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ABSTRACT 
 
A bidentate ligand (NS type) with benzodiazole moiety has been synthesized by the condensation of 2-
thiophenecarboxaldehyde with o-phenylenediamine. Complexes of type [ML2]⋅2H2O (M = Cu (II), Zn (II), Co (II), 
Cd(II) and Ni(II)) have been derived from the ligand. The entire complexes have been characterized using UV-
Vis, FT-IR, 1H NMR, Mass, TG-DTA and powder XRD techniques. The stoichiometry and geometry of the 
complexes were predicted based on the results obtained from the above analyses. Furthermore, all the metal 
complexes were screened for their in vitro biological activity against four bacterial strains viz., Salmonella 
typhi, Klebsiella pneumoniae, Pseudomonas aeruginosa and Escherichia coli and four fungal strains viz., Candida 
albicans, Rhizopus sp., Aspergillus fumigatus and Mucor sp. by disc diffusion method. 
 
Keywords: 2-Thiophenecarboxaldehyde, o-Phenylenediamine, Transition metal complexes, Biological evaluation. 
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INTRODUCTION 
 

Ligands derived using 1,2-phenylenediamine and their metal complexes have enormous applications including 
biological [1], clinical [2] and analytical [3]. In general, compounds with benzodiazole ring have been synthesized 
by condensation of 1,2-phenylenediamine with the corresponding aldehydes [4,5]. Schiff base ligands prepared 
using 2-thiophene-carboxaldehyde and their metal complexes having diverse biological activities [6–9].  
Furthermore, compounds containing benzodiazole group exhibit antimicrobial [10–12], anticancer [13,14], 
antifungal [15,16], antiparasitic [17], antiviral [18] and anti-inflammatory [19] activities. In addition, the 
derivatives of benzimidazole behave as good ligands for transition metal ions [20,21]. Their metal complexes having 
potential medicinal applications including highly potent against human bladder, esophagus and cervical cancer [22] and 
high cytotoxicity against human lung cancer A549 and breast cancer MCF-7 cell lines in comparison with its 
ligand from which it was derived [23]. In view of these facts, we prepared transition metal (II) complexes of ligand, 2-
(thiophen-2-yl)-1-((thiophen-2-yl)methyl)-1H-1,3-benzodiazole (L) derived from 1,2-phenylenediamine and 2-
thiophenecarboxaldehyde. The crystal structure and biological activity of this ligand was well documented in our 
previous work [24]. In this study we reported the spectral characterization, thermal analysis and biological 
evaluation of metal (II) complexes derived from ligand (L). 
 

EXPERIMENTAL SECTION 
 

The entire chemicals used in the present work viz., CuCl2⋅2H2O, ZnCl2⋅6H2O, Co(NO3)2⋅2H2O, Cd(CH3COO)2⋅2H2O and 
Ni(CH3COO)2⋅4H2O were analytical reagent grade (Aldrich) and used without further purification. Commercial 
solvents ethanol and methanol were purchased from high media (India) and used after distillation. All other reagents 
were procured from commercial sources. 
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The percentage of C, H, N and S for all the complexes were determined by using Perkin Elmer 240 (USA) elemental 
analyzer and the percentage of metal content were determined by atomic absorption spectrophotometer (Perkin Elmer 
5000). Infrared spectra of ligand and its metal complexes were recorded on Avatar 330 FT-IR, in the range of 4000–
400 cm–1 using KBr pellets. The UV-Vis spectra of the ligands and the complexes were recorded on a Shimadzu 
UV-1650PC spectrophotometer in the range of 200–800 nm. 1H NMR spectra (at room temperature) were recorded 
on a Bruker Magnet System (400 MHz/54 nm) ultra shield plus using DMSO as a solvent and TMS as internal 
standard. TG/DTA measurements were carried out under nitrogen atmosphere within the temperature range 25–
1200°C at a heating rate of 20°C/min using TA instrument, Model: Q6000SDT TG/DTA. The mass spectra were 
recorded by using JEOL GCMATE II GC-MS with data system is a high resolution, double focusing instrument 
with 6000 maximum resolution and 1500 maximum mass calibration. Melting points of the compounds were 
determined on a Gallenkamp melting point apparatus. Powder XRD was recorded using diffractometer system 
XPERT-PRO. Molar conductance of the Schiff base ligand and its transition metal complexes were determined 
in ethanol at room temperature using a CMD 750 WPA conductivity meter.  
 
Antimicrobial activity   
Antibacterial and antifungal activities of the standard antibiotics and the metal complexes were screened against four 
pathogenic bacteria viz., S. typhi, K. pneumoniae, P. aeruginosa and E. coli and four fungi viz., C. albicans, Mucor sp., 
Rhizopus sp. and A. fumigatus. Filter paper, disc agar diffusion method was used to detect the biological activities of 
the complexes. The antimicrobial screening concentration of the complexes was estimated from minimum inhibitory 
concentrations (MIC). MIC is the lowest concentration of the compound that will inhibit the growth of 
microorganisms. Pure Ciprofloxacin and Amphotericin-B were separately used as standards for antibacterial and 
antifungal activity tests, respectively. Nutrient agar was the basal medium for bacterial culture. For the bacterial 
culture a series of different concentrations of the complexes in DMSO solvent were placed on the surface of the 
culture and incubated at 37°C for 24 h, whereas for fungal culture, potato agar medium was used as basal medium 
and the complexes in DMSO solvent were also incubated at 37°C for 24 h. The growth inhibition zone was 
measured in millimeter. 
 
Preparation of complexes  
The complex preparation was carried out by mixing methanolic (50 mL) solution of ligand (0.04 mmol) with 
metal chloride or nitrate or acetate in methanol solution (0.02 mmol). The 1:2 ratio metal-ligand mixtures were 
refluxed for 4 h. The volume of reaction mixture was reduced to one-half by evaporation of solvent. On cooling, 
solid product was precipitated. The filtered product was washed with hot methanol and dried in vacuum 
desiccators over CaCl2.  
 
[CuL 2]⋅2H2O 
The crude complex was recrystallized with ethanol, yielding bluish green colour of 70%, m.p. 220°C. Anal. Calc. for 
C32H24CuN2S4 (%): C (55.51), H (4.08), N (8.09), S (18.52), M (9.18); found (%): C (55.48), H (4.03), N (8.11), S 
(18.50), and M (9.01). FT-IR (KBr, cm–1): 3413 ν(H2O), 2924, 2849 νasym, sym(C–H), 753, 720 νasym, sym(C–S), 561 ν(M–
N), 463 ν(M–S). 
 
[ZnL 2]⋅2H2O 
The complex was recrystallized with ethanol, yielding grey coloured solid of 70%, m.p. 248°C. Anal. Calc. for 
C32H28N4O2S4Zn (%): C (55.36), H (4.07), N (8.07), S (18.47), M (9.42); found (%): C (55.01), H (4.05), N (7.98), S 
(18.12), and M (9.39). FT-IR (KBr, cm–1): 3449 ν(H2O), 2967, 2761 νasym, sym(C–H), 1545 ν(C=N), 852 ν(C–S–C), 
760, 721 νasym, sym(C–S), 560 ν(M–N), 444 ν(M–S). 
 
[CoL2]⋅2H2O 
The complex was recrystallized with ethanol, yielding blue coloured solid of 67%, m.p. 258°C. Anal. Calc. for 
C32H28CoN4O2S4 (%): C (53.10), H (2.33), N (7.54), S (17.97), M (8.53); found (%): C (55.88), H (4.10), N (8.15), S 
(18.65), and M (8.57). FT-IR (KBr, cm–1): 3440 ν(H2O), 2965, 2783 νasym, sym(C–H), 1540 ν(C=N), 860 ν(C–S–C), 
755, 720 νasym, sym(C–S), 574 ν(M–N), 465 ν(M–S). 
 
[CdL 2]⋅2H2O 
The complex was recrystallized with ethanol, yielding white solid of 71%, m.p. 258°C. Anal. Calc. for 
C32H28CdN4O2S4 (%): C (51.85), H (3.81), N (7.56), S (17.36), M (15.16); found (%): C (51.70), H (3.80), N 
(7.41), S (17.19), and M (15.03). FT-IR (KBr, cm–1): 3450 ν(H2O), 2967, 2798 νasym, sym(C–H), 1540 ν(C=N), 855 ν(C–
S–C), 763, 725 νasym, sym(C–S), 565 ν(M–N), 444 ν(M–S). 
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[NiL 2]⋅2H2O 
The complex was recrystallized with ethanol, yielding green solid of 71%, m.p. 220°C. Anal. Calc. for C32H28-
NiN4O2S4 (%): C (51.65), H (4.06), N (8.12), S (18.55), M (9.01); found (%): C (55.21), H (4.01), N (7.98), S 
(18.45), M (8.98). FT-IR (KBr, cm–1): 3445 ν(H2O), 2963, 2785 νasym, sym(C–H), 1538 ν(C=N), 865 ν(C–S–C), 760, 722 
νasym, sym(C–S), 562 ν(M–N), 444 ν(M–S). 
 

RESULTS AND DISCUSSION 
 

The ligand L derived by the condensation of 2-thiophenecarboxaldehyde and o-phenylenediamine in 2:1 
molar ratio is converted to its corresponding metal complexes with metal-ligand ratio 1:2 (Fig. 1). The molar 
conductance (λm) of the metal complexes measured in ≈10–3 M solutions at room temperature (Table 1) is consistent 
with the non-electrolytic nature of the complexes. No counter ion in the proposed metal complex structure further 
confirms this nature.  

 
Fig. 1. Structure of complex 

 
Table 1. Electronic spectral data (in DMSO) and molar conductivity of the ligand and its metal complexes 

 
Ligand/complex λmaz (cm–1) Bond assignment Geometry λm (ohm–1 cm–1 mol–1) 

L 38461 (π-π*) IMCT  4.58 
 31800 (n-π*) INCT   

[CuL2]⋅2H2O 30800 (n-π*) LMCT Octahedral 6.17 
 15384 2A2g(F) → 2T1g(F)   
 10900 2A2g(F) → 2T2g(F)   
 10200 2T1g(F) → 2T2g(F)   

[ZnL2]⋅2H2O 32800 LMCT (M←N) Octahedral 5.32 
 24100 LMCT (M←S)   

[CoL2]⋅2H2O 29400 (n-π*) LMCT Octahedral 5.42 
 18200 4T1g(F) → 4T1g(P)   
 11200 4T1g(F) → 4A2g(F)   
 10100 4T1g(F) → 4T2g(F)   

[CdL2]⋅2H2O 37000 LMCT (M←N) Octahedral 6.71 
 29100 LMCT (M←S)   

[NiL 2]⋅2H2O 30700 (n-π*) LMCT Octahedral 7.12 
 21929 3A2g(F) → 3T1g(P)   
 15151 3A2g(F) → 3T1g(F)   
 11284 3A2g(F) → 3T2g(F)   

 
Table 2. Mass spectral data of metal complexes 

 
Complex Calculated (m/z) Found (m/z) Peak assignment 

[CuL2]⋅2H2O 691.04 690.63 [M] 
[ZnL2]⋅2H2O 692.04 692.55 [M] 
[CoL2]⋅2H2O 687.04 687.67 [M] 
[CdL2]⋅2H2O 742.01 739.78 [M–2] 
[NiL 2]⋅2H2O 690.01 690.61 [M] 

 
 



T. Jeyakumar et al J. Chem. Pharm. Res., 2015, 7(10):745-754 
______________________________________________________________________________ 

748 

Table 3. Thermal analysis of metal complexes 
 

Complex TG range (°C) Mass loss (%)             found (calcd.) Assignment 
[CuL2]⋅2H2O 200 5.20 (5.21) Loss of coordinated H2O molecule 

 200–1000  Decomposition of the ligand 
[ZnL2]⋅2H2O 260 5.20 (5.20) Loss of coordinated H2O molecule 

 260–1000  Decomposition of the ligand 
[CoL2]⋅2H2O 200 5.23 (5.24) Loss of coordinated H2O molecule 

 200–1000  Decomposition of the ligand 
[CdL2]⋅2H2O 260 4.85 (4.85) Loss of coordinated H2O molecule 

 260–1000  Decomposition of the ligand 
[NiL 2]⋅2H2O 255 5.15 (5.21) Loss of coordinated H2O molecule 

 255–1000  Decomposition of the ligand 
 

Table 4. Minimum inhibitory concentration of ligand and its metal complexes 
 

Ligand/complex 
Minimum inhibitory concentration (µg/mL) 

Antibacterial activity  Antifungal activity 
a b c d  e f g h 

L 100 100 25 100  25 25 100 100 
[CuL2]⋅2H2O 25 6.25 6.25 6.25  6.25 50 6.25 6.25 
[ZnL2]⋅2H2O 200 200 25 6.25  200 200 50 6.25 
[CoL2]⋅2H2O 100 100 12.5 25  6.25 100 200 6.25 
[CdL2]⋅2H2O 25 – 200 6.25  6.25 200 200 6.25 
[NiL 2]⋅2H2O 100 100 25 25  6.25 100 100 6.25 
Ciprofloxacin 5.25 4.50 6.25 5.50  – – – – 
Amphotericin-B – – – –  6.25 6.25 4.50 6.25 

a – S. typhi; b – K. pneumoniae; c – P. aeruginosa; d – E. coli; e – C. albicans; f – Mucor sp.; g – Rhizopus sp.; h – A. fumigatus. 
 

Table 5. Antibacterial and antifungal activities of ligand and its metal complexes 
 

Ligand/complex 
Diameter zone of inhibition (mm) 

Antibacterial activity  Antifungal activity 
a b c d  e f g h 

L 8 8 10 8  10 8 11 10 
[CuL2]⋅2H2O 8 12 12 14  15 8 12 14 
[ZnL2]⋅2H2O 2 2 8 15  2 2 8 12 
[CoL2]⋅2H2O 2 2 6 8  12 6 2 12 
[CdL2]⋅2H2O 8 – 2 14  14 – 2 15 
[NiL 2]⋅2H2O 4 2 6 10  10 – 4 12 
Ciprofloxacin 12 16 15 16  – – – – 
Amphotericin-B – – – –  16 12 13 12 

a – S. typhi; b – K. pneumoniae; c – P. aeruginosa; d – E. coli; e – C. albicans; f – Mucor sp.; g – Rhizopus sp.; h – A. fumigatus. 
 

Electronic spectra 
Electronic spectra provide the most detailed information regarding the electronic structure of ligand and 
complexes (Table 1). UV-Vis spectrum of the ligand (L) exhibits two charge transfer bands at 38500 and 31800 
cm–1 assigned to π–π* and n–π* transition within the ligand molecule. A broad band observed at 31800 cm–1 in 
ligand is red shifted to 29400–28200 cm–1 in complexes is due to ligand to metal charge transfer (LMCT) transition. 
Likewise weak and undefined broad bands are found in spectra of complexes in the region 11800–10100 cm–1 are 
assigned to d-d transitions.   
 
The electronic spectrum of Co(II) complex exhibit transition at 18200, 11200 and 10100 cm–1  suggesting an octahedral 
geometry [25]. The transition may be assignable to 4T1g(F) → 4T2g(F), 4T1g(F) → 4A2g(F) and 4T1g(F) → 4T2g(F), 
respectively. Three absorption bands observed at 21929, 15151 and 11248 cm–1 for Ni(II) complex assignable to 
3A2g(F) → 3T1g(P), 3A2g(F) → 3T1g(F) and 3A2g(F) → 3T2g(F), respectively, suggesting octahedral geometry [26]. Cu(II) 
complex shows broad band at 10200, 10900 and 15384 cm–1 attributed to band assignment 2T1g(F) → 2T2g(F), 
2A2g(F) → 2T2g(F) and 2A2g(F) → 2T1g(F) respectively, also suggesting octahedral geometry. The octahedral 
geometry assigned for Cu(II), Ni(II) and Co(II) complexes are may be due to coordination of two water molecules with 
metal ion [27].  Due to diamagnetic nature of Zn(II) and Cd(II) complexes, no d-d transition was observed. However, 
according to empirical formula, octahedral geometry has been proposed for both Zn(II) and Cd(II) complexes. 
 
FT-IR spectra 
The FT-IR spectra of the complexes (Fig. 2) were analyzed in comparison with their free ligand L in the region 
of 4000–400 cm–1. A strong band appeared at 1554 cm–1 due to imidazole ring C=N stretching [1] in ligand is shifted 
to 1582–1568 cm–1 in complexes. The higher shift of C=N stretching in complexes attributed the coordination of imino 
nitrogen with metal atom. The entire metal complexes show broad band at 3413 (CuL2⋅2H2O), 3449 
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(ZnL2⋅2H2O), 3440 (CoL2⋅2H2O), 3450 (CdL2⋅2H2O) and 3445 cm–1 (NiL2⋅2H2O) may be due to O–H stretching of 
water molecule. A sharp band appeared at 848 cm–1 in ligand is assigned to ν(C–S–C) thiophene moiety [9], which 
on complexation shifted to higher frequency of range 4–17 cm–1, confirms the coordination of metal with thiophene 
sulfur [28]. Moreover, the asymmetric and symmetric stretching frequency of C–S in ligand appeared at 744 and 712 
cm–1, respectively, shifted to higher frequency while complexation with metals. These higher frequency shifts further 
strengthen the involvement of thiophene sulfur in metal coordination. The new sharp bands appeared in the spectra 
of complexes in the range of 574–560 and 465–444 cm–1 are due to M–N and M–S bond, respectively [29]. 
 

 
 

Fig. 2. FT-IR spectra of (a) ligand, (b) Cu(II), (c) Zn(II), (d) Co(II), (e) Cd(II) and (f) Zn(II) com plexes 
 

1H NMR spectrum 
The 1H NMR spectrum of the ligand L was elaborately discussed in our previous work [24]. Here we compared the 
spectra of diamagnetic Zn (II) complex with the ligand.  Even though in ligand, the donor atom N and S are not 
directly bonded with proton, the downfield shift was observed throughout in all characteristic peaks of Zn(II) 
complex.  A sharp signal at 5.71 ppm corresponding to CH2 proton was shifted to 5.95 ppm in Zn(II) complex. 
Similarly the multiple signals observed between 7.37 and 7.84 ppm due to aromatic protons and the signals observed 
between 6.87 and 7.30 ppm due to thiophene protons have been shifted to 7.66 and 7.85 ppm and 6.96 and 7.40 
ppm, respectively. Moreover, in Zn (II) complex spectrum, a signal appeared at 1.07 ppm was attributed to 
coordinated water molecule. Fig. 3 shows the 1H NMR spectrum of Zn (II) complex. 
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Fig. 3. 1H NMR spectrum of Zn(II) complex 

 
Powder X-ray diffraction (XRD) 
X-Ray diffraction spectra of ligand and its metal complexes are carried out with powdered compounds using 
XPERT-PRO diffractometer system at 25°C in Cu anode material [K-α1 = 1.54060 Å, K-α2 = 1.54443 Å, K-β = 
1.39225 Å] and the generator settings as 30 mA, 40 kV from starting and end position (2θ) is equal to 10.02° to 
79.92°, respectively. Among powder XRD of all the complexes (Fig. 4) only Cu(II) and Cd(II) complexes display 
defined sharp peaks indicating their crystalline nature, whereas, the broadening of peaks in all other complexes may 
reveals their amorphous nature. Crystalline nature of the complexes was indicated by comparing the XRD pattern of 
the ligand and complexes. The h2 + k2 + l2 values are determined for all the complexes by unit cell calculations. 
The result reveals that all the complexes are either tetrahedral or octahedral geometry due to the presence of 
forbidden number 7 [30]. The structure of complexes could not be determined due to amorphous nature of the 
complexes. Each complex has specific‘d’ values, which can be used in its characterization [31,32]. We, here 
calculate the crystallite size (dXRD) of the complexes using Scherrer’s formula [33,34].  
 
dXRD = 0.9λ/β (Cosθ) 
 
Where λ is the wavelength, β is the full width at half maxima, and θ is the diffraction angle. The calculated average 
crystallite sizes for the metal complexes Cu(II), Zn(II), Co(II), Cd(II) and Ni(II) are 36.01, 31.2, 35.03, 30.88 and 
34.15 nm, respectively. 
 
Mass spectra 
In characterization of metal complexes, mass spectrometry is one of the useful techniques.  The molecular ion peaks 
observed in spectra of complexes have been used to confirm the proposed formula mass. A representative spectrum 
is depicted in Fig. 5. A prominent peak at 690.63, 692.55, 687.67, 739.78, and 690.61 in mass spectra of complexes 
Cu(II), Zn(II), Co(II), Cd(II) and Ni(II), respectively, are highly consistent with the molecular mass of the 
respective complexes (Table 2). The mass spectral data further confirms that the metal ligand ratio in 
complexes is 1:2 as described in Fig. 1. 
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Fig. 4. XRD patterns of (a) Cu(II), (b) Zn(II), (c) Co(II), (d) Cd(II) and (e) Zn(II) complexes 
 

Thermogravimetric and differential thermal analysis  
Thermogravimetric (TG) and differential thermal analysis (DTA) of the complexes are determined to confirm the 
thermal stability of the complexes as well as to confirm the presence of water molecule in coordination sphere. In 
this determination, heating rate was maintained at 20°C min–1, under nitrogen atmosphere. From the thermograms, it 
has been observed that the entire complexes show 4.85 to 5.23% weight loss in temperature range between 200 and 
260°C, which confirms the coordinated water molecules in complexes.  The decomposition ligand moiety occurs in 
the range of 400 to 700°C. In all cases the remaining residue are metal oxides. The results are in consistent with the 
composition of complexes (Table 3). A representative thermogram is given in Fig. 6. 
 
Antimicrobial activity 
The synthesized complexes were screened for in vitro antibacterial and antifungal activity against four bacterial (S. 
typhi, K. pneumoniae, P. aeruginosa and E. coli) and four fungal (C. albicans, Rhizopus sp., A. fumigatus and Mucor 
sp.) strains. MIC values of all the complexes are presented in Table 4. According to the antimicrobial activity 
results, Cu(II) complex exhibits good activity against K. pneumoniae, E. coli, P. aeruginosa, C. albicans, Rhizopus sp. 
and A. fumigatus at a MIC value of 6.25 µg/mL. Also complexes Zn(II) and Cd(II) show good activity with E. coli and A. 
fumigatus at a MIC value of 6.25 µg/mL. Co(II) complex exerts good activity against C. albicans and A. fumigatus (MIC = 
6.25 µg/mL). The entire complexes [Cu(II), Zn(II), Co(II), Cd(II) and Ni(II)] exhibit antibacterial and antifungal 
activity with the remaining strains in the region of MIC = 25–200 µg/mL. However, the antimicrobial activity of the 
synthesized compounds against the tested strains was found to be less compared with that of respective standard 
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drugs. Moreover, the complexes [Cu(II), Zn(II), Co(II), Cd(II) and Ni(II)] exhibit more activity against the tested 
organism than the ligand [24]. The inhibition zone of all the compounds and standards against the bacterial and 
fungal strains have been summarized in Table 5. This result further strengthens the higher activity of complexes 
than ligand (Fig. 7). 

 

 
 

Fig. 5. Mass spectrum of Zn(II) complex 
 

 
 

Fig. 6. TG-DTA curve of Zn(II) complex 
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Fig. 7. Antibacterial and antifungal activities of ligand and its metal complexes: a – S. typhi; b – K. pneumoniae; c – P. aeruginosa; d – E. coli; 
e – C. albicans; f – Mucor sp.; g – Rhizopus sp.; h – A. fumigatus 

 
CONCLUSION 

 
Here, we report the synthesis of five coordinated Cu(II), Zn(II), Co(II), Cd(II) and Ni(II) complexes derived from 
ligand prepared by condensation of 2-thiophenecarboxaldehyde with o-phenylenediamine. The elemental 
analysis report suggests the stoichiometry 1:2 (metal:ligand). The stoichiometry of coordination complexes 
further strengthens by mass spectral results. The NS type bidentate nature of ligand was confirmed using FT-IR and 
1H NMR results. The electronic spectral data suggest that all the complexes are in octahedral geometry. In TG-DTA 
analysis, the percentage decomposition confirms the presence of two coordinated water molecules in complexes. 
The biological evaluation, includes antibacterial and antifungal activity of the entire compounds were performed 
against four bacterial (S. typhi, K. pneumoniae, P. aeruginosa and E. coli) and four fungal (C. albicans, Mucor 
sp., Rhizopus sp. and A. fumigatus) strains. The results suggest that the complexes posses more activity than 
ligand, moderate or less activity than the standard used.  
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