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Introduction
Schiff bases known as substantial class of organic 
compounds which play an important role in the 
development of coordination chemistry as they 
can easily form stable complexes with most of 
transition metals (Amiri Rudbari et al., 2016). 
It is formed from the reaction of primary amine 
and carbonyl group under several conditions. 
In this research, tetradentate N2O2 Schiff base 
ligand is used as it is widely applied in many 
industries and also biological studies. 

Ligands and their metal complexes 
have different applications in different 
fields such as bioinorganic chemistry, 
material science, catalysis, separation and 
encapsulation processes, formation of 
compounds with unusual properties and metal–
metal interactions (Abu-Dief & Mohamed, 2015; 
Soroceanu & Bargan, 2022).  The most favorable 
metal that usually used to bind with the ligand 
is transition metal as it is the most abundance 
metals and reactive toward biological activity. 
Copper(II) ion was used in this study as it has 
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vital roles in several biological processes and 
significantly in the action of different enzymes 
that catalyze a great variety of reactions (Shebl 
et al., 2017). Copper(II) Schiff base complexes 
also have been extensively studied because of 
their biological and pharmaceutical properties 
as well as in the field of catalysis and magnetism 
(Aouaidjia et al., 2017). It has been emphasized 
in various review papers that the biological 
activity of copper(II) complexes is enhanced 
with the presence of a nitrogen  donor ligand 
(Shebl et al., 2017).

In the biological process, there are many 
types of reactions that can be studied and 
commonly are anti-bacterial, antifungal, 
antimalarial, and antivirus (Claudel et al., 2020; 
Malik et al., 2018). These common reactions 
have been focused on due to the demand and 
problem occurs caused by various kinds of 
bacteria that can affect health. The Schiff base 
ligands and metal complexes were tested towards 
the bacteria in order to study the effectiveness 
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of the compound to inhibit the growth of 
the bacteria from spreading. This research is 
focused on synthesis and characterization of 
copper(II) Schiff base complex [Cu(H2L)] using  
spectroscopic and analytical techniques. Then, 
the complex obtained was further applied for 
biological test using Agar well-diffusion method 
on specific strains of bacteria to observe their 
ability towards the biological study. 

Materials and Methods
Materials and Physical Measurements
All chemicals and solvents used for synthesis 
and analysis were commercially available. 
FTIR spectrum was recorded using a KBr pellet 
on FTIR Perkin Elmer 100 spectrometer over 
a range of (400–4000) cm-1. The percentages 
elemental analysis of C, H, and N in Schiff 
base metal complex, Cu(H2L) was determined 
using Analyzer Flashea 1112 Series. Electronic 
absorption spectrum was recorded in methanol 
at room temperature on Shimadzu UV-1800 UV-
Vis Spectrophotometer.

Preparation of Schiff Base Complex, Cu(H2L) 
The Schiff base ligand (H2L) was successfully 
prepared in our previous work and well 
characterized as reported in the literature (Che 
Soh & Shamsuddin, 2013). In a three-necked 
round bottom flask, Cu(H2L) was prepared 
by mixing the synthesized H2L (1 mmol, 0.34 
g) with copper(II) acetate (1 mmol, 0.20 g) in 
the ratio of 1:1 (Scheme 1). The ligand and 
copper(II) acetate were dissolved separately in 
the acetonitrile (10 mL). Copper(II) acetate was 
then added into the flask containing the ligand 
solution. The mixture was stirred and refluxed 
for 5 hours. Then, the obtained dark green solid 
was separated by filtration and dried overnight 
in desiccator. The solid was recrystallized, if 
necessarily, in acetonitrile to obtain the desired 
pure complex Cu(H2L). Cu(H2L) complex: (FW: 
399.97 g/mol, yield 78%, m.p.: 252°C). Anal. 

Calculate for C21H24CuN2O2: C, 63.14; H, 6.01; 
N, 7.02. Found: C, 62.55; H, 6.10; N, 7.18%. 
IR (KBr, ν, cm-1): 1609 (s, C=N), 1540 (s, C=C 

aromatic), 1151 (m, C-O), 516 (O-Cu), 471 (N-Cu). 
UV-Vis bands (λmax, nm, (ε, M-1 cm-1): π→π*, 
224 (43811), 279 (23203), 385 (9764). 

Antibacterial Activity Studies
The antibacterial activity of H2L and its 
Cu(H2L) complex were evaluated for six 
bacteria: Staphylococcus epidermidis, Bacillus 
subtilis, Staphylococcus aureus, Vibrio cholera, 
Enterobacter cloacae and Escherichia coli 
using agar well-diffusion method (Hassan et 
al., 2018). The bacterial culture (50 μL) was 
swabbed onto Muller Hinton agar plate and 
labelled accordingly. Each plate contained eight 
well for eight different concentrations were 
placed with different concentrations of H2L 
and its Cu(H2L) between the range of 0 μg/μL 
to 10 μg/μL using two-fold dilution method in 
DMSO. An antibiotic disc, Oxytetracycline (30 
μg) was used as positive control. The plates were 
incubated at 37°C for 18-24 h, for determination 
of antibacterial activity of H2L and its Cu(H2L), 
the inhibition zone (in mm) was measured, and 
the results were compared. Also, the minimal 
inhibitory concentration (MIC) of H2L and its 
Cu(H2L) were determined (Saadat et al., 2022). 
All experiments were done in triplicate.

Results and Discussion
In the present study, the Schiff base complex, 
Cu(H2L) namely N,N’-bis(4-methyl-α-
salicylidene) propane-1,3-diaminecopper(II) 
was obtained by condensing an equimolar 
amount of metal salt and the synthesized 
H2L with 1:1 molar ratio (Scheme 1). The 
mononuclear complex is completely soluble in 
DMSO. The percentages of C, H, and N were 
determined experimentally by using CHN 
analyzer and the data are in good agreement with 
the proposed formulation with slightly different 
(±1.0%) compared to the theoretical values. 
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Scheme 1: Synthetic pathway of Cu(H2L)

The Cu(H2L) was successfully 
spectroscopically characterized using an FTIR and 
UV-vis. The FTIR spectrum of Cu(H2L) showed 
a sharp and strong peak at 1609 cm-1, which was 
primarily due to the azomethine group ν(C=N). 
The peak was shifted to the lower values in the 
case of metal complex compared to the ligand, 
particularly due to the electron-withdrawing 
effect on the coordinated metal, which decreases 
electron density in the imine bond thus leading to 
a lower frequency (Priya Gogoi et al., 2022) (Es-
Sounni et al., 2023).  This is further supported 
by the backward shift in phenolic ν(C-O) at 1151 
cm-1, confirming the participation of the phenolic 
oxygen towards the formation of C-O-Cu bond 
(Ejidike & Ajibade, 2015). Another peak at 
1540 cm-1 appeared because of  the ν(C=C) of 
aromatic ring. The appearance new bands at 516 

cm-1 and 471 cm-1 are attributed to the ν(O-Cu) 
and ν(N-Cu) stretching vibration respectively 
(Joseyphus & Nair, 2008). The presence of these 
peaks concludes the formation of Cu(H2L) with 
tetradentate H2L binding through azomethine 
nitrogen and phenolic oxygen atoms. 

The electronic spectrum of Cu(H2L) was 
recorded in methanol solution with the range 
of 200–800 nm (Figure 1). The complex 
shows three peaks at 224 nm, 279 nm, and 
385 nm, which assigned to π-π* transition of 
phenolic chromophore at the fist band and the 
second and third bands corresponding also 
to π-π* transitions of imine chromophore. On 
complexation, these bands were shifted to 
the lower wavelength region, suggesting the 
coordination of azomethine nitrogen with Cu(II) 
ion (Khandar et al., 2006). 

Figure 1: Electronic absorption spectrum of Cu(H2L) complex in methanol
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The antibacterial studies of H2L (Table 1) 
and its Cu(H2L) (Table 2) complex were tested 
in order to determine the abilities and potential 
of the synthesized compounds as antibacterial 
agents, against three Gram-negative bacteria 

namely Escherichia coli, Enterobacter cloacae 
and Vibrio cholera, and three Gram-positive 
bacteria namely Staphylococcus epidermidis, 
Bacillus subtilis and Staphylococcus aureus 
using well-diffusion method (Figure 2). The 
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obtained results show that antibacterial activity 
of Cu(H2L) against the microorganism is better 
than ligand [H2L<Cu(H2L)]. The free ligand 
H2L shows no antibacterial activity against all 
tested bacteria strains. It can be shown that the 
Cu(H2L) with zone of inhibition of 17.0±1.2 was 
found to be more effective against Enterobacter 
cloacae. The Cu(H2L) is more active compared 
to free ligand and such enhanced activity of 
metal chelates is due to the lipophilic nature of 
the metal ion in complex (Shelke et al., 2012). 

As reported by Overtone, this liposolubility is 
a significant factor that governs the activity of 
antibacterial agents in which influenced the cell 
permeability. Further, the difference in geometry 
and steric hindrance effect also facilitates the 
penetration and inhibition of microorganism’s 
cell (Abdel-Rahman et al., 2017). However, the 
Cu(H2L) was found to be bacteriostatic against 
Vibrio cholera probably due to the different 
habitats, obtained low to high salinity in either 
free-floating or biofilm-associated lifestyles 
(Toulouse et al., 2018).

Table 1: The average diameter of inhibition zone (Mean ± SD) for different concentrations of H2L against six 
different pathogenic bacteria strains. Oxytetracycline (30 µg) was used as positive control

Concentration (µg/µL)
Type of Bacteria

E. coli V. cholerae E. clocae B. subtilis S. aureus S. epidermidis

10 0±0 0±0 5±7.1 4.6±6.6 0±0 0±0

5 0±0 0±0 4.7±7.1 4.0±5.7 0±0 0±0

2.5 0±0 0±0 4.3±7.1 7.7±5.6 0±0 0±0

1.25 0±0 0±0 0±0 7.3±5.2 0±0 0±0

0.625 0±0 0±0 0±0 7.7±5.4 0±0 0±0

0.3125 0±0 0±0 0±0 7.3±5.2 0±0 0±0

0.1563 0±0 0±0 0±0 7.0±5.0 0±0 0±0

0 0±0 0±0 3±7.4 5.6±4.0 0±0 0±0

Antibiotic 35 28 30 30 32 40

Table 2: The average diameter of inhibition zone (Mean ± SD) for different concentration of Cu(H2L) against 
six different pathogenic bacteria strains. Oxytetracycline (30 µg) was used as positive control

Concentration 
(µg/µL)

Type of Bacteria

E. coli V. cholerae E. clocae B. subtilis S. aureus S. epidermidis

10 16.3±1.2 0±0 17.0±1.2 13.6±0.9 11.6±0.9 14.6±0.5

5 14.0±1.0 0±0 16.7±2.6 11.7±0.5 9.7±0.6 12.7±0.5

2.5 14.7±0.5 0±0 15.7±1.7 12.0±0.8 9.7±0.6 10.0±0

1.25 12.7±0.5 0±0 14.0±1.4 11.3±0.5 0±0 0±0

0.625 11.3±1.3 0±0 14.7±0.5 10.3±1.3 0±0 3.3±4.7

0.3125 13.7±0.9 0±0 14.3±0.5 12.0±1.6 0±0 4.0±5.7

0.1563 15.0±0.8 0±0 16.3±1.9 11.7±1.3 0±0 0±0

0 13.0±0.8 0±0 16.0±1.0 9.6±1.7 0±0 0±0

Antibiotic 35 28 30 30 32 40
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Conclusion
As a conclusion, the Schiff base complex, 
Cu(H2L) was successfully synthesized from 
tetradentate N2O2 Schiff base ligand (H2L) and 
copper(II) acetate and the complex structural 
was confirmed by FTIR, CHN, and UV-
vis. The H2L and Cu(H2L) were employed 
in bactericidal activities. The antibacterial 
activity analysis data revealed that Cu(H2L) 
has higher values of antibacterial activity than 
parental synthesized H2L and it would be the 
part of future recommendation as this complex 
potentially used in other biological activities and 
pharmaceutical field due to the high ability to 
kill the microbes. 

Figure 2: Antibacterial activity of H2L and its Cu(H2L)
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