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ARSTRACT
‘Tonic’ and ‘neutral’ complexes of thiosemicarbazide (TSC) with Pt and Pd, of the
type M(TSC) X, and M(TSC-H), respectively, {where X = Cl, Br, I, CN, CNS and NO,)
have been prepared from H,PiCl, KH O and PdCl,. The hgand in the complexes undergocs
oxidation with chloramine-T and dlc‘hlc:ramme-T Wlth a 24-electron change per molecule of
the complex. Volumetric methods for the estimation of the complexes bave been proposed.

THIOSEMICARBAZIDE (TSC) is well known as a

metal complexing agent and also finds application in
the characterization of aldehydes, ketones and polysac-
charides. Since & number of metal complexes of the
compound are known, suitable analytical techniques
are essential for estimating the compound in the free
state as well as in the complexes. The methods for
its estimation reported so far, based on its oxidation
by alkali metal hypohalites'’® and lead tetra-acetate®,
are limited to the estination of small quantities and
are slow. Chloramine-T (CAT) and recently dichiora-
mine-T (DCT) have been successfully used in assaying
TSC and some of its metal complexes™S$. In the
present investigations, we have reported the preparation
of some ‘ionic’ complexes of Pt (II} and Pd (II) and
their volumetric estimation by CAT and DCT. The
communication also reports the oxidation of two
¢ neutral® complexes of Pt and Pd by these oXidants.

EXPERIMENTAL

E’Merck thiosemicarbazide was purified by recry-
stallization from aqueous solution, PdC(l; and H,PtCl,.
xH,0 (Johnson-Matthey Ltd, London) were used
for preparing the complexes. Chloramine-T (Merck)
was purified by the method of Morris efal? An
approximatcly dscinormal solution was prepared and
standardized by iodometty. DCT was prepared by
the method of Jacob and Nair® and an approXimately
decinormal solution of the compound in glacial acetic
acid was standardized by the lodometric method.
UV spectra were obtained from Beckman DB spectro-
photometer. IR spectra (KBr dis¢c) were recorded
on a Carl Zetss UR-10 Infra red spectrophotometer.

Preparation ol Complexes

Pt (TSC), Ci.—This was prepared by addimg drop-
wise an ethana) solution of H,PtCl;-»11.,0 to a1 hot
saturated solution of the ligand in c¢thanol, in stightly
beyond 1+ 2 molar ratio. The bull colored complex
separated was then filtered, washed with hot ethanol
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and dried over P.O; in vacuo. Pt{TSC),Cl, is readily
soluble in water but is insoluble in alcohol.

Pt(TSC),X;, where X =Br, I, CN, CNS and
NO,; was prepared by adding saturated solutions
of the respective alkali halide, cyanilde, thiocyanate or
nitrate to the ice cold aqueous sosutions of Pt (TSC),.Cl,.
The precipitate obtained after stirting was flutered
and purified by recrystallization from aqueous solution.,

Pd(TSC), Cl,—A solution of TSC in 2 M HCI
was added to a 2 M HCI solution of PdCl, in 2:1
molar ratio, with c¢onstant stirrinz. Thz yellow
precipitate of the complex was fiitered, washed with
0-1 M HC! and dried over P,O; in vacuo.

The preparavon of PACISO),L,X. where X = Br,
I, CNS and NQO; was similar to the corresponding
platinum complex described above.

The *neutral’ complexes P{{(TSC-H)},* and Pd
(TSC-H),* were precipitated as a silky blue solid.
and a greenish yellow solid respectively by the addition
of 1 M ammonia to aqueous solutions of the corres-

ponding chioride compiex, untii the solution becomes
weakly alkaline,

The composition of the complexes was checked by
clemental analyses. All the complexes were found
to be diamagnetic, as expecied for the square pfanar
complexes. Conductivily measurements on  aqucous
solutions (10~3 M) of jonic compiexces showed that
they are 1:2 elcctrolvtes.? UV spectra of the complexes
show an intra ligand Dband around 43,0C¢ ¢m),
while a charge tramvfer band  {from  sulphur
to metal) is found around 372,000 cnt™'. A common
band at 28,510 cnr? is attributed to a d-d transfer,
characteristic of square panar comrexas't,

Infrared spectra of thecompleses showed that the
N-El stretching frequencics around 3000 ecm=? in 1I5C
are allccted by commien formaton't Durther, the
strons band at 8em Pon TSC atiributed to pute
C .5 steeleh? shifly to lower wegions by as mueh
as Joo om Yinthe compienes, It can safely be avsumed
that the co-ordination of the metal ion takes  plee
through both the nitogen atom of the hydrazine
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residue and sulphur atomy of the hgand, as found m
the case of zine group complexes of TSCH,

Some preliminary analytical investigations were
carried out with the complenes. It was found that
the ligand in the complexes was oxidized by CAT
{(with a 50-60% excess) at all pH. Oxidation was
slow at pH « 1, faster in the pH range 1-3 and slower
again at pH > 5. Oxidation was fastest at pH 4.
Higuchi er al}® have shown that monochloramine-T
(RNHCI, where R = P-CH; — C;H,S0,), formed in
acidified solutions of CAT, disproportionates to DCT
and p-toluene sulphonamide and the disproportionation
rate 1s maximum around pH4. The behaviour noticed
with the oxidation of TSC complexes with CAT could
probably reflect the high rate of disproportionation
of the free acid RNHCI, which is also a fairly reactive
species.  Stoichiometric oxidation of the complexes
took place within 30 minutes.

In oxidations with DCT, it was found that with
a 50-60°, excess of oxidant, the oxidation of the com-
plexes (aqueous solutions or solutions in pH 4 buffer)
was compieted in 30 minutes, if an overall water content
of about 10-15%, was maintained in the reaction mix-
ture. The rate of oxidation was found to be very
slow with solutions of the complex in glacial acetic
acid, the required stoichiometry being obtained alter
16 hours®,

The ligand TSC in the complexes is oxidized by
CAT or DCT with a 24 electron change per molecule
of the complex. It was noticed that the anions CN-
and CNS- present in the complexes are also oxidized
by the oxidants under these conditions, with a 4-electron
change** and 16 eclectron change'#'*® per molecule of
compleX respectively. Allowance was made for this
fact in calculating the amount of complex recovered.
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RESULTS AND DISCUSSION

The stoichiometry of cxidation of the complexes
can be represented as follows:

M (NH,NHCSH.,); X; + 12 RNCINa (or 6 RNCl,) +
12 H,0 - M), + 12 RNH, (or 6 RNH,) - 2 CO,
+2N; + 12NaCl (or 12 HCH + H,50; +
(NH,).SO, (1)

M (NH,NHCSNH,), (CN), + 14 RNCINa (or 7
RNCI) +14 H,0 - M (CNO). + 14 RNH,
(or 7 RNH,;) +2 CO, + 2N, -+ 14 NaCl {(or
14 HCl) ~++ H,SO4 + (NH,).S0, (2)

M (NH;NHCSNH,); (CNS);, +20 RNCINa (or 10
RNCl) + 22H,0 - M (CNO), + 20 RNH,

(or 10 RNH,)} 4 2 CO, 4+ 2 N, 4 20 NaCl (or
20 HCl) + H.S0O; -+ (NH}).S0O; (3)

M (NH;NCSNHJ)E 12 RNCINa ((‘[‘ & RNCla) -+
12 H,0 - MSO, -+ 12 RNH,; (or 6 RNH.,) + 2 COy
+ 2 Nz + 12 NaCl (or 12 HC)) + (NH,).80, (4)
Where M = Pt or Pd; X = Ci, Br, I or NQ..

Reconwvnended Procedis e

Add aliquots of the complex (2-30 mg) solution in
pH4 bufter to 25 ml of 01 N CAT in an iodine flask.
Shake the contents and set aside for about 30 nmiinutes,
Rinse down with about 20 ml of water, add 10 ml of
2N H,S0, and 10 ml of 209 KIand titrate with 0-1I
N sodium thiosulphate. Run a blank with CAT
solution alone. A stmilar procedure is followed in
oxidations with DCT?E.

some typical results of analyses are given in Table 1.
The values are accurate with an errror around ¢-59;.

It can be concluded from the investigations on metal
compilexes of TSC, that the number of ligand molecules
present in a molecule of the complex, could easily
be computed by oxidation with CAT or DCT.

TABLE 1
Estimation of Platinum and Palladiam complexes of thiosemicarbazide with chioramine-T and dichloramine-T

Range 0% error in recovery Range 94 errorin recovery
Complex studied - Complex studied
mg CAT DCT ng CAT DCT

Pt (TSC), Cl, 2-30 0-2-0-5 0-0-0-5 Pd (TSQ), Cl, 3-30 0-1-0:5  0-G-0-6
Pt (TSC), Br, 3-46 0-2-0-3 0:1-0-3 Pd (TSC), Br. 340 0-1-0-5§ 0-0-0-5
Pt (TSC). 1, 3-47 0-1-0-5 0-3-0-4 Pd(TSC) I, 3-32 0-1-0-5 O0-1-0-6
Pt (TSC); (CN), 2-33 0-00-4 0:00-4 PdAd(TSC),(CNS), 230 0-3-0-5 0-0-0-5
Pt (TSC) (CNS8), 2-31 0-0-0-5 0-0-0-5 Pd (TSC), (NO,), 2-30  0:2-0'5 0-1-0-4
Pt (TSC). (NO;), 2-24 0:20:6 0-3-006 Pd(TSC-H), 2-31 0-0-0-5 0 0-0-5
Pt (TSC-H), 2-31 0-2-0-5 3 1-0-5
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STUDY ON EQUILIBRIUM CONSTANTS OF UO;2+ WITH MALONIC ACID AT DIFFERENT
JONIC STRENGTHS

D. N. SHELKE Anp D. V. JAHAGIRDAR
Deparvtment of Chemistry, Marathwada University, Aurangabad (Maharashtra)

ABSTRACT

The dissociation constants of the ligand and log K values of its complexes with uranyl
ion have been investigated by Calvin-Bjetrum potentiometric titration technique at 30 = 0+1°C

and at wvarious ionic strengths in aqueous medium., Uranyl forms both
in the pH range 3-5.
drawn to understand the exact complexation equlibria of 1 :
1 : 1 complex by the reaction UQ:2* -4 HL™

complexes with malonic acid

dynamic constants at s> 0 are reported.

INTRODUCTION

RANYL complexes of malonic acid were investi-
gated by some workerst*®. Ramamoorthy and

Santappa® have reporied the uranyl
malonic acid at 0-1 M NaClOy;.

malonic acid system in aqucous medium at various
jonic strengths.

EXPrrRIMINTAL

The details regarding the chemicals, apparatus are

given in our earlier paper?®,

Culvin-Berrum  Titration

The experimental procedure involved the potentio-

metrie titration of carbonate free solution of (i) free
10 % M)
HICH()y

HCIO, (4-40 - 10 M), (i) free 1110, (4:40
. malonic  acid (3002 - 10 * M), (i) free

= UO,L 4 Hf is confirmed.

complexes of
The present paper

reports the study of the stability constants of UO,*

1:1 and 1:2

The plots of pK/log Kvs. v/ wete
The formation of

1 complex,
The thermo-

(4:40 x 10-3 M) + malonic acid (302 X 107 M) +
uranyl ion (4-32 X 10-* M) against sodium hydroxide
(0-18 N) added from a microburette.

The ionic strength of the selution was nuantained
by the addition of appropriate amount of 1 M sodium
perchiorate solution. The exact ionic sirength of the
solution was calculated by taking u - } 2 ¢ 2® where
¢, and z; are the concentration and valency respectively
of i-th ion,

RESUTTS AND INSCUSSKON

The probability of  complex formation  between
U0t and the ligand anion was assumed and the
factors like hydrolysis of uranyl jon apd the formation
of polynuclear species were neglected on the following
potnts,

(i) The pll of hydeolysis of uranyl ion, oblained
[tom the deviation of uramyl ion curve fiom the acid

veure, was around plt 3-8, The departuie of metad



