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Tn the preccrling articles of the present series mention was mador -:) of the uncertainty 
in the literature about the products formed in the reactions of cliphcIlylcarbazidcand 
clipl~cnylcurhazon~ with cations. l’hc most important problem in the reactions studied 
proved to bc the question whcthcr both carbazone and carbazide” or only carhazonefi 
form mctnl complexes. 

For coppcr(TI) some interesting obscrvutictns about this proMem have been reported. 
TURICING’I’ON mn ‘~ICACY~, using JOIS’s methocl7, found that t~~~rn~~l~~ul~sof carbazide 
react with one copper ion; from transfcrcnce measurements they concluded that 
an uncharged complex was formed, which they hclicvcd to bc derived from carbaziclc. 
TIIAKUR AND HALI.)AIXR, from the analysis of the: prccipitatecl complcxcs in the rcac- 
tions of copper acctatc ancl sulphatc. concludccl that the following products were 
formed (HaD = diphcnylc~trba;zonc; HzDi = clipl~cnylc:nbaxidc; HOAc = acetic 
acid) : 

In the last two reactions the complexes seem to contain copper(T) as well as coppcr(T1). 
Tn this article the nature and composition of the products formed with the cations 

mentioned in the title, arc dcscrib,cd. Tn a following article the dctcrminntion of the 
crluilibriurn constants will be clcscribcd. 

A clctailed description of rcagcnts, solvents and apparatus used can be found in the 
prcccding articlcs”e:l. ‘l’he following salts wcrc used: mangancsc(IT) nitrate, iron 
sulphate, iron(T.TI) chloride and nitrate, cobalt(I1) perchlorate, nickcl(TT) perchlorate, 
~oppcr(TT) chloride nncl bromide, copper perchlorate and sulphate, zinc perchlo- 
rate, cadmium pcrchloratc, tin(TI) chloride and nitrate, tin(TV) chloride and nitrate, 
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lead(KI) nitrate and lead(W) nitrate. The copper and cadmium perchlorates were 
prepared.by dissolving the oxides in a perchloric acid solution ; the lead and tin nitrates 
by dissolving the “hydroxides“ in dilute nitric acid. The other salts were available in 
pa. quality. 

Experiments involving the ions Cu(Ij, Sn(I1). Fe(IT) and Co(II), which were readily 
oxidizable under the experimental conditions, were performed under nitrogen, 

Reactions with diphenylcavhmmc, Solutions of the salts mentioned above, in an 
alcohol-water mixture (20 : 80, v/v) react immedi.ately with solutions of carbazone in 
the same solvent to form colourcd complexes; only ti;~trV) and leacl(TV) do not react. 
The concentrations of both reagent and salts were x0-3&J; for each cation the PH 
had to be chosen at a special value, in every case lying between z and 7. 

The complexes form colloidal solutions as is obvious from the Tynclall effect and 
from the flocculation on heating or on addition of an indifferent electrolyte. 

Just as we observed3 in the case of mercury, we found that the copper(T) and (II) 
complexes are bleached on irradiation of the solutions with ultraviolet and visible 
light. The decomposition also takes place in the dark, but the rate is slower; in this 
case the reaction proved to be a first order one (from a plot of bJg extinction ZIS~ time). 
In the decomposition of both the copper(r) and copper complexes in the dark and 
in the light, metallic copper and diplcnylc~Lrbociia~onc arc formed finally ; furthcr- 
more, a number of non-i~lcntified intermcdi~~tes were observed. With the compiexes 
of the other cations neither bleaching nor decomposition on irradiation or in the dark 
was observed. 

Reactions with ~~~~~e~y~ca~~a~i~e. None of the non-oxidizing ions of the salts menti- 
oned in the experimental part, reacts with freshly recrystallized diphenylcarbazidc, 
provided that the solutions of metal salts and carbazidc arc made oxygen-free by 
bubbling nitrogen through the solutions. In these experiments the solvent was an 
alcohol-water mixture (20 : 80, v/v), thcconccntration of the carbazicle was 5 1 x0-3 M, 
and that of the cations x0-2 M ; the pH was varied bctwcen 1 and 8 for each cation. 

The oxidizing cations of mercury(I) and (IT) cio react with carbnaide”; PhfIV) and 
Sn(IV) do not react under the circumstances dcscribcd for the non-oxidizing ions. 

Concerning the cations of copper(T1) and iron(TlI) the follo~vin~ observations were 
made. 

Cofifier: 13ccausc of their sensitivity to light the copper complexes wcrc l~nndled in 
the dark, 

With carbazide, copper(Irj reacts more slowly than with carbazonc. A series of 
experiments was performed, in which 50-x50 ml of a solution of copper(U) pcrchloratc 
in water (x0 -3-~0-4 M) was added to the same volume of an equimolar solution of 
carbazide in alcohol. After mising, the PI-I was adjusted to 4.0 to complete the rcac- 
tion. After about 30 min to await complete flocculation, the prccipitatc was liltcrcd 
and washed with water. With this precipitate the following experiments were per- 
formed : 

(x) The precipitate was decomposccl on the filter with 25 ml of 5 N hyclrochloric 
acid: diphenylcarbazone and metallic copper, which were identified as such, remained 
on the filter. In the filtrate, the following tests gave the results indicated. p-Dime- 
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thylaminobcnzyliclenerhodaninc showed a positive test for copper(T). Rubeanic acid 
gave a weakly positive test for copper(E) (probably formed by the oxidation of copper 
(I)). A test for diphcnylcarbazide with chromate was negative ; in testing for carbazone, 
on the addition of sodium hydroxide, the red anion was formed. 

(2) The total copper content of the precipitate was determined by dissolving it, 
after drying, in a mixture of z ml of conccntratcd sulphuric and I ml of perchloric 
acid, followed by a copper titration with 0.01 M ED’TAD. The results were 29.8% 
and 30.0% Cu. 

(3) In a solution obtained by dissolving the filtcrecl precipitate in 25 ml of 5 N 
hydrochloric acid, copper(I) was cletcrminccl after the carhazonc formed had been 
extracted with tolucnc: iron(IIT) chloride was adclccl to the copper solution in excess 
and the iron(H) formccl was titrated with 0.01 N ccric sulphate, using fcrroin as an 
indicator. A comparison of the original quantity of copper(H) and diphenylcarbaaidc 
with the copper(I) formccl showed that 1.5 ~10-1 mmole Cu”+ + 1.5 *IO-~ mmole car- 
bazicle yielded 0.8 . I o- 1 mmolc m(r) compk~. 

Job curves for the system coppcr(II)-cliphcnylcarbaziclc in an alcohol-water mix- 
ture (50 : 50, v/v) at pn 4.0 and a total concentration of 9.7. x0-4 M, show a maximum 
(Fig. I) at a Cu2+ : carbaziclc ratio of 3 : 2. Job curves of thcsystcmcoppcr(TI)-diphcnyl- 
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the systctn coppcr(I I)-tliplicnylcarbazitlc. (a) A = 540 mlc; 

carbazonc and copper(I)-cliphenylcarbazone in the two-phnsc system water-toluenc 
have maxima (see below) nt the ratios Cu*+: carbazonc = I : 2 and Cu+: carbazone = 
I :I. 

The obscrvntions described above allow the reactions for the copper systems to be 
formulated as follows: 

Reaction III would involve a value of 28.5”!, for the total copper content of the pre- 
cipitate mentioned in (2), ant1 a value of x0-r mmole for the yield of copper(T) 
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mentioned in (31. In view of the losses of copper(I) caused by oxidation and by the 
various manipulations involved, the agreement with the experimental values is fairly 
good. 

Our results do not agree with the conclusions cltawn by TURKINGTON AND TIIACY~. 

Their experiments, however, were performed at PH 9.0, where hydrolysis of the copper 
(I) and (XI) and oxidation of the carbazide by atmospheric oxygen before complex 
formation are likely to cause changes in the Job curves. Because the compound form- 
ed in reaction III is a copper(T) complex, the impossibility of obtaining a reaction 
between Cu(II) and carbazone at px 9.0, as these authors report, does not prove that 
the compound formed is a carbazidc complex, 

Iron: Iron(II1) reacts with dipl~enylcarba~idc, but more slowly than with carba- 
zone. The formation of a complex is obvious f mm a change in the absorption spectrum; 
a shoulder on the extinction curve appears at 5oo m,u, chnrncteristic of the carbazone 
complexes. 

The colloidal complex was flocculated, filtered, washed with water and alcohol and 
then decomposed on the filter with a 4 N pcrchloric acid solution, which left cliphcnyl- 
carbazonc on the filter. Xn the porchloric acid solution the followings tests were made. 
Testing with 1icx;~cyanoferratcfIII) gave a positive result for iron ; CL positive test 
for iron(III) was obtained with thiocyanatc. In the test for diphcnylcarbazonc, the 
red anion was formed with sodium hydroxide ; a nogativc result was obtained on test- 
ing for the carbazide with chromate. 

The slow reaction and the oxidation by iron(II1) of the complex formed made it 
impossible to obtain clunntit:itivc results. However, it is evident that in the reaction 
of iron(II1) with diplxcnylcarbaxicle a carbazonc complex is formed. 

Comfiositio,t of tire c~rQ&ws 

Job curves for the systems N ‘J+--carba~onc in the two-phase system, svelter-t~)luenc, 
were measured for the metals that react with this reagent. Tolucno was chosen as the 

‘ I I 
/ 0.50 0.67 1 

Mole frac 

4. 

0 
:tic 

/ 0.50 0.67 1 
>n of carbazone 

r . 
I/\ /r 11 

. 12 

Ifi‘ 

73 

0 

14 

7- <, 

$_ l 15 

0 0.50 0.75 1 

Fig. 2. Job curves for tlw systems M ‘r+-diplrcnylcilrbi~zOllc in tllc two-pIlaW_! aystcm, wntcr-tolucno. 
X?=xpcrimcntnl conditions nrc summarizccl in Tnblc I. 
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solvent for the extraction bccausc the more widely used chloroform and carbon 
tetrachloridc often showed adsorption of the complexes on the interface between 
water and the organic solvent. The shaking time was 2-3 min. The extinction of the 
toluene layer was me:tiurcd at three wavelengths with intervals of IO-zs rnp. As the 
shape of the curves for the three wavelengths did not differ appreciably, only one curve 
was plotted in Fig. 2 for each system; the Job curves for mercury(I) and (II)3 are 
also given for comparison purposes. 

For the divalent cations the ratio of metal to carbazone at the maximum appeared 
to be x : 2; for copper(I) it was 1 : x, for iron(II1) it was I: : 3. 

?‘hc cxpcrimontal conditions are summarized in Table I; with many systems the 
presence of a buffer was necessary: Ashxus 10 has shown that in this case the maximum 
is not shifted. 

1SXPY:HfMiSNTAL CONf>X’I’XONS POR Tiff: J0Il CUHVII;S 
-__ . . .._._._ . .-_- . . _ . ._ . ., .^____ -.--. .._ -- _.. ..-.-.. - __.. - _I_. _ .._--... .-....... .._.-- -_- ._...__. . . __.. . .._ .-__ _ 

ClWUC Sysktrr 2 (tttp) Tofu1 cottcottwlion (M) pII Mcdittnr 
_. _-. _.__ . . . _- ..__. __ _ .-.___. __.. _ - --_ _.._^.- _ .--. .-----..- .--..--... - .._-.... _---_ --.... ,._^.. .C1._.l -__ 

I bItlz’-l Ial) 520 3.32’ to-‘” 

Ni? 1 -l-l.L1l 
7.45 t5uffcr A* 

; 
FJO 7.0*10-‘1 7d3 J3uffcr 13+* 

z11: *--I-Izl, S3O H.O ‘ 10 -4 Cj.00 nlrffcr A 

‘* 1 I*z’ ‘-I ISD 5’)O 3*.1* 10-h I M ICNOI 
5 l'tJ"-+-I-I~1> 5.1~~ 5.0*10-‘I ::;0 I3uffcr A 

(> ICC” “-IIgI.3 5*V 
c:o:! ’ -1.131:, 

5*.1 * IO-” 0.00 Buffer A 

< 
550 Z.G7’ tv-3 Tjuffcr A 

<:u+-I-I~~I.~ 
5*30 

5.50 2.0. to-” 3.75 t nfr NnCl 
9 Cl13 +.-I-I.~I~ 5.50 7.8 * io-5 

I 162” t--I-I~I> 
.+.a0 0.x M N&104 

I 0 S’O x.7*10-~ 3.00 I M KNOJ 

II 1:&J I.-&f) 
5x0 

Ctl’L ‘-I-121> 
“.‘I i ’ IO-:) 

;:;v 
o. x III NoClO.~ 

1 2 d&SO H.v* Iv-” Ihffcr A 
‘3 I.lg? +-FIgI;) 5.50 

I-Ip’-I-IZl) 
3.0 * lo-. 3.00 I3uffcr 1.3 

’ 4 S.50 3.7’ lo-” 0.9 I IC104 

I.5 SII~~‘-l-I~l~ 530 I .8* IO-” 3.00 o. I lkI NuNO3 
.- -._. _. _. -.. -- . _.,_._I ---.. .-..... ---. .--- __. -_.__. _... -. -_ -._.... ___*--_..-.- ..- . _- -_____-__ 

* 13rlffcr A = acetic acid -t- ndiutxx acctntc; 0.2 &Z, 
** 1~%11ffcr 13 =f citric acid -I- Na2IIl’C),~: 0.2 M. 

To check the possible formation of rnorc than one complex for the systems of Fig. 2, 

solutions of the lowest complex were proparcd by completely converting tlleclipi~enyl- 
carbazonc in xo- 5 M toluenc solution into the complex by equilibrating the solution 
with an aqueous phase containing M $*t- in excess at a pH which was sclectecl high enou& 
to guarantee the cornplctcncss of the reaction. The completeness of the conversion 
was checked by mcr~surcmcnt of the extinction. In the tolucne solutions of the com- 
plexes obtained in that way, carbazone was dissolved in excess up to concentrations 
of so-3 M. After a correction for the extinction of the free carbazone, thccxtinction of 
the solutions proved to bc constant for all metal complexes with the exception of mer- 
cury(1) imcl (II)3. This means that with the exception mcntioncd, every cation forms 
only one complex, the composition of which is given by the Job curves of Fig. 2. 
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CONCLUSION 

The experiments described show that the metal ions which react with diphenylcar- 
bazonc can react with the carbuzide only after a preceding osidation of this reagent, 
and that diphenyicarbazide itself does not form any metal complexes. The conclusion 
must be drawn that the carbazide complexes described in the literature really are 
formed after oxidation of the carbazide, for instance by atmospheric oxygen, which 
generally has not been excluded by suitable precautions. 

In a following publication WC intend to describe the determination of the cstraction 
dissociation constants of the cnrbazone comple~ses in the system water-toluenc. 

A detailed description together with possible structures has been published else- 
whcrell. 

Of the ciltions nicntionerl in the title, only l?Ib(IV) out1 Sn( I\‘) cl0 not react with tlil~hcn~lcnrl~;~~~nu, 
‘The compositions of the carbazone complcxcs were’ clctornlinccl h.y Job’s method; the formuln 
provccl to bc IH(HU),, according to the valcncc of the calion. IAphcnylcarbaziclu forms mctnl 
complexes only after its oxidation to dipitcnylczrrb;tzolic. Oxidation of carbazidt: by the mctrrl ion 
itself occurs with coppcr( t I) and ironf 1 L I). 

De tous lcs cations mcntiotitds dzuw Ii2 titre, sculs 1%(1V) ot Sn(LV) nc rdagisscnt pas avcc In cli- 
phdnylcarbazonc. La cotnposition dcs complcxcu form&+ a Jtd ddtcrminlSc par In mdthodr? dc Job,; 
on arrive h la formulc M(1-f I>) nr suivant lik vulencc du cation. 1.u diptldtrylcarbilzictc nc pcut former 
dcs complexes mbtalliquw qu’aprt’ii oxydation cn diphJs~ylcnrl>nzonc. L’oxydation de Itr cnrbazicfc 
par le m&al Iui-m2mu se produit ;Lvcc lc cuivrc(XI) et lc fcr(III). 

Von den im l’itcl crwtihntcn Kotitrnon rcngicrcn I3lei( tV) untl %inn( IV) nicht mit 1’3iphcnylcar- 
ljazon. 1Qr die Zuuammcnuctzung tier Dipllcnylcar~azon-l;~lnl~tcx~ wurtlc nach dcr Jobschcn 
hlethodc die Formcl &l(t-f U) n gefuntlcn. RIctallkomplcxu wcrclcn nur @Adot, naclrclcm datl IX- 
phrtnylcarbazid 7.~11 Dipfacnylcarbazon oxiclicrt worclcn ist. Iiupfcrf 1 f)- uncl ~~is~n(~Il)-I~3ncn 
vcrmtjgcn IXpl~cnyfcarlazicf zu oxidicrcn. 
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