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Abstract. Vanadium pentoxide (V2O5) nanoparticles have gained much attention due to their simple synthesis, a
wide range of chemical, industrial, biological, and medicinal applications including anti-inﬂammation, antioxidant, anti-microbial activities. Vanadium complexes of Schiff bases were used as a precursor to synthesis
vanadium pentoxide (V2O5) nanoparticles. The precursor Schiff base complexes were obtained by mixing vanadyl
acetylacetonate with the prepared Schiff base ligands maintaining a ratio 1:1. After that V2O5 nanoparticles
(denoted by C-1, C-2, C-3 and C-4) were synthesized by the direct calcination method based on thermal evaporation-condensation of vanadium complexes at 600 °C for 3 h. Finally, the analytical tools such as FTIR, XRD,
EDS and SEM provided evidence in favor of the formation of V2O5 nanoparticles. In addition, microbial study and
photocatalytic activity were carried out using a spectrophotometer. An antimicrobial study showed that all the
prepared V2O5 nanoparticles have inhibition capacity against the growth of some selected human pathogenic
bacteria and few of them against plant pathogenic fungi. Moreover, these V2O5 nanoparticles have photocatalytic
activity since these particles degrade organic dye, Eosin yellow.
Keywords. Vanadium pentoxide; nanoparticles; microbial; photocatalytic; Eosin yellow.
Abbreviations
NPs
Nanoparticles
HOMO Highest occupied molecular orbital
LUMO Lowest unoccupied molecular orbital
FT-IR
Furrier transfer infrared
XRD
X-ray diffraction
SEM
Scanning electron microscope
EDS
Energy dispersive spectroscopy
DMSO Dimethyl sulfoxide

1. Introduction
Nanostructured one-dimensional (1D) transition metal
oxides show greater interest because of their fascinating magnetic, optical, electrical properties in

addition to their chemical and thermal stability.1
Nano-sized Vanadium pentoxide (V2O5) have gained
signiﬁcant attention due to their structural, chemical
and physical properties2 increasing the surface to
volume ratio.3 It is n-type semiconducting material
and the most stable oxide with a wide bandgap (Eg) of
2.2-2.3 eV,4, 5 interesting photocatalysis6 and electrochemical7, 8 performances. V2O5 is used as a catalyst during decarbonylative halogenation of
aldehyde.9, 10 Among V2O5 nanoparticles, non-bonded
d-orbitals of V ions act as Lewis acid and LUMO
character, whereas oxygen atoms holding HOMO
character, lone pair of electron act as Lewis base.11
V2O5 nanoparticles show a better magnetic property,
microbial activity (anti-bacterial as well as anti-fungal) and photocatalytic activity.9, 10 Near 257 °C,
V2O5 undergoes its transition phase and a change in
oxide crystal structure at the same time that alters
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electrical and optical behavior.12 It is known that
different nanomaterials show various properties
depend on their size and shape.
A variety of physical and chemical methods like
ball milling,13 Sol-gel methods,14 laser ablation,
electrophoretic deposition, chemical vapor deposition,15 electrochemical depositions, thermal evaporation-condensation method3 or direct calcination
method, solution combustion method and hydrothermal method have been adopted for the preparation of
metal oxide nanoparticles.3, 12, 16–18 However, among
all these synthetic methods we used the easiest, costeffective and least time consuming direct calcination
method based on thermal evaporation-condensation
that can help to easily prepare different morphologies
of nanomaterial.
Herein, the synthesis, characterization and applications of orthorhombic V2O5 nanoparticles obtained
from four different Schiff base complexes are reported
and their properties, microbial and photocatalytic
behaviors are compared to identify the better one
which shows greater activity than others.
2. Experimental
2.1 Materials and methods
A number of materials were used in this experiment.
Vanadyl acetylacetonate was purchased from MerckSchuchardi. Dimethylsulfoxide (DMSO), diethylformamide
(DMF) and acetone were purchased from Aldrich Chemical
Co. Ltd. Nitric acid, absolute ethanol and chloroform were
purchased from Merck. All other chemicals and solvents
were used as received, without further puriﬁcations and of
analytical grade.

2.2 Synthesis of vanadium pentoxide
nanoparticles
The four different complexes have been employed for
the preparation of V2O5 nanoparticles as a precursor.
Synthesis of V2O5 nanoparticles was carried out through
an easier direct calcination method. The four vanadium
complexes of Schiff bases synthesized by standard
procedure19 were loaded into a silicon crucible individually and placed into a mufﬂe furnace and heated at
a rate of 10 °C/min. Nanoparticles of V2O5 were
obtained at 600 °C after 3 h of heating (Figure 1). Then
these were allowed to cool. After that they were collected from the crucible and the ﬁnal products were
washed with ethanol for at least 3 times to remove
impurities and then dried at room temperature and
preserved with vacuum tube.
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2.3 Simple characterization
The four as-synthesized nanoparticles were characterized
using magnetometer, FT-IR, XRD, SEM and EDS. The
magnetic property was measured in order to conﬁrm the
formation of V5?. Furrier Transform Infrared (FT-IR) was
performed to identify the possible signiﬁcant functional
groups and characteristic peaks of V-O bonding by using
Prestige-21, FTIR, SHIMADZU. X-ray diffraction (XRD)
studies were carried out using XRD instrument, Philis
PANalytical X’PERT-PRO with Cu-Ka radiation to investigate the crystalline phase and also to study the structural
integrity of V2O5. SEM imaging was performed using
Scanning Electron Microscope (model, JEOL JSM 7600F,
Japan) and EDS studies were carried out through Energydispersive X-ray spectroscopy (model, JEOL JSM 7600F,
Japan) to determine which chemical elements are present in
a sample, and also used to estimate their relative abundance.

2.4 Antimicrobial activities
The synthesized V2O5 nanoparticles were tested in vitro
using liquid media method20 against two human pathogenic
bacteria Salmonilla typhi and Staphylococcus aureus and
three phyto-pathogenic fungi Aspergillus ﬂavus, Penicillium
spp and Fusarium spp. All strains were cultured and collected from Department of Microbiology, University of
Chittagong. Strains’ identiﬁcation was conﬁrmed clearly
before the test.
Liquid media method20
was used to investigate the antibacterial activities,
measuring absorption through a spectrophotometer at a
wavelength of 625 nm. Nutrient agar (NA) and nutrient
broth (NB) medium were conducted for the culture of
bacteria and DMSO was used as a solvent for the
preparation of sample solution.21 The composition of NB
medium as follows: peptone (5 g), beef extract (3 g), NaCl
(0.5 g) and distilled water (1000 mL). 5 g peptone, 3 g beef
extract and 0.5 g NaCl were added carefully in a 1000 mL
distilled water of beaker and mixed thoroughly with a glass
rod. The mixed solution was heated to boil about 15 min.
After 15 min boiling, the mixture was cooled and then
transferred to the test tubes at a volume of 10 mL per test
tube. Furthermore, the media containing the test tube was
closed with a cotton plug and autoclaved with a test tube
holder at 121 °C and 15 psi pressure for 45 min. Then the
culturing of microorganisms was performed.

2.4a Antibacterial activities:

2.4b Antifungal activity:

Potato Dextrose Agar (PDA)
medium was used throughout the study for the growth and
maintenance of fungal isolates. Potato Dextrose broth
(PDB) medium was used for the antifungal activity
observation against the test compounds. PDB solution was
prepared by dissolving 200 g potato and 20 g dextrose in
1000 mL of distilled water. The mixture was then boiled for
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15 min and autoclaved for 45 min. The PDB medium
(50 mL) was dispensed into 200 mL conical ﬂasks. Conical
ﬂasks containing 50 mL medium were labelled separately
and 100 lL of test compounds (0.1% concentration) were
added in each separate conical ﬂask.22 The ﬂasks were
shaken well to mix thoroughly and then 1 mL of fungal
suspension was added carefully at each of conical ﬂasks. All
the conical ﬂasks were incubated at 27 ± 2 °C for 7 days.
A control conical ﬂask was prepared with DMSO solvent to
observe the result. After 7 days incubation, the growth of
the fungal biomass, spore formation, pH and color change
were checked, observed and recorded.23

2.5 Photocatalytic activity
The photocatalytic activity of V2O5 nanoparticle (C-2 only)
was evaluated using Eosin Yellow (EY) as dye at room
temperature. The test was carried out under a 25 W metal
halide lamp that emitting 254 nm. The maximum absorbance of EY solution was found at 517 nm. Using this kmax,
the calibration curve was constructed. Testing solutions
were prepared by adding 0.3 g V2O5 and 5 mL EY solution
(10-5M) in 100 mL distilled water, mixing properly. The
solution was kept under UV light with stirring by a magnet
in a degradation chamber. About 6 mL of solution was
transferred into test tubes 30 min intervals each time for
centrifuge and then took absorbance with a transparent
solution at 517 nm by spectrophotometer. By knowing the
absorbance, percentage of degradation (EY) was calculated
using (A0 - A) 100% /A0 formula, where A0 and A are
initial and ﬁnal absorbance, respectively.

3. Results and Discussion
3.1 Structural characterization of V2O5
nanoparticles
3.1a Magnetic
property
analysis: Magnetic
properties of V2O5 NPs were carried out using
magnetometer at room temperature. The behavior of
a compound in a magnetic ﬁeld is either being
diamagnetic, paramagnetic or ferromagnetic.25
Vanadium contains three electrons in its 3d-orbital
and can form three common oxidation states like

Figure 1. V2O5 nanoparticles prepared from VO(Sal-HnSal) complex.
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V(III), V(IV) and V(V). In V(V), no unpaired electron
exists in 3d orbital. As a result, it did not show
paramagnetic behavior and was rather diamagnetic.
V2O5 nanoparticles showed diamagnetic character
which is not attracted by the applied magnetic ﬁeld.
It was conﬁrmed through magnetic susceptibility
calculation of prepared V2O5. Magnetic susceptibility
of V2O5 was found a negative value that conﬁrmed the
diamagnetic character of the synthesized compounds
as the negative value of magnetic susceptibility
indicates diamagnetic nature. The diamagnetic
property of the synthesized compounds demonstrated
that no unpaired electron was present in the 3d orbital
of V which resulted in the formation of V5?.24 As a
result, electronic conﬁguration and magnetic
susceptibility calculation support the existence of V5?.
3.1b FT-IR analysis: FT-IR measurement was
performed to identify the possible signiﬁcant
functional groups and the characteristics peak of
V-O bonding. IR spectra of C-1, C-2, C-3 and C-4
nanoparticles are shown in Figure S1 (Supplementary
Information). In the following ﬁgures, there was no
broad peak at 3200 to 3500 cm-1 due to the absence of
O-H stretch (H-bonded alcohols). But nanoparticles
are capable in absorbing moisture from surrounding by
having a high surface area to volume ratio.26 In the
infrared spectra of the prepared nanoparticles, the
broad peak observed in the region of 477–600 cm-1 is
the characteristic peak of V-O bonding. Similarly, the
broad peak at 823–829 cm-1 was observed due to the
presence to V-O-V bonding.27 The broad peak at
1017–1022 cm-1 was observed due to the presence to
V=O bonding.28 The peaks at 470 cm-1, 492 cm-1,
829 cm-1 and 1018 cm-1 indicated the formation of
the V2O5 nanoparticles and also support the presence
of orthorhombic phase. 29
3.1c XRD analysis: The crystal phase and
crystallinity of as-synthesized V2O5 nanoparticles
were investigated by XRD. Figure 2 shows that the
V2O5 nanoparticles are in the crystalline form of an
orthorhombic system. XRD peaks conﬁrm that the
formation of V2O5 from each precursor was in
orthorhombic phase compared to standard V2O5
(JCPDS NO 89-2483) with calculated lattice
constants a = 3.563 Å, b = 11.510 Å, c = 4.369 Å.
The main characteristic diffraction peaks are
observed at 2h values (20.448°, 26.336°, 31.196°,
32.517°, 34.479°, 41.41°, 47.477° and 51.331°) and
corresponding orthorhombic phase of V2O5 crystal
planes (001), (110), (301), (011), (310), (310), (600)
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Figure 2. X-ray diffraction patterns of V2O5 nanoparticles (C-1, C-2 and C-3).

and (020), respectively. There was no other signiﬁcant
peak detected, indicating the purity of V2O5 products.30 The average particle size utilizing DebyeScherrer formula, D = 0.9k/b cosh; where D is average
particle size, k is the X-ray wavelength (0.1541 nm), b
and h are the full widths at half-maximum (FWHM) and
the diffraction angles respectively, was ascertained
36.60 nm (C-1), 36.93 nm (C-2), 42.90 nm (C-3) and
15.63 nm (C-4).
3.1d SEM analysis: The SEM images of asprepared V2O5 nanoparticles focused on the surface
morphologies and structural information. The SEM
images of C-3 and C-4 obtained from the different
precursor are shown in Figure 3. With the decrease of
the size of particles, increases the surface area that

increases the capacity as well.31–33 Figure 3 shows the
prepared particles through thermal evaporationcondensation method produce of ﬂake-like structure
which is agglomerated. SEM image shows that both
C-3 and C-4 V2O5 nanoparticles are distributed
randomly and having good crystalline morphology.
3.1e EDS
analysis: Energy-dispersive
X-ray
spectroscopy (EDS) is a very sophisticated and
important analytical tool used to elemental analysis,
chemical characterization of sample, estimate relative
abundance and to identify the percentage of elements
present in the materials.34 EDS demonstrates
(Figure 4) the presence of V and O peak only
(conﬁrmed by IR also). The corresponding chemical
composition of V2O5 nanoparticles in C-3 and C-4 are
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Figure 3. SEM images of V2O5 nanoparticles, C-3 and C-4.

Figure 4. EDS image of synthesized V2O5 nanoparticles, C-3 and C-4.

63.42% and 57.46% of V as well as 36.58% and
42.54% of O, respectively, indicating the purity of the
samples.

3.2 Microbial assessments
3.2a Antibacterial activity analysis: The effects of
antibacterial activity were studied by liquid culture
method.35 Inhibition of bacterial growth in the

presence of V2O5 nanoparticles from 3 h to 24 h was
investigated. The optical densities were recorded at
one concentration (0.10%) only for all bacteria.
Figure 5 depicts the percentage of growth inhibition
for human pathogenic bacteria S. typhi, showing
inhibition capacity of organism growth during the
incubation period. C-1 at 12 and 21 h, C-2 at 18 and
24 h, C-3 at 18 h, C-4 at 18 and 21 h showing very
much effective against S. typhi. Results (Figure S2,
Supplementary Information) of growth inhibition for
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Figure 5. Growth inhibition of Salmonella typhi with V2O5 nanoparticles, C-1, C-2, C-3 and C-4.

Table 1. Change of pH for test organisms after 7 day incubation at 27 °C.
Aspergillus ﬂavus

Penicillium spp.

Fusarium spp.

Symbol

Initial

Final

Test

Final

Test

Final

Test

Control
C-1
C-2
C-3
C-4

6.0
6.5
6.2
5.3
6.0

5.6
4.7
5.5
4.9
4.9

4.4
4.2
4.3
1.6
4.2

5.6
4.7
5.5
4.9
4.9

4.5
4.1
4.2
4.0
4.2

5.6
4.7
5.5
4.9
4.9

4.4
4.2
4.3
1.6
4.2

human pathogenic bacteria S. aureus showed
inhibition capacity of organism growth during the
incubation period. Against bacteria S. aureus, all
nanoparticles were supporting greater effectiveness as
the incubation period increased. In both cases, the
growth of control (without sample) was considered
100% (no inhibition). It is clear that the prepared
nanoparticles are showing inhibiting activity, not
inducing activity against the test organisms, i.e.,
antibacterial properties exist.
3.2b Antifungal
activity
analysis: Antifungal
activities of synthesized nanoparticles were assessed
by liquid media method. The result was recorded
through pH measurement of the solutions and weighing
dry biomass against Aspergillus ﬂavus, Penicillium
spp and Fusarium spp. By collecting the experimental
data, it is clear that C-1, C-2 and C-3 are showing the
inducing capacity for Aspergillus ﬂavus (C-3 also for
Fusarium spp.) but C-4 showing greater inhibition
capacity due to small size, indicating antifungal

properties. Change of pH and color change due to
spore formation are tabulated in Tables 1 and 2,
respectively. Figure 6 shows the weight of biomass
collected from antifungal experiments of synthesized
nanoparticles against the test organisms.

3.3 Photocatalytic activity analysis
The photocatalytic experiment was conducted in the
atmospheric system. The experimental results are
presented in Figure 7. The experimental data were
collected in two ways to conﬁrm the photocatalytic
activities such as catalytic and photolytic. Photolytic
degradation of EY was done in the absence of metal
oxide nanoparticles. From Figure 7, the absorbance of
the solution was found to be almost same, indicating
zero degradation. Catalytic degradation was carried
out using V2O5 nanoparticles not only in the absence
of light but also in the presence of UV light to compare the result. It is seen that only 4.33% degradation
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White mat, no spore
No mat
No mat
While mat with brownish spore
Only mat

Fusarium spp.
Final
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Black-huge white mat, Black spore
Fade-no mat, formation occur
Light brown-only mat
White-Scanty mat
Light brown-White mat with brownish sporulation
Fade
Fade
Fade
Fade
Fade

White-only mat
Premature spores
No mat, only spore
Light brown-only spore
No spore, only huge mats

Aspergillus ﬂavus
Final
Initial

Figure 7. Photocatalytic degradation (%) of EY dye with
time.

in the absence of UV-light occurred. However, in the
presence of UV-light, the considerable amount of dye
was degraded by V2O5 nanoparticles and 54.89%
degradation was observed. It is clear that there are
least differences between the ﬁrst two FTIR spectra
(Figure S3 a, b, Supplementary Information) taken
without UV-light. It is caused due to the only
adsorption of EY dye on V2O5 nanoparticles. But quite
a different spectrum of EY dye was obtained when a
similar experiment was done in the presence of UVlight (Figure S3 c, Supplementary Information). It is
because there are many functional groups and bonds
that have been destroyed and new bonds and functional groups have been created. These results conclude that V2O5 nanoparticles can be a good catalyst
against EY.

Control
C-1
C-2
C-3
C-4

4. Conclusions

Symbol

Table 2. Change of color for test organisms after 7 day incubation at 27 °C.

Penicillium spp.
Final

Figure 6. Weight of biomass measurement after 7 day
incubation at 27 °C.

V2O5 nanoparticles were synthesized by direct calcination method based on thermal evaporation-condensation. The properties of as-synthesized V2O5
nanoparticles are studied by FT-IR, XRD, SEM and
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EDS. V2O5 nanoparticles were found in diamagnetic
nature. The XRD pattern indicated that all V2O5
nanoparticles were orthorhombic phase with the
average crystalline size of 36.60 nm (C-1), 36.93 nm
(C-2), 42.90 nm (C-3) and 15.63 nm (C-4). The FT-IR
conﬁrmed the formation of V2O5 nanoparticles. SEM
images focused on surface area and crystal morphology. EDS study supports the purity and relative
abundance of the nanoparticles. From the antimicrobial study, it is identiﬁed that C-4 nanoparticle has
greater inhibition capacity because of its small size
than others against the growth of human pathogenic
bacteria S. typhi and S. aureus as well as plant
pathogenic fungi Aspergillus ﬂavus, Penicillium spp.
and Fusarium spp. Finally, good photocatalytic
degradation of Eosin yellow was found for synthesized
V2O5 nanoparticles.
Supplementary Information (SI)
Figures S1-S3 are available at www.ias.ac.in/chemsci.
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