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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 Ni
2+

, Cu
2+

 and Zn
2+  ions was synthesized with Schiff base 

ligand (primary ligand, L
1
) and 1, 10-phenanthroline (L

2
) 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 electrolytic 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 Ni
2+

 and Cu
2+ complexes, 

as well as a tetrahedral structure for the Zn
2+ 

ion complex, was supported by their respective 

magnetic moment values and UV-Visible spectra. The antimicrobial activity of the metal 

complexes formed by L1 and L2 was evaluated against Escherichia coli and Pseudomonas sp. 

The metal complexes formed by the combination of L
1
 and L

2
 were subjected to testing 

against Escherichia coli and Pseudomonas sp. The Zn(II) complex exhibited superior 

antibacterial activity compared to the reference drug Kanamycin-30 against both bacterial 

strains in the tested compounds. In addition, the synthesised metal complexes demonstrated a 

comparatively moderate level of antioxidant activity when compared to the Schiff base. The 

Cu
2+

-complex exhibited the highest level of activity, while the Zn
2+ 

-complex demonstrated 

the lowest antioxidant activity, which was comparable to that of BHT. 
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1. Introduction 

“Compounds with the chemical formula of the azomethine group (-C=N-) are often referred 

to as Schiff bases. These compounds are formed by the condensation process between 

carbonyl compounds (i.e. aldehydes or ketones) and primary amines that include aldehydes or 



  
 

 

ketones” [1-3]. “Schiff bases are terrific coordinating ligands” [4]. Schiff base ligands have 

garnered increased interest over the last decade due to their extensive applications in 

biomimetic modeling, catalysis, molecular magnet molecule building, as well as their 

antifungal and antibacterial properties [5, 6]. Furthermore, this family of ligands has been of 

great interest in the field of coordination chemistry [7-10] and inorganic chemistry due to 

their ability to efficiently form stable complexes with a wide range of transition metal ions 

[11]. Moreover, these compounds possess many uses in the realms of biological, clinical, 

analytical, electrochemistry, pharmaceutical, and industrial investigations. Additionally, they 

find utility as liquid crystals within the domains of analytical, medicinal, and polymer 

chemistry [12-14]. “Moreover, Schiff bases and their complexes have been shown to possess 

many biological activities, such as antibacterial, antifungal, anti-oxidative, anti-inflammatory, 

anti-tumor, anti-cancer, and anti-HIV properties” [15-18]. “Mixed ligand complexes have a 

crucial function in the realm of biology, as seen by several instances when metal ions are 

known to activate enzymes.Schiff bases generated from heterocyclic molecules, such as P-

anisaldehyde and furan-2-carbaldehyde, have garnered significant attention in the realm of 

bioinorganic chemistry” [19-21]. Isoniazid, sometimes referred to as isonicotinylhydrazide 

(INH), is an organic molecule well recognised for its potent therapeutic properties as a first-

line therapy in the treatment and prevention of TB. Due to its significant antibacterial action, 

the World Health Organisation (WHO) recognises it as a standard therapy material against 

Mycobacterium TB germs. Metal chelate complexes are formed by this substance with 

various bivalent ions, which exhibit a range of biological significance from moderate to high 

[22-25]. 

In light of the multifaceted significance of Schiff base ligands and their metal complexes, we 

present a comprehensive account of the coordination characteristics exhibited by a Schiff 

base (L
1
) synthesised from p-anisaldehyde and isoniazid. Additionally, we investigate the 

behaviour of its metal complexes, namely Cu(II), Ni(II), and Zn(II), in the presence of a 

secondary ligand, 1,10 phenanthroline (L
2
). The study also included the incorporation of 

bioactivity assays, including antibacterial and antioxidant properties, to evaluate the ligands 

and their corresponding metal complexes. 

 

2. Methodology 

 

Various analytical methods were employed to characterize synthesized metal complexes. 

Their melting or decomposition temperatures were determined using an electro-thermal 



  
 

 

melting point instrument (model O.AZ6512). Infrared spectra (IR) of ligands and complexes 

were obtained with a SHIMADZU FTIR-8400 instrument. Electronic spectra were recorded 

with a Thermo-electron Nicolet evolution 300 UV-Vis spectrophotometer. Conductivity in N, 

N´-dimethylformamide (DMF) was measured using a Horiba conductivity meter B173. 

Magnetic moments were determined using the Sherwood Scientific Magnetic Susceptibility 

Balance. Elemental composition was assessed via the LECO (CHNS-932) elemental 

analyzer. Compound purity was evaluated by thin layer chromatography (TLC) using Silica 

gel-GF 254 (Merck) coated plates and various solvents (i.e. n-hexane, CHCl3, and CCl4). 

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

(L
1
) 

Scheme 1 shows the condensation reaction between and P-anisaldehyde and Isoniazid (INH) 

in a 1:1 equimolar ratio to synthesize Schiff base ligand, L1. First, 1.374 g of INH ( 

equivalent to 10.00 mmol) were dissolved in 15 mL of ethanol to make a homogenous 

solution, which was then transferred to a round-bottom flask with more ethanol. 1.22 mL of 

4-methoxybenzaldehyde (equivalent to 10.00 mmol) was applied dropwise over 5 minutes 

and washed with 5 mL ethanol. Refluxing the resultant reaction mixture for 5 hours turned 

the yellow solution white. A white crystalline substance was filtered and dried in an 

anhydrous CaCl2 desiccator after slow cooling and overnight repose. 

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, L
1
 



  
 

 

2.2. Synthesis of Mixed Ligand Complexes 

The Schiff base ligand (L
1
), weighing 0.255 g (1 mmol), was dissolved in a 10 mL methanol 

solution. Subsequently, an equimolar amount of 1,10-phenanthroline hydrate (L
2
), used as a 

secondary ligand, was drop-wise added to the heated methanolic solution (10 mL, 1 mmol) 

containing metal nitrate salts (1 mmol) of metals such as Cu(II), Ni(II), and Zn(II). The 

reaction mixture was refluxed for 3 hours, cooled slowly, and allowed to stand overnight. The 

resulting precipitate was filtered, washed multiple times with methanol, and dried under 

vacuum using anhydrous CaCl2. The synthesized metal complexes displayed solubility in 

both DMSO and DMF solvents.  

 

[Cu(L
1
)(L

2
)](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(L
1
)(L

2
)]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(L
1
)(L

2
)](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. Results and Discussion 

“All complexes were insoluble in polar solvents but demonstrated solubility in DMSO and 

DMF”. [53] Notably, they exhibited remarkable stability, implying suitability for long-term 

storage without observable changes. Conductivity values ranged from 140 to 150 ohm
-1 

cm
2
 



  
 

 

mol-1, suggesting their 1:2 electrolytic in nature [26-27]. The Cu(II) complex possessed a 

magnetic moment of 1.83 B.M, signifying paramagnetic behavior and a square planar 

geometry, consistent with prior reports [28]. In contrast, the Ni(II) complex was diamagnetic 

with a magnetic moment of 1.31BM, in line with its square planar shape. The Zn(II) complex 

adopted a tetrahedral configuration with a magnetic moment of 0.75 B.M [29-33].  

 IR Spectral Studies 

The infrared (IR) spectra of the unbound ligand exhibited characteristic peaks at 1659 cm
-1

 

and 1594 cm
-1

, which may be ascribed to the vibrations of the ѵ(C=O) and ѵ(C=N) 

functional groups, respectively (Figure 1) [34-36 ]. The infrared spectra of metal complexes 

exhibit a notable shift in the band associated with the Schiff base ligand. Specifically, the 

v(C=O) stretching vibration of the primary ligand, originally observed at 1659 cm
-1

, 

undergoes a downward shift to frequencies ranging from 1603 to 1609 cm
-1

 in the Ni
2+

, Cu
2+

 

and Zn
2+

-complexes. This shift provides evidence that the carbonyl oxygen of the Schiff base 

ligand coordinates with the metal ions (Figure 1). The appearance of additional absorption 

bands within the range of 597-628 cm
-1

 in the infrared spectra of the complexes may be 

attributed to the stretching vibrations of M-O bonds [37-39]. Upon complexation, the 

azomethine (-C=N) band at 1594 cm
-1

 in the free Schiff base observed a shift towards lower 

wavenumbers, namely within the range of 1552-1558 cm
-1

, in the produced complexes that 

included Zn
2+

, Cu
2+

, and  Ni
2+

 metal ions. Moreover, this observation illustrates the use of the 

azomethine nitrogen atom for coordinating the metal ions. Furthermore, additional bands 

were seen in the infrared spectra of these metal complexes at the wavenumbers of 528–535 

cm
-1

, which may be attributed to the vibrational mode of v(M–N) [40-41]. In the infrared 

spectra of the mixed ligand complexes, a prominent peak at 1384 cm
-1

 was observed which 

could possibly be attributed to the presence of the uncoordinated nitrate ion [27]. The IR 

results obtained in this investigation affirm the coordination of both ligands to divalent 

central metal ions (Ni
2+

, Cu
2+

 and Zn
2+

) in metal complexes. These ligands coordinate to the 

metal ions through their N(nitrogen) and O(oxygen (O) atoms, respectively. The acquired 

observations have been documented and presented in Table 1.  

 



  
 

 

 

Figure 1: IR Spectra of the ligand L
1
, and its Mixed Ligand Complexes with L

2
 

Table 1: Key Infrared Bands (cm
-1

) of Ligand L
1
 and its Mixed Ligand Complexes with L

2
 

Symbol of 

Compounds 
Compounds  (C=O)  (C=N) V (M-O)  (M-N) 

Ligand (L
1
) C14H13N3O2 1658.70 1593.61 

  

Ligand (L
2
) C12H8N2 

 
1587 

 
  

[Cu(L
1
)(L

2)
](NO3)2 [Cu(C14H13N3O2) 

(C12H8N2)] (NO3)2 
1607.25 1557.52 598.53 528.51 

[Ni(L
1
)(L

2)
](NO3)2 [Ni(C14H13N3O2) 

(C12H8N2)] (NO3)2 
1603.59 1530.18 627.15 534.78 

[Zn(L
1
)(L

2
)](NO3)2 [Zn(C14H13N3O2) 

(C12H8N2)] (NO3)2 
1608.99 1552.12 597.77 530.45 

 

 

UV- Visible Spectra 



  
 

 

Analysis of the UV-Visible spectrum shown in Figure 2 for the ligand (L
1
) revealed the 

existence of two absorption bands at 267 and 318 nm, corresponding to π-π* and n-π* 

transitions, respectively [42]. “The electronic spectra of the Cu(II) complex exhibited 

absorption bands at 275, 323, and 378 nm, attributed to π-π*, n-π*, and charge transfer (C.T) 

transitions, respectively” [43]. “In a similar manner, the Ni(II) complex exhibited three 

distinct peaks at wavelengths of 263, 296, and 386 nm. The absorption peaks at 263 and 296 

nm were attributed to π-π* transitions, while the absorption band at 386 nm suggested a 

metal-ligand charge transfer (MLCT) process. The Zn
2+

-complex exhibited two distinctive 

bands at 270 and 362 nm, signifying π-π* and charge transfer transitions, respectively” [43-

46]. Therefore, the magnetic moment values, in conjunction with the UV-Vis spectrum data, 

supported the conclusion of a square planar structure for the Ni
2+

 and Cu
2+

-complexes, while 

the Zn
2+

- complex was established to adopt a tetrahedral structure. Table 2 displays the UV-

Vis spectra of both L
1
 and its mixed ligand complexes with L

2
. 

 

Figure 2: UV- Visible Spectra of the L
1
 and Its Mixed Ligand Complexes with L

2
 

 

Table 2: UV- Visible Spectra of L
1
 and Its Mixed Ligand Complexes with L

2
 

Symbol of 

Compounds Compounds 
 

Assignment 

Ligand (L
1
) C14H13N3O2 

267 

318 

π-π* 

n-π* 



  
 

 

[Cu(L
1
)(L

2
](NO3)2 

[Cu(C14H13N3O2) 

(C12H8N2)] (NO3)2 

275 

323 

378 

π-π* 

n-π* 

C.T  transition 

[Ni(L
1
)(L

2
](NO3)2 

[Ni(C14H13N3O2) 

(C12H8N2)] (NO3)2 

263 

296 

386 

π-π* 

π-π* 

C.T  transition 

[Zn(L
1
)(L

2
](NO3)2 [Zn(C14H13N3O2) 

(C12H8N2)] (NO3)2 

270 

362 

π-π* 

C.T  transition 

 

 

Based on the aforementioned characterizations, the anticipated structures of the complexes 

are provided below: 

 

 

Figure 3: Proposed structure of mixed ligand complexes, [M(L
1
)(L

2
)]NO3)2 where, 

M=Cu(II), and Ni(II)  

 

 



  
 

 

 
 

Figure 4: Proposed structure of [Zn(L
1
)(L

2
)] (NO3)2 

 

4. Pharmacology 
 

Antibacterial Activity 

 

The antibacterial activity of the ligand, L
1
 and its mixed metal complexes with L

2
 in DMF at 

100 µg/ 10µL was evaluated against Escherichia coli and Pseudomonas sp. The inhibitory 

zone width (mm) and antibacterial activity are given in Table 3. The Schiff base ligand, L1, 

did not demonstrate any discernible inhibitory zones when subjected to testing against the 

selected bacterial strains. Furthermore, it was found that [Zn(L
1
)(L

2
)](NO3)2 had the greatest 

antibacterial efficacy in comparison to all other synthesized compounds in the presence of 

Kanamycin-30. It is possible to understand the improved performance of these complexes by 

taking Tweedy's chelation theory and Overtone's idea into consideration [47]. The metal 

complexes have significant antibacterial activity, which is probably related to their solubility 

in lipids. The degree of lipid solubility plays a critical role in determining the antibacterial 

efficacy of these complexes. Furthermore, it has been shown that a number of variables, 

including as solubility, concentration, hydrophobicity, complex geometry, coordinating sites, 

and steric effects significantly affect their antibacterial activity [47–49]. 

  

Table 3: Antibacterial activities of ligand L
1
 and its metal complexes with L

2
 

 



  
 

 

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 (L
1
) - - 

[Cu(L
1
)(L

2
)] (NO3)2 6 8 

[Ni(L
1
)(L

2
)]] (NO3)2 - - 

[Zn(L
1
)(L

2
)]] (NO3)2  16 17 

 

 

 

 

Figure 5: Graphical representation of antibacterial activity of L
1
 and its metal complexes with L

2
 

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

 

 

Antioxidant activity 
 

Antioxidant activity evaluation was conducted on both the synthesized ligand and its mixed 

ligand complexes, employing 2,2-diphenyl-1-picryl hydrazyl (DPPH), with butylated 

hydroxytoluene (BHT) as the standard of reference at different concentrations (ranging from 

20 to 100 µg/mL).  In Table 4, we have compiled the data pertaining to DPPH radical 

scavenging activity (expressed as a percentage) and IC50 values for L
1
, its mixed ligand 

complexes with L
2
, and BHT. The aforementioned results have been visually represented in 

Figures 6 and 7 to enhance comprehensibility. “Among all the tested compounds, Cu
2+

- 



  
 

 

complex exhibited the highest antioxidant activity than other complexes as compared with the 

standard BHTThe variation in the antioxidant activity of the Schiff base metal complexes 

may be attributed to their coordination environment and redox characteristics. The redox 

characteristics of metal complexes are influenced by several parameters, such as axial 

ligation, chelate ring size, and the level of unsaturation inside the chelate ring” [49-51]. “The 

high antioxidant activity of Cu
2+

- complex compared to other prepared complexes is assigned 

to the high reducing ability of Cu
2+

 and its proton donation property where Cu
2+

 ion act as a 

superoxide scavenging center” [52]. “Ni
2+

-complex 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-complex having lower activity because probably, 

Zn
2+

 ion (d
10

 configuration) is not a transition metal and therefore cannot participate in 

electron-transfer reactions” [52]. 

 

Table 4: Percentage of Scavenging activity and IC50 values of L
1
, its mixed ligand complexes 

with L
2
 and BHT 

 

 

Conc. 

(µg/mL) 

% 

BHT 

% 

L
1
 

% 

[Cu(L
1
)(L

2
)](NO3)2 

% 

[Ni(L
1
)(L

2
)] (NO3)2 

% 

[Zn(L
1
)(L1)] (NO3)2 

20 10.61 1.00 8.02 7.21 1.82 

40 23.06 1.70 13.57 12.31 6.21 

60 30.96 3.20 18.74 17.82 7.25 

80 34.23 5.38 24.30 22.91 8.76 

100 38.76 7.12 33.02 28.29 9.34 

IC50 126.60 641.90 160.34 182.40 552.60 

 

 

 

 

 

 



  
 

 

 
 

Figure 6: DPPH radical scavenging activity of the mixed ligand complexes of L
1
 and L

2
 at 

different concentrations (ranging from 20 to 100 μg/mL) with standard antioxidant BHT. 

 

 

 
Figure 7: IC50 value of the mixed ligand complexes of ligand-La, and L1 at different 

concentrations (ranging from 20 to100 μg/mL) with standard antioxidant BHT. 
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Conclusions 

The Schiff base ligand, L
1
 and its Ni

2+
,Cu

2+
 and Zn

2+ 
 mixed ligand complexes with 1,10-

phenanthroline (as L
2
) have been synthesized and well characterized. The complexes 

demonstrate electrolytic characteristics as confirmed by conductivity measurements. Infrared 

spectral analysis indicates coordination of the central metal ions with the primary ligand (L
1
) 

and 1,10-phenanthroline (L
2
) through nitrogen and oxygen atoms. UV-Vis spectra and 

magnetic moment data support the presence of square planar structures in Cu
2+

 and Ni
2+

 

complexes, while the Zn
2+

-complex assumes a tetrahedral configuration. Among these 

complexes, Zn-complex displays the highest antibacterial activity, albeit exhibiting the lowest 

antioxidant activity compared to the Schiff base and other synthesized complexes. 
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