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TABJ.lt 1-AIIAJ.Y'tiCAJ. AND PHYSICAl. DA'tA 

Sl. Oompd. Colour M.p. Analysis % : l!'ound/(Calcd.) AM fJerr 
no, ·c .N JIIJ.e~al o-• om• mol-• B.M. 

1. [Cu(Ou H ,.o,N 1 )Cl,a Brown 176 '/.65 1'/.50 18.6 1.70 

[Ni(0, 4 H 1 aOaN 1 ) 1 ] 

('/.8~) (17.'14) 
9. Yellowish green 198° 9.50 10.02 6.'1 9.0 

[Oo(C14H,.o. N .).] 
(9.'11) (10.17) 

8. Yellowish brown l!OQO 9.51 10.08 4.0 4.8~ 

[Ou(O,.H,,O.N.)Cl)11 
(9.71) (10.20) 

4. Light brown 181 '1.38 1'1.00 19.1 1.8 
(7.5~) (1'1.0'1) 

5. [Nl{OuHnOaNo)s] Yellowish green ll05° 9.04 9.54 5.1 8.1~ 
(9.ll6) (9.70) 

6. [Oo(OuHnOoN1 )o] Dark brown ll09° 9.04 9.61 5,ll 4.70 
(9.516) (9.70} 

a Cl % : 9.80 (9.91). .. Cl % : 9.31 (9.54.). a Decomposed. 

for octahedral geometry18 • In the electronic spectra 
of these complexes, two bands are mainly observed 
at-9 000 and -24 000 cm-1 , assigned to ~o~1 and 118 

transitions. respectively, considenng a 0 11 symmetry. 
Two shoulders ~T11(F}-+- 1Tu, •T., (-18 000 cm-1 ) 

and ~T11(F)-+~A._(F} (-19 000 cm-1 ) may be con­
sidered either due to the splitting of ~o~8 , in many 
components or they may be because of appearance 
of ~o~1 transitionsu. The ratio of ~o~ 1 /~o~1 (1.95-2.2) 
suggests the shoulders-19 000 cm-1 as 111 transi­
tions for these complexes. 

In ligands, AHCE and AHCP, the band around 
1 620 cm-1 is assigned1 9 to "C=N (azomethine) 
vibrations. The ligands with one primary amino 
group is expected to show two bands in the region 
3100-3400 cm-1 due 11s(NH1) and ~o~ •• (NH1 ) vibra­
tions10. The presence of a phenolic group m such 
compounds makes it difficult to differentiate between 
"NH, and ~'os vibrations since both absorb around 
the same frequencies. Thus, a band around 
3 200 cm-1 has been attributed to a combination of 
~o~Ns.+~o~oH vibrations. In the comple:x.es, the vc .. N. 
"Nu.+voH vibrations have undergone a negative 
shift by 50-75 cm-1 , indicating the coordmation of 
the azomethine, primary amino and phenolic OH 
groups of the ligands. This view is further suppor­
ted by the appearance of bands corresponding to 
"M-N(525-550) and 11M-o(450-470 cm-1 ). In the 
complex nos. 1 and 4 (Table 1), metal halogen 
bands are also present as indicated by the 
appearance of bands11, vM-e1(340- 370 cm- 1 ). 

Acknowledgement 

One of the authors (G.P.P.) is grateful to U.G.C., 
New Delhi, for financial assistance. 

References 

1. T. R Ba<JHADJU and B. VARDARAJAN, Proc. Indtan A.cad. 
Sm .• Beet. A.,1952, 35, 75. 

2. V. PA'J'aovsxv,Oollect. CsBCh. Commun, 1962,27, 181!4. 
8. :M. L DHAll and A. C. JAIN, Curr. Bct.,197ll, 41,177. 
!l, P. BING&, v. SINGH, R L. Go"Rr. and B. P. BnrGH, J, 

Inchan Ohem. Soc., 19'15, 52, 958. 

692 

IS, L. J'URD, A. D. KING, Ja. and K. MIHARA, JiJaJI'erteflhD, 
1970,26, 1'181. 

6. J'. A. DJt GaJtJt:P and 0. F. VAN BU:Mltlllt, A.rch. In,, 
PhfiBtol. Btochsm., 1966, 74, 512. 

'{, W. 0. MAJ.IX, D. K. RASTOGI and M.P. TOJtTIA, Indian 
J, Chem.,19,8, 11,1808. 

8. J'. B. TYAGI, H. K. PARU'rHJ, A. D. TANltJA and 0. B. G. 
PRASAD, Chem. Era, 1975, ll, lll!. 

9. R. B. A:aoa.A and 0. N. MATHUR, Br. ]. Phtwmacol., 
1963, 20, l!9. 

10. C. R. HANCOCK, H. B. BAa:r.ow and H. J', L&CJCY, J, 
Ez~tz. Bo,,, 1961, 12, 4.01. 

11. A. RIH•SltL and J. R. F:av:a, Org. S11nth., 1955, 3, 281. 
U. A. I. VoGJtr., "Quantitative Inorganic Analysis", Long· 

mans, London, 1968. 
18. G. P. POKHARIYAJ., J, Indian. Chem. Soc., 1988, 60, 1089. 
l!l. W. J. GEARY, Coord. BB'V., 1971, 7, 81 
15. 0. K. J'Oli.GKNSBN, A.cta Ohem. SCM&d., 1956, 10, 887. 
16. D. H. BUSCH in ''Cobalt", ed. R. S. YoUNG, American 

Chem1cal Society, 1970. 
1'1. A. B. P. LJtVKR and D. 0GDltN, J. Chem. Soc. (A.), 1971, 

l!OU. 
18. 0. J. BAr.J.AHAUSltN, "Introduction to Ligand Field 

Theory", McGraw-Hill, New York, 196ll, p. 256. 
19. D. K. RASTOGI, S. K. BHANI, V, B. RANA and S. K. Duo, 

J, Coord. Ohem., 1978,8, 97. 
l!O, 8. M. NJtr.soN and D. H. BUSCH, Inorg. Chem., 1969, 8, 

1859. 
ll1. N. SONODA and T. TANAKA, lnorg. Chim. A.cta, 1975, l2, 

ll61. 

Complexes of Cobalt(ll), Nickel(ll), Copper(ll), 
%inc(ll), Cadmium(ll) and Dioxouranium(ll) 

with Thiophene-1-aldehydethiosemkarbazone 
BALWAN SINGH and HARIHAR MISRA* 

Department of Chemistry, University of Allaha.bad, 
Allahabsd-211 00~ 

Manuscnpl recewed flll August 1986, revised 80 Januarf/1986, 
acceptsd 8 March 1986 

METAL complexes of thiosemicarbazides have been 
known for their pharmacological applications1 • 

Significant antitubercular•, fungicidal 8 and anti· 
viral 6 activities have been reported for thiosemi­
carbazides and their derivatives. Extensive studies 
on the investigation of metal complexes oti thiosemi­
carbazones have been undertaken in recent years. 
The present study describes the synthesis and 



NOTES 

. . I f C II N'II Cull charactensat10n of comp e~es o . o , . I • , 
z0 n, cdn and UO~I With thiOsemicarbazo.ne 
obtained by condensing thiophene-2-aldehyde With 
thiosemicarbazide. 

Experimental 

Thiophene-2-aldehyde (Fluka) and thiosemi­
carbazide (Fluka) were used to synthesise the semi­
carbazone (TATSC). Metal acetates were of AnalaR 
grade, while the solvents were of reagent grade. 

Preparation of ligand (T ATSC) : Thiophene-2• 
aldehyde (9.2 cm 8 ) in . ethanol (60 cms) was 
gradually. added to a solutton of thiosemicarbazide 
(9.10 g) m ethanol (100 ems). and the mixture 
was refl.uxed on a steam-bath for 3 h and left 
overnight. A yellowish brown solid separated 
was filtered, washed with ethanol and ether and 
dried over calc~um chloride under reduced pressure. 
The product {yteld 80%) was insoluble in water but 
soluble in ethanol. Analytical data are presented 
in Table 1. 

Metal complexes with TATSC: To T ATSC 
(2.96 g) dissolved in ethanol (60 ems), aqueous­
ethanolic solution containing Co(CH8 C00) 1 .4H1 0/ 
Ni(CHaCOO) 1 .4H1 0 (2.00 g){Cu(CH8 COO)s. 
H 1 0 (1.60 g)/Zn(CHsC00)1 .2HsO (1.76 g)/ 
Cd(CH8 C00) 1 .2H1 0 (2.12 g){U01 (CH11 C00) 1 • 

2H 11 0 (3.40 g) was gradually added with constant 
stlrnng. The mixture was refluxed on a water-bath 
for-2 h and lett overnight. Coloured sohd 
complexes separated out from the solution in 
80-85% yield. The products were filtered, washed 
with ethanol and ether, and air-dried. The complexes 
were insoluble in hot water but soluble in ethanol. 

Analytical data are presented in Table 1. 
Infrared spectra in the range 4 000-200 cm-1 were 
recorded on a Beckman Aculab 10 spectrophoto­
meter using KBr pellets. Diffuse reflectance spectra 
in the range 220 -1 000 nm were obtained using a 

Carl-Zeiss VSU-22 spectrophotometer. Magnetic 
susceptibilities of complexes at 303 K were deter­
mined by Gouy's method. Thermogravimetric data 
were obtained by heating the complexes at the rate 
of 10° min- 1 in air upto 800°. 

Results and Discussion 

The analytical data of the complexes (Table 1) 
indicate 1 : 2 metal-ligand stoichiometry./lerr value 
(4.60 B.M.) for the Co11 complex corresponds to 
three unpaired electrons as reported for tetrahedral 
Co11 complexes11 • The electronic spectrum showed 
one intense band at 590 nm and one weak band at 
520 nm corresponding to transitions 6 Au(F)~ 
6 T 11(P) and 6 A11(F)~4 T u(F), respectively, which 
also supported tetrahedral geometry around the d7 

con ion11 • The Niii complex was diamagnetic, 
suggesting a square-planar structure o~ the com~lex 7 • 

One intense band (440 nm) observed m the d1ffuse 
reflectance spectrum of the complex for the transi­
tions 1 A11-+1 A11, 1A18~1.B11 and 1 A11- 1 Er also 
supported square-planar geometry. The llerr value 
of 1.86 B.M. for Cu11 complex corresponds to one 
unpaired electron. Square-planar structure of the 
complex was confirmed8 • 9 by the presence of one 
band (480 nm) in the reflectance spectrum corres­
ponding to 1B11~1E, transition. Zn11, Cdll and 
U0~1 complexes were all diamagnetic. The electromc 
spectral measurements of the complexes were not 
useful. 

The presence of bands at 1 540, 1 460, 1 320 
and 810 cm-1 in the ir spectrum of TATSC 
(Table 2) suggests that it exists in thione form in the 
solid state. In the ir spectra of the complexes, 
bands assigned toN- C-N, C=S and NH-C=S 
disappear and new bands for theazine(C=N -N =C) 
and C- S groups appear. indicating chelation of the 
metal ion through azine nitrogen and the thiolo 
sulphur ofthe ligand. A negative shift of 20-25 cm- 1 

TABI,lC 1-ANAI,YTICAJ, DATA AND PHYSICOCHJCMICAI, PROPJCRTIES O-g TATSO AND ITS COMPX.BXES 
WITH Ooll, Nill, Cull, Znll, Cdll AND UO!I 

Oompd. Colour Decomp. Temp. (00) Analysis % : Found/(Ca.lcd.) 
Startmg Completion Metal c H N 

o.H,N,s. Yellow 192. 39.10 3.84 22.58 
(38.91) (3.78) (22.70) 

Co(C8 H 8 N .s.), Black 260 720 19.72 34.02 2.94 19.58 
(19.80) (93.72) (2.81) (19.67) 

N1(08 H 8 NaS1 ) 1 Black 280 680 13.64 3396 2.85 19.34 
(13.75) (33.74) (2.81) (19.68) 

Cu(O,H,N 1S1 ) 1 Brown 240 760 14 52 33.80 2.77 19.38 
(14.72) (39.36) (2.78) (19.46) 

Zn(O,H1 N 1 8 1 ) 1 Yellow 280 760 14.98 83.48 2.80 19.36 
(15.08) (33.22) ('.!.76) (19.38) 

Od(C1 H 1 N 1 8 1 ), Whita 240 680 23.21 29.90 2.58 17.82 
(23.39) (29.97) (2 49) (17.48) 

UO,(O.H,N ,S,)o Yellow 820 42.22 22.76 2.05 13 04 
(42.31) (22.57) (1.88) (13.06) 

• M.p. 
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TABX.:S !1-INIIB.AB.:SD BPJCCTB.At, BANDS (om-1 ) O:P TATBO AND I'tS COliii:PI,JCXJCS AND TJCNTA'tiVJC ASSIGNliii:JCN'tS 

TATBC Oo(L1 ) NI(L1 ) Ou(L.) Zn(L1 ) Od(L1 ) U01 (L1 ) Assisnment 
(L) 

1650 

1540 
1 4.60 
1820 
1080 

810 

1680 
1 590 

1050 

720 
455 
!190 

1 6ll5 
1600 

1045 

725 
460 
280 

1680 16ll0 
1580 1590 

1050 1 04.15 

715 720 
4515 460 
ll75 280 

16!15 1680 O=N stretch• 
15815 1590 C-N-N=O stretohb 

N-C-N stretoho 
0=8 stretohcl 
NH-O=B stretch• 

1 04.5 1050 N- N stretch' 
C=B atretohl 

720 725 C- B stretch" 
470 4155 ]I(-N stretch I 
ll90 285 M- B stretohJ 

• Ref. 7. b Ref.ll. 0 Ref. lSI. c1 Ref. 18. e Bel. U, r Ref. 15, I Ref,l6, ll Bef.17. I Ref, 6, J Bef.17. 

in the stretching frequency of C=N in the ligand 
observed in the complexes also indicates the 
involvement of azomethine nitrogen in complexa­
tion and is supported by a positive shift of 15-
20 cm-1 in the N-N stretching frequency of 
TATSC when it coordinates with the metal ions. 
Appearance of new bands due to M-N and M-S 
stretching vibrations in the spectra of the complexes 
further supports coordination of the metal ion to 
the bidentate ligand through azomethine nitrogen 
and thiolo sulphur. 

Thermogravimetric studies indicate that the 
metal complexes do not contain any water and that 
they are thermally quite stable. Decomposition 
started at relatively higher temperature and was 
complete above 680° (Table 1). The thermal 
stability of the complexes were in the following 
order for metal ions, UO~) Ni11-znn) Coli) 
Cu11-cdn. 
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Stability Constants of some Bivalent Metal 
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POTENTIOMETRIC studies have been carried out 
on metal chclates of UO!I, Cull, con, Niii and 
Zn11 with 2,4-dihydroxybenzylidene thiosemi-

carbazone and 2,4-dihydroxybenzylidene phenyl­
hydrazone. The proton -ligand and metal-ligand 
stability constants have been determined by the 
Calvin- Bjerrum pH titration technique as adopted 
by Irving and Rossotti1 , at 30±0.1° and ionic 
strength 0.1 M in 75: 25 (v/v) dioxan-water 
medium. 

Experimental 

The two ligands (A) 2,4-dihydroxybenzylidene 
thiosemicarbazone and (B) 2,4·dihydroxybenzyli­
dene phenylhydrazone were synthesised by refluxing 
equimolar quantities of 2.4-hydroxybenzaldebyde 
and the respective amines in ethanol. The products 
were repeatedly crystallised to obtain analytically 
pure samples. The purity was tested by tlc and 
elemental analysis (Table 1). 


