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10. Brief Objectives of the Project: 

It is proposed  

a) to synthesize pyrrole based acyclic and macrocyclic transition metal 

dithiocarbamate complexes (M = Co, Ni, Cu, Zn) which are designed to 

coordinate anions via their pyrrole NH groups, precluding direct metal ion 

coordination to the deprotonated pyrrole nitrogen atom. 



b) to synthesize certain novel acyclic transition metal dithiocarbamate 

complexes (M = Co, Ni, Cu, Zn) containing ferrocene moiety. 

c) to characterize the  new complexes using elemental analysis, FT-IR, UV-

vis and  NMR spectroscopy and X-ray crystal structure determination. 

d) to investigate the anion (F─, Cl─, Br─, I─ and benzoate) sensing properties 

of synthesized complexes using cyclic voltammetry. 

e) to synthesize bimetallic (Fe-M (M = Co, Ni, Cu, Zn))  sulfide 

nanoparticles from the synthesized ferrocenyl based complexes. 

f) to synthesize metal (MS (M = Co, Ni, Cu, Zn)) sulfide nanoparticles from 

the synthesized pyrrole based dithiocarbamate complexes. 

g) to characterize the nanoparticles using FT-IR,  PXRD, SEM/ 

TEM/HRTEM and EDS.  

h) to study the  optical properties of the nanoparticles  using UV-vis  and  

fluorescence spectroscopy. 

11. Whether Objectives Were Achieved: YES 

12. Achievements from the projects: 

 Acyclic and macrocyclic transition metal dithiocarbamate complexes 

containing ferrocene and pyrrole moieties were successfully prepared 

and characterized by various spectral techniques.  

  Structures of seventeen complexes were determined by single crystal 

X-ray diffraction. Complexes displayed various intra- and 

intermolecular interactions. Particularly, C–H∙∙∙Ni anagostic 

interactions observed in some synthesized nickel complexes 

containing phosphine ligands are important due to their possible 

involvement in the C–H bond activation in the organic synthesis.  

 Some of the as-prepared metal dithiocarbamate complexes are suitable 

receptors for anion sensing. 



 Various phases and shapes of monometallic (M=Co, Ni, Cu, Zn) and 

bimetallic (Fe-M (M=Co, Ni, Cu, Zn)) sulfide nanoparticles were 

prepared from metal dithiocarbamate complexes. 

 Metal (monometallic and bimetallic) sulfide nanoparticles were used 

as photocatalyst for degradation of toxic dyes.  

13. Summary of the findings: 

Acyclic and macrocyclic Co(III), Ni(II), Cu(II) and Zn(II) complexes 

containing pyrrole and ferrocenyl based dithiocarbamates (1-53) were prepared and 

characterized by elemental analysis, IR, UV-vis and NMR spectroscopy. Elemental 

analyses are consistent with proposed formulae. The important stretching mode 

characteristic of the thioureide bond (vC-N (thioureide)) occurs in the region 1448-

1527 cm-1 for all the complexes. 

Electronic spectral studies suggest an octahedral environment around Co(III) 

and the square planar environment around Ni(II) and Cu(II) centres in their 

respective dithiocarbamate complexes.  

Single crystal X-ray structural analysis was carried out for seventeen 

complexes. Unusual intramolecular C-H…Ni anagostic interactions were observed 

in nickel complexes. Complexes with anagostic interactions are important due to 

their possible involvement in the C-H bond activation in the organic synthesis. 

Crystal structures of some complexes displayedC-H∙∙∙ (chelate, MS2C) 

interactions. Weak intermolecular C-H∙∙∙S, C-H∙∙∙ (chelate), C-H∙∙∙ , and             



N-H∙∙∙  interactions observed in various complexes lead to the supramolecular 

aggregation. Geometry optimization, geometrical parameters, molecular 

electrostatic potential maps and frontier molecular orbital analyses of some 

complexes were carried out by DFT methods and compared with experimental X-

ray diffraction. Molecular electrostatic potential diagrams reveal that the negative 

charge on S atoms and positive charge on N atoms of NCS2 support the partial 

double bond character of C-N (thioureide) bond.  

The anion (F-, Cl-, Br-, I- and benzoate ions) binding studies with thirteen 

complexes were carried out using cyclic voltammetry. Generally, nickel complexes 

containing pyrrole and ferrocene moieties prefer to bind with I-, whereas pyrrole 

and ferrocene based Zn(II) complexes exhibit affinity for F- and  Br-, respectively. 

Macrocyclic pyrrole based Ni(II) and Cu(II) complexes show marked 

electrochemical change to F-. This study indicates that transition metal 

dithiocarbamate complexes containing pyrrole and ferrocene moieties can be used 

for sensing anions. 

Monometallic sulfide (cobalt sulfide, nickel sulfide, copper sulfide and 

zinc sulfide) nanoparticles were prepared from homoleptic metal complexes 

with pyrrole based dithiocarbamates. Cobalt(III), nickel(II), copper(II) and 

zinc(II) complexes with ferrocenyl based dithiocarbamates were used as single 

source precursors for the preparation of bimetallic sulfide (cobalt-iron sulfide, 



nickel-iron sulfide, copper-iron sulfide and zinc-iron sulfide) nanoparticles. The 

as-prepared nanoparticles were characterized by X-ray diffraction (XRD), 

transmission electron microscopy (TEM), energy dispersive X-ray analysis 

(EDAX), IR, UV-vis and fluorescence spectroscopy. XRD and TEM studies 

demonstrate that the metal-dithiocarbamate complexes were found to be 

effective single source precursor for the preparation of various phases,  shapes 

and sizes of monometallic and bimetallic sulfide nanoparticles. IR spectral 

studies confirm the presence of capping agent (triethylenetetraamine) and the 

absence of dithiocarbamate ligands in monometallic and bimetallic sulfide 

nanoparticles. 

 Photocatalytic activities of as-prepared monometallic sulfides and 

bimetallic sulfides were assessed by decolourisation of methylene blue and 

rhodamine-B in aqueous solution under ultraviolet light. This study indicates 

that in general, bimetallic sulfide nanoparticles are found to be more efficient 

photocatalysts than monometallic sulfide nanoparticles. 

14. Contribution to the Society 

 Binding studies show that metal dithiocarbamate complexes are useful in the 

electrochemical sensing of anions. As a consequence of the fundamental 

roles played by negatively charged species in a range of biological, 

chemical, medical and environmental processes, the receptors to recognize 

and sense anions are useful to the society. 



  Monometallic sulfide and bimetallic sulfide nanoparticles with various 

phases and morphologies were prepared using metal dithiocarbamate 

complexes as single source precursors. Single source precursors are usually 

safer and more stable than the dual precursor systems.  

 The properties studied of various metal sulfide nanoparticles in the present 

study can help to provide their use in near future as photovoltaic and 

thermoelectric devices. 

  The prepared nanoparticles showed effective photocatalytic activity towards 

the degradation of methylene blue and rhodamine–B which indicates their 

probable application in waste water treatment. 

15. Whether any Ph.D. Enrolled/Produced out of the Project: 

 Ph.D.  Produced : YES  

Candidate Name : G.Gurumoorthy  

Awarded  on : 12-5-2017 
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