphuric acid and also kept over sodium. 

(b) Mcthod_s of anal;zsis. 

Ah essential preliminary treatment for the removal of 

aldehyde was necessary before the aldazinium salts prepared below 

could be analysed completely. This was effected in two ways. All 

the simple and some of the complex salts were readily hydrolysed by 

acids vdth the evolution of the aldehyde. Thus 5N hydrochloric 

acid was used for the hydrolysis prior to a sulphate, hydrazine, 

bismuth or tin determination, and 2N sulphuric acid for a halogen 

or antimony estimation. n1e period of hydrolysis varied - the salts 

of benzaldazine being decomposed more rapidly than the corresponding 

ones of anisaldazine, whilst those of salicylaldazine were the most 
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that the reaction was of the first order with respect to the azine 

concentration. The fact that at high acid concentrations (i.e. 
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did not necessarily mean a change in the order of the reaction, but 
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length of 295 m~. This choice of wave length out of the five 

possible ones of 280, 285, 290 ,_ 295 and 300 mf..L was made, as at the 

first three mentioned tho absorption of the hydrazone of benzaldehyde 

formed affecteQ tho slopes of the log €-time curves at the higher 

acid. concentrations to a greater extent than at the last two vvave 

lengths. Further 300 m~ was cut out as at this wave length the 

values of log e droppecl. too lmv after n. compn.ra tively short time to 

fall on the more accurate part of the Becla118.nn spectrophotometeric 

scale. An examination of Figure IX shovred thD.t only on 0.48, 0. 54 

and 0.682 molar hydrogen chloride solutions did the log e-time 

curves cease to be linear after about eighteen minutes. The 

specific velocity constants K, were obtained from the linear 

portions of the curves in Figure IX, from the relat~.onship :-

-2.303 K = min~ rate of change ::Jf log e vrith time 



III. E X P E R I M E N T A L. 

(1) Preparations of aromatic aldazinium salts. 

(a) Purity of reagents and solvents utilized. 

The aroma tic azines userl as startinG rna terials in the 

preparations of the series of salts, were made from hydrazine 

hyarate (6a,1o; 1 mol.) and the stoichiometric quantity of aldehyde 
13 14 

(2 mols.) in alcoholic solution. Benzaldazine 1 anisaldazine 
12 

and o-nitrobenzaldazine were crystallised from ethanol, and 
13 

salicylaldazine from chloroform. The aliphatic azines 1 

15 16 16 17 
acetaldazine 1 n-propaldazine , n-butaldazine , and crotonaldazine 

were prepared by the methods indicated in the references given. 

Hydrazine hexachlorostannate was prepared by fractional 
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The stannic chloride used for the various preparations had been 

pUrified by low pressure distillation, and was completely anhydrous, 

while the other metallic halides used were C.P. grade. 
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refluxing with sodium and were kept in containers with sodium vdre, 
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from conce·ntrated s11.lphuric acid and also kept over sodium. 
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Ah essential preliminary treatment for the removal of 

aldehyde was necessary before the aldazinium salts prepared below 

could be analysed completely. This was effected in two ways. All 

the simple and some of the complex salts were readily hydrolysed by 

acids vdth the evolution of the aldehyde. Thus 5N hydrochloric 

acid was used for the hydrolysis prior to a sulphate, hydrazine, 

bismuth or tin determination, and 2N sulphuric acid for a halogen 

or antimony estimation. n1e period of hydrolysis varied - the salts 

of benzaldazine being decomposed more rapidly than the corresponding 

ones of anisaldazine, whilst those of salicylaldazine were the most 



50. 

mac1e to make its hyorochloride using the apparatus shown in Figure XII, 

page 37a, first vrorking at room temperature, then at -50°C, as the 

oily products formed apneared to decompose readily, but no pure 

salt was isolated. Equally unsuccessful were all attempts at 

making the chlorostannate of n-butaldazine, both by mixing 

stoichiometric proportions of hydrazine chlorostannate, dissolved 

in the minimum of water, together ¥dth a large excess of butaldehyde 

followed by th~ addition of ether and retention at -50°C for a 

period of several months, and by working in completely anhydrous 
...... 

conditions in the apparatus shown in Figure XII, using butaldazine, 

pure staru<ic chloride and hydrogen chloride as starting materials. 

The preparation of a sulphate of propaldazine was attempted by 

adding the azine, b.p. 141- 146°C (0.46 g.; 1 mol.) in ether 

(5 ml.) to sulphuric acid (0.41 g.; 1 mol.) in an ethereal so~ution 

of ap1?roximately 2. 5% w/v. A white precipitate resulted, which 

decorrrrosec.l. to the yellmv azine anc3_ to proprionaldehyde as soon as 

the ether was removed by filtration. A fresh preparation, using 

sli@ltly less than the theoretical quantity of sulphuric acid, gave 

a small yield of a white precipitate which was filtered rapidly, the 

last traces of ether being removed in a vacuum desiccator. (Found: 

A repeated 

preparation yielded a further small sample containing 16.3% hycxazine. 

This substance decomposed so readily, and was obtained in such small 

quantity, that it was decided to try to make a complex salt of 

propaldazine, with the hope that such a salt might prove more stable. 

Eydrazine chlorostannate,dissolved in the minimum quantity of water, 

was treated with an excess of proprionaldehyde, and left at 50°0 

for several weeks, when ether -vms added. .An oil which failed to· 

crystallise separatec'l out on further standing at -50°C. 

Next the preparation of salts of crotonaldazine was attempted. 

The preparation of the hyr1rochloride 'Has tried by passing dry 

hydrogen chloricl.e through an ethereal solution of crotonaldazine. 

A yellow brown precipitate formed immediately which. on analysis 
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The hydrazone would now react with a solvated proton at the 

nitrogen atom having the higher electron density, i.e, at the 

nitrogen atom attached by the double bond to the carbon atom, 

forming V, 
Ff If 

~·-- ~)~~ -0 
'· . ~ 
H !if 

The final conversion of V to benzaldehyde and hydrazine would 

occur by a similar mechanism to that suggested above for the 

conversion of II to benzalhy0xazone and benzaldehyde. 

(4) Attempted preparations of aliphatic aldazinium salts. 
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yielded a white crystalline product, consisting mainly of hydraz'ine 

dihydrochloride. All efforts to make the hydrohalides of this azine, 
:_ . .. 

if done in the presence of '1ater, gave the corresponding hydrazinium 

salt. \'Then working under strictly anhydrous conditions (using- the 

apparatus shown in Figure XII, page 378) oils which failed to 

crystallise even at -50°0 were obtained. 

Attempts to make a chloro- or bromo-stannate, a chloro-, bromo-, 

or iodo-antimonite of acetaldazine using different solvent and widely 

differing conditions, were equally unsuccessful. If done in the 

presence of even traces of water hydrazinium salts were precipitated, 

whereas wheri carried out in completely anhydrous conditions 

crystalline products were obtained which showed on analysis that the 

azine had polymerised in varying degrees. 

n-Butaldazine, b.p. 186 - 188°0, was prepared and attempts were 
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that the reaction was of the first order with respect to the azine 

concentration. The fact that at high acid concentrations (i.e. 

greater than 0.5 molar) the curve v~as no longer completely linear, 

did not necessarily mean a change in the order of the reaction, but 

was interpreted (see (a) nbove) as due to the formation of com­

paratively high concentrations of the hydrazone of benzaldehyde, 

the molecular extinctions of which would no longer be negligible. 

Similarly the shape of the log e-t:i.me curve for the first twelve 

26. 

minutes of reaction was. due to the presence of unchanged benzaldazine 

as well as of benzaldazinium ion. 

The effect of c1ifferent acid concentrations on the rate of the 

reaction was determined by measuring tho rates at different 

molarities of hydrogen chloride, keeping the azine and the water 

' concentrations the same. In order to obtain the specific velocity 

constants for the hydrolysis at various acid concentrations.• the 

slopes of the corresponding log e-time curves were required. 

Accordingl~ the c~~o ~~~wn 1n Figure IX were dra~n. These 

represented the log e against time curves for solutions of fixed 

azine concent;ra.tion, but varying acid concentrations at the wave 

length of 295 m~. This choice of wave length out of the five 

possible ones of 280, 285, 290 ,_ 295 and 300 mf..L was made, as at the 

first three mentioned tho absorption of the hydrazone of benzaldehyde 

formed affecteQ tho slopes of the log €-time curves at the higher 

acid. concentrations to a greater extent than at the last two vvave 

lengths. Further 300 m~ was cut out as at this wave length the 

values of log e droppecl. too lmv after n. compn.ra tively short time to 

fall on the more accurate part of the Becla118.nn spectrophotometeric 

scale. An examination of Figure IX shovred thD.t only on 0.48, 0. 54 

and 0.682 molar hydrogen chloride solutions did the log e-time 

curves cease to be linear after about eighteen minutes. The 

specific velocity constants K, were obtained from the linear 

portions of the curves in Figure IX, from the relat~.onship :-

-2.303 K = min~ rate of change ::Jf log e vrith time 
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slopes of the corresponding log e-time curves were required. 
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possible ones of 280, 285, 290 ,_ 295 and 300 mf..L was made, as at the 
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formed affecteQ tho slopes of the log €-time curves at the higher 

acid. concentrations to a greater extent than at the last two vvave 

lengths. Further 300 m~ was cut out as at this wave length the 

values of log e droppecl. too lmv after n. compn.ra tively short time to 

fall on the more accurate part of the Becla118.nn spectrophotometeric 

scale. An examination of Figure IX shovred thD.t only on 0.48, 0. 54 

and 0.682 molar hydrogen chloride solutions did the log e-time 

curves cease to be linear after about eighteen minutes. The 

specific velocity constants K, were obtained from the linear 

portions of the curves in Figure IX, from the relat~.onship :-
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(b) Mcthod_s of anal;zsis. 

Ah essential preliminary treatment for the removal of 

aldehyde was necessary before the aldazinium salts prepared below 

could be analysed completely. This was effected in two ways. All 

the simple and some of the complex salts were readily hydrolysed by 

acids vdth the evolution of the aldehyde. Thus 5N hydrochloric 

acid was used for the hydrolysis prior to a sulphate, hydrazine, 

bismuth or tin determination, and 2N sulphuric acid for a halogen 

or antimony estimation. n1e period of hydrolysis varied - the salts 

of benzaldazine being decomposed more rapidly than the corresponding 

ones of anisaldazine, whilst those of salicylaldazine were the most 



that the reaction was of the first order with respect to the azine 

concentration. The fact that at high acid concentrations (i.e. 

greater than 0.5 molar) the curve v~as no longer completely linear, 

did not necessarily mean a change in the order of the reaction, but 

was interpreted (see (a) nbove) as due to the formation of com­

paratively high concentrations of the hydrazone of benzaldehyde, 

the molecular extinctions of which would no longer be negligible. 

Similarly the shape of the log e-t:i.me curve for the first twelve 

26. 

minutes of reaction was. due to the presence of unchanged benzaldazine 

as well as of benzaldazinium ion. 

The effect of c1ifferent acid concentrations on the rate of the 

reaction was determined by measuring tho rates at different 

molarities of hydrogen chloride, keeping the azine and the water 

' concentrations the same. In order to obtain the specific velocity 

constants for the hydrolysis at various acid concentrations.• the 

slopes of the corresponding log e-time curves were required. 

Accordingl~ the c~~o ~~~wn 1n Figure IX were dra~n. These 

represented the log e against time curves for solutions of fixed 

azine concent;ra.tion, but varying acid concentrations at the wave 

length of 295 m~. This choice of wave length out of the five 

possible ones of 280, 285, 290 ,_ 295 and 300 mf..L was made, as at the 

first three mentioned tho absorption of the hydrazone of benzaldehyde 

formed affecteQ tho slopes of the log €-time curves at the higher 

acid. concentrations to a greater extent than at the last two vvave 

lengths. Further 300 m~ was cut out as at this wave length the 

values of log e droppecl. too lmv after n. compn.ra tively short time to 

fall on the more accurate part of the Becla118.nn spectrophotometeric 

scale. An examination of Figure IX shovred thD.t only on 0.48, 0. 54 

and 0.682 molar hydrogen chloride solutions did the log e-time 

curves cease to be linear after about eighteen minutes. The 

specific velocity constants K, were obtained from the linear 

portions of the curves in Figure IX, from the relat~.onship :-

-2.303 K = min~ rate of change ::Jf log e vrith time 



III. E X P E R I M E N T A L. 

(1) Preparations of aromatic aldazinium salts. 

(a) Purity of reagents and solvents utilized. 

The aroma tic azines userl as startinG rna terials in the 

preparations of the series of salts, were made from hydrazine 

hyarate (6a,1o; 1 mol.) and the stoichiometric quantity of aldehyde 
13 14 

(2 mols.) in alcoholic solution. Benzaldazine 1 anisaldazine 
12 

and o-nitrobenzaldazine were crystallised from ethanol, and 
13 

salicylaldazine from chloroform. The aliphatic azines 1 

15 16 16 17 
acetaldazine 1 n-propaldazine , n-butaldazine , and crotonaldazine 

were prepared by the methods indicated in the references given. 

Hydrazine hexachlorostannate was prepared by fractional 

crystallisation of a mixture of stannic chloride pentahydrate and 

a saturated aqueous solution of hydrazine monohydrochloride. 

The stannic chloride used for the various preparations had been 

pUrified by low pressure distillation, and was completely anhydrous, 

while the other metallic halides used were C.P. grade. 

The solvents xylol, benzene and cyclohexane were dried by 

refluxing with sodium and were kept in containers with sodium vdre, 

while the nitrobenzene was freshly distilled. The ether was distilled 

from conce·ntrated s11.lphuric acid and also kept over sodium. 

(b) Mcthod_s of anal;zsis. 

Ah essential preliminary treatment for the removal of 

aldehyde was necessary before the aldazinium salts prepared below 

could be analysed completely. This was effected in two ways. All 

the simple and some of the complex salts were readily hydrolysed by 

acids vdth the evolution of the aldehyde. Thus 5N hydrochloric 

acid was used for the hydrolysis prior to a sulphate, hydrazine, 

bismuth or tin determination, and 2N sulphuric acid for a halogen 

or antimony estimation. n1e period of hydrolysis varied - the salts 

of benzaldazine being decomposed more rapidly than the corresponding 

ones of anisaldazine, whilst those of salicylaldazine were the most 



29. 

The hydrazone would now react with a solvated proton at the 

nitrogen atom having the higher electron density, i.e, at the 

nitrogen atom attached by the double bond to the carbon atom, 

forming V, 
Ff If 

~·-- ~)~~ -0 
'· . ~ 
H !if 

The final conversion of V to benzaldehyde and hydrazine would 

occur by a similar mechanism to that suggested above for the 

conversion of II to benzalhy0xazone and benzaldehyde. 

(4) Attempted preparations of aliphatic aldazinium salts. 

(a) Attempted preparations of simple and complex salts of 
aliphatic azines. 

, Attempts were made to prepare both simple and complex 

salts of acetaldazine, n-butaldazine, n-propaldazine and of 

crotonalc3.azine. 

·The preparation.of a hY.drochloride of acetaldazine was attempted 

by passing hydrogen chloride through its ethereal solution. This 

yielded a white crystalline product, consisting mainly of hydraz'ine 

dihydrochloride. All efforts to make the hydrohalides of this azine, 
:_ . .. 

if done in the presence of '1ater, gave the corresponding hydrazinium 

salt. \'Then working under strictly anhydrous conditions (using- the 

apparatus shown in Figure XII, page 378) oils which failed to 

crystallise even at -50°0 were obtained. 

Attempts to make a chloro- or bromo-stannate, a chloro-, bromo-, 

or iodo-antimonite of acetaldazine using different solvent and widely 

differing conditions, were equally unsuccessful. If done in the 

presence of even traces of water hydrazinium salts were precipitated, 

whereas wheri carried out in completely anhydrous conditions 

crystalline products were obtained which showed on analysis that the 

azine had polymerised in varying degrees. 

n-Butaldazine, b.p. 186 - 188°0, was prepared and attempts were 
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or antimony estimation. n1e period of hydrolysis varied - the salts 

of benzaldazine being decomposed more rapidly than the corresponding 

ones of anisaldazine, whilst those of salicylaldazine were the most 



50. 

mac1e to make its hyorochloride using the apparatus shown in Figure XII, 

page 37a, first vrorking at room temperature, then at -50°C, as the 

oily products formed apneared to decompose readily, but no pure 

salt was isolated. Equally unsuccessful were all attempts at 

making the chlorostannate of n-butaldazine, both by mixing 

stoichiometric proportions of hydrazine chlorostannate, dissolved 

in the minimum of water, together ¥dth a large excess of butaldehyde 

followed by th~ addition of ether and retention at -50°C for a 

period of several months, and by working in completely anhydrous 
...... 

conditions in the apparatus shown in Figure XII, using butaldazine, 

pure staru<ic chloride and hydrogen chloride as starting materials. 

The preparation of a sulphate of propaldazine was attempted by 

adding the azine, b.p. 141- 146°C (0.46 g.; 1 mol.) in ether 

(5 ml.) to sulphuric acid (0.41 g.; 1 mol.) in an ethereal so~ution 

of ap1?roximately 2. 5% w/v. A white precipitate resulted, which 

decorrrrosec.l. to the yellmv azine anc3_ to proprionaldehyde as soon as 

the ether was removed by filtration. A fresh preparation, using 

sli@ltly less than the theoretical quantity of sulphuric acid, gave 

a small yield of a white precipitate which was filtered rapidly, the 

last traces of ether being removed in a vacuum desiccator. (Found: 

A repeated 

preparation yielded a further small sample containing 16.3% hycxazine. 

This substance decomposed so readily, and was obtained in such small 

quantity, that it was decided to try to make a complex salt of 

propaldazine, with the hope that such a salt might prove more stable. 

Eydrazine chlorostannate,dissolved in the minimum quantity of water, 

was treated with an excess of proprionaldehyde, and left at 50°0 

for several weeks, when ether -vms added. .An oil which failed to· 

crystallise separatec'l out on further standing at -50°C. 

Next the preparation of salts of crotonaldazine was attempted. 

The preparation of the hyr1rochloride 'Has tried by passing dry 

hydrogen chloricl.e through an ethereal solution of crotonaldazine. 

A yellow brown precipitate formed immediately which. on analysis 
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29. 

The hydrazone would now react with a solvated proton at the 

nitrogen atom having the higher electron density, i.e, at the 

nitrogen atom attached by the double bond to the carbon atom, 

forming V, 
Ff If 

~·-- ~)~~ -0 
'· . ~ 
H !if 

The final conversion of V to benzaldehyde and hydrazine would 

occur by a similar mechanism to that suggested above for the 

conversion of II to benzalhy0xazone and benzaldehyde. 

(4) Attempted preparations of aliphatic aldazinium salts. 

(a) Attempted preparations of simple and complex salts of 
aliphatic azines. 

, Attempts were made to prepare both simple and complex 

salts of acetaldazine, n-butaldazine, n-propaldazine and of 

crotonalc3.azine. 

·The preparation.of a hY.drochloride of acetaldazine was attempted 

by passing hydrogen chloride through its ethereal solution. This 

yielded a white crystalline product, consisting mainly of hydraz'ine 

dihydrochloride. All efforts to make the hydrohalides of this azine, 
:_ . .. 

if done in the presence of '1ater, gave the corresponding hydrazinium 

salt. \'Then working under strictly anhydrous conditions (using- the 

apparatus shown in Figure XII, page 378) oils which failed to 

crystallise even at -50°0 were obtained. 

Attempts to make a chloro- or bromo-stannate, a chloro-, bromo-, 

or iodo-antimonite of acetaldazine using different solvent and widely 

differing conditions, were equally unsuccessful. If done in the 

presence of even traces of water hydrazinium salts were precipitated, 

whereas wheri carried out in completely anhydrous conditions 

crystalline products were obtained which showed on analysis that the 

azine had polymerised in varying degrees. 

n-Butaldazine, b.p. 186 - 188°0, was prepared and attempts were 
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that the reaction was of the first order with respect to the azine 

concentration. The fact that at high acid concentrations (i.e. 

greater than 0.5 molar) the curve v~as no longer completely linear, 

did not necessarily mean a change in the order of the reaction, but 

was interpreted (see (a) nbove) as due to the formation of com­

paratively high concentrations of the hydrazone of benzaldehyde, 

the molecular extinctions of which would no longer be negligible. 

Similarly the shape of the log e-t:i.me curve for the first twelve 

26. 

minutes of reaction was. due to the presence of unchanged benzaldazine 

as well as of benzaldazinium ion. 

The effect of c1ifferent acid concentrations on the rate of the 

reaction was determined by measuring tho rates at different 

molarities of hydrogen chloride, keeping the azine and the water 

' concentrations the same. In order to obtain the specific velocity 

constants for the hydrolysis at various acid concentrations.• the 

slopes of the corresponding log e-time curves were required. 

Accordingl~ the c~~o ~~~wn 1n Figure IX were dra~n. These 

represented the log e against time curves for solutions of fixed 

azine concent;ra.tion, but varying acid concentrations at the wave 

length of 295 m~. This choice of wave length out of the five 

possible ones of 280, 285, 290 ,_ 295 and 300 mf..L was made, as at the 

first three mentioned tho absorption of the hydrazone of benzaldehyde 

formed affecteQ tho slopes of the log €-time curves at the higher 

acid. concentrations to a greater extent than at the last two vvave 

lengths. Further 300 m~ was cut out as at this wave length the 

values of log e droppecl. too lmv after n. compn.ra tively short time to 

fall on the more accurate part of the Becla118.nn spectrophotometeric 

scale. An examination of Figure IX shovred thD.t only on 0.48, 0. 54 

and 0.682 molar hydrogen chloride solutions did the log e-time 

curves cease to be linear after about eighteen minutes. The 

specific velocity constants K, were obtained from the linear 

portions of the curves in Figure IX, from the relat~.onship :-

-2.303 K = min~ rate of change ::Jf log e vrith time 
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showed low chlorine and tin percentages for the chlorostannate, but 

a ratio sn': Cl :: 1 : 6, indicating that the product was probably 

the chlorostannate of a polymerised base formed from crotonaldazine. 

This was confirmed by the hydrazine titration vd th iodate being 

extremely slov4 As polyormisation is knovvn to occur in the p~esence 

of acids, another method of making the chlorostannate was tried, 

witho~t the use of excessive quantities of acid. Thus a saturated 

aqueous solution of hyr!.razine chlorostannate was treated with 

crotonaldehyde. The s0lution became hot and a dark yellow-brown 

deposit formed. (Found: Cl, 16.1. C16H2 6 N4 SnC16 requires Clj 

This low figure for chlorine indicated that polymerisation 

had occurred, even under the above. conditions, which supposition 

was confirmed by the slow liberation of crotonaldehyde and of 

hydrazine on acid hydrolysis. Repetition of the above yielded 

products of varying composition. 

(b) The structure of the pol.ymerised product formed from 
acetaldehyde and hydrazine chlorostannate. 

The only preparation in which crystals of a definite and 

reproducible composition were obtained was in an attempt to make 

acetaldazine chlorostannate from hydrazine chlorostannate in 

saturated aqueous solution together vrlth a large excess of acetaldehyde. 

On standing for several days at -50°0 a small yield of white needles, 

which were shown to be a polymer of acetaldehyde, was obtained. On 

removing these, ac'!.rling an eque..l volume of dry ether to the filtrate, 

and after standing several weeks at -50°0, large white crystals, 

m.p. 222.5 - 225°0, were formed. (Found: c, 33~6; H, 5.3; 

N2 H4 1 7.3 (approximately); Cl, 26.8; Sn, 14.9}&). The hydrazine 

~itration with iodate was very slow, the iodine being liberated over 

the course of two hours, the end point being indefinite. This 

indicated that a ring closed base had been formed, and hence the 

nitrogen content was determined by the Dumas combustion method. ·The 

empirical formula for the compound was shovm by analysis to be 

of a base formed by the polymerisation of acetaldazine (probably 



eleven molecules) tor,ether with hydrazine (two molecules). On 

heating with dilute sulphuric acid acetaldehyde was evolved, 

(characterised by its dinitrophenylhydrazone derivative). In 

order to try to elucidate the structure of this compound, in 

particular. to try to find out the manner in which the oxygen in 
18 

it was linked, its infra,.;,red spectrum (see. Figure X) was examined. 

Due to the lack of a suitable solvent this was done by the 

potassium bromide pressed disc technique, 9.7 mg. of the compound 

in 1.00 g. potassium bromide being pressed to a disc of diruneter 
. . 

one inch. As C = 0 groups normally absorb very strongly indeed at 

about 5.8~ 1 the lack of absorption in this region ~dicated a 

complete absence of such groups~ Also the slight absorption 

at 6.1~ made the presence of C = C or C = N groups unlikely. 

Further, no -OH groups appeared to be present in the structure of 

the compound, as although there was slight absorption at 2.9~ 1 

(which could h-'lve been due to -OH gro~p.s or to =NH stretching) 
' 

this absorption decreased on leaving the potassium bromide disc 

in a desiccator over calcium chloride for twenty-four hours. Thus 

-OH groups, presumably in water, must have been present. That this 

was adsorbed water, and not water of crystallisation, was shovm by 

heating the compound for two and a hal:C hours at 100°0 under reduced 

pressure, without loss in weight. It was therefore concluded that 

the oxygen atoms present in the structure must be linked as in 

ethers, possibly even in the cyclic form. 

32. 
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The stannic chloride used for the various preparations had been 

pUrified by low pressure distillation, and was completely anhydrous, 

while the other metallic halides used were C.P. grade. 

The solvents xylol, benzene and cyclohexane were dried by 

refluxing with sodium and were kept in containers with sodium vdre, 

while the nitrobenzene was freshly distilled. The ether was distilled 

from conce·ntrated s11.lphuric acid and also kept over sodium. 

(b) Mcthod_s of anal;zsis. 

Ah essential preliminary treatment for the removal of 

aldehyde was necessary before the aldazinium salts prepared below 

could be analysed completely. This was effected in two ways. All 

the simple and some of the complex salts were readily hydrolysed by 

acids vdth the evolution of the aldehyde. Thus 5N hydrochloric 

acid was used for the hydrolysis prior to a sulphate, hydrazine, 

bismuth or tin determination, and 2N sulphuric acid for a halogen 

or antimony estimation. n1e period of hydrolysis varied - the salts 

of benzaldazine being decomposed more rapidly than the corresponding 

ones of anisaldazine, whilst those of salicylaldazine were the most 
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mac1e to make its hyorochloride using the apparatus shown in Figure XII, 

page 37a, first vrorking at room temperature, then at -50°C, as the 

oily products formed apneared to decompose readily, but no pure 

salt was isolated. Equally unsuccessful were all attempts at 

making the chlorostannate of n-butaldazine, both by mixing 

stoichiometric proportions of hydrazine chlorostannate, dissolved 

in the minimum of water, together ¥dth a large excess of butaldehyde 

followed by th~ addition of ether and retention at -50°C for a 

period of several months, and by working in completely anhydrous 
...... 

conditions in the apparatus shown in Figure XII, using butaldazine, 

pure staru<ic chloride and hydrogen chloride as starting materials. 

The preparation of a sulphate of propaldazine was attempted by 

adding the azine, b.p. 141- 146°C (0.46 g.; 1 mol.) in ether 

(5 ml.) to sulphuric acid (0.41 g.; 1 mol.) in an ethereal so~ution 

of ap1?roximately 2. 5% w/v. A white precipitate resulted, which 

decorrrrosec.l. to the yellmv azine anc3_ to proprionaldehyde as soon as 

the ether was removed by filtration. A fresh preparation, using 

sli@ltly less than the theoretical quantity of sulphuric acid, gave 

a small yield of a white precipitate which was filtered rapidly, the 

last traces of ether being removed in a vacuum desiccator. (Found: 

A repeated 

preparation yielded a further small sample containing 16.3% hycxazine. 

This substance decomposed so readily, and was obtained in such small 

quantity, that it was decided to try to make a complex salt of 

propaldazine, with the hope that such a salt might prove more stable. 

Eydrazine chlorostannate,dissolved in the minimum quantity of water, 

was treated with an excess of proprionaldehyde, and left at 50°0 

for several weeks, when ether -vms added. .An oil which failed to· 

crystallise separatec'l out on further standing at -50°C. 

Next the preparation of salts of crotonaldazine was attempted. 

The preparation of the hyr1rochloride 'Has tried by passing dry 

hydrogen chloricl.e through an ethereal solution of crotonaldazine. 

A yellow brown precipitate formed immediately which. on analysis 
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showed low chlorine and tin percentages for the chlorostannate, but 

a ratio sn': Cl :: 1 : 6, indicating that the product was probably 

the chlorostannate of a polymerised base formed from crotonaldazine. 

This was confirmed by the hydrazine titration vd th iodate being 

extremely slov4 As polyormisation is knovvn to occur in the p~esence 

of acids, another method of making the chlorostannate was tried, 

witho~t the use of excessive quantities of acid. Thus a saturated 

aqueous solution of hyr!.razine chlorostannate was treated with 

crotonaldehyde. The s0lution became hot and a dark yellow-brown 

deposit formed. (Found: Cl, 16.1. C16H2 6 N4 SnC16 requires Clj 

This low figure for chlorine indicated that polymerisation 

had occurred, even under the above. conditions, which supposition 

was confirmed by the slow liberation of crotonaldehyde and of 

hydrazine on acid hydrolysis. Repetition of the above yielded 

products of varying composition. 

(b) The structure of the pol.ymerised product formed from 
acetaldehyde and hydrazine chlorostannate. 

The only preparation in which crystals of a definite and 

reproducible composition were obtained was in an attempt to make 

acetaldazine chlorostannate from hydrazine chlorostannate in 

saturated aqueous solution together vrlth a large excess of acetaldehyde. 

On standing for several days at -50°0 a small yield of white needles, 

which were shown to be a polymer of acetaldehyde, was obtained. On 

removing these, ac'!.rling an eque..l volume of dry ether to the filtrate, 

and after standing several weeks at -50°0, large white crystals, 

m.p. 222.5 - 225°0, were formed. (Found: c, 33~6; H, 5.3; 

N2 H4 1 7.3 (approximately); Cl, 26.8; Sn, 14.9}&). The hydrazine 

~itration with iodate was very slow, the iodine being liberated over 

the course of two hours, the end point being indefinite. This 

indicated that a ring closed base had been formed, and hence the 

nitrogen content was determined by the Dumas combustion method. ·The 

empirical formula for the compound was shovm by analysis to be 

of a base formed by the polymerisation of acetaldazine (probably 
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The hydrazone would now react with a solvated proton at the 

nitrogen atom having the higher electron density, i.e, at the 

nitrogen atom attached by the double bond to the carbon atom, 

forming V, 
Ff If 

~·-- ~)~~ -0 
'· . ~ 
H !if 

The final conversion of V to benzaldehyde and hydrazine would 

occur by a similar mechanism to that suggested above for the 

conversion of II to benzalhy0xazone and benzaldehyde. 

(4) Attempted preparations of aliphatic aldazinium salts. 

(a) Attempted preparations of simple and complex salts of 
aliphatic azines. 

, Attempts were made to prepare both simple and complex 

salts of acetaldazine, n-butaldazine, n-propaldazine and of 

crotonalc3.azine. 

·The preparation.of a hY.drochloride of acetaldazine was attempted 

by passing hydrogen chloride through its ethereal solution. This 

yielded a white crystalline product, consisting mainly of hydraz'ine 

dihydrochloride. All efforts to make the hydrohalides of this azine, 
:_ . .. 

if done in the presence of '1ater, gave the corresponding hydrazinium 

salt. \'Then working under strictly anhydrous conditions (using- the 

apparatus shown in Figure XII, page 378) oils which failed to 

crystallise even at -50°0 were obtained. 

Attempts to make a chloro- or bromo-stannate, a chloro-, bromo-, 

or iodo-antimonite of acetaldazine using different solvent and widely 

differing conditions, were equally unsuccessful. If done in the 

presence of even traces of water hydrazinium salts were precipitated, 

whereas wheri carried out in completely anhydrous conditions 

crystalline products were obtained which showed on analysis that the 

azine had polymerised in varying degrees. 

n-Butaldazine, b.p. 186 - 188°0, was prepared and attempts were 



III. E X P E R I M E N T A L. 

(1) Preparations of aromatic aldazinium salts. 

(a) Purity of reagents and solvents utilized. 

The aroma tic azines userl as startinG rna terials in the 

preparations of the series of salts, were made from hydrazine 

hyarate (6a,1o; 1 mol.) and the stoichiometric quantity of aldehyde 
13 14 

(2 mols.) in alcoholic solution. Benzaldazine 1 anisaldazine 
12 

and o-nitrobenzaldazine were crystallised from ethanol, and 
13 

salicylaldazine from chloroform. The aliphatic azines 1 

15 16 16 17 
acetaldazine 1 n-propaldazine , n-butaldazine , and crotonaldazine 

were prepared by the methods indicated in the references given. 

Hydrazine hexachlorostannate was prepared by fractional 

crystallisation of a mixture of stannic chloride pentahydrate and 

a saturated aqueous solution of hydrazine monohydrochloride. 

The stannic chloride used for the various preparations had been 

pUrified by low pressure distillation, and was completely anhydrous, 

while the other metallic halides used were C.P. grade. 

The solvents xylol, benzene and cyclohexane were dried by 

refluxing with sodium and were kept in containers with sodium vdre, 

while the nitrobenzene was freshly distilled. The ether was distilled 

from conce·ntrated s11.lphuric acid and also kept over sodium. 

(b) Mcthod_s of anal;zsis. 

Ah essential preliminary treatment for the removal of 

aldehyde was necessary before the aldazinium salts prepared below 

could be analysed completely. This was effected in two ways. All 

the simple and some of the complex salts were readily hydrolysed by 

acids vdth the evolution of the aldehyde. Thus 5N hydrochloric 

acid was used for the hydrolysis prior to a sulphate, hydrazine, 

bismuth or tin determination, and 2N sulphuric acid for a halogen 

or antimony estimation. n1e period of hydrolysis varied - the salts 

of benzaldazine being decomposed more rapidly than the corresponding 

ones of anisaldazine, whilst those of salicylaldazine were the most 
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that the reaction was of the first order with respect to the azine 

concentration. The fact that at high acid concentrations (i.e. 

greater than 0.5 molar) the curve v~as no longer completely linear, 

did not necessarily mean a change in the order of the reaction, but 

was interpreted (see (a) nbove) as due to the formation of com­

paratively high concentrations of the hydrazone of benzaldehyde, 

the molecular extinctions of which would no longer be negligible. 

Similarly the shape of the log e-t:i.me curve for the first twelve 

26. 

minutes of reaction was. due to the presence of unchanged benzaldazine 

as well as of benzaldazinium ion. 

The effect of c1ifferent acid concentrations on the rate of the 

reaction was determined by measuring tho rates at different 

molarities of hydrogen chloride, keeping the azine and the water 

' concentrations the same. In order to obtain the specific velocity 

constants for the hydrolysis at various acid concentrations.• the 

slopes of the corresponding log e-time curves were required. 

Accordingl~ the c~~o ~~~wn 1n Figure IX were dra~n. These 

represented the log e against time curves for solutions of fixed 

azine concent;ra.tion, but varying acid concentrations at the wave 

length of 295 m~. This choice of wave length out of the five 

possible ones of 280, 285, 290 ,_ 295 and 300 mf..L was made, as at the 

first three mentioned tho absorption of the hydrazone of benzaldehyde 

formed affecteQ tho slopes of the log €-time curves at the higher 

acid. concentrations to a greater extent than at the last two vvave 

lengths. Further 300 m~ was cut out as at this wave length the 

values of log e droppecl. too lmv after n. compn.ra tively short time to 

fall on the more accurate part of the Becla118.nn spectrophotometeric 

scale. An examination of Figure IX shovred thD.t only on 0.48, 0. 54 

and 0.682 molar hydrogen chloride solutions did the log e-time 

curves cease to be linear after about eighteen minutes. The 

specific velocity constants K, were obtained from the linear 

portions of the curves in Figure IX, from the relat~.onship :-

-2.303 K = min~ rate of change ::Jf log e vrith time 
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The aroma tic azines userl as startinG rna terials in the 

preparations of the series of salts, were made from hydrazine 

hyarate (6a,1o; 1 mol.) and the stoichiometric quantity of aldehyde 
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(2 mols.) in alcoholic solution. Benzaldazine 1 anisaldazine 
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and o-nitrobenzaldazine were crystallised from ethanol, and 
13 

salicylaldazine from chloroform. The aliphatic azines 1 
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acetaldazine 1 n-propaldazine , n-butaldazine , and crotonaldazine 

were prepared by the methods indicated in the references given. 

Hydrazine hexachlorostannate was prepared by fractional 

crystallisation of a mixture of stannic chloride pentahydrate and 

a saturated aqueous solution of hydrazine monohydrochloride. 

The stannic chloride used for the various preparations had been 

pUrified by low pressure distillation, and was completely anhydrous, 

while the other metallic halides used were C.P. grade. 

The solvents xylol, benzene and cyclohexane were dried by 

refluxing with sodium and were kept in containers with sodium vdre, 

while the nitrobenzene was freshly distilled. The ether was distilled 

from conce·ntrated s11.lphuric acid and also kept over sodium. 

(b) Mcthod_s of anal;zsis. 

Ah essential preliminary treatment for the removal of 

aldehyde was necessary before the aldazinium salts prepared below 

could be analysed completely. This was effected in two ways. All 

the simple and some of the complex salts were readily hydrolysed by 

acids vdth the evolution of the aldehyde. Thus 5N hydrochloric 

acid was used for the hydrolysis prior to a sulphate, hydrazine, 

bismuth or tin determination, and 2N sulphuric acid for a halogen 

or antimony estimation. n1e period of hydrolysis varied - the salts 

of benzaldazine being decomposed more rapidly than the corresponding 

ones of anisaldazine, whilst those of salicylaldazine were the most 
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stable to hyo.rolysis of all. The simple salts decomposed more · 

rapidly than the complex ones. The complex chloro-salts were less 

stable than the corresponding bromo- which in turn were more stable 

than the iodo. The second method for the initial removal of 

aldehyde could be used prior-to all determinations excepting that 

of hydrazine, as the aldehyde was removed partly as such and partly 

as unchanged azine. This method consisted in treating the salt with 

halogen free sodium hydroxide and acetone, and in then removing the 

aldehyde or azine by ether extraction in the case ()f 1Jenzaldazine, 

and by filtration after acidification in the case of anisaldazine 

anrl of salicylalc.azine, these being insoluble ir.t ether. This 

method had to be employed both for the analys€~S of those complex 
! 

salts which were comparatively stable to dilnte acid hydrolysis 

(namely for the bromostannates, the bromo-a;~timonites, and the 

bromobismuthites), ann for those which were incompletely decompo'sed 

even by strong acid hydrolysis (namely th() iodobismuthites) • 

.',\•, 

After the preliminary removal of aldehyde by the first method, 

hydrazine was determined by an iodate _titration (Andrew's Method). 

In the case of the three iodobismuthites the hydrazine was estimated 

by a Dumas nitrogen determination, owing to the extreme stability 

of these salts to acid hydrolysis. Halides were determined by 

Volhard's volumetric method, and sulphates gravimetrically as barium 

sulphate. Tin was separated as the sulphide then precipitated as 

the hydroxide,and determined gravimetrically as tin oxide. This 

method vvas found necessary as the shorter method of direct .oxidation 

34. 

with concentrated nitric acid gave consistently low results. Bismuth 

was determined gravimetrically as the oxyhalide. Antimony was first 

seJ?arated as the sulphide (a double precipitation being necessary to 

separate traces of adsorbed halide) then dissolved in 50,% (v/v) 

hydroch~oric acid, boiled. to remove all the hydrogen sulphide, 

diluted to the correct acid strenfth and titrated with iodate. 

Benzaldehyde was determiner!. gravimetrically as the 2:4 dinitro­

phentlhydrazone, after acid hydroiysis under reflux, in the presence 

----· ------------- ~----
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hyclroxide recommendecl by Rice, Keller and Kirschner, as it could be 

appliec with a brush and left a yellow rrk'lrk which did not fade. .At 

the first attempt no 2:4 dinitrophenylhydrazone of acetone was 

c1etected in the mixture. Accordingly the precipitation of these 

hycl.razones was repeated removing tho first crop obtaineC. (which by 

m. p. ·was shown to be the 2 :4 dini tropbenylhydrazone ·of benzalcl.ehycle 1 

which is much less soluble than the corresponding acetone compound). 

To the filtrate wo.s ac1C'.ec1 a furhter quonti ty of precipitating reagent 1 

ancl the pro(luct formed viras usee. successfully in the above chromato-

graphic separation. TI1o spot due to the acetone derivative travelled 

at a much faster rn.te than that of the other, showing clearly the 

presence of the acetone. 

('d) Descrip;tion of ap-paro.ti used in preparations requiring 
anhyclrous conditions. 

'I':.r1e apparatus sbcP:n in Figure XI, was (1esigneC1_ to allow 

of the precipitation of a salt by the passo.ge of a current of cl.ry 

hycl.rogen chloride, v.rith the subsequent filtration and v:rashing of the 

precipito.te in situ; the whole process to be carried out under 

anhydrous conditions. 

The salient features of tho apparatus were a sintered glass 

fil tor tulJe fitted through a rubber bung to reach to the bottom of 

a reaction vessel, which vvas also com1ected to a t'h'opping funnel 

through which precipitating agents and ·vm.sh liquic1s could be added. 

A thirc1 inlet to tho reaction vessel vvas connected through a tvm way 

tap to a ro urce of dry air, and through a drying tube to a water pump. 

The fil tor tube WD.s connected through a two-way tap to a source of dry 

hyDrogen chloriclc and through a drying train to suction. The hydrogen I 
chloride Yras gencrntecl. in E!. Kipps' apparatus from ammonium chloricle 

ru1c1 concentrate<~L hy,"Jrochloric acid, and was dried by passage through 

three '!e<'::tsh· 1Jottles containin[; cnncentra ted sulphuric acic1. The air 

was driec1 by pr.tssa.c:e over calcium chloride, potassium hyclroxic1c 

pellets and finally over phosphorus pcntoxidc. Tho rate of flow was 

controlled by passo.ge through a \'rash bottle containing concentrated 
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sulpl:rt.:tric acic~. 

Durinr; tho process of precipitn. tion it was found necessary 

to apply suction vrhile passing tho hydrogen chl:Jride through the 

filter tube, in order to prevent clogging of the filter pad. 

The appa.ra tus shmm in Figure XII was assembled when that 

previously used (shd\vn in Figure Xr) was found to be unsuitable 

for the preparations of salts of aliphatic azincs. It was 

considered possible that a train which could exclude moisture 

entirely, micht be more successful, and hence the second apparatus 

was c1csignod., eliminating the use of rubber bungs. 

It consisted of a train, A, to c1ry air entering the apparatus 

a·t various stages of the preparation, ancl of a K:ipps' hydrogen 

chloride se:herator and drying train, B. Both of these trains led 

through taps into a vessel, C, fittecl to the train by means of a 

grouncl glass joint. This vessel contc.inecl the solvent for viashing 

the filter j?late after tho ,reaction was complete. Vessel, C, was 

joineJ. by a glass tube to reaction VOi:1Sel, D, through a filter 

plate, E. This vessel hac1 sealed to it a separating funnel, F 1 

usee~ for introducing either starting md.terials or wash liquids, 

and an outlet.tube which connected. it to another clrying train, K, 

37. 

and thence to a wa tor suction pump. This pun1p was used to pull air 

or vapour through tho appara·tus. Through the stem of the fil tor tube 

was a lead to a separating funnel, G, into whiqh the filtrate could 

be suckecl.. The separating funnel was connectecl to a tube, H, 

(with grounc1 glass end containing a glass boat) which held drying 

agents •. This in turn led to a liquid.oxygen trap, J, and finally 

to a vacuum pump. 

The air inlets on either side of ~e sulphuric acid wash bottle 

in the drying train, anc"'. the splash bulb between the sulphuric acid 

·wash bottle and tho cn.lcium. chloride tower in the srune drying train, 

were foum'L necessary .to twnic"l the sulphuric n.ci(l sucking back on 

sudC!.en alteration in pressure. 
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(e) Details of preparations of aromatic alc1azinium salts. 

The preparations described in this section are those of 

some hyc1rosen halic:tes and hydrogen sulilhates of aromatic aldazines., 

and of four hyClrogen balicles of "mixed11 azines. 

After investigating various solvents ether was found most 

satisfactory. Accorclingly a solution of pure concentrated sulphuric 

acicl. in dry ether ( 2. 5% strensth w/v) viras prepared. To benzaldazine 

(0. 55 g.; 1 mol,) in dry ether (15 ml.) was acld.ect the stoichiometric 

quantity of tho ether-st.liphuric acid solution, Although the weight 

of sulphuric aciCi. for a normal sulphate -v:ras taken the aci<l sulphate 

was precipi ta tee,, about half the ex:pecteO. weight being deposited. 

On adding a further quantity of ether-sulphuric acid solution (equal 

in volume to the first amount adclec1) to the filtrate D. further crop 

of acid sulphate v:ras precipitated, (total yield 8~). On ruu~lysis 

the two crops were f'ounc1 to be the same, n£>.mely penzaldazine hydrogen 

sulphate, m.p. 160 - 161 C. (Found: C, 53.4; H, 4.4; N2 H4 , 10.5; 

This salt was found to be 

extremely hygroscopic. 

No other sulphate of benzc.lc1azine was prepared in a pure state, 

even after many attempts vv.ith different proportions of starting 

materials. 

This salt ·was mac~e by f1oatinE a hot saturn.ted solution of 

salicylalc'l . .azir..e in nHrobenzone (15 rnl,) ·on a layer of 48% hydrobromic 

acid (5 ml. ). ~1c first crop of yellow crystals, separating at the 

interface were found to be contandnated vnth some hyclrazine hydrobromide; 

the second crop, m.p. 211 - 213°C, was found to be salicylalrlazine 

hycl.robromide, (yield 20}~). a, 50.9; I-I, 4.3; 

Br, 24. 9. 

Br, 24. 9%). 
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H clrof!~en Sul-oha te 

The solvents c1"lorof')rm, nitrobenzene Dnd xylene were tried 

both for the azine anrJ for the concentrated sulphuric acid, but were 

found to yield products contaminated with varying amounts of 

unchanged azine. Finally salicylaldazine (1;0 g. ; 1 mol. ) in 

dry xylene (50 ml. ) was treated with the stoichiometric quantity of· 

sulphuric acid (1 mol.) (in ethereal solution), in the apparatus 

shown in diagram A, and salicylaldazine h,yclror:;en sulphate, ro.u .• 

212 - 220°0, vvas precipitated in 7afo yield. This salt was found 

to decompose to some extent when driel'l at 100°0 under vacuum. 

(Found: c, 49.7; H, 4.4; N2 I:l4' 9.5; so4 , 28. 3. Cl4HJ.3N2 02 HS04 

requires c, 49.7; H, 4. 2; N2 I:J4' 9.5; so4 , 28.4%). 

H drop,en sul hate 

1 mol.) dissolved in dry ether 

( 10 ml. ) vas treatoc'l vrith the stoichiometric quantity of a 3.- 5% 

solutiqn _of:_ s~l2~vric acic1 ( 98%) in dry ether, a yellow, crystallin.e 

pov:rc1er of anisal(lazine hyclrogen sulphate, m.p. 202 - 203°0, was 

precipitated in 9o% yield. (Found: C, 52.1; H, 8.7; N2H4, 8.7; 

S04 , 26.3. C16H17N202 HS04 requires C, 52.5; H, 8.7; N2&, 8.7; 

804' 26. 2%). 

N-Benzylidene-N' -~ropylidenehydraz inium Bromide • 

• ~ter attempting to use benzaldazine, acetone and 48% hydrobromic 

acid as starting materials for making the above namec1 salt and 

obtaining a mixture, another preparation was done adding benzaldehyde 

( 2 ml. ; 2 mols. ) to 60% hyclro..zine hydr::1 te ( 1. 66 ml. ; 1 mol. ) in 

acetone (10 ml.) n.cic1ifiecl with 48% hydrogen bromide. Af.ter heating, 

then cooling, white leaflets of the above nrune salt which were 

found to lJe contoJninn. ted with some benzalclazine hydro bromide 

separated. A further crop vn1ich was precipitated overnight yielded 

N-lJenzyliclene-N '-iss;:J::"Jropylirlonehyc1.J.~.':lzinium bromic1e, m. p. 135 - 136°0, 



after washing vvith boiling acetone until further vmshing did not 

alter the analysis, (total yield 55%). (Found: c, 49,6; H, 5.8; 

N-Q-Hyclroxybenzylidenehyclraziniu'll-N 1 -~ropylidene Bromide, 

This salt vvas prepared in three ways:-

· (i) by boiling salicylaldazine (1 8·) with acetone (20 ml.) 

containing 1-8~b hydrobromic acicl ( 3 ml. ) ; 

(ii) by boiling acetone (20 rnl,) v.rith salicylaldehyde (1. 5 ml.; 

2 mols. ) , 60;~ hy<lrazine hydn:-.. te (o. 6 ml. ; 1 mol, ) , and 

! o-d h ~ , . . ~ (o 11 1 o,o>.1 yo.rooromlc aclc. • .1: m • ; 1 mol.); 

(iii) by l::>oiling the complex bromoantimonite of salicylaldazine 

(see page 47) with acetone. 

The N-_s-hyCI.roxybenzy lidenehydrazinium-N' -.i§,£-propylidene Bromide 

crystallised on cooling the above solutions, in pink leaflets con-

taminated with traces of free salicylaldazine, which were removed 

with boiling acetone, in which the salt, m.p. 177 - 178°C, ~~s 

found to be only sparingly soluble. (Found: c, 46.8; H, 5.0; 

N2 H4, 12. 5; :& , 31. 2. 

N2~, 12.5; Br, 31.1%). 

C10Hl 3 02 NBr requires C, 46.7; H, 5.4; 

N-BcnzylicLene-N' -~::>ropyliclenehydraz inium Iodide. 

Attempts to make the al::>ove named salt from benzaldehyde ancL 60}6 

hyclrazine hyClra te in acGtone acidifiec'l with hydriodic acid were 

unsuccessful, It vras prepared (in less than 5% yield) from 

climethylketazine in benzalr1ehycle solution, acidified vvith 5'7% 

hyclriodic aciCl.. Rovrever, a better method of preparation was found 

to be as follows:- Benzaldazine (C. 5 g.) dissolved in acetone 

(5 ml.), and cooled in ice, ~-s mixed vath 5'7% hydriodic acid (3 ml.) 

in acetone (2 ml.) also well cooled in ice. On standing in a closed 

vessel at 0°C, clusters of large, yellow crystals of the monohydrate 

of N-benzylidene-N'-isopropyliclonehych~azinium iodide, m.p. 10'1 - 108°C, 

were formed in 60% yield. (Fou.l'l<~: C, 38. 8; H,. 4._9; N2 H4, 10. 3; 



I 

I 

J 
i 
I 
I 
! 

'! 

I, LJ:i. 3; ~o, 5. 5. 

N2 H4 , 10. 5; ~, II...- :L. 5; H2 0, 5. 9%). On heating at 56° under reduced 

pressure, it lost its water of hydration only. (Found, on anhydrous 

material: N2 H4, 10.9; I, 4~.4. 

61) . I, 44.1;o • 

On standing in air and more quickly in a desiccator, there was 

a slow loss of crystalline form, accompanied by a colour change from 

pale yellow, through orange to a red, This change was probably due 

to the loss of the ~.ter of hydration. After four months in a 

desiccator the iodide content of one sample changed from 41.3 to 

42.~b, indicatL~g partial loss of the ~vater of hydration. 

N-o-Nitrobenzylidenc-N'-isopropylidenehydrazinium Bromide. 

~1is salt separated in 6q% yield as creamy white crystals, 

clarkeninE; vrlth age, m.p. 156 - 158°, when 48% hydrobromic acid was 

addec: to o-ni trobenzal.dehycle hydrazone in acetone. (Found: C, 41. 9; 

,(f) Deto.ils of the preparations of .comlJlex salts of aromatic 
alclazines. 

The preparations described in this section are those of 

the haloceno-stannates, -~timonites and bismuthites of benzalc1azine, 

salicylaldazine and anisalclazine, and of the chlorostannate of 

o-nitrobenzaldazine. A co-ordination compound of stannic chloride 

and salicylaldazine is also described. 

Hexachlorostannate (benzaldazine 

Unsuccessful attempts were made to prepare the above salt by 
' 2 

methods analogous to that used by Pugh and Stephen for the preparation 

of acetone ketazine chlorostannate, starting with benzaldehyde, 

stn.nnic chloride pentahydra te and hyc1razine dihydrochloride in 

various solvents. li'urther attempts, using hyfJ.razine chlorostannate 

and bem~alc1ohycl_e, vrcre equally unsuccessful. 



01, 26.5; Sn, 15.0. (C1 ,~B1 3 02 N2 ) 2 SnC16 requires c, <1--1.4; H, 3.2; 

N2 ~, 7.9; Cl, 26.2; Sn, 1~.'7%). 

Bis- Hexachlorostnnnate • 

.An attempt to prepare this salt from anisaldazine, stannic 

chJ.oricle and hydrogen chloricl.e gn.s using xylene as solvent, yielded 
2 

an ~ure product. Finally anisalcl.azine hyc.rochlorido (1.1 g.; 

2 mols.) in nitrobenzene (10 mO .• ) v~s added to stannic chloride 

(0.5; 1 mol.) also in nitrobenzene (10 ml.). The yellow product 

obtainec in 75% yield proved to be the required anisalclo.zine 

chlorostannn.te contaminated vrith a small amount of anisald.azine. 

Accorc'tinu.ly it was washed. rcpeatet'U.y with hot nitrobenzene, hot 

xylene ancl finally ether, until further vvashing did not alter the 

analyses. (Ttlound: C, ii/~. 2; IT, 4.-. 0; N2 J:-4, 7. 5; Cl, 24. 2; 

Sh, 13.8. Calc. for ~C16H17 02 N2 )2 SnC16 

Cl, 2~. 5; Sh, 13. ?%). 

Hexachlorostannate 

After attempts with various solvents had yielder] impure proc1ucts, 

the following method for preparing the above compound was evolved. 

Dry hydrogen chloride was passed through a mixture of stannic chloride 

(0.83 g.; 1 mol.) in nitrobenzene (20 ml.) and o-nitrobenzaldazine, 

m.p. 182°0, (1. 90 g.; 2 mols.) in hot, O:ry xylol (30 mJ .• ) , and a. 

greyish crystalline povfder, m.p. 183- 190° (blackening at 180°) of 

o-nitrobenzaldazine chlorostannate vms precipitated in 55% yield. 

(Found: C, 37.0; H, 3.0; N2 B4 , 6.7; Cl, 22.7; Sh, 12.8. 

( C14 :H1 0 04 N4 ) 2 SnC16 requires C, 36. 2; H, 2. ~; N2 ~, &. 9; Cl, 22.9; 

Sn, 12. 8%). 

Bis- N::.N' -dibenzvlidenehyc.raz ini.um Hexabromostanna te (benzaldazine 
bromostannate • 

BenzaFl.azine ( 2. 1 g. ; 2 mols. ) in nitrobenzene (20 ml. ) was 

aC.clecl to stannic bromic1.e (mac1e from tin ( 0. 61 g. ; 1 mol. ) and 

liquid bromine) in 4'7% hydrobromic acid ( 3 ml. ) • Tv.ro crops of 

yellow crystals (yield, S:-0}6) of ~alclazine bromostannate, m.p. 
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240 - 2:l-2° wero obtrdne(L, the first D_t the liquid interface, the 

seconcl.. from the fil tro.tc combine('l with nitrobenzene and ether 

washings. (I~ounc1: C, · 32. ;:, ; H, 2. 6; N2 :f-4, 6. 3; Br, 46. 7; Sn, 11. 6. 

Sh, 11. 6%). 

Bis- Hexnbromostannate 

Anisnldazll1e (1.1 g.; 2 mols.) in nitrobenzene (10 rol.) was 

added to stnnnic bromide (made from tin (0.24 g.; 1 mol.) and 

liquid bromine) in 4'7% hydrobromic acid (3 ml. ). Two crops of a 

yellow, crystalline product were obtained· (yield, 90%), the first 

from the liquid interface, the second from the filtrate combined 

vdth nitrobenzene and ether washings. Analysis indicated that the 

proc1ucts were contaminated with small amounts of anisaldazine, but 

vvashing either crop vdth hot nitrobenzene and finally vvith ether, 

afforded anisaldazine hexabromostannate as a yellow crystalline 

powrler, m. p. 240 - 2·~2°. (Found: c, 33.9; w, 2.9; N2 H4, 5.6; 

Bt-, <1-2.2; Sn, 10.5; 

N :W-Dibenz. liclenehy.~ra~dnium Tetro.chloronntimoni te (benzalclazine 
chl·)rOa..Yltirn::m.i te • 

Dry hydrogen chloride ~ns passed thxough anhyc1rous ant~nony 

trichloride (1.48 g.; 1 mol.) in nitrobenzene (iO ml.) mixed with 

benzaldazine (1.35 g.; 1 mol.) in the same solvent (20·m1. ). Pale 

yellov1 crystals of benzaldazine chloroantimonite, m.p. 156 - 157°0, 

were deposited, (yield, 9{Y;b). (Found: C, 35. 2; H, 2. 7; N2 :£-4, 6~ 8;· 

Sb, 26.1; Cl, 30. 7. 

N2 :H4, 6.8; Sb, 25.8; Cl, 30.2}0). 

Tetrachloroantimonite 

Dry hydrogen chloricle was pr>.ssec1 through a mixture of antimony 

trichloride (1. 32 g. ; 1 mol. ) in ni trobenzone (10 ml. }- and 

sn.licylalcln.zine (1. 39 g.; 1 mol.) in nitrobenzene (20 ml •. ).. Yellow 

crystals of salic.z.laJ.ilr:~zinc chl0roantimoni te, m.-p. 175 .. 182°0, 'Were 
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were Clepositecl, (yield, 9?%). (Pow1d: C, 33.7; H, 2.5; N2 H4 , 6.2; 

N :N'' -di-p-methoxyben.z,yliclenchyCI.rn.ziniurn Tetrachloroantimoni tc 
( anisalclazine chloronntirnoni te). 

Dry hydrogen chlor:lile v.ras passed through a mi:x:ture in ni trobcnzene 

(20 ml.) of anhydrous antimony trichloride (0. 68 g.; 1 mol.) ancl. 

anisalchzine ( o. 80 g. ; 1 mol. ) , anc1 the orange-yellow crystals of 

anisalr'~D.zine chloroantimonite, m.p. 198 ... 200°C, (yield So%) which 

formed were collected anc1 washecl 'Ni th nitrobenzene and finally ether. 

Tetrabromoantimonite (benzaldazine 

The first attempt to prepare· the above salt from stoichiometric 

quantities of ant~nony tribromide, hydrazine hydrate, 4?% hydrobromic 

acid and_ benzaldehyde in absolute ethanol gave as a product yellow 

granular crystalB of unclecahyclrazinium heptadecaiodcxliantimoni te. 

(Found: N2 ~, 18.2; Sb, 12.5; :&, 69.8. (N2 BG )11 Sb2 :&17 requires 

N2 I:J4, 18.3; Sb, 12.,1-; Br, 69.$&). 

Several attempts to prepare the above named substance yielded a 

compound of constant composition and. m.p. 183 - 187°0, which on 

sulJstance was for:mc:;r1 when antimony trioxide (1 g. ; 1 mol.) dissolved 

in '-:-7% hy<'lrobromic acicl ('3 ml.) vras mixecl with hyc1razine hydrate 

(64%, 0.6 ml.; 1 mol.) and benzaldehyde (1.0 ml.; 4 mols.) added 

dropwise with shaJdng. The whole was heateo. to boiling, and on 

cooling an orange-yellov-r pavvrler having the above composition separated. 

On crystallising from ethn.nol clusters of orange crystals hD.ving the 

srune melting point and canposition were obtained. (Fotmd: a, 30.6; 

a, 30.o; H, 2.3; 5. 7; S'b, l6. 3; Crystals of 
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the same shape, colour, m.p. ancl percentage composition separated 

overnisht at the liquic1 interface on mixing benzn.lclaz:i.ne (1.LJ:-2 g.; 

2 mols.) in nitrobenzene (20 ml.) with antj~ony trioxide (1 g.; 

1 mol.) dissolved in ~'±-?% hyclrobromic acid (3 ml. ). 

The second method described above v~s then repeated with the 

·slight moclification of omitting the heating, (as it was consid.ered 

possible that some decomposition might h.:1.ve occurred during that 

stage of the preparation) and using Qry ether to dissolve the 

benzaldehyde before its addition. ~vo crops of yellow crystals were 

obtained. The first, m.p. 141 - 147°0, appeared to be the desired 

compound contamina teO.. with hyC!raz inc hydrobromicle, the second m. p. 

176 - 178° C -vvn.s the required benzalclazinc l1romoantimoni te (yield, 

less than 5%). (F01 .. mC1.~ C, 25.9; H, 2.2; N2 f4, 4.5; Sb, 18.6; 

Br, 50. o. 

Sb, 18. 7; 

In order to obtain a better yield it was decided to repeat the 

preparation, using benzaldnzine (0.69 g.; 1 mol.) in nitrobenzene 

(15 ml.) and anl·wdrous all:~imony tribromide (1. 20 g.; 1 mol.) 

46. 

c1issolve(J. in 4'7% hydrobromip acid (3 ml. ). The first crop of yellow 

crystals obtained were found to be impure. A second crop of crystals, 

· which proved to be hydrazine hydro bromide, separa tecl from the combined 

filtrate anci washings. On standing overnight a third crop (yield 

20;6) was obtained; these consisted of pure benzaldazine bromoantimoni te, 

m.p. 179- 180°0. (Founc1: c, 25.9; H; 2.2; N::)f.H 4.8; Sb, 18.7; 

Br, 49.4%). As the yield of this product was still low, it was 

Clecidec1 to try to irnprove it. As it seemed evident that the benzalda.zine 

bromoantimonite was not stable to heat, the seconc1. method of preparation 

vro..s repeated, omitting the h:.~a tills, anc1 cooling the reaction mixture 

between the various ad,-'l.i tions of reasents. One crop of benzaldazine 

bromoa'1timoni te, m. }). 176 - 17'P C, vms obtainecl in 40/o yield. 



Tetrabromoantimonite 

Unsuccessful atten:~pts to prepn.re the above compounc1 were made 

stn.rtinr; v:ri th antiElony trioxicle, hyclrazine hy<'1ra te, hydrobromic 

acid and salicylaldehyde as starting materials, although this method 

hac1 been utilised in the preparation of the correspondinG 

benzalr:1azine salt. The proc1ucts obtained were invariably con-
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ta.mina tea vri th salicylalctazine. Many extractions vvith hot solvents, 

in orc1er to remove the tmchanger1 azine, were unsuccessful in this 

purpose. One extraction vrith acetone caused the formation of pink 

leaflets which,on analysis, proved to be N-?-hvdroxybenzylidene-N' 

-isoproRylidene-hydrazinium bromide (seep. 40). 

On using stoichiometric quantities of antimony tribromide and 

salicylaldazine both in nitrobenzene solution, together with a layer 

of 47'fG hydrobromic acid, a product was obtained which was contaminated 

with a small amount of salicylal<lazine hydrobromide. ~'he latter was 

removed partially, but not completely, by repeated extractions with 

hot nitrobenzene. 

Finally a solution of sn.licylalclazine (j_. 65 g.; 2 mols.) in hot 

nitrobenzene (30 ml.) was added to antirnony trioxide (1 g.; 1 mol.) 

c1isrolvec1 in hot !:.7/o hydrobromic acid (3 ml. ). On stana.ing, golden­

yellow, crystnllinc plates, m.p. 192 - 193°0 , of sn.lic,ylaldazine, 

bromoantimonite formed at the liquio. interface. (FoUJ.'1d: C, 24. 7; 

H, 1.9; N2 B4, tl-.8; Sb, 17.9; Br, 47.0. C14l\ 3 02 N2 SbBr4 requires 

C, 24.6; H, 1.9; N2 :rt,, 4.7; Sb, 17.9; Br', 46.9%). On repeating 

the above preparation two crops of crystals were obtained, the first 

being contaminated vvith some unchanged salicylalc~zine, the second 

being the pure bromonntimonite. 

Tetrabromoantimonite 

A layer of !'..-'7% hydrobromic acict W'dS aclc'ted to anhy('lrous antimony 

tribromiC.e (1. 0 g. ; 1 mol.') in ni trol?enzene ( 8 ml~ ) mixed with 

9J1isaldazine (0.89 g.; 1 mol~) in nitrobenzene (12 ml. ). Two 



crops of yellow-orange crystals of anisalanzine bromoantimonite, 

m,p. 216 - 218°C, ·were obtained (yield, 801;0), the first from. the 

liquid interface, the second from the filtrate combined with 

nitrobenzene and ether washings. (Found: C, 27 .• 6; Hj, 2.7; 

C1 aH1 .7~N2 SbBr4 requires c, 27. O; 

rJrazin:Lum Tetraioc1oantimoni te (benzaldazine 

A quantity of antimony tri-ioc'+ldo was prepared from iodine and 

powdererl. antimony; the purity being found by an ioc1ate titration 

to be 99. q1o. 

.··.· 

Attempts to make the above compound from antimony tri-iodide 

(1 g.; 1 mol,), 60/o hydrazine hydrate (0.2 ml., 1 mol.) acidified 

with 57,% hydriodic acid and benzaldehyde (0.4 ml.; 2 mois.) in 

absolute ethanol as solvent yielded, after boiling and cooling, red, 

rhombic crystals of undecahydrazinium heptadecaiododiantimonite in 

10/o yield. 

requires N2 ~, 13.1; Sb, 8.8; I, 78.1%). 
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Further unsuccessful attempts to make benzaldazine iodoimtimonite 

from antimony tri~iodide and benzaldazine, both in nitrobenzehe ~1 in 

xylene solutions, together vvith hydriodic acic1, were made, ··. ·F.fnally 

antimony tri-ioclide (1 g.; 1 mol.) in 5'7% hydriodic.acid (1'mi.) 

was heated in dry_xylene (5 ml.), and benzaldazine (0.69 g.; 1 mol.) 

dissolven in ether (10 ml.) wore added. A red-orange crystalline 

powder of lJenzaldazine iocloe.ntimonite, m.p. 173 - 190°C, was pre­

cipitated in 70JS yield. (Found: C, 20. 8; H, 1. 6; N2 E4 1 g·;tf) 

Sb, 15. 0; I, 60. 7. 

N2 It;, 3.8; Sb, 14.5; I, 6Q.,5%). 

Tetraiodoantimonite 

The first few atte~ts to make tho above compound yielded products 

contaminated vd th salicylaldazine. Accordingly the follovdng method 

' l 
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state on passing hycl.rogen chloride through solUtions of salicylaldazine 

in various solvents, the above named compound was made from 

salicylalclazine (1.-2 g.; 1 mol.) in nitrobenzene (30 ml.) mixed 

"vvi th a solution of anhydrous bismuth chloric1e (1. 58 g. ; 1 mol. ) in 

nitrobenzene (20 ml.) through which c1ry hydrogen chloric1e gas had 

been passed for ten minutes. After the mixing of the tvro solutions 

the passage of the gas was continued for a furtbar fifteen minutes. 

Orange crystals of salicylaldazine chlorobismuthite, m.p. 213 - 220°01 

formed in 87% yielcl.. (Founcl.: C, 28. 0; H, 2. 6; N2 :£14, 5. 5; Cl, 24. 3; 

7 
Anisaldazine hydrochloride, m.p. 162- 166°C, (1.5 g.; 1 mol.) 

in nitrobenzene (25 ml.) was heated 1Jilith anhydrous bismuth chloride 

(1.6 g.; 1 mol.) in nitrobenzene (20 ml.) and on cooling, orange 

crystals of anisaldazine chlorobismuthite, m.p •. 236.5- 257.5°0 1 

separated in Sofo yield. (Found c, 30.9; H, 3.1; N2 :£14, 5.2; 

Cl, 22. 9; Bl:', 33. 6. 

Tetrabromobismuthite (benzalo~zine 

rvllxtures of the above nrunecl salt together v-vi th benzaldazine 

hydrobromicle were obtaine(l when using bismuth oxycn.rbonate in I,;,.'J% 

hydrobrr;mic acicl, together with hyd-ra?.ine hydrate and benzaldehyde 

either with or vd thout ether as solvent. 

Finally bismuth oxycfl.rbona te (0. 83- g. ; 1 mol. ) in 48% hydrobromic 

acid (4 ml. ) together with benzaldazine (0. 52 g. ; 1 mol.) in 

nitrobenzene (15 ml. ), deposited at the liquid interface pale yellow 

crystals of benzalc1azine bromobismuthite, m.p. 229 - 234°0 1 in 7CP/o' 

yittld. (Found: C, 22.4; H, :1..7; N2 H4 , 4.3; Br, 43.8; Bi, 27.7. 

Bi, 28. 3%). 



N :N' -Di -o-lwcl.roy lx:nzyliC:l.enehvclrn.zin:Lum Tetral1romobismuthi te 
salicylalcl.azine l1romobismuthi te • 

Many prepn.r!:'.tions of the above named salt were attempted using 

different starting materials and solvents, but the products obtained 

were contaminated with varying amounts of unchanged salicylaldn.zine. 

Finally salicylaldazine (1. 1 g. ; 1 mol,. ) i..11 nitrobenzene 

(50 ml.) vms mixed v.~th bismuth oxycarbonate (1.16 g.; 1 mol~) in 

48% hydrobromic acid (5 m .. l.); the whole vre.s heated, cooled and 

fractionally crystallised. The fourth crop of orange crystals, m.p. 

ca. 22'7'lC, was shovm by &."lalysis to be comparatively pure 

salic_ylaldazine bromobismuthi te in less than 5% yield. (Found: 

Tetrabromobismuthite 

After attemL)teo prepn.rations vlith different solvents, xylene 

'ims fmmcl to yield t;he pt1rest product. Bismuth oxycarbonate 

(1. 16 g. ; , 1 mol. ) dissolved in Ll-8% hyc'lrobromic acic1· ( <:l: ml. ) 

together with anisaldazine (1.33 g.; :L mol.) in dry xylene (70 ml.), 

deposited yellow-orange crystals of anisaldazine bromobismuthite, 

(yielcl, 33%) contaminatccl with n. small quantity of unchanged 

anisaldazine. After repeated washings with hot xylene, hot nitro-

benzene and finally dry ether, the analysis and m. p. of 2411. 5 -

245.5°C remained unchanged. (Found: C, 25.3; H; 2.4; N2 B4, 4.2; 

drazinium Tetraiodobismuthite (benzalck~zine 

Bismuth tri-iodide (o. 80g.; 1 mol.) in 5'7% .hydriodic acic1 

(3 ml.) vvns ac10 .. ec1 to benzaldt:tzine (0. 28 g.; 1 mol.) in nitrobenzene 

(15 ml. ) , and on standing for tvro clays large red crystals of 

bcnzalc1.azine ioc.o.~~srnuthite, m.p. 228 - 230°C, vvere cleposited in 30f{, 

yielc1. (Found: C, 17.9; H, 1. 7; N2 H4 , 3. 8; I, 55. 2; Bi; 22.4. 



Tetraiodobismuthite 

Bismuth tri-iod.icle (0,80 g.; 1 mol,) in 5'7% hydriodic acid 

( 3 ml. ) vi'"n.s ad.rled. to so..licylaldfczine ( 0. 33 g. ; 1 mol, ) in nitro-

benzene (30 ml.) an:l.. after st::u1,'1inJ for ten clays, large red crystals 

f 1 . 11~ .. "b' '''t o sa 1.c.y e. __ :~.azlne l.oc,o 1.smu~xn e, m. p. 246 - 253°C, were deposited 

in 15% yield. (Founc.: c, :1.7.1; R~ 1.6; N2 H4, 3,3; Bi, 21.6. 

C14}\ 3 02 N2 Bii4 requires C, 1.7.4; H, 1.·1-; N2H4, 3,3; Bi, 21.8%). 

Bismuth tri-iodide (0.80 g.; 1 mol.) in 57,1o hyc1riodic acid 

( 3 ml. ) was addec1 to anisalc1az inc ( 0. 35 g. ; :1 mol. ) in nitrobenzene 

(20 ml. ), and overnight large, dark violet crystals of rrnisalc1azine 

tetraiouobismuthite, m.p. 235 - 238°0, separated out in 70% yield. 

(Founc1: C, 19,6; H, 1.6; N2 E4, 3.1; I, 51,0; Bi, 20.8. 

Bi, 21. ~). 

Co-orclina tion cow~Jmmd. of 1 mol. stannic chloride and 2 mols. 

salic,ylaldazinc. 

Ether, chloroform, co.rlxm tetrD.chlorirle, benzene, xylene .and 
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,tetrrd.enc vrerc all trice'?. in turn as solvents for both so.licylaldazine 

anc1 for st~nL'1ic cbJ.orid.e. A.l though tetralene vvas found to be the 

best solvent for the r:tzj.ne, j_t FD.s founc1 to react with stannic chloride. 

Finally xylene was.chosen as the most suitable solvent. 

1,1e o.bove addition compound, 1 mol, stannic chloride : 2 mols. 

salicylaldazine, was precipitated from a solution in xylene of 1 mol. 

stannic chloride : 1 mol, azinc, Accordingly the preparation was 

repeated several times using the correct molecular proportions, i.e, 

stannic chloride (1.04 g.; l mol.) in xylene (10 ml.) vms added 

to so.licylaldn.zine (1.92 g.; 2 mols.) in xylene (45 ml,) with the 

exclusion of moist air. The a.bove mentioned a.d.<J.ition compound, 
' . 

m.p. 224 - 231°0, ;ms procipitatoc1 in 86% yiclc1. (Found: C, 46.9; 
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(g) Attemptec!. pre:go.rations of a hyc"':.rochloric1e of salie,ylnldazine. 
3 

:Many unsuccessful attempts to prepare a hydrochloride of 

salicylalcln.~ine in a pure state were made. Hy~lrogen chloride vms 

passed through solutions of this n.zine in var:i.ous solvents (chloroform 
I 

cyclohexn.ne, benzene, nitrobenzene n.nrl xylene) using the apparatus 

sho'M'l in Figure XI, page · 36u_ Tlie proC:.ucts 'obtn.inerl were invo.riably 

found to be contaminated with some unchanged n.zine, which could not 

be extracted successful~ \vith hot solvents, as this process also 

D.l)pcarcc1 to cause some decomposition of the .. chief product, presumnbly 

from tho analysis figures, the desired hydrochloride • 

. Thus it apj?oared thn t it -vmuld 1)e no use to attempt to make 

salicyb.lcJ.az.ine hyc~rochloric1e using the ~zine as starting mn.terial 

owing to the three factors:-

(if) 

(iii) 

The azine ~ms only soluble in hot solvents, whereas the 
hydrochlo:i:'ide, if it existed, woulct probably evolve 
hydrogen chloride in the hot, in the a1Jsen~e of water, 
as did benzalclazine hyt1rochlorj.c1e. 

VVhen vrater -was entirely excluded, and benzene usec1 as 
solvent in the hot, the azine rennined unchanged. 

If moisture vro.s present, even in traces, hyc1rolysis to 
hydrazine hydxochloride occurred ~eadily, owing to the 
high temperature. 

Hence it was decic1ed to try to use hydrazine hyr1rochloride as 

starting material with salicylaldehyde. Accord2ngly secondary butyl 

-
alcohol, n-butyl alcohol and cyclohexane vrere tried as solvents. 

However~ the h.y,&azino hyclrochlorido was only sliehtly soluble in 

these solvents, and vTI1on salicylaldehyde was added.to the saturated 

solutions only a &ll~ll qu~J1tity of salicylaldazine was precip~tated. 

Finally methyl o .. lcohol vms used as solvent. ~trter heating to dissolve ,. -.,-:- .· .·. 

the hydrn.z:i,ne fLihydrochlori(l..e in n-tethcmol, an> excess of salicylaldehyde 

was aclcl.ed. A pale crea..rn precipi tn te of S<'llicylalc1azine (Found: 

·c1, nil; N2 B4 ; 13.2/i~) rcsultorJ.. This was repeated usinE; theoretical 

quanti ties of startin,s materials (i.e. 1 mol. N2 H6 Cl2 + 2 mols ... 

salicylaldehyC.e) and on coolinr, larce, pale-yellow crystals of 

salicylaldazine, contamina terl with hy(:lrazine c1ihydrochloride separated. 

At this stage it was decided to abandon the preparation of 
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salicylalc1_azinc hyc1roch1oric~e, as it seemec:. tmlikely that a suitable. 

solvent coulrl be fmmcl for hyc!.razine hyc3rochlorido, which would also 

disro 1 ve the azine, but would: precipitate its hyCl.rochloride. 

2. (a) Purification and storar,e of solvent, dioxan. 
16 

Three litres of c1i6xan were dried by refluxing for 

forty-eight hours with metallic sodium, and wore then 'distilled 

directly into a flask for storage under nitrogen in the dark, so 

that the solvent could be expelled by nitrogen pressure vdthout the 

admission of moisture. (See Fis:ure XIII). The c.bsorption spectrum 

of a sample of this dioxan was determined (Fit:,rure XIV) and the 

solvent was fotmd to transmit more than 9qlf, of the li~Sht from a 

vvave len[Sth of 280 m~ upwards. Between 275 ~ and 280 ~ the 

transmission was betwe~n 85% and 90}&, which meant that readings 

in this wave length range would be obtainable, but might not be so 

accurate as those at l)igher wave lengths. (See Table I). 

TABlE I. 

Transmittnnce curve ;for purified dioxan. 

'7ave length in~ 
i 

Transmitting f~ge 

250 1. 5 
255 t.O 
260 4.5 
265 29.0 
270 65.5 
275 86.0 
280 92.0 
285 95.0 
288 96.0 
290 97.5 
295 98.0 
300 100.0 
305 100.0 
310 100.0 
320 100,0 
330 100.0 
340 100.0 
350 100.0 "' ''""'•·· ..... 

(b) Determination of the water content of the solven't;.gff!~oxan • 
..... ····· .. 

The -v7atcr content of the solvent, rlioxan, was determ:Cnea· 

by a r.;tancl.ard Karl Fischer ti tra-G ion. The Ktl.rl Fischer reagent 

54. 
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was-standardised against the dioxan by titrating a fixed volume 

(2 ml.) of the latter, and then titrating 2 ml. portions of several 

solutions of water in liioxan of accurately kncwm concentration. The 

actual volume of Karl Fischer reagent required for the added water 

in each case vms calculated by subtracting the number of ml. of it 

used by the 2 ml. dioxan from the total number of ml. used for the 

solution of "Vva ter in dioxan. A graph (Figure XV ) vms dra"\ll,'ll of ml. 

Karl Fischer Reagent against weight of' water. This proved to be the 

expected straight line, from which the weight of water present in a 

larger volume of dioxan (10 ml. ) was read. off. The results obtained 

are shmm in Table II. 

TABIE. II. 

Volume of Karl Fischer Reagent equivalent to kno~m concentrations 
of "Vvater. 

I ml. Karl Fischer ml. Karl Fischer 
I 
••• ml, ~1 l 

" ·- . , ... ' ~ 

I Concentration 
I of water in Reagent for 2 ml. Reagent for 2 ml.· Fischer De~·t 
'dioxan in g. dioxan ' '1Nater in dioxan for added water 
per 2 nu. ' : ! 

• 001420 2.45 3.00 ! 0.55 

.007478 2.45 4.47 

I· 
2,02 

• 014956 2.45 6.34 3. 89 i 
I 

• 022435 2.;:,5 8. 26 
·.~· 

5. 81 1 

• 026920 2. ·15 9. 26 6.81 

• 029913 2.45 I 10.30 7.85 

• 0±4870 2. 4:5 10:.16 I 11.65 
I 
I 

10 ·ml. dioxan :1.2. 02 JI1~. Karl Fischer Reagent 

• • From graph· (Figure XV ) 

10 ml. dioxan = • 045 g. vmter 

.t. foa.ge water in dioxan = 0.45%. 

(c) Atteropted preparations of the methochloride of benzaldazine. 

Methylhydrazine hydrogen sulphate, CFfaNHNIJ2,H2S04 , was 

available as starting material. This was converteCl. to the chloride 

by adding the stoichiometric quantity of barirun chloride to 

precipitate all the sulphate, filtering and evaporating the filtrate 

55. 
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to near dryness, and. adding ethD.nol. After filtering again the 

rnethylhyoTazine d.ihycJ.rochloride content of' the solution was 

cleterminec. on an aliquot lw an iodate titration, and the 

stoichiometric quantity of benzaldohycle then added to precipitate 

the metho-salt of the azine. No precipitate formed either on 

evaporation or on adding ether. 

The second attempt was to grind. a sample of methylhydrazine 

hydrogen sulphate to a paste with the stoichiometric quantity of 

barium carbonate, to e:x;tract the paste with ether and to dry the 

extract v;'i th potassium carbonate. After filtering an excess of 

dry hydrogen chloride v~s passed throug~ the ethereal solution. 

Precipitation of rnethylhyorazinedihydrochloride occurred, its 

purity being checked by hydrazine· and chloride determinations. 

Iv.L...my unsuccessful attempts, using various solvents, were made to 

condense benzaldehyde on to the methochloride, but in"all cases no 

crystalline product was obtained. 

56. 

The optical density of a suturated solution of methylhydrazine.-

ctihyorochloride in d.ioxan containing a small concentration of 

benzaldehyde was determinea. (See Table III). 

TABH~ III. 

Dptical density of a solution of meth,ylhydrazine hydrochloride and 
,benzaldehyde in dioxnn. 

Wave length iniiJ!-L Extinction 

270 • lJ:62 
275 • 515 
277 .538 • 
280 • 581 
281 • 588 
282 • 588 
283 • 584 
284 • 570 
285 • 560 
286 .556 
288 .552 
289 • 550 
290 • 540 
292 .502 
295 .411 



(d) The optical densities of benzalcl_ehyde and of its hydrazone 
in dioxn.n solution. 

The optical densities of solutions in dioxn.n of 

benzaldehyde and of its· hyoxazone (prepared by the method of 
13 

Curti us and Phlug ) were ctetbrmined. The results obtained are 

shovm in Table IV. 

QpticQl density of benzaldehyde ancl. of benzalhydrazone in dioxn.n 
solution • 

• 

Wave length 1 l>iloleculnr T:Jxtinction 
in IDf.l - • • ·coefficient x 10""'4 of 

benzaldehyc1e 

270 
275 
277 
280 
282 
284 
286 
288 
290 
292 
294 
298 
300 
302 

0.831 
0.931 
0.957 
0,995 
1.000 
0.~14 
o. 871 
0,801 
0.773 
0,631 
o. <-1-28 
0.251 
0.135 
0,062 

I 

Moloculn.r Extinction 
coefficient x 10-4 of 

benzalhydrazone 

1.393 
1. 730 
1.820 
:t. 951 
1. 991 
1.950 
1.820 
1.656 
:t.420 
1.047 
0,661 
0.457 
o. 296 
0.171 

(e) The optical densities of benzal&~zine and of its hydro­
chloride in dioxan solution. 

The optical densities of bcnzaldazine and of its hydxo-

chloride in ctioxan solution were determined at 25. 5 ± o. 5°0' in a 

Becbnann D.U. Spectrophotometer. The ~~ximum possible accuracy ~8 

used in preparing the solutions, a micro-balance ano. Grade A pipettes 

ancl stancJard flasks being utilized. Readings of optical c1ensity 

wer,e commence~ at a vvave length of 270 mf.L within five minutes of 

preparing the solutions. Great care vras exercised in cleaning the 

cells, the optically smooth surfaces being carefully polished befo~e 

use and care taken not to handle them thereafter. The tempero.ture 

was controlled by means of two metal compartments fixed on each side 

of the cell oompartment. 
21 

These ho.d been constructed by Tif, G. Davies 

57. 

and were designed by him to allow vvater from o. thermostat to circulate 

through them. In the centre of oc.ch compartment was a circular aperture 
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through which tho light could pass. The compartments were held in 

place by long scrcvrs· in a similar fashion to vvhich the cell compartment 

is usually held. This arrangement wns found to control the temperature 

inside the cells to ·within o. 5° C. 

Ta1)les IV a.no. V below shovr the optical densities of benzaldazine 

and of its hyC!rochloricl.e. rr.hree readings of optical density at each 

wave length are shovm, these being taken with samples from different 

preparations, In the last columns of the tables the mean value of 

the optical density at a fixed 'vmve length is shovm together with its 

standard deviation. 

T.A13IE V'~ 

Optical density of benzaldazine in dioxan solution at 25.5 ±· 0.5°C. 

i ~Molecular extinction X 10-5 i 
Mean value of K 

Fave length coefficient of and its stn.nclard 
in mf-l. i benzaldazine, K:g X 10-5 deviation x 10-s 

270 0.134; 0.150; 0.155 

I 
0.146 ± 0.011 

275 0.177; 0.184:; 0.189 0.183 ± 0.006 
280 0.21<C:; 0.220; 0.223 0.219 ± 0,005 

' '282 0.229; 0.233; 0.242 0.235 ± 0.007 
284 o. 211.:3; 0.246; o. 255 0.248 ± 0.006 
286 0.262; 0.264; 0.272 0.266 ± 0.005 
288 0.280; o. 283; 0.292 0.285 ± 0,006 
290 0.300; o. 307; 0.313 0.307 ± 0.007 
292 0,313; 0.316; 0.321 0.317 ± 0,004 
294 O. 32:L; 0.326; o. 3':)2 .o. 326 ± o. 005 
296 o. 3:?.6; 0.336; o. 311-1 0.334 ± 0.008 
297 o. 336; 0.339; O.M-7 O. 3r:':1 ± O. 006 
298 0.338; 0.346; 0 •. 311,8 0.344 ± 0,005 
299' o. 31.'::3; 0.353; o. 355 0.350 ± 0.006 
300 o .. '351; 0.358; 0.361 0.357 ± 0.005 
301 o. 354; 0.365; 0.366 0.362 ± 0.006 
302 o. 356; 0.368; 0.369 o. 364.- ± o. 007 
303 o. 351.;.-; 0.366; 0.366 0.362 ± 0.007 
304 o. 3·~:9; 0.360; 0.362 o. 357 ± o. 007. 
305 o. 3L1..,3; o. 352; 0.352 o. 3<'b9 ± o. 005 
306 o. 335; 0.347; 0.339 0.340 ± 0.006 
307 o. 324; 0.336; 0.326 0.329 ± 0.006 
308 0.321; 0.335; 0.325 0.327 ± 0.007 
309 0.316; 0.329; 0.321 0.322 ± 0.006 
310 0.310; 0.323; 0.318 0.317 ± 0.006 
311 0.314; 0.322; 0.320 0.319 ± 0.004 
312 0.314; 0.322; 0.320 0.319 ± 0.004 
313 0.314; 0.322; 0.320 0.319 ± 0.004 
314 0.308; 0.318; 0.313 0.313 ± 0.005 
3:15 o. 3<Y:; o. 314; 0~ 310 0.309 ± 0.005 
316 o. 296; 0.306; 0.302 0.300 ± 0.005 
318 'o. 255; 0.269; o. 265 0.263 ± 0.007 
320 0.220; 0.234; 0.227 ' 0.228 ± 0.007 



TABU!.~ VI. 

ticn.l densit in dioxan solution at 

1ifn.ve length l Molecular extinction jlvienn value of K x 10-5 

coefficient of j o.ncl its standard 
in I11j.l : benzn.ldnzine hych~o- deviation x 10-s 

l chloride, K X 10-5 I 

270 0.160; 0.1-'1-5; o.163 1 0.156 ~ 0.012 
275 0.185; 0,194:; 0,199 1 0.193:!: 0.007 
280 o. 223; 0.231; 0 236 I 0.230 ± 0.006 . ' 
282 0.236; 0.245; 0.2.-W! o. 2tJ:.3 ± o. 005 
284 o. 25/~; 0.258; o. 2651 0.259 ± 0.006 
286 o. ~~70; o. 278; o. 283 o. 277 ± o. 007 
28Cl 0,287; 0, 29-"r; o. 296 I 0.292 ± 0,005 
290 0.300; 0.310; o. 31-C::: ! 0.308 ± 0,007 
291 0,305; 0.31(.; 0.317 0.312 ± 0.006 
292 o. 3:1.0; 0.319; 0.3:19 0.316 ± 0.005 
29"" o. 312~; o. 32/,; 0.333 0.325 ± 0.008 
296 o. 3.51; 0.328; 0.337 0.332 ± 0.005 
298 0,3<!.-3; o. 3,1-2; 0.353 0.346 ± o. 006 
299 0.350; o. ;)<';,6; o. 354 0.350 ± 0.004 
300 0.355; 0,352; 0,36(: 0.357 ± 0,006 
301 o. 362; 0.354; o. 357 0.358 ± 0,004 
302 0.363; o. 357; 0.369' 0.363 ± 0.006 
303 0.358; 0.355; o. 365 1 0.359 ± 0,005 
30<'::- o. 3--:-5; 0.345; o. 360 I 0.350 ± 0,008 
305 o. 34-1; 0.342; o. 352 ! 0.345 ± 0,006 
307 0.322; 0.332; 0.336 0,330 ± 0,005 
308 0.318; 0.326; 0.331 0,325 ± 0.007 
309 0,312; 0.320; 0.326 0.319 ± 0,007 

+ 6 310 0,312; 0.311; 0.322 0.3:1.5 - o.oo 
311 0,312; 0.323; 0.329 0.321 ± 0.008 
312 0.313; 0,318; 0,325 0.319 ± 0,007 

+ 313 0,3:1.5; 0.318; 0,323 o. 3:1.9 - 0,004 
+ 314 0,308; 0,3M; 0.3H.- 0.312 - 0,004 

315 0,303; o. 305; 0.310 0.306 ± 0,004 
+ 318 0.266; 0.258; 0.265 o. 263 - 0,.004 

320 o. 22~'..:; 0.227; 0.235 0.229 ± o. 006• 
325 0,162; 0.163; 0.176 0.167 ± o.oo8 

(f) The O_i')tical c1onsi ties of bonzaldazine in dioxan solution 
cont2.ininp var.zinp; concentrations of hydrogen chloride, 
cu!.d of the benzD.ldaziniwn ion. 

'rhe cb.c'lnges in o:;_Jticn.l density <vi th time of solutions of 

·fixed lxmzalcla~::ine concentrc.tion and varying hydrogen chloride 

concontra tions were (~.etermineet in the first place at the wnve 

lengths 275, 280, 283, :285, 288, 290, 295, 300, 310 and 315 rnJ..L. 

Measurements were made in solutions in ctioxan containing hydrogen 

chloricte of molarities 0. 341, 0. 682 and 1. 262. The results obtained 

are shovm in Table VII. 



~BIE VII. 

Change in OEtical densi~ydth time of a solution of .0000373 M 
benzn.lC.azine in ctioxan contn.ining hydrogen chloride. 

Moln.ri ty HCl o. 3(.1 I 

60. 

i~ave length/275 1
1

280 1283 1:285 li 288 
1 

290 
1 

295 
1 

3bo 310 315 I 
J.n fill I i I 

' ' ! l 
time Jnin. j 2 I 3 I 4 j' 5 I 6 7 8 9 10 11 
log s ; iJ:.. 0531•:::.. 126: ·1-.158 4.171 4. 177. ,;,, 169 4.127 4. 059 3. 830 3. 627 

; ! I I ! l time min. ~ 12 1 13 14 1 15 1 16 17 18 19 20 21 
log s iLl~. 10811· 111·5 ~::. 150 14.1<',3J1-.13,;, 4. 109 3. 825 3. 664 3. 442 3, 310 

time min. -i· -22- · i 23 24- · 25 · -j 26 27 28 29 30 31 
log 8 ; 4. 045 ·,1-. 08311.086,4.055 14.014 3. 943 3. 530 3. 375 3.173j3• 066 1 

time min. i 32 . 33 1 34 ; 35 36 37 38 39 40 '1 4: 1 

log B i3.805 3.870j3.869i3.840
1
3.801 3.722 3.236 3.090 - I 

I ' ' 
; I I l I . -time min. ~ 42 1 43 : 44 : 45 1 46 I 47 48 49 , 50 i 51 

logs j3.58013.621!3.652j3.609j3.603 3.512 - - I - I -
time min. i 52 i 53 I 54 i 55 ) J ,. ~-, I I ' . 

logs 13,432'3.470 13,521!3.541! - ! - I - i - ! - - i 

Molarity HCl O~ 682 ! 
2 i 3 i 4 ,. 5 6 7 8 ,. 9 !10 11 

3. 932! 4. oo8! 4. 036 14. 062 '1-. o9o 4. 090 4. 053 3. 9911 5. 809 3, 624 
I I i 

time min. I 
log 8 I 

12 !13 i14 115 116 17 18 19 20 21 
3.987l4,041!4.050i4.048 4.039 4.012 3.586 3.486 3.381 3.211 

time min. i 
·log 8 i 

time min. i 
i 

log 8 I 
I 

I 
I 

time min. ' I 

log e i 
I 

time min. i 
I 

log 8 
! 
I 

51 42 . ; ~~3 ~~-4 145 146 147 148 49 50 
3.3::,1:3.osol3.''c-o2j3.4.-17j3.421 3.3591 - 1 - -

time min. I log 8 
' 
' i 

Molnri ty HCl 1. 262 ! 

·time min. 
log 8 

time min. 
log e 

time min. 
log e 

time min. 
I loge 

2 - -1 -3 - 4 . k-5 - - : 6 1 7 
1

- 8 · 9' ·- _. 1.:0 11 
3. 842' 3. 956 4. 016 4. 054 Ll_... 066 4. 081 4. 072 4. 033 "5-. 936 3. 832 

j i " ' 
. I 

I
I 12 [ 13 '14 15 :t6 117 '18 19 20 i 21 

3.97514.040 4.059,4.063 4.061!4.03113.991,3.903 3,710i3.402 

1 22 
1

23 24 25 26 127 28 !29 30 131 
I 3, 938: 3. 978 4. oo1 4. oo5 3. 998 ;3. 962 3. 9o2 13. 782 3. 423) -

1 32 33 34 
1 

35 36 i37 138 139 _ ;40 141 
1 3. 540 3, 732 ! 3, 7•r3, 3. 730 ~ 3. 715 13• 698 '3. 611 '3. 509; 3~ 211; -

. ' ; ' ' 



IJ:1 order to follow more accurately the change in log e with time, 

it was decided to cut dovm the number of v1ave lengths for measurements 

from ten to five, thus obtaining readings of loge at each wave length 

at five minutely intervals. Measurcincmts vrere carried out over as 

wide a range of concentrations of hydrogen chloride as possible. The 

results obtained are shovm in Table VIII. 

TABLE VIII. 

fp~e in o~t~cal density vvith time at wave lengths 280, 285 1 290, 295 
and 300 nJI..l of a solution of • 0000373 M benzn.ldazine in dioxan containing 

h,yclrogen chloriae. 

I (i) :Molarity HCl == o. 036 ! 
: l ! I I I t l I I 

i time min. 1 2 i 7 i 12 l 17 j 22 ! 27 32 1 37 42 1 47 
; log 2 280 ! ~~.279jt...-.277!<,.233l<';...J.75,/.::..128l~.071/.c•015!3·966 3.914~3.871 
I time mh1. ! 3 I_ 8 . I_ 13 jl _18 j . ~33 i 28 I 33 

1 
38 43 l 48 

! log 8 285 ! il:.318!J~.2?<t~.2:t5 s,.15<,js,.102/<,.043!3.986 3.931 3.882 3.833 

·time min. i ,± · J -9 · ! 1? · -/- 19 I 24 I 29 I 3L:- 1 39 44 49 
log 8 290 j: 4.322j4.2·~8l~.c.176ii4.1:1.0 4.056!3.99t:-!3.928il3,878 3~823 3.775 

I I ' ' ' 

! time min. I 5 I 10 ; 15 i 20 ! 25 r 30 I 35 I 40 I 45 j' 50 
i l_og 8 2 95 ! 4. 286j '1. :L85 i ~-. 098j1-. 025J 3. 963 : 3. 89213. 830 j3. 765)3. 710 3. 646 

I ' I : 1 ! I 

1 
time min. ! L1 6 II 

1 
11

9 
j 16 i 21 

9
! 26 ! 31 l 36

7 
j 4

6
1 

2
! 4

5
6

65 
\ 5;

82 jlog E 300 i ,..229.:".0 5!3.988,3.91 ,3.&1-9 3.771:3• 07:3• 2 13. !3•"" 

1 (ii) liolarity RC1 = o. 066 

t' J.me mn. 
! log 8280 

' 
/time min. 
! log 8285 
l 

' j time min. 
j log 8290 

l . 
! tJJile mm • 

log 8295 

27 I 32 i 37 2 7 2 7 22 ' l i 1 j 1 . . i I , : .r: i "" I 4.291 4.2sol4.231i4.175 4.11114.o5oj3.986 3.935 4.882 3.835 
1 . ' . ' 

~ , ! I ' 
1 3 • 8 113 . 18 23 I 28 33 I 38 43 l 48 
1 4 31t1.r:j4 272j4 229:4 159 4.09014.023 ,3.965;3.909 3.850j3.803 
~· j• !. 1. 

I 4 ! . 9 : 14 I 19 2(c l 29 .J4. ' 39 44 149 
. 4. 31t:,j ~.:. 2'a i'1.18o i4~ 117 

- I -

4.05013.978.3.917 3.858 3.800_3.753 
·. ' ' i 
i I I ; I l ' l ' 5 i 10 ! 15 . 20 : 25 ' 30 I 35 I 40 ll 45 I 50 
4.264!4.178!4.102!4.038!3~957/3.885 3,814 3.747,3.677 3.622 

: time min. ! 6 j 11 i 16 j 21 i 26 j 31 I 36 I 41 , 46 , 51 
log 8 300 ! 4. :1.91; ~:::. 090! 4-. 003j3. 931! 3. 8491 3. 773 ;3. 696 i3• 619 ~3. 546 13• 485 

' ~ f ~ • 

1 (iii) Molarity of HCl = 0.113 
I ' ! I ' 

time min. ji 2, 3 1 7 j 12 I 17 j! 2~?. I 27 ,. 32 I 37 1 42 
I log 8 280 . 4.205, ~::0.215i·~.:1.99.(.126!<:.052 3.968 3.894.3.825 3.761 3.705 

It'· . 
1 :une :tm.n. 
! log 8 2813 

·time min.­
log 8 290 

. 3 
(~. 238 

. - - . -- ·4 
4. 229 

I s · ! 13 · 18 l 23 I 28 
l4.193i4.113 4.026!3.940!3.869 
I t ' 

9 f 1/1: 19 ! 21 I 29 
4.159•4.072 3.976:3.897~3.821 

35 I 38 ~ '1:3 
3.798 3.72713.669 

34. I 39 I 44 
3.747:3.674!3.605 

I 

I 



l time min. j 5 l 10 :L5 j 20 ! 25 l 30 l 35 40 45 
j log e2 95 1 ',:,. :L65 ~/~. 0'7:L 3. 98713· 882!3. 788 3. 693j3. 613 3. 518 3,437 

time min. j 2. J 7 ] 12 j 17 ! 22 j 27 32 ,, 37 j 42 
llog882 8 0 j 4,192[4. :L93j4. 099J3• 994:3. 9~ J 3. 812 3. 734 3. 664 3, 610 

! time min. I 3 j 8 I 13 [ 18 l 23 j 28 1 33 I 3~ 43. 
log €:285 14.241i4.184!4.08313.975 1 3,819i3~783 3,700 1 3.~33 3.!.568 

I time min. ! 4 l 9 ! 14 j 19 J 24- j 29 34 i :39 
1 

44 
j log 8290 l 4.235 1 4.145!4.039j3,935!3,82313~7~9 3.638j3l559 3,500 

l time min, l 5 1
1 

10 I 15 .. I 20 : 25 
1

1' 30 , 35 ! 40 . 45 
! ' ' . ' I . I I I log 82 95 i 4. 186 :4. 069 :3. 9;1.1 .. i 3. 932 ! 3. 689 13. 581 3. f1:c5op. 358 :3. 255 

i I ; ! i I ! I 
time min. 1 6 ; 11 ; 16 i 21 i 26 i 3~ , 36 I 41 j 46 
log 8300 I 4,110!4.959i3.826t3,689'3.536:3.~06!3.255.!3.101:2.960 

( v) Molarity HCl = 0. 48 

1 
timemin.l 2, 3~ ! '7 !12 j' 17 .,: 22 

1

27 
1

32 137 
log B 280 I 4,124, 4.155j4.123j3.975l3.828 3,703 3.610 3,552 3.532 

time min., I 
log 8285 1 

3 j' 8 i 13 ! 18 
1
r 23 28 33 38 

4, 176 1:., 089 i3, 9!;:(3 ~ 3, 785 I 3, 651 3, 565 !1 3, $08 3, 482 
' I I • i . 

I t• . I i J.me mln, 1 i 9· I 11 ! ·19 I 24 29 l 34 ! 39 
,,:,. 059 ! 3. 895 ! 3. 72:1 1 3. 587 3. 489j3. 42913.406 (log 829o j 

1 
time min. I 
log·,· c: 29 ., : 

" ~ i 

5 
1.158 

jw 1

1

w joo ~ ~~ 1~ iw 
j3.968;3.786 3.572 3.392 3.228 j3.177!3.161 

time min. i - - · 
log s3oo ! 

(vi) Molarity HCl = 0. 54 \ 

I I i I ! : I 
time min. I 2 7 1"' 12 ! 17 I 22 i 27 1 32 
log e 2 8 0 4,109 J4· 075 i o. 910 3. 771 . 3. 611)3. 559j3. 5:18 

l t. . : 3 1 8 ! 13 18 23 , 28 1 33 
j 

! J.me mJ..n, . 1 i 
log 8 285 j 4.170

1
t1:,061l3.863!3.723 3. 602! 3. 515;3· 4·"c6 

time min. j 4 ! g·, j 14 119' j 24 j 2~ I 34 
log e: 2 9 0 1 4. 18:1. 14~ 00613• 812 

1
3. 651 3. 515J 3. '"'2913. 383 

time min. I 5 J 10 I 15 l 20 
loge: 295 ! 4.134 13.906 13,686j3,t1.c:1:6 

25 I 30 1 35 
3.363i3.199j3.062 

Jcime min, i 6 ! 11 l 16 I 21 j 26 I 31 I 36 
loge: 300 I 4. 018 :3. 785!3. 529 13. 26:L 13.082 2. 84412. 751 

: . : , I ; ' 

From the results in Tables VII and VIII the graphs of log e 
le.<l!)th 

against time for each \7ave, for the srune azine and for various acid 
~ ' 

concen·cro.tions were plotted. One such set of curves (for molarity 

of hyclrogen chloride :c: 0. 036) is shovm in Figure I, page 14a • 

62. 
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Prom these plots the values of logs at zero time (log s 0 ) at 

a fixeCl_ vm.ve length of 280 llljJ.; W'c'-S estimated by extrapolation (see 

Figure I 1 page :L4a, :mel Figure VIII, page 25a) for the various 

concentrations of hydrogen chloride. The 11 trend'1 graphs vrere o.rmm 

of the values of log 8 0 thus obtali1eu against (i) the molarity of the 

hyclrogen chlorio.e in the clioxo.n solution and (ii) the corresponding 

acidity function of tho hydrogen chloride in dioxan, read off from 

the C'LITve shmvn in Fi2ure VI, page 23a. These values of log e 0 
280 

are shovm in Table IX, a..."J.o_ the "trend" curves in Figure II, page 15a. 

Further, from. the above mentj_onecl plots of log 8 against time 

for the wave length 280 mfl, the maximum value of log B (log B ) 
max 

attained at any time was read off. These values of log e for max -

each concentration of hydrogen chloride are also shovm in Table IX, 

together with the difference be~veen log e and the corresponding 
max 

value of log e0 • 'These O.ifferences, 6 log e, are shovm in the last 

column of Table IX, and are shovm plottecl (i) against the corresponcling 

molarity of the hydrogen chloricte in the dioxan and ( ii) against the 

corresponding acidity :function in Figure IV, page 18a. 

TABLE IX. 

The logarithms of the extinctions at zero time, log e0 , the maximum 
value of the logarithms of tho extinctions, log e , and the 

max 
£_iffer~ bet-rmcn them, 6log s, ut a fixed wave length of 280 mfl 
for solutions of fixed benz~:llck,zine but varying hyclrogen chloride 

concentrations. 

I Molar:Lt_y of Acidity Function l 
\ 

i 

-'16 hyclro :~;mi chloride i of hydrogen chloride log 8o log log ! ~max in 1. . ' in Ciio:x:o.n ClOXcl.ll 
! j I 

• 036 l :t. 60 
I 

~.266 1-.29 T. ... 02 ' 

• 066 1.1t±- I 4.275 4-.29 I .01 l .113 1.33 I 4.150 '1-. 21 .06 
• 209 1.::t4 I 4.140 ~.22 .c8 
.341 1.04 I 

4.095 <1-. j_ 7 .07 I 
.480 1.00 

I 
4.050 ~ .• 16 .11 

• 540 0.97 4.030 4 .. 1~, .10 
• 682 

I 
o. 90 3.960 1-. OEr< • 095 

1.262 l 0.40 I 3.900 4.05' .15 ! 

€ 

:. .... 

'• ! ,. 
.. , .. 
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From the plots oJ' the results shmvn in Tn.blcs VII and VIII 

(an exa,:cple of which is shovm in Figure I for a 0, 036 molar hydrogen 

chloride solution) curves were dra~tm of log e against wave length at 

fixed times. .An example of the curves thus obtained is shown in 

Figure III, page 16a, for a 0.341 molar hydrogen chloride solution, 

where the time intervals 5, 91 12, 22, 27 and 32 minutes were chosen. 

The values of log e at the various times for molarities of hydrogen 

chloride in dioxnn of 0. 341, 0. 682 and 1. 262 in solutions of the 

sn.me concentration of azine are shovm in Tables X(i), X(ii) and 

X(iii) respectively. The corresponding values of log e at fixed 

times for the solutions at the other molarities of hyorogen chloride 

(see Tn.ble VIII (i) to (vi)) are not shovm, as for these solutions 

the changes in loge >vith time at only five different v.rave lengths 

had been noted. Tl1.is men.nt that the resulting absorption curves 

would be restricted. to a more limited wave length range, 

T1'J3L:8 X. 
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Values of log e at fixed times over the wave length range 275 to 315 mu 
for a • 00003-'73 M soJ.ution of 1)enzalc1o.zine in dioxan contain:i,ng hydrogen 

chloride. 

(i) Mol~:i,t_y _qf hyc1n?gen _ch~o:r:ide = o. 3<"..,1 

1 
Time i VJave length in m !l 

~ ~5 I 280 285 288 i 290 . 295 I 300 315 

5 ! 4. 078' 4, 134:. (., 165 t 4.1731 4.180: 4.166 4. 210
1 

4. 30014. 200; 3, 900 
1 9 l 4.1o3; 4.152 4.170 4.165j4.t7o· 4.156 4. o95! 4. o58 3. 99o 3, 79o 

1
12 1 t1,1os. 14.149 4.160 4,15714.160 4.140 4. ooo1~. 3. 86o 3. 68o 3. 580 
22 4,04514.090 4.104 4.083,4,073 4,033 3,702 3.580 3,385 3,280 

I, 27 j 4. 036 14.020 4-. 041, 4. 015; 4, ooo 3. 9,;..o 3. 55013.430 3, 250 3.150 
32 I 3. 805!3. 890 3, 920! 3. 900!3. 880. 3. 830 3. 442! 3, 290 3.120 3. 015 

' ! t 

(ii) 

5 
9 

12 
22 
27 
32 

(iii) 

---·-- -

Molarity of hydrogen chloride= 0.682 

r i j i r · 1 , ~ 

3, 96714, 0~0 I •:'t:, 012 4, 062)4• 09414, 098! "~ 1 185 - 14, 030 ,'3, 895 
3,988:4,0v9jl4.054 4,070 ~.080,~,075!3.995 3,~91 1 3,850 3.710 
3, 98814, 012 4.-. 052 4. o~. "'• 060 '~·. 055 3, 860. 3. u10 3. 720 3. 600 
3,91113,980!1 3,995/4.0001·3,992:3,970 3,400!3.37013,280 3.184 
3. 770 i ~· 870; 3, 9:J.5j f 3, 912 3. 930! 3, 915 3. 23513· 220 i 3, 050 -
3,620 1u,700(3,775.3.774!3,800;3,800 3,145!3,1451 -

1 
-

Molarity of hydrogen chloride= 1.262 

f 5 
. 9 

' ' i ' ,- l 
3 °90 3 9h'). ·' (V\1': ,, ·o5r·: . 060 i ,., 072 L' 090 II 075 L1 090 , , o , 0\.. '"'' J<,D ' .. :, D '•'• ~-..:, .::, ..:, , ... , -

3. 9•1-9 !..,.., ~~00 (., Q.i(:) 11:, 0'10 tl,, 075 ~:. OGL:: 4:, 073 4. 033 3. 960 3. 930 
3, 975 !;,. 03[1 (. 060 ::,. 070 .::,, 078 j,:':. 080 4:. 000 3, 997 i 3, 875 3. 780 
3, 938 3, 9~)0 ,_;,, 021 -:~. 035 .::., 0~)3 z_., 0:1.0 3, 960 .3, 870j3, 650 3. 388 
~. 81n 3-3nr-: "o•o ~ 0 7° 3 °00 3 Q60!" 910j3 810j3 512 

12 
22 
27 
32 

de A \J e ,:,:~t.~ ~· ;1 l~;· Lle :~/' ~~ ; D. ~Ut~l 
17 

e u {.J ?· . • . _ -
3. 5•'f0 3, 1 hO, ,'), ?u5 3. o•.:O : ,'). o72 , 0.:), 835 13, 830 13• 705! 3. 380 -

I ' : i I I 

\ ... '.-



65. 

The values of the specific extinctions after twelve minutes of 

solutions of fixec1 benzaldazine concentration were obtained from the 

plots of log e against tim.e for molarities of hydrogen chloride of 

O. 341, O. 682 and 1. 262.. These figures are sho>m in Table XI. 

TABLE XI. 

Optical Densities of Benzaldazine ~ydrochloride in .dioxan solution 
containing dry hydrogen chloride. 

: l i ' Specific Sped.fic Specific 
VJ'ave length extinction extinction extinction 
in ffij.l . X 10-5 X 10-5 

X 10-5 

after 12 ruins. after 12 ruins. after 12 ruins. 
in 0,341 M HOl (0.682 M HOl) 1.262 M HCl 

275 0.128 0,097 0.094 
280 0,141 0.110 0.109 
283 0.145 0.113 0.115 
285 0.147 0.117 0.118 
288 0.14-4 0.115 0.119 
290 0.138 0.111 0.120 
295 0.127 0.102 0.110 
300 0.105 0,089 0.100 
310 0.064 0.056 0.076 
315 0.041 0.038 0.060 

' 

Plots were made of the figures in Table XI, and the three 

curves thus obtained were taken as representing the true shape 

of the benzaldazinium ion absorption curve. The justification for 

this has been discussed on pages 14-20, The three curves thus 

obtained were drawn to pass through the point of cut of the 

absorption curves of benzaldazine and of its hydrochloride, giving 

curves IV, V, and VI in Figure V, page 19a. The resulting values 

for the molecular extinction coefficients for the benzaldazinium ion 

are shown in Table XII. 

In Table XIII, be1ow, the values for the molecular extinctions 

of benzaldazine; benzaldazine hydrochloride and for the benzaldazinium 

ion, together with their respective standard deviations are given over 

the wave length range of 275 to 288 m f.!, for a solution of fixed 

benzaldazine concentration. In the last column of Table XIII the 

calculated value for Eb for each wave length is shO'vvn, together with 

its calculated standard deviation. Tho moan value of Rb over tho 

vvhole wn.ve length range vms found to be 0.11 with an apparent standard 
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deviation of± .035. The calculated deviations, however, show that the 

results obtained at the lower wave lengths ( < 284 m ) are the more 
' 

reliable, since they have lower standard deviations. The mt:lan obtained 

for Kb'over the lower wave length range 275 to 284 was 0.10 ± .oa, 

(calculated standard deviation). However, as the difference between 

this value and the value 0,11 obtained when usirt~the results for the 

wave length range 275 to 288 m~, is so small compared to the standard 

deviations, it is immaterial which value of Kb is chosen. At best this 

method can only give the relative order of magnitude of Kb• 

TABLE XII. 
Optical density of benzaldazinium ion. 

Wave ! Mol~cular extinction coefficient KBH+x1o-s IVIean ~+x1o-s 

length i and its standard 
mjl From Curve rv From Curve V From Curve VI deviation x 10-s 

275 0,324 0,321 0.309 0.318 ± 0,078 
276 0.326 I 0,324 0.-313 0.321 ± 0.072 
277 0,329 0.326 0.316 0,324 ± 0.068 
278 o. 3.'32 0,329 0.319 o. 327 ± o, 068 
279 0.335 0.332 0.322 0.330 ± 0.068 
280 0.337 ·o. 334 0.324 o. 332 ± o. 068 
281 0,339 0.335 0.326 0.333 ±-0~067 
282 0.:340 0.336 0.328 0,334 ± 0.062 
283 0.341 0.336 0.329 0,335 ± 0.060 
284 0.344 0.338 0,331 o. 337 ± o. 066 
285 0,350 0.339 0.332 o. 400 ± o. 067 
286 0,344 0,340 

·' 
0,333 o. 339 ± 0, 056 

287 0.343 

I 
0.340 0,334 0.339 ± 0.041 

288 0,341 0.338 0.334 0.334 ± 0,057 

TAEIE XIII. 
K .... KB 

Calculated value of K = K 
-0 K._mr+ -

K x 10-6 and ! KB x 10-5 and KJ3W x 10-5 nnd: Kb and 
i 

Wave 
len~h its standard I its standard its standard its calculated 
m~ deviation deviation deviation standard 

deviation 

275 0.193 ± 0.007 0.183 ± 0,006 0,318 ± 0,078 I 0,080 ± 0,077 
276 0.199 0,189 0,321 ± 0.072 0.082 
277 0,207 0.196 0.324 ± 0,068 0,094 
278 0.214 o. 204 .. 0.327:!: 0.068 0.088 
279 0,222 1 o. 212 !0.330 ± 0.068 0.091 
280 0.229 ± 0,006 i o. 219 ± 0.005 0.332 ± 0.068 o. 097 ± o. 080 
281 0,237 0.227 0.333 ± 0.067 0.104 
282 o.242 ± o.oos 0,235 ± 0,007 0.334 ± 0,062 0,076 ± 0,108 
283 0.250 O. 2Lir2. 0.335 ± 0.060 0.094 
284 0.259 ± 0.006 0.248 ± 0,006 0.337 ± 0.066 0.140 ± 0.116 
285 0.268 0,251 ·0.400 ± 0.067 0.129 
286 0.277 ± 0,007 0,266 ± 0.005 0.339 ± 0,056 0,177 ± 0.175 
28'1 - o. 284 ' .. -. 0.275 0.339 ± 0,041 0~164 
288 0.292 ± 0.005 · ro. 285 ± o. oo6 0.334 ± 0.057 0.166 ± 0,226 

I 

:i Mean = o. 11· ± 0. 035 



3. ~crimonta.l evic1once on which tho mechanism of the hydrolysis 
of benzn.ldn.zil].c in tho }Jrcsonco of acid "~ims based. 

(a) Results i.?h?•vinp,_jhe effect of added vro.tcr on the rate of 
the reaction ocm.u:ri_!lli_ bctvmcn benza.lc1n.zinc a.nc1 hydrogen 
chloride in dioxml solution. 

In Table XIV(i) n.nd (ii) are shovm the values, at regular 

time intervo..ls, of tho logarithms of the extinctions at 295 rq..L 

[Table XIV(i)] and at 300 ID-J.-1 [Table XIv(ii)] of solutions in dioxan 

of fixoc1 benznldazine an:o_ of fixed hydroc;en chloriC:.e concentrations, 

to which varying quantities of vrdtor have been added. The plot~ of 

-the figures in Table XI \l(ii) are shovm in Figure VII, page 24a. 

I 
I 
I 

TA.BI ... "E XIV 

;y>gari thm of extinction of • 0000·1-9 M benzalc1a.zinc a.ncl 0.10 M hydrogen 
chloricle in dioxan to which knmm quantities of water hn.ve been ac1c"1.ed. 

( i ) f.. = 295 m f.l 

/. 000098 

! 
1VIo1arity of I j. 000291;: • 000392 • 000686 
adc1ec1 wa tor 

!o 000196 
; \ 

I ' 

Time 
i i 

in mi.11.. j loge xto-4 :log ex:1.0.-4 ! log e x10-4 ;loge x10-4 loge x10-4 

f ' I I 

2 i • 950 ; • 969 
i 

• 963 i • 958 
I 

• 963 i 

1 
I 4 i ·0 880 

i 
• 892 • 897 I • 881 • 887 

I i j ! 6 I • 825 I • 835 
'i 

.833 I .818 l • 814 
n • 777 • 775 u \ I ' • 772 I • 757 • 747 

l I 
~ i 

10 • 726 • 715 • 710 \ • 699 I • 690 j 

12 • 676 l 0 65L];. I • 658 I • &1-6 
I 

• 631 
14 ! .633 i 

~ 610 • 599 .593 .571 ' 

j 
I 

16 • 583 • 553 i .549 I .538 • 519 
18 • 539 ' • so;, • 500 .481 .468 
20 .500 I .1,59 .i .<1-50 l .436 .420 
22 • tj,55 i .407 l .-1-03 I • 384 • 377 
2-~ .--~:20 I • 358 • 35·1 • 337 • 328 

' 26 • 375 - • 316 .288 i • 288 
' 

I 28 - - • 337 - - I 
• 21..-1 • 225 

30 • 303 - - .196 • 201 ' 

(ii) f.. - 300 IDf.l 

I Mola.ri ty of j. 0~0098 i I I. ooo392 J.oo686 i. OC'0196 I. ooo294 
1 n.dded water I I I I 

Time in min. !log e x10-4 i log e x10-4 i log 8 x10-4 llog e x10-4 ! log 8 x10-4 

2 • 083 I l ' ! 
I • 903 I • 903 I • 883 i .. 887 

I 4 • 800 I 
• 806 I • 799 i I • 785 i .:,780· 

I 6 • 725 • 725 • 723 
! 

• 708 ! l • 700 
0 • 667 • 656 i • 655 • 64:3 I • 633 l i i I 10 • 6j_2 • 593 ' • 589 I .579 l ! l .560 

12 • 559 0 5Lt2 l • 532 

I 
.521 I • 505 

14 • 509 I .473 • 1.;:74 .462 ! .446 
16 • i';i;-58 •"~23 ;,1-13 ! .~00 I .391 
18 .408 .367 • 3&:C 

[ 
• 342 • 322 

20 • 362 • 310 • 310 • 283 • 279 
22 • 31:1: • 263 

l 
• 2<1:3 I • 220 • 230 

2-::: • 265 • 215 .193 I .173 .164 
26 • 2~13 .176 • t55 

I 
&111 .117 j 

20 .102 - i - • 061 • 068 
30 • :1_.-::,3 l I I 

,025 - - I - l ' -

67.. 
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(b) ~The detcr!"'1iJ."lations. of' the first order veloci t,y constants 
for the h.'!-'•''.rolysis of benzn.lCl.azine h,y(lrochloricl..e .to 
benz[:kl}wcJ.r:l:zc2..Y22. n.:ncl . bon_zcJJl.chyrl.e in dioxan solution 
~J];!.'Caininr: l1.y0rop:on c~1Joridc. 

Plots were made of the values of log e at 295 !Ill, at 

various time intervals, of solutions in dioxan of the same azine 

but varying hydrogen chloride concentrations. The values of log e 

vvere obtained from the results shown in Tables VII and VIII, and the 

graphs draYm are shovvn in Figure IX. From these graphs the first 

order velocity constants were obtained for each concentration of 

hyc1rogen chloride, by measuring the slopes of the linear portions 

of the curves. Table XV show·s the relationship betvve€?n the f~rst 

order velocity constro1ts thus obtained, and the acidity functions 

of the corresponding solutions of hyclrogen chloride in dioxan. 

TABLE XV. 

First order 
~ 

Moln.rity of i Acidity Function, , ! . , I 
velocity log K log K+ hyc1ro[.;cm chloride j Ho, of hycl.ro,c:;en . 

· a· · "'1 · "1 • a· l canst., K, J.n .lOX<U1 j c.1. orJ.C e ll1 .lOX::U1 I 
.1 I 

in min-l 

• ().'36 l l.62 I c.oo61 -2.22 -.60 
• 066 1. t~--J~ 0.0063 -2.20 -. 76 
.11.3 1 •. 33 O.OC79 -2.10 -.77 
• 209' 1. j/ .... 0.0122 -1.91 -.77 
• 3~'..:-1 1. o~~ 0.0128 -1.89 -,85 
.480 1,00 0,0:1.65 -1.78 -~ 78 
• 540 0.97 0,0185 -1.73 -.76 
• 682 l 0.90 0.0206 -1.69 -.79 

I 
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IV. CONCLUSION. 

The sn.l t forming properties of the n.lclazines have been surveyed, 

ru1d a complete series of the complex salts of the aromatic aldazines 
22 

benzalclazine, Eillisaldazine and salicylaldazine has been prepared 

The so salts show· the ex:pectcc1 grac"J.a tion in colour anc1 melting point. 

The chloro-salts are li[~htly col<Jurer.1, the bromo-salts yellovr or 

orange, an:::1 the iodo-salts red; the mcltine; point rises ·with increasing 

complexity of the base for any one anion, with increasing atomic 

weight of the halogen for the same base and metal, and vvith increasing 

atomic weight of the metal for the same base and halogen. The 

chloro-complexes are readily hydrolysed in vvater, smelling of 

aldehyde in moist air, but the bromo- and the iodo-complexes, 

especially, are decomposed Yvith difficulty by boiling hydrochloric 

acid. n1e"salts are insoluble in cyclohexane, ether ana. xylene, and 

sparingly soluble in nitrobenzene, dioxan and pyridine. Some simple 

salts (lwdrohalides and sulphates) of the same aldazines were pre-

pared and were also found to be readily hydrolysed in the presence 

of vvater. Crystalline salts were not obtained from aliphatic 

alc.i.c.zinc s, which tcnc1ed to polymerise before forming salts. 

vvo.s propr.J.rcd from aceto.ldchyc1e and hyo.razine chlorostanna te. Its 

structural formula was not olJtt:'.incd but some preliminary results for 

this purpose were recorr.1e0 .• The full <:r1ucidatiori. of its complex 

structure should provide an interesting field for further investigation. 

"Mixec1" azincs, contn.ining one mol. of each of aromatic aldehyde 

and of acetone condensed per mol. of hydrazine, readily formed simple 

salts. 

One co-orcQnation compound formed from stannic chloride (1 mol.) 

ancl~ salicylaldazine (2 mols.) vias preparect, ana it v1as noted that 

stannic, antimony and bismuth chlorides tended to form such compounds 

with the aromatic n.zinos. A systematic study of these compounds and 
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in. particular of their structures should also prove an interesting 

field for further investigation. 

The presence of the benzaldaziniu~ ion in dioxan solution 

containing hyo.rogen chloric1e has been established, and as this is 

the first evidence for the existence of an aldazinium or a 

ketn.zinium ion in solution, it has been taken as justification for 

Cl.escribing the series of compounds prepareCl. above as 11 salts". 

The ionization constant as a base of benzaldazine has not been 

cleterminec1 exactly, but the relative order of its magnitucte has been 

established.. The doubt as to the reliability of the absolute values 

of the acidity functions of solutions of hydrogen chloride in dioxan, 
19 

as reported by Braude has meant that the spectrophotometric 

method cov.lo. not be expected to yield an absolute value for the 

ionization constant of benzaldazine. It was consia_ered inadvisable 
18 

to attempt to extend James and Knox measurements of Ho for hyrlrogen 

chloride in dioxan, in order to determine their absolute vn.lues; as· 

even if the latter were established, only a range of values for the 

ionization constant of benzaldazine would be obtainable by the 

spectrophotometric method. This >vas due to the small differences 

between the absorption curves for the azine and for its hydrochloride. 

A mechanism for the hyo.rolysis of benzaldazine hydrochloride 

to benzaldehyde and hydrazine hydrochloride has been suggested, but 

no confirmation of its vo.lidity has been obtained. However a 

prellininary kinetic investign.tion of the hyc~olysis showed it to be 

of the first order vvith respect to the benzaldazine concentration, 

and n.lso showed that its first order velocity constant, K, was 

directly proportional to :;?rotan availai)ility. This proportionality 

of K with Braude's vn.lues for proton availability (i.e. for his 

values of the acio.i ty functions of di6xan containing varying 

concentrations of hydrogen chloride) confirm the relative magnitudes 

of Braude's values. At the worst a constant correction may have to 

be made to all his values of Ho. 11\lrther kinetic investigations were 
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not carried out as it was obvious that although the concentrations of 

benzaldehyde and of benzalhydrazone (formed by hydrolysis of the 

azine) did not affect the absorption spectra of the azine at initially 

low concentrations of azine (less than 0.00002 M), yet nevertheless 

at the higher concentrations of azine and acid the absorption spectra 

was affected. A full kinetic investigation, with a view to obtaining 

confirmation of the suggested mechanism, would not-be possible working 

only with the lower concentrations of azine and acid, as in such 

conditions the azine would not be wholly converted to the azinium 

ion, and the absorption of the mixture wouid then be affected by 

that of the original azine. Further information about the effect 

of different concentrations of water on the rate of the reaction 

would also be required for the full kinetic investigation of the 

hydrolysis. This would. entail the use of a solvent containing less 

than .0000~ water, and would also necessitate the exclusion of all 

moist air during the filling of the absorption cells, and during 

the recording of readings on the spectrophotometer. 

For these reasons verification of the proposed mechanism for 

the hydrolysis of benzaldazine hydrochloride was not further 

investigated. 
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.t'I.PP.CNDIX I. 

Definition of Hammett nnd Deyrup 's /1.cidi ty Function, Ho. 

lO 
The acidity fm1ction, Ho, (as introduced by Hrumnett and Deyrup ) 

is an extension of tho :eam.iliar inclicator method of c1etermining 

hyc~~ogcn-ion concentration in ctilute aqueous solution, which depends 

on the color~netric or spectrometric determination of the indicator 
CBI-I+ --

ratio, CB where B represents the indicator and ~ its 

con,juga te a.cic.. In dilute solution the reaction:-

obeys the 1mss law I<B 
CBir+-

- fTT+] where IL. is the inc.l.ica tor constant. - GB n . "B 

CBH4 
[I.:r+] = CB. J<B • • • • • Equation VI From this expression, 

CBH+ 
- log [H4] = - log C K 

B• B 

c 
i.e. pH = pi~- log ~W 

B 
••••••• Equation VII 

In more concentrated acid solution, or in non aqueous solutions, 
0BH+ 

the classical nmss law no longer applies, but the ratio, ~ , still 

represents a quantitative measure of the tendency of the solution to 

c1onate a proton to a neutral base. In order to provic.1e a common 

basis for the use of different indicators, dilute aqueous solution 

is chosen as a reference state and Ho is defined by:-

Ho = ffilj_ 
pi<E - log lBT' ....... Equation I 

where p~ is still the indicator constnnt in dilute aqueous solution. 

( . . 
Thus Ho = pH in dilute aqueous aqueous solutions. c:f'. Equat~ons 

I an{l. vi:r). 

Equation VI, for non-aqueous or concentrated solutions may be 

written as:-

h •••••••• Equation VIII 

-
where h, although not equal to [I-r+], is nevertheless a c1irect 

measure of the proton availability. 



AP:"ENDIX II~ 

Derivation of Hannnett ancl De;y:rup 's egua tion II~ 

Hammett and Deyrup's Equation I go..ve the definition of the 

acidity function, Ho, of a particular solution. If Ho for a 

particular solvent can be found then Equation T can be 
c 

find the indicator constant of a base, provided· ~ 
B 

employed to 

for that 

base can be found. One method for determining this indicator ratio 

is by a spectrometric method. The latter is a general method 

for obtaining the concentrations of tviTo components in a mixture 1 

when the absorption curves for each component separately and for 

the mixture are lmovvn. Fu.rther the total molar concentrations of 

the two co~;_xmc:mts must be a constDllt. That is, if a solute exists 

+ in two forms, say B and BH so that the total concentration C is 

equal to the sum of the concentrations of these two forms:-

c = 

and as K ::: 

cB .+ cmr+ 

log T 
c ... t 

where K = molecular extinction coefficient 

c ::: concentration 

.......... Equation IX 

......... F.quation X 

length traversec1 by light through absorption cell 

•••••••••• Equation XI 

provided also each substance absorbs independently of the other. 

I 

Equations IX, X anc1 XI can be combined by eliminating - log T 
.. ~ 

from IX and XI, giving 
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KG .......... Equation XII 

Substituting for C in XII'~ using its value in IX:-

K(CB + CBW) = (I<~CB + I<E:rr + CBH ) •••••••• Equation XIII 

i.e. (K - I)J) 

(K -r+ - 10" .l3t. 

•••:•oo••• Equation XIV 



cT-! ... >+ 
Thus from Equation XDT Dn can be founct if K1 JL anc1 IC ~ • ...+ CB --:s ~13n-

are knovm. 

Combining XDT ·with I gives P.quation IT1 

i.e. pi~ 
(K- KB) 

::: Ho + log (KJm+ _ K) 

75. 



BIB:C .. IOG.RAPHY, 

(1) Schvro.rzenbach, Helv. Chim. Acta, 19361 178. 

( 2) Pugh, J. c. s. ' 1953' .1934. 

(3) Pugh, J.c.s., 1954, 1385. 

(4) Pugh and Stephen, J.c.s., 1953, 354. 

(5) Pugh, J.c.s., 1953, 2491. 

(6) Curtius· and Jay, J. prakt. Chern., 1889, ~~. 

(7) Shoesmith and Slater, J.c.s., 1925, 1490. 

( 0) Mannich and Ka ther, Arch. Pharm. , 1919, 1G'o. 

( 9 ) Franzen and von Mayer, z. Anorg. Chern. 1 1908, 24 7. 

(10) Iiurrmett and Dey.nxp, J.A.c.s., 1932, 2721. 

(11) Hammett aml Paul, J~A.c.s., 1934, 827, 
{ 

(12) l,::u!:lchen ancl Stephen, J. C~ S. , 1955, 2CY..4, 

(13) Eice, Keller anc1 Kirschner, .(l.nal. Chern., 1951, 194. 

(14) Curtius anc1 Pflug, J. prakt. Chern., 1891, 535, 

(15) CU!'tius anc1 Lublin, Ber. , 1900, 2463. 

(16) Barany, Braude and Pianka, J. c. s. , 1949, 1900. 

(17) Braude, J, C. s., 1948, 1971. 

(18) James anc1 Knox, Trans. Far. Soc., 1950, 46, 259. 

(19) Braude, J.c.s., 1950, 379. 

(20) Faure, Research Officer, National Chemical Research laboratory, 
Pretoria, Private communication. 

(21) Davies, :M. Sc. thesis (Investigations into salt effects on the 
equilibrium involving the fUlly hydrated ferric ion), 19511 
u. c. T. 

(22) Sohn; Marks and Pugh, J. c. s., 1956; 175:5~ 

76 .•. 



To Professor F~ Holliman and the members of the Chemistry 

Department staff I offer ~y sincere thanks for their assistance 

at all times. In particular, I 'IJvould like to express my 

appreciation 'for valuable advice and criticism received from 

the late Professor V~ Pugh, Dr. A.H. Spong, Dr. A. Stephen and 

Dr. R, A. Arnold. 

:My thanks are also due to Dr. J.R. Nunn of the c. S, I.R. 

for the use of the Beckmann Spectrophotometer, and to the 

Director of the National Chemical Laboratories of the c.s.I.R. 

for some microanalyses and for the infra-red spect~ 

77. 



that the reaction was of the first order with respect to the azine 

concentration. The fact that at high acid concentrations (i.e. 

greater than 0.5 molar) the curve v~as no longer completely linear, 

did not necessarily mean a change in the order of the reaction, but 

was interpreted (see (a) nbove) as due to the formation of com­

paratively high concentrations of the hydrazone of benzaldehyde, 

the molecular extinctions of which would no longer be negligible. 

Similarly the shape of the log e-t:i.me curve for the first twelve 

26. 

minutes of reaction was. due to the presence of unchanged benzaldazine 

as well as of benzaldazinium ion. 

The effect of c1ifferent acid concentrations on the rate of the 

reaction was determined by measuring tho rates at different 

molarities of hydrogen chloride, keeping the azine and the water 

' concentrations the same. In order to obtain the specific velocity 

constants for the hydrolysis at various acid concentrations.• the 

slopes of the corresponding log e-time curves were required. 

Accordingl~ the c~~o ~~~wn 1n Figure IX were dra~n. These 

represented the log e against time curves for solutions of fixed 

azine concent;ra.tion, but varying acid concentrations at the wave 

length of 295 m~. This choice of wave length out of the five 

possible ones of 280, 285, 290 ,_ 295 and 300 mf..L was made, as at the 

first three mentioned tho absorption of the hydrazone of benzaldehyde 

formed affecteQ tho slopes of the log €-time curves at the higher 

acid. concentrations to a greater extent than at the last two vvave 

lengths. Further 300 m~ was cut out as at this wave length the 

values of log e droppecl. too lmv after n. compn.ra tively short time to 

fall on the more accurate part of the Becla118.nn spectrophotometeric 

scale. An examination of Figure IX shovred thD.t only on 0.48, 0. 54 

and 0.682 molar hydrogen chloride solutions did the log e-time 

curves cease to be linear after about eighteen minutes. The 

specific velocity constants K, were obtained from the linear 

portions of the curves in Figure IX, from the relat~.onship :-

-2.303 K = min~ rate of change ::Jf log e vrith time 



29. 

The hydrazone would now react with a solvated proton at the 

nitrogen atom having the higher electron density, i.e, at the 

nitrogen atom attached by the double bond to the carbon atom, 

forming V, 
Ff If 

~·-- ~)~~ -0 
'· . ~ 
H !if 

The final conversion of V to benzaldehyde and hydrazine would 

occur by a similar mechanism to that suggested above for the 

conversion of II to benzalhy0xazone and benzaldehyde. 

(4) Attempted preparations of aliphatic aldazinium salts. 

(a) Attempted preparations of simple and complex salts of 
aliphatic azines. 

, Attempts were made to prepare both simple and complex 

salts of acetaldazine, n-butaldazine, n-propaldazine and of 

crotonalc3.azine. 

·The preparation.of a hY.drochloride of acetaldazine was attempted 

by passing hydrogen chloride through its ethereal solution. This 

yielded a white crystalline product, consisting mainly of hydraz'ine 

dihydrochloride. All efforts to make the hydrohalides of this azine, 
:_ . .. 

if done in the presence of '1ater, gave the corresponding hydrazinium 

salt. \'Then working under strictly anhydrous conditions (using- the 

apparatus shown in Figure XII, page 378) oils which failed to 

crystallise even at -50°0 were obtained. 

Attempts to make a chloro- or bromo-stannate, a chloro-, bromo-, 

or iodo-antimonite of acetaldazine using different solvent and widely 

differing conditions, were equally unsuccessful. If done in the 

presence of even traces of water hydrazinium salts were precipitated, 

whereas wheri carried out in completely anhydrous conditions 

crystalline products were obtained which showed on analysis that the 

azine had polymerised in varying degrees. 

n-Butaldazine, b.p. 186 - 188°0, was prepared and attempts were 




