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The Co(II), Ni(II) and Cu(II) complexes have been synthesized with

3,4-diethyl isoquinolone thiosemicarbazone [DIQT]. All the complexes

were identified and confirmed by elemental analyses, IR spectra, electronic

spectra, molar conductivity, molar mass and magnetic susceptibility

data. The molar conductance measurements revealed that the prepared

complexes are non-electrolytic in nature. The magnetic susceptibility

and electronic spectral data indicates the geometry of the complexes is

octahedral in nature. Their spectral data proposed the coordination sites

of the free ligand with the central metal ion through azomethine N and

thione S. The remaining coordination positions are satisfied through

negative ions such as Cl–, Br–, I–, NO3
– and ClO4

–. The ligand and its

metal complexes were tested for their antimicrobial activity against

Aspergillus niger and Aspergillus flavous.
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INTRODUCTION

The coordination compounds of thisemicarbazone constitute an interesting study

both from the point of view of the adopted structure as for most important practical

applications in various fields, from technical to medical literature survey reveal

these complex combinations have several biological properties such as, antitumour1,

antifungal2 and antibacterial3. Schiff bases and their metal complexes have been

studied because of their interesting and important properties such as their ability to

reversibly bind oxygen and their use in oxygenation and oxidation reaction of

organic compounds, redox systems in biological processes6, Aldol reactions7, in

textile industries8, in radiopharmaceuticals9, oxidation of DNA10 and also in host of

other important spheres. Keeping the above facts in mind and in continuation of

our earlier work11-18 in this field we herein report the synthesis and characterization

of Co(II), Ni(II) and Cu(II) complexes with, 3,4-diethyl isoquinolone thiosemi-

carbazone.

†This paper was presented in 28th Annual Conference at Indian Council of Chemists at Patan

(Gujarat), India, 7-10 October, 2009.



EXPERIMENTAL

All the chemicals used of AR grade. The solvents were used without any purifi-

cation. The metal contents were determind using standard method19. The analytical

data of the complexes and their molar conductance values are given in Table-1.

Conductivity measurements were made using Systronics conductivity meter model

303 in DMF. Electronic spectra of the complexes were recorded in DMF on Cary-2390

spectrophotometer. The IR spectra of ligands and its complexes were taken on Perkin-

Elmer model 577 using KBr disc. Magnetic susceptibility were measured by Gouy

method using Hg[Co(NCS)4] as a calibrant.

Preparation of the ligand: The ligand 3,4-diethyl isoquinolone thiosemicarba-

zone [DIQT] was prepared by condensation of ethanolic solution of 3,4-diethyl

isoquinolone with thiosemicarbazide hydrochloride dissolved in 10 % ethanolic

solution of sodium acetate. The resulting reaction mixture was refluxed on water

bath for 3-4 h with occasional stirring. After cooling the refluxed solution, colourless

solid was obtained which was separated by filtration, washed and finally dried and

crystallized with tetrahydrofuran to furnish 3,4-diethyl isoquinolone thiosemicrbazone

as colourless prismatic needles m.p. 223 ± 1 ºC. Yield 60-70 %.

Preparation of the complexes: The complexes of Co(II), Ni(II) and Cu(II)

were prepared by the reaction between ethanolic solution of respective metal chloride/

metal nitrate (0.01 M) with ethanolic solution of ligand 3,4-diethyl isoquinolone

thiosemicarbazone (0.02 M). The resulting reaction mixture was heating on water

bath for 2-3 h with occasional stirring. The procedure carried out in each case were

similar with slight variation of timing of reflux. On cooling solid coloured complexes

separated out which was filtered, washed with ethanol, dried and recrystallized

with tetrahydrofuran. Yield in cases 60-65 %.

RESULTS AND DISCUSSION

A careful interpretation of infrared spectral bands (Table-2) of the ligand DIQT

and the complexes [M(DIQT)2X2] reveals that there are certain bands of the ligand

which are appreciable affected after the complex formation indicating the donor

atoms of coordination position of the ligand to form the linkage with metal ions.

The ligand exhibit a sharp and strong band at 3400 cm-1 assignable20,21 to ν(N-H)

vibration. In spectra of all the complexes this band without change in position and

intensity, clearly indicating non involvement of nitrogen atom of either amino of

imino group in the coordination with metal ion. A broad and sharp band obtained at

1520 cm-1 in the ligand assignable20,22,23 to ν(C=N) vibration. This band has been

reduced by 20-30 cm-1 in complexes suggesting coordination of azomethine N with

metal ion. The next IR band of the ligand shows a broad and strong band at 780 cm-1

assignable20,23,24 to ν(C=S) vibration. After complexation this band shows red shift

with slightly reduced intensity. The shift of the band and change in intensity indicate

coordination of thione sulphur with metal ion.
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TABLE-1 
ANALYTICAL, COLOUR, MOL. MASS, MAGNETIC SUSCEPTIBILITY, MOLAR 

CONDUCTIVITY, ELECTRONIC SPECTRA AND DECOMPOSITION  
TEMPERATURE OF THE LIGAND DIQT AND ITS METAL COMPLEXES 

Elemental analysis (%):  
Found (calcd.) 

Compound (colour) 
Mol. 
mass 

M C H N 

µeff 
(BM) 

Ωm 
(ohm-1 

cm2 
mol-1) 

λmax 
electronic 

(cm-1) 

DT 
(ºC) 

DIQT  
(Colourless) 

273.00 – 61.41 
(61.53) 

20.40 
(20.51) 

6.14 
(6.22) 

– – – – 

[Co(DIQT)2Cl2] 
(Red) 

675.93 8.62 
(8.71) 

49.58 
(49.70) 

16.45 
(16.56) 

4.97 
(5.03) 

5.12 12.7 9360, 
17410, 
21718 

236 

[Co(DIQT)2Br2] 
(Rose red) 

764.748 7.61 
(7.70) 

43.87 
(43.93) 

14.53 
(14.64) 

4.38 
(4.44) 

5.16 13.3 9390, 
17320, 
21732 

249 

[Co(DIQT)2I2] 
(Light pink) 

858.73 6.79 
(6.86) 

38.94 
(39.12) 

12.95 
(13.04) 

3.87 
(3.95) 

4.89 13.4 9370, 
17460, 
21732 

241 

[Co(DIQT)2(NO3)2] 
(Pink) 

728.93 7.93 
(8.08) 

45.89 
(46.09) 

15.24 
(15.30) 

4.58 
(4.66) 

4.99 13.7 9400, 
17430, 
21760 

239 

[Ni(DIQT)2Cl2] 
(Green) 

675.71 8.57 
(8.68) 

49.58 
(49.72) 

16.48 
(16.57) 

4.94 
(5.03) 

3.14 17.4 13560, 
18300, 
25300 

211 

[Ni(DIQT)2Br2] 
(Pale green) 

764.52 7.58 
(7.67) 

43.83 
(43.91) 

14.53 
(14.64) 

4.36 
(4.44) 

3.12 17.9 15600, 
18310, 
25320 

214 

[Ni(DIQT)2I2] 
(Light green) 

858.51 6.77 
(6.83) 

39.04 
(39.13) 

12.93 
(13.04) 

3.89 
(3.96) 

3.10 18.4 13260, 
17980, 
24700 

222 

[Ni(DIQT)2(NO3)2] 
(Yellow) 

728.71 87.97 
(8.05) 

45.92 
(46.10) 

15.27 
(15.36) 

4.59 
(4.66) 

3.17 19.7 13330, 
18260, 
24770 

226 

[Cu(DIQT)2Cl2] 
(Blue) 

680.54 9.26 
(9.33) 

49.24 
(49.37) 

16.33 
(16.45) 

4.92 
(4.99) 

1.89 10.4 12100, 
22900 

230 

[Cu(DIQT)2Br2] 
(Blue) 

769.34 8.17 
(8.25) 

43.55 
(43.67) 

14.39 
(14.55) 

4.36 
(4.41) 

1.87 9.3 12300, 
22960 

240 

[Cu(DIQT)2(NO3)2] 
(Deep blue) 

733.54 8.60 
(8.66) 

45.62 
(45.80) 

15.14 
(15.26) 

4.57 
(4.63) 

1.94 8.6 12400, 
23610 

248 

DT = Decomposition temperature. 

The conclusive evidence of bonding of ligand to metal through oxygen atom of

nitrate, nitrogen atom of azomethine group and sulphur atom of thiosemicarbazone

moiety is indicated by the appearance of far IR region bands due to ν(M-O)25,26 at

530-505 cm-1, ν(M-N)25,26 at 475-455 cm-1 and ν(M-S)25,26 at 425-395 cm-1, respec-

tively. The evidence of metal halogen linkage is supported by the low molar conduc-

tance value of the complexes in the range 8.6-19.7 ohm-1 cm2 mol-1 and appearance

of a band in the far IR region at 325-265 cm-1 assigned25-27 to ν(M-X) (X = Cl–, Br–,

I–). The next IR bands at 1630 and 1500 cm-1 with a separation of 120 cm-1 suggest

mono coordinated behaviour of nitrate group28.
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TABLE-2 
INFRARED SPECTRAL DATA (cm-1) AND ITS COMPLEXES WITH Co(II), Ni(II) AND Cu(II) 

Compounds ν(N-H) ν(C=N) ν(C=S) ν(M-O) ν(M-N) ν(M-S) ν(M-X) 

DIQT 3400 s,b 1520 s,b 780 s,b     

[Co(DIQT)2Cl2] 3400 s,b 1495 m,b 755 m,b  470 m 405 m 300 m 

[Co(DIQT)2Br2] 3400 s,b 1495 m,b 760 m,b  470 m 410 m 325 m 

[Co(DIQT)2I2] 3400 s,b 1490 m,b 755 m,b  475 m 415 m 315 m 

[Co(DIQT)2(NO3)2] 3400 s,b 1495 m,b 755 m,b 505 m 470 m 420 m  

[Ni(DIQT)2Cl2] 3400 s,b 1500 m,b 755 m,b  460 m 395 275 m 

[Ni(DIQT)2Br2] 3400 s,b 1495 m,b 750 m,b  465 m 400 270 m 

[Ni(DIQT)2I2] 3400 s,b 1490 m,b 750 m,b  465 m 400 m  

[Ni(DIQT)2(NO3)2] 3400 s,b 1490 m,b 755 m,b 520 m 460 m 395 m  

[Cu(DIQT)2Cl2] 3400 s,b 1415 m,b 755 m,b   455 m 405 m 275 m 

[Cu(DIQT)2Br2] 3400 s,b 1490 m,b 750 m,b   455 m 410 m 300 m 

[Cu(DIQT)2(NO3)2] 3400 s,b 1495 m,b 755 m,b 530 m 460 m 420 m  

 

Electronic spectra and magnetic susceptibility of the complexes: The Co(II)

complexes display three band in the region 9400, 17400 and 21700 cm-1, assigned

to the transitions, 4T2g(F)←4T1g(F), 4A2g(F)←4T1g(F) and 4T1g(P)←4T1g(F), respec-

tively which indicate octahedral29,30 geometry. The octahedral geometry of Co(II)

complex supported31-33 by high µeff value in the range 4.87-5.16 BM. The Ni(II)

complexes exhibits three bands in the region 13600-13260, 18360-17980 and 25320-

24890 cm-1 assigned to transition 3T2g(F)←
3A2g(F), 3T1g(F)←

3A2g(F) and
3T1g(P)←3A2g(F), respectively which indicate octahedral30-34 geometry for all the

Ni(II) complexes, which is further supported31,32,35 by the µeff value in the range

3.10-3.17 BM for all the Ni(II) complexes. The Cu(II) complexes display two ligand

field bands in the region 12300-11700 and 23400-22960 cm-1 assigned to the transi-

tions 2T2g←
2Eg and charge transfer band, respectively. The electronic spectra of all

the Cu(II) complexes suggesting octahedral30,36 geometry around central metal ion.

The magnetic moment value of Cu(II) complexes are lie in the range 1.87-1.94

BM31,32,37.

Molar conductivity: Molar conductance data of the complexes were measured

in the solvent DMF and the complexes were found to be non electrolytic38 in nature.

The molar conductance value of the complexes are in the range 8.6-19.7 ohm-1 cm2 mol-1.

Antifungal activity: Fungicidal activity of the ligand and their metal complexes

were done by disc plate method39 on Pencillum expansum and Aspergillus flavus.

On comparison with reference to fungicide, the complexes were found to be more

effective than free ligand due to chelation theory40.

Conclusion

On the basis of above mentioned observations the complpexes were tentatively

proposed monomeric octahedral geometry as shown in Fig. 1.
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Fig. 1. [M(DIQT)2X2]; M = Co(II), Ni(II) and Cu(II); X = Cl–, Br–, I–, or NO3
–

ACKNOWLEDGEMENTS

The authors are grateful to the Principal, LNT College, Muzaffarpur for providing

available laboratory facilities. The author [BKR] also grateful to University Grant

Commission for financial supports [Grant No.PSB-001/08-09 dated 1 Dec-2008].

REFERENCES

1. M.A. Ali and S.E. Livingston, Coord. Chem. Rev., 13, 101 (1974).

2. N.P. Bun-Hoi, T.B. Loc and N.D. Xoung, Bull. Soc. Chim. (France), 694 (1995).

3. N.K. Singh, S.B. Singh and S.M. Singh, Proc. Indian Acad. Sci. (Chem. Sci.), 113, 280 (2001).

4. S. Park, V.K. Mathur and R.P. Planap, Polyhedron, 17, 325 (1998).

5. A. Nishinaga, H. Ohara, H. Tomita and T. Matsuura, Tetrahedron Lett., 24, 213 (1983).

6. L.F. Lindoy, The Chemistry of Macrocyclic Ligand Complexes, Cambridge University Press,

Cambridge (1989).

7. K. Maruyama, K. Kubo, Y. Toda, K. Kawasa, T. Mashino and A. Nishinago, Tetrahedron Lett.,

36, 5609 (1995).

8. T. Nakamura, K. Niwa, M. Fujiwara and T. Matsushita, Chem. Lett., 1067 (1999).

9. M.A. Green, H. Luo and P.E. Fawick, Inorg. Chem., 37, 1129 (1998).

10. C.J. Burrows, J.G. Burrows, J.G. Muller, G.T. Poulter and S.E. Rokita, Acta Chem. Scand, 50,

337 (1996).

11. B.K. Rai, J. Indian Coun. Chem., 23, 1 (2006).

12. B.K. Rai and U.K. Sharma, Orient. J. Chem., 22, 645 (2006); B.K. Rai, P. Chaudhari, U.P.

Singh, P. Shahi, Z. Hussain and S. Rana, Orient. J. Chem., 23, 271, 291 (2007).

13. B.K. Rai, I. Kostova, S.P. Ojha, R. Tomar and V. K. Rastogi, Asian J. Phys., 16, 23 (2007); B.K.

Rai, Asian J. Phys., 16, 71 (2007); B.K. Rai, H.C. Rai, S.P. Singh, R. Tomar and O. Prakash,

Asian J. Phys., 16, 76 (2007).

14. B.K. Rai and K. Sharma, Asian J. Chem., 20, 137 (2008); B.K. Rai, R. Rai, P. Sahi and S. Rana,

Asian J. Chem., 20, 143, 149 (2008).

15. B.K. Rai and A. Kumar, J. Ultra Chem., 4, 179 (2008).

16. B.K. Rai and Vinayak, J. Ultra Chem., 5, 67 (2009); B.K. Rai, A. Kumar and Ravishankar, J.

Ultra Chem., 5, 73 (2009); B.K. Rai, S. Kumari, R.K. Singh, A. Prasad, M.P. Sinha and P.M.

Mishra, J. Ultra Chem., 5, 83 (2009), A. Prasad and B.K. Rai, Orient. J. Chem., 25, 175 (2005).

17. B.K. Rai, A. Baluni, A. Prasad, R. Thakur and P. Prakash, Asian J. Chem., 21, 3708, 3713,

(2009); B.K. Rai, Ravishankar and S. Pandey, Asian J. Chem., 21, 5409, 5994 (2009).

18. B.K. Rai, A. Prasad, Vinayak, A. Kumar and S. Jha 'Sunit', Asian J. Phys., 18, 63 (2009).

Vol. 22, No. 7 (2010)    Metal Complexes of Schiff Base Derived from 3,4-Diethyl Isoquinolone  5617



19. A.I. Vogel' Textbook of Quantitative Chemical Analysis, Revised by J. Mendham, R.C. Denny,

J.D. Barnes and M. Thomas, Pearson Education (2008).

20. W. Kemp, Organic Spectroscopy, Polgrave, MacMillan Press Ltd., New York; R.M. Silverstein

and F.X. Webster, Spectrometric Identification of Organic Compounds, John Wiley and Sons,

edn. 6, p. 109, (2008).

21. M.S. Patil and J.R. Shah, J. Indian Chem. Soc., 58, 944 (1981).

22. R.C. Maurya, P. Patel and S. Rajput, Synth. React. Inorg. Met.-Org. Chem., 33, 817 (2003).

23. C.N. Rao, Chemical Application of IR Spectroscopy, Academic Press, New York, p. 260 (1963).

24. R.K. Agarwal, H. Agarwal and I. Chakraborti, Synth. React. Inorg. Met.-Org. Chem., 25, 679

(1995).

25. J.R. Ferraro, Low Frequency Vibration of Inorganic and Co-ordination Compound, Plenum Press,

New York (1971).

26. M. Goldstein and D. Unswarth, Inorg. Chim. Acta, 4, 342 (1970).

27. K. Nakamoto, Infrared Spectra of Inorganic and Coordination Compounds, John Wiley & Sons,

New York (1976).

28. C.C. Addison, N. Logan, S.C. Wallwork and D.C Barner, Quart, Rev (1971).

29. P.S. Mane, S.G. Shirodhar, B.R. Arbad and T.K. Chondekar, Indian J. Chem., 40A, 648 (2000).

30. A.B.P. Lever, Inorganic Electronics Spectroscopy, Elsevier Amsterdam, p. 395 (1968); C.K.

Jorgenson, Acta Chem. Scand., 19, 887 (1966); J.R. Allen, D.H. Brown, R.H. Nutal and D.W.A.

Sharp, J. Inorg. Nucl. Chem., 26, 1895 (1964).

31. B.N. Figgis, Introduction to Ligand Field, Wiley Eastern Ltd., New Delhi, India, p. 279 (1976).

32. R.L. Carlin and A.J. Van Dryneveledt, Magnetic Properties of Transition Metal Compounds,

Springer Verlag, New York (1997).

33. C.J. Ballhauson and H.B. Gray, Inorg. Chem., 1, 111 (1962).

34. A.K. Tahir, H.S. Shivajnl and K. Shoukat, Indian J. Chem., 39A, 450 (2000).

35. V.K. Jetty, J. Singh, M. Shukla, Rehman and S.N. Rastogi, J. Indian Chem. Soc., 67, 987 (1990).

36. A.P. Mishra, M. Khare and S.K. Gautam, Synth. React. Inorg. Met. Org. Chem., 32, 1485 (2002).

37. N.K. Singh and N.K. Agarwal, Indian J. Chem., 37A, 276 (1998).

38. J.A. Wolmsley and S.V. Tyree, Inorg. Chem., 2, 312 (1963); D.N. Sathyanarayan and C.C. Patel,

Indian J. Chem., 5, 360 (1967).

39. P.K. Mukherjee, K. Saha, S.N. Giri, M. Pal and B.P. Saha, Indian J. Microbiol., 35, 327 (1995).

40. N. Nishant, S. Ahmad and R.T. Ahmad, J. Appl. Polym. Sci., 100, 928 (2006).

(Received: 26 November 2009;          Accepted: 31 March 2010)           AJC-8598

5618  Rai et al. Asian J. Chem.


