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ABSTRACT 

Objective: The aim of the research is to synthesize and characterize Cu(II), Zn(II), Ni(II), and Zr(IV) complexes with a Schiff base ligand, and 
evaluate their antibacterial and antioxidant properties. 

Methods: The ligand was synthesized by refluxing salicylaldehyde with o-phenylenediamine in ethanol, forming a yellow-orange product. The 
complexation reaction involved stirring ethanolic solutions of Zn(II), Cu(II), Ni(II), or Zr(IV) salts with a Schiff base ligand.  
Thermal decomposition of Zn(II), Cu(II), Ni(II), and Zr(IV) complexes was analyzed under nitrogen, heating at 30 °C/min, measuring weight loss 
from ambient temperature to 800 °C. The antibacterial activity, antioxidant properties, and cytotoxicity of the synthesized compounds 
wereexamined using reported methods. 

Results: Cu(II), Zn(II), Ni(II), and Zr(IV) complexes with a Schiff base ligand were synthesized. Analyzed through Fourier-transform infrared 
spectroscopy (FTIR), Ultraviolet-visible (UV-vis) and physiochemical tests and confirmed the structures. Magnetic susceptibility and electronic 
spectra suggested geometries, supported by thermogravimetric data. Antibacterial tests revealed complexes had higher activity than ligands, and 
also showed antioxidant properties. 

Conclusion: Cu(II), Zn(II), Ni(II), and Zr(IV) Schiff base complexes were synthesized, showing tetrahedral or square planar geometries. They 
exhibited thermal stability and strong antibacterial activity, outperforming the ligand alone. 

Keywords: Schiff base, Transition metal complex, Spectral analysis, Electronic spectra thermogravimetric analysis, Antibacterial activity, 
Antioxidant, Cytotoxicity 
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INTRODUCTION 

Hugo Schiff (1864) gave the term "Schiff base ligand" to this compound, which is created when an active carbonyl group condenses with a primary 
amine-containing azomethine (CH=N) group, replacing the carbonyl group of an aldehyde or ketone under appropriate conditions. Due to its biological 
and industrial applications, Schiff base metal complexes have been the subject of extensive investigation since 1930 [1-3]. Due to their prospective use in 
catalysis, medicine, and material science, Schiff bases containing nitrogen and phenolic oxygen donor atoms are of immense importance [4, 5]. These 
ligands exhibit unpredictable configurations, structural liability, and sensitivity to molecular environments in their transition metal complexes. These 
complexes' core metal ions serve as pharmacological drug active sites [5, 6]. In addition to their well-known biological effects, Schiff bases and their 
metal complexes also play an important role in medicine and the pharmaceutical industry and exhibit some degree of antibacterial, antifungal, 
antitumor, anticancer, and anti-inflammatory activity [7-11]. It is the azomethine connection that gives Schiff bases their biological action. A few N, O 
donor Schiff bases and associated transition metal complexes have recently been synthesized by our team [12-19]. This report describes the synthesis, 
characterization and biological activity evaluation of Cu(II), Zn(II), Ni(II), and Zr(IV) complexes containing Schiff base ligand derived from 
salicylaldehyde and o-phenylenediamine. The ever-increasing metal complexes in various fields of science are the driving force for the research and 
coordination chemistry. Coordination chemistry plays an outstanding role in the biological process that causes interesting changes i. e. change of 
oxidation number, change. This is in part due to the extensive and important of such complexes in bio-inorganic chemistry. It has now been well 
established that many of the chemical elements including metal ions control a vast range of biological processes, thus giving a new dimension to 
coordination chemistry. Coordination chemistry has its greatest application in the field of hydrometallurgy and pyrometallurgical operations [1-3]. 
Many metal complexes find applications in the field of catalysis. Among the top performers in this class (and the elements involved) is the Wilkinson 
catalyst for the hydroformylation reaction (Rh), the conversion of ethylene to acetaldehyde (Ph) and olefin polymerization (Zr, Ni); there are many 
others too numerous to mention. It should also be noted that one of the greatest recent advances in organic chemistry, asymmetric synthesis, which 
depends entirely upon transitional metal atoms as the catalytic centers [22, 23]. 

MATERIALS AND METHODS 

Chemicals and reagents 

We utilized commercially procured chemicals in their original state, without any additional purification. The subsequent compounds are as follows: The 
following chemicals were obtained from Sigma Aldrich, India: salicylaldehyde, o-phenylenediamine, Zn (II) sulphate heptahydrate, Cu(II) chloride 
dihydrate, Ni(II) sulphate hexahydrate, Zr(IV) nitrate pentahydrate, DMSO (dimethyl sulfoxide), and 1,1-Diphenyl-1-p. In this investigation, we utilized 
analytical-grade organic solvents, including ethanol, methanol, and DMF (dimethylformamide), without the need for any additional purification. 

Instrumentation 

In this investigation, a variety of analytical methodologies were implemented to characterize metal complexes and ligands. The AZ6512 
electrothermal melting point device was employed to ascertain the melting points. The FTIR-8400 SHIMADZU infrared spectrophotometer was 
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employed to record infrared spectra with KBr discs. The UV spectra were acquired using a Shimadzu Double Beam spectrophotometer (UV 1200 
and UV-1650PC) at a concentration of 5×10–4 M. The sherwood scientific magnetic susceptibility balance was employed to quantify the magnetic 
moments of solid complexes. 

Experimental 

Synthesis of schiff base ligand C20H16O2N2(L) 

Ligand was prepared by the condensation reaction of 20 mmol of salicylaldehyde (2.1 ml) with 10 mmol (1.08g) of o-phenylenediamine in a round-
bottomed flask. Salicylaldehyde was dissolved in 20 ml ethanol and o-phenylenediamine was dissolved in hot ethanol. The solutions were mixed 
and refluxed for 4 h. On cooling yellow-orange colored product was formed which was washed with ethanol, acetone, and diethyl ether and dried in 
vacuum desiccators over anhydrouscalcium chloride(CaCl2). The progress and purity of the ligand were tested by Thin layer chromatography (TLC) 
using different solvents. The product was found to be soluble in methanol, chloroform, and Dimethyl sulfoxide(DMSO). It provided 90% yield, color-
yellow orange (fig. 1). 

 

 

Fig. 1: Synthesis route of Schiff base ligand C20H16O2N2 

 

Synthesis of Zn(II), Cu(II), Ni(II), Zr(IV) complexes with Schiff base ligand C20H16O2N2 

During complexation reaction,15 ml ethanolic solution of Zn (II) sulphate heptahydrate (0.287g, 1 mmol) or Cu(II) chloride dihydrate (0.170g, 1 
mmol)or Ni(II) sulphate hexahydrate (0.262g, 1 mmol)or Zr(IV) nitrate pentahydrate(0.399g, 1 mmol) was taken in a two necked round bottom 
flask and kept on a magnetic stirring. An ethanolic solution (20 ml) of prepared Schiff base ligand (0.316g, 1 mmol) was added dropwise with 
constant stirring on a magnetic stirrer for 4-5 h. On cooling, a colored solid product was formed, which was washed with methanol and dried in a 
vacuum over anhydrous calcium chloride (CaCl2). The reaction was monitored by thin layer chromatography (TLC) using petroleum ether, toluene, 
ethyl acetate, and methanol as solvent. The complexes were soluble in dimethyl sulfoxide (DMSO). The target Schiff base and proposed structure of 
metal complexes are shown in (fig. 2) 

 

 

Fig. 2: Synthesis route of metal complexes where, M= Zn(II), Cu(II), Ni(II), and Zr(IV) ion 
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RESULTS AND DISCUSSION 

Physical properties 

Some physical properties of the Schiff base ligand and its metal complexes, such as melting point, color, pH, and conductivity, are shown in (table 1). 
The complexes are intensely colored, powder solids, which decompose above 300 °C. Molar conductance values of the complexes in aqueous 
solution and dimethyl sulfoxide DMSO (10-3M) showed low values (7-9 µS/cm), indicating them to be non-electrolytes shown in (table 1). The 
complex of Zr(IV) shows electrolytic behavior in DMSO solution. 

 

Table 1: Physical characteristics and analytical data of ligands and complexes 

Compounds/mol. formula Formula weight (g/mol Color Yield (%) M. P (C)/(decomp) Conductivity (µS/cm) 

Ligand (L) C20H16O2N2 316 Yellow 90 % 160 - 
[Zn (L)] [ZnC20H14O2N2] 379.7 Yellow 75% 210 4 
[Cu (L)] [CuC20H14O2N2] 377.5 Green 70% 245 3 
[Ni(L)] [NiC20H14O2N2] 372.7 Red 75 % ˃300 2 
[Zr(L)] [ZrC20H14O2N2] (NO3)2 529.2 Lemon yellow 75% ˃ 300 126 

 

Infrared spectroscopy 

FT-IR spectra of the Schiff base and its metal complexes are shown in fig. 3 prominent band observed between 1610 cm-1 and 1640 cm-1 is indicative 
of the azomethine (HC=N) group [17-19]. The presence of weak broadband in the ligands' IR spectra between (3550 and 3200 cm-1) may be because 
of the phenolic (-OH) group. When the ligand coordinated with metal ions on complexation, the band for azomethine shifted to a lower frequency, 
confirming the coordination of the azomethine group [18, 19]. The appearance of new bands at (502-575) cm-1 and (350-470) cm-1 in the spectra of 
metal complexes attributed to the metal-oxygen (M-O) and metal-nitrogen (M-N) bond stretching, respectively, and indicating the coordination via 
phenolic oxygen and azomethine nitrogen atoms [19, 20]. 

 

 

Fig. 3: FT-IR spectra of the ligand and its metal complexes 

 

Table 2: FTIR spectral data of the ligand and metal complexes 

Ligand/Metal complexes FTIR/cm-1 

ν(O-H) ν(C=N) ν(C-O) ν(M-O) ν(M-N) 
C20H16O2N2(L1) 3466 1614 1193 - - 
[ZnC20H14O2N2] 3435 1607 1180 533 448 
[CuC20H14O2N2] 3430 1609 1188 537 369 
[NiC20H14O2N2] 3459 1610 1196 545 459 
[ZrC20H14O2N2](NO3)2 3434 1609 1181 538 466 

 

Electronic spectra and magnetic moment measurement 

In DMSO at ambient temperature, the electronic spectra of the Schiff base and all metal complexes were taken (fig. 4). The magnetic moment values 
of the Schiff base ligand and its transition metal complexes, as well as their electronic absorption spectral data, are provided in table 3. The 
electronic spectra of the ligand have two absorption bands corresponding to n-π* and π-π* transitions. These transitions are present in the 
complexes' spectra as well, but they are shifted towards lower and higher frequencies, indicating that the ligand has coordinated with the metallic 
ions [13]. High-intensity absorption peaks at 277 nm and 339 nm in the electronic spectra of the ligand [C20H16O2N2] have been attributed to the 
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π→π* and n→π* transitions, respectively [21]. The Zn(II) complex's UV-Vis spectra reveal the presence of three potent absorption bands at 265, 
296, and 321 nm [22] The peak at 265 nm and 296 nm was assigned to π→π* and the peak at 321 nm is attributed to n→π* transition due to a lone 
pair of electrons of azomethine nitrogen and an antibonding orbital [23, 24]. Another absorption band at 395 nm in the spectra of the Zn(II) 
complex is probably because of ligand-to-metal charge transfer (LMCT) [21-24]. Electronic spectral data coupled with the magnetic moment value 
of the Zn(II) complex suggested the tetrahedral geometry of the [22]. The electronic absorption spectrum of the Cu(II) complex in DMSO solution 
showed three bands at 265 nm,320 nm, and 420 nm for π→π*, n→π*, and ligand-to-metal charge transfer (LMCT) respectively [25]. These data and 
the magnetic moment value of 0.60 B. M suggested tetrahedral geometry around Cu(II) [19]. The electronic absorption spectrum of the Ni(II) 
complex in DMSO solution showed four bands at 260 nm, 320 nm, 420 nm, and 480 nm for π→π*, n→π* ligand-to-metal charge transfer (LMCT) and 
3A2g (F)→3T1g (F) respectively [26, 27]. These data and the magnetic moment value of 0.48 B. M suggested square geometry around Ni(II) [26]. 
Similarly, the ZrO(IV) complex electronic data was investigated and its magnetic moment value was 1.40 μ B. M, suggesting the square pyramidal 
geometry [28]. 

 

 

Fig. 4: Electronic spectra of the ligand and its metal complexes 

 

Table 3: Magnetic moments and electronic spectral data for ligand (L) and its metal complexes 

Compound λmax nm Wave number cm-1 μeff B. M. Assignment Geometry 
[C20H16O2N2] 277 

339 
36101 
25062 

_ π→π* 
n→π* 

 

[ZnC20H14O2N2] 265 
296 
321 
399 

37735 
33783 
31152 
24691 

 
1.06 

π→π* 
π→π* 
n→π* 
C. T (M→L) 

 
Tetrahedral 

[CuC20H14O2N2] 265 
320 
420 

37735 
31250 
23809 

 
0.60 

π→π* 
n→π* 
C. T (M→L) 

 
Tetrahedral 

[NiC20H14O2N2] 260 
320 
420 
480 

38461 
31250 
23809 
20833 

 
0.48 

π→π* 
n→π* 
C. T (M→L) 
3A2g(F)→3T1g(F) 

 
Square planar 

[ZrC20H14O2N2] (NO3)2 265 
297 
338 
402 

37735 
33670 
29585 
24875 

1.40 π→π* 
π→π* 
n→π* 
C. T (M→L) 

 
Square planar 

 

Thermogravimetric analysis 

The thermal decomposition analysis of solid Zn(II),Cu(II),Ni(II), and Zr(IV) complexes was carried out under a nitrogen atmosphere and the heating 
rate was suitably controlled at 30 C/min and the weight loss was measured from the ambient temperature up to 800 °C. The data from 
Thermogravimetric analysis (TGA) indicated that the decomposition of the complexes proceeds in three or four steps. There were some minor steps 
and asymmetry of Thermogravimetric analysis (TGA) curves was also observed. The weight losses for each complex were calculated within the 
corresponding temperature ranges. The different thermodynamic parameters are listed in table 4. 

[ZnC20H14O2N2] complex 

The Zn(II) complex's TGA curve (fig. 5a) showed that the complex was decomposed into three primary processes. The fraction of the ligand (-C6H4) 
was degraded in the first phase of decomposition in the temperature range 180-290 °C (calculated at 20.00% and experimental at 20.00%). In the 
second step at 290–600 °C, the remaining portion of the ligand (C14H10O2N2) was broken down (calculated 62.33%, experimental 60.10%)[27]. The 
combination disintegrated and was eliminated as Zn/ZnO (calculated 21.09%, experimental 20.00%) polluted with few carbon atoms at 
temperatures above 650 °C. 
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[CuC20H14O2N2] complex 

The thermogravimetric analysis (TGA) curve in (fig. 5b) suggested that the Cu(II) complex is thermally stable because it didn't degrade up to 200 
°C[27]. In the first step, the part of ligand (-C6H4) (calculated 20.00%, experimental 20.00%) was decomposed at temperature 200-550 °C. In 2nd 

step, the decomposition of (C14H10O2N2) (calculated 62.0%, experimental 60.00 %)moiety was taken place at temperature 550-710 °C [25]. Finally, 
the complex was completely decomposed and removed as Cu/CuO (calculated 20.00%, experimental 20.00%) at above 710 °C [30]. 

 

[NiC20H14O2N2] complex 

Indicating the absence of any lattice water molecules[1]. This complex was decomposed into three main steps, shown in fig. 5c. In the first step, the 
part of ligand (-C6H4) (calculated 18.00%, experimental 20.00%) was decomposed at temperature 300-400 °C. In 2ndstep, the decomposition of 
(C14H10O2N2-) (calculated 58.00%, experimental 60.00%) moiety took place at a temperature of 400-590 °C. Finally, the complex was completely 
decomposed and removed as Ni/NiO (calculated 18.0%, experimental 20%) [1, 2, 4]. 

The fragment scheme for the complex is shown below:  

 

[ZrC20H14O2N2] complex 

The Zr(IV) complex showed high thermal stability and decomposed above 250 °C, indicating the absence of any lattice water molecules[1]. This 
complex was decomposed into three main steps shown in fig. 5d. In the first step, the part of ligand (-C6H4) (calculated 21.00%, experimental 
15.00%) was decomposed at temperature 300-450 °C. In 2ndstep, the decomposition of (-C14H10O2N2) (calculated 56.0%, experimental 57.00%) 
moiety took place at temperature 450-770 °C. Finally, the complex was completely decomposed and removed as ZrO/ZrO2 (calculated 27.00%, 
experimental 28.00%) [30]. 

The fragment scheme for the complex is shown below:  

 

 

Table 4: Thermal data of Zn(II), Cu(II), Ni(II) and Zr(IV) complexes of ligand C20H16O2N2 (L) 

Complexes Steps Temperature range/°C TG mass loss % calc./found Assignments 
[ZnC20H14O2N2] 1st 

2nd 
3rd 

180-290 
550-650 
>600 

20.00/20.00 
62.33/60.10 
21.09/20.00 

C6H4 
C14H10O2N2 

Zn/ZnO 
[CuC20H14O2N2] 1st 

2nd 
3rd 

400-450 
450-600 
>600 

20.00/20.00 
62.00/60.00 
20.00/20.00 

C6H4 

C14H10O2N2 

Cu/CuO 
[NiC20H14O2N2] 1st 

2nd 
3rd 

400-500 
500-650 
>650 

18.00/20.00 
58.00/60.10 
18.00/20.00 

C6H4 

C14H10O2N2 

Ni/NiO  

[ZrC20H14O2N2] (NO3)2 1st 
2nd 
3rd 

300-450 
450-770 
>770 

21.00/15.00 
56.00/57.00 
27.00/28.00 

C6H4 

C14H10O2N2 

Zr/ZrO 

 

 

Fig. 5a: TGA curve of [ZnC20H14O2N2] 
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Fig. 5b: TGA curve of [CuC20H14O2N2] 

 

 

Fig. 5c: TGA curve of [NiC20H14O2N2] complex 

 

 

Fig. 5d: TGA curve of [ZrC20H14O2N2] (NO3)2 complex 

 

Antibacterial activity 

The prime objective of performing the antibacterial screening is to determine the susceptibility of the pathogenic microorganism. The free Schiff 
base ligand and their metal complexes were screened for their antibacterial activity against [39], Bacillus cereus-, Escherichia coli-, Shigella boydii 
and Staphylococcus aureus. The bacterial strains were obtained from Molecular Health Science Laboratory, Department of Genetic Engineering and 
Biotechnology, University of Rajshahi. The compounds were tested at a concentration of 50 µg/0.01 ml in DMSO solution using the paper disc 
diffusion method. The susceptibility zones were measured in diameter (mm) and the results were listed in table 5. The susceptibility zones were the 
clear zones around the discs killing the bacteria. All the Schiff base and metal complexes individually exhibited varying degrees of inhibitory effects 
on the growth of tested bacterial species (fig. 6). 
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Table 5: Antibacterial screening (zone of inhibition in mm) of schiff base ligand and its metal complexes 

Compound E. coli S. boydii S. aureas B. cereus 
DMSO 6.00±00 6.00±00 6.00±00 6.00±00 
L 9.33±0.58 11.83±0.29 9.40±0.40 9.27±0.31 
NiL 6.67±0.58 6.00±00 6.00±00 6.00±00 
ZrL 7.67±0.58 7.17±0.29 9.23±0.25 7.17±0.29 
CuL 14.83±0.76 10.43±0.40 8.17±0.29 9.13±0.32 
ZnL 8.83±0.76 11.47±0.50 11.93±0.40 13.83±0.76 
Kanamycine 26.67±1.53 23.00±1.00 19.67±0.58 25.33±0.58 

Results provided as mean±SD (This experiment done three times, n=3) 

 

 

Fig. 6: Antibacterial screening activity of schiff base ligand and its metal complexes (mean±SD, n=3) 

 

Brine shrimp cytotoxicity test 

The synthesized product was tested for its cytotoxicity against Artemia salina (brine-shrimps eggs) using the standard protocol [31]. 

Experimental design for cytotoxicity test 

The eggs of brine shrimps are hatched in simulated saltwater to get nauplii. This is done to obtain nauplii. The fabrication of test samples requires 
the addition of a determined amount of DMSO (dimethyl sulfoxide) to produce the requisite concentration of the test sample. This happens to 
ensure that the test sample is accurate. After the nauplii have been counted via a visual inspection, they are then moved into a test tube that has five 
milliliters of water and placed inside of it. A micropipette is next used to transfer the samples of varied concentrations into the test tube that has 
been specified in advance. This step comes after the previous one. A comparative analysis was performed between the cytotoxicity of the test agents 
and the cytotoxicity of the negative control that was produced. 

Preparation of simulated seawater (brine water) 

Since the lethality test requires the cultivation of brine shrimp nauplii, the nauplii must be cultured in seawater. The amount of sodium chloride 
found in seawater is 3.8%. Therefore, a solution of sodium chloride with a concentration of 3.8% was produced by dissolving 38 gs of sodium 
chloride (NaCl) in one liter of distilled water and then filtering the solution. Using NaHCO3, the pH of the brine water that was created in this 
manner was kept between 8 and 9 throughout the process. 
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Hatching of brine shrimps 

The brine shrimp's cysts were collected from classic aquarium shops in Rajshahi, Bangladesh. A solution of 38 g of sea salt and one liter of distilled 
water was used to create artificial saltwater, which was then used to hatch brine shrimp eggs, which belong to the species Artemia salina Leach. 
Following an incubation period of forty-eight hours at room temperature (27-29 °C) [32-34], the larvae (nauplii) were harvested using a pipette 
after being drawn to one side of the jar while a light source was present. After being aliquoted three times in tiny beakers containing saltwater, the 
nauplii were extracted from the eggs and separated from the eggs [35]. 

Samples preparation and application 

In this work, the production of synthetic compounds at different concentrations, ranging from 50 to 400 μg/ml, was the subject of investigation. 
Sample solutions with concentrations of 50, 100, 200, and 400 μg/ml were transferred to separate vials that were clean to facilitate the process of 
evaporating the solvent. After that, a flow hood was placed over these sample vials. Each vial contained thirty shrimp and one milliliter of simulated 
saltwater. The shrimp were put into the vials. Using simulated saltwater, the volume of the completed product was raised to five milliliters, and the 
pH was adjusted to 7.4 to get the desired result. Vials that were used as the negative control (solvent system) were subjected to an approach that 
was quite like the one described before. Each vial was exposed to incubation at a temperature of 26 ±1 °C for twenty-four hours, during which time 
it was further lit. The number of shrimp that had survived was then counted in both the control and test vials and the median lethal concentrations 
(LC50) were calculated by employing the dose-response curve in combination with the Microsoft Excel program [35]. This was done after the 
previous step had been completed. 

The actual mortility % was calculated with the following formula:  

(TN-AN)/TN × 100 

Here,  

TN= Taken Nauplii 

AN=Alive Nauplii 

 

Table 6: Cytotoxicitytestof schiff base ligand and its metal complexes 

Sample Concentration of sample/μg/ml Log C % mortality LC50 μg/ml 
Standard (vincristine sulphate) 31.25 1.49494 41.67±2.89 35.17±3.39 

62.5 1.79239 51.67±2.89 
125 2.09691 70.00±5.00 
250 2.39794 75.00±5.00 
500 2.69897 83.33±2.89 

L 31.25 1.49494 18.33±2.89 308.29±3.65 
62.5 1.79239 35.00±5.00 
125 2.09691 40.00±8.66 
250 2.39794 51.67±2.89 
500 2.69897 66.67±2.89 

[Cu(L)] 31.25 1.49494 26.67±2.89 250.87±6.72 
62.5 1.79239 45.00±5.00 
125 2.09691 58.33±7.64 
250 2.39794 68.33±2.89 
500 2.69897 76.67±2.89 

[Ni(L)] 31.25 1.49494 11.67±2.89 301.59±12.37 
 62.5 1.79239 18.33±2.89 

125 2.09691 33.33±5.77 
250 2.39794 55.00±5.0 
500 2.69897 71.67±2.89 

[Zn(L)] 31.25 1.49494 18.33±2.89 268.09±7.32 
62.5 1.79239 28.33±5.77 
125 2.09691 35.00±5.00 
250 2.39794 58.33±2.89 
500 2.69897 81.67±2.89 

[Zr(L)] 31.25 1.49494 18.33±2.89 268.09±7.59 
62.5 1.79239 31.67±7.64 
125 2.09691 50.00±5.00 
250 2.39794 56.67±2.89 
500 2.69897 78.33±2.89 

Results provided as mean±SD (This experiment done three times, n=3) 

 

Antioxidant test  

The assessment of the antioxidant characteristics of l and its metal ion complexes was conducted utilizing DPPH, a free radical molecule. The DPPH 
radical scavenging activity of metal complexes L, and BHT (butylated hydroxytoluene) is presented as a percentage in table 2. The results indicated 
that all the metal complexes exhibited a moderate level of DPPH radical scavenging activity (fig. X). It is possible to express the sequence as follows: 
BHT>CuL>NiL>ZnL>L. An analogous pattern was noted regarding the metal complexes that were produced from the l ligand. Cu2+complexes exhibit 
greater antioxidant activity in both instances compared to other complexes synthesized. The metal complexes derived from the ligand (L) exhibit 
significantly higher DPPH scavenging activity than the free ligand (L). This indicates that the complexes function as effective antioxidants and free 
radical scavengers compared to the free ligand (L), albeit at a lower level than standard BHT. It was demonstrated that the radical-scavenging 
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activity of both the standard BHT and the metal complexes increased with increasing concentration. A significant improvement in the antioxidant 
properties of the ligands was observed upon chelation with transition metal ions. The oxidizing potentials (OP) of the complexes are determined by 
the presence of compounds whose actions involve the contribution of hydrogen atoms to disrupt the chain of free radicals [37,38]. Thus, the results 
of this investigation suggest that CuL and ZnL complexes have the potential to be utilized in the treatment of pathological conditions caused by 
oxidative stress. The IC50 values of each compound mentioned in conjunction with the standard BHT have been computed and are presented in 
tables 7. 

 

Table 7: % of scavenging activity of Schiff base ligand and its metal complexes 

Conc (µg/ml) BHT L CuL NiL ZnL ZrL 
20 9.24±0.25 1.5±0.15 4.74±0.54 1.87±0.32 3.53±0.53 4.62±0.83 
40 15.82±2.24 2.33±0.39 8.65±0.48 3.9±0.54 5.86±0.32 7.69±0.27 
60 28.08±0.33 2.54±0.16 12.06±0.96 5.93±0.69 7.13±0.72 9.21±0.53 
80 34.08±2.77 3.3±0.23 13.41±0.74 8.77±0.42 9.58±0.40 11.05±0.58 
100 38.97±1.59 3.77±0.15 16.43±0.91 12.98±0.82 10.94±0.68 14.22±0.37 
IC50 6.19±0.25 89±3.18 16.87±0.57 19.66±0.61 26.01±0.91 20.5±2.38 

Results provided as mean±SD(This experiment done three times, n=3) 

 

 

 
Fig. 6: DPPH radical scavenging activity of Schiff base ligand and its metal complexes with standard BHT mean±SD, n=3 

 

CONCLUSION 

Cu(II), Zn(II), Ni(II), and Zr(IV) ions with a Schiff base ligand were synthesized and studied. The ligand was produced by condensing salicylaldehyde 
with o-phenylenediamine. Electronic spectra and magnetic susceptibility data revealed tetrahedral geometry for [ZnC20H14O2N2] and 
[CuC20H14O2N2], and square planar geometry for [NiC20H14O2N2] and [ZrC20H14O2N2]. Thermal analysis showed the complexes were mostly thermally 
stable with a possible degradation pathway. Biological activity tests indicated that the ligand and its metal complexes exhibited moderate to strong 
antibacterial activity, with the metal complexes being more effective than the Schiff base ligand alone. 
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