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Abstract
Schiff bases have been synthesized by the reaction of triazole containing primary amine with
aromatic carbonyl compounds. The Schiff bases prepared, act as ligand when these are made in
contact with oxovanadium (VO2+) ion. Some new mononuclear oxovanadium(IV) complexes have
been synthesized by the reaction of Schiff base ligands with vanadyl sulphate (VOSO4.xH2O)
and the complexes are analyzed by different spectroscopic methods; [fourier-transform infrared
(FTIR), ultraviolet-visible (UV-Vis.), electron paramagnetic resonance (EPR)], X-ray diffraction
(XRD) analysis, elemental analysis and conductivity measurement. The complexes have been well
characterized based on analytical data. The electrolytic nature of the complexes was determined
based on the molar conductance values. The powder XRD pattern has been used to determine crystal
size and type. The synthesized Schiff base ligands and oxovanadium(IV) complexes were found to be
stable in air and moisture at room temperature. On the basis of the physicochemical data, the tentative
geometry of the complexes has been proposed. Antibacterial sensitivity of the ligand and its metal
complexes have been assayed in vitro against bacterial pathogens viz. growth inhibitory activity of
ligands and complexes against pathogens has also been determined.
Keywords: Schiff base, oxovanadium(IV) complexes, antibacterial activity, spectroscopy, triazole

Introduction

Schiff bases are versatile ligands and played an
influencing role in the development of coordination
chemistry and were involved at key points in the
development of the relationship among organic
synthesis, inorganic chemistry and biochemistry
[1,2]. Schiff base derivatives in various processes
promoted the researchers for designing the novel
heterocyclic Schiff bases for the development
of new environmental-friendly technology [3].
Nowadays, the bioinorganic chemists target
the nitrogen-containing organic compounds as
heterocyclic ligands and their metal complexes to
study their pharmacology as the focus of research
due to their wide range of biological activities such
as antibacterial [4,5], antifungal [6], antitumor [7],
antidiabetic [8], anticancer [9] and antiviral activities
[10]. The chemistry of oxovanadium(IV) has received
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significant attention, as the VO2+ unit can coordinate a
different type of donor atoms to form different types
of complexes [11]. Nowadays, most of the research
directed on coordination complexes of VO2+ because
it is probably the most relevant species present in
biological systems since a number of systematic
model studies have carried out on the interaction of
this oxo-cation with different biomolecules and other
ligands of biological and pharmacological interest
in order to contribute to a better understanding of its
possible roles and functions in living organisms [12].
Keeping in view the medicinally important properties
of Schiff bases [13] and the potential bioactivity of
vanadium metal [14], researcher find it valuable to
combine both the chemistry of these two moieties and
evaluate their coordination behavior and bioactive
nature [15] which results into the study of coordination
behavior and biological activity of different acyclic
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and macrocyclic Schiff base ligands towards
oxovanadium(IV) [16]. The present work aims the
synthesis and characterization of oxovanadium(IV)
derivatives with triazole based multidentate Schiff
base ligands.

Materials and Methods

The solvents and chemicals used during the study
were of reagent grade and used without any further
purification. Benzoic acid, 2-chlorobenzoic acid,
2-hydroxy benzoic acid (salicylic acid), methanol,
sulfuric acid, potassium hydroxide, sodium
bicarbonate, carbon disulfide, benzil, etc. were
available in our research laboratory of the Central
Department of Chemistry, Tribhuvan University,
Kirtipur. Hydrazine hydrate, vanadium sulfate, were
purchased from Avantor performance materials India
limited, Maharashtra, India. All the experimental
procedures were carried out at room temperature in
an ordinary condition. The physical properties of the
synthesized triazoles, ligands and complexes were
determined during the experiments. The solubility
of all the samples was tested in ethanol, ether,
tetrahydro furan (THF), dimethyl sulfoxide (DMSO),
acetonitrile, etc. The melting points were determined
carefully using Thiel’s tube. The purity of synthesized
compounds was checked with TLC.

benzoic acid) were allowed to be refluxed with the
carbonyl compound, Benzil, it results in the formation
of two different Schiff bases [5].
Synthesis of oxovanadium(IV) complexes
The methanolic solution of the vanadyl sulfate was
prepared by taking 0.01 moles of VOSO4 salt (0.217 g)
and was added to a methanolic solution of 0.1 moles
of Schiff base. The reaction mixture was refluxed for
8 hours at 45OC which results into the formation of
the complex [2,17]. Then, the mixture was allowed to
cool at room temperature overnight and the compound
was separated in the form of crystals from the clear
solution of the mixture by filtration, washed with
ether and dried.
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Figure 2 : Synthesis of oxovanadium(IV) complexes
Synthesized samples were analyzed using UV-Vis.
electronic spectra on a double beam spectrophotometer
of Labtronics Model LT-2802. The FTIR spectra of
all the ligands and complexes prepared were analyzed
by using Fourier Transform Infrared Spectrometer
of model IR Tracer 100, Shimadzu, Japan. The
oxovanadium(IV) complex, ML1, prepared was
analyzed for the phase detection using an X-ray
Diffractometer with monochromatic Cu-Kα radiation
(D2 phase Diffractometer, Bruker, Germany). The
sample was scanned at a 2θ angle of 2 to 80 degrees.
The solution of the sample ML1 and ML2 were prepared
in synthetic grade DMSO solution (manufactured
in Mumbai, India) in 10-3 M concentration for the
molar conductance measurement by using DELUX
CONDUCTIVITY METER of model-601 and serial
no. of 17051032 made in India. The solid-state X-band
EPR spectrum for oxovanadium(IV) complex has
been recorded at room temperature at field set 3200 G
(= 0.32 T), microwave power 5 mW and microwave
frequency 9.1 GHz.
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Synthesis of Schiff bases
When an aromatic carboxylic acid (o-chloro and
o-hydroxy benzoic acid), allowed to refluxed with
methanol at 50OC, results in the formation of ester.
The hydrazide was formed when ester was allowed
to refluxed with hydrazine hydrate in methanol after
that the 1,3,4-triazole was formed by the reaction
of hydrazide with KOH, CS2 and hydrazine hydrate
in methanol. When the methanolic solution of two
triazoles synthesized from two different starting
aromatic carboxylic acid (o-chloro and o-hydroxy
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Antibacterial activity
The synthesized Schiff bases and their oxovanadium
(IV) complexes were screened in vitro for
their antibacterial activity against the Gramnegative, Escherichia coli and the Gram-positive,
Staphylococcus aureus bacterial strains by the agar
well diffusion methods [18,19].

presence of one unpaired electron which is similar
to the characteristic value of oxovanadium(IV)
complexes i.e. d1 species [20]. The UV-Vis. spectra
of oxovanadium(IV) complexes are characterized by
three d–d transitions that have been assigned using
the energy level scheme proposed by Ballhausen
and Gray for C4v symmetry [14,21]. In the UV-Vis.
spectrum of both oxovanadium(IV) complexes, the
spectral band near 340-350 nm is due to N→VO charge
transfer and the weak d-d transition is expected for
square pyramidal geometry of the oxovanadium(IV)
complexes i.e., the ligand to metal charge transfer
(LMCT) from filled p-orbital of nitrogen to the vacant
d-orbital of vanadium and d-d transition showed
shoulder peak in complexes near 410-420 nm range
[22]. And two other peaks near 200-210 nm and 250260 nm are due to the π→π* transition of azomethine
and intra-ligand n→π* transition of complexes
respectively which are in good agreements with the
UV-Vis. spectra of oxovanadium(IV) complexes that
have been synthesized and studied before [7].

Results and Discussion

The synthesized oxovanadium(IV) complexes
with Schiff bases derived from the condensation of
4-amino-3-phenyl-5-mercapto-1,2,4-triazole
with
benzil are colored, crystalline solids and soluble
in a different solvent like DMSO, acetonitrile,
dimethylformamide, etc. The specific conductance of
the different sample solutions was measured at 27 OC
and the cell constant at 1.000 (acceptance 1±10%).
The molar conductance of ML1 and ML2 solutions
were found to be 19.6 x103 µS/M and 19.8.0 x 103
µS/M respectively. The synthesized Schiff bases and
oxovanadium(IV) complexes were stable in air and
moisture at room temperature. The study of elemental
analyses data for all synthesized ligands and complexes
are in agreement with the compositions of the desired
products. The molecular formula of synthesized
compound was expected from analytical data as: L1
= C30H20Cl2N8S2 (mol. Wt. = 627), L2 = C30H22N8O2S2
(mol. wt. = 590), ML1 = C30H18Cl2N8OS2V (mol. wt. =
692), ML2 = C30H20N8O3S2V (mol. wt. = 655). They
are further supported by other spectral analyses also.

FTIR analysis
In the FTIR spectra, the strong absorption band at
1645-1592 cm-1 is due to C=N bond stretching in
Schiff bases giving the clue for condensation of one
amino group of triazole during Schiff base formation
but in the case of metal-Schiff base complexes, the
lower value of C=N bond stretching is due to the drift
of lone pair density of azomethine nitrogen towards
metal ion [23,24]. The band appeared at 980-970 cm-1
in the spectra of oxovanadium(IV) complexes is the
characteristic feature of these complexes which is due
to the V=O stretching [25]. The band appeared near
2600 cm-1 is due to S-H stretching in Schiff bases but

Magnetic moment and UV-Vis spectral analysis
The magnetic moment of the oxovanadium(IV)
complex, ML1 was measured and found nearly
equal to 1.75 B. M. at room temperature due to the

Table 1: Physical properties and elemental analysis data of synthesized samples.
Sample

L1
L2
ML1
ML2

Colors

Brown
Brown

M.pt.
(OC)

%C

%H

%N

%O

%V

%S

%Cl

169

57.40

3.22

17.85

-

-

10.20

(57.42)

(3.21)

(17.86)

11.33
(11.3)

61.60

3.70

18.88

5.40

(61.00)

(3.75)

(18.97)

(5.42)

51.60

2.69

16.27

2.16

7.38

9.55

(52.03)

(2.62)

(16.18)

(2.31)

(7.36)

(9.26)

54.87

3.24

16.98

7.38

7.69

9.84

(54.96)

(3.08)

(17.09)

(7.32)

(7.77)

(9.78)

156

Greenish
Brown

140

Dark green

138

Elemental Analysis [() calculated]

58

(10.22)
-

10.42

-

(10.86)
10.35
(10.24)
-
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Figure 3: UV-Vis. spectra of oxovanadium(IV) complex, ML1.

Figure 5: FTIR spectra of (a) ligand, L2 and (b) complex, ML2

Figure 4: FTIR spectra of (a) ligand, L1 and (b) complex, ML1

Figure 6: XRD spectra of an oxovanadium(IV) Complex

not appeared in complexes provides the evidence for
the formation of a bond between metal and S-atom of
thiol group [5].

In this study, both the ligand L1 and L2 are coordinated
tetradentately through two thiol-S atoms and two
azomethine-N atoms. The ligands and complexes
with the most diagnostic and significant IR peaks

Table 2: Diagnostic IR frequencies (cm-1) of ligands (L1 and L2) and their metal complexes (ML1 and ML2)
ν(C=N)

ν(C=N)

Samples

triazole
ring

Azomethine

ν(V=O)

L1
L2
ML1
ML2

1535
1537
1531
1535

1622
1624
1597
1592

970
978

ν(V-S)
386
388

59

ν(V-N)

418
430

ν(Ar-H)
3050
3055
3057
3053

ν(ArCl)

ν(ArO-H)

790
785
-

3550
3550
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determined from the spectra is 1.98. The g-value can
be determined from EPR spectra as:
g = hν/βB
where h is constant known as the plank’s constant,
β is also constant known as the Bohr magneton, ν is
the frequency of microwave used in Hz and B is the
magnetic field strength in Tesla.

for different groups and bonds are presented in the
following Table 2 and their spectra are presented in
Figures 4 and 5.
X-ray diffraction spectra
The most intense peaks appear at the 2θ value of
20.10 and 21.60 have full width at half maximum
at 0.502 and 0.514 .respectively. The exact width of
the peaks was calculated by fitting the data points
with Lorentzian profile (with background fitted with
a Gaussian profile). The average grain size (D) was
calculated on the basis of Scherrer’s equation

Antibacterial study (in vitro)
The synthesized Schiff bases (L1 and L2) and their
oxovanadium(IV) complexes (ML1 and ML2) were
screened for in vitro antibacterial activity against
one Gram-negative, E. coli and one Gram-positive,
S. aureus bacterial strains by the agar well diffusion
method (concentration 4 mg/mL) [28].
The results obtained were compared with that of the
standard drug neomycin as a positive control (PC)
and solvent, DMSO as a negative control (NC) and
are reported in Table 3.		
Many in vitro antibacterial studies show that Schiff
base ligands and oxovanadium(IV) complexes possess
varying degrees of inhibitory effects [29,30]. The

Zone of inhibition (mm)

where D is the mean size of crystallites (nm), λ is the
X-ray wavelength, β is the full width at half maximum
(FWHM) in radians of the X-ray diffraction peak and
θ is the Bragg’s angle (deg.). The average crystalline
size is around 17.174 nm. This tells that average size
is in nano scale range. In the calculation value of
constant K was chosen to be 0.94 is constant [27].

Figure 8 : Antibacterial activity of the ligands and their
oxovanadium(IV) complexes against E. coli
Zone of inhibition (mm)

EPR spectra
EPR spectroscopy is a useful technique and gives an
idea about stereochemistry, type of ligand and degree
of covalency of oxovanadium(IV) complexes. The
EPR spectra of the complex ML1was measured with
microwave frequency 9.1 GHz at liquid nitrogen
temperature and the microwave frequency was
calibrated against a powder DPPH sample (g=2.0036).
The EPR spectra of the synthesized sample, ML1 is
given in Figure 7. The spectra show a single line at
g = 1.97. In the EPR spectra of ML1 complex, the
g-value was found typical of the spectra displaced
by square-pyramidal oxovanadium(IV) complexes
with an unpaired electron in an orbital of mostly dxy
character [27]. The hyperfine splitting is not clearly
seen in the spectra may be due to the fact that there
is not so strong interaction of electron spins and
nuclear spin of the vanadium metal [2]. The g value

B. P. Sharma et al., 2021

Figure 9 : Antibacterial activity of the ligands and their
oxovanadium(IV) complexes against S. aureus

Figure 7 : EPR spectra of oxovanadium(IV) complex, ML1
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benzil and synthesizing two triazoles; 4-amino-3(2-chlorophenyl)-5-mercapto-1,2,4-triazole
(T1)
and
4-amino-3-(2-hydroxyphenyl)-5-mercapto1,2,4-triazole (T2) from 2-chlorobenzoic acid and
2-hydroxybenzoic acid respectively as starting
materials. The respective new oxovanadium(IV)
complexes have been prepared from the reaction
of these two Schiff bases with VOSO4.3H2O. The
properties of the synthesized compounds were
analyzed by elemental analysis, UV-Vis. spectroscopy,
FTIR spectroscopy, EPR spectroscopy, XRD analysis
and conductivity analysis. The characteristic bands
appear in the IR and UV-Vis. spectra suggest the
formation of macrocyclic Schiff base ligands and
their coordination complex with vanadyl ion. Schiff
bases act as dibasic, tetradentate chelating agents and
coordination takes place through azomethine nitrogen
and thiol sulfur via deprotonation. The XRD analysis
provides information about the solid-state crystalline
structure of the complexes and the most possible
geometry and structure of the complexes have been
established with the help of spectral studies. The
square pyramidal geometry of synthesized complexes
which is based on the different experimental data has
been tentatively proposed.
The antibacterial properties of all the compounds
were evaluated which suggested that the ligands
and their metal complexes show good antibacterial
activities against both Gram-positive and Gramnegative bacterial strain.

Table 3. Antibacterial activity of synthesized ligands and
their oxovanadium(IV) complexes with the zone of inhibition.
Samples

E. coli (ZOI, mm)

S. aureus (ZOI, mm)

PC*

NC**

50 ppm

PC*

NC**

50 ppm

L1

35

-

9

13

-

8

L2
ML1

35
37

-

9
18

13
20

-

7
12

ML2

37

-

24

20

-

14

*PC = Positive Control = Neomycin
**NC = Negative control = DMSO only.

antibacterial results of oxovanadium(IV) complexes
with ligands containing chloro- and nitro- substituents
show a significant inhibitory effect, therefore we have
designed the synthesis of Schiff bases with chlorosubstituent [19].
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Figure 10: In vitro antibacterial screening of synthesized
Schiff bases and oxovanadium complexes (Zone of Inhibition)

Here, the activity of the synthesized compounds
was found to be more against S. aureus because the
significant inhibition was displayed by all Schiff bases
and oxovanadium(IV) complexes against all strains
of Gram-positive bacteria. Generally, it was observed
that the Gram-negative bacteria were resistant to all
the synthesized compounds because the extra outer
layer on the cell wall of the Gram-negative bacteria
acts as a barrier and needs high penetration of the
compounds to reach the cell [5,15]. The bacterial cell
may also change the structure of its cell membrane
and prevent the compound from entering the cell [23].
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