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Spectral and Magnetic Studies of Cobalt(IT), Nickel(II),
Copper(IT), Zinc(II) and Silver(I) Complexes
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Paramagnetic cobalt(II), nickel(II), copper(II) and diamagnetic zinc(II)
and Ag(I) complexes of 4-(2-thiazolyl) thiosemicarbazide (L) of the com-
positions MLCl: [M = Co(II), Ni(II) and Cu(Il)], ZnL:Cl; and AgLNO;
have been prepared and characterized by spectral (ir, N nmr and esr
for CuLCl;: only) and magnetic studies as well as by elemental analyses.
All of the complexes except Ag(I) have octahedral coordination whereas
Ag(I) has tetrahedral arrangement of ligand around it. )

INTRODUCTION

Many enzymatic activities of thiazoles are dependent upon their
metal ion!-3, besides their being good coordinating ligands because of
the presence of potential exocyclic and endocyclic coordinating sites in
them. In this connection Craig ef al.# in their recent report have also
pointed out significant influence on the properties of metal chelates
which the substituents on the thiazole ring have. It has therefore been
thought that it would be worthwhile to investigate the coordinating
behaviour of analogous thiazole (L) towards the biologically active trace
metal ions as a follow-up to our recent spectral studies on similar ligand
framework.’
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Fig. 1
EXPERIMENTAL

All the reagents used were of chemically pure grade. The ligand was
synthesized by the method reported earlier. The complexes were pre-
pared by adding 10 ml of an ethanolic solution of respective.metal chlo-
rides (ca. 1 mmole) to that of ligand (ca. 1.1 mmol) in about 10 cm3

fChemistry Department, Indian Institute of Technology, Kanpur-208 016, India.



334 Spectral and Magnetic Studies of Co(I), Ni(II), Cu(Il), Zn(II) & Ag(II) Complexes

ethanol and by digesting the resulting solution on a water bath for
10-15 minutes, followed by cooling in ice bath at 10°C for half an hour.
The crystalline material thus formed was separated by filtration and
washed successively by 5 cm? water, EtOH (5 cm?) and dried in open air.
Elemental analyses for C, H, N, S, Cl and other physico-chemical
measurements (IR electronic, 'H, 4N, epr, magnetic and molar conduc-
tance were carried out as described earlier™8. The diamagnetic corrections
‘by the use of Pascal’s constants®. Metals were estimated by the literature
procedures!®, The empirical formulations of the complexes and the
results of other physicochemical methods are given in Table 1. Obviously

TABLE 1
PHYSICAL DATA OF METAL COMPLEXES

Molar
C 1 M. 1 . M l“;ggg:' Magnetitc
omplexes .pt. Cl . Meta ~y momen
(Coloun) () 1R HOD NOA S0 (o) ) o’ i
mole (B.M)
(DMSO)
Cu(L)Cl; >350 162 1.34 179 21.1 .23.2 20.1  0.57 1.8
(Dark green) (15.5) (1.94) (18.1) (20.7) (23.0) (20.6)
Ni(L)Cia >350 16.3 2.1 185 214 229 202 1.01 34
(Yellowish (15.8) (1.9) (18.4) (21.1) (23.4) (19.3)
green) )
Zn(L:)Cla 240 202 1.1 228 13.8 139 136 3.73 diamag.
(White) (decom- (19.8) (1.2) (23.1) (13.2) (14.6) (13.4)
posed)
Co(L)Cl: >300 162 22 189 214 231 197 147 48
(Pink) (15.8) (1.9) (18.4) (21.1) (23.3) (19.4)
Ag(L)NOs 170 141 1.3 158 189 — 309 2.03 diamag.
(Black) (decom- (13.9) (1.7) (16.2) (18.6) (31.3)
posed)

the nonconducting behaviour of the solutions of the complexes in DMF
suggests their nonionic nature.

K

RESULTS AND DISCUSSION

In order to identify the mode of binding in the complexes, IR spectra
of the ligand and the complexes were compared. Bands due to v(NH) and
v(NH;) in the ligand spectrum were observed at 3140 and ca. 3280 cm~!
respectively and the 3280 cm-! band showed a negative shift by
20-30 cm~! in the spectra of all metal complexes, Vasym (C=N) of the
ligand observed at ca. 1630 cm~! also shifted towards lower region in
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the metal complexes except in Zn(II) and Ag(I) complexes, where it
remained constant. In Co(II), Ni(II) and Cu(Il) complexes, §(N—H)
band of the ligand overlaps with the v(C=C) of thiazole ring observed
at ca. 1560 cm-!, The slightly broad band at ca. 1105 cm~!, the ligand
has been assigned to thiomide band (II) having major contribution from
v¥(C=N). In the spectra of the complexes the band showed an upward
shift by about 20 cm—! due to the electronic shift as shown in Fig. 2.
This electronic shift further causes to move ligand peak at ca. 680 cm—!
due to v(C—S) of thiazole ring towards higher region and overlaps with
the ligand peak at ca. 720 cm~!. In addition to these observations, the
medium peaks of ligand lying between 1080-1060 and at ca. 840 cm=! due

to mixed vibrations of (NH—}IJ—NH—) group and v(C=S) (thiomide
bands III and IV) showed negative shift by 100 and 70 cm™! respectively.
This suggested coordination of C=S group of exocyclic part of thiazole
ring. In lower region of i.r. spectra of the complexes, weak bands
observed at ca. 400, ca. 370 and ca. 320 cm~! could be assigned as
y(M—N=C—), v(M—NH;) and v(M—S=C—) respectively.

In addition to these peaks, IR spectra of Ag(I) complex showed peaks
at 1470 and 1300 cm~! due to bidentate coordinated nitrate group!?
which is also supported by the presence of two v(M—O) bands observed
at ca. 390 and ca. 380 cm~! 13, Thus decrease towards lower wave-
number in 8(NH), v(NH;) and v(C=S) band position increase in the
¥(C=N) and v(C—S) thiazole ring band positions are in keeping with
the following bonding scheme in Co(II), Ni(II) and Cu(Il) complexes
constancy in the thiomide band positions observed for Zn(II) complex
made it to behave as bidentate ligand.

Fig. 2

Electronic spectra of ligand and metal complexes showed intra-
ligand bands lying in the region of 29,800-30,700 cm~!, in addition to
charge transfer bands observed between 23,000-22,000 cm~! in metal
complexes only. Ligand field bands for Co(II), Ni(Il) and Cu(Il) com-
plexes were also observed at 8,900, 17,300; 8,700, 16,700 and 15400 cm~!
respectively and were found to lie in the range of high spin octahedral/
distorted octahedral complexes®. Ligand field parameters for these com-
plexes were calculated using the literature procedure® and their respective
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values were found to be 10 Dq = 10405, 8695 and 15400 cm-! as well as
B’ = 1083.9 and 887.2 cm~! (for Co(lI) and Ni(II) complexes) showing
96% and 85% reduction of B values in comparison to their free ion B
values. :

“N nmr spectra of ligand and complexes were recorded in DMSO
using 5 mm tubes and chemical shifts are referenced to pure NH4NO; at
—356.62 ppm.

Nmr signals are quite broad, and ligand showed signal at —235.6 ppm
whereas its Cu(Il), Ni(Il), Co(II) and Ag(I) complexes showed broad
signals lying between —(253.6-380.5), —(225.2-437.4), —(489.9-575.2)and
— (546.7-634.2) ppm respectively. This shift in higher region showed co-
ordination of nitrogen atom with the metal but due to broadening of the
peaks, it is difficult to assign specifically whether nitrogen of C=N, NH,
or NH groups are involved in coordination. But this observation combined
with IR and ESR (Cu(Il) complex only) could certainly identify the
mode of nitrogen coordination. ’

ESR spectrum of Cu(II) complex in DMSO was studied and gy, g;
and g, were calculated to be 2.1176, 2.0287 and 2.0583 respectively indi-
cating that g;; > g;. Thus a possible orthorhombic geometry could be
assigned to this complex!!, Copper hyperfine splitting is very clear but
nitrogen hyperfine splitting is not seen as yet in parallel region whereas
in perpendicular region one could easily see seven small peaks. Thus it
shows probably two nitrogen atoms around Cu(II) ion in the complex.

Magnetic moments for Co(II) and Ni(Il) complexes were found to be
4.8 B.M. and 3.4 B.M. respectively and for Cu(II) complex, it was found
to be 1.8 B.M. which is in the normal range!®.

ACKNOWLEDGEMENTS

Authors (L.M. and V.K.S.) are grateful to Prof. P. Chandra, Head,
Department of Chemistry, Banaras Hindu University, Varanasi, for pro-
viding necessary research facilities.

REFERENCES
1. A. Giusti and G. Peyronel, Spectrochim. Acta, 38A, 975 (1982).
2 Smith et al., Chem. Abstr., 74, 221416 (1971).
3. L. Misraand V. K. Singh, J. 4gric. Biol. Chem. (Jpn), 55, 1883 (1991).
4.

D. C. Craig, H. A. Goodwin, D. Onggo and A. D. Rai, Aust. J. Chem., 41, 1625
(1988).

5. S.Rai, L. Mishra and S. N. Thakur, Spectrochim. Acta Sect. A, 46A, 429 (1990).

6. 1. M. Bazavova, R. G. Dubenko and P. S. Pelkis, Zhurnal Oiganischeskoi Khimi,
17, 191 (1981).

7. J.Lewis and R.G. Wilkins, Modern Coordination Chemistry, Interscience (1960).

Asian J, Chem,



Lallan Mishra, V. K. Singh and U. C. Agarwala . i 337

8. A. L Vogel, Textbook of Quantitative Inorganic Analysis, Longmans, London,
pp. 447, 462, 489 (1978).

9. B. N. Figgis, Introduction to Ligand Fields, Wiley Eastern Ltd., New Delhi (1976).
10. R. E. Norman and P. J. Sadler, Inorg. Chem., 27, 3584 (1988).

11. 1. Yakovidis, G. Varvounis and N. Hidjiliadis, Inorg. Chim. Acta. LS1, 165,
(1988).

12- L. Mishra, D. S. Kushwaha and V. J. Ram, Transition Met. Chem., 14, 384 (1989).

13. K. Nakamoto, Infrared and Raman Spectra of Inorganic and Coordination Com-
pounds, John Wiley & Sons, pp. 246-247 (1978).

[Received: 13 July 1990; Accepted: 22 March 1991] AJC-274

Vol. 4, No. 2 (1992)



