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ABSTRACT

Zinc oxide nanoparticles exhibit low efficiency for catalytic applications under visible light
due to their tendency to quickly recombine with photo-generated carriers, which reduces their
effectiveness in photocatalytic degradation of dyes. In order to improve the efficacy of the ZnO-based
photocatalyst, Zinc Oxide-Vanadium oxide nanoflakes are synthesized by subjecting the solution of
precursors to ultrasonic waves at 15KHz frequency and 375W power for a duration of 2 hours using
a probe sonicator. The Zinc Oxide-Vanadium oxide nanoflakes are further analysed using various
instrumental techniques including as TEM, FESEM, EDAX, XRD, UV-Vis, and FTIR to determine their
particle size, crystal structure, shape, and composition. The findings indicate that the particle size of
Zinc Oxide-Vanadium oxide nanocomposite was in the range of 30-56nm in the shape of flakes. As
vanadium oxide has low bandgap so its presence in this nanocomposite has led to reduction in the
band gap from 3.2 eV to 3.1 eV increasing solar light absorbing capacity. The findings suggested
that the optical response of ZnO was significantly improved and shifted towards visible region by
incorporating Vanadium oxide as a co-catalyst. The photocatalytic properties of Zinc Oxide-Vanadium
oxide nanocomposites were assessed under visible light and at three different pH of 4, 7 and 9 by
using Rhodamine-B dye (Rh-B) as a model pollutant. This composite material has the potential to
demonstrate outstanding photocatalytic efficacy in eliminating Rh-B dye from water sources of about
80% which was best seen at pH-9 and temperature 42°C under visible light irradiation. This study
adds to the increasing interest in visible-light photocatalysts based on heterostructures that have

the potential to cure wastewater in the real world.
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INTRODUCTION

Zinc oxide (ZnQ) is a highly adaptable
material with semiconductor properties that has
considerable interest in a range of fields including
optoelectronics, photocatalysis, and sensing'.
An effective method for improving the qualities of
Zn0O involves incorporating dopants, which have
a substantial effect on the electrical, optical, and
structural properties of the material. There has
been an increasing focus on synthesizing materials
to address environmental issues, including the
breakdown of organic dyes in wastewater. ZnO-based
nanocomposites have demonstrated significant
promise among these materials, primarily because
of their exceptional photocatalytic characteristics?.
Sonochemical synthesis is a potential technique
for synthesizing ZnO-based nanomaterials. It offers
benefits including consistent particle size distribution
and high purity3. The fabrication of Zinc Oxide-
Vanadium oxide nanoflakes utilizing sonochemical
techniques has attracted considerable interest
in this area due to its improved photocatalytic
activity in the degradation of dyes. This study
intends to present a detailed study of the current
research in the field of sonochemical synthesis
of Zinc Oxide-Vanadium oxide nanoflakes and
their application in the photocatalytic degradation
of dyes*. The major objectives of this study
are to investigate a cost-effective and easily
expandable technique for producing Zinc Oxide-
Vanadium oxide nanoflakes via sonochemical
synthesis. Because, unlike conventional procedures,
sonication enables quick nucleation, homogeneous
morphology, and enhanced crystallinity, resulting
in improved separation of charges and light
absorption. Additionally, the study aims to assess
the efficiency of these nanoflakes as a photocatalyst
for breaking down of Rh-B dye commonly found
as pollutant in water bodies®. Nanotechnology has
introduced innovative and effective materials and
methods for removing pollutants from wastewater®.
Nanomaterials, specifically Zinc Oxide-Vanadium
oxide nanoflakes, have attracted interest in
photocatalytic degradation processes because
of their large surface area, capability to produce
reactive oxygen species, and promise for effective
degradation of pollutant dyes. The sonochemical
synthesis of Zinc Oxide-Vanadium oxide nanoflakes
utilizes high-frequency sound waves to enhance
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chemical processes and enable the synthesis of
nanoflakes with specific characteristics”5. This
method provides numerous benefits, such as a
cost-effective and easily expandable synthesizing
procedure, along with the capability to regulate the
size and structure of the nanoflakes. Also, effective
electron-hole pair separation is made possible by the
creation of a ZnO-VO heterojunction, which lowers
recombination rates and improves photocatalytic
activity. Nanocomposites have been recognized
as a very useful materials, that overcomes the
issues related to the exclusive use of metal
oxides in water purification. They offer a platform
to enhance the hydrophobicity of the composite,
resulting in improved efficiency in adsorption and
photocatalysis®. Furthermore, the increased surface
area provided by the nanoflake shape increases the
availability of active sites for dye adsorption and
degradation.

EXPERIMENTAL

Material Required

Ammonium-m-vandate [NH,VO,],
Zinc acetate dihydrate [Zn(CH,C0O0),.2H,0],
Ethylenediamine [C,H,N,], Hydrochloric Acid [HCL],
Potassium hydroxide [KOH], Ethanol [C,H,OH], and
double distilled (DD) water [H,O] are the laboratory
grade chemicals and reagents utilized without any
further purification.

Synthesis of Zinc Oxide-Vanadium oxide
nanoflakes

Zinc oxide-vanadium oxide nanoflakes were
synthesized through ultrasonic irradiation using a
probe-sonicator, zinc and vanadium as 1:1 mratio. In
order to produce ZnO-VO, a solution of Ammonium-
m-vandate [NH,VO,] (0.5849¢, 0.1 m) was combined
with a solution of [Zn(CH,00),.2H,0] (1.0975g, 0.1
m) in distilled water (100 ml). The aqueous solution
formed was agitated for 30 minutes prior to the
addition of ethylene-di-amine (2 ml) as a capping
agent. The solution was subjected to sonication
for 2 hours at 375 W and a frequency of 15 kHz,
the solutions of potassium hydroxide (KOH) (50 m/
of 0.5611g, 0.2 m) and hydrochloric acid (HCL) (2
ml) were simultaneously added to this mixture as a
reducing agent. The greyish precipitate was rinsed
5—6 times with water and ethanol mixture in a ratio
of 3:1, and then dried for 8 hours in hot oven at a
constant temperature of 80°C.
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Photocatalytic experiments

The photocatalytic efficiency of the Zinc
oxide-Vanadium oxide nanocomposites were
assessed by measuring the photodegradation of
Rhodamine-B dye (Rh-B) dissolved at different pH
solution under direct sun radiation, with an average
daily temperature of 42 + 2°C. Prior to irradiation,
the solutions were agitated using a magnetic stirrer
in the absence of light for a duration of 90 minutesin
order to establish adsorption-desorption equilibrium
within the photocatalyst and the pollutant dye. A
concentrated solution of Rh-B dye was made by
dissolving 10 mg of dye in 1 L of distilled water. Three
solutions of Rh-B dye with varying concentrations
(0.6, 1.6, and 3.0 mg/L) were generated at different
pH levels (4, 7, and 9). These solutions were then
analysed to determine the Rh-B dye degradation
using Zinc Oxide-Vanadium oxide catalyst. At regular
intervals of 30 minutes (for a total duration of 2.5
hours), samples were taken and then subjected
to centrifugation in order to eliminate the catalyst.
The elimination of Rh-B dye was assessed by
measuring its absorption at 554+2 nm using a UV—
vis spectrophotometer. Subsequently, the absorption
was transformed into concentration using the Beer-
Lambert’s law®.

A
=
&l

where, A=absorbance, =molar absorptivity, |I=path
length in cm, C=concentration.
Also, the % degradation was calculated via:
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where, %D is percent degradation of dye, CO is initial
concentration of dye, Ct is final concentration of dye.

RESULTS AND DISCUSSION

Diverse analytical techniques are employed
to determine the physiochemical structure of the
synthesized substance. The X-ray diffraction (XRD)
investigation is performed utilizing a fifth generation
Rigaku instrument (Model no. Mini Flex 600 XRD).
The particle size of the sample was determined

using Scherrer's equation. Crystallites size in the
synthesized samples was determined by analysing
the maximum prominent peak in the XRD data. This
was done via Debye-Scherrer formula®™.
dk
= — COS

RX ~
a

d;, represents the size of the crystallite, k
is correction factor (accounts for the morphologies
of the particles), represents width of the extreme
diffraction peak plane at half of its maximum intensity,
also known as the full width at half maximum
(FWHM), the wavelength of the Cu target is =
0.15406 nm and represents the Bragg angle.
The accuracy of measuring the peak width in XRD
spectra was better than 0.05°. The morphology and
particle size of the nanocomposites are assessed
using Transmission electron microscopy (JEOL
JSM6390LV). The chemical composition of the
produced substance is assessed using Bruker
Nano GmbH, Germany-EDAX. FTIR and UV-vis
spectroscopy methods are employed to confirm
the synthesis of Zinc Oxide-Vanadium oxide and to
determine any alterations in the energy bandgap™'.

FTIR Analysis

Figure-3 of Zinc Oxide-Vanadium oxide
composites show absorption bands between 400-
700 cm', which shows ZnO stretching modes'2.
The signal observed at a wavenumber of 659 cm’
can be attributed to zinc oxide (ZnO). The bands
in the range of 500-800 cm~' display clear V-O-V
vibrations'®. The detected absorption bands at 787
cm' in the dried material are associated with the
V-0 bond. The peaks seen at 479 cm~' and 902
cm' are ascribed to the symmetrical vibrations of
the V-O-Zn bond and the V-0 bond, respectively'.

The absorption band seen at 1467 cm' is
ascribed to the stretching vibration of Zn—O ( -ZnO)
bands in the tetrahedron unit of vanadate species.
This confirms the existence of the ZnO phase .
The peaks detected at 1618 cm™" and 3672 cm!
correspond to the stretching and bending vibrations
of the H-O—H bonds in the water (H20) molecules
that have been adsorbed onto the surface of the
Zinc Oxide-Vanadium oxide material. These peaks
correspond to the values that were previously
documented.
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Table 1: Comparison of photocatalytic degradation using different synthesized ZnO- nanocomposites

Catalyst Target Light Degradation Reaction Reference
dye source (%) time(min)
40% ZnO-GR MB Visible 86.8 100 [27]
Cu-ZnO/TiO2 MB Visible 68 120 [28]
75% NiSe2-ZnO MB Visible 97 300 [29]
ZnO/PANI MB Visible 76 160 [30]
Graphdiyne-ZnO nanohybrids MB uv 89 180 [31]
Graphene-ZnO nanofiber mats MB uv 80 240 [32]
ZnO (stearic acid)/Vox-NTs MB Visible 80 210 [33]
NiO/ZnO MB Visible 97 175 [34]
rGO@/ZnO MB Visible 99 100 [35]
Fig. 1. Synthesis of Two-Dimensional Zinc Fig. 2. Schematic diagram of the synthesis
Oxide-Vanadium oxide Nanocomposites of Zinc Oxide-Vanadium oxide
via sonication process showing Rh-B dye nanocomposites. Source: Inkspace.inc

degradation at pH-9. Source: Inkspace.inc

Fig. 3. FTIR spectra of ZnO-VO Fig. 4. UV graph with Tauc’s Plot of ZnO-VO
nanocomposites. Source: Perkin nanocomposites. Source: UV-1280 (Jiwaji
Elmer-105267 (Jiwaji University, University, Gwalior, (M.P.), Software: Origin-Pro)

Gwalior, (M.P.), Software: Origin-Pro)
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Fig. 5. X-ray Diffraction Pattern of ZnO-VO
nanocomposites. Source: Rigaku mini flex 600
(Jiwaji University, Gwalior, (M.P.), Software:
Origin-Pro)
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Fig. 6. SEM Images of ZnO-VO
nanocomposites at 2um and 20pm.
Source: Model-JSM6100 Jeol,
(Panjab university, Chandigarh.)

Fig. 7. EDAX spectra of ZnO-VO nanocomposites. Source:
Thermo Scientific FLASH 2000 (Panjab university, Chandigarh.)

UV Analysis

Figure 4 displays the UV spectra of Zinc
Oxide-Vanadium oxide. All samples exhibit a
prominent absorption below 400 nm, with a distinct
absorbance peak at approximately 349 nm. In the
provided graph, the peak for ZnO nanoparticles is
observed at a wavelength of 349 nm, while the peak
for vanadium oxide is observed at 260 nm®.

We have determined the optical band gap

value using the Tauc’s relation'” as follows:
r LN I'd _
(ahi)"=A(hi - E))

Figure 4 depicts the correlation between
the square of the absorption coefficient ( ) multiplied
by the photon energy (h), and the photon energy
(h) itself. Zinc oxide (ZnO) has an optical band
gap energy (E)) of 3.2 electron volts (eV), whereas
vanadium oxide has an optical band gap energy
of 2.4 eV'®. The presence of vanadium ions in this
nanocomposite has led to a notable reduction in the



BHARDWAJ et al., Orient. J. Chem., Vol. 42(2), 439-449 (2026)

Fig. 8. (a) SAED and (b) TEM Images of ZnO-VO
nanocomposites. Source: JEOL JSM6390LV
(Jiwaji University, Gwalior, (M.P.))

band gap of materials, resulting in a value of 3.1 eV.

XRD Analysis

XRD patterns revealed a displacement of
the diffraction peaks in the Zinc Oxide-Vanadium
oxide sample compared to pure ZnO. The formation
of zinc vanadate yellow powder occurred when zinc
ion and vanadium ion solutions were combined under
the specified controlled experimental circumstances.
Figure 5 displays the XRD of the sample after it was
dried and calcined. Typically, the diffraction peaks
exhibit a high degree of sharpness and intensity.
It is evident from Figure 5 that the majority of the
diffraction peaks can be attributed to nanoflakes of
the Zinc Oxide-Vanadium oxide phase. The powerful
peaks indicate the high quality of the Zinc Oxide-
Vanadium oxide crystals, but the complex itself is
amorphous. The most prominent peak is observed
at a location of 12.2 degrees'. The peaks had a
strong correlation with JCPDS No. 11-0288, and
additional peaks corresponding to secondary phases
or impurities were detected, confirming the purity
of the product. These findings are in agreement
with previously published research®. The observed
diffraction peaks correspond to monoclinic ZnO-VO
phase, which is consistent with the JCPDS card#
01-070-1532 nanocrystals®®. The average size of
the crystallites in the sample that was dried at 80
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Fig. 9. (a) TEM image at 50um (b)TEM Image

showing particle shape (nanoflakes) of ZnO-

VO nanocomposites at 0.2um. Source: JEOL
JSM6390LV (Jiwaji University, Gwalior, (M.P.))

°C and calcined at 600 °C falls within the range of
30 and 56 nm, respectively.

SEM Analysis

The OH- ions concentration in the
solution itself serves as a crucial determinant of
developmental progression. The V(OH)*- ions
mostly undergo a reaction with Zn2* surface which
is positively charged, which is polar and active,
rather than with the other nonpolar surfaces. This
led to a partial obstruction of growth along the
c-axis. Lateral expansion in Zinc Oxide-Vanadium
oxide nanoflakes is likely due to the protective
presence of V(OH)* - ions on the Zn?* surface 1.
Figure 6 displays the SEM sample images after
they were dried and calcined at temperatures of
80 and 600 °C, respectively. The creation of two-
dimensional nanoflake-like morphologies in Zinc
Oxide-Vanadium oxide is evident at both high and
low temperatures. The thickness of the material is
approximately 54nm. After being heated to 600 °C,
the shape of the synthesized nanocomposite did
not undergo any noticeable alteration (Fig. 6). The
VO3 ions derived from ammonium meta vanadate
undergo a reaction with the ions of Zn?* generated
from zinc acetate. The self-assembly of defined
crystallographic planes occurs in a layer-by-layer
fashion through the influence of electrostatic forces?.



BHARDWAJ et al., Orient. J. Chem., Vol. 42(2), 439-449 (2026) 445

Fig. 10. Two-Side Reaction of Photocatalysis
at Single Particle of ZnO-VO nanocomposites.
Source: Inkspace.inc

As the temperature increases, the remaining small
amount of H,O is eliminated, resulting in the creation
of empty spaces called voids?.

EDAX Analysis

The EDAX spectrum (Fig. 7) exhibits three
peaks corresponding to the atom percentages of
oxygen (47.03%), zinc (28.13%), and vanadium
(24.82%). The composition of oxygen, zinc, and
vanadium in the ZnO-VO nanocomposites is
consistent with this percentage.

TEM Analysis
Figures 8 and 9 display the TEM images

Fig. 11. (a) Changes of UV-Vis spectra of Rh-B Dye under light without catalyst and dark with
catalyst, (b) Degradation of Rh-B Dye at pH-4 in presence of ZnO-VO nanocomposites, (c)
Degradation of Rh-B Dye at pH-7 in presence of ZnO-VO nanocomposites, (d) Degradation of
Rh-B Dye at pH-9 in presence of ZnO-VO nanocomposites. Source: Vis-730 (ITM Gwalior (M.P.),
Software: Origin-Pro)
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of the zinc oxide-vanadium oxide nanoflakes. The
nanoflakes in Figure 9(a) were dried at 80 °C, while
those in Figure 8(b) and 9(b) were calcined at 600
°C. The sample exhibits the creation of nanoflakes,
while the calcined sample displays the generation
of structures resembling 2D flakes. The size of the
particles falls within the range of around 30-56
nm, which aligns with the measurements obtained
through XRD and SEM analysis.

The fusion of particles is observed, coupled
with the formation of bottlenecks between adjacent
attachments along the y-axis. Additionally, there is
evidence of attachment that is positioned laterally
and parallel to the y-axis. The development of
nanoflakes can be linked to the crystal structure with
layers inside®*. The electron diffraction pattern in Fig.
8(a) displays the least intense rings for Zinc Oxide-
Vanadium oxide, indicating the favoured orientation
of the synthesized amorphous material.

Photocatalytic Degradation of Dyes

The photocatalytic mechanism generally
consists of three steps: firstly, the process involves
the assimilation of a photon with energy that is either
equal to or surpasses the band gap energy of the
photocatalyst. Secondly, this leads to the creation
and subsequent combination of electron-hole pairs,
thirdly, the occurrence of oxidation and reduction
reactions. that take place on the surface of the
photocatalyst?®. Figure 10 illustrates the process of
generating holes and electrons in the nanocomposite
when exposed to visible light, leading to the
sequential mineralization of Rh-B dye. When photons
with energy equal to or greater than the band-gap
energy of the photocatalyst interact with it, electron-
hole pairs are produced and separated. The electron
in an excited state undergoes a reaction with oxygen
molecules adsorbed on a surface, resulting in the
formation of radicals with superoxide anion (O%e)
that are electrically engaged. While the holes in the
valence band are being stimulated, they oxidize -OH
before producing hydroxyl radical species (*OH).
However, this hydroxyl ®OH radical, which is a highly
powerful oxidizing agent, further oxidizes the dye
molecules into mineral byproducts, namely CO, and
H,0%.

The incorporation of these advancements
in the field of photocatalytic degradation of dyes
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demonstrates a focused endeavour to attain
sustainable and efficient water treatment solutions.
This reflects the ongoing development and
refinement of environmental remediation techniques
at an advanced research level. The details of
photocatalytic degradation of dye using different
catalysts are mentioned below in table-1:

Degradation of Rh-B Dye

Rhodamine-B dye is a benzene derivative
that is known to be harmful to the kidney and
liver, and can cause stomach tumours. It is also
a carcinogenic substance. This dye is commonly
used in the treatment of leather items, textiles, and
various foods®. It exerts a deleterious impact on
both marine organisms and terrestrial ecosystems.
Due to the release of nitrogen oxides and hydrogen
chlorides, this substance is inherently hazardous and
poses significant risks to human health, agriculture,
and aquatic ecosystems®. Zinc oxide-Vanadium
oxide has been employed for the photocatalytic
degradation of Rh-B organic dye under visible
light irradiation. The initial concentrations of the
Rh-B dye in the solution were 0.6 mg/L, 1.6 mg/L,
and 3.0 mg/L, while the concentration of the Zinc
Oxide-Vanadium oxide nanocomposite remained
constant at 30 mg/L. The absorption peak of Rh-B
dye is often observed at a wavelength of 554+2 nm
8 The peak’s intensity level noticeably reduced as
the duration of the visible light exposure increased.
The concentration of Rh-B dye decreases to various
amounts after being exposed to visible light for 2.5
hours. The Rh-B dye solution undergoes a colour
change from a vibrant pink to a pale pink. We
conducted the photocatalytic experiment three times,
each time at a different pH level of 4, 7, and 9, with
outside temperature 42 as shown in Figure 11(b),
11(c), and 11(d) accordingly.

In order to understand the impact of visible
light on the photocatalytic response of Rh-B dye,
the degradation percentage was assessed in the
absence of any photocatalyst. It was found that the
Rh-B dye solution has no photocatalytic activity under
visible light irradiation without the presence of Zinc
Oxide-Vanadium oxide nanocomposite. Conversely,
the Zinc Oxide-Vanadium oxide nanocomposite
has minimal photocatalytic activity for Rh-B dye in
the absence of visible light exposure. Figure 11(a)
displays the graphical representation. The graphs
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depicted in 11(b), 11(c), and 11(d) illustrate the
extent of Rh-B dye photodegradation over a period
of 2.5 hours using Zinc Oxide-Vanadium oxide
nanocomposite. The degradation percentages at pH-
4, pH-7, and pH-9 are around 45%, 40% and 80%
correspondingly. The pH is the primary determinant
in the photocatalytic process, as it directly influences
the surface charge of the photocatalyst, which in turn
affects the degradation of dyes .

Therefore, an investigation was conducted
to examine the impact of pH on the deterioration
of Rh-B dye. We also examined the photocatalytic
degradation under acidic conditions with a pH of 4,
where the impact was insignificant. The degradation
efficiency exhibited a positive correlation with pH,
with a notable rise observed at pH 9, reaching
80%. This value is twice as high as the degradation
efficiency observed under normal and acidic
pH conditions. One potential explanation for the
increased photocatalytic degradation of Rh-B dye
at higher pH levels is the generation of OH radicals
as a result of the abundance of hydroxyl ions in the
alkaline environment. The photocatalytic breakdown
rate of Rh-B dye at varied pH values was described
using a simple Langmuir-Hinshelwood (L-H) kinetic
mode*.

Limitation
This study has some shortcomings:
1. Lack of scalability: Due to batch processing

and equipment constraints, the sonochemical
synthesis approach may be challenging to
scale for industrial purposes.

2. Restricted range of pollutants: The efficacy
of the photocatalyst against other types
of pollutants (such as heavy metals and
antibiotics) has not been investigated; only
rhodamine B dye was examined.

3. Mechanistic understanding: Deeper
mechanistic investigations (such as radical
trapping and LC-MS study of intermediates)
would offer a better understanding of
the photocatalytic pathway, even though
degrading efficiency was shown.

CONCLUSION

Conclusively, Zinc Oxide-Vanadium oxide nanoflake
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nanocomposites have been successfully synthesized
using a single-step sonication process. This synthesis
demonstrates significant promise as an affordable,
eco-friendly, and sustainable material that could
pave the way for large-scale industrial manufacturing.
The bandgap of Zinc Oxide-Vanadium oxide has
been reduced to 3.1 electron volts (eV). The size
of the Zinc Oxide-Vanadium oxide nanoflake
were determined to be approximately 30-56 nm
based on analysis of SEM and TEM pictures of the
calcined sample. This study focuses on assessing
the effectiveness of Zinc Oxide-Vanadium oxide
in treating water systems contaminated with dyes.
Certain reactive dyes decay at lower pH levels, while
others degrade at higher pH levels. However, in the
process of photocatalytic degradation of Rh-B dye
under visible light irradiation, was best carried out at
the optimal pH of 9 which resulted to 80% in direct
sunlight at the temperature of 42 .
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