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ABSTRACT 

 

Mixed ligand nickel(II), copper(II) and zinc(II) complexes of nicotinanilide and thiocyanate were prepared. 

Metal complexes were characterized by molar conductivity measurements, micro elemental analysis, FT-IR, 

UV-Visible spectroscopy, electrochemical and antimicrobial studies. The complexes are of 1: 2 (metal : ligand) 

stoichiometry and are non-electrolytes in solution. The structural analysis indicates a four-coordinated MN2S2 

chromophore in a distorted tetrahedral geometry by two nicotinanilide and two thiocyanate ligands. 
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INTRODUCTION 

 
Transition metal ions are playing an important role in 

biological processes in the human body [1, 2]. For 

example, nickel (II), copper (II) and zinc (II) ions are 

the most abundant transition metals in humans. They 

are found either at the active sites or as structural 

components of a good number of enzymes [3, 4]. The 

study of the coordination chemistry of biologically 

important metal ions with mixed ligands has been one 

of the recent developments in the field of bioinorganic 

chemistry. Pyridine derivatives play significant role in 

many biological systems as the component of several 

vitamins, nucleic acids, enzymes and proteins [5]. 

But, studies on the antimicrobial activities of their 

metal complexes are rare in literature. Metal 

complexes containing nitrogen and sulphur donors 

have been proved to be potential antibacterial and 

fungial agents [6] as well as component of several 

vitamins and drugs [7, 8].The binding of metal ions to 

nicotinanilide groups has been a subject of increasing 

interest, because many of these reactions provide 

simple models for much more complex metal peptide 

systems and enzymes. We report here the synthesis, 

characterization and biological activities of some new 

nickel (II), copper (II) and zinc (II) mixed-ligand 

complexes containing nicotinanilide and thiocyanate 

as ligands. The synthesized complexes are 

characterized by elemental, IR and electronic 

spectroscopic analysis. 

 

EXPERIMENTAL SECTION 
 

General procedure 
Nicotinanilide (NAL) and potassium thiocyanate were 

purchased from Sigma–Aldrich. Nickel nitrate, 
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copper nitrate and zinc nitrate used as received by 

S.D. Fine, Mumbai, (India). Commercial grade 

solvents were purified by standard procedure before 

use.  
 

Methods and instrumentation 
FT-IR spectra (4000–400 cm

-1
) were collected on 

Thermo Nicolet Model 6700 FT-IR spectrometer with 

samples prepared as KBr pellets. UV–Vis spectra 

measurements were recorded on a Cary 5E model in 

the range of 200–800 nm. Elemental analyses were 

measured by   Perkin-Elmer 2400 series. Metal 

analysis was obtained by Varian Spectra 200 atomic 

absorption spectrometer. The molar conductivity 

measurement of all the complexes at room 

temperature was determined using a digital 

conductivity bridge (Equiptronics, EQ 660 ) in 

acetonitrile medium (10
-3

 M). Cyclic voltammetry 

experiments were performed using a Cypress 

Electroanalytical System with a glassy carbon 

working electrode, silver wire reference electrode, 

platinum counter electrode and tetra (n-butyl) 

ammonium perchlorate as supporting electrolyte.  
 

Antimicrobial assay 

Agar diffusion assay was used to determine the anti-

bacterial activity of Leaf extract. Nutrient agar was 

prepared and poured in the Petri dish. 24 hours 

growing culture (K. pneumonia, V. cholera, M. luteus 

and S. aureus) were swabbed on it. The different 

concentrations of the crude extract were loaded in the 

wells. The plates were then incubated at 37ºC for 24 

hours. The inhibition diameter was measured. Potato 

Dextrose agar was prepared and poured in the Petri 

dish. 24 hours growing culture (C. albicans, C. 

tropicalis and C. parapsilosis) were swabbed on it. 

The different concentrations of the crude extract were 

loaded in the wells. The plates were then incubated at 

37ºC for 24 hours. The inhibition diameter was 

measured.  

 

Synthesis of the complexes 

[Ni(NAL)2(SCN)2] 

The nicotinanilide (NAL) (1.86 g, 9.4 mmol) and 

Nickel nitrate trihydrate (1 g, 4.7 mmol) were 

dissolved in 40 mL of methanol, and the reaction 

mixture was allowed to react in microwave irradiation 

~10 seconds. During the reaction, 20 mL methanolic 

solution of potassium thiocyanate (0.91 g, 9.4 mmol) 

was added to the reaction mixture [9]. The reaction 

mixture was kept undisturbed and irradiated at a 

stable medium power level (600W) in the Microwave 

oven. The pale green color precipitate was filtered 

and washed with cold methanol. The complexes 

[Cu(NAL)2(SCN)2] and [Zn(NAL)2(SCN)2] were  

synthesized by similar procedure, using 

corresponding metal nitrates. Yield: 44%. m.p:213 
o
C.  Analytical data for C26H20N6NiO2S2: 

Calc.(M.Wt: 571.3): C, 54.66; H, 3.53; N, 14.71, Ni, 

10.27%. Found: C, 54.59; H, 3.40; N, 14.52, Ni, 

10.46%. Selected IR data (KBr disc) (ν/cm
-1

): 3294 ν 

(NH), 1669 ν (C=O), 1598 ν (C=N), 2083 ν (CN), 

700 ν (CS), 583 ν (M-N),  454 ν (SCN). Conductance 

(Λm/S cm
2
 mol

-1
) in CH3CN: 67.6. 

 

[Cu(NAL)2(SCN)2] 

The nicotinanilide (NAL) (1.84 g, 9.2 mmol), Copper 

nitrate trihydrate (1g, 4.6 mmol) and Potassium 

thiocyanate (0.89g, 9.2 mmol). Blue color  

compound. Yield: 51%. m.p:186 
o
C. Analytical data 

for C26H20N6CuO2S2: Calc.(M.Wt: 576.15 ): C, 54.20; 

H, 3.50; N, 14.59, Cu, 11.03%. Found: C, 54.28; H, 

3.40; N, 14.49, Cu, 10.96%. Selected IR data (KBr 

disc) (ν/cm
-1

): 3296 ν (NH), 1663 ν (C=O), 1601 ν 

(C=N), 2093 ν (CN), 696 ν (CS), 573 ν (M-N), 442 ν 

(SCN). Conductance (Λm/S cm
2
 mol

-1
) in CH3CN: 

81.2.  

 

[Zn(NAL)2(SCN)2] 

The nicotinanilide (NAL) (1.82 g, 9.2 mmol), zinc 

nitrate trihydrate (1 g, 4.6 mmol) and Potassium 

thiocyanate (0.89 g, 9.2 mmol). Colorless compound. 

Yield: 53%. m.p:200 
o
C. Analytical data for 

C26H20N6ZnO2S2: Calc.(M.Wt: 578): C, 54.03; H, 

3.49; N, 14.54, Zn, 11.31%. Found: C, 54.14; H, 3.43; 

N, 14.45, Zn, 11.23%. Selected IR data (KBr disc) 

(ν/cm
-1

): 3309 ν (NH), 1657 ν (C=O), 1602 ν (C=N), 

2079 ν (CN), 695 ν (CS), 592 ν (M-N), 425 ν (SCN). 

Conductance (Λm/S cm
2
 mol

-1
) in CH3CN: 70.7.   

 

RESULTS AND DISCUSSIONS 

 
A new series of nicotinanilide based mononuclear 

nickel (II), copper (II) and zinc (II) complexes have 

been prepared by microwave irradiation method in the 

presence of corresponding metal nitrates. The 

complexes were stable in atmosphere and were 
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polycrystalline. The synthetic pathway of 

mononuclear complexes is shown in scheme I 

FT – IR and Electronic spectra 
The broad absorption band observed in all the 

complexes in the region 3293- 3309 cm
-1

 

is due to the 

presence of -NH group. The peak around 1598 – 1602 

cm
-1

 in the complexes, indicate the presence of C=N 

stretching frequency [10-11]. The presence of N-

donor organic ligand nicotinanilide is evident from 

the strong absorption bands of the carbonyl (-C=O) 

vibration around 1657-1669 cm
-1

. Coordination of 

sulphur is confirmed by the presence of new bands in 

the range 573–592 cm
-1

, assignable to (M–N) for 

these complexes [12-13]. Another indication for S-

bonded SCN is the weak bands appearing at 425-454 

cm
-1

[14]. The FT-IR spectrums of all complexes are 

shown in Fig.1a-1c.  The electronic spectral data 

obtained are summarized in Table 1. All spectral 

studies were carried out in DMF solution. UV bands 

in the range of 260 – 275 nm were observed in the 

free ligand, due to intra-ligand charge transfer 

transition [15]. A moderately intense band observed 

in the range of 390–400 nm is assigned to ligand to 

metal charge transfer transition for all the complexes 

and a weak band observed in the visible range at 550–

560 nm for copper (II) and nickel (II) complexes, are 

characteristic of the metal ions in a four coordination 

environment [16]. 

Electrochemical properties of the complexes  
Conductivity measurements of all the mononuclear 

complexes were carried out in DMF medium. The Λm 

values in range from 67 to 82 S cm
2
 mol

-1
, indicate 

that all the complexes are neutral [17]. The 

electrochemical properties of the complexes reported 

in the present work were studied by cyclic 

voltammetry in dimethylformamide containing 10
-1 

M 

tetra (n-butyl) ammonium perchlorate. The cyclic 

voltammograms for the nickel (II), copper (II) and 

zinc (II) complexes are shown in Fig.2a-d. The 

copper (II) and zinc (II) complexes undergo reduction 

at cathodic potentials. The nickel (II) complex 

undergoes both reduction and oxidation in cathodic 

and anodic potentials, respectively. The 

electrochemical data are summarized in Table 2.  

 

Reduction process at negative potential  

All the complexes showed reduction at the potential 

range of 
_ 

0.70 V to 
_
 0.95 V (Epc) and the reduction 

process is found to be irreversible in nature. The 

controlled potential electrolysis carried out at 100 mV 

is more positive than the anodic (oxidation) wave and 

conveys the consumption of one electron per 

molecule [17]. So, the one electron redox processes 

are assigned as follows, 

 
 

Oxidation process at positive potential 

The cyclic voltammetric behaviors of nickel (II) complexes were recorded at anodic potential in the range 0 to 

+2.00 V. The voltammogram displays an irreversible one electron reductive response at a positive potential in 

the range +1.15 V. The cyclic voltammogram for the nickel (II) complexes are shown in Fig. 4d. The 

electrochemical data are summarized in Table 2. The controlled potential electrolysis carried out at 100 mV, 

more positive than the anodic (oxidation) wave and conveys the consumption of one electron per molecule [17]. 

So, the oxidation processes are assigned as follows,   

 

 
 

Screening of antimicrobial activities 

All the prepared complexes were tested against 

selected four bacteria such as Klebsiella pneumonia 

(MTCC 109), Vibrio cholera (ATCC 14035), 

Micrococcus luteus (ATCC 14452), and 

Staphylococcus aureus (MTCC 96). The observed 

antifungal activity of all the complexes against 

Candida albicans (MTCC 183), Candida tropicalis 

(MTCC 184) and Candida parapsilosis (MTCC 

2509). The observed antimicrobial activity values for 

all complexes are given in Table 3. Complexes 

containing nicotinanilide show apparently an 
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enhanced antimicrobial activity [18].  The results are 

quite promising. The bacterial screening results 

(Table 3) reveal that the complexes showed 

maximum activity against Klebsiella pneumonia. 

The antimicrobial data reveal that the complexes are 

more bioactive. The enhanced activity of the metal 

complexes may be ascribed to the increased 

lipophilic nature of the complexes arising due to 

chelation. It is probably due to faster diffusion of the 

chelates as a whole through the cell membrane or 

due to the chelation effect. Another interesting result 

observed here is that the complexes of 

[Zn(NAL)2(SCN)2] and [Cu(NAL)2(SCN)2]   show 

higher activity than the complex[Ni(NAL)2(SCN)2]  . 

These results suggest that the nature of the metal and 

the coordinated metal ion play significant roles in the 

inhibition activity. 

  

Scheme 1 

M = Ni, Cu, Zn 

 

 
 

Figure 1a. 

FT IR spectrum of the complex [NiL1] 
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Figure 1b. 

FT IR spectrum of the complex [CuL1] 

 

 
 

Figure 1c. 

FT IR spectrum of the complex [ZnL1] 
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Figure 2a. 

Cyclic voltammogram of the nickel(II) complex.(Reduction process) 

 

-1.6 -1.4 -1.2 -1.0 -0.8 -0.6 -0.4 -0.2 0.0

Potential / V vs Ag / AgCI

C
u

rr
e
n

t 
/ 
1
e

-5
A

 
 

Figure 2b. 

Cyclic voltammogram of the copper(II) complex. (Reduction process) 
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Figure 2c. 

Cyclic voltammogram of the zinc(II) complex. (Reduction process) 
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Figure 2d. 

Cyclic voltammogram of the nickel(II) complex. (Oxidation process) 
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Table1 

Electronic spectral data of mononuclear complexes. 
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Table 2 

Electrochemical data of mononuclear complexes 

 

 
                                                     Measured by CV at 100 mV/s. E vs Ag/AgCl conditions: GC working and Ag/AgCl reference electrodes;  

                                                     supporting electrolyte TBAP; concentration of complex 1×10-3 M, concentration of TBAP 1×10-1 M.  

 

Table 3 

Antimicrobial properties of the complexes 

 

 
                      Notes: Klebsiella pneumonia (MTCC 109), Vibrio cholera (ATCC 14035), Micrococcus luteus ATCC (14452), Staphylococcus aureus  

                     (MTCC 96), Candida albicans (MTCC 183), Candida tropicalis (MTCC 184) and Candida parapsilosis (MTCC 2509). 

 

CONCLUSION  

 
The new nicotinanilide based mononuclear 

nickel(II), copper(II) and zinc(II) complexes were 

synthesized and characterized by elemental analyses, 

UV-vis, FT-IR, conductivity measurements, 

electrochemical and biological studies were carried 

out. The complexes are insoluble in most of organic 

solvents, but soluble in DMF and DMSO. The 

stoichiometry of the metal complexes is 1:2. 

Electronic spectra of all complexes indicate distorted 

tetrahedral geometry. Cyclicvoltammetry exhibit one 

electron irreversible process. General structures of 

all the complexes show distorted tetrahedral 

geometry around the central metal ions. All 

complexes show biological activity. Among these 

three complexes, [Zn(NAL)2(SCN)2]  show higher 

activity. 
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