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Abstract 

 
Mixed ligand complexes of m-nitrobenzaldehydebenzoylhydrazone (m-NBH) and nicotinamide (NA), were synthesized 

and their elemental, magnetic moment, molar conductivity, Fourier Transform Infra-Red (FT-IR)(UV) spectroscopic 

characterization were carried out. The IR spectra revealed that the VC=O band of the hydrazone shifted in wavenumber 

from 1654 cm-1 to 1624,1674, 1625, 1622 cm-1 in the Fe-, Co-, Ni-, Cu- complexes, respectively, while the intensity of the 

VC=N band at 1542 cm-1 decreased. Nicotinamide coordinated via the –N of pyridine, and not through the –NH2 or –C=O 

groups. The vibrations of M-N and M-O bonds were identified by sharp bands in the range of 426 – 582 cm-1 and 526 – 

688 cm-1, respectively. Intra-ligand π→π* and n→π* electronic transitions shifted to lower wavenumbers between 214 - 

224 nm and 245 - 262 nm, respectively. For the metal-centered bands, Cu-complex had a broad band around 647 nm. Co-

complex had bands at 505, 645, and 761 nm, and Ni-complex at 654, 721, and 876 nm. Weak bands were observed for the 

Fe-complex.  The molar conductivities of the complexes range from 259 to 331 Ω-1cm2mol-1, indicating their electrolytic 

nature and the magnetic moment (5.83, 4.30, 2.73, 1.74 MB) showed that the complexes (Fe, Co, Ni, Cu, respectively) 

were paramagnetic. The stoichiometry ratio of the complexes was 1:1:2 (m-NBH:M:NA). The antibacterial activity of the 

complexes and ligands was evaluated against fifteen bacteria isolates. There was improved activity by the metal 

complexes compared to the ligands, except for the Cu-complex.  
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Introduction 

Some transition metal complexes are known to have biological activities, and bioactive 

compounds, particularly those with chelating ligands whose donor atoms are oxygen, 

nitrogen, and sulphur, have shown increased activity when complexed to metal (Canpolat et 

http://www.sciencedirect.com/
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al., 2004; Cozzi, 2004; Ferrari et al., 1999; Singh et al., 2007; Yildiz et al., 2004). Mixed 

ligand/heteroleptic complexes have different ligands bonded to the same metal. The study 

into the bioactivity of mixed ligands of know drugs or bioactive compounds is of great 

interest because mixed ligand systems increase the probability of discovering better drugs 

(Ahmad et al., 2017; El-Sonbati et al., 2019; Jurca et al., 2017; Karem et al., 2020; Khan et 

al., 2021). For example, drugs to which bacteria have developed resistance, can be 

modified, drug reactions and negative interactions can be reduced or prevented, and new 

drugs can be created from mixed ligand complexes of known bioactive molecules.   

Hydrazones are one of the ligands whose biological activities have been investigated (Aly 

and Fathalla, 2020; Ibrahim et al., 2016; Hollo et al., 2016; Kucukoglu et al., 2019; Megger 

et al., 2017; Recio Despaigne et al., 2014; Secci et al., 2019). These are organic compounds 

with the general formula  (where  and  may be hydrogen). 

Hydrazones are synthesized via the condensation reaction of a hydrazide  and 

an aldehyde  or a ketone . The two nitrogen atoms are 

nucleophilic; however, the azomethine nitrogen more readily coordinates with metal ions 

(Wood et al., 2004). In addition,  the denticity of these ligands increases to two when an 

acylhydrazone (  is used. Therefore, high stability is attained due to the 

formation of chelates (Clarke et al., 1998; Spin et al., 2008; Brehme et al.,  2007; 

Mangalam et al., 2010; Mangalam, 2014; Shallaby et al., 1986). 
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Nicotinamide, one of the forms of Vitamin B3, is found in foods milk, vegetables, milk, 

and yeast. In the body, it is converted to nicotinamide adenine dinucleotide (NAD) and is 

used in treating pellagra, and added in the cream for treating acne (Stipanuk and Caudill, 

2016).  Complexes of nicotinamide have been reported (Allan et al., 1979, Sun and 

Kirschenbaum, 2018, Yurdakul and Kose, 2015) and nicotinamide is often one of the 

ligands in mixed ligand complexes or is chemically modified, mostly for biological activity 

studies (Abed and Ahmed, 2021, Akinyele et al., 2021; Al-Noor et al., 2013; Dilip et al., 

2016; El-Shiwiniy, et al., 2021; Fazary et al., 2016; Osowole and Odutemu, 2016, Sarker 

and Ehsan, 2017). The structure of nicotinamide consists of pyridine with the amide group 

at the meta-position and most studies have reported that the coordinating atom is the 

nitrogen in pyridine. In this work, we report the synthesis and characterization of m-



 George et al.,/ Ife Journal of Science and Technology Vol. 7 No.1 (2023) 77–97  

79 

 

nitrobenzaldehydebenzoylhydrazone, its mixed ligand metal complexes with nicotinamide, 

and the antimicrobial activities of these compounds.  

 

Materials and Methods 

 

Synthesis and Characterization 

All the reagents, solvents, and metal salts were of analytical grade (BDH Chemical, 

(London, UK) except for nicotinamide (Bond Chemical, Nigeria). The infrared analyses 

were carried out using Shimadzu FT-IR 8000 Spectrometer (KBr disc). The electronic 

spectra were determined using Shimadzu UV-Vis Spectrophotometer. Conductivity 

measurement using HANNA instrument (TDS Conductivity meter). Gallenkamp apparatus 

was used to determine the melting points of the ligands and complexes. Magnetic 

susceptibility measurements were done using Guoy Balance, Magnetic Susceptometer 

(Sherwood Scientific Company, Cambridge, UK). 

 

Synthesis of benzoylhydrazide (3) 

The synthesis of benzoylhydrazide (3) was done following the procedure of Shrestha and 

Maharjan (2013). Solution of ethylbenzoate (1) (38 mL, 0.2663 mol in methanol) and 

hydrazine hydrate (2) (39 mL, 0.2663 mol in methanol) were poured into a round bottom 

flask, refluxed for 12 hours and the precipitate formed was filtered and washed with 

ethanol. 

 

Scheme 1: Reaction equation for the synthesis of benzoylhydrazide 

 

Preparation of m-nitrobenzaldehydebenzoylhydrazone (5) 

The synthetic route of this compound is shown in Scheme 2. Benzoylhydrazide (3) (2.06 g. 

0.0152 mol) and m-nitrobenzaldehyde (4) (2.229 g, 0.0152 mol) were each dissolved in 20 

mL of absolute ethanol, the solutions were mixed together and refluxed for 5 hours. This 

was left in a beaker overnight, and the precipitate formed was filtered under suction and 

washed with ethanol.  The crystal obtained were left to dried in a desiccator containing 

calcium chloride (Shrestha and Maharjar, 2013). 
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Scheme 2: Reaction equation for the synthesis of m-nitrobenzaldehydebenzoylhdrazone 

Synthesis of mixed ligand metal complexes of m-nitrobenzaldehydebenzoylhydrazone (5) 

and nicotinamide (6) 

Solutions of metal salt ( ), (0.35 g, 1.5 mmol) in 10 mL of methanol were added into 

stirring homogenous solutions of m-nitrobenzaldehydebenzoylhydrazone (5), (0.40 g, 1.5 

mmol) and nicotinamide (6), (0.36 g, 3.0 mmol) in 20 mL of hot methanol. During a two-

hour reflux and stirring process (Scheme 3), a precipitate was formed. The products were 

then filtered under suction, washed with methanol, and dried in a desiccator containing 

calcium chloride (Osowole, et al. 2015). 
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Scheme 3: Reaction equation for the synthesis of the mixed ligand complexes 

The ligands and the complexes were characterized using melting point, UV-Vis 

spectroscopy, and FTIR. For the UV-Vis analysis, all the samples were dissolved in 

methanol.  

 

Metal Analysis of the Complexes 

Complexometric titration was used to determine the percentage composition of the metal in 

the complexes. This was done by preparing solutions of a known amount of the digested 

complexes and then titrating them against the standardized EDTA solution and using 

murexide as indicator. 0.05 M EDTA was standardized using 0.005 M, ZnSO4 and the 

indicator used was solochrome black T at pH ~ 10 using 2 mL  buffer solution. 

Metal complexes (0.0141 gram) were weighed and a few drops of nitric acid and perchloric 

acid (1:1) were added to digest the metal complexes to dryness. It was allowed to cool 

before a few drops of distilled water was added and then heated to almost dryness and 

cooled. Distilled water was added, just enough to dissolve the residue. This solution was 
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transferred with care into a 100 mL standard flask, and the flask was filled with distilled 

water to reach the marked level. 20 mL of this solution was titrated against the standardized 

EDTA (0.047 M) and this was done thrice and an average volume was taken. Blank 

determination was also carried out to minimize errors in the analysis.  

% Metal in the complex was calculated as follows: 

Weight of metal complex  

The average volume of EDTA used (titre value)    

Volume of   solution  

Reaction equation: mole ratio of Metal ion to EDTA = 1:1 

 

Molarity of EDTA solution   

Molarity of   

The molarity of the metal ion, and hence its mass  in 100 mL solution was determined 

and with this, the percentage of each metal in the complex was calculated.  

%  in the complex =  

 

Conductivity Measurement 

For this analysis, each of the complexes (  g) was dissolved in about 10 mL of 

distilled water and their specific conductivity was measured at 28 °C. From the specific 

conductivity the molar conductivity was determined using the expression:  

 
 

Magnetic Susceptibility Measurement 

The magnetic susceptibility was determined from the value of the effective magnetic 

moment ( ) using the expression (Bain and Berry, 2008): 

 

where  

and  

 Corrected value of molar susceptibility 

 Molar susceptibility ( ) 

 Diamagnetic correction of the complex  

M = Molar mass of the complex 

T = 298 K 

 

The diamagnetic correction of each complex was determined by adding the diamagnetic 
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correction of each atom in the complex (Bain and Berry, 2008). 

 

Microbial Studies 

Test Organisms  

Initially, the microorganisms were maintained on agar slants in screw-capped bottles and 

subsequently, were subcultured and stored on Muller-Hinton (MH) agar plates at 4 °C. 

They were then grown at 37 °C as when needed. The strain used were obtained from the 

National Collection of Industrial Bacteria (NCIB) and Locally Isolated Organisms (LIO) 

from clinical samples. The locally isolated organisms were obtained from the Department 

of Microbiology, Obafemi Awolowo University Teaching Hospitals Complex, Ile-Ife, 

Nigeria. The organisms include: Micrococcus luteus (NCIB 196), Pseudomonas aeruginosa 

(NCIB 950), Bacillus cereus (NCIB 6349), Pseudomonas fluorescens (LIO), Bacillus 

stearothermophillus (NCIB 8222), Escherichia coli (NCIB 86), Bacillus subtilis (NCIB 

3610), Staphylococcus aureus (NCIB 8588), Bacillus polymyxa (LIO), Corynebacterium 

pyogenes (LIO), Klebsiella pneumoniae (NCIB 418), Proteus vulgaris (LIO), Proteus 

mirabilis (LIO), Pseudomonas aeuruginosa (LIO), Shigella dysenteriea (LIO), Salmonella 

typhi (LIO). The viability and purity of organisms were checked periodically by regular 

plating. Test cultures were prepared by aseptic transfer and grown at 37 °C. 

Culture Media 

⎯ Rapid Labs Mueller Hinton Agar (CM-MHA 135) from the United Kingdom, 

comprising per Litre: 17.5 g Peptone, 1.5 g Starch, 4.0 g Beef Infusion Solids, and 15.0 

g Agar. 

⎯ Himedia Nutrient Agar (M001-500G) from India, comprising per Litre: 5.0 g Peptone, 

15.0 g Agar, 5.0 g NaCl, 1.5 g Meat Extract, 1.5 g Yeast Extract. 

⎯ Oxoid Nutrient Broth (CM-0001) from England, comprising per Litre: 5.0 g Peptone, 

5.0 g NaCl, 1.0 g Lab-Lemco Powder. These culture media were purchased from Iyke 

Diagnostics England. 

 

Antimicrobial activity 

The synthesized compounds were evaluated for their antimicrobial activity against a diverse 

group of 15 microorganisms, including both Gram-negative and Gram-positive bacteria, 

using 40 mg/mL of the compounds. As a comparison, the commonly used antibiotic, 

ampicillin, was also tested against these organisms. Sterile water was used to dissolve the 

ligand and the complexes before the testing was conducted. 

 

Results and Discussion 

 

Physicochemical parameters for the ligands and metal complexes 

The physicochemical properties of the ligands m-nitrobenzaldehydebenzoylhydrazone (m-

NBH) and nicotinamide (NA) and the complexes are presented in Table 1.  m-NBH and NA 
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were pale yellow and white, respectively while the complexes were all coloured. This 

shows that the electronic transition in the complexes occurred within the visible region, 

which could be d – d or charge transfer transitions. The melting point of m-NBH was 

between 200 - 202 °C, NA was between 130 – 132 °C, and those of the mixed ligand 

complexes were above 290 °C. However, the nickel complex did not melt within the limits 

of the thermometer. The high melting points of the metal complexes show that they are 

stable.  

From the results of the molar conductivity, the complexes are electrolytes having values 

ranging between 259 - 331 Ω-1cm2mol-1 (Geary, 1971). It has been reported that such high 

values of molar conductivity were as a result of the partial dissociation of the complexes to 

ions within the solution (Geary, 1971). From the values of their molar conductivity, the 

cobalt, nickel, and copper complexes have electrolytic ratios of 1:2 while that of iron is 1:3 

 

Table 1: Physicochemical Properties of the Ligand and the Mixed Ligand Complexes 

Compound Colour Melting point (°C) %Yield Λm (Ω-1cm2mol-1) 

NA White 130 – 132  − − 

m-NBH Yellow 202.2 85 − 

[Fe(m-NBH)(NA)2(H2O)2]Cl2 Green 301 – 302  79 331.03 

[Co(m-NBH)(NA)2(H2O)2]Cl2 Lilac 345 – 347  68 295.49 

[Ni(m-NBH)(NA)2(H2O)2]Cl2 Green >360 72 269.36 

Magnetic properties 

The room temperature effective magnetic moment shows the number of unpaired electrons 

in the synthesized compounds. The results obtained which are presented in Table 2, are 

similar to previous findings documented in the literature (Akinyele et al., 2019, 2021; 

Ekennia et al., 2015; Osowole et al., 2014). The Cu-complex displayed a magnetic moment 

of 1.74 B.M, indicating its mononuclear nature with one unpaired electron. The observed 

magnetic moment in cobalt-complex at 4.30 BM is typical for complexes having three 

unpaired electrons. That of the Ni-complex was 2.73 BM which is consistent with two 

unpaired electrons and hence has an octahedral geometry. The high magnetic moment of 

5.83 BM observed for iron-complex indicates high-spin of five electrons.  

Table 2: Electronic Spectra and Magnetic Moments of the Complexes 

Compounds Intra-ligand 

transitions (nm) 

Ligand field 

transitions (nm) 
 

(BM) 

Proposed 

geometry 

NA 218, 280 - - - 

m-NBH 229, 295 - - - 

[Fe(m-NBH)(NA)2(H2O)2]Cl2 224, 261 Weak bands 5.83 Octahedral 

[Co(m-NBH)(NA)2(H2O)2]Cl2 262 506, 645, 761 4.30 Octahedral 
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[Ni(m-NBH)(NA)2(H2O)2]Cl2 261 654, 721, 876 2.73 Octahedral 

[Cu(m-NBH)(NA)2(H2O)2]Cl2 245, 262 647 1.74 Octahedral 

Electronic spectra 

Table 2 provides a summary of the electronic spectral data for the ligands and complexes, 

and the UV-Vis spectra are contained in the Supplementary Information. In the 

coordination of metal ions to ligands, certain spectra changes are observed. For instance, an 

increase in the intensity of the sharp bands (σ→π*, π→π*, and n→π* transitions) arising 

from the ligand, might be accompanied by a slight shift in wavelength relative to the free 

ligands (Refat and El-Metwaly, 2012). The NBH ligand had a sharp band at 229 nm 

assigned to π→π* and a broad band at 295 nm due to n→π* transition. Nicotinamide also 

shows two transitions as a result of π→π*, and n→π* transitions at 218 and 280 nm, 

respectively. Upon coordination to the metal ion, the intra-ligand electronic transitions 

(π→π* and n→π*) in the free ligands and nicotinamide were shifted to wavelengths 

between 214 - 224 nm and 245 - 262 nm. 

In most cases, the metal-centered bands are observed, which are usually broad d – d 

transitions and, or charge transfer bands. The copper(II) complex showed a broad band 

around 647 nm. This is can be attributed to the 2Eg→
2T2g transition in an octahedral 

complex, and the broadening was due to Jahn-Teller distortion (Lee, 1991). In the UV-Vis 

spectra of the Co(II) complex, three d-d bands (505, 645, 761 nm) were observed. The 

lowest energy band at 761 nm can be assigned to the 4T1g (F)→4T2g transition. The 
4T1g(F)→ 4T1g(P) and 4T1g(F)→4A2g transitions gave rise to the other bands at 645 and 

505, respectively, which are common in octahedral fields for Co(II) complexes.  The visible 

spectra of Ni(II) complex had three bands at 876 nm, 721 nm, and 654 nm as a result of 
3A2g→3T2g, 3A2g→3T1g(F), and 3A2g→3T1g(P) transitions. Weak bands in Fe-complex are 

because Fe is in the +3 oxidation state (d5) having both symmetry and spin-forbidden 

transitions.  

 

Infrared Data 

The wavenumbers of the IR bands of interest are presented in Table 3. The coordination of 

a hydrazine compound to a metal is indicated by the shift in four of its IR absorption bands. 

These are bands are the N-H, C=N, C=O, and N-N vibrational frequencies. The observation 

of additional bands in the spectra of the metal complexes, which are due to metal-oxygen 

and metal-nitrogen bonds that were not present in the spectra of the ligands, which are 

further evidence of coordination (Neelamma et al., 2011). In the IR spectrum of m-NBH), 

the vibrational frequencies of the key functional groups, N-N, C=N, C=O, and N-H, 

occurred at 3390, 1654, 155, and 1024 cm-1, respectively. Symmetric and asymmetric 

stretching vibrations also occurred at 1353 and 1518 cm-1, respectively for NO2. On 

coordination, the carbonyl group shifted to either lower or higher frequency between 1622 - 

1674 cm-1. The participation of the azomethine group in coordination was responsible for 
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the decrease in the intensity of the C=N band at 1542 cm-1. Sharp bands around 426 – 582 

cm-1 and 526 – 688 cm-1 were assigned to metal-to-nitrogen (M – N) and metal-to-oxygen 

(M – O) vibrations, respectively. 

Nicotinamide molecule has three possible donor sites; the nitrogen of pyridine, the nitrogen 

of –NH2, and the C=O. Coordination through the oxygen in the carbonyl group often results 

in a shift of the C=O bands to lower wavenumbers (Paul and Chadha, 1986). This is also 

applicable to the N-H groups in amides. In this study, the IR bands of   and in the 

complexes shifted to higher wavenumbers than that of nicotinamide. The C=O vibration 

bands appeared as strong bands between 1666 and 1708 cm-1, and the N-H vibration bands 

were between 3402 and 3419 cm-1 in all the complexes. This indicates that the NH2 and 

C=O groups were not involved in the coordination, and therefore, coordination of the 

nicotinamide to the metal was through the pyridine nitrogen only (Akinyele et al., 2021).  

[See Supplementary Information for all FTIR spectra]  

  Table 3: Infra-red spectra data for the ligands and the metal complexes  

Compounds        
NA - - 3351 1685 1381 - - 

m-NBH - 3390 - 1654 1559 - - 

[Fe(m-NBH)(NA)2(H2O)2]Cl2 

3596 3403 3303 

3196 

1667 

1624 

 

1481 500 626 

[Co(m-NBH)(NA)2(H2O)2]Cl2 

3420 3419 3298 

3203 

1708 

1674 

 

1481 426 526 

[Ni(m-NBH)(NA)2(H2O)2]Cl2 

3596 3406 3317 

3212 

1666 

1625 

 

1481 582 626 

[Cu(m-NBH)(NA)2(H2O)2]Cl2 
3596 3402 3305 

3160 

1706 

1622 

1503 549 688 

 

 

Metal Analysis 

The % metal ion was used to estimate the ratio of the metal to ligands. From the IR data, we 

could ascertain that both ligands were coordinated to the metals, and the atoms that were 

involved. Based on this, all the possible complexes were derived and the % metal in each 

was calculated.  These values were compared to those obtained from the complexometric 

titration and those with similar results were selected as the probable molecular formula of 

the complexes. The ratio of metal to the ligands that had similar % metal was 1:1:2. 
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Table 4: Data from the Metal Analysis Based On The Experimental Data Obtained, We 

Propose the Structure Below. 
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Antimicrobial Activity 

From the results obtained, the ligands were not effective at inhibiting the growth of the 

bacteria except against the Coryne bacterium, which was inhibited by m-NBH. The 

synergistic effect involving the metal ions and the ligands in the complexes was observed 

with improved antibacterial activities except in the case of the Cu-complexes. Co- Ni- and 

Fe-complexes showed favourable antibacterial activities. Ampicillin was used as standard. 

The zones of inhibition of the ligands and their complexes are indicated in Table 5.  

Compound [Ni(m-NBH)(NA)2(H2O)2]Cl2 showed the highest level of inhibition against all 

Chemical formula Molar 

mass 

Calculated  

%metal 

Complexometric 

% metal 

[Cu(m-NBH)(NA)2(H2O)2]Cl2 683.77 9.46 9.29 

[Co(m-NBH)(NA)2(H2O)2]Cl2 679.16 8.76 8.67 

[Ni(m-NBH)(NA)2(H2O)2] Cl2 678.92 8.93 8.65 

[Fe(m-NBH)(NA)2(H2O)2]Cl3 675.45 8.46 8.27 
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the tested microorganisms except for Shigella dysentrae and Salmonella typhi. Co(m-

NBH)(NA)2(H2O)2]Cl2,  [Fe(m-NBH)(NA)2(H2O)2]Cl3 also showed high inhibitory effects 

against some micro-organisms but there are exceptions in some cases.  

Metal chelates of these compounds produce higher antibacterial activity as observed in this 

study. The increase in antibacterial activity is attributed to the decrease in the electron 

density of the ligand due to coordination. This causes diffusion across the lipid membrane 

to occur faster, not giving the organism time for adaptation (Dilip et al., 2016). It is 

possible that in the case of the Cu-complex, the reduction in the polarity of the ligand may 

not have been enough to allow the ease of its diffusion into the lipid membrane.  

 

Table 5: Zones of Inhibition of Synthesized Complexes 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Key: 

Cu = [Cu(m-NBH)(NA)2(H2O)2]Cl2 

Co = [Co(m-NBH)(NA)2(H2O)2]Cl2 

Ni = [Ni(m-NBH)(NA)2(H2O)2]Cl2  

Fe = [Fe(m-NBH)(NA)2(H2O)2]Cl3   

Ampi = Ampicillin 

 

Conclusion 

Mixed ligand complexes of nicotinamide and m-nitrobenzaldehydebenzoylhydrazone 

 Growth Inhibition Zone in Millimeters (mm) 

 Synthesized complexes 

Cultured Microorganism 

 

m-NBH Cu Co Ni Fe Ampi 

C. bacterium 10 0 25 30 0 21 

B. subtilis 0 0 20 15 15 16 

M. luteus 0 0 0 10 15 0 

B. polymyxa 0 0 20 20 10 16 

B. steaerothermophillus 0 0 15 15 0 15 

S. dysentrae 0 0 15 0 10 19 

E. coli 0 0 15 10 15 16 

P. vulgaris 0 0 10 0 10 15 

P. mirabilis 0 0 15 10 10 0 

P. aurugius 0 0 20 15 15 22 

K. pnuemoniae 0 0 15 20 10 20 

P. fluorescence 0 0 0 15 0 22 

B .cereus 0 0 15 10 10 0 

S. aureus 0 0 0 0 0 21 

S. typhi 0 0 0 0 0 21 
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coordinated to Fe3+, Co2+, Ni2+, and Cu2+ were synthesized. The complexes were generally 

water soluble and are thermally stable due their high melting points. Molecular 

characterization showed that coordination was through the carbonyl oxygen and 

azomethine nitrogen for NBH, while nicotinamide coordinated through the pyridyl 

nitrogen. The stoichiometry of the complexes was found to be in the ratio 1:1:2 (m-

NBH:M:NA). The electronic spectra and magnetic properties of the complexes showed that 

they were all paramagnetic in an octahedral field. The proposed molecular formula is 

[M(m-NBH)(NA)2(H2O)2]Cl2. The complexes exhibited moderate activities against the 

tested micro-organisms, but [Ni(m-NBH)(NA)2(H2O)2]Cl2 had the best antimicrobial 

activities. 

 

References 

Abed R. R. and Ahmed A. E. (2021). Some complexes of Zink (II) and Manganese (II) with 

Schiff base derived from nicotinamide, synthesis and characterization, antibacterial 

evaluation. Research Journal of Pharmacy and Technology, 14: 1711–1715.  

Ahmad W., Khan S. A., Munawar K. S., Khalid A. and Kawanl S. (2017). Synthesis, 

characterization and pharmacological evaluation of mixed ligand-metal complexes 

containing omeprazole and 8-hydroxyquinoline. Tropical Journal Pharmaceutical 

Research, 16(5): 1137-1146.  

Akinyele O. F., Akinnusi T. O., Ajayeoba T. A., Ayeni A. O. and Durosinmi L. M. (2019) 

Synthesis, characterization and antimicrobial activities of Cobalt(II), Nickel(II) and 

Copper(II) complexes of aroylhydrazone mixed with aspirin. Science Journal 

Chemistry, 7(3): 67-71.  

Akinyele O.F., Fakola E.G., Durosinmi L.M., Ajayeoba T. A. and Ayeni A. O. (2021). 

Synthesis, characterization and antimicrobial activities of heteroleptic metal chelates 

of isoniazid and 2,2’-bipyridine. Bulletin of the Chemical Society of Ethiopia, 34(3): 

471–478.  

Akinyele O. F., Fakola E. G., George R. C. and Durosinmi L. M. (2021). Synthesis, 

characterization and antibacterial activity of mixed ligand complexes of 

Nicotinamide and 2,2′-Bipyridine. Ife Journal of Science, 23(1): 213–222.  

Allan J. R., Baird N. D. and Kassyk A. L. (1979). Some first row transition metal 

complexes of nicotinamide and nicotinic acid. Journal of Thermal Analysis, 16: 79–

90.  

Al-Noor T. H., Al-Jeboori A. T. and Aziz M. R.  (2013). Preparation, characterization, and 

antimicrobial activities of {Fe(II), Co(II), Ni(II), Cu(II) and Zn(II)} mixed ligand 

complexes Schiff base derived from cephalexin drug and 4-

(dimethylamino)benzaldehyde with nicotinamide. Advances in Physics Theories 

and Applications, 18: 1–9. 

Aly S. A and Fathalla S. K. (2020). Preparation, characterization of some transition metal 

complexes of hydrazone derivatives and their antibacterial and antioxidant 



 George et al.,/ Ife Journal of Science and Technology Vol. 7 No.1 (2023) 77–97  

89 

 

activities. Arabian Journal of Chemistry, 13(2): 3735–3750.  

Bain G. A. and Berry J. F. (2008). Diamagnetic Corrections and Pascal’s Constants. 

Journal of Chemical Education, 85(4): 532 – 536.  

Brehme R., Enders D., Fernandez R. and Lassaletta J. M. (2007). Aldehyde 

N,N‐dialkylhydrazones as neutral acyl anion equivalents: Umpolung of the imine 

reactivity. European Journal of Organic Chemistry, 2007(34): 5629–5660.  

Canpolat E., Kaya M. and Gür S. (2004). Synthesis, characterization of some Co(III) 

complexes with vic-dioxime ligands and their antimicrobial properties. Turkish 

Journal of Chemistry, 28(2): 235–242. 

Clarke B., Clarke N., Cunningham D., Higgins T. McArdle P., Cholchúin M. N. and 

O’Gara M. (1998). Transition-metal Schiff-base complexes as ligands in tin 

chemistry. Part 7. Reactions of organotin(IV) Lewis acids with [M(L)]2 [M=Ni, Cu 

and Zn; H2L=N,N′-bis(3-methoxysalicylidene)benzene-1,3-diamine and its -1,4-

diamine analog]. Journal of Organometallic Chemistry, 559: 55–64.  

Cozzi P. G. (2004). Metal–Salen Schiff base complexes in catalysis: practical aspects. 

Chemical Society Reviews 33(7): 410–421.   

Dilip C. S., Thangaraj V. and Raj A. P. (2016). Synthesis, spectroscopic characterisation, 

biological and DNA cleavage properties of complexes of nicotinamide. Arabian 

Journal of Chemistry, 9: S731–S742.  

Ekennia A. C., Onwudiwe D. C., Olasunkanmi L. O., Osowole A. A. and Ebenso E. E. 

(2015). Synthesis, DFT calculation, and antimicrobial studies of novel Zn(II), 

Co(II), Cu(II), and Mn(II) heteroleptic complexes containing benzoylacetone and 

dithiocarbamate. Bioinorganic Chemistry and Applications, 2015: 1–12.  

El‐Shwiniy W. H., Elwahed M. G. A., Saeed R. M., Zordok W. A. and El-Desoky S. I and 

(2021). Structural elucidation, molecular modeling, and biological and antioxidant 

studies of phenanthroline/nicotinamide metals complexes. Applied Organometallic 

Chemistry, 35(6): 1- 16. 

El‐Sonbati A. Z., Diab M. A., Mohamed G. G., Saad M. A., Morgan Sh. M. and El-Sawy S. 

E. A. (2019). Polymer complexes. LXXVII. Synthesis, characterization, 

spectroscopic studies and immune response in cattle of quinoline polymer 

complexes. Applied Organometallic Chemistry, 33(8): 1– 13.  

Fazary A. E., Ju Y.-H., Rajhi A. Q., Alshihri A. S., Alfaifi M. Y., Alshehri M. A., Saleh K. 

A., Elbehairi S. E. I., Fawy K. F. and Abd-Rabboh H. S. M. (2016). Bioactivities of 

novel metal complexes involving B vitamins and glycine. Open Chemistry, 14(1): 

287–298.  

Ferrari M. B., Capacchi S., Pelosi G., Reffo G., Tarasconi P., Albertini R., Pinelli S. and 

Lunghi P. (1999). Synthesis, structural characterization and biological activity of 

helicin thiosemicarbazone monohydrate and a copper(II) complex of 

salicylaldehyde thiosemicarbazone. Inorganica Chimica Acta, 286(2): 134–141.  

Geary W. J. (1971). The use of conductivity measurements in organic solvents for the 



 George et al.,/ Ife Journal of Science and Technology Vol. 7 No.1 (2023) 77–97  

90 

 

characterisation of coordination compounds. Coordination Chemistry Reviews 7(1): 

81–122.  

Holló B. B., Magyari J., Armaković S., Bogdanović G. A., Rodić M. V., Armaković S. J., 

Molnár J., Spengler G. Leovac V. M. and Szécsényi K. M. (2016). Coordination 

compounds of a hydrazone derivative with Co(III), Ni(II), Cu(II) and Zn(II): 

synthesis, characterization, reactivity assessment and biological evaluation. New 

Journal of Chemistry, 40(7): 5885 – 5895.   

Ibrahim H. S., Abou-seri S. M., Ismail N. S. M., Elaaser M. M., Aly M. H. and Abdel-Aziz 

H. A. (2016). Bis-isatin hydrazones with novel linkers: Synthesis and biological 

evaluation as cytotoxic agents. European Journal of Medicinal Chemistry 108: 415–

422.  

Jurca T, Marian E, Vicaş L. G., Mureşan M. E. and Fritea L. (2017). Metal complexes of 

pharmaceutical substance. In: Spectroscopic Analysis – Developments and 

Applications. Sharmin E., and Zafar F. (eds), InTechOpen Limited, London, pp 123 

– 142. 

Karem L. K., Al-Noor T. H. (2020). Nixed ligand complexes of Schiff base and 

nicotinamide: Synthesis, Characterization and antimicrobial activities. Journal of 

Physics: Conference Series, 1660(1): 012094(1-10).  

Khan T., Ahmad R., Azad I., Raza S., Joshi S. and Khan A. R. (2021). Mixed ligand-metal 

complexes of 2-(butan-2-ylidene) hydrazinecarbothioamide- synthesis, 

characterization, computer-aided drug character evaluation and in vitro biological 

activity assessment. Current Computer-Aided Drug Design, 17: 107–122. 

Kucukoglu K., Gul H. I., Taslimi P., Gulcin I. and Supuran C. T. (2019). Investigation of 

inhibitory properties of some hydrazone compounds on hCA I, hCA II and AChE 

enzymes. Bioorganic Chemistry 86: 316–321.  

Lee JD (1991) Coordination compounds. In: Concise Inorganic Chemistry, 4th ed. 

Chapman & Hall, London, pp 202–230. 

Mangalam N. A. (2014). Synthesis and characterization of transition metal complexes of 

hydrazone and their biological studies. Mar Thoma College, Tiruvalla, India 

Mangalam N. A, Sheeja S. R., Kurup M. R. P. (2010). Mn(II) complexes of some 

acylhydrazones with NNO donor sites: Syntheses, a spectroscopic view on their 

coordination possibilities and crystal structures. Polyhedron, 29(18): 3318–3323.  

Megger D. A., Rosowski K., Radunsky C., Kösters J., Sitek B. and Müller J. (2017). 

Structurally related hydrazone-based metal complexes with different antitumor 

activities variably induce apoptotic cell death. Dalton Transactions, 46(14): 4759–

4767.  

Neelamma M., Rao P. V. and Anuradha G. H. (2011). Synthesis and structural studies on 

transition metal complexes derived from 4-hydroxy-4-methyl–2-pentanone-1H-

benzimidazol-2-yl-hydrazone. E-Journal of Chemistry, 8: 29–36.  

Osowole A. and Odutemu A. E. (2016). Synthesis, physicochemical and antioxidant 



 George et al.,/ Ife Journal of Science and Technology Vol. 7 No.1 (2023) 77–97  

91 

 

properties of some metal(II) complexes of mixed drugs, aspirin and nicotinamide. 

Letters in Health and Biological Sciences, 2: 1–6.  

Osowole A. Ozukew A. E. and Oluwadara T. O. (2014). Synthesis, physicochemical and 

antibacterial properties of some mixed ligand metal(II) complexes of niacin and m-

toluic acid. Journal of Research and Developments in Chemistry, 1–9 

Osowole A, Wakil S. M. and Emmanuel M. O. (2015). Synthesis, characterization, 

antioxidant and antimicrobial activities of some metal(II) complexes of the mixed-

ligands, vitamin B2 and benzoic acid. Elixir Applied Chemistry, 79: 30370–30374 

Paul R. C. and Chadha S. L. (1969). Structure of donor-acceptor complexes—IX 

coordination compounds of imides with metal halides. Journal of Inorganic and 

Nuclear Chemistry 31(9): 2753–2757.  

Recio Despaigne A. A., Da Silva J G., Da Costa P. R., Dos Santos R. G.  and Beraldo H. 

(2014). ROS-mediated cytotoxic effect of copper(II) hydrazone complexes against 

human glioma cells. Molecules 19(11): 17202–17220.  

Sarker S. and Ehsan M. Q. (2017). Preparation and characterization of toxic metal 

complexes of nicotinamide and nicotinic acid. Journal of Bangladesh Academy of 

Sciences, 41(1): 37–45.  

Secci D., Carradori S., Petzer A., Guglielmi P., DÁscenzio M., Chimenti P., Bagetta D., 

Alcaro S., Zengin G., Petzer J. P. and Ortuso F. (2019). 4-(3-Nitrophenyl)thiazol-2-

ylhydrazone derivatives as antioxidants and selective hMAO-B inhibitors: 

synthesis, biological activity and computational analysis. Journal of Enzyme 

Inhibition and Medicinal Chemistry, 34(1): 597–612.  

Shallaby A. M., Khattab M. A., Moussa M. N. H. and Ibrahim G. M. (1986). Coordination 

compounds of some hydrazone derivatives with some transition metal ions. 

Synthesis and Reactivity in Inorganic and Metal-Organic Chemistry, 16(5): 687–

705.  

Shrestha S. and Maharjan S. (2013). Synthesis and characterization of copper complex of 

salicylaldehyde benzoyl hydrazone. Journal Nepal Chemical Society 29: 11–17.  

Singh K., Barwa M.S. and Tyagi P. (2007). Synthesis and characterization of cobalt(II), 

nickel(II), copper(II) and zinc(II) complexes with Schiff base derived from 4-

amino-3-mercapto-6-methyl-5-oxo-1,2,4-triazine. European Journal of Medicinal 

Chemistry, 42(3): 394–402.  

Spinu C. Pleniceanu M. and Tigae C. (2008). Biologically active transition metal chelates 

with a 2-thiophenecarboxaldehyde-derived Schiff base: Synthesis, characterization, 

and antibacterial properties. Turkish Journal of Chemistry, 32(4): 487–493. 

Stipanuk M. H. and Caudill M. A. (2016). Niacin, riboflavin and thiamine. In: Biochemical, 

physiological, and molecular aspects of human nutrition, 4th ed. Saunders 

Publishing, Philadelphia, pp 541–567. 

Sun Y. and Kirschenbaum L. J. (2018). Nicotinamide complex of silver(III) with expanded 

coordination number. Journal of Coordination Chemistry, 71: 1863–1874.  



 George et al.,/ Ife Journal of Science and Technology Vol. 7 No.1 (2023) 77–97  

92 

 

Wood A., Aris W. and Brook D. J. R. (2004). Coordinated Hydrazone Ligands as 

Nucleophiles: Reactions of Fe(papy) 2. Inorganic Chemistry, 43(26): 8355–8360. 

YiIdiz M., Diilger B., Koyuncu S. Y. and YapiCi B. M. (2004). Synthesis and antimicrobial 

activity of bis(imido) Schiff bases derived from thiosemicarbazide with some 2-

hydroxyaldehydes and metal complexes. Journal of India Chemical Society, 81: 7 – 

12. 

Yurdakul O. and Kose D. A. (2015). Mixed ligand complexes of acesulfame/nicotinamide 

with earth alkaline metal cations Mg(II), Ca(II), Ba(II) and Sr(II): synthesis and 

characterization. Hittite Journal of Science and Engineering, 1(1):5 1–57.  

 

SUPPLEMENTARY INFORMATION (SI) 

 

 
(a) 



 George et al.,/ Ife Journal of Science and Technology Vol. 7 No.1 (2023) 77–97  

93 

 

 
(b) 

SI 1: (a) FT-IR spectrum of m-NBH (b) UV spectrum of MBA 
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SI 2: (a) FT-IR spectrum (bi) UV (bii) Visible spectra of [Cu(m-NBH)(NA)2(H2O)2]Cl2 
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SI 3: (a) FT-IR (bi) UV (bii) Visible spectra of [Co(m-NBH)(NA)2(H2O)2]Cl2 
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SI 4: (a) FT-IR (bi) UV (bii) Visible spectra of [Ni(m-NBH)(NA)2(H2O)2]Cl2 
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SI 5: (a) FT-IR (bi) UV (bii) Visible spectra of [Fe(m-NBH)(NA)2(H2O)2]Cl2 

 

 

 


