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ABSTRACT 

 

Hg(II) complex of benzimidazole and benzoate ion have been synthesized 

and characterized by various physic-chemical techniques viz., elemental analysis, 

metal estimation, molar conductance, electronic spectra, IR & Far-IR,NMR spectral 

studies. Based on elemental analysis, metal estimation and spectral studies four 

coordinated geometry were assigned to Hg(II) complex. The cyclic voltammogram of 

the complex shows quasi reversible one electron transfer reaction. The monoclinic 

crystal natures of the complex were also confirmed by the powder X-ray diffraction 

study. The microorganisms Klebsiella Pneumonia, Proteus vulgaris and Bacillus 

subtilis of the complex was done by agar well diffusion method using standards. On  

comparing with standard and ligand, benzimidazole. The complex show potent 

biological activities. 
 

Keywords: Hg(II) complex, benzimidazole, benzoate ion, powder X-ray diffraction. 

 

INTRODUCTION 

 

Metal ions play vital roles in biological process due to the field concerned with the 

application of inorganic chemistry and medicinal inorganic chemistry.1 nitrogen based ligands 

have great  attention because of their variety of applications in various fields viz., antitumor, 

antiviral, antibacterial, antifungal and antioxidant.2 benzimidazole and its derivatives are the 
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important class of aromatic heterocyclic compounds having antimicrobial, anticancer,                      

anti-inflammatory, antiviral and anticonvulsant.3-5 transition metal complex of benzimidazole 

used as catalyst for hydrogenation, hydroformylation and oxidation.6 microwave assisted 

reaction are effective, low cost, high yield green technology.7-10 in this paper, we have reported 

the microwave assisted synthesis of Hg(II) complex and characterized by physico-chemical, 

spectral and biological methods. 

 

MATERIALS AND METHODS 

 

All the chemicals used were of AR grade from Alfa Aesar and were used as such. 

Microwave irradiations were used for the synthesis of complexes from domestic microwave 

oven. The elemental analysis of the complex was carried out using (Thermo Finnegan make, 

Flash EA1112 series) CHNS(O) analyzer instrument. The metal ion estimated by 

gravimetrically using standard procedure. The molar conductance of 10-3 M complex in 

acetonitrile was conducted using Systronic Conductivity Bridge at 250C. The cyclic 

voltammetry of the complex were carried out using Princeton applied research cyclic 

voltammogram. The diffused reflectance spectra of the complex in the solid state were 

measured using Varian carry-5000 model UV-Visible spectrophotometer. IR spectra of the 

free Benzimidazole and its complex were carried out using Schimadzu FT-IR8400s 

spectroscopy at 4000-400 cm-1 wave number with KBr pellet technique. The Far IR spectrum 

of the complex was recorded in a Bruker make, 3000 Hyperion Microscope with Vertex 80 

FTIR system model instruments. The 1H & 13C - NMR spectra of the ligand and its complex 

were carried out using Bruker Avance III 500 MHz instruments in DMSO-d6. The X-ray 

diffraction (powder method) study of the complexes was carried out using D8 Focus, Bruker 

instrument. The antibacterial and antifungal activities of Benzimidazole and its complex were 

done by in-vitro Agar well diffusion method using Amikacin and ketoconazole as a standard 

for bacterial and fungal strain respectively. 

 
Figure-1: Structure of benzimidazole 

 
Preparation of complexes 

 

The Hg(II) complex was synthesized by mixing Benzimidazole 0.87g (7.36 mmol) in 

5ml methanol to the mercury chloride 1g (3.68 mmol) in 5ml methanol and  then sodium 

benzoate 1.06g (7.36 mmol), in 5 ml ethanol was added to the above mixture, the whole 
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mixture was irradiated on a microwave oven for 10 sec. The precipitated colorless complex 

was filtered and washed with ethanol, dried in vacuum desiccators and kept in an airtight glass 

contained. 

 

RESULTS AND DISCUSSION 

 

i) Molar conductance measurements 

 

The prepared complex is colorless, (Yield 75%), stable under ordinary condition, non-

hygroscopic, insoluble in water but soluble in organic solvent viz., DMSO & DMF. The results 

of micro analytical data are in good agreement with calculated values. Based on the micro 

analytical data and estimation of metal ion, the complex show the formula of [Hg(BI)2(Benz)2]. 

The molar conductance of the complex in CH3CN at 10-3M concentration shows the values of 

17.50 Ohm-1cm2mole-1 confirming the non-electrolyte (1:0 type).11  

 

ii) Electronic Absorption Spectral study 

 

The electronic absorption spectra of diamagnetic Hg(II) complex show no appreciable 

absorbance in the visible region. They give only charge transfer transitions (C-T bands) at                   

270 nm in accordance with the filled d-orbital electronic configuration of the divalent Hg(II) 

ions. These transitions suggest the tetrahedral geometry for Hg(II) complexes.12  
 

iii) IR and Far-IR Spectral studies  

 

Ligand pierce into the coordination sphere, complex formation and metal association 

atom of the complex predicted from IR and Far-IR spectral data. IR spectra of free 

Benzimidazole exhibits strong stretching frequencies at 1650 cm-1 indicating the ν(C=N) 

which is shifted to lower frequency at 1610 cm-1 it may confirmed by metal ion can coordinated 

through the nitrogen atom.13 The other frequencies ν(N-H) at 3200-3100 cm-1; ν(C-N) at 1270-

1290 cm-1 and ν(C-H) aromatic at 3100-3300 cm-1; are shifted to 3294 cm-1, 1275 cm-1  and 

3054 cm-1 respectively indicating the Benzimidazole can enter into the coordination sphere.  

The mixed ligand benzoate ion shows the aromatic ν (C=C) at 1400 cm-1 and ν( C=O) 

at  1680 cm-1   in complex these frequencies are shifted to 1460 cm-1 and 1703 cm-1 respectively 

confirming the additional ligand also enter into the sphere.  metal ligating ability of complex 

also predicted and confirming the  ν(M-N) and ν(M-O) coordination.14  Hg-N (Imidazoles 

nitrogen atom of C=N) at 436 cm-1  and Hg-O (benzoate ion ) at 417 cm-1 confirming metal 

ligating atom ability from Far-IR spectra. 
 

iv) 1H and 13C NMR spectra 
 

1H-NMR and 13C-NMR spectra of the diamagnetic Hg(II) complex were carried out 

in DMSO-d6 using Tetramethylsilane as an internal standard. The 1H-NMR spectra of free 
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Benzimidazole shows chemical shift values at 12.53 ppm, 8.25 ppm and 7.17-7.20 ppm  

corresponding to N-H, H-C=N and aromatic C-H groups respectively these are shifted to 

downfield or up field at 12.70 ppm, 8.42 ppm and 7.19-7.20 ppm respectively in the complex 

confirming the complexation nature of ligands to the metal ions.15 in 13C-NMR of Benzimidazole 

gives the chemical shift values at 142.42 ppm, 122.20 ppm, 118.20 ppm and 113.07 ppm 

corresponding to four different carbon atoms of ligand which are downfield/up field in the 

complex at143.43 ppm, 123.10 ppm, 119.73 ppm and 116.88 ppm respectively.16 

   

V) Powder X-ray diffraction  
 

The Bragg angles and the set of inter planar spacing obtained by measuring the X-ray 

diffraction patterns of the complexes were related to the unit cell parameters and Miller 

indices. The XRD patterns indicate the crystalline nature of the complex. The cell of the Hg(II) 

complex yielded values of lattice constant: a = 8.155 Å, b = 9.713 Å and c = 6.233 Å with the 

crystal angles of α = 90°, β = 92°,  γ = 90° and a unit cell volume of 493.71 g/m3. The condition 

of these parameters are a ≠ b ≠ c and α = β ≠ γ = 90 °and this indicates the orthorhombic crystal 

system.17 

 
Table-1: X-RAY diffraction data of the complex 

 

Angle 

2-Theta ° 

d value 

Angstrom 

Intensity 

Count 

Intensity 

% 
h k l 

20.715 4.28453 98.5 8.0 1 1 1 

21.238 4.18015 272 22.1 1 2 0 

25.636 3.47209 118 9.6 1 2 1 

26.517 3.35869 1235 100.0 2 0 1 

27.222 3.27335 151 12.3 2 1 1 

30.223 2.95472 328 26.6 0 1 2 

33.543 2.66949 143 11.6 1 3 1 

35.874 2.50121 542 43.9 2 3 0 

38.295 2.34846 36.1 2.9 2 3 1 

38.792 2.31952 115 9.3 1 4 0 

42.316 2.13414 80.5 6.5 1 3 2 

46.384 1.95600 96.9 7.9         3  3 1 

 

vi) Bio-potential activities 

 

Antibacterial and antifungal activities 

 

The In-vitro antibacterial activity of Hg(II) complex were done by Agar well diffusion 

method using Amikacin as an standards and DMSO as the solvent control. Metal-chelates 

exhibit significant activities against Klebsiella Pneumonia, Proteus vulgaris and Bacillus 

subtilis than the ligand Benzimidazole. However lipophilicity, chelate nature and neutral 

nature of complex shows its higher activity than the ligand.18  
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Figure-2 

MIC values of Klebsiella Pneumonia, Proteus vulgaris and Bacillus subtilis 
 

CONCLUSION 

 

In this paper, the Hg(II) complex of Benzimidazole and benzoate ion was synthesized 

using  microwave irradiated method and characterized on the basis of analytical, spectral, X-

ray diffraction method and Biological methods. The formulae of the Hg(II) complex 

[Hg(Bz)2(Benz)2] and they are non-ionic, neutral and non-electrolyte. The solid state diffused 

reflectance spectra reveal that the complex has tetrahedral geometry. X-ray crystal structure 

of the complex confirmed by its monoclinic crystal nature. The bio-potential activities show 

the complex is biologically active against the tested microorganisms than the free ligand.  
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