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ABSTRACT 
In the present investigation, seven cobalt [Co(II)] complexes were synthesized using various ligands of 
Aniline/Toluidine dithiocarbamate. The synthesized Co(II) complexes were studied for different structural and 
chemical parameters using XRD. The output obtained from X-ray studies was synthesized using Athena and Origin 
6.0 software. The results of the investigation were used in determining the structures of the synthesized complexes. 
The results of the study revealed that the particle size of synthesized cobalt complexes ranged between 39.7 and 
117.3 nm. The lattice constant of Co(II) complexes was found 7.57-10.57 Å. The synthesized Co(II) metal 
complexes behaved as symmetric bidentate ligand during complexation and carry no charge and were found 
thermally stable. 
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INTRODUCTION 
Cobalt is a chemical element with the symbol Co and atomic number 27.1 Like nickel, cobalt is found in 
the Earth's crust only in chemically combined form, save for small deposits found in alloys of natural 
meteoric iron.2 The free element, produced by reductive smelting, is a hard, lustrous, silver-gray metal. 
Cobalt is a weakly reducing metal that is protected from oxidation by a passivating oxide film. It is 
attacked by halogens and sulfur. As for all metals, molecular compounds and polyatomic ions of cobalt 
are classified as coordination complexes, that is, molecules or ions that contain cobalt linked to several 
ligands.3-5 The principles of electronegativity and hardness–the softness of a series of ligands can be used 
to explain the usual oxidation state of cobalt.6 For example, Co+3 complexes tend to have ammine ligands. 
Cobalt is essential to the metabolism of all animals. It is a key constituent of cobalamin, also known as 
vitamin B12, the primary biological reservoir of cobalt as an ultra trace element.7 Bacteria in the stomachs 
of ruminant animals convert cobalt salts into vitamin B12, a compound which can only be produced by 
bacteria or archaea. A minimal presence of cobalt in soils therefore markedly improves the health of 
grazing animals, and an uptake of 0.20 mg/kg a day is recommended because they have no other source of 
vitamin B12.8-9 Proteins based on cobalamin use corrin to hold the cobalt. Coenzyme B12 features a 
reactive C-Co bond that participates in the reactions. In humans, B12 has two types of alkyl ligand: 
methyl and adenosyl. MeB12 promotes methyl (−CH3) group transfers. The adenosyl version of B12 
catalyzes rearrangements in which a hydrogen atom is directly transferred between two adjacent atoms 
with concomitant exchange of the second substituent, X, which may be a carbon atom with a substituent, 
an oxygen atom of an alcohol, or an amine. Methylmalonyl coenzyme A mutase (MUT) converts MMl-
CoA to Su-CoA, an important step in the extraction of energy from proteins and fats.10 Although far less 
common than other metalloproteins (e.g. those of zinc and iron), other cobaltoproteins are known besides 
B12. These proteins include methionine aminopeptidase 2, an enzyme that occurs in humans and other 
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mammals that does not use the corrin ring of B12, but binds cobalt directly. Another non-corrin cobalt 
enzyme is nitrile hydratase, an enzyme in bacteria that metabolizes nitriles.11 
Dithiocarbamates, the half amides of dithiocarbonic acids, was discovered as a class of chemical 
compounds in the history of organosulfur chemistry. These are a versatile class of monoanionic 1,1-dithio 
ligands and as they are easily prepared, a wide range of chemistry has been developed around them12-14. 
Complexes of dithiocarbamate ligands like dithiocarbamate themselves have practical application in 
agriculture and for treatment of alcoholism15-16 recently gold (III) dithiocarbamate complexes have been 
prepared and used for the treatment of human cancer by suppressing tumor growth via direct inhibition of 
the proteasome activity.17 Complexes of transition metals with mixed ligands, S and N as donor atoms 
have found great interest among other coordination complexes.18-20 Considering these facts, the present 
study was conducted to synthesize the Co(II) complexes with aniline/toluidine dithiocarbamate ligands 
and their properties were studied using the XRD technique.  
 

EXPERIMENTAL 
Preparation of Ligands 
In the present investigation, Chloroaniline dithiocarbamate21, Nitroaniline dithiocarbamate22, 
Fluoroaniline dithiocarbamate23 and Toluidine dithiocarbamate24 ligands were synthesized and used as a 
complexing agent for Co(II). The ligands were prepared by adding 0.01 M of aniline/toluidine to 0.016 M 
solution of NaOH in 15 ml distilled water with continuous stirring. The mixture was refluxed for two 
hours and further, it was cooled in ice.  The ligands were precipitated by the dropwise addition of carbon 
disulphide. The formed ligands were extracted by ether, filtered, washed with acetone and dried in 
vacuum.21-24 
 

Synthesis of Co (II) Complexes 
The cobalt [Co(II)] complexes with synthesized ligands were prepared by mixing 1:2 molar quantities of 
metal salt and ligand. The cobalt chloride salt (CoCl2) was dissolved in distilled water and ligand aniline / 
toluidine dithiocarbamate was dissolved in ethanol.21-22 The two solutions were mixed with continuous 
stirring. The complex produced in the form of precipitate was filtered off, washed with acetone and water 
in equal quantities (1:1). The product was dried in vacuum.23-24 The fine powder of the formed complexes 
was used for further analytical studies. 
 

XRD Studies 
The XRD measurements were obtained by using the Bruker D8 Advance X-ray diffractometer. 
Monochromatic X-rays, in an exceedingly narrow, well-collimated beam were used. The X-rays were 
created employing a sealed tube and the wavelength of X-rays was 1.54 Å.25 The study was carried out at 
UGC-DAE Consortium for Scientific Research, Indore (M.P.). The results from all the samples of cobalt 
were interpreted using Origin 6.0 software. 
 
Determination of Lattice Constants (Å)  
The lattice constants were determined using Bragg’s equation for all the complexes synthesized.26-27 
Bragg’s equation used is as follows: 

2dsinθ  = nλ 
Where d is the interplanar distance and calculated as 𝑑 =  

ℎ  
 ; 

θ is the incident angle; 
n is a positive integer; 
λ is the wavelength of incident radiation and  
h, k and l are the Miller Indices. 

 
Determination of Particle Size (nm) 
The particle size of all the complexes was determined using the Scherrer’s equation as follows28-29: 

𝜏 =  
𝐾𝜆

𝛽𝐶𝑜𝑠𝜃
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Where, 
τ is the particle size; 
K is the dimentionless shape factor; 
λ is the wavelength of incident radiation; 
β is the  line broadening at half the maximum intensity and 
θ is the Bragg angle. 

RESULTS AND DISCUSSION 
XRD Studies of Cobalt [Co(II)] Complexes 
The details of synthesized cobalt [Co(II)] complexes with prepared ligands of aniline/toluidine 
dithiocarbamate30 is presented in Table-1. Seven different complexes of cobalt [Co(II)] were synthesized 
using aniline/toluidine dithiocarbamate ligands following the standard methods.21-24 Out of seven ligands, 
three were synthesized with nitroaniline dithicarbamate ligand21, two were with chloroaniline 
dithicarbamate22 and each one was formed using toluidine dithicarbamate23 and fluoroaniline 
dithicarbamate24 (Table-1). 
 

Table-1: Details of Cobalt [Co(II)] Mixed Ligand Complexes 
Abbreviation Complex Name Molecular Formula 

Co-1 Co(o-Nitroaniline dithiocarbamate)2 Co(C7H4N2S2O2)2 
Co-2 Co(p-Nitroaniline dithiocarbamate)2 Co(C7H4N2S2O2)2 
Co-3 Co(m-Nitroaniline dithiocarbamate)2 Co(C7H4N2S2O2)2 
Co-4 Co(o-Chloroaniline dithiocarbamate)2 Co(C7H4S2NCl)2 
Co-5 Co(p-Chloroaniline dithiocarbamate)2 Co(C7H4S2NCl)2 
Co-6 Co(4-Fluoroaniline dithiocarbamate)2 Co(C7H4S2NF)2 
Co-7 Co(p-Toluidine dithiocarbamate)2 Co(C8H7NS2)2 

 

The formed cobalt [Co(II)] complexes were processed like washing and drying, grinding and mixing to 
yield a homogenous powder. The thoroughly mixed and ground dry powder complexes were used for 
XRD studies.  
 
XRD Pattern of Cobalt Complexes 
All seven cobalt [Co(II)] complexes synthesized were studied and characterized at room temperature.25 
For this purpose, the Co Kα radiation was used during the XRD investigation. The XRD pattern of 2θ 
ranging between 10° and 60°were recorded. The indexing of the XRD pattern was carried out using the 
Joint Committee for Powder diffraction optical phenomenon computer code (JCPDF). The lattice 
constants (Å) and particle size (nm) of cobalt [Co(II)] complexes synthesized with ligands of 
aniline/toluidine dithiocarbamate were determined using Bragg’s equation and Scherrer’s equation, 
respectively. The X-ray diffraction patterns of the synthesized cobalt complexes are presented in Fig.-1. 
 
The Particle Size of Co(II) Complexes 
The particle of the Co(II) complexes was determined from the XRD pattern employing the Scherrer’s 
equation.26-27 The particle size of the various cobalt complexes under study is presented in Table-2. 

 

Table-2: Particle Size and Lattice Constant of Synthesized Cobalt [Co(II)] Complexes 
 

Abbreviation Co(II) Complex Particle Size (nm) Lattice Constant (Å) 
Co-1 Co(o-Nitroaniline dithiocarbamate)2 71.1 10.57 
Co-2 Co(p-Nitroaniline dithiocarbamate)2 52.2 7.97 
Co-3 Co(m-Nitroaniline dithiocarbamate)2 39.7 9.86 
Co-4 Co(o-Chloroanilinedithiocarbamate)2 59.1 8.67 
Co-5 Co(p-chloroanilinedithiocarbamate)2 117.3 8.28 
Co-6 Co(4-Floroaniline dithiocarbamate)2 60.4 8.34 
Co-7 Co(p-Toludinedithiocarbamate)2 75.6 7.57 

 

The particle size of Co(II) complexes ranged between 39.7nm and 117.3nm. The highest particle size of 
117.3 nm was observed for the cobalt complex synthesized using p-Chloroaniline dithiocarbamate (Co-5) 
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whereas the lowest particle size was recorded for Co-3 complex [Co(m-Nitroaniline dithiocarbamate)2]. 
The cobalt complexes followed the below trend concerning the particle size: 

Co-5 > Co-7 > Co-1 > Co-6 > Co-4 > Co-2 > Co-3 
The synthesized cobalt complexes showed a noticeable difference in particle size due to the nature and 
position of the ligand and ligand forming group, respectively (Table-2). The earlier reported works 
conform with present findings.31-36 

 

Fig.-1: XRD Pattern of Synthesized Cobalt [Co(II)] Complexes 

 
Co(2-Chloro aniline dithiocarbamate)2 

 
Co(2-Nitro aniline dithiocarbamate)2 

 
Co(3-Nitro aniline dithiocarbamate)2 

 
Co(4-Chloro aniline dithiocarbamate)2 

 
Co(4-Nitro aniline dithiocarbamate)2 

 
Co(4-Fluoro aniline dithiocarbamate)2 

 
Co(p-toluidine dithiocarbamate)2 

10 20 30 40 50 60
0

200

400

600

800

1000

1200

1400

1600

1800

2000

10 20 30 40 50 60

0

2000

4000

6000

8000

10000

12000

10 20 30 40 50 60

0

500

1000

1500

2000

2500

3000

3500

10 20 30 40 50 60 70
0

50

100

150

200

250

300

10 20 30 40 50 60

200

400

600

800

1000

1200

1400

1600

1800

10 20 30 40 50 60 70

0

100

200

300

400

500

600

700



 
  Vol. 13 | No. 3 |1878-1884| July - September | 2020 

1882 
XRD STUDY OF COBALT [Co(II)] COMPLEXES                                                                                                                     Anurag Geete et al. 

 
Fig.-2: Suggested Structures of Synthesized Cobalt [Co(II)] Complexes 

 

The Lattice Constant of Co(II) Complexes 
The lattice constant of the Co(II) complexes was determined from the XRD pattern employing the 
Bragg’s equation.28-29 The Lattice constant for various cobalt complexes under study is presented in 
Table-2.  The Lattice constant of Co(II) complexes ranged between 7.57 Å and 10.57 Å. The cobalt 
complex synthesizes using o-Nitroaniline dithiocarbamate(Co-1) showed the highest Lattice constant 
whereas the Co(II) complexed formed with p-Toluidine dithiocarbamate (Co-7) recorded the lowest value 
of Lattice constant. The cobalt complexes followed the below trend concerning the Lattice constant: 
 

Co-1 > Co-3> Co-4 > Co-6> Co-5 > Co-2> Co-7 
The synthesized cobalt complexes showed a noticeable difference in Lattice constant due to the nature 
and position of ligand and ligand forming group, respectively (Table 2). The earlier reported works 
conform with present findings.31-36 

 
Structures of Synthesized Cobalt [Co(II)] Complexes 
Based on the X-ray diffraction studies, particle size and lattice constant of the obtained Co(II) complexes 
the structures for the same were suggested. Considering the chemistry of reactants, ligands and cobalt (II) 
ion and obtained results of complexes, the suggested structures are presented in Fig.-2. The earlier 
reported works conform with present findings.31-36 
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Suggested Structures of Co(II) Complexes 
Based upon the XRD investigation of the synthesized Co(II) metal complexes with aniline/toluidine 
dithiocarbamate, the structures of the complexes have been suggested and presented in Fig.-2. In all the 
complexes, cobalt Co++ ion occupied central position forming bonds with sulfur.  
 

CONCLUSION 
The seven cobalt [Co(II)] complexes synthesized using various Aniline/Toluidine dithiocarbamate 
ligands. The XRD investigation of seven cobalt [Co(II)] complexes revealed that, the particle size of 
synthesized complexes ranged between 39.7 and 117.3 nm. The lattice constant of Co(II) complexes was 
found 4.33-4.92Å. The synthesized Co(II) metal complexes behaved as symmetric bidentate ligand during 
complexation and carry no charge and were found thermally stable.  
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