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Abstract    

Two tetradentate Schiff base ligands, (N,N''-bis((2-hydroxy-1-phenyl)methylidene)- 4-nitrophenyl-1,2-diamine (H2L1) and 

N,N'-bis((2-hydroxy-1-naphthyl)methylidene)-4-nitrophenyl-1,2-diamine (H2L2)) have been synthesized by the condensation 

of 4-nitro-orthophenylenediamine with 2-hydroxy-1-naphthaldehyde and salicylaldehyde  respectively in absolute ethanol and 

reacted with Co(II), Ni(II) and Cu(II) salts to form  the corresponding complexes. The compounds were characterized by UV-

vis., FT-IR, 1H NMR, 13C NMR, ESI-mass spectra, elemental analysis, and molar conductance measurements. The ligands 

were found to be tetradentate, coordinating to the metal ions through the azomethine nitrogen and oxygen atoms of phenol and 

naphthol and the sulphur atoms of thiophenol groups. Conductance measurements shows that these compounds are molecular. 

Cyclic voltammetry studies shows that the Co(III)/Co(II) and Ni(III)/Ni(II) redox systems are quasi-reversible involving a 

mono electronic transfer while Cu(III)/Cu(II) is irreversible. In vitro antimicrobial screening against five bacterial strains 

(Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa, Enterococcus faecalis, Proteus mirabilis and five fungal 

strains (Candida albicans, Candida glabrata, Candida tropicalis, Candida krusei, Candida parapsilosis), shows that some of 

the compounds exhibited moderate antibacterial and antifungal activities compared to the reference drugs.  Antioxidant 

studies reveal that the complexes are more potent than the ligands to eliminate free radicals. 

Keywords: Tetradentate Schiff base ligands, 4-nitro-orthophenylenediamine, 2-hydroxy-1-naphthaldehyde, metal complexes, 

cyclic voltammetry, antimicrobial activity

1. Introduction 

Schiff bases are considered as privileged ligands 

because they easily form stable complexes with most 

transition metal ions.  Their complexes have been 

extensively studied because of the ease with which 

they are synthesized, their stability under certain 

oxidation and reduction conditions as well as 

diversity and flexibility in structures [1-3]. They 

possess diverse properties, thus potential applications 

as catalysts [4, 5], therapeutic agents and biological 

models [6-9]. They have been shown to possess a 

wide variety of antimicrobial activity against 

pathogenic bacteria and fungi as well as antioxidants, 

antiviral and antitumor agents [7-11].  

Schiff bases are generally monodentate, bidentate   

[12, 13], tridentate [14] or tetradentate [15-17] 

ligands, capable of forming stable complexes with 

many transition metal ions. Tetradentate Schiff base 

ligands of N2O2 donor atoms, derived from the 

condensation reactions of diamines and the 

corresponding aldehydes or ketones are well known 

[18, 19]. Many complexes of tridentate and 

tetradentate Schiff base ligands with metal ions have 

been investigated as models for certain DNA binding 

and cleavage studies [17-20]. 2-hydroxy-1-

naphthaldehyde and salicylaldehyde were used to 

form many tetradentate Schiff base ligands with 

amino acid but their electrochemical study and 

biological properties where not investigated [21]. 

Our group has recently embarked on studies on cyclic 

voltammetry and the biological activities of 

heterocyclic tridentate Schiff base complexes [22-

24]. In continuation of our studies on metal 

complexes of heterocyclic Schiff base ligands, we 

report herein, the synthesis and electrochemical 
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studies of Cobalt(II), Nickel(II) and Copper(II) 

complexes of Tetradentate Schiff-base ligands 

derived from 4-nitro-orthophenylenediamine with 2-

hydroxy-1-naphthaldehyde and salicylaldehyde  and 

the evaluation their antioxidant and antimicrobial 

properties. 

 

2. Experimental  
2.1. Materials and Methods 

All reagents and solvents were obtained from 

commercial sources (Sigma and Across Organic) and 

used without further purification. Microanalyses (C, 

H and N) data were obtained using a Perkin-Elmer 

model 240C elemental analyzer. Infrared spectra 

were recorded using a KBr disk on an ALPHA-P 

spectrometer in the 4000- 400 cm
−1

 region. Electronic 

spectra were recorded in chloroform using UV-Vis 

spectrophotometer spectro Scan 80D in 300-800 nm 

range. 
1
H-NMR for the ligands were recorded on a 

Bruker AMX 300 spectrometer operating at 300.13 

MHz. High-resolution mass spectra were obtained 

using a Waters Micromass LCT Premier, Mass 

Spectrometer in Electron Spray ionization ESI mode. 

Cyclic voltammograms were recorded on a 

µAUTOLAB type III potentiostat/galvanostat and 

experiments were conducted under dry nitrogen 

conditions using a conventional three-electrode cell 

system. A glassy carbon electrode was used as the 

working electrode; Ag/AgCl and platinum were 

employed as the reference and auxiliary electrodes 

respectively. A 0.05M solution of H2SO4 was used as 

the supporting electrolyte. All electrochemical 

measurements were carried out in DMF solutions 

containing 10
-3

 M of either the ligand or its metal 

complexes. These solutions were degassed using a 

current of N2 gas prior to any recording of cyclic 

voltammograms while maintaining them under inert 

atmosphere. 

2.2. Synthesis of Schiff base ligands 

2.2.1. Synthesis of N,N'-bis((2-hydroxy-1-

phenyl)methylidene)-4-nitrophenyl-1,2-

diamine (H2L1) 

The Schiff base H2L1 was prepared by the 

condensation reaction between salicylaldehyde 

(1.148 g, 9.4 mmol) and 4-nitro-o-phenylenediamine 

(0.721 g, 4.7 mmol) in 30 mL of ethanol and heating 

the mixture under reflux for 4 hours as shown in 

scheme 1. The resulting solution was evaporated to 

about half the volume of the solvent to obtain a 

yellow precipitate which was filtered, washed several 

times with ethanol and air-dried. Yield: 68.77% 

(1.168 g); m.p 160°C; elemental analysis for 

C20H15N3O4 %Found(calc): C, 66.57(66.48); H, 

4.21(4.18); and N, 11.68(11.63). ESI-MS in MeOH: 

m/z 360.4 [M-H]
+
. 

2.2.2. Synthesis of N,N'-bis((2-hydroxy-1-

naphthyl)methylidene)-4-nitrophenyl-

1,2-diamine (H2L2) 
The Schiff base H2L2 was prepared by a condensation 

reaction between 2-hydroxylnaphthalaldehyde      

(0.86 g, 5.00 mmol) and 4-nitro-o-phenylenediamine 

(0.38 g, 2.50 mmol) in 30 mL of ethanol and heating 

the mixture under reflux for 4 hours as shown in 

scheme 1. The resulting solution was evaporated to 

about half the volume of the solvent. The yellow-

orange product was filtered, washed several times 

with ethanol and air-dried. Yield: 64.2% (0.766 g); 

m.p 120°C; elemental analysis for C28H19N3O4 

%Found(calc): C, 73.05(72.88); H, 4.26(4.15); and 

N, 8.98(9.11). ESI-MS in MeOH: m/z 496.2 [M+Cl]
+
.   

2.2.3. Synthesis of the complexes 
All complexes were synthesized using a procedure 

reported elsewhere [25]. The metal nitrate hydrate 

(1.00 mmol), was dissolved in 10 mL methanol and 

added drop-wise to a vigorously stirring methanolic 

solution (1.00 mmol) of the ligand (H2L1 and H2L2). 

The resulting solution was stirred under reflux for 2 

hours and cooled. The resulting coloured precipitates 

were filtered, washed thoroughly with ethanol and 

air-dried at room temperature. 

 

2.3. Cyclic Voltammetry 

Cyclic voltammetry studies were carried out using 

µAUTOLAB type III potentiostat/galvanostat and a 

three-electrode cell made up of glassy carbon as the 

working electrode, which was polished with an Al
2
O

3 

suspension prior to every experiment, Ag/AgCl and 

Pt foil used as pseudo reference and counter 

electrodes respectively. Solutions of the Schiff base 

ligands and complexes (1.0×10
-3

 

M) in DMF, with 

sulfuric acid (0.05 M) as supporting electrolyte were 

purged of oxygen by bubbling through, dry nitrogen 

gas for 15 minutes and then blanketed with the same 

gas during the experiments. All compounds were 

investigated at room temperature. The 

voltammograms were recorded with a potential scan 

rate of 100 mV·s
-1

. 

 

2.4. In vitro Antioxidant activity 

Schiff bases H2L1, H2L2 and their complexes were 

tested for in vitro antioxidant activities using DPPH 

free radical scavenging assay [26, 27] with some 

modifications. Solutions of the ligands and their 

complexes at different concentrations (200, 100, 50, 

25.5 and 12.25 μg/mL) were prepared in methanol. 

Different concentrations of 1mL of each sample and 

540 µL of DPPH (0.08 mg/mL) solution were 

measured into different test tubes and the mixture 

shaken vigorously for about 2-3 minutes. The 

contents of the test tubes were then incubated in the 

dark for 30 minutes at room temperature. A blank 
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DPPH solution without the sample, used for the 

baseline correction gave a strong absorption 

maximum at 517 nm (purple color with ε = 8.32 x 

10
3
M

-1
 cm

-1
). After incubation, the absorbance value 

for each sample was measured using a UV-visible 

spectrometer and the relative free radical scavenging 

effects  was calculated using the formula: 

 

                    
                        

         
        [28,29] 

where Abs(control) : absorbance of DPPH radical + 

DMF and Abs(Sample) : absorbance of DPPH radical + 

sample [test samples/ standard]. All the analyses were 

made in triplicate and values were compared with 

those of Trolox used as standard. 

 

2.5. Antimicrobial study 

The synthesized compounds were screened for in 

vitro antibacterial and antifungal activity against the 

bacterial strains: Escherichia coli, Staphylococcus 

aureus, Pseudomonas aeruginosa, Enterococcus 

faecalis, Proteus mirabilis and fungi species: 

Candida albicans, Candida glabrata, Candida 

tropicalis, Candida krusei, and Candida parapsilosis.  

Ciprofloxacine and Ketoconazole (at 1 mg/ml in 

DMSO) were used as reference drugs for bacteria and 

fungi respectively.  

2.5.1. Determination of the diameters of zone 

of inhibition  

The diameters of the zone of inhibition of the 

synthesized compounds were determined using the 

agar well diffusion method [30]. The stock solutions 

(1 mg/mL) of the compounds were prepared in 

DMSO at 37°C and incubated for 24 hours and 48 

hours for bacteria and yeasts respectively. The 

antimicrobial activities were assessed by measuring 

the diameter of the zone of inhibition of the bacterial 

growth around every well with a ruler following two 

axes. Three determinations were made for every 

product tested. 

2.5.2. Minimum inhibitory concentration  

The minimum inhibitory concentrations (MIC) were 

determined by the method of micro dilution in the 96-

well micro titer plates for the bacterial species [31]. 

The quantitative antibacterial or antifungal activities 

of the test compounds were evaluated using micro 

dilution broth method [32]. Two-fold serial dilutions 

of the compounds were prepared in 96-well micro 

titer plates using sterile nutrient broth as diluent. The 

plates were inoculated with 100 µL bacterial or 

fungal suspensions containing 1.5x10
8 

colony-

forming units (CFU) [33] and incubated at 37 
◦
C for 

48 hours for fungi and 24 hours for bacteria.  

 

3. RESULTS AND DISCUSSION 

The physical properties and analytical data of the 

compounds are summarized in Table 1. The Schiff 

base ligands were prepared by the condensation 

reaction in absolute ethanol, under reflux between 4-

nitro-o-phenylenediamine and salicylaldehyde for 

H2L1 and 2-hydroxylnaphthalaldehyde for H2L2 as 

shown in Scheme 1. The Schiff base ligands obtained 

as powders, melted at 177 and 120 °C for H2L1 and 

H2L2 respectively and were soluble in methanol, 

DMF and DMSO. The yellowish color of the Schiff 

bases is indicative of the formation of the imine (-

C=N-) group.  

 

 
Microanalysis results of the compounds agree with 

the expected values, thus confirming the purity of the 

compounds and the 1:1 reaction ratio for metal 

ion/ligand during the formation of the complexes. 

The low molar conductivities of the synthesized 

compounds in DMSO suggest the molecular nature of 

all the complexes. 

 

3.1. Infrared study 

The important spectral bands of the ligands (H2L1 and 

H2L2) and their corresponding metal complexes are 

presented in Table 2. In the spectra of the ligands 

(Figure 1), the strong and broad bands at 3455–3385 

cm
−1

 and 3470–4347 cm
−1

 are attributed to (O-H) of 

phenol respectively [34-36]. The strong bands at 

1617 and 1633 cm
−1

 are assigned to the 𝜈(C=N) 

azomethine group of H2L1 and H2L2 respectively       

[36-38].  

Also, the strong and medium bands which appear in 

the spectrum of each ligand at 1573 cm
−1

 and 1345-

1296 cm
−1

 correspond to aromatic nitro-group 

(NO2)assym and 𝜈(NO2)sym respectively. The strong 

bands at 1200-1160 cm
−1

 and 808-745 cm
−1

 are 

assigned to the 𝜈(C-O)sym and 𝜈(C-O)assym respectively in 

H2L1 and H2L2 ligands [38]. 

The band characteristic of the azomethine group 

𝜈(C=N) at 1613 and 1633 cm
−1

 in the free ligands H2L1 

and H2L2 respectively are shifted to lower wave 

Scheme 1. Synthesis of the Schiff bases ligands H2L1 

and H2L2 
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number in all the complexes suggesting the 

involvement of the azomethine nitrogen atom in 

coordination with the metal ions [36-38]. The 

absence of the medium bands in the 3455–3385 cm
−1

 

and 3470–4347 cm
−1

 ranges associated to (O-H) of 

phenolic group also suggested the involvement of 

phenolic oxygen in coordination after deprotonation 
[36-38].  

 

 

Thus, the ligands act as tetradentate chelating 

compounds coordinating to the metal ions through 

the two oxygen atoms of the phenol moiety and the 

two azomethine nitrogen atoms [38]. In all the 

complexes, the new bands observed at 573- 546 cm
−1

 

and 515–490 cm
−1

 can be attributed to the 𝜈𝑀–O and 

𝜈𝑀–N modes respectively for H2L1 complexes and at 

508- 504 cm
−1

 and 494-426 cm
−1

 for H2L2 complexes. 

 

 

3.2. 1
H NMR spectral analysis 

The 
1
H NMR spectra of the Schiff bases H2L1 and 

H2L2 in DMSO are presented in Figure 2. The singlet 

(s, 2H) at 11.84 and 14.53 ppm correspond to the 

phenolic δ(O–H) proton. While the azomethine proton 

δ(H-C=N) appeared as a singlet (s, 2H) at 8.98 and 9.68 

respectively for H2L1 and H2L2 [28-30]. The peak at 

7.86-6.42ppm (m, 11H) and 8.53 – 6.47ppm (m, 

15H) are attributed to the aromatic proton δ(Ar-H) of 

H2L1 and H2L2 respectively [30-32]. The appearance 

of the azomethine proton δ (H-C=N) and phenolic δ(O–H) 

proton confirm the tetradentate nature of the Schiff 

bases (H2L1 and H2L2).   

When the spectra of ligands and complexes are 

compared as summarized in Table 3, it was observed 

that the peaks at 11.84 and 14.53 in the ligands 

attributed to the OH protons are absent in the 

complexes, confirming the deprotonation of the OH 

during complexation, earlier suggested from IR data. 

The azomethine protons are shifted up field, 

confirming the involvement of the azomethine 

nitrogen in coordination [39-41].  

 

 

 

 

 

Table 1. Physical properties and analytical data of the Schiff bases and complexes 

Compounds Colour 
Yield 
(%) 

Melting 
point 

Molar mass 
(g.mol-1) 

%Found(calculated) Λm 
(Ω-1 cm2 mol-1) 

C H N 

H2L1 Yellow 68.8 177 361.4 66.57 (66.48) 4.21   (4.18) 
11.68  

(11.63) 
0.13 

CuL1 Brown 75.1 ˃360 485.9 50.42 (49.44) 3.49   (2.90) 
12.34   

 (11.53) 
2.40 

CoL1 Dark- Pink 69.3 ˃360 418.3 
57. 07 
(57.43) 

3.24  
(3.13) 

10.11    
(10.05) 

0.87 

NiL1 Red 65.5 ˃360 481.0 50.11 (49.94) 3.60   (2.93) 
11.91   

 (11.65) 
1.88 

H2L2 
Yellow- 
orange 

64.2 120 461.1 73.05 (72.94) 
4.21  

(4.18) 
11.68  

(11.63) 
1.13 

CuL2 brown 65.6 ˃360 686.02 
57.60 

(57.39) 
3.47 

(3.10) 
9.37  

(9.56) 
2.40 

CoL2 Dark- Pink 74.2 ˃360 581.4 
57.07 

(57.84) 
3.24 

(3.12) 
9.47  

(9.64) 
0.87 

NiL2 Red 70.5 ˃360 5817.17 
57.41 

(57.87) 
3.48 

(3.12) 
9.89  

(9.64) 
1.20 
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Figure 1. IR spectra of Schiff bases H2L1 (a) and 

H2L2 (b) 
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Figure 2. 
1
H-NMR spectra of Schiff base ligand H2L1 (a) and H2L2 (b) 

Table 2. IR data of ligands ( H2L1 and H2L2) and their complexes 

Compounds νC=N νNO2 νC-O νC-O asym νO-H νM-N νM-O 

H2L1 1613 1340 1175 826-750 3455-3385 / / 

CuL1 1604 1330 1182 827-760 / 549 567 
CoL1 1602 1335 1198 831-756 / 539 570 
NiL1 1604 1337 1201 834-760 / 561 592 

H2L2 1633 1296 1173 818-739 3470-3347 / / 

CuL2 1614 1320 1195 827-741 / 495 555 

CoL2 1614 1327 1245 821-746 / 504 567 
NiL2 1615 1333 1198 824-742 / 502 572 

Table 3. 
1
H-NMR data of the Schiff base and its corresponding complexes 

Compounds δ(O-H) δ(N=C-H) δ(Ar-H) 

H2L1 11.84 ppm (s, 2H) 8.98ppm (s, 2H) 7.86 - 6.42 (m, 11H) 

CuL1 / 8.75ppm (d, 2H) 7.45 - 4.12 (m, 11H) 

CoL1 / 8.70ppm (s, 2H) 7.62 - 5.04 (m, 11H) 

NiL1 / 8.95ppm (s, 2H) 7.78 - 5.84 (m, 7H) 

H2L2 14.53 ppm (s, 2H) 9.68ppm (s, 2H) 8.58 - 6.60 (m, 15H) 

CuL2 / 8.86ppm (s, 2H) 8.01 - 5.72 (m, 15H) 

CoL2 / 9.57ppm (s, 2H) 7.85 - 5.22 (m, 15H) 

NiL2 / 8.69ppm (s, 2H) 7.83 - 6.33 (m, 15H) 
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3.3 
13

C NMR spectral analysis 

The 
13

C NMR spectra of Schiff bases H2L1 and H2L2 

(Figure 3) shows signals at 163.07 ppm and 163.60 

ppm respectively, attributed to azomethine carbon 

δ(HC=N-) [39-41]. The peaks at 160.1 ppm and 

161.33 ppm for H2L1 and H2L2 are assigned to 

phenolic carbon δ(C–OH). Three other signals 

observed at 150.46 ppm, 136.64 and 134.25 ppm in 

H2L3 spectrum and 149.98 ppm, 136.98 ppm ad 

136.08 ppm in H2L4 spectrum and to the aromatic 

carbon bonded to the azomethine nitrogen δ(-C-N=) 

[39-41], The spectra also show other peaks between 

133 and 110 ppm attributed to aromatic carbons [39-

41]. 

 

 

 

3.4. Mass spectra 

The mass spectra (MS) of Schiff bases shows the 

molecular weight and fragmentation pattern. The 

molecular ion peak was observed at m/z 360.4 for 

H2L1 and m/z 496.2 for H2L2, confirming molecular 

formulae of (C20H15N3O4) and (C28H19N3O4) 

respectively [39-41]. These values are in agreement 

with the calculated         [M-H]
+
 and [M + Cl]

+
 values 

for H2L1 and H2L2 respectively, corresponding to the 

molecular weight of 361.4 and 461.48 for H2L1 and 

m/z 496.2 for H2L2 respectively [39-41]. The mass 

spectra of H2L1 and H2L2 are shown in Figure 4.  

 

 
 

 

 
 

3.5. Electronic Spectra 

The UV-Visible spectra of the compounds are 

presented in Figures 5 and 6 while band assignments 

and the proposed geometry are listed in Table 4. The 

spectra of H2L1 and H2L2 exhibited higher intense 

bands at 320 nm (31250 cm
-1

) and 318 nm (31446 

cm
-1

) assigned to   π→ π* transition, and at 391 nm 

(25575 cm
-1

) and 395 nm (25316 cm
-1

) assigned to 

n→π* transition [39-41]. The entire bands in the 

Figure 3. 
13

C-NMR spectra of the Schiff base 

ligand H2L1 (a) and H2L2 (b) 

Figure 4. Mass spectra of the Schiff base ligand 

H2L1 (a) and H2L2 (b). 
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spectrum of the Schiff base are shifted in the spectra 

of some complexes and disappear in the others due to 

coordination. The spectra of CoL1 and CoL2 

complexes shows an absorption band at    520-505 

nm (19 801 cm
-1

) and 606-603 nm (16 501 cm
-1

) 

suggesting the 
4
T1(P) → 

4
T2(F) and 

4
T1(F) → 

4
A2(F) 

transition typically for tetrahedral environments 

[39,42]. The spectra of CuL1 and CuL2 complexes 

show absorption bands at 451 nm (22172 cm
-1

) and 

453 nm (22075 cm
-1

) attributed to 
2
B1g→

2
A1g 

transition of square planar geometry around Cu(II) 

ion [19, 41] as expected from the  nature of the 

ligands and the resulting steric effects.  The spectrum 

of NiL1 show absorption bands at 484 nm   (20661 

cm
-1

) and 597 nm (16750 cm
-1

) attributed to  
3
T1(P) 

→ 
3
A2(F) and 

3
T1(F)→ 

3
A2(F)  transition of 

tetrahedral geometry. [39-42]. 

 

 
 

 

 
 

3.6. Thermogravimetric analysis of the complexes 

The differential and thermo gravimetric analyses of 

complexes were determined under a nitrogen gas 

inert atmosphere in the range 10 and 700 °C. The 

thermograms and data obtained are shown in Figure 7 

and summarized in Table 5. The thermal 

decomposition curves of CoL1 and NiL1 complexes 

showed single step decomposition corresponding to 

the loss of a part of ligand at 273 °C (found: 53.28; 

calc: 53.61) and 280 °C (found: 50.67; calc: 50.14) 

respectively. The corresponding residue are CoO and 

NiO. The thermal decomposition curve of the CuL1 

complex showed two steps decomposition. The first 

step at 280-430 °C corresponding to a loss of one 

mole of ligand (found: 64.81; calc: 65.24). While the 

second step occurred below 330 °C (found: 9.49; 

calc: 9.46) corresponding to the loss of one molecule 

of NO2 gas and the residue is CuO (found: 25.70; 

calc: 25.84)   [36-39]. 

The thermogram for CuL2 present single step 

decomposition between 140- 430 °C corresponding to 

the loss of one mole of ligand and water molecule 

(found: 77.83; calc: 77.89). The thermogram for NiL2 

also shows a single step decomposition between 310- 

510 °C attributed to the loss of one mole of ligand 

and water molecule (found: 73.14; calc: 73.18). The 

single step decomposition observed for CoL2 

complex at 180- 430 °C, corresponds to the loss of 

one molecule of ligand (found: 61.16; calc: 61.21) 

[36-39]. In all of these case, the residue appear as 

metal oxide (CuO, NiO and CoO). 

Analytical result suggested that the Schiff base 

ligands (H2L1 and H2L2) coordinated to the metal ions 

via the azomethine nitrogen and phenolic oxygen in 

tetradentate mode. Electronic spectral data suggest 

tetrahedral geometry for Co(II) and Ni(II) complexes 

and square planar in geometry for Cu(II) complex 

[19, 41]. 

3.7. Cyclic voltammetry study 

The electrochemical behavior of Schiff bases and 

their corresponding Co(II), Ni(II) and Cu(II) 

complexes were investigated in DMF between -1.5 V 

to 1.5 V and a scan rate of 100 mV.s
−1

.  

3.7.1. Cyclic voltammetry study of the Schiff 

bases 

The cyclic voltammograms of the ligand 

H2L1 (Fig. 9) shows two anodic waves respectively at         

Epa1= 0.333 V (1.397x10
-5

A) and corresponding to a  

two-electron oxidation processes [42]. For the return 

sweep, two reduction waves were observed at -0.087 

V and -1.177 V. The first wave observed at Epc1= 

0.087 V (1.137x10
-5

A) is attributed to the reduction 

of the nitro group [42, 43]. And the second wave 

observed at         Epc2= -1.177 V (6.329x10
-5

A) 

corresponds to the reduction processes of the 

azomethine moiety [42, 43]. The electron transfer 

process in the Schiff base H2L1 is described by 

scheme 2. 

 

Figure 5. Electronic spectra of ligand H2L1 

and its Corresponding complexes 

Figure 6. Electronic spectra of ligand 

H2L2 and its corresponding complexes 
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The cyclic voltammograms of the ligand H2L2 (Fig. 

5) shows three anodic waves at 0.572 V, 0.784 V and 

1.223 V corresponding to the successive oxidation of 

the nitro group and Schiff base [42, 43]. For the 

return sweep, three reduction waves were observed at 

0.653 V, -0.077 V and -0.512 V. corresponding to the 

reduction of the nitro group (scheme 3) [42] and the 

two-electron successive reduction processes of the 

oxidized form of the azomethine moiety [42, 43].  

The two-electron successive transfer process in H2L2 

is represented in scheme 4.  

 

  

(a) 

(b) 

Figure 7. Thermogramms of CuL1 (a) and 

CuL2 (b) 

Figure 8. Proposed structures of metal 

complexes  

Scheme 2. Electron transfer process in Schiff base 

H2L1 

Scheme 3. Oxidation processes of nitro group  

Scheme 4. Successive two-electron transfer processes in 

Schiff base H2L2 
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3.8. Cyclic voltammetry studies of complexes  
Knowledge of electrochemical redox processes of 

free ligands is important to properly assign the 

electron transfer processes of corresponding 

complexes [24, 25]. The voltammograms show 

anodic wave at nearly the same potential as the 

corresponding peaks in the voltammograms of the 

free ligands. Analysis of the recorded 

voltammograms of the complexes indicates that the 

obtained redox potentials depend on the nature of 

substituents on the ligand.  

 
3.8.1. Cyclic voltammetry studies of complexes 

of H2L1 Schiff base ligand  

Cyclic voltammograms of complexes of H2L1 Schiff 

base ligand, displaying two oxidation peaks are 

presented in Figure 10. The intense oxidation peak at 

0.024 V (8.425x10
-5

A), 0.433 V (1.029x10
-5

A) or 

0.421V(1.519x10
-5

A) with the associated reduction 

peaks at -0.483 V (-4.123x10
-5

A), -0.224 V (-

1.013x10
-5

A) or -0.287 V (-1.540x10
-5

A) correspond 

to the Cu(III)/Cu(II), Co(III)/Co(II) or Ni(III)/Ni(II) 

couples respectively [42- 48] while the weak peaks 

are attributed to the oxidation and reduction of the 

ligand moiety [45-48]. 

 
3.8.2 Cyclic voltammetry studies of 

complexes of H2L2 Schiff base ligand 

Cyclic voltammograms of complexes of H2L2 Schiff 

base ligand displaying two oxidation peaks are 

presented in Figure 11. The intense oxidation peak at 

0.083 V (6.900x10
-5

A), -0.136 V (0.749x10
-5

A) or 

0.447 V (1.069x10
-5

A) with associated reduction 

peak at -0.324 V (-1.901x10
-5

A), -0.628 V (-

1.989x10
-5

A) and -0.124 V (-9.172x10
-6

A) 

corresponds to Cu(III)/Cu(II), Co(III)/Co(II) or 

Ni(III)/Ni(II) couple respectively[42- 48] while the 

less intense peaks are attributed to the oxidation and 

reduction of the H2L2 ligand moiety [45-48]. 

 

Figure 9. Cyclic voltammogram of the Schiff 

bases H2L1 (a) and H2L2 (b) 

Figure 10. Cyclic voltammogram of CuL1 (a), 

CoL1 (b) and NiL1 (c) complexes 
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Table 4. Electronic spectral data of the ligand and their corresponding complexes 

Compounds λ(nm) and ν(cm
-1

) Assignments Suggested structures 

H2L1 
320 nm (31 250 cm

-1
) 

491 nm (25 575 cm
-1

) 
π→ π* 
n→ π* 

/ 
/ 

CuL1 
318 nm (31 446 cm

-1
) 

    386 nm (25 906 cm
-1

) 
451 nm (22 172 cm

-1
) 

H2L3 chromophore ( π→ π*) 
Charge transfer(L→M) 

2
B1g→

2
A1g 

Square planar 

CoL1 

317 nm (31 545 cm
-1

) 
395 nm (25 316 cm

-1
) 

520 nm (19 230 cm
-1

) 
603 nm (16 583 cm

-1
) 

H2L3 chromophore ( π→ π*) 
Charge transfer(L→M) 

4
T1(P)

 
→ 

4
T2(F) 

4
T1(F)→ 

4
A2(F) 

Tetrahedral  

NiL1 

355 nm (28 169 cm
-1

) 
406 nm (24 630 cm

-1
) 

484 nm (20 661 cm
-1

) 
597 nm (16 750 cm

-1
) 

H2L3 chromophore ( π→ π*) 
Charge transfer(L→M) 

3
T1(P) → 

3
A2(F) 

3
T1(F)→ 

3
A2(F) 

Tetrahedral 

H2L2 
318 nm (31 446 cm

-1
) 

495 nm (25 316 cm
-1

) 
π→ π* 
n→ π* 

/ 
/ 

CuL2 
316 nm (31 645 cm

-1
) 

394 nm (25 380 cm
-1

) 
453 nm (22 075 cm

-1
) 

H2L4 chromophore ( π→ π*) 
Charge transfer(L→M) 

2
B1g→

2
A1g 

Square planar 

CoL2 

316 nm (31 645 cm
-1

) 
397 nm (25 188 cm

-1
) 

505 nm (19 801 cm
-1

) 
606 nm (16 501 cm

-1
) 

H2L4 chromophore ( π→ π*) 
Charge transfer(L→M) 

4
T1(P)

 
→ 

4
T2(F) 

4
T1(F)→ 

4
A2(F) 

Tetrahedral 

NiL2 
421 nm (23 752 cm

-1
) 

592 nm (16 891 cm
-1

) 
Charge transfer(L→M) 

3
T1(F)→ 

3
A2(F) 

Tetrahedral 

Table 5. Thermogravimetric  analytical results for Cu(II), Co(II) and Ni(II) complexes of H2L1 and H2L2 

Compounds  Step 

TGA 

Temperature 

(°C) 

DSC Temperature 

(°C) 

Weight loss 

(%) 
Fragment lost  

Found Calc 

CuL1 

1 280 
298 

(Endothermic) 
64.81 65.24 

C20H16N2O2 (1 molecule of 

ligand) 

2 330 
385 

(Endothermic) 
9.49 9.46 NO2 (gas) 

Residue ˃460  25.70 25.84 CuO,  

CoL1 
1 273 

360 

(Endothermic) 
53.28 53.61 

C13H10N2O2 (1 molecule of 

ligand) 

Residue  ˃480  46.72 46.63 CoO;  

NiL1 
Single  154-280 373 (Endothermic) 50.67 50.14 

C13H12N3O2.75 (1 molecule of 

ligand+1/2H2O) 

Residue ˃440  49.33 49.06 NiO,  

CuL2 
Single  140-430 307 (Endothermic) 77.83 77.89 

C28H19N3O4 (1 molecule of 

ligand) 

Residue ˃450  22.17 22.27 CuO  

CoL2 
Single  180-430 365 (Endothermic) 61.16 61.21 

C18H14N3O3.5 (1 molecule of 

ligand + 1/2H2O) 

Residue ˃450  38.84 38.98 CuO  

NiL2 
Single  310-510 373 (Endothermic) 73.14 73.90 

C28H20N3O2 (1 molecule of 

ligand) 

Residue ˃520  26.86 26.57 NiO  
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3.8.3 Effect of the ligand on the electrochemical 
behaviors of the complexes  

 The napthyl group (compared to the phenyl) 

stabilizes the lower oxidation state of the metal ion 

because of the strong electron-withdrawing effect of 

the napthyl group [48, 49]. This effect lowers the 

electron density on the central metal ion as reduction 

centre which becomes more positive and thereby 

more easily reduced. Therefore, the electron-

withdrawing group shifts the potential of the cathodic 

peak Epc to more positive values as can be seen from 

Table 6. The presence of electron-donating groups 

has the reverse effect [49]. Characteristic peak for the 

reduction of the imine group, shifts to more negative 

values with the decrease in the electron-donating 

ability of the substituents. Electron density on the 

copper ion in the complexes with phenyl groups is 

less and the metal coordination geometry may appear 

more distorted due to steric effects of the bulky 

napthyl group substituent [49].  

 

3.9. Kinetic effect of the electrochemical process  

In order to study the kinetics of the electrochemical 

processes, the redox systems of the complexes were 

investigated separately in the reduced potential range 

of -1.0 to 1.5 V at various scan rates (10 to 430 mV.s
-

1
) as shown in the voltammograms in Figure 12. 

The peak to peak separation ΔEp increase with the 

scan rate and the ratio of cathodic to anodic (Ipa/Ipc) 

peak is near one for Co(II) and Ni(II) complexes, 

indicating the quasi-reversibility of the redox system. 

For the Cu(II) complexes, the ratio (Ipa/Ipc) is 

greater than one, indicate the irreversibility of the 

redox system. The respective one-electron transfer 

processes in the complexes are described by scheme 5 

 

 
3.10. Mechanism at the surface of the electrodes 

The cyclic voltammograms of the ligands and their 

corresponding complexes, scanned 20 times at a scan 

rate 10 mV.s
-1

 and superposed show all the peaks 

appearing in the same position for all the cycles, 

suggesting that there is no adsorption of the 

compound at the glassy carbon electrode surface [48]. 

Cyclic voltammograms of the ligands and their 

corresponding complexes, scanned at different scan 

rates (10 to 430 mV.s
-1

), the peak current increases 

with an increase in the square root of the scan rates 

(Figures 12 and 13) suggesting that the electrode 

process is diffusion controlled [43,47]. The plot of  

Figure 11. Cyclic voltammogram of CuL2 (a), 

CoL2 (b) and NiL2 (c) complexes 

 

Scheme 5. Electron transfer process in 

complexes of H2L1 and H2L2 Schiff base 

ligand 
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the cathodic peak potential versus the logarithm of 

scan rate shows a nonlinear relationship (Figure 14), 

indicating that even though the potential does not 

depend on the scan rate, the processes at the surface 

of the electrodes are slow [43, 47].  

 
 

 
 

3.6. Biological study 

3.6.1. Antimicrobial activity of the ligand and 

its metal complexes 

The Schiff bases and their metal complexes were 

tested against five bacterial strains (Escherichia coli,  

 

 

 

 

 

 

 

 

 

 

 

Staphylococcus aureus, Pseudomonas aeruginosa, 

Enterococcus faecalis, and Proteus mirabilis) and 

five fungi (Candida albicans, Candida glabrata, 

Candida tropicalis, Candida krusei, and Candida 

parapsilosis) employing Ciprofloxacine and 

Ketoconazole as the reference material for bacterial 

and fungal studies respectively.  

3.6.2. Determination of the Diameters of zone 

of the inhibition (DZI) 

The diameters of the zone of inhibition of the ligand 

and their complexes were determined using agar well 

diffusion method [29]. The diameters of zone of 

inhibition on fungi and bacteria are summarized in 

Table 7 and 8 respectively, while Figure 15 and 16 

are the histograms of the corresponding diameter of 

zone of inhibition. 

The resulting data revealed that the compounds 

exhibited lower inhibition than ciprofloxacine and 

ketoconazole used as the reference materials. It was 

found that the Schiff bases (H2L1 and H2L2) did not 

show any antibacterial activity against the tested 

bacterial strains except E. coli on which H2L2 shows 

very low activity. All the metal complexes (M-L1) are 

more active than the ligand H2L1 on Escherichia coli, 

Staphylococcus aureus, Pseudomonas aeruginosa 

and Proteus mirabilis. CoL2 and NiL2 complexes 

showed moderate antibacterial activity compared to 

the ligand H2L2 on Escherichia coli and 

Pseudomonas aeruginosa. Only CoL2 complex 

showed higher antifungal activities than the ligand on 

Candida krusei and Candida tropicalis.  This 

enhancement in the activity of the metal complexes 

compared to the ligand can be explained by the effect 

of chelation and the overtone’s concept [38, 42, 48,]. 
On chelation, the polarity of the metal ion is reduced 

to a greater extent due to the overlap of the ligand 

orbital and partial sharing of the positive charge of 

the metal ion with donor groups. Furthermore, the 

delocalization of   p-electrons over the whole chelate 

ring enhances the lipophilicity of the complex. This 

increased lipophilicity enhances the penetration of the 

Table 6. Characteristic peaks obtained in voltammograms of  complexes 

Compounds  
Epa1 (V) 
Metal  

Epc1(V) 
Metal  

Epa2(V) Nitro 
group 

Epa1(V) 
imine 

Epc(V) 
imine 

CuL1 0.024  -0.483 1.029   1.291 -0.851 
CuL2 0.083 -0.324 1.098 1.254 - 0.716 

CoL1 0.433  -0.145 0.735 1.073  - 1.070 
CoL2 0.229 -0.224 0.583 0.788 - 0.898 

NiL1 0.421 -0.287 0.687 1.123 - 1.183 
NiL2 0.447 -0.124 0.697 1.223 - 1.032 

Figure 12. Variation of peak to peak separation 

with scan rate for (a) Cu(II)L1, (b) 

Co(II)L1 and (c) Ni(II)L1 complexes 
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complexes into the lipid membranes thus increasing 

the bioavailability and hence, the biological activities 

[38, 42, 48]. Also the lipid membranes that surround 

the cell favours the passage of only liquid-solid 

materials due to lipo-solubility, thus contorts 

antimicrobial activity [38, 47]. 

 

3.6.3. Minimum inhibitory concentration 

(MIC)  
After incubation at 37 °C, the lowest 

concentrations of the antimicrobials in which there 

was no visible growth of the microorganism 

represents their minimum inhibitory concentration 

and the results are presented in Tables 9.  

 

3.6.4. Minimum bactericidal concentration 

(MBC) 
The minimum bactericidal concentrations of 

the compounds were determined by sowing 10 µL of 

the content of every well presenting no manifested 

change of color after revelation at the p-

iodonitrotetrazolium chloride (INT). the chloride 

(INT). After sowing in the sterile boxes of Petri dish  

 

of 90 mm containing MHA, these boxes were 

incubated at 37 °C for 24 hours. At the end of the 

incubation, the smallest concentration underneath of 

which, no resumption of the bacterial growth was 

observed is the minimum bactericidal concentration 

and result are summarized in Tables 9. 

 

 

 Table 7. Diameters of the zone of inhibition on fungi 

  Fungi 

Samples C. albicans C. glabrata C. krusei C. tropicalis C. parapsilosis 

H2L1 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 7.00  ± 0.40 8.50 ± 0.20 

CuL1 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

CoL1 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 6.00  ± 0.20 

NiL1 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

H2L2 0.00 ± 0.00 0.00 ± 0.00 8.00  ± 0.20 0.00 ± 0.00 0.00 ± 0.00 

CuL2 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

CoL2 4.00  ± 0.20 0.00 ± 0.00 12.10 ± 0.20 6.00  ± 0.20 0.00 ± 0.00 

NiL2 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 4.00  ± 0.40 

Ketoconazole 46.30 ± 0.40 40.00  ± 0.40 48.50 ± 0.40 48.00  ± 0.30 44.30 ± 0.40 

Active when the diameter of the zone of inhibition is ≥ 6.00 ± 0.20 mm 

 Table 8. Diameters of the zone of inhibition on Bacteria 

  Bacteria 

Samples E. coli S. aureus P. aeruginosa E. faecalis P.mirabilis 

H2L1 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

CuL1 8.30 ± 0.40 10.30 ± 0.20 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

CoL1 10.50 ± 0.40 7.00  ± 0.40 6.50 ± 0.30 0.00 ± 0.00 0.00 ± 0.00 

NiL1 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 12.80 ± 0.20 

H2L2 6.00  ± 0.40 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

CuL2 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

CoL2 12.00  ± 0.30 0.00 ± 0.00 6.00 ± 0.20 0.00 ± 0.00 0.00 ± 0.00 

NiL2 0.00 ± 0.00 0.00 ± 0.00 4.10 ± 0.20 0.00 ± 0.00 0.00 ± 0.00 

Ciprofloxacin 28.80 ± 0.40 30.50 ± 0.40 26.00 ± 0.40 28.30 ± 0.30 30.00  ± 0.20 

Active when the diameter of the zone of inhibition is ≥ 6.00 ± 0.20 mm 
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3.10.1. Minimum fungicidal concentration 

(MFC) 
The minimum fungicidal concentrations were 

obtained using the two-fold serial dilutions of 

compounds prepared in 96-well micro titre plates 

inoculated with 100 µL suspension containing 

colony-forming units at 37 ◦C for 48 hours. The 

lowest concentrations that induced an absence of 

turbidity at the bottom of the wells after incubation 

were noted as the minimum fungicidal concentrations 

and result are also summarized in Tables 9. The 

activities of compounds are considered significant 

when (MIC and MFC or MBC < 10 μg/mL), 

moderate when (10 ≤ MIC and MFC or MBC ≤ 256 

μg/mL) and weak when (MIC and MFC or MBC > 

256 μg/mL) Kuete et al., (2010) [50].  

It is observed from the biological data that, the 

Schiff bases and all complexes presents higher 

concentrations to inhibit microbial species, this 

indicated their weak antifungal and antimicrobial 

activities when compared to the standards used. 

However, CoL1 and NiL1 complexes are moderately 

active against Staphylococcus aureus, Pseudomonas 

aeruginosa and Proteus mirabilis, while CuL1 

complex is moderated active only against 

Pseudomonas aeruginosa when compared to the 

ligand H2L1. CoL2 complex shows moderate activities 

against all tested species when compared to the 

ligand H2L2 

3.11. Antioxidant activity of the Schiff base and 

its metal complexes 

The Schiff bases and their metal complexes 

were screened for free radical scavenging activity by 

DPPH method using Trolox as a standard by 

measuring radical scavenging effect on DPPH 

radicals and the IC50 values. The results of the free 

radical scavenging activity of the compounds at 

different concentrations are shown in Figure 15.  

It is evident from the results that the free radical 

scavenging activities of these compounds are 

concentration dependent [49, 52, 53]. Among the 

examined compounds, all the metal complexes 

exhibited higher scavenging activity than the Schiff 

bases. The marked antioxidant activity of the metal 

complexes, in comparison to free Schiff bases, could 

be due to the coordination of metal ions usinf the 

azomethine nitrogen of the ligands, and the oxygen 

atom of phenoxyl and naphtoxyl moieties. In case of 

the above test compounds, the hydrogen of 

azomethine is more acidic hence could easily be 

donated to the DPPH free radical and convert itself 

into the stable free radical [52, 53].  Figure 16 

represent the histogram of IC50 values for H2L1 and 

H2L2 and their corresponding metal complexes for 50 

% of DPPH radical.  

CoL1and CuL1 complexes show good IC50 values 

compared to the ligand H2L1, while CoL2, NiL2 and 

CuL2 show good IC50 values when compared to the 

ligand H2L2. This results affirms the fact that 

complexation increase the antioxidant activity [49, 

52, 53]. Metal complexes of H2L1 Schiff base shows 

good IC50 values compared to complexes of the H2L2 

Schiff base, this can be due to the steric effect of the 

ligand. 

 

Table 9. Minimal inhibitory concentrations of the compounds (μg/ml) 

Samples 

Fungi Bacteria 

C. albicans C. glabrata C. krusei C. tropicalis 
C. 

parapsilosis 
E. coli S. aureus 

P. 

aeruginosa 
E. faecalis P.mirabilis 

MIC MFC MIC MFC MIC MFC MIC MFC MIC MFC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC 

H2L1 64 - - - 128 - 64 256 32 128 128 - 128 - 128 128 128 - 64 128 

CuL1 256 - - - 256 -   -   - 128 - 256 - 64 256 - -   - 

CoL1 256 - 256 - 128 - 256 - 128 - 128 - 64 256 128 - - - 128 - 

NiL1 256  - - -   -   - 256 - - - 32 128 128 - 256 - 128 - 

H2L2 256 - - - 256 - 256 - 256 - 64 256 32 128 128 - - -   - 

CuL2 256 - - - 256 - 256 - 256 - - - 128 - 256 - - -   - 

CoL2 128 - 128 - 128 - 128 - 128 - 128 - 64 256 32 128 256 - 128 - 

NiL2 256 - - - 256 - 256 -   - - - 256 - 128 - - - 256 - 

Ketoconazole 0.5 8 0.25 8 0.125 0.5 8 8 2 4 
          

Ciprofloxacin 
          

2 8 1 4 2 8 1 4 2 8 

(-) means that the concentration are >256 µg/mL 
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4. Conclusion 

We have prepared and characterized two new 

tetradentate Schiff base ligands (H2L1 and H2L2), 

which coordinate easily to Co(II), Cu(II) and Ni(II) 

ions to form tetrahedral Cobalt and Nickel 

complexes, and square planar Copper complexes. 

Cyclic voltammetry studies of the ligand and their 

metal complexes reveal that the redox systems  

 

 

 

Co(III)/Co(II) and Ni(III)/Ni(II) displayed quasi-

reversible processes while Cu(III)/Cu(II) displayed 

an irreversible process.  

Substituents have a detectable effect on the 

electrochemical behaviour of the Schiff bases and 

their complexes. Significant correlations have been 

observed between redox potentials and antioxidant 

properties. It is found that compounds with strong 

scavenging capabilities are oxidized at relatively low 

potentials and therefore the oxidation potentials can 

be used as a general indicator of radical scavenging 

ability. Knowledge of the electronic and steric effects 

that control redox processes of these compounds 

offers very interesting research opportunities and may 

Figure 13. Plot of Ip vs. v1/2 
for (a) 

Cu(II)L1, (b) Co(II)L1 and 

(c) Ni(II)L1 complexes 

 

 

Figure 14. Plot of Epc vs. LogV
 
for (a) 

Cu(II)L1, (b) Co(II)L1 and (c) 

Ni(II)L1 complexes 
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be critical in the design of new research projects. 

Antibacterial studies show moderate activity of the 

compounds with the complexes being more active 

than the free ligand on some bacterial and fungal 

strains thus confirming that chelation can increase 

antimicrobial activity.  
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