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Abstract 

      A novel mononuclear complex of the type [Zn(S-2-BIT)3(O-SO3)(CH3OH)2] (where 2-BIT = 2-benzimidazolethiole) was 

synthesized and its structure was investigated by elemental analysis, FT-IR spectroscopy, UV-Vis spectroscopy, and single 

crystal X-ray diffraction. The crystal structure of the complex show that, crystallizes in the triclinic P1 ̅space group, with 

a=9.2946(13) Å, b= 10.1997(13) Å, c= 17.345(3) Å, β=105.494(7)օ , V= 1516.3(4) Å3, R1= 0.0316, wR2= 0.0843. In this 

complex, the distorted tetrahedral arrangement around the Zinc(II) atom is formed by three sulfur atoms from the 2-MBI ligand 

and one oxygen atom from the sulfate ion, and the crystal lattice structure of the complex also contains two uncoordinated 

methanol molecules that formed N-H...O and O-H...O intermolecular hydrogen bonds.  
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1. Introduction 

     The design and synthesis of metal complexes of d-

block with heterocyclic ligands containing a sulfur 

atom have been in perpetual interest in a variety of 

biological activities such as antitumor, antibacterial, 

antifungal and antiviral activity [1-3]. Also, a variety 

of dinuclear and polynuclear transition metal 

complexes of S-donor ligand have been widely used as 

powerful catalysts in the cycloaddition of alkyne 

derivatives to produce benzene derivatives [4]. 

Zinc(II) has adjustable coordination number and they 

can simply form  different geometry, such as 

tetrahedral [5], trigonal bipyramidal [6], square planar 

[7], square pyramidal [8], and octahedral [9]. 2-benzi 

midazolethiole exists in a thiol and thione tautomers, 

but thione tautomer is more dominant over thiol 

isomer, as proved by X-ray crystallography structure 

analysis, and most spectroscopy identification 

(Scheme 1) [10,11]. 2-benzimidazolethiole behave as 

mono and bidentate ligand and coordinate to metals 

center through nitrogen and sulfur atoms [12]. For 

example, the trimeric copper and tetrameric zinc 

complexes of the form [N(CH2CH3)4][Cu3(MBD)2] 

and [Zn4(μ4-O)(MBT)6] have been prepared by 

solvothermal method and studied their luminescence 

properties [13]. In this paper, we have announced our 

results in the synthesis, spectral analysis, elemental 

analysis, electronic spectra, and X-ray crystallography 

analysis of one novel Zn(II) complex containing 2-

benzimidazolethiole ligand. 

 

 
   Scheme 1. Tautomerism of 2-benzimidazolethiole to thione. 

2. Experimental 

2.1 Materials and instrumentation 

 

ZnSO4.7H2O and 2-benzimidazolethiole (2-BIT) 

we used for the synthesis of the complex were 

procured from Sigma Aldrich Company. The solvents 

such as methanol, dimethylsulfoxide (purchased from 

Alfa Aesar) and were directly used in the synthesis and 

analysis of the compound. X-ray crystallographic 

diffraction data of the complexes were received on a 

Bruker Kappa Apex II diffractometer with Mo-Kα 

radiation (λ = 0.71073Å ). IR spectra (as KBr discs) in 

the range 4000-400 cm-1 was recorded on a Shimadzu 

FTIR-8400S spectrophotometer. The Electronic 

spectrum in DMSO was performed with a double-

beam LTD Shimadzu spectrophotometer (AE-

UV1609 (UK) CO.) at ambient temperature. The C, H, 
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N, and S contents were determined using a EURO EA 

300 CHNS analyzer. Molar conductivity was 

measured in DMF solutions (10-3 M) at 25 օ C by using 

Meter CON 700 Benchtop conductivity meter. The 

melting point was measured with a Stuart SMP3 

melting point apparatus. 

 

2.2 Synthesis of [Zn(S-2-BIT)3(O-SO3)(CH3OH)2] (1) 

    To a MeOH (25 ml) solution of 2-benzimidazole 

thiole (0.090 g, 0.6 mmol), an equivalent MeOH (25 

ml) solution of ZnSO4.7H2O (0.057 g, 0.2 mmol) was 

added in dropwise. In addition, the white precipitate 

was formed immediately. 3h stirred at room 

temperature was required to complete the reaction 

mixture. The resulting white mixture was filtered, the 

white crystals for X-ray analysis were obtained by 

evaporation of the filtrate after seven days. Yield: 

0.134 g (91%), m.p. 297-299 օ C. Anal. Calc. for 

C21H18N6O4S4Zn,2(CH4O) (676.13): C, 40.85; H, 

3.87; N, 12.43; S, 18.97. Found: C, 40.61; H, 3.89; N, 

12.48; S, 19.15 %. Molar conductivity (DMF, 10-3M): 

65 (Ω−1 cm2 mol−1) indicates that it is an electrolyte. IR 

(cm-1): 3530 (CH3OH), 3247 ν(N-H), 3117 ν(ArC-H), 

1462 ν(ArC=C), 1354 ν(C-N). UV-Vis (DMSO, λmax 

nm): 320, 290. 

 

2.3 X-ray crystal structure determination 

    White single crystals with a suitable quality of 

[Zn(S-2-BIT)3(O-SO3)(CH3OH)2] (1) (0.13 x 0.34 x 

0.50  mm) were produced by slow evaporation of 

methanol solution under normal condition. Crystal 

data of 1 was received on a Burker Kappa Apex II 

diffractometer equipped with Mo Kα radiation 

(λ=0.71073 Å) at 296K. The SHELXS was used to 

manipulate the complex structure and least-squares 

procedures on the SHELXL program was used to 

refine the structure [l4,15]. Non-hydrogen atoms were 

refined anisotropic parameters. Hydrogen atoms 

bonded to carbon and nitrogen atoms in the models 

were calculated by (HFIX 147 of SHELX program) 

[14]. APEX-II and SAINT were used for data 

collection, data reduction, and cell refinement [16]. 

Crystallographic data and structure refinement details 

of 1 are summarized in Table 1. 
Table 1: Crystal data and structure refinement for complex 1. 

Empirical Formula                  C21H18N6O4S4Zn,2(CH4O) 

Formula weight  676.13   
T/K 296 

Wavelength λ/Å 0.71073   

Crystal system  triclinic 
Space group P1̅ 
Crystal size/mm 0.13 x 0.34 x 0.50   
a/Å 9.2946(13)   

b/Å 10.1997(13)     

c/Å 17.345(3)   
α/օ  99.673(6)    

β/օ  105.494(7)    

γ/օ  100.564(6)   
V/Å3 1516.3(4)   

Z 2 

Density(calc.)/g cm-1 1.481   

Absorption coefficient (mm-1) 1.132   

θ ranges for data collection (օ ) 

Dataset 
Tot., Uniq. Data                            

1.3-28.3   

-12:12; -13:13; -23:23      
53641,7553 

F(000) 696 

Nref 7553 
Npar 365 

Rint                                  0.027   

R1, wR2  0.0316,0.0843 
S 

(I>2ϭ(I))                                                         

1.05   

6057   

Largest diff peak and hole/e-,Å-3 -0.38,0.52 

 

3. Result and Discussion 

     The Zn(II) complex was synthesized by reactions 

of the ligand (2-BIT) with ZnSO4.7H2O in Methanol 

at room temperature (Scheme 2). Complex 1 was 

produced as white crystals in good yield suitable for 

single crystal X-ray structure analysis. 
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                     Scheme 2. Synthesis of Zn(II) complex. 

 

3.1 FTIR Studies 

       In the IR spectrum of the ligand (2-BIT), the 

medium intensity peak at 3153 cm-1 can be related to 

the stretching vibration of the NH group which is 

shifted by 97 cm-1 to a higher frequency, is indicative 

of the formation of (N-H….O) intermolecular 

hydrogen bonding in the crystallized complex [17,18]. 

The absence of the stretching vibration of the thiol 

(SH) group at 2561 cm-1 in the IR spectrum of the 

complex, confirms that the thione tautomer to be more 

dominant over thiol Tautomer in the solid complex 

[19]. The broad medium intensity band for the 

complex at 3533 cm-1 could be assigned to the ν(O-H) 

vibration of the methanol molecule that crystallized in 

the complex [20]. In the IR spectrum of complex, the 

band at 538 cm-1 may be attributed to Zn-O vibration 

while the band at 459 cm-1 is ascribed to Zn-S 

vibrations [21,22].  

 

3.2 UV-Vis Studies 

 

      The UV-Vis spectra of the free ligand and the 

complex were investigated in dimethyl sulfoxide (10-3 

mol. L-1) at room temperature. As shown in Fig. 1, the 

free 2-BIT ligand shows two bands at 324 nm and 300 

nm, while the absorption spectra of the Zn-
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coordination complex were blue-shifted by 4 nm and 

10 nm respectively which is an indication of C=S 

coordination to the Zn(II) center [23]. These bands of 

complex are assigned to intraligand charge transitions 

of 2-BIT. Zn(II) metal complexes have filled d orbital 

and form a diamagnetic complex [24]. The 

diamagnetic property of this zinc complex upholds in 

the presence of intraligand charge transfer and no d-d 

transition proposing its distorted tetrahedral geometry 

[25]. 

 

       Fig.1.  Electronic spectra of 2-MBI ligand and complex 1. 

3.3 X-ray crystal structures description 

      The molecular structure of the complex with the 

atomic numbering scheme is shown in Fig. 2 and 

selected bond angles and bond distances are collected 

in Table 2. Single crystal X-ray analysis reveals that 

complex 1 crystallizes in the triclinic system with a 

space group P1 ̅. The asymmetric unit of complex 1 

contains one Zn(II) ion, three 2-BIT ligands, one 

coordinated Sulfate ion, and two lattice methanol 

molecules. Zn(II) ion is surrounded by three sulfur 

atoms from the 2-BIT ligands and one oxygen atom 

from the Sulfate ion, and exhibits distorted tetrahedral 

geometry. The Zn1-S1, Zn1-S2, Zn1-S3, and Zn1-O41 

bond distances of 2.3367(8), 2.3156(8), 2.3246(8), and 

1.9654(17) Å are close to those described in other zinc 

complexes [26-28]. As presented in Table 2, the bond 

angles about the Zn(II) metal ion deflect from the 

standard value of 109օ  predicted for tetrahedral 

geometry, as demonstrated by the angles S1-Zn1-S2, 

S1-Zn1-S3, S1-Zn1-O41, and S2-Zn1-O41 (102.98(3), 

111.97(3), 103.34(5), and 117.08(5)օ  respectively). In this 

complex, the 2-BIT ligand acts as a monodentate 

ligand and is coordinated to the Zn(II) ion through the 

sulfur atom. In the crystal structure of 1, there are 

intermolecular N-H...O, and O-H...O hydrogen bonds 

the nitrogen atoms of 2-BIT ligand acts as proton 

donors, whereas the oxygen of sulfate ion acts as 

proton acceptors. Lattice methanol molecules also act 

as a proton donor and an acceptor at the same time and 

forming O-H...O and N-H...O hydrogen bonds as 

shown in Table 3. 

 
   Fig. 2. Single crystal x-ray molecular structure of [Zn(S-2MBI)3 

(O-SO3)] (CH3OH)2 

Table 2. Selected bond distances (Å) and bond angles (օ ). 

    Bond distance                                      Bond angle 

Zn1-S1       2.3367(8)         S1-Zn1-S2           102.98(3)    

Zn1-S2       2.3156(8)   S1-Zn1-S3           111.97(3)    

Zn1-S3       2.3246(8) S1-Zn1-O41        103.34(5) 

Zn1-O41    1.9654(17)      S2-Zn1-S3           110.80(3)    

S1-C17       1.706(2)      S2-Zn1-O41        117.08(5)    

S2-C27       1.709(2) S3-Zn1-O41        110.23(5)    

S3-C37       1.714(3)      Zn1-S1-C17        108.34(7)    

S4-O41       1.4944(16)      Zn1-S2-C27        107.86(7)    

S4-O42       1.4525(17)      Zn1-S3-C37        100.95(8)    

N11-C11     1.390(3)      Zn1-O41-S4        141.35(10)    

N12-C12     1.387(3)      S1-C17-N11        128.78(15) 

 

Table 3.  Hydrogen bonds (Å, օ ) for complex 1. 

   D-H...A   D-H   H...A  D...A D-H...A  

O5--H5..O42 0.8200      1.9300    2.748(3)      173.00    
O6--H6..O43 0.8200      1.9400    2.753(3)      173.00    

N11--H11..O41 0.8600      1.9700    2.748(2)      150.00 

N12--H12..O5           0.8600      1.8500    2.709(3)      172.00 
N21--H21..O42          0.8600      1.8800    2.732(2)      168.00      

N22--H22..O44          0.8600      1.9100    2.721(2)      157.00    

N31--H31..O41          0.8600      2.5600    3.178(2)      129.00      
N31--H31..O43 0.8600      1.9400    2.785(2)      165.00      

N32--H32..O6 0.8600      1.9200    2.754(4)      162.0   

4. Conclusions 

      In conclusion novel complex of zinc(II) metal 

derived from 2-benzimidazolethiole (2-BIT) ligand 

has been synthesized and structurally characterized. 

The metal atom in the complex was tetrahedrally 

coordinated by three S-donor 2-BIT ligands and one 

O-SO3. The geometry of the resulting complex was 

found to be a distorted tetrahedral. The UV-Vis 

spectrum of the complex display’s bands at 320 nm 
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and 290 nm, which are corresponding to intraligand 

charge transfer transition. 

 

5. Supplementary Data 

Crystallographic data for the analysis have been 

deposited with the Cambridge Crystallographic data 

center, CCDC deposit number is 1991209 (1). This 

data can be obtained free of charge via  

http://www.ccdc.cam.ac.uk/conts/retrieving.html, or 

from the Cambridge Crystallographic Data center, 12 

Union Road, Cambridge CB2 1EZ, UK; fax: +44 1223 

336 033; or e-mail: deposit@ccdc.cam.ac.uk. 
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