
Available online www.jocpr.com 
 

Journal of Chemical and Pharmaceutical Research, 2015, 7(1):416-423                     
 

 

Research Article ISSN : 0975-7384 
CODEN(USA) : JCPRC5 

 

416 

Synthesis, spectral characterization and antimicrobial activity of bidentate 
Schiff’s base (N2) transition metal complexes 

 
D. Sathis Kumar1, S. Rajiv Gandhi2 and A. K. Ibrahim Sheriff 1* 

 

1PG and Research Department of Chemistry, C. Abdul Hakeem College (Autonomous), Melvisharam, Tamil Nadu, 
India 

2Sri Balaji Chockalingam Engineering College, Arni, Tamil Nadu, India 
_____________________________________________________________________________________________ 
 
ABSTRACT 
 
The transition metal complexes of metals ions such as V(V), Fe(III), Co(II), Ni(II), Cu(II), Zn(II), Zr(IV) and Ru(III) 
have been synthesized from N,N’-Bis-(4-methylbenzylidene)-benzene-1,2-diamine. They have been characterized by 
elemental analyses, molar conductance, magnetic susceptibility, FT-IR, electronic spectra, NMR spectra, GC-MS 
and thermal studies. The electrochemical behaviour of metal complexes have been studied by cyclic voltammetry. 
The antimicrobial activity of the ligand and its metal complexes have been carried out on the bacteria Bacillus 
cereus, Escherichia coli, Pseudomonas aeureginosa and Staphylococcus aureus and fungi Aspergillus flavus, 
Aspergillus niger, Candida albicans and Penicillium by disc diffusion method. 
 
Key words: Schiff base complexes; transition metals; Spectral characterization; bidentate (N2); antimicrobial 
activity. 
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INTRODUCTION 
 

Schiff base in other words, is a nitrogen analog of an aldehyde or ketone in which the C=O group is replaced by a 
carbon – nitrogen double bond (C=N) with the nitrogen atom connected to an aryl or alkyl group. Schiff bases are of 
the general formula R1R2C=NR3, where R3 is an aryl or alkyl group that makes the Schiff base a stable imine. They 
act as chelating ligands with transition metals [1]. Much recent interest has been devoted to the synthesis of their 
complexes, elucidation their structure [2], theoretical studies like spectral, magnetic, electrochemical behaviour and 
thermal studies. Their role in catalysis [3-4], corrosion etc. is extensively studied. They act as a good evidence to 
advocate the presence of covalency in the metal-ligand bond [5]. The metal complexes show excellent biological 
activity which makes them as model compounds for biological processes [6]. The study of Fe(III) complexes throw 
a  light into the insight of biologically important hememoieties. The Ru(III) complexes have been found to be 
alternatives for the existing anticancer cisplatins [7]. A similar study on these transition metal ions and their 
substituted derivatives is inprogress. 
 

EXPERIMENTAL SECTION 
 

All the reagents were of analar grade and the solvents were purified by standard methods. IR spectra (4000 – 400 
cm-1) taken on KBr disc using a Perkin Elmer Spectrum ONE- N017-1159 Spectrophotometer. Micro analysis of 
carbon, hydrogen and nitrogen were obtained using elemental analyzer, magnetic moments were measured at room 
temperature on vibrating sample magneto meter EG & G Model: 155 using Hg[Co(CN) 4] as standard. Electrical 
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conductance of the complexes were made on a systronic conductivity meter type 304 in DMSO with a dip type cell 
having platinum electrode. The UV- visible spectra were run on a carry-5E Spectrometer (200-900nm) in nujol mull. 
TGA-DTA analyses were obtained by using NETZCH STA-409C/CD thermal analyzer. The electrochemical 
properties of the complexes have been studied by cyclic voltammetry obtained on a CHI-600A electrochemical 
analyzer  under oxygen free condition using a three electrode cell in which  glassy carbon acts as working electrode, 
Calomel acts as reference electrode and platinum wire as an auxiliary electrode and sodium perchlorate as back 
ground electrolyte. The 1H NMR, 13C NMR spectra were recorded on JKM-ECS 400 in chloroform-D solvent. The 
mass spectrum was recorded using WATERS-Q-T of premier-HAB213, electro spray ionization-MS. 
 
Preparation of the Schiff base  
A solution of 1,2-phenylenediamine (0.01mole) and p-methylbenzaldehyde (0.02mole) in 1:2 molar ratio in ethanol 
was mixed with constant stirring. The resulting mixture was refluxed for five hours in a water bath. The 
concentrated solution was filtered out, washed with ethanol and recrystallized using a solution of chloroform and 
ethanol mixture [8-10], its purity was checked by TLC (Fig-1).  
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig-1: Schiff base free ligand 
 
Preparation of the [ VO(C22H20N2)2](ClO4)3 complex 
A solution of vanadium oxy chlorate (1mmole) and Schiff base (2mmole) in1:2 molar ratio in ethanol was mixed 
with constant stirring. The resulting mixture was refluxed for two hours. The concentrated solution was filtered out, 
washed with ethanol and recrystallized using ethanol solution. The purity was checked by TLC.  In a similar way the 
complexes of Fe(III), Co(II), Ni(II), Cu(II), Zn(II), Zr(IV) and Ru(III) were prepared from the respected metal salts 
ferric chloride,  cobaltous nitrate, nickel chloride, cupric acetate, zinc sulphate, zirconium oxy chloride, and 
ruthenium chloride the ligand in 1:2 ratio respectively [11-15]. 
 

RESULTS AND DISCUSSION 
 

Micro analysis 
The elemental analyses (C, H and N) of the Schiff base and its complexes are listed in (Table 1). The obtained 
elemental analyses data were in good agreement with the calculated values and display the formation of 1:2 [M: L2] 
ratio. 
  
Molar conductivity and magnetic susceptibility measurements 
The molar conductance values of the complexes fall in the range 102-296 (Table 1) in DMF suggesting that the 
complexes Co(II), Ni(II), and were (1:2) and those of VO(V), Fe(III), Zr(IV) and Ru(III) 1:3 electrolyties [16].  The 
room temperature magnetic moment (µeff) values exhibit paramagnetic for Fe(III), Co(II), Ni(II), Cu(II) and Ru(III) 
complexes and exhibit diamagnetism for VO(V), Zn(II) and Zr(1V) complexes (Table 1). The Fe(III) complex 
exhibits a  magnetic moment of 5.74 BM, suggesting octahedral geometry. The Co(II) complex shows a magnetic 
moment value of 4.90 BM indicating an octahedral geometry. The observed magnetic moments for the Cu(II) and 
Ru(III) complexes are 1.80 and 1.85 BM respectively suggesting an octahedral geometry [17-18]. 
 
Electronic Spectra 
Electronic spectral data of Schiff base and its complexes were given (Table 2). The electronic absorption spectrum 
of the Schiff base shows a band at 27375 cm-1 due to n → π* transition of C=N chromophore [19-20].  This 
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transition could be found again in the complex combination spectra but shifts towards lower frequencies which 
indicates the coordination of the ligand with the metal ions. 
 

 
 

Fig-2: 1H-NMR spectrum of the free Schiff base 
 

 
 

Fig-3: 13C-NMR spectrum of the free Schiff base 
 

The VO(V) complex exhibits electronic spectra in the region 21800 cm-1 due to the presence of charge transfer 
transitions [21].  The electronic spectrum of Fe(III) complex shows a band at 16949 cm-1due to charge transfer 
transition as expected for an octahedral environment. The ligand field parameter Dq and LFSE value for this 
complex are1694.9 cm-1 and 48.46 Kcal mol-1 respectively [22]. 

 
The electronic spectrum of Co(II) complex exhibits three bands at 11055cm-1 (ʋ1), 21400cm-1(ʋ2) and 22506cm-1(ʋ3) 
which are assigned to the transitions 4T1g (F)→4T2g(F),  4T1g (F)→4A2g(F) and 4T1g (F)→4T1g(P) respectively. The 
intense band around 29260 cm-1 may be charge transfer band. The ligand field splitting energy (Dq), inter electronic 
repulsion parameter (B′) and nephelauxetic  ratio (β ) for Co(II) complex were calculated using the secular equations 
given by Koing [23] and their respective values are corresponds to 1343.2, 921.87, 0.95 and β%=5.06. The inter 
electronic repulsion parameter (B′) is less than free metal ion (971 cm-1) and the nephelauxetic ratio (β) is less than 
one which indicates a moderate covalent character of the metal-ligand bonds [24]. 
 
The electronic spectrum of Ni(II) complex exhibits two bands at 18518 cm-1(ʋ2) and 22727 cm-1(ʋ3) assignable to 
3A2g→

1T1g(F) and 3A2g →
3T1g(P) transitions respectively in an octahedral environment. The lowest band ʋ1≈ (10 Dq) 

was not observed due to limited range of the instrument used. The Racah parameter B′ is less than free ion value of 
(1014cm-1), indicating the covalent character of the complex. The β and β’ values further support the octahedral 
geometry around the Ni(II) ion [25]. 

 
The electronic spectrum of Cu(II) complex exhibits two bands observed in the region 18853 cm-1(ʋ1) and 14492 cm-
1(ʋ2) which are assigned to 2B1→

2E and 2B1→
2A1 transitions in a square planar geometry. The Dq and LFSE values 
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are 1449.0 and 41.13 K cal mol-1 respectively.The experimental value of the magnetic moment 1.80 BM suggests a 
mono meric square planar geometry [26]. 

 

 
Fig-4: Mass spectra of the Schiff base 

 
The electronic spectrum of Zn(II) complex exhibits a band at 17699cm-1 which may be of charge transfer transition. 
The ligand field parameter Dq and LFSE values are 1769.9 cm-1 and 50.60 Kcal mol-1 respectively which suggest a 
square planar environment. The electronic spectrum of Zr(IV) complex exhibits a band at 21739 cm-1due to charge 
transfer transition. The ligand field parameter Dq and LFSE values as 2173.9 cm-1 and 62.16 Kcal mol-1 respectively.  
The electronic spectrum of Ru(III) complex exhibits a band at 21978 cm-1 due to charge transfer transition. The 
ligand field parameter Dq and LFSE values are 2197.8 cm-1 and 62.84 K cal mol-1 respectively [27]. 
 
Infrared Spectra 
The IR spectral data of Schiff base shows a band at 1643 cm-1due to the presence of azomethine moiety [28].  This 
band is shifted to lower frequency on complexation with metal ions (Table 3). New vibrations at 531 – 563 cm-1 and 
474 – 516 cm-1 which are not present in the free Schiff base are attributed to the existence of υ(M-O) and υ(M-N). 
The appearance of these vibrations confirmed the involvement of nitrogen and oxygen atoms in chelation. A special 
feature of the IR spectra of Fe(III), Co(II), Ni(II), Zr(II) and Ru(III) complexes is the appearance of a broad band 
between the ranges 3490 – 3533 cm-1, which could be assigned to the stretching frequencies of the hydroxyl group 
of coordinated water molecules associated with the complex [29]. On the other hand for the VO(V) complex a high 
intensity band at 831 cm-1 is observed. This could be attributed to dimerisation via V=O which is reflected by 
shifting of the respective vibration [30]. 
  
1H NMR spectrum of Schiff base 
1H NMR spectral data of the Schiff base was recorded in CDCl3 (Fig-2), shows peaks at7.58-6.97 and 2.38-2.32 
ppm due to aromatic protons and CH3 group respectively [31]. 

 
13C-NMR spectrum of Schiff base 
13C NMR spectral data of the Schiff base was recorded in CDCl3 (Fig-3), shows peaks at 116.7 – 138.4 and 21.5 - 
21.1 ppm due to aromatic carbon and CH3 groups respectively. 
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Table -1: Elemental analyses of Schiff base and its complexes 

 

Compound MW 
Cal (found)% 

M C H N µeffBM 
Λm 

Scm2 Mol-1 
        

C22H20N2    (L) 312.46 - 
84.58 

(84.56) 
6.45 

(6.36) 
8.97 

(8.91) 
- 

[VO(C22H20N2)2](ClO4)3 
 

990.19 
5.14 

(5.11) 
53.37 

(53.31) 
4.07 

(4.03) 
5.66 

(5.64) 
Dia 218.5 

[Fe(C22H20N2)2(H2O)2]Cl3 

 
 

824.56 
6.77 

(6.74) 
64.09 

(64.04) 
5.38 

(5.35) 
6.79 

(6.76) 
5.74 221.4 

[Co(C22H20N2)2(H2O)2](NO3)2 843.80 
6.98 

(6.94) 
62.63 

(62.60) 
5.26 

(5.21) 
9.96 

(9.92) 
4.90 132.4 

[Ni(C22H20N2)2(H2O)2]Cl2 791.47 
7.42 

(7.35) 
66.77 

(66.73) 
5.60 

(5.58) 
7.08 

(7.03) 
2.82 126.3 

[Cu (C22H20N2)2](CH3COO)2 806.55 
7.88 

(7.84) 
71.48 

(71.46) 
5.75 

(5.73) 
6.95 

(6.91) 
1.80 113.2 

[Zn(C22H20N2)2](SO4) 818.35 
7.99 

(7.97) 
64.58 

(64.53) 
4.93 

(4.90) 
6.85 

(6.82) 
Dia 102.4 

[Zr(C22H20N2)2(H2O)2]Cl4 893.68 
10.21 

(10.18) 
59.13 

(59.06) 
4.96 

(4.92) 
6.27 

(6.24) 
Dia 296.2 

[Ru(C22H20N2)2(H2O)2]Cl3 896.78 
11.62 

(11.57) 
60.76 

(60.72) 
5.10 

(5.06) 
6.44 

(6.40) 
1.85 217.8 

 
Table-2: UV-Vis spectra of Schiff base and its complexes 

       

Compound 
Frequency 
ʋ(cm-1) 

Dq 

cm-1 B’ β β% 
LFSE 

K cal mol-1 
       

Schiff base 27375 - - - - - 
V (V) 21800 2180.0 - - - 45.87 
Fe (III) 16949 1694.9 - - - 48.46 
Co (II) 11055(ʋ1)       21400(ʋ2)       22506(ʋ3) 1343.2 921.87 0.95 5.06 30.72 
Ni (II) 18518 (ʋ2)       22727(ʋ3) 1303.62 824.75 0.792 20.77 37.27 
Cu (II) 14490(ʋ1) 18853(ʋ2) 1449.0 - - - 41.43 
Zn (II) 17399 1769.9 - - - 50.60 
Zr (IV) 21739 2173.9 - - - 62.16 
Ru (III) 21978 2197.8 - - - 62.84 

 
Table-3: Infrared spectra of Schiff base and its complexes 

 

Compound υ
C=N

 υ
M -N

 υ
M -O

 υ
M -OH2

 υ
M=O

 

     
 

Schiff base(L) 1643 - - 
 

- 
VO(V) 1632 483 - - 831 
Fe(III) 1631 479 531 3498 - 
Co(II) 1630 474 534 3490 - 
Ni(II) 1634 477 553 3492 - 
Cu(II) 1628 477 - - - 
Zn(II) 1631 499 - - - 
Zr(IV)  1635 516 563 3533 - 
Ru(III) 1629 504 550 3529 - 

      
Table -4: Electro chemical data of the metal complexes 

 
Redox Complex Epc (V) Epa(V) E1/2 (V) ∆Ep (mV) 

     
Fe(III)/Fe(II) -0.86 -0.6 -0.738 260 
Ru(III)/Ru(II) -1.45 -0.762 -1.106 688 

 
 

Mass spectral fragmentation of the Schiff base 
The mass spectrum of Schiff base (Fig- 4) shows a base peak m/e+ at 312 which is due to the original molecular 
weight of the prepared Schiff base. This proves the condensation of aldehyde and amine to form the Schiff base 
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(L=C22H20N2). 
 
Thermal studies 
The TGA and DTA curves of the Fe(III), Co(II), Ni(II), Zr(IV) and Ru(III) complexes show an endothermic band at 
about 100 °C-145 °C with a loss of mass corresponding to coordinated water molecules in these complexes [32]. 

 
Electro chemical studies 
The electrochemical behavior of the complexes was studied by the cyclic voltameter in the potential range 0 to -2.0 
V. The CV data is given in the (Table 4). All the complexes show a quasi-reversible reduction wave at negative 
potential. increases with increasing scan rate and is always greater than  60 mV. The Fe(III) complex shows a 
well-defined quasi-reversible [33-34] reduction peak at -0.86 to -0.6V which corresponds to Fe(III)              Fe(II). 
The Ru(III) system shows a similar peak at -0.76 to -1.45V which corresponds to Ru(III)                 Ru(II). 
 
Antimicrobial activity 
The antibacterial screening of the compounds was carried out against the bacteria Bacillus cereus (Gram +ve), 
Staphylococcus aureus (Gram +ve), Pseudomonas aeruginosa (Gram -ve) and Escherichia coli (Gram -ve) by cup-
plate method using the nutrient agar as medium [36].  In a typical procedure, molten nutrient agar kept at 115°C – 
120 °C was poured into a Petri dish and allowed to solidify. The small wells (10 mm diameter with 1cm distance) 
were made in the agar medium by carefully using a sterile cork and these were completely filled with test solutions. 
The plates were incubated for 24 hours at 37 °C. The diameters of the zones of inhibition for all the test compounds 
were measured and the results were compared with that of standard ciprofloxacin at the same condition (Table 5). 
 
The antifungal activity of the compounds was studied against the fungi Aspergillus flavus, Aspergillus niger, 
Candida albicans and Penicillium by cup-plate method and cultured on Sabouraud’s agar medium adopting similar 
procedure as described above [37]. The plates were incubated for 24 hours at 37 °C. The diameters of the zone of 
inhibition for all the test compounds were measured with that of the standard amphoterecin-B at the same condition 
(Table 6). 
 
Since the entire test compounds and standards were prepared freshly in sterile water, its zone of inhibition was found 
to be very negligible and taken as zero mm. The antibacterial activity results reveal that Schiff base and its 
complexes exhibit weak to good activity. The antimicrobial activity of metal complexes is higher than that of the 
Schiff base. The Cu(II) complex shows more activity [38]. 

 
Table-5: Anti bacterial activity of Schiff base and its complexes  
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 Table-6: Anti-fungal activity of Schiff base and its complexes  
 

 
 
 

CONCLUSION 
 

The Schiff base formed acts as a bidendate (N2) ligand. It forms square planar complexes with Cu(II) and Zn(II), 
square pyramidal complex with VO(V) and octahedral complexes with Fe(III), Co(II), Ni(II), Zr(IV) and Ru(III). 
The octahedral complexes contain coordinated aqua ligands. The quasi-reversible redox behavior is proved by cyclo 
voltammetry studies. They show fairly good antimicrobial activity. 
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