
  
 

 

Mixed Ligand Complexes of Cu(II), Ni(II), and Zn(II) ions containing N-(4-

methoxybenzylidene)isonicotinohydrazone Schiff base and 1,10-Phenanthroline 

: Synthesis, Characterization, Antimicrobial and Antioxidant properties 
 

 

Abstract 

N-(4-methoxybenzylidene) isonicotinohydrazone (La) Schiff base ligand was prepared by the 

condensation reaction of isonicotinic acid hydrazide (INH) and 4-methoxybenzaldehyde. A 

series of metal complexes of Cu(II), Ni(II), and Zn(II) was synthesized with Schiff base 

ligand (primary ligand, La) and 1, 10-phenanthroline (L1) as a secondary ligand in 

stoichiometry ratio (1:1:1). Moreover, the synthesized ligand and its complexes have been 

characterized by analytical and physical properties, conductivity, magnetic susceptibility 

measurements, FTIR-spectra, and UV-Visible spectra. Conductivity measurements indicated 

that all complexes were 1:2 electrolytes in nature. IR spectra recommended that the oxygen 

of the carbonyl group (=CO) and nitrogen of the azomethine group (-C=N) were coordinated 

with metal ions. The confirmation of a square planar structure for Cu(II) and Ni(II) 

complexes, as well as a tetrahedral structure for the Zn(II) ion complex, was supported by 

their respective magnetic moment values and UV-Visible spectra.The metal complexes of La  

with L1 were tested against Escherichia coli and Pseudomonas sp.Among the tested 

compounds, Zn(II)complex showed higher antibacterial activity over both bacterial strains 

against reference drug Kanamycin-30.Moreover, synthesized metal complexes exhibited 

moderate antioxidant activity than the Schiff base. Cu(II) complexes were found to be 

most active whereas, Zn(II) complexes showed the lowest antioxidantactivity 

comparable to the BHT. 
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1. Introduction 

Compounds with the formula of the azomethine group (-C=N-) are called Schiff bases, which 

are derived from the condensation reaction of primary amines and carbonyl compounds 

containing aldehydes or ketones [1-3]. Schiff bases are terrific coordinating ligands [4]. In the 

last decade, Schiff base ligands have gained more attention mainly by reason of their wide 

uses in the field of catalysis, biomimetic modeling as well as designing molecular magnet 



  
 

 

molecules and because of their antimicrobial and antifungal activity [5, 6].Moreover, they are 

an intriguing class of ligands that have played a significant role in coordination chemistry [7-

10] and inorganic chemistry because they readily form stable complexes with most transition 

metal ions [11]. Furthermore, they have various applications in biological, clinical, analytical, 

electrochemistry, medicinal, and industrial studies in addition to they are used as liquid 

crystals in the field of analytical, medicinal, and polymer chemistry [12-14]. As-well, Schiff 

bases and their complexes exhibit biological activities including antibacterial, antifungal, 

anti-oxidative anti-inflammatory, anti-tumor, anti-cancer, and anti-HIV [15-18].Mixed ligand 

complexes having a significant role in the biological field as represented by several ways in 

which enzymes are known to be activated by metal ions.Schiff bases which derived from 

heterocyclic compounds for instance; P- anisaldehyde and furan‐ 2‐carbaldehyde have 

fascinated an escalated interest in the field of bioinorganic chemistry[19-21]. Isoniazid which 

is known as isonicotinylhydrazide( INH) in addition to it is an organic compound that is one 

of the most powerful drugs and the first-line medication drugs for treating and preventing 

tuberculosis. It is considered as standard treatment material by the World Health 

Organization (WHO) against Mycobacterium tuberculosis bacteria due to its high 

antibacterial activity. It forms metal chelate compounds with diverse bivalent ions having 

moderate to better biological importance [22-25]. 

 

In view of the versatile importance of Schiff base ligands and their metal complexes, we 

hereindescribed thethe coordination behavior of a Schiff base (La) derived from the p- 

anisaldehydeand isoniazid, as well as their metal complexesspecifically; Cu(II), Ni(II) and 

Zn(II) in the presence of 1,10 phenanthroline(L1) as a secondary ligand.Some results of 

bioactivity tests such asantimicrobial and antioxidant activities for ligands and their metal 

complexes were also encompassed. 

 

2.Experimental Methods 

 

The weighing operation was performed with the help of a METTLER PM 200 electronic 

balance.The melting or decomposition temperatures of all the prepared metal complexes were 

observed in an electro thermal melting point apparatus model o.AZ6512.Infrared spectra of 

the ligands and complexes were recorded on a FTIR-8400, SHIMADZU, Japan using a KBr 

disc at the Central Science Lab of Rajshahi University.The Electronic spectra of the 

complexes in solution phase (1×10
-5

 M) were recorded in the range of 200-800 nm on a 



  
 

 

Thermo-electron Nicolet evolution 300 UV-Vis spectrophotometer. Conductivity 

measurements of the complexes were carried out in N, N´-dimethylformamide (DMF)using 

Horiba conductivity meter B173 in which cell constant is fixed.
1
H NMR spectra were 

measured on a Bruker400, Ultra Shield TM spectrometer using CDCl3 as asolvent.A 

Sherwood Scientific Magnetic Susceptibility Balancewas used to measure the magnetic 

moment values.Elemental analysis was carried out on a LECO (CHNS-932) elemental 

analyzer.The purity of all thesecompounds was tested by thin layer chromatography (TLC) 

on Silica gel-GF 254 (Merck)coated plates. 

 

 

2.1.Synthesis of N-(4-methoxybenzylidene) isonicotinohydrazone Schiff base Ligand 

(La) 

N-(4-methoxybenzylidene) isonicotinohydrazone Schiff base Ligand was prepared (Scheme 

1) by the condensation reaction of Isoniazid (INH) and P-anisaldehyde in anequimolar ratio 

(1:1). INH(1.374 g, 10.00mmol) was intermixed with ethanol (15 mL) and then the mixture 

was poured in a round bottom flask with extra ethanol for a homogeneous mixture solution. 

Moreover, 4-methoxybenzaldehyde (1.22 mL, 10.00 mmol) was added up drop-wise over 5 

minutes and washed with ethanol (5mL). The reaction mixture was refluxed for 5 hours and 

also the color of the solution (yellow) converted into white. After completion of the reaction, 

it allowed to cool slowly and to stand overnight. Eventually, it produced a white crystalline 

solid which was filtered off and dried in a desiccator over anhydrous CaCl2.  

N-(4-methoxybenzylidene) isonicotinohydrazone 

C14H13N3O2; White solid, yield 74 %, mp., 110 
0
C, IR spectrum, ν, cm

–1
: 1658.70 (C=O), 

1593.61 (C=N). UV-Vis spectrum, λmax, nm: 267, 318. Elemental analysis for 

C14H13N3O2:Found, %: C, 65.87; H, 5.12; N, 16.45; O, 12.55. Calculated, %: C, 65.86; H, 

5.10; N, 16.46; O, 12.54  



  
 

 

 

Scheme 1: Synthesis of Schiff base ligand, La 

2.2.Synthesis of Mixed Ligand Complexes 

The synthesizedSchiff base ligand (La) having 0.255 g(1mmol) was dissolved in methanol 

(10 mL) solution. Then, the hot methanolic solution of ligand andequimolar 1,10-

phenanthroline hydrate (0.198 g, 1 mmol), which was used as a secondary ligand (L1) were 

added up drop-wise unitedly in the heatedmethanolic solutions (10 mL, 1 mmol) of nitrate 

salts (0.254 g, 1mmol)of metals for-instance; Cu(II), Ni(II), and Zn(II). In addition, the 

mixture was refluxed for 3 hours and after completion of the reaction, it allowed tocool 

slowly and to stand overnight.The obtained precipitate was filtered, washed with a-few times 

with methanol, and dried under vacuum on anhydrous CaCl2. The synthesized metal 

complexes were soluble in dimethyl sulfoxide (DMSO) and N, N-dimethylformamide(DMF). 

 

 

[Cu(La)(L1](NO3)2: 

 

[CuC14H13N3O2]; F.wt.(g/mol): 498.55; Yield: 71%; Color:Munsell yellow solid, mp., 216 

°C. Molar conductance (Ω
–1

 cm
2
mol

–1
): 145. µeff, B.M: 1.83. IR spectrum, ν, cm

–1
: 528.51 

(M–N), 598.53 (M=O), 1557.52 (C=N). 1607.25 (C=O). UV-Vis spectrum, λmax, nm: 275, 

323, 378. Elemental analysis for CuC14H13N3O2;Found, %:  C, 50.10; H, 3.38; N, 15.74; O, 

20.54; Cu, 10.18. Calculated, %: C, 50.08; H, 3.37; N, 15.73; O, 20.55; Cu, 10.20. 

 

[Ni(La)(L1)](NO3)2: 

 

[NiC14H13N3O2]:F.wt.(g/mol): 493.69; Yield: 61%; Color:Dark green solid, mp., 276 °C. 

Molar conductance (Ω
–1

 cm
2
mol

–1
): 140. µeff, B.M: 1.31. IR spectrum, ν, cm

–1
: 534.78 (M–

N), 590.85 (M=O), 1530.18 (C=N), 1603.59 (C=O). UV-Vis spectrum, λmax, nm: 263, 296, 

386. Elemental analysis for NiC14H13N3O2;Found, %:  C, 50.50; H, 3.42; N, 15.86; O, 20.72; 

Ni, 9.48. Calculated, %: C, 50.47; H, 3.40; N, 15.85; O, 20.71; Ni, 9.49.  

 



  
 

 

[Zn(La)(L1](NO3)2: 

 

[ZnC14H13N3O2]: F.wt.(g/mol): 500.38; Yield: 79%; Color:White solid, mp., 266 °C. Molar 

conductance (Ω
–1

 cm
2
mol

–1
): 150. µeff, B.M: 0.75. IR spectrum, ν, cm

–1
: 530.45 (M–N), 

597.77 (M=O), 1552.12 (C=N), 1608.99 (C=O). UV-Vis spectrum, λmax, nm: 270, 362. 

Elemental analysis for ZnC14H13N3O2;Found, %:  C, 49.95; H, 3.39; N, 15.69; O, 20.46; Zn, 

10.45. Calculated, %: C, 49.93; H, 3.36; N, 15.68; O, 20.48; Zn, 10.46 

 

3. Resultsand Discussion 

All complexes were insoluble in polar solvent but soluble in DMSO and DMF. In addition, 

allcomplexes were quite stable and may be stored without any noticeablechange.Conductivity 

of complexes was in the range 140-150ohm
-1

 cm
2
 mol

-1
which indicated 1:2 electrolytic in 

nature [26, 27].Magnetic susceptibility values revealed that the value of the magnetic moment 

in the case of Cu(II) complex was 1.83 B.M which indicates paramagnetic natureand also 

corresponds to a square planar geometry[28]. For the Ni(II) complex, the value of magnetic 

moment was 1.31 indicatingthe diamagnetic nature with square planar geometryand on the 

other hand, tetrahedral structure for Zn(II) ion complex with 0.75 B.M [29-33]. 

IR Spectral Studies 

The IR spectrum of the free liganddisplayed typical bands at 1659cm
-1

and 1594 cm
-1 

due to 

the  ѵ(C=O) and ѵ(C=N) functional groups respectively (Figure 1) [34-36 ]. In IR spectra of 

metal complexes, the band of Schiff base ligand(1659 cm
-1

), assigned to the ν(C=O) 

stretching vibration of the primary ligand wasshifted tolower frequencies ranging 1603–1609 

cm
-1 

in theCu(II), Ni(II), and Zn(II) complexes which indicated the carbonyl oxygen of the 

Schiff base ligand coordinated to the metal ions (Figure 1). The new absorption bands at 

597–628cm
-1

 in the IR spectra of complexes observed due to M–O stretching vibrations [37-

39]. On complexation, the azomethine (-C=N) band (1594 cm
-1

)
 
of the free Schiff base was 

shifted to lower wavenumbers from 1552–1558 cm
-1

region in the synthesized complexes 

containing Cu(II), Ni(II), and Zn(II) metal ions besides, it adaptsthe involvement of the 

azomethine nitrogen atom in the coordination of the metal ions. Moreover, the other bands 

emerged at 528–535 cm
-1

 in the IR spectra of these metalcomplexes because of ν(M–N) 

vibration [40-41]. The IR spectra of mixed ligand complexes showed a strong sharp band 

at1384 cm
-1 

that can be assigned to uncoordinatednitrate ion [27]. All of these IR data 



  
 

 

confirm two ligands coordinated in Cu(II), Ni(II), and Zn(II) metal complexes throughtheir O 

and N atoms respectively. 

 

 

Figure 1:IR Spectra of the ligand La, and its Mixed Ligand Complexes with L1. 

 

UV- VisibleSpectra 

UV-Visible spectrum (Figure 2)of the ligand (La)exhibited two absorption bands at 267 and 

318nm region which attributed to π-π* and n-π* transitions,respectively [42]. These 

transitions were checked out in case of the metal complexes(Figure 2), they shifted to longer 

and lower wavelength and it verifiedthe charge transfer transitions of the ligand to metal ions 

(LMCT) and vice versa [31]. The electronic spectra ofCu(II) complex displayed the 

absorption bands at 275, 323, and 378 nm respectively, which may be assigned to π-π*, n-π*, 

and charge transfer band(C.T) [ 43].Ni(II) complex showed three strong bands at 263, 296, 

and 386 nm. The peaks at 263 and 296 nm are attributed to π-π* and the absorption band at 

386 nm may be assigned to metal-ligand charge transfer (MLCT).  Two bands for Zn(II) 

complex at 270, and 362 nm are attributed to π-π* and charge transfer transitions, 

respectively [43-46].Therefore, the magnetic moment value coupled with UV-Vis spectrum 

data conformed square planar structure of Cu(II), and Ni(II) complexes and on the other 

hand, tetrahedral structure for  Zn(II) ion complex. 



  
 

 

 

Figure 2:UV- Visible Spectra of the La and Its Mixed Ligand Complexes with L1. 

 

On the basis of the above characterizations, the probable structure of complexes are given 

below 

 

 

 

Figure3: Proposed structure of mixed ligand complexes, 

[MCu(La)(L1)](NO3)2where,M=Cu(II), and Ni(II). 

 

 

 

 



  
 

 

 
 

Figure 4: Proposed structureof[Zn(La)(L1)] (NO3)2 

 

4. Pharmacology 
 

Antibacterial Activity 

 

The Schiff base ligand and its mixed ligand complexes were investigated for antibacterial 

activityagainst Escherichia coli andPseudomonas sp. at the concentration (100 µg/ 10µL) in 

DMF. The values of inhibitory zone were measured in diameter (mm) and the result of their 

antibacterial activity has been listed in Table 1. The Schiff base ligands did not show any 

inhibition zone against the selected bacterial strains. Moreover, it was found 

that[Zn(La)(L1)](NO3)2 exhibited the highest antibacterial  activity with the zone of inhibition 

ranging between 16 and 17 mm against Pseudomonas sp., and Escherichia coli. In addition, 

Overtone’s concept and Tweedy’s chelation theory can explain the greater activity of the 

complexes [47]. The significant antibacterial activity of metal complexes is due to the fact 

that only lipid-soluble materials making lipo-solubility a main control factor in antibacterial 

activity. On chelation, due to overlap and the partial sharing of positive charge of the metal 

ion with the orbitals of the donor groups of the ligands, the polarity of metal ions is more 

reduced. The metal ions are therefore easily be adsorbed on the surface of the cell wall of the 

organisms. Thereby, it disrupts the respiratory process of the cells and blocks protein 

synthesis. This in turn limits additional organism growth. Besides this, the substituent methyl 

group plays a vital role to increase the lipophilic nature of the metal complexes that is the 

reason for remarkable antibacterial activity and other factors like solubility, coordinating 

sites, the geometry of complexes, steric, concentration, and hydrophobicity having 

considerable influence on the antibacterial potency [47-49]. 



  
 

 

 

Table 1: Antibacterial activities of ligand La, L1, and its metal complexes 

 

Diameter of  Zone of Inhibition ( mm) of tested compounds (100µg/disc) 

Compounds Gram Negative 

Escherichia coli Pseudomonas sp. 

Kanamycin (30 µg/disc) 15 22 

Ligand (La) - - 

[Cu(La)(L1)] (NO3)2 6 8 

[Ni(La)(L1)] (NO3)2 - - 

[Zn(La)(L1)] (NO3)2 16 17 

 

 

 

 

Figure 5:Graphical representation of antibacterial activity of La and its metal complexes with L1 

against Escherichia coli and Pseudomonas sp.with standard Kanamycin-30. 

 

 

Antioxidant activity 
 

Antioxidant activity of the synthesized ligands and its mixed ligand complexes with was 

investigated by the free radical compound 2, 2-diphenyl-1-picryl hydrazyl (DPPH), and 

BHT(butylatedhydroxytoluene) as a standard at different concentrations (20, 40, 60, 80, and 

100 µg/mL). DPPH having a violet color when dissolved in DMF, it became pale red [50]. 

The percentage of DPPH radical scavenging activity and IC50 values of BHT, ligands, and its 



  
 

 

mixed ligand complexes has been listed in Table 2and shown in Fig. 3-4. From the results, it 

is found that all the metal complexes displayed moderate DPPH radical scavenging activity 

than the Schiff base ligands comparable with BHT. Among all the tested compounds, Cu(II) 

complexes exhibited the highest antioxidant activity than Ni(II) and Zn(II) complexes as 

compared with the standard BHT. Due to the coordination environment and redox properties, 

the difference in the antioxidant activity of the Schiff base metal complexes can be ascribed. 

Generally, the redox properties of the metal complexes depend on some factors including 

axial ligation, chelate ring size, and degree of unsaturation in the chelate ring [49, 51]. The 

high antioxidant activity of Cu(II) complexes compared to other prepared complexes is 

assigned to the high reducing ability of Cu
2+

 and its proton donation property where Cu
2+

 act 

as a superoxide scavenging center [52]. Ni(II) complexes showed low antioxidant activity, it 

could be due to steric hindrance by geometric structure, hindering the radical approach of 

DPPH to active complex centers. Furthermore, Zn(II) having lower activity because 

probably, Zn(II) ion is not a transition metal and therefore cannot participate in electron-

transfer reactions [52]. 

 

Table 2: Percentage of Scavenging activity and IC50 values of BHT, ligand-La, and its mixed 

ligand complexes with L1 

 

 

Conc. 

(µg/mL) 

% 

BHT 

% 

La 

% 

[Cu(La)(L1)](NO3)2 

% 

[Ni(La)(L1)] (NO3)2 

% 

[Zn(La)(L1)] (NO3)2 

20 10.61 1.00 39.60 7.21 1.82 

40 23.06 1.70 71.43 12.31 6.21 

60 30.96 3.20 81.61 17.82 7.25 

80 34.23 5.38 86.28 22.91 8.76 

100 38.76 7.12 87.13 28.29 9.34 

IC50 126.60 641.90 17.77 182.40 552.60 
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Figure6: DPPH radical scavenging activity of the mixed ligand complexes of ligand-La, and 

L1 at different concentrations (20, 40, 60, 80, and 100 μg/mL) with standard antioxidant 

BHT. 
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Figure7: IC50 value of the mixed ligand complexes of ligand-La, and L1 at different 

concentrations (20, 40, 60, 80, and 100 μg/mL with standard antioxidant BHT. 



  
 

 

 

Conclusions 

The Schiff base ligand, La and itsCu(II), Ni(II), and Zn(II) mixed ligand complexes with 

1,10-phenanthroline (as L1) have been synthesized and well characterized. The value of 

conductivity revealed that the complexes were electrolytic in nature.IR spectral analysis 

indicated that the primary ligand(La) and 1,10-phenanthroline (L1) arecoordinated to central 

metal ions through N and O atoms. Therefore,based on UV-Vis spectra and magnetic 

moment data, the synthesized Cu(II) and Ni(II) complexes validated the square planar 

structure, whereas the Zn(II) ion complex confirmed the tetrahedral structure.Zn(II) 

complexes showed maximum antibacterial activity compared to Schiff base and other 

complexes but itshowed the lowest antioxidant activity among all synthesized complexes. 
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