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ABSTRACT 

Azomethine linkage of Schiff base plays an important role in medical field with so many pharmacological 

activities such as antimicrobial, antiviral, antitubercular and anticancer activity. Schiff base derived from 

P-nitroaniline and Benzophenone was synthesized using Cu(ll) and Fe(ll) Complexes. Characterization 

using Infrared Spectral analysis was recorded using FTIR spectrophotometer model CARY 630 within 

the range of 4000-650.00cm-1.  The IR spectra of the Schiff base showed a band around 1628cm-1 which 

shifted in both spectral of the Cu(ll) and Fe (ll) complexes to 1626cm-1 and 1599cm-1 respectively. 

Analysis of the Schiff base and its metal complexes were carried out, the result reveal the presence of 

C=N (azomethine) of Schiff base vibration. Melting point and decomposition temperatures were 

recorded using an electro thermal melting point apparatus model Mettler Toledo MP50 and the solubility 

of each ligand using different solvents were measured. the result of the antibacterial activity shows that 

at varying concentrations, synthesized metal complexes (Cu(II) and Fe(II) complexes) have anti-bacterial 

activity on some gram positive and gram negative bacterial (i.e. Escherichia coli and staphylococcus 

aureus) while the ligand do not have anti-bacterial activity. The Research further recommend study to 

be done on anti-inflammatory activity, anti-cancer activity, anti-tubercular activity and other 

characterization technique for Benzophenone and p-nitroaniline Schiff base and its complexes. 
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INTRODUCTION 

Schiff bases comprise one of the most widely used families of organic compounds, formed by the 

condensation product of the chemical reaction between an active carbonyl group and a primary amine. 

Their discovery and chemistry are the results of the great pioneer work of a German chemist, Hugo 

Schiff, in the year 1864. This has revolutionized chemical research in the field of coordination chemistry 

in the late 19th century (Jia and Li, 2014). 

The structural unit of Schiff bases also possesses many other hetero elements like oxygen and sulphur, as 

the main component elements for chelate formation with metals. The nature of donor atoms that act as 

coordination sites, their electronegativity, and steric factors largely determine the bonding ability of the 

ligands. By the presence of lone pair electrons on the N-atom, the electron-donating character of the 

double bond, and the low electronegativity of nitrogen, the N-atom of the azomethine group (>C=N) 

acts as a very good donor site and Schiff bases are considered as active ligands (Kostova and Saso, 2013). 
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Recently, Schiff bases occupy a leading position in coordination chemistry and provide significant 

attraction in creating chemical scaffolds due to their simplicity in preparation, variation in properties, 

biomedical, biochemical, and industrial applications. There are several amines and carbonyl compounds 

in the library of organic chemistry that enables the synthesis of Schiff bases with diverse structural 

features. For the synthesis of Schiff bases, the basic carbonyl group may be aldehydes (aromatic or 

aliphatic) or a ketone. The stability of the imine group is controlled by the presence of substituent groups 

attached to the (>C=N) linkage (Jayaseelan et al., 2011) 

The formation of Schiff bases a reversible process and generally takes place by refluxing the mixture 

under neutral conditions or in the presence of acid or base catalysts and or dehydrating agents (Nasira 

N.S., et al 2016). A great care should be taken for the purification of Schiff bases as they are degradable. 

The acid/base catalysis or heating is employed for the synthesis of Schiff bases as their reactions are 

mostly reversible. The Schiff bases are formed by the reaction of amines with carbonyl compounds but 

it does not follow simple nucleophilic addition but gives an unstable addition compound called 

carbinolamine. The compound thus obtained is unstable and loses water molecule. The dehydration step 

during formation of Schiff base is actually the rate determining step and the reaction shown is catalyzed 

by acid. Schiff base reaction (Habu, 2018).  

 

PREPARATION OF SCHIFF BASE  

The preparation of Schiff bases involves a variety of conditions and is brought about by mixing carbonyl 

compounds and primary amines in various proportions and employing a range of solvent as shown in 

scheme 1 

 
Scheme 1. General Equation for Preparation of Schiff base 

 

Where R represents an alkyl, aryl, cycloalkyl, or heterocyclic group, which may be variably 

substituted and R1 may be an alkyl, aryl group, or H atom.  

 

APPLICATIONS OF SCHIFF BASES 

Schiff bases have been reported to show a variety of biological actions by virtue of the azomethine linkage, 

which is responsible for various antibacterial, antifungal, herbicidal and clinical activities. They form an 

interesting class of ligands that has enjoyed popular use in the coordination chemistry of transition, inner 

transition and main group elements. Biological and pharmaceutical activities of Schiff base derived from 

2-thiophene carboxaldehyde and aminobenzoic acid have been studied in comparison to Cu, Fe, Zn, Ni 

and Co complexes by Safaa et al (2011). These compounds were screened for the antimicrobial activity 

against bacterial species and fungal species. E. coli was inhibited by Fe, Cu and Zn complexes and Candida 

species was inhibited with low inhibition zone (Kumar et al, 2009). 

The multifunctional activities of such metal complexes are the prime sources of metal-based research in 

chemical science. Many drug substances have metal ions that play a key role in the better success of 

biological activities. Several studies have described the enhanced activities of metal complexes compared 
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to free ligands. Recently, a large volume of research reports on Schiff bases highlighted them as a type of 

potential antibiotic, which by chelation with metals further enhances their potency. Chelation causes a 

drastic change in the biological properties of the ligands and metal moiety (Narendra et al, 2020). 

 

 (a)  

 

(b)  

Scheme 2: (a) Preparation of Schiff base; (b) Preparation of Metal complex 

  where “M” could be any of the transitional metals 

 

Due to the excellent selectivity, sensitivity and stability of Schiff bases for specific metal ions such as 

Ag(II), Al(III), Co(II), Cu(II), Gd(III), Hg(II), Ni(II), Pb(II), Y(III) and Zn(II), a large number of different 

Schiff base ligands have been used as cation carriers in potentiometric sensors. Studies in terms of catalytic 

properties of Schiff bases exhibit the catalytic activity in the hydrogenation of olefins. One of the more 

interesting applications of these compounds is the possibility to use them as effective corrosion inhibitors. 

This phenomenon is the spontaneous formation of a monolayer on the surface to be protected (Al-

Shaalan, 2011). 

Metals have an esteemed place within medical biochemistry, although until recently this has been 

restricted predominantly to organic drugs. Recently however, more research has been done in the area 

of inorganic chemistry, which has led to developments in cancer care, infection control, diabetes, ulcers 

and neurological, cardiovascular and anti-inflammatory drugs. Metal (II) complexes have been widely 

studied for their antimicrobial and anticancer properties. Many drugs possess modified pharmacological 

and toxicological properties when administered in the form of metallic complexes such metals which 

undergo the processes are called the transitional metals (Raman et al., 2010). Recently, synthesized 

transition metal complexes have been used for the study of biological activities viz. antibacterial, 

antifungal, toxicity and DNA interaction. Pyrimidines, being an integral part of DNA and RNA, that 

play an essential role in several biological processes and have considerable chemical and pharmacological 

importance. Due to multifunctional coordinating ability of pyrimidines and its derivatives, they have 

been used for the synthesis of mononuclear and binuclear transition metal complexes. There are many 
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bibliographic data available which display coordination modes of pyrimidine moiety (Srivastava et al., 

2014). 

Most of the transition metal complexes containing purine or pyrimidine base have been used to 

understand biological phenomena as well as to get new biologically active metallo drugs (Sonmez et al., 

2010). Amino acid Schiff base readily forms complexes with metal ions which play an important role as 

the basic compounds for modelling more complicated Schiff base (Arbaoui et al., 2011). The aim of the 

research is to Synthesize, Characterize and evaluate antibacterial activity of Copper (II) and Iron (II) 

complexes with Schiff base derived from a P-Nitroaniline and Benzophenone. 

 

STATEMENT OF PROBLEM 

Infection by microorganisms such as bacteria has been of greater concern and their resistance to 

antibiotics is becoming alarming globally, that required urgent attention. Without urgent and concerted 

action, we are moving toward an era in which common infections or minor diseases may become 

uncontrolled. Centre for diseases control and prevention (CDC) has issued guideline for addressing the 

menace with emphasis on promoting and development of new antibiotics that can address the drug-

resistance bacteria. Generally, resistance occurs in nature. However, due to the increased rate of 

bacterial resistance to antibiotics, it is very important to find compounds that can inhibit the growth of 

these bacteria (Golker et al. 2014; Hussaini et al., 2020).  

 

JUSTIFICATION OF THE STUDY 

Schiff base compounds have been shown to be promising leads for the design of efficient antimicrobial 

agents as a result of the broad range of biological activities exhibited by these compounds. Variety of 

biological actions by virtue of the azomethine linkage, which is responsible for various antibacterial, 

antifungal, herbicidal and clinical activities. They form an interesting class of ligands that has enjoyed 

popular use in the coordination chemistry of transition, inner transition and main group elements 

(Hussaini et al., 2020).  

 

MATERIALS AND METHOD  

All starting chemicals and reagents used in this work were of synthetic and analytical grades and were 

used without further purification. The distilled water and solvents including ethanol were used as 

received. All glass wares used in this work were properly washed, rinsed with distilled water and dried 

in an oven, electrical balance model Lot H3 was used for all weighing. Infrared spectral analysis was 

recorded using FTIR spectrophotometer model CARY 630 within the range of 4000-650.00cm-1. 

Melting point and decomposition temperatures were recorded using an electro thermal melting point 

apparatus model Mettler Toledo MP50. The in vitro anti-bacterial screening was performed by agar 

diffusion method. Nutrient agar was used as culture medium. The bacterial species used were Escherichia 

coli and staphylococcus aureus, both clinical isolates were obtained from Kangiwa clinic in Kaduna 

Polytechnic. 

 

Preparation of the Schiff base (Ligand) 

Benzophenone of the mass 9.111g (0.05mol) was mixed with p-nitroanilineof mass 6.906g (0.05mol) in 

40cm3 of toluene then few drops of Glacial acetic acid was added and the reflux set up was arranged. The 
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reaction was subjected to reflux on a magnetic stirrer hot plate for 5hours. The resulting solution was 

then concentrated to 8cm3 in a water bath and allowed to cool at 00C in an ice bath. The resulting solid 

crystal was filtered, washed with ethanol and well dried and recrystallized to obtain the pure ligand 

(Patil, 2015). 

 

Preparation of Cu(II) Complex 

The ligand (3.02g) (0.02 mol) was dissolved in 20cm3 toluene and mixed with CuCl2(1.345g) (0.01 mol) 

which was dissolved in 10cm3 toluene. The reaction mixture was refluxed for 3 hours. The resulting 

solution was concentrated in water bath, cooled inan ice bath. The resulting solid product was further 

recrystallizedand dried in a desiccator. 

 

Preparation of Fe(II) Complex 

The ligand (3.02g) (0.02 mol) was dissolved in 20cm3 toluene and mixed with FeCl2(1.268g) (0.01mol) 

which was dissolved in 10cm3 toluene. The reaction mixture was refluxed for 3 hours. The resulting 

solution was concentrated in water bath, cooled in an ice bath. The resulting solid product was further 

recrystallized and dried in a desiccator. 

 

Melting Point/Decomposition Temperature 

The Melting Point and Decomposition temperature of the Schiff base and its metal (II) 

Complexes were determined using an electro thermal melting point apparatus model Mettler 

Toledo MP50. 

 

Solubility Test  

The solubility of the Schiff base and metal (II) complexes were determined by taking approximately 

0.01g of the samples and put in a clean dried test tube followed by the addition of few drops of the 

solvents used and shaken. The solvents used were; Distilled water, ethanol, DMSO, methanol, Toluene, 

ethyl acetate, n-Hexane, Petroleum ether, Acetone and Benzene. 

 

FT-IR Analysis 

The Fourier transformation infrared spectrophotometer (FT-IR) analysis of the schiff base and its metal 

complexes were carried out at wavelength value range from 4000.00-650.00cm-1. 

 

Antibacterial Activity Test 

Antibacterial activities of the Schiff base and the metal complexes were measured against Staphylococcus 

aureus, Escherichia coli, using agar diffusion method according to the National Committee for Clinical 

Laboratory Standard (NCCLS) in 1993). Briefly, Petri plates containing approximately 25-30 ml of 

nutrient agar medium were swabbed using cotton applicator with a 4-6 hours starter culture of the 

bacterial strains. Wells (10mm diameter) were punched in the agar and filled with 25mg/mL, 50mg/mL 

and 100mg/mL of the ligand and the complexes in Dimethylsulphuroxide. The plates were incubated at 

37°C for 24 hours. The anti-bacterial activitywas assessed by measuring the inhibition zone diameter 

(mm) around the well and the same procedure was used for standards as used by (Donkor et al. 2012). 
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RESULTS AND DISCUSSIONS 

Results of Schiff Base Synthesis 

 
Scheme 4.1 Synthesis of Cu(II) Complex 

 
Scheme 4.2 Synthesis of Fe(II) Complex 

 

Table 4.1: Physical Properties of the Ligand and Complex   

Compounds Melting 

point 

(0C) 

Decomposition 

Temperature (0C) 

Percentage 

Yield (%)   

Colour 

BP4NA(C19H10N2O2)  141 - 65.68 Yellow  

Cu(C19H10N2O2)2 - 270 68.71 Green 

Fe(C19H10N2O2)2 - 295 66.13 Yellowish 

Green  

 

Table4.2 Results Showing the Solubility of the Schiff base,Cu(II) and Fe(II) Complex 

Solvents Schiff Base Cu(II) Complex Fe(II) Complex 

Acetone S S S 

Benzene S S S 

Distilled Water SS SS SS 

DMSO S S S 

Ethyl acetate S S S 

Ethanol S SS S 

Methanol S SS S 

n-Hexane S S S 
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Petroleum Ether IS IS IS  

Toluene IS IS IS 

KEY: IS = Insoluble 

S = Soluble 

SS = Slightly Soluble 

 

Table 4.3: Infrared spectral data of the Schiff base and its metal complexes 

Compounds v(C=N) cm-1 v(O-H)cm-1 v(C-O)cm-1 v(C=O)cm-1 v(C-N) cm-1 

Schiff base 1628 3354 1110 1673 1293 

Copper (II) complex 1626 3264 1093 1685 1283 

Iron (II) complex 1599 3275 1093 1689 1225 

 

 

FT-IR Result for Schiff base Benzhydrylidene-(4-nitro-phenyl)-amine 

 
FT-IR Result for Cu(II) Complex 
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FT-IR Result of Fe(II) complex 

 
 

Table 4.4: Anti-Bacterial activity of the Schiff base and its metal complexes. (Zones of 

Inhibitions) 

Name of 
Bacterial 
pathogen 

Schiff base (mg/L) 

 

Cu(II) complex Fe(II)complex Contr

ol 

 100mg
/ml 

50mg
/ml 

25mg
/ml 

100mg
/ml 

50mg
/ml 

25mg
/ml 

100mg
/ml 

50mg/
ml 

25mg
/ml 

80mg
/ml 

Escherichi
a coli 

2mm - - 7mm 1mm - 6.5mm 2.5m
m 

- 11mm 

Staphyloco
ccus 
aureus 

- - - 5.5mm 2mm - 2mm 1mm - 10mm 
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Benzhydrylidene-(4-nitro-phenyl)-amine Iron (Fe) II complex 

 
Benzhydrylidene-(4-nitro-phenyl)-amine Copper (Cu) II complex 

 
Benzhydrylidene-(4-nitro-phenyl)-amine Schiff base 
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DISCUSSION OF RESULTS 

Schiff base synthesis 

The Schiff base was prepared by refluxing 9.111g(0.05mol) of benzophenone with 6.906g(0.05mol) of 

p-nitro aniline in 40 cm3 toluene with few drops of Glacial acetic acid. The percentage yield was found 

to be 65.68% as shown in (table 4.1) and the melting point was determined to be 1410C also shown in 

(table 4.1). The interaction between the Schiff base and a metal (II) chloride in a proportion of 2:1 

respectively gave the complexes as shown in scheme 3.0 These complexes are coloured, air and moisture 

stable solid which decompose at (270 0C), for Cu (II) complex and (2950C) for Fe (II) complex indicating 

good stability as shown in (Table4.1). 

 

Solubility test 

The solubility test for the Schiff base and its metal complexes were tested in different solvents such as 

acetone, benzene, distilled water, DMSO, ethyl acetate, methanol, n-Hexane, petroleum ether and 

ethanol, toluene as indicated in (table 4.2). The compounds were found to be soluble in acetone, 

benzene, DMSO, ethyl acetate and n-Hexane. While insoluble in Petroleum ether and toluene. The 

compounds are found to be slightly soluble in distilled water. Cu(II) complex was found to be slightly 

soluble Ethanol and methanol while the Schiff base and Fe(II) complex are readily soluble the solvents. 
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Characterization results 

The IR spectra of the Schiff base showed a band around 1628cm-1 which shifted in both spectra of the 

Cu(II) and Fe(II) complexes to 1626cm-1 and 1599cm-1 respectively. This is assigned to v(C=N) 

vibrations which is a fundamental feature found in Schiff bases. These bands appearing in the spectra of 

the complexes 1626cm-1 and 1599cm-1with lowering in the frequencies is suggestive that the Schiff base 

has coordinated to metal ions resulting in the formation of metal complexes as in (table 4.3). 

 

Antibacterial activity results  

Results of anti-bacterial activity have shown that though at varying concentrations that all the synthesized 

metal complexes (Cu(II) and Fe(II) complexes) have anti-bacterial activity on some gram positive and 

gram negative bacterial (i.e Escherichia coli and staphylococcus aureus) while the ligand do not have anti-

bacterial activity. The results show that the anti-bacterial activity of Cu(II) complex is greater than that 

of Fe(II) complex and the ligand. This is because the copper rupture the cell membrane by direct 

interaction through which the cell loses vital nutrients and water, causing a general weakening of the cell 

and slow death of cell while the Iron (II) complex is not that much effective as copper (II) complex (table 

4.4).Also it reflects that the anti-bacterial activity of the synthesized compounds is grater at higher 

concentrations of 100mg/ml and the activity reduces when the concentration is reduced (50mg/ml) and 

no observed inhibition at 25mg/ml. 

 

CONCLUSION 

The Schiff base Benzhydrylidene-(4-nitro-phenyl)-amine have been successfully synthesized and 

coordinated to Fe (II) and Cu (II). The Schiff base and its metal complexes have been characterized by 

solubility, melting/decomposition and FT-IR spectrophotometry. The Schiff base and its metal 

complexes were screened for in vitro antibacterial activity by agar-well diffusion method. Based on 

research findings, it was concluded that metal complexes of Schiff base were found to be more efficient 

anti-bacterial agent than its native form (Schiff base). However, the anti-bacterial potentiality is that 

metal complex is highly dependent on the metal ion used for the formation of metal complex. 

 

RECOMMENDATION 

Benzophenone and p-nitroaniline Schiff base and its complexes have been reported to have various 

biological activities, further studies can be done on anti-inflammatory activity, anti-cancer activity, anti-

tubercular activity and other characterization technique such as NMR, Mass spectrometer should be use 

for further characterization of the Complexes.  
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