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Abstract— The Schiff base ligand (4-nitrobenzylidiene)-3-

nitroaniline was prepared by the condensation between 4-

nitrobenzaldehyde and 3-nitroaniline. The V and Zr 

complexes of the corresponding ligand were prepared and 

was characterized by different methods like CHN analysis, IR 

and UV spectra. From CHN analysis and IR spectral data the 

structures  of V complex and Zr complex are found to be 

octahedral structure. The complexes were analysed for its 

antimicrobial characteristics. 
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I. INTRODUCTION 

Coordination compounds of transition metals was discovered 

in 1798 by Tassert. The increased development in the field of 

spectroscopic analysis like IR, UV, Raman, NMR, EPR, 

Mass spectroscopy etc facilitate the progress of research in 

the field of coordination compounds.  

 According to Werners theory ligand donate electron 

pair to metal ion or atom to form co-ordinate linkage. This 
approach was first applied to co-ordination compounds by 

Linus Pauling and Slater (1931) [1].  

 Crystal field theory developed by Bethe[2] and Van 

Vleck[3] is another approach to study the complexes 

.According to this theory, the bond between metal and ligand 

is neither due to sharing of electron nor due to interaction of 

atomic orbitals. Crystal field theory involves electrostatic 

approach to the bonding in complexes.  

Schiff bases are condensation products of amines 

with active carbonyl compounds. They were discovered by a 

German chemist, Nobel prize winner ,Hugo Schiff in 1864[4]. 

The Schiff bases are also called imines, anils and 
azomethines[5] They contain azomethine (>C=N) group and 

hence can act as effective ligand.  

 
(R, R’ and R’’ may be acyclic, alicyclic, aromatic and 

heterocyclic etc.) 

II. MATERIALS AND METHODS 

A. Materials 

The chemicals used for the synthesis in the present 

investigation are of commercial grade and they are directly 

used without further purification. 4-nitrobenzaldehyde is 

used as aldehyde, 3-nitroaniline is used as the amine, and the 

solvent used is methanol. 

B. Instruments 

Instruments used in this investigation are given below: 

Schimadzu IR prestige-20 spectrometer 

Schimadzu UV-2450 A Spectrometer 

Systronies conductivity meter 304 

Gouy type magnetic balance 
Vario-III CHN elemental analyser 

C. Methods 

1) Synthesis of N-(4-Nitrobenzylidene)-3-Nitroaniline  

4-nitrobenzaldehyde (0.151g, 0.001M) dissolved in 20 ml 

methanol and 3-nitroaniline(0.138g, 0.0001 M)  in 20 ml 

methanol was mixed well. The resulting mixture was refluxed 
for about four hours. On cooling, yellow crystals were 

separated from the solution. These crystals were filtered and 

dried. 

2) SYNTHESIS OF METAL COMPLEXES 

a) Synthesis of Vanadium complex 

Ammonium meta vanadate has been used as a synthetic 

intermediate for the preparation of V(IV) complex. The 

methanolic solution of the ligand (0.001M) was just heated to 

dissolve the ligand and to this, methanolic solution of the 

metal (0.001M) was added so that the ratio will be 1:1 and the 

mixture is refluxed for four hours. The pH is maintained 
between 6-7. Then the volume was reduced to half its initial 

volume. After concentration, the solution was cooled and the 

yellow complex formed is separated out. It is filtered, washed 

with methanol and dried in vaccum. 

b) Synthesis of Zirconium complex 

Zirconium oxyhloride has been used as a synthetic 

intermediate for the preparation of Zr(IV) complex. The 

methanolic solution of the ligand (0.001M) was just heated to 

dissolve the ligand and to this, methanolic solution of the 

metal (0.0005M) was added so that the ratio will be 1:2 and 

the mixture is refluxed for four hours. The pH is maintained 
between 6-7. Then the volume was reduced to half its initial 

volume. After concentration, the solution was cooled and the 

complex formed is separated out. It is filtered, washed with 

methanol and dried in vaccum. 

Compound Colour Solubility Yield(%) 

Ligand Yellow Chloroform 76% 

Zr Complex Yellow Chloroform 80% 

V Complex Yellow Chloroform 74% 

Table 2.3: physical properties of ligand and complexes. 

D. Infrared Spectra 

The IR spectra of the solid samples were recorded in 
Schimadzu IR prestige -20 spectrometer in the range of 4000-

400 cm-1. Potassium bromide disc method was employed for 

sample preparation. 
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E. Electronic Absorption Spectroscopy 

Electronic absorption spectroscopy is used to study the 

stereochemistry and the geometry of the complexes.  

The UV-Visible spectra of the samples in DMSO 

solution were recorded in Schimadzu UV-2450 A 

spectrometer in the range of 200-800 nm. 

F. Molar Conductance 

Molar conductance of transition metal complexes were 

determined in DMF and N,N‟-dimethyl formamide at room 

temperature using a systolic conductivity Meter 304. The cell 

constant of the conductivity cell was 1 cm-1. The 

concentration of the solution was around 1x 10-3 M. The 

molar conductance is measured by the equation, 

M = 1000 k/c 

Where c = concentration of the solution in mol/L 
k = conductivity (specific conductance) 

G. CHN Analysis 

CHN analysis was done in Vario-III CHN elemental analyser 

at the Saif, Cochin University of Science and Technology, 

Kochi. 

H. Magnetic Susceptibility 

Magnetic susceptibility measurements of the metal 

complexes were studied at room temperature (3000K) by 

using Magway MSB Mk1 magnetic susceptibility balance. 

Diamagnetic corrections were computed using Pascal‟s 

constant by adding the diamagnetic contribution of various 
atoms and structural units. Gram susceptibility was calculated 

using the formula, 

Xg = (α + βF) / W 

Where α = Air Displacement Constant 

β = Tube Constant 

F = change in weight in milligram 

W = weight of sample in gram 

The effective magnetic moment μeff was calculated 

using the formula, μ eff = 2.84√XmT 

where Xm  = molar susceptibility corrected for diamagnetism 

and T = Temperature, 293 K 

I. Antibacterial Activity 

AGAR- WELL DIFFUSION METHOD 

MATERIALS REQUIRED 

Muller Hinton Agar Medium  is used for bacterial culture. 

Streptomycin (standard antibacterial agent, concentration: 

10mg / ml) Culture of test organisms; growth of culture 
adjusted according to McFards Standard, 0.5% 

1) E. coli  

2) Staphylococcus aureus 

3) Kleibsella pneumoniae  

4) Streptococcus mutans  

1) Procedure 

Petriplates containing 20ml Muller Hinton Agar Medium 

were seeded with bacterial culture of E.coli, Kleibsella 

pneumoniae, Streptococcus mutans and Staphylococcus 

aureus (growth of culture adjusted according to McFards 

Standard, 0.5%). Wells of approximately 10mm was bored 

using a well cutter and different concentrations of sample 
such as 250μg/mL, 500μg/mL and 1000μg/mL were added. 

The plates were then incubated at 37°C for 24 hours. The 

antibacterial activity was assayed by measuring the diameter 

of the inhibition zone formed around the well (NCCLS, 

1993). Streptomycin was used as a positive control. 
Reference: National Committee for Clinical 

Laboratory Standards. (1993a). Performance Standards for 

Antimicrobial Disk Susceptibility Tests—Fifth Edition: 

Approved Standard M2-A5. NCCLS, Villanova, PA. 

J. Antifungal Activity 

1) Agar- Well Diffusion Method Materials Required 
1) Potato Dextrose Agar Medium  is used as fungal 

medium. 

2) Clotrimazole (standard antifungal agent, 

concentration: 10mg / ml) 

3) Culture of test organisms; growth of culture adjusted 

according to McFarland Standard, 0.5% 

 Aspergillus niger (ATCC 16404) 

 Candida albicans(ATCC 10231) 

2) PROCEDURE 

Potato Dextrose agar plates were prepared and overnight 

grown species of fungus, Aspergillus niger and Candida 
albicans were swabbed. Wells of approximately 10mm was 

bored using a well cutter and samples of different 

concentrations such as 250μg/mL, 500μg/mL and 

1000μg/mL were added. The zone of inhibition was measured 

after overnight incubation at room temperature and compared 

with that of standard antimycotic (Clotrimazole). (NCCLS, 

1993). 

III. RESULT AND DISCUSSION 

Schiff base were derived from 4-nitrobenzaldehyde and 3-

nitroaniline and their vanadium and zirconium complexes are 

synthesised. 

A. General Properties 

Both Zr(IV) and V(IV) complex is dark yellow in coloured  
and are stable in air. Both the complexes are sensitive to light 

and decomposes when exposed to light. The two complexes 

are insoluble in water and readily soluble in chloroform and 

DMSO                       

B. Molar Conductance 

Molar conductance of 10-3 M solutions of the metal 
complexes at 250C were measured in DMF and N,N‟-

dimethyl formamide. The molar conductance values of V(IV) 

and Zr(IV) complexes under investigation are found to be 82 

Ω-1cm2mol-1 and 148 Ω-1cm2mol-1 respectively. The molar 

conductance value shows that theV(IV) and Zr(IV) complex 

was electrolytic in nature. Because there is no charged species 

in the complex to neutralize the charge of the central metal 

ion. 

Comp

lex 

Colo

ur 

Yield(

%) 

Molec

ular 

Weight 

Magneti

c 

moment 

(BM) 

Molar 

conducta
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(Ω-
1cm2mol

-1) 

V(IV) 

compl

ex 

Yell

ow 
74% 

406.20

15 
2.01 82 
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Zr(IV) 

compl

ex 

Yell

ow 
80% 

705.74

4 

diamagn

etic 
148 

Table 3.2(a): 

C. Magnetic Measurements 

Magnetic susceptibility of the complexes were determined 

using Magway MSB Mk1 magnetic susceptibility balance. 

The measurements were made at room temperature. Table 3.3 

(a) shows the effective magnetic moments calculated from 

the magnetic susceptibility, which iscorrected for 

diamagnetic corrections. Some indications about the 
structure, geometry and coordination of the complexes can be 

obtained from magnetic moment values.The V(IV) is 

paramagnetic in nature and and Zr(IV) complex is 

diamagnetic ratio. 

The magnetic moment values of V(IV) is found to 

be 2.01 BM. From this, it is clear that the V(IV) complex has 

octahedral structure and Zr(IV) is diamagnetic and hence it 

has an octahedral structure.  

D. CHN Analysis 

The experimental percentage values of carbon, hydrogen and 

nitrogen in the two complexes found out by CHN analysis 

were similar to the percentage calculated from the theoretical 

aspects. So from CHN analysis, the structure and denticity of 

the ligand and complex can be confirmed. 

COM

PLE

X 

C% H% N% 

experi
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l 
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ulate

d 

experi

menta

l 
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ulate

d 

experi

menta

l 

Calc

ulate

d 

V 

comp
lex 

37.94

% 

38.4

% 
3.89% 

4.19

% 
9.78% 

10.3

4% 

Zr 

comp

lex 

43.81

% 

44.2

1% 
2.91% 

3.68

% 

10.58

% 

11.9

0% 

Table 3.4 (a): 

Here, the CHN analysis values are in good 

agreement with the calculated percentage of carbon, 

hydrogen and nitrogen in the complex. The ligand is 

monodentate.The structures of the complexes can also be 

confirmed from CHN analysis. The structure of  Zirconium 

complex  Vanadium complexes are octahedral . 

E. Electronic Spectra 

The electronic spectra are often helpful in the evaluation of 

results furnished by other methods of analysis. The electronic 

spectral bands of the ligand and complexes was recorded over 

the range of 200-800 nm in DMSO . 

 
Fig. 3.6 a : ELECTRONIC SPECTRUM OF LIGAND 

Ultraviolet spectra of the ligands recorded in DMSO 

showed strong bands around 286.5 nm and at 339.5 nm region 

which confirms the presence of benzenoid and azomethine 

linkages, which are characteristic of Π―›Π* and n―›Π* 

transition respectively. 

F. Electronic Spectra of Complexes. 

 
Fig. 3.6 b: Vanadium Complex 

Ultraviolet spectra of the Vanadium complex 
recorded in DMSO showed strong bands around 221 nm and 

at 340 nm region which confirms the presence of benzenoid 

and azomethine linkages, which are characteristic of Π―›Π* 

and n―›Π* transition respectively. 
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Fig. 3.6 c: Zirconium complex 

Ultraviolet spectra of the Zirconium complex 

recorded in DMSO showed strong bands around 258 nm and 

at 366 nm region which confirms the presence of benzenoid 

and azomethine linkages, which are characteristic of Π―›Π* 

and n―›Π* transition respectively.  

G. Infrared Spectra 

The IR spectral data of the Schiff base ligand and its metal 

complexes are presented in table 5.6(a) and 5.6(b). The 

spectra of the complexes were compared with the spectrum 

of the ligand. 

H. IR Spectrum of Ligand 

The IR spectral data of the Schiff base ligand and its metal 

complexes are presented in table 5.6(a) and 5.6(b). The 

spectra of the complexes were compared with the spectrum 

of the ligand. 

 
(a) IR SPECTRUM OF LIGAND 

 
(b) IR SPECTRUM OF VANADIUM COMPLEX 

Ligand V Complex Assignment 

- 3412 Coordinated water molecule 

3020 3016 =CH 

1622.13 1672.28 C=N 

1529.55 1526.28 C=C 

1317.38 1340.53 N=O (asym.bending) 

698.23 713.66 Monosubstituted 

- 430.13 V-N 

- 918.12 V=O 

Table 3.7(b) 

In the IR spectrum of the ligand, a medium strength 

band is observed at 3020 cm-1 which corresponds to =CH 

group. In the complex, it is shifted to a lower frequency of 

3016 cm-1. The intense band near 1622.13 cm-1 corresponds 

to υ (C=N) of the ligand. It is shifted to a higher frequency of 
1672.28 cm-1 which indicates the presence of coordination. 

The peak at 1317.38 cm-1 indicates the asymmetric bending 

of NO2 group.The peak at 3412 cm-1 confirms the presence of 

coordinated water molecule. The strong bands at 430.13 cm-

1 and 918.12 cm-1 attribute to V-N and V=O bonds which are 

absent in the free ligand. These peaks confirms the formation 

of metal complexes. 

 
(c) IR SPECTRUM OF ZIRCONIUM COMPLEX 

Ligand Zr Complex Assignment 

- 3425.18 Coordinated water molecule 

3020.53 2966.94 =CH 
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1622.13 1618.62 C=N 

1529.55 1510.12 C=C 

1317.38 1312.66 N=O (asym.bending) 

698.23 745.28 Monosubstituted 

- 435.51 Zr-N 

 525.22 Zr-O 

Table 3.7(c) 

In the IR spectrum of the ligand, a medium strength 

band is observed at 3020.53cm-1 which corresponds to =CH 

group. In the complex, it is shifted to a lower frequency of 
2966.94 cm-1. The intense band near 1622.13 cm-1 

corresponds to υ (C=N) of the ligand. It is shifted to a lower 

frequency of 1618.62 cm-1 which indicates the presence of 

coordination. The peak at 1312.66 cm-1 indicates the 

asymmetric bending of NO2 group.The peak at 3425.18 cm-1 

confirms the presence of coordinated water molecule. The 

strong bands at 435.51 cm-1 and 525.55 cm-1 attribute to Zr-

N and Zr - O bonds which are absent in the free ligand. These 

peaks confirms the formation of metal complexes. 

STRUCTURE OF LIGAND 

 
STRUCTURE OF VANADIUM COMPLEX 

 
STRUCTURE OF ZIRCONIUM COMPLEX 

I. Antimicrobial Studies 

Antibacterial Studies 
The antibacterial and antifungal studies were conducted by 

comparing the zone of inhibition of a standard bacterial agent 

with the complexes.  

1) Antibacterial Studies of Vanadium Complexes 
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2) Antibacterial Studies of Zirconium Complexes 

 

 

 

 
ANTIBACTERIAL ASSAY 

Organisms 

Staphy
lococc

us 

aureus 

(mm) 

Bacillu
s 

subtilis

(mm) 

Esch
erich

ia 

coli(

mm) 

Klebsiell
a 

Pneum

onia(m

m) 

Sampl

es 

Conce

ntratio

n 

of 

sampl

es 

Positive control- Gentamycin 80mcg 

 
VAN

ADIU

M 

Genta

mycin 
25 29 21 32 

Negat

ive 

contro
l 

- - - - 

T1 

(400m

cg) 

- 12 - - 

T2 

(800m

cg) 

- - - 20 

 

ZIRC

ONIU

M 

Genta

mycin 
24 28 29 31 

Negat

ive 

contro

l 

- - - - 
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T1 

(400m

cg) 

10 - - - 

T2 

(800m
cg) 

- - 16 - 

There is slight antibacterial activity shown by zirconium and 

vanadium complexes against Staphylococcus aureus 

(mm), Bacillus subtilis (mm), Escherichia coli (mm), 

Klebsiella Pneumonia (mm) upto the concentration of 

800mcg. 

J. ANTIFUNGAL ACTIVITIES 

1) Antifungal activity of vanadium complexes 

 

 
2) Antibacterial activity of zirconium complexes 

 

 
ANTIFUNGAL ASSAY 

Organisms 

Aspergill

us 

niger(mm

) 

Penicilliu

m 

notatum 

(mm) 

Samples 

Concentrati

on of 

samples 

Positive control- 

Clotrimazole 80mcg 

 
VANADIU

M 

Clotrimazol

e 
19 21 

Negative 
control 

- - 

T1 

(400mcg) 
10 - 

T2 

(800mcg) 
- - 

ZIRCONIU

M 

Clotrimazol

e 
19 15 

Negative 

control 
- - 

T1 

(400mcg) 
- 15 

T2 

(800mcg) 
13 - 

Vanadium complex and nickel complex show moderate 

antifungal activity against Pencillium notatum and 

aspergillus niger at 400 and 800 mcg. 

IV. SUMMARY AND CONCLUSION 

The Schiff base ligand, N-(4- nitrobenzylidine)-3-nitroaniline 

has been synthesized by the condensation of 4-

nitrobenzaldehye and3-nitroaniline. It is yellow in colour and 

having 76% yield and soluble in chloroform. The spectral 

data of the ligand concluded that the ligand is monodentate. 

The vanadium complex of this ligand is yellow in 

colour and having 74% yield and soluble in chloroform. The 

molar conductance value of this complex were found to be 82 

Ω-1cm2mol-1. This value indicates that the complex is 
electrolytic in nature. The magnetic moment value of this 

complex is 2.01 BM, which suggests that the complex has 

octahedral structure. The strong bands at 430.13 cm-1 and 

918.12 cm-1 attribute to V-N and V=O bonds which are absent 

in the free ligand. These peaks confirms the formation of 

metal complexes. 
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The zirconium complex of this ligand is yellow in 

colour and having 80% yield and soluble in chloroform. The 

molar conductance value of this complex were found to be 
148 Ω-1cm2mol-1 . The zirconium complex is diamagnetic in 

nature. The complex has octahedral structure. The appearance 

of new bands at 458.18 cm-1  in the IR spectrum are assigned 

to Zr-N and stretching vibrations. 

The UV spectra of ligand and complexes shows 

characteristic absorption at the range of 285 nm and at 340 

nm region which confirms the presence of benzenoid and 

azomethine linkages, which are characteristic of Π―›Π* and 

n―›Π* transition respectively. 

The experimental percentage values of carbon, 

hydrogen and nitrogen in the two complexes found out by 

CHN analysis were similar to the percentage calculated from 
the theoretical aspects. So from CHN analysis, the structure 

and denticity of the ligand and complex can be confirmed. 

There is slight antibacterial activity shown by 

zirconium and vanadium complexes against 

Staphylococcus aureus (mm), Bacillus subtilis (mm), 

Escherichia coli(mm), Klebsiella Pneumonia(mm) 

upto the concentration of 800mcg. Vanadium complex and 

nickel complex show moderate antifungal activity against 

Pencillium notatum and aspergillus niger at 400 and 800 mcg. 

ACKNOWLEDGEMENT 

I acknowledge the Department of Science and Technology 

(DST) for providing fund under the scheme of “Fund for 

Improvement of S & T infrastructure in universities and 

higher education institutions (FIST)” for providing fund to 

purchase equipment in instrumentation lab and for computer 

facilities in Computer and Networking Lab. 

REFERENCES 

[1] Amit, Ashok Pandey, Puja Sinha, B.K. Rai, Shashi 

Bhusanshahi,S.N. Vidhyarthi, Vineeta Singh, 

Oriental.J.Chem 30, 2014. 

[2] Didarul Alam Chowdhary, M.D.Ershad Halim, 

Mohammed Nasir Uddin, Md.Moniruzzman Rony, 

“Metal complexes of Schiff bases derived from 2-

thiophenecarboxaldehyde and mono/diamine as the 

antibacterial agents”,Modern Chemistry, 2014; 2(2): 6-

14. 
[3] Abdunsaser Mohamed Etorki, Abdussalam Maihub, 

Abou-Krishna, Karema Masoude Abuamer, Majda 

Albashir Almagani, MareiMiloud El-Ajaily, Mortaja 

Mohamed , IJOC, 4(i), 2014. 

[4] N.Srividhya, Dr.A.Xavier, IOSR-J.Appl.Chem. 

2014,(7), 6-15. 

[5] Hawraa.K.Salloom, Waleed.A.Mahmoud, International 

J.Sci. and Research, 2014. 

[6] A.S.Aswar, G.B.Pethe, N.J.Suryawanshi, J.Basic 

sci.Appl.Res.1(2) 1-7, 2015. 

[7] Ahmed Mohamed Hindy, Gehad Geindy Mohamed, 

Mohamed Mohamed Omar, Turk.J.Chem 30 (2006), 
361-382. 

[8] N. Sumita, D.D Rao., M.R.C. Maurya and N. Nageswara 

Rao, Polyhedron, 16, 1825 (1997). 

[9] B.G. Umesh, V.K. Revankar and B.M. Vinayak, 

Spectrochimica Acta Part, 58, 2651 (2002). 

[10] N.B. Mallur, S.K. Patil1 and V.M. Naik, J. Chemi. 

Pharmaceut. Res., 4, 2029 (2012). 


