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Abstract: A Schiff base (SB) is derived from salicylaldehyde and 2-aminopyridine. The transition metal complexes of N 
i(II), Cu (II), Co and Cd (II) metal ions were prepared with this Schiff base (SB), which were used as ligand. Several physical 
tools, in particular; elemental analysis, molar conductivity, magnetic susceptibility, infrared spectroscopy (IR), electronic 
absorption spectroscopy (ESR) to investigate the chemical structure of the prepared transition metal complexes. The elemental 
analysis data shows the formation of 1:2 [M:2L] complex of the formula of M2+L2, where M2+ =Ni(II), Cu(II), Co(II), Cd(II) 
and L = Schiff base (SB). The molar conductance (conductivity) measurements were revealed that all the complexes are non-
electrolyte in nature. The infrared (IR) spectral studies indicated the binding sites of the Schiff base ligand with the transition 
metal ions. The magnetic susceptibility measurements and electronic spectral results supported the predicted coordination 
geometry of the complexes and magnetic properties (para or dia-magnetic nature) of the complexes. The Ni(II), Cu(II), Co(II) 
ion forms high spin tetrahedral geometry, whereas Cd(II) ion forms low spin tetrahedral structure. The free Schiff base and its 
complexes have been tested for their antimicrobial activities against four human pathogenic (two gram-positive and two gram-
negative) bacteria. The obtained results showed that only Cu(II) complex exhibited strong activity toward human pathogenic 
gram positive and gram negative bacteria whereas the Ni(II), Co(II) and Cd(II) complexes showed week to moderate 
antimicrobial activity compared with standard Kanamycin and Ampicillin. 
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1. Introduction 

The chemical name of Salicylaldehyde is 2-
hydroxybenzaldehyde or ortho-hydroxybenzaldehyde and is 
an organic compound with the formula C7H6O2. Due to the 
hydroxy aromatic aldehydes group, aromatic nucleus holds 

two functional groups: a hydroxyl and aldehyde one, 
Salicilaldehyde is used as an important intermediate in the 
chemical industry, as well as in medicine manufacturing 
companies. It is also utilized in perfume, fragrances, dyes, 
pharmaceuticals, etc., [1-2]. The Schiff base ligands are 
derived by the condensation of a primary amine and an active 
carbonyl group and contain the azomethine group (>C=N-). 
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Salicylidimines are very important example of 
photochromism, where light absorption causes 
interconversion between enol-imine and keto-amine 
tautomers through intramolecular hydrogen transfer [3-4]. 
They have also been shown to exhibit a variety of biological 
activities with substituted salicylaldehyde compounds 
possessing higher activities [5, 44]. It plays an important role 
in intense research on this class of compounds and their 
metal complexes [6]. Similarly, due to the presence of hetero-
atoms in the Schiff bases, the biological activity is also 
enhanced [3-8]. A very few metals are known to play very 
significant roles in biological processes in the human body. 
Particularly Zn (II) and Cu (II) are the ions are the second 
and third most abundant transition metals in human bodies. 
They are found either at the active sites or as structural 
components of a good number of enzymes [39, 43]. 

Metal complexes of the Schiff bases possess numerous 
applications including antibacterial, antifungal and other 
biological applications. It is also tremendously used in 
clinical, analytical, industrial sectors, catalysis [9-10]. Pb (II) 
complex with the Schiff base derived from salicylaldehyde 
and o-pheneylenediamine has been prepared and its geometry 
was investigated [11-12]. Mixed -ligand complexes of Cu (II) 
containing the Schiff base ligand derived from 2-
hydroxybenxaldehyde with 2-amino phenol/3-amino phenol 
and bidentate auxiliary ligands were synthesized and 
characterized by Kudrat et. al [23]. The authors observed that 
the complexes with Schiff bases exhibited the significant 
anti-microbial activity. The Schiff bases are important class 
of ligands in coordination chemistry and plays an important 
role as extensive applications in different fields [13-14, 24-
26]. A large number of the metal complexes with different 
electronic structures have been synthesized using Schiff base 
ligands [27-30]. In recent years, metal complexes of Schiff 
bases have attracted considerable attention due to their 
remarkable antibacterial, antifungal and antitumor activities 
[31-35, 44]. Previously, few transition metals complexes 
were synthesized with Schiff bases and studied their 
antimicrobial activity [15, 36]. Most of the complexes play 
an important role to exhibit potential antimicrobial activity. 
Few transition metal complexes with Schiff base and studied 
their antimicrobial activities recently were reported [38]. It is 
also reported that certain metal-protein complexes of copper, 
magnesium, molybdenum, calcium, iron, zinc, chromium and 
vanadium are essential metallic elements and exhibit great 
biological activity, contributing in oxygen transport, 
electronic transfer reactions or the storage of ions, has 
generated massive attention in the study of systems 
containing these metals [41, 43]. 

Keeping these facts in view the significance of metal in 
biology, as well as to continue our research work, we here in 
report the synthesis of the Schiff base by the condensation of 
salicylaldehyde and 2-aminopyridine. In addition 
complexation of this Schiff base with several transition 
metals Ni(II), Cu(II), Co(II) and Cd(II) ions. Also, we 
characterized these complexes on the basis of elemental 
analysis, conductivity and magnetic measurements and 
infrared spectral and electronic spectroscopy to explore the 
structure of the complexes. In addition, the antimicrobial 
activities of free Schiff base and of these complexes were 
also reported here. 

2. Experimental 

2.1. Materials and Analytical Methods 

All the chemicals used in this work were reagent 
chemically pure and reagents grade (BDH/Aldrich). Solvents 
were purified and dried according to standard procedures. 
Melting points of all metal complexes were measured by an 
electro thermal melting point apparatus model no. AZ6512. 
Elemental analysis for carbon, hydrogen and nitrogen were 
performed by Perkin 2400 Organic Elemental Analyzer II at 
Kayama University, Japan. The SHERWOOD SCIENTIFIC 
Magnetic Susceptibility Balance was used for measuring 
magnetic susceptibility of the metal complexes. Infrared 
spectra as KBr disc was recorded with a NICOLET 310, 
FTIR Spectrophotometer, Belgium, from 4000-400 cm-1 in 
the Department of Metallurgy and Material Science, 
Bangladesh University of Engineering & Technology 
(BUET), Dhaka, Bangladesh. UV-visible spectra were 
recorded with a SHIMADZU DOUBLE BEAM 
spectrophotometer (model UV-1200) from 200-900 nm in the 
Central Science Laboratory, University of Rajshahi, 
Bangladesh. 

2.2. Preparation of Schiff Base 

The Schiff base was prepared by mixing stoichiometric 
ratio of salicylaldehyde in ethanol with ethanolic solution of 2-
aminopyridine. Salicylaldehyde (0.9414 g, 10 mmol) in 
absolute ethanol (20 mL) was added to an ethanolic (30 mL) 
solution of 2- aminopyridine (1.230 g, 10 mmol). The 
mixture was stirred for 4 hours at ambient temperature. Then 
it was allowed to stand for 3 days at room temperature. The 
resulting solution was evaporated under vacuum to remove 
the solvent. The Product was collected by filtration, washed 
several times with ethanol and recrystallized from hot 
ethanol. 

 

Figure 1. Reaction for the formation of Schiff base. 
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The melting point of the product found to be 65°C, and its 

purity was confirmed by TLC technique [36]. An orange red 
crystalline precipitate (product) was observed and then dried 
under vacuum desiccator over anhydrous CaCl2. The reaction 
scheme of the preparation of Schiff base (SB) is shown in 
figure 1. 

The general mechanism of imine formation (Figure 2) 

begins as a nucleophilic addition to the carbonyl group. In 
this case, the nucleophile is the amine, which reacts with the 
aldehyde or ketone to give an instable addition product called 
a carbinolamine. A carbinolamine is a compound with an 
amine group (−NH2) −NHR or −NR) and a hydroxyl group to 
the same carbon as shown in Figure 2. 

 

Figure 2. General mechanism for the formation of Schiff base. 

2.3. Preparation of Schiff Base Complexes 

1 mmol of salt Ni(NO3)2.6H2O, Cu(NO3)2.3H2O, 
CoCl2.6H2O, Cd(NO3)2.4H2O were individually dissolved in 
10 ml of absolute ethanol. The Schiff base (SB) solution was 
added to these salts solution separately and stirred for 4 hours 
at ambient temperature and allowed to stand for half an hour. 
The precipitate was formed as Schiff base complex 
compounds and were filtered off and these were dried in 
vacuo over anhydrous CaCl2. The general reaction scheme of 
all the complexes is mentioned as: 

M2+ + SB → [M(SB)2]. 

Where, M2+ = Ni(II), Cu(II), Co(II) and Cd(II) ions, SB = 
Schiff base. 

2.4. Test for Antimicrobial Evaluation 

The complexes were screened by the agar well diffusion 
method for their antimicrobial activity 

against various types of bacteria, gram positive- Bacillus 

cereus, Streptococcus agalactiae, and gram-negative- 
Escherichia coli, Shigella dysenteriae, regarded as pathogen 
to man. All media and bacteria suspension were prepared 
using a suitable method. The in-vitro evaluation of 
antimicrobial activities was performed according to the 
diffusion technique [13]. The bacteria were grown in nutrient 

broth at 37°C for 24 hours according to the previous 
literatures [41, 42]. The complexes were tested using 
diffusion on solid media. Sterile (5 mm) diameter sensitivity 
paper disc was impregnated with concentration of 
dimethylformamide (DMF) and their bimetallic complexes at 
concentration of 50 µg cm-3 and placed in the nutrient agar. 
The plates were then incubated for 24 hours. The results were 
recorded by measuring the growth inhibition (% zones of 
inhibition) surrounding the disc. 

3. Results and Discussion 

All the complexes are stable at room temperature and are 
insoluble in common organic solvents but are soluble in 
DMSO, DMF and CHCl3 

3.1. Elemental Analysis and Conductivity Measurement 

Elemental analysis and physical properties of the complexes 
are listed in Table 1 and Table 2. The analytical data were in 
good agreement with the proposed empirical formula of the 
complexes. The conductance values of the complexes revealed 
that all the complexes are non-electrolyte in nature [16]. The 
obtained values imply that no anions are present outside the 
coordination sphere in all the complexes [37]. 

Table 1. Elemental analysis of the ligand (Schiff base) and the complexes. 

Ligand and Complexes 
% Carbon % Hydrogen % Nitrogen 

Calculated Found Calculated Found Calculated Found 

SB(C12H10N2O) Orangered crystal 72.73 72.59 5.04 4.96 14.14 14.02 
[Ni(C12H10N2O)2] 63.33 62.42 4.39 4.13 12.31 11.75 
[Cu(C12H10N2O)2] 62.67 61.52 4.35 4.04 12.18 11.86 
[Co(C12H10N2O)2] 63.30 62.48 4.39 3.80 12.30 11.52 
[Cd(C12H10N2O)2] 56.67 56.06 3.93 3.12 11.02 10.50 

Where, SB = Schiff base.  



 American Journal of Applied Chemistry 2018; 6(4): 147-155 150 
 

Table 2. Physical properties of the ligand (Schiff base) and complexes. 

Complexes Colour Melting point or decomposition tem. (± 5°°°°C) % Yield Molar conductance (ohm-2 cm2 mol-1) 

[Ni(C12H10N2O)2] Green 280(above) 62 15.4 
[Cu(C12H10 N2O)2] Black 149 59 15.6 
[Co(C12H10 N2O)2] Brown 80 61 17.2 
[Cd(C12H10 N2O)2] yellow 184 65 14.3 
SB (C12H10N2O) Orange red crystal 65   

Where, SB = Schiff base.  

3.2. IR Spectral Studies 

The Infrared spectral data of the ligand and complexes 
were listed in Table 3. The spectral data of the ligand showed 
a strong absorption band at (1580-1640) cm-1 due to ν(C=N) 
stretching [17-18]. Band at (3020-3165) cm-1 due to aromatic 

ν(C-H) stretching. The Band at (500-600) cm-1 due to ν(M-
N) stretching [19-20], which indicated the co-ordination of 
ligand (SB) through N atom to the metals ion. Band at (440-
500) cm-1 due to ν(M-O) stretching, which indicated the 
complexation have taken place to the metal through the 
deprotonated O atom of phenolic OH moiety. 

Table 3. IR spectral data of the ligand and metal complexes. 

Complexes νννν(O-H).cm-1 νννν(C = N).cm-1 νννν(C-H) of aromatic cm-1 νννν(M-O) cm-1 νννν(M-N) cm-1 

[Ni(C12H10 N2O)2] 3434.98 1609.88 3070.26 447.56 557.35 
[Cu(C12H10 N2O)2] 3435.56 1614.06 3061.63 448.34 555.96 
[Co(C12H10 N2O)2] 3415.20 1622.84 3012.61 441.20 520.34 
[Cd(C12H10 N2O)2] 3397.86 1622.99 3008.40 444.47 541.92 
SB(C12H10 N2O)  3415.35 1623.25 3015.93   

Where, SB = Schiff base. 

The infrared spectra of Schiff base and its complexes with transition metals of Ni(II), Cu(II), Co(II) and Cd(II) are given 
below in Figure 3 (A), (B), (C), (D) and E, respectively. 

 

A 
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B 

 

C 
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D 

 

E 

Figure 3. The IR spectrum of Schiff base [A] and its complexes of Ni(II) [B], Cu(II) [C], Co(II)[D] and Cd(II)[E]. 

3.3. Magnetic Moment and Electronic Spectra 

The magnetic moment values were measured of the 
complexes at ambient temperature and the results are given 
in Table-4. The observed magnetic moment values of Ni(II) 

complex is 3.75 B.M. corresponding two unpaired electrons. 
It implies from the magnetic moment data that Ni(II) 
complex is a high spin tetrahedral complex. The magnetic 
moment value of Cu(II) complex was found to be 1.12 B.M. 
which corresponding to one unpaired electron. It revealed 
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that Cu(II) complex is also a high spin tetrahedral complex. 
The magnetic moment value of Co(II) complex is 4.05 B.M. 
corresponding to three unpaired electrons. From the magnetic 
moment data, it can be observed that Co(II) complex is a 
high spin tetrahedral complex. The observed magnetic 
moment value revealed that the Cd (II) complex is 
diamagnetic which indicating the absence of unpaired 
electron. It appears from the magnetic moment data that 

Cd(II) complex is a low spin tetrahedral complex [21]. 
The electronic spectral data of the complexes are shown in 

Table 5. The UV-visible spectrum for the Ni(II), Cu(II), 
Co(II) and Cd(II) complexes were found to be 270, 402, 400 
nm, and two bands at 398 nm and 302 nm, respectively. 
These electronic spectra bands exhibited in the region of 200-
420 nm, due to charge transfer only [22]. 

Table 4. Magnetic moment data of the complexes. 

Complexes 

Length of 

the sample, 

‘l’ in cm 

weight of 

the sample 

‘m’ in g 

Susceptibili

ty of the 

empty 

tube, Ro 

Susceptibility 

of the sample 

with tube. R 

Mass 

Susceptibility 

χχχχg×10-6 C.G.S 

unit 

Molecul-ar 

weight of 

the sample, 

M 

Molecul-ar 

susceptibility, 

χχχχm× 10-6 

C.G.S. unit 

Dimagnetic 

correction χχχχL 

× 10-6 C.G.S. 

unit 

χχχχm
corr × 10-6 

C.G.S. unit 

µµµµeff in 

B.M. 

[Ni(C12H10N2O)2] 2.3 0.0247 -62 +02 12.431 454.69 5652.25 -232.24 5884.49 3.75 
[Cu(C12H10 N2O)2] 2.2 0.0566 -67 -59 0.648 459.5 297.75 -232.26 530.01 1.12 
[Co(C12H10 N2O)2] 1.8 0.0335 -65 +65 14.570 454.93 6628.33 -232.26 6860.59 4.05 
[Cd(C12H10 N2O)2] 1.8 0.0534 -64 -74 -1.093 508.14 -555.69 -234.26 -789.95 dia 

 

Table 5. Electronic spectral data of complexes. 

Complexes λλλλmax (nm) 

[Ni(C12H10 N2O)2] 270, 402 
[Cu(C12H10 N2O)2] 400 
[Co(C12H10 N2O)2] 398 
[Cd(C12H10 N2O)2] 302 

4. Structure of the Complexes 

From the above discussion (elemental analysis, 
conductivity measurement, magnetic moment and electronic 
spectra, IR spectra) and the literature review, it can be 
concluded that the possible structures of the complexes are 
given below in Figure 4. 

 

Here, M = Ni(II), Cu(II), Co(II) and Cd(II). 

Figure 4. Proposed tetrahedral structure of the complexes 

5. Antimicrobial Activity of the Metal 

Complexes 

Antimicrobial activities of the test samples are expressed 

by measuring the zone of inhibition of organisms observed 
around the area. The results for all the complexes are 
illustrated in Table 6 and Figure 5. The results revealed that 
the complexes are more microbial activity than the free metal 
ions or ligands. From the results it was clear that the Cu (II) 
complex showed more potent microbial activity against all 
kinds (gram- positive and gram-negative) of pathogenic 
bacterial compared to standard kanamycin and ampicillin. 
The rest of the complexes of Ni (II), Co (II) and Cd (II) with 
Schiff base exhibited moderate to less activity against four 
pathogenic bacterial. 

Table 6. Antibacterial activity of the metal complexes. 

Compounds 

Zone of inhibition, diameter in mm 

Gram-negative Gram-positive 

Escherichia 

coli 

Shigella 

dysenteriae 

Bacillus 

cereus 

Streptococcus 

agalactiae 

[Ni(C12H10N2O)2]  8   
[Cu(C12H10N2O)2] 20 23 22 24 
[Co(C12H10N2O)2] 5 13 7 9 
[Cd(C12H10N2O)2] 10 - 9 6 
Kanamycin-30 32 28 33 31 
Control disc (Only 
Solvent) 

Nill Nill Nill Nill 

 

Figure 5. Antimicrobial activities of Ni (II), Cu(II), Co(II) and Cd(II) 

complexes with Schiff base. 
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6. Conclusion 

Magnetic susceptibility measurement indicated that the 
Ni(II), Cd(II) and Zn(II) complexes with Schiff base are the 
diamagnetic and the rest of the complexes are paramagnetic 
in nature. The IR spectral data showed that all the metals are 
coordinated through two N (N of 
−� = �� − ��		�	��	
���	���	��	��ℎ���	����) atoms of 
the Schiff base coordinate with all the metal ions. The 
magnetic moment data revealed that the Ni(II), Cu(II), Co(II) 
with Schiff base are tetrahedral high spin complexes whereas 
Cd(II) complex is a low spin tetrahedral geometry. The 
electronic spectral data were confirmed that all the 
complexes are tetrahedral structure. Based on these above 
results and facts, the structures of complexes have been 
proposed as shown in figure 4: 

The Cu(II) complex shows the highest (more potent) 
antimicrobial activity against gram-positive and gram-
negative pathogenic bacteria according to standard 
kanamycin and ampicillin. Ni(II), Co(II), and Cd(II) 
complexes with Schiff base exhibit moderate to less 
antimicrobial activity against examined pathogenic bacteria. 
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