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                                                                 Introduction 

Nickel element is a silvery white metal  with symbol Ni and having atomic number 28. It is a  

valuable element , mostly it is used for  the production of  Stainless Steel . It is used in hundreds  

of industrial and consumer applications [1]. Nickel element is classified as transition 

element.Transition elements are elements between group 2 (metals) and 13 (non metals) in the 

periodic table. It was discovered by Axel Fredrik Cronstedt in 1751. He discovered nickel in a 

mineral called, niccolite. Nickel element is also known as “FALSE COPPER” because Cronstedt 

was originally planned to discover copper element from niccolite mineral [2]. Nickel element is a 

derivative of “Kupfernickel”, German word means “DEVIL’s COPPER”. 

Oxidation State 

Nickel has atomic number 28 and its outermost electronic configuration is (n-1)d
8
 ns 

2
 . It shows 

mainly +2 oxidation state but nickel compounds in other oxidation states -1, 0, +1, +3, +4 are 

also known. It generally forms octahedral and square planar complexes in Ni
+2

 oxidation 

state.[4] The hydrated Ni(II) salts are green due to bright green[Ni(H2O)] ion. Its square planer 

complexes are usually red or yellow [5]. The aqueous chemistry of nickel deals with Ni(II), 

where its +2 oxidation state is most stable and its complexes are redox stable. Ni(II) forms a 

number of complexes with different coordination numbers from 3 to 6. The maximum 

coordination number shown by Ni(II) is 6. 

Occurrence In Nature 

Nickel makes up about 0.01 to 0.02 percent of the Earth's crust. It ranks about 22nd among the 

chemical elements in terms of abundance in the Earth's crust. Nickel is thought to be much more 

abundant in the Earth's core.Many experts believe that the core consists almost entirely of iron 

and its isotopes  [3]. 

There are five naturally occurring isotopes of nickel.nickel-58, nickel-60.nickel-61,nickel-

62,nickel-64. Isotopes are two or more forms of an element. 

 

 



 

 
 

Properties 

Chemical Properties 

Nickel is not very reactive, It reacts very slowly with oxygen in air at room temperature And it 

reacts slowly with hydrochloric acid. 

Physical Properties 

It is silver white in color. It is magnetic, hard ,malleable ,ductile .It conducts electricity. 

Uses 

Nickel is used in coins (because it remains shiny) and in strong magnets (as an alloy with other 

metals)  [6]. Nickel compounds are used to color glass green. 

Nickel is alloyed with other metals to improve their strength a nd resistance to corrosion. Nickel 

is alloyed with steel to make armor plate, vaults and machine parts. It is alloyed with copper to 

make pipes that are used in desalination plants. 

 

 

 

 

 

 

 

 

               

 



 

 
 

                                                  THIOSEMICARBAZONES 

Thiosemicarbazone is an analog of semicabazone which contain sulphur. They are important 

N,S- donor ligands. They can be synthesized from condensation of aldehyde/keones  and 

thiosemicarbazide.  
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An interesting feature of thiosemicarbazones is about its thione (I) and thiol (II) form. In solid 

state, they mainly exist in thione (I) form, whereas in solution they can exist in both forms thione 

as well as thiol (II) and can bind to a metal centre in neutral (III), or anionic form (IV). The 

anionic form is generated after loss of H from N2H (I) or H from SH (IV). 
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Thione (II) and thiole (III) tautomerism is observed in thiosemicarbazone.It can bind with every 

type of metal ion as it is having both soft (S) sites as well as hard sites (N). binding of 

thiosemicarbazone with metal centre can be in neutral form or in anionic form.  

A number of bonding modes have been observed for the thiosemicarbazones in their neutral or 

anionic forms. In neutral form, the binding occurs via only S atom in 
1
 -S , 

2
-S , 

2
 -N

3
 , S- 

chelation , 
2
 -N

3
 , S- chelation and S- bridging  modes. However, if the substituent at C

2
 has a 

donor atom and engages in bonding, the additional bonding modes are observed are, 
1
 -X, N

3
 , 

S-chelation, 
4
 -X, N

3
, S-chelation and S-bridging, and 

4
 -X, N

3
 , S-chelation and X-bridging 

[7-8] . 
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The mode shown by neutral ligands are also exhibited by anionic ligands, viz. 
1
 –S, 

2
-S, 

2
 –

N
3
, S –chelation, 

2
 –, N

3 
S –chelation and S –bridging, 

3
 -X, N

3
, S –chelation, 

3
-X, N

3
, S –

chelation- cum- S bridging, 
3
 –X, , N

2 
 S-chelation and X-bridging [9-10]. In addition, 

2
 – N

2
, 

S and  N
2 
S-bridging and S-bridging modes  are identified . A rare example of pent coordination 

by a thiosemicarbazone ligand has been reported [11]. 

    

 

 

 



 

 
 

Applications:-  

Analytical applications of thiosemicarbazone 

   Thiosemicarbazones are used in spectrometry,fluorometry, and atomic absorption 

spectrophotometry and as a indicator  They are used as a analytical indicator and they are 

obtained by condensing thiosemicarbazide with an aldehyde or ketone.  

Biological applications of thiosemicarbazone 

 Thiosemicarbazone and their complexes shows number of biological activities. Due to the 

presence of amide, imine,and thione groups,thiosemicarbazone act as polydentate ligand and can 

show various biological applications like anticancer [12] ,antifungal [13] antibacterial [14] 

activities. Depending upon the carbon background the hypo toxic activity is regulated.  

Antibacterial Activities 

Complexes of thiosemicarbazone having pyridine ring as substituent, showed antibacterial 

activities. In many cases it has been observed that complexes showed greater activity that free 

ligands. Some of the examples are shown below 

2-Acetylpyridine thiosemicarbazone (HL) formed square pyramidal complexes with zinc having 

formula [Zn(HL)Cl2] (XII)  and [Zn(HL)(H2O)(SO2)] (XIII) which displays the activities against 

two strain of yeast and two of mould . 
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Antifungal Activities  

Some complexes of thiosemicarbazone shows antifungal activities for example.6-methyl-formyl-

pyridine-N4-dimethyl-thiosemicarbazone (HL) form square planar complexes [15]. 
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Antitumor Activities 

one of the most important use of  thiosemicarbazone is used against cancer.Antitumor activity is 

dependent on the typology of antitumor. The presence of metal ion increase the  activity or 

contribute to migrate the side effect of  organic parent compound. At present the main effect that 

is related to the anticancer activity is in the order of discovery , ribonucleotide reductase (RR) 

inhibition.This is the enzyme that is involved in the rate limiting step of DNA synthesis 

Thiosemicarbazone has the ability to chelate metal ions that has been recognized as the  major 

factor  in antiproliferative factor .Thiosemicarbazone is known as  anticancer agent 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

Review of Literature 

A number of compounds  of Ni(II) are known  with thiosemicarbazone .Depending upon there 

geometry they are classified into square planar complexes and octahedral complexes. There are 

some known compounds of  square planar complexes and octahederal complexes. 
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DIMERIC AND TRIMERIC COMPOUNDS 
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OBJECTIVE 

From the above literature survey, it has been observed that complexes of Ni(II) of type, 

[NiCl(L)(Ph3P)] or [Ni(L)2] are not well explored. Thus in present work, we will try to explore 

the coordination chemistry of fused ring thiosemicarbazones with Ni(II). Main objectives of this 

research work are: 

1. Synthesis of fused ring thiosemicarbazones . 

2. Characterization of synthesized ligands using IR, UV and 1H NMR. 

3. Complexation of these ligands with Ni(II) 

4. Characterization of synthesized complexes 

5. Application of synthesized complexes in catalysis/biological activity whatever is 

possible. 

                  



 

 
 

                                                  EXPERIMENTAL WORK 

Syhthesis of ligands 

1.  Synthesis of Isatin thiosemicarbazone 

         To a solution of thiosemicarbazide(0.309gm, 0.033mmol ) of  60 ml of methanol 

was added (0.500gm, 3.39mmol) of Isatin. The mixture was refluxed for 5 hours. Orange 

red coloured solution was filtered  and kept for crystallization. After two days yellow 

colored shiny crystals were formed . Crystals were filtered  and dried properly. M.P. 221
o
 

C. Soluble in methanol, ethanol and acetonitrile. 
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2. Synthesis  of  Indole 3-carboxaldehyde thiosemicarbazone 

        To a solution of thiosemicarbazide(0.313gm, 3.43mmol ) of  60 ml of methanol was 

added (0.500gm, 3.44mmol) of Indole 3-carboxaldehyde. The mixture was refluxed for 5 

hours. Transparent solution was filtered and kept for crystallization. After two days 

cream colour crystals were formed . Crystals were filtered  and dried properly. M.P. 235
o
-

237
o
 C. Soluble in  methanol, ethanol and acetonitrile 
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3.  Synthesis of   Indole 3-carboxaldehyde  N-Methyl thiosemicarbazone  

 

      To a solution of n-methyl thiosemicarbazide(0.800gm, 7.60mmol ) of  60 ml of 

methanol was added (1gm, 6.8mmol) of Indole 3-carboxaldehyde. The mixture was 

refluxed for 5 hours. Light coloured solution was filtered and kept for crystallization. 

After two days cream color crystals were formed . Crystals were filtered  and dried 

properly. M.P. 164
o
-169

o
 C. Soluble in methanol, ethanol and acetonitrile. 
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4.  Synthesis of  Isatin  N-Methyl thiosemicarbazone 

         To a solution of  n- methyl thiosemicarbazide(0.714gm  6.78mmol ) of  60 ml of 

methanol was added (1gm, 6.79mmol) of Isatin. The mixture was refluxed for 5 hours. 

Orange coloured solution was filtered  and kept for crystallization. After two days yellow 

colored shiny crystals were formed. Crystals were filtered  and dried properly. M.P. 221
o
 

C. Soluble in methanol, ethanol and acetonitrile 
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5. Synthesis of  Indole 3-carboxaldehyde  N-Phenyl thiosemicarbazone  

    

                To a solution of n- phenyl thiosemicarbazide(1.154gm, 6.90mmol ) of  60 ml of 

methanol was added (1gm, 6.8mmol) of Indole 3-carboxaldehyde. The mixture was 

refluxed for 5 hours. Mustard coloured solution was filtered  and kept for crystallization. 

After one day  beige colored  crystals were formed. Crystals were filtered and dried 

properly. Melting point is 183-187
o
C . Soluble in methanol, ethanol and acetonitrile.  
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6. Synthesis of  Isatin N-Phenyl thiosemicarbazide To a solution of  phenyl 

thiosemicarbazide(1.13gm, 7.77mmol ) of  60 ml of methanol was added (1gm, 

6.79mmol) of Isatin. The mixture was refluxed for 5 hours. orange coloured solution was 

filtered and kept for crystallization. After two days yellow colored  crystals were formed. 

Crystals were filtered and dried properly.Melting point is 227
o
c. Soluble in methanol, 

ethanol and acetonitrile. 
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Synthesis of  metal complexes 

1. Synthesis of Ni(oAc)2 indole 3- carbox tsc 

    To a solution of Ni(oAc)2   (0.05gm)  in 20 ml of ethanol indole3- carboxaldehyde 

thiosemicarbazone ( 0.150 gm )  was added. The was stirred for about 10 mins to dissolve 

completely and then refluxed for 2-3 hours . After refluxing, green coloured   solution 

was formed and then filtered and kept for formation of compound . after 2 days dark 

green coloured microcrystalline substance was formed.  It wassoluble in ethanol DMSO.  

2.   Synthesis of Ni(oAc)2 n methyl indole 3 carbox tsc 

               To a solution of Ni(oAc)2 (0.05gm)  in 20 ml of ethanol n methyl indole3- 

carboxaldehyde thiosemicarbazone (  0.094 gm )  was added. The was stirred for about 

10 mins to dissolve completely and then refluxed for 2-3 hours . After refluxing, green 

coloured   solution was formed and then filtered and kept for formation of compound . 

after 2 days dark green coloured microcrystalline substance was formed.  It wassoluble in 

ethanol,  DMSO.  

3.   Synthesis of Ni(oAc)2 n phenyl indole 3 carbox tsc 

    To a solution of Ni(oAc)2 (0.05gm)  in 20 ml of ethanol n phenyl indole3- 

carboxaldehyde thiosemicarbazone (  0.058 gm )  was added. The was stirred for about 

10 mins to dissolve completely and then refluxed for 2-3 hours . After refluxing, green 

coloured   solution was formed and then filtered and kept for formation of compound . 

after 2 days dark green coloured microcrystalline substance was formed.  It wassoluble in 

ethanol,  DMSO. 

4.   Synthesis of Ni(oAc)2  isatin tsc 

To a solution of Ni(oAc)2 (0.05gm)  in 20 ml of ethanol isatin thiosemicarbazone (  0.088 

gm )  was added. The was stirred for about 10 mins to dissolve completely and then 

refluxed for 2-3 hours . After refluxing, dark yellow coloured solution was formed and 

then filtered and kept for formation of compound . after 2 days wine red  coloured 

crystals were formed.  It was soluble in ethanol,  DMSO. 

 

5.   Synthesis of Ni(oAc)2   n methyl isatin tsc   

To a solution of Ni(oAc)2 (0.05gm)  in 20 ml of ethanol n methyl thiosemicarbazone (  

0.088 gm )  was added. The was stirred for about 10 mins to dissolve completely and then 

refluxed for 2-3 hours . After refluxing, dark yellow coloured solution was formed and then 



 

 
 

filtered and kept for formation of compound . after 2 days wine red  coloured crystals were 

formed.  It was soluble in ethanol,  DMSO. 

 

 

                           

 

RESULT AND DISCUSSION 

Isatin thiosemicarbazone, Indole 3-carboxaldehyde thiosemicarbazone, Indole 3- carboxaldehyde 

N-Methyl thiosemicarbazone, Isatin N-Methyl thiosemicarbazone, Indole N-Methyl 

thiosemicarbazone, Isatin N-Phenyl thiosemicarbazone, Indol 3-carboxaldehyde 

thiosemicarbazone are prepared by the reaction of  thiosemicarbazide,  n-methyl 

thiosemicarbazide, n-phenyl thiosemicarbazide with isatin and indole 3-carboxaldehyde. The 

mechanism for the synthesis of ligands is given below :- 
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MECHANISM 
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All the synthesized ligands have been characterized using IR, solubility, melting point.  



 

 
 

 

Discussion on IR:  

Important IR peaks of ligands, isatin thiosemicarbazone, indole 3-carboxaldehyde 

thiosemicarbazone,  isatin n- methyl thiosemicarbazone, indole-3-carboxaldehyde n-

methyl thiosemicarbazone,  indole 3-carboxaldehyde n-phenyl thiosemicarbazone, isatin n-

phenyl thiosemicarbazone are given in table 1 and their spectra are given in Figures 1-6. 1-

6. The (N-H)  peaks of thiosemicarbazone ligands can be divided into two categories: 1 

Asymmetric stretching appear in the region 3398-3450 cm-1. 2. Symmetric stretching 

appear in the range of 3282-3234 cm-1. The (-NH-) of amide group appears in the range of 

3149-3179 cm-1. Three peaks in the range 1650-1550 cm-1 appear due to (C=C)+ (C=N)+ 

(NH2) and chaarcteristic (C=S) sharp peak appeared in the range 880-800 cm-1. The 

disappearance of (C=O) at 1700 cm-1 and appearance of  (C=C) in the range 1608-1618 

ensures the thiosemicarbazide. 

IR values of  ligands 

NAME 

 

(N-H) 

 

(-

NH-) 

 

(C=C)+(C=N)+(N

H2) 

 

(C-H) 

 

(C=S) 

 

Isatin tsc 

 

3232 , 3337 

 

3171 

 

 1551, 1616,1678 

 

   2950  

 

854 

 

Isatin  N- me tsc 

 

3232  

 

- 

 

1548,, 1618,1689 

 

2951 

 

836  

 

Isatin N-phtsc 3296, 3178 - 1593,1618,1691 2938 827 

Indole 3-

carboxaldehyde tsc 

3232,3331 - 

 

1550,1579,1614 

 

   - 

 

879 

 

Indole 3-

carboxaldehyde N- 

Metsc 

3363 3174 1559,1608,1628 - 833 



 

 
 

Indole 3   

carboxaldehyde N- 

ph tsc 

3315  1599, 1618,1691    - 804 

 

 

        Figure 1. IR spectrum of `Isatin thiosemicarbazone 

 



 

 
 

 

        Figure 2: IR spectra of Isatin N-Methyl thiosemicarbazone 

 

  



 

 
 

 

 

   Figure 3: Isatin N-Phenyl thiosemicarbazone 

 



 

 
 

 

 

   

Figure 4 : Indole 3-carboxaldehyde thiosemicarbazone 



 

 
 

 

   

Figure 5: Indole 3-carboxaldehyde N- Methyl thiosemicarbazone 

 



 

 
 

 

 

 

  Figure 6  Indole3-carboxaldehyde N-Phenyl thiosemicarbazone 

                                                        



 

 
 

 REFERENCES 

1. J. Emsley, The Elements, third edition, Oxford University Press, Oxford UK, 1999. 

2. R.E. Dickerson, H.B. Gray, G.P. Haight, Chemical Principles, the third edition, The 

Benjamin/ Cummings Publishing Company, Inc. 1979. 

3. E. Riedel, Anorganische Chemie, 6 Aufl., de Gruyter, 2004. 

4. G. Jander, Lehrbuch der analytischen und präparativenanorganischen Chemie  

5. Aufl., S. HirzelVerlag, Stuttgart, 2002. 

6.  L. H. Gade, Koordinationschemie, 1. Aufl., Wiley –VCH Verlag, 1998.  

7. S. Espinosa-Perez, D.X. West, M.M. Salberg, G.A. Bain, P.D. Bloom, Polyhedron, 15 

(1996) 2587. 

8. J.S. Casas, E.E. Castellano, M.C.  Rodriguez-Arguelles, A. Sanchez, J. Sordo, J. 

Zukerman-Schpector, Inorg. Chim. Acta., 260 (1997) 183. 

9. J. Garcia-Tojal, J.L. Pizarro, A. Garcia-Orad, A.R. Perez-Sanz, M. Uglade, J.L. Serra. 

Diaz, M.I.  Arriortua, T. Rojo, Inorg. J. Biochem.,86 (2001) 627. 

10. C.J.S. Casas, M.V. Castano, M.C. Cifuentes, A. Sanchez, J. Sordo, Polyhedron, 21 (2002) 

1651. 

11. T.S. Lobana, G. Bawa, A. Castineiras, R.J. Butcher, Inorg. Chem. Comm.,10 (2007) 505. 

12. V. Philip, V. Suni, M.R.P. Kurup, M. Nethaji, Polyhedron, 25 (2006) 1931. 

13. M. Das, S.E. Livingstone, Br. J. Cancer, 37 (1978) 466. 

14.  A.S. Dobek, D.L. Klayman, E.T. Dickson, J.P. Scovill, E.C. Tramont, Antimicrob. 

Agents  Chemother., 18 (1980) 27. 

15. F.A. French, EJ. Blanz Jr., J. Med. Chem., 9 (1996) 585 

16. M. Zimmer, G. Schulte, X.L. Luo, R.H. Crabtree, Angew. Chem., Int. Ed. 30 (1991) 193. 

17. M.B. Ferrari, C. Pelizzi, G. Pelosi, M.C. Rodriguez-Arguelles, Polyhedron, 21 (2002) 

2593.  

18. Z. Afrasiabi, E. Sinn, S. Padhye, S. Dutta, S. Padhye, C. Newton, C.E. Anson, A.K. 

Powell, J. Inorg. Biochem., 95 (2003) 306.  

19. M. Mathew, G.J. Palenik, J. Am. Chem. Soc., 91 (1969) 6310. 

20. G.R. Clark, G.J. Palenik, Cryst. Struct. Commun., 9 (1980) 449. 



 

 
 

21. N.C. Kasuga, K. Sekino, C. Kouma, N. Shimada, M. Ishikawa, K. Nomiya, J. Inorg. 

Biochem., 84 (2001) 55. 

22. N.C. Saha, R.J. Butcher, S. Chaudhari, N. Saha, Polyhedron, 22 (2003) 383.   

23. A.K. Barik, S. Paul, S.K. Kar, R.J. Butcher, J.C. Bryan, Polyhedron 18 (1999) 571. 

24. D.K. Sau, N. Saha, R.J. Butcher, S. Chaudhuri, Transition Met. Chem., 29 (2004) 75. 

25. N.C. Saha, R.J. Butcher, S. Chaudhari, N. Saha, Polyhedron,  24 (2005) 1015. 

26. A. Sreekanth, S. Sivakumar, M.R.P. Kurup, J. Mol. Struct. 655 (2003) 47. 

27. Y. Qing, D.J. Hua, Z.L. Gang, Z.X. Qing, B.H. Dong, L. Hong, J. Mol. Struct., 794 (2006) 

71. 

28. T.S. Lobana, Poonam kumari, G. Hundal, R.J. Butcher, polyhedron, 29 (2010) 1130. 

29. V.G. Puranik, S.S. Tavale, T.N.G. Row, P. Umpathy, A.P. Budhkar, Acta Crystallogr., 

Sect. C: Cryst. Struct. Commun., 43 (1987) 2303. 

30. . N.C. Kasuga, K. Sekino, C. Kouma, N. Shimada, M. Ishikawa, K. Nomiya, J. Inorg. 

Biochem., 84 (2001) 55. 

31. V.V. Pavlishchuk, S.V. Kolotilov, A.W. Addison, R.J. Butcher, E. Sinn, J. Chem. Soc. 

Dalton Trans., (2000) 335. 

32. N.A. Bailey, S.E. Hull, C.J. Jones, J.A. McCleverty, J. Chem. Soc., D (1970) 124. 

33. A.K. Nandi, S. Chaudhuri, S.K. Mazumdar, S. Ghosh, Inorg. Chim. Acta, 92 (1984) 235. 

34. D.X. West, J.S. Ives, G.A. Bain, A.E. Liberta, J. Valdes Martinez, K.H. Ebert, S. 

Hernandez-Ortega, Polyhedron, 16 (1997) 1895. 

35. M. Gil, E. Bermejo, A. Castineiras, H. Beraldo, D.X. West, Z. Anorg. Allg. Chem., 626 

(2000) 2353. 

36.  A. Castineiras, E. Bermejo, D.X. West, A.K. El Sawaf, J.K. Swearingen, Polyhedron, 17 

(1998) 2751. 

37. L.J. Ackerman, P.E. Fanwick, M.A. Green, E. John, W.E. Running, J.K. Swearingen, J.W. 

Webb, D.X. West, Polyhedron, 18 (1999) 2759. 

38. D.X. West, G.A. Bain, R.J. Butcher, J.P. Jasinski, Y. Li, R.Y. Pozdniakiv, J. Valdes- 

Martinez, R.A. Toscano, S. Hernandez- Ortega, Polyhedron, 15 (1996) 665. 



 

 
 

39. D.X. West, M.A. Lockwood, A.E. Liberta, X. Chin, R.D. Willett, Transition Met. Chem., 

18 (1993) 221. 

40. M.B. Ferrari, F. Bisceglie, G. Pelosi, M. Sassi, P. Tarasconi, M. Cornia, S. Capacchi, R. 

Albertini, S. Pinelli, J. Inorg. Biochem., 90 ( 2002) 113.  

41. Z. Lu, C. White, A.L. Rheingold, R.H. Crabtree, Inorg. Chem., 32 (1993) 3991. 

42. W. Kaminsky, J.P. Jasinski, R. Woudenberg, K.I. Goldberg, D.X. West, J. Mol. Struct., 

608 (2002) 135. 

43. A. Berkessel, G. Hermann, O.T. Rauch, M. Buchner, A. Jacobi, G. Huttner, Chem. Ber., 

129 (1996) 1421. 

 

 

 

 

 

 

 

 


