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In recent years, metal complexes of the derivatives of semicarbazrde and 
thiosenncarbazrde [l-9] have assumed importance due to then carcinostatrc 
properties and have further attracted the attention of the scientists engaged 
the world over to combat cancer. Hypotheses followed by their evaluation 
based upon emperical data on the application of these compounds have been 
propounded. Sawhney and Sati [lo] also attempted to understand the 
solution chemistry of the interaction of metals with p-mtrobenzaldehyde 
throsemicarbazone. 

A survey of the literature further reveals the absence of any study on the 
interaction of metals with p-ammobenzaldehyde thtosenncarbazone m solu- 
tion; so plans on these lines were made with a stew to understanding the 
behaviour of p-aminobenzaldehyde thiosemicarbazone m the presence of 
metal ions in solution. 

EXPERIMENTAL 

All the chemicals used were of AnalaR grade. Metal solutions were 
prepared in double distilled water and standardised by the standard proce- 
dures. p-Aminobenzaldehyde thiosemrcarbazone was dissolved m acetone. 
The pH values of the solutions (total volume: 50 ml; medmm: 50% 
acetone-water) (a) 4 x 10e3 M HCl, 1 x 10-l M KCl; (b) 4 x low3 M HCl, 
1 x 10-l M KCl, 1 x lop3 M ligand; (c) 4 x 10e3 M HCl, 1 x 10-l M KCl, 
1 x low3 M ligand, 2 X low5 M metal, titrated with 0.1 N NaOH (m 50% 
acetone-water), were recorded with a Beckman pH-meter H-2, equipped 
with a glass and calomel electrode assembly, duly standardised with buffers. 
The pH values, corrected for volume and for non-aqueous media according 
to Van Urtert and Haas [ll] were plotted against 0.1 N NaOH; the ensumg 
curves were of the usual shape. 

For the isolation of p-aminobenzaldehyde thtosemrcarbazone, Pandey’s 
procedure [12], involving the mixing of p-aminobenzaldehyde (Riedel) m 
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acetone and tl-nosemicarbazide (LOBA) m distilled water, followed by reflux- 
mg for an hour, extracting the hquid layer with ether and sohdifymg by 
dtstilhng off ether, was adopted. The p-aminobenzaldehyde thtosemicarba- 
zone was recrystalhsed from acetone. Chemical analysis data tallied the 
composttion of the fmal product. 
Found: C, 49.04%, H, 5.50%, N, 29.67%, S, 15.97%. 
Calcd for [C,H,,N,S]* C, 49.48%; H, 5 16%; N, 28.87%; S, 16 49%. 

RESULTS AND DISCUSSION 

Like p-mtrobenzaldehyde thiosemicarbazone (p-N BzH - THSMC) [lo], 
p-ammobenzaldehyde thiosemicarbazone (p-A - BzH . THSMC) undergoes 
tautomertsm m solutton, changmg from the throne form to the thiol form, 
with a dtstmctly acidic sulphahydryl hydrogen capable of formmg soluble 
sodium/potassium salts. 

CH=LiH--C-hi, + H,Ne , CH=f?-:H --CdH 

The thtol form with conlugation (=N-N=C-) dommates m solution. 
The protonatton constant ( ‘KH) of p-A . BzH . THSMC was determined 

(Table 1) using Irvmg and Rossottt’s expression [13] 

s 
Thcxvz form 

or H,N+ ,sH CH=m,-i=C -tiH2 

SH 

Thlol form 

fiH 
= y_ (v- I/‘)(lvO+P) 1 (v”+ v)Tc; I 

where the terms have the usual meanmgs and 

log ‘K,H = B + log 
n&n- 1) 

n - ii, 

(1) 

(2) 

where B = the pH-meter reading. 
The formation function (E) was calculated usmg the Bjerrum method [14]. 

For the determmatton of pL (free ligand exponent), eqn (3) was used. 

1 + (I_I+)(PKn) 

T,_ -(ML) - 2(ML,) .N(ML,) 1 (3) 

Formatton curves (ti vs. pL) were complete at both ends. At both 
temperatures (28 and 38”C), the computation of log k, and log k, at fi = 0.5 
and 1 5, respecttvely, employmg the method of mterpolation at half fi values, 
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TABLE 1 

Protonatlon constants of p-A BzH-THSMC 

28°C 

log ‘K ” 1290 

38°C 

10 75 

resulted m a far smaller value of log k,/k, at both 28 or 38’C, rulmg out the 
application of the method for all systems except Mn(II)-p-A . BzH . THSMC, 
m which a value for log k/k, > 2.5 was observed. For the evaluation of the 
constants, the aid of a pomtwise calculation method utihsmg eqns. (4) and 
(5) and Blerrum’s eqn. (6) [14] was sought 

- 

log k, = pL + log& 

E-1 
log k, = pL + log2 

- 

(s~l)L+k,+(!__2fLk,k,=0 (N=2) 

Table 2 gives the values of the constants and thermodynamic functions for 
the systems. 

Each set comprised of five-fold of hgand and one-fold of metal m 
addition to other ingredients to avoid hydrolysis of the metal. Further, the 
separation of the metal-p-A . BzH . THSMC curve from p-A . BzH . THSMC 
constituted strong evidence m favour of the presence of the thiol form m 
solution and further led to the proposal that m complexation, the amon of 
p-A - BzH . THSMC participated 

For all the systems, ii approached 2, mdicatmg the presence of complex 
species with stolcmometries of 1 : 1 and 1 : 2 in solution. 

It IS shown in Table 2 that log’K,, log k, and log k, decrease m all 
systems as the temperature rises, emphaslsmg the low temperature as 
favourable for complexation because of the decrease m number of colhsions 
with decrease m kinetic energy of molecules participating m the reaction and 
hence the stabihty of the system is lowered. The free energy change, AGO, 
assumed a negative value m all the systems, suggestmg the spontaneity of the 
reactions; further, the feasibihty of the reactions under study lessened at 
38°C as AGO became less negative with rise of temperature. All the reactions 
with negative values of AH0 and AS’, are enthalpy controlled; the higher 
value of -AH0 for all the systems also mdicated the considerable degree of 
covalency in the metal complexes, probably through the termmal hydrazme 
nitrogen (N”‘) atom, established through IR and X-ray structure determma- 
tion of some thiosemicarbazide derivatives [15-191. Interaction between 
Cu(II), Co(II), Ni(II), Mn(II), Zn(I1) and p-A BzH - THSMC proceeded 
exothermically as the systems had negative AH0 values and this experimen- 
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tal observation further extended support to low temperature as favourable 
for complexation. The entropy for the systems, bemg negattve, could not 
favour the reactions. 

Stability data (Table 2) on metal-p-A - BzH - THSMC complexes at both 
temperature follow neither the Maley and Mellor order [20] nor the Irvmg 
and Wtlhams rule [21]. 

Utihzmg the dommatmg form of p-A. BzH . THSMC m solution with 
coqugation, i.e. the thiol form, together with present study data and data 
furnished by other mvestigators proposing the mvolvement of the termmal 
hydrazme, N “I, atom m complexation, the following structures are suggested 
for the complexes. 
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