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ABSTRACT

Complexes of indane-1.2,3-tnone monothiosemicarbazone with several heavy metal ions
have been 1solated and characterized. Structures have been assigned to these complexes based
on electrical conductivity, magnetic susceptibility, infrared and electronic spectral data.

INTRODUCTION

THE present heightened interest in the chemis-
try of thiosemicarbazones stems from their bio-
logical activity!. They have also been long known
for their versatile chelating ability and many che-
lates have been reported’. However, structural
studies on heavy metal complexes of thiosemi-
carbazone are scarce. The earher studies on metal
complexes of indane-1,2,3-trione monothiocsemi-
carbazone {ITMT) were carried out in solution
phase and were concerned with the possible use of
ITMT for the spectrophotometrlc determination of
copper, palladium® and osmiuwm®. Structural studies
on metal derivatives of ITMT, however, have not
been cammed out so far.

EXPERIMENTAL
Materials

Indane-1,2,3-trione monothiosemicarbazone was
prepared as described earlier*. ITMT solution

(1 X 1072M) was prepared in dimethylformamide

(DMF).

Preparation of the complexes

The complexes with Cu(ll), PA{I1), Ag(D),
Cd(11), Hg(1l} and Pb(II) were prepared by adding
a hot aqueous solution of the respective metal chlo-
ride or nitrate dropwise to a boiling solution of the
ligand containing sodium acetate (Ig) until the
metal-to-ligand ratio reached 1:2. The solid that
separated was fiJtered, washed with hot water and
ethanol, and dried in an electric oven at 90°C.

Physical methods of analysis

Molar conductances of the complexes in DMF
(Ca 107°M) were determined at 29 +2°C using a

Systronics 303 direct reading conductivity bridge.
Magnetic susceptibility was measured by the Guoy
method at room temperature. The electronic
spectra were recorded on a Carl Zeiss DMR-21
spectrophotometer. The IR spectra were recorded
in the range 4000-180cm™ on a Perkin Eimer 983
G IR spectrophotometer in KBr medium,

RESULTS AND DISCUSSION

The analytical data (table 1) show that the com-
plexes have the formula M(ITMT),Cl, (where
M = Cu, Pd, Hg, Cd), Ag (ITMT).NO; and
Po(ITMT),(NO3),.

Electrical conductance

The molar conductance (Ay) values (given in
parentheses) in DMF for Cu(ITMT).Cl;, (80),
PAd(ITMT),Cl,  {80), Ag(ITMT),NO, (60},
Cd(ITMT),Cl, (90), Hg(ITMT),Cl;, (120) and
Pb(ITMT),(NO3), (125) suggest the 1:1 electrolytic
pnature of the silver complex and 1:2 electrolytic

nature of the copper, palladium, cadmium, mercury
and lead complexes.

Magnetic properties

The Cu(ll) complex gives a magnetic moment
(te.6r) Of 1.81 which 1s very close to spin only for one
unpaired electron. It is 1in the region normally
observed for Cu(ll) complexes having an orbitally
non-degenerate B, ‘ground state, indicating no
metal-metal interaction’. The diamagnetism of
Pd(lI), Cd(Il), Hg(ll) and Pb(II) complexes
suggests square planar environment around the
metal ions (table 2).

Infrared spectra

The IR spectra of the ligand and the complexes
were examined in detail. The highest frequency
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Table 1 Analyiical data for 1,2,3-trione monothiosemicarbazone complexes™

Complex % Carbon % Hydrogen % Nitrogen % Chlorine % Metal
Cu(ITMT).ClL, 38.75(39.97) 2.15(2.34) 13.95(13.86) 11.25(11.79) 11.20(10.57)
Pd(ITMT).Cl, 37.75(37.31) 2.21(2.19) 13.25¢(13.05) 11.20¢11.01) 16.21(16.52)
Ag(ITMT).NO; 37.60(37.75) 2.10(2.21) 15.25(15.41) - 15.55(15.41)
Ca{(ITMT)-Cl, 36.50(36.96) 2.15(2.17) [2.50¢12.93) 11.10¢10.90) 17.10(17.29)
Hg(ITMT).Cl; 32.10(32.55) 1.95(1.91) 11.50(11.39) 9.50(9 60) 26.90(27.18)
Pb(ITMT)+(NO1)» 31.50(30.10) 1.75(1.76) 13.90(14.04) ~ 26.50(25.96)

—

*Calculated values are in parentheses.

band of the ligand at 3394 ¢m™! may be assigned to
the asymmetric stretching vibration of the terminal
NH; group®. The other bands at 3251 and 3158 cm ™!
may be due to the supenmposed form of the sym-
metric viy_p) bands of the amino and imino groups’.
These bands are not affected in the complexes,
which indicates that the terminal —NH, does not
take part in the coordination. A strong absorption
of ITMT at 1136 and 856cm™" may be assigned to
> C=S stretching vibration®®, unaffected in all
complexes.

A sharp and strong band at 1686 cm ™" in the spec-
trum of the ligand has been observed and 1s due to
the v,c-ny mode of the azomethine linkage'". In the
complexes this band appears around 1600cm™'.
The downward shift in the position of ¢y tndi-
cates that the unsaturated nitrogen of the azo-
methine linkage is coordinated to the metal atom'!,
Another important band at 1721cm™ in ITMT is

Table 2 Magrnetic and electronic spectral data of indane

1,2,3-trione monothiosemicarbazone complexes

Observed

Lep bands
Complexes Colour (B.M)) (cm ')
Cu(1TMT).Cl» Yellow {.81 23200
1 5500
Pd(ITMT).Ci, Brown Diumag- 21700
nctic
Ag(ITMT),NO; Brownish-  Diamag- 30300
red netic 27000
15150
Hg{ITMT),Cl, Orange- Diamag- 20400y
red netic 27001)
CHITMT).Cl, Deep Dhamag- 20850)
yellow OetiC 22700
Pb(ITMT).(NO,), Red Diamug- JO3(H)
nelic 23260

S T,

assigned to v(c =g of the indane ring and its shifting
in the complexes indicates the participation of the
oxygen (C=0) atom in chelation in analogy with
the previous observation'’, The bands appearing
around 510 and 430cm™! in the spectra of the com-
plexes may be assigned to M—N and M~O stretch-
ing frequencies respectively.

Electronic spectra

The electronic spectrum of the copper complex
shows peaks at 23200 and 15500cm™'. The latter
band 1s assigned to the zBlg—szgg transition of
square planar Cu(IT) by analogy with the spectra of
other square planar Cu(ll) species. The band
observed at 23200cm™' is attributed to “B,,—°E,
transition. The intense band at 21700ecm™" in the
spectrum of the palladium complex, assignable to
'A,— By, transition suggests a square planar struc-
ture. The ITMT complexes of Ag, Cd, Hg and Pb
presumably have square planar configuration'’ on
the basis of analytical, conductance and IR spectral
studies.

ot

@

where, n = valence of M
X = Ci, NO;
M= Cu, Pd, Cd. Ag, Hg, Pb
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