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Abstract

A highly cost-effective synthesis approach has been adopted to prepare stable V205 nanorods for energy storage device applications.
The as synthesized nanorods are thoroughly characterized using advanced techniques, including scanning electron microscopy
(SEM), X- ray diffraction (XRD), UV visible and photoluminescence (PL). The mentioned techniques were performed to provide
the valuable insight into the morphological, structural, optical and photoluminescence properties of as-synthesized V20s nanorods.
X-ray diffraction exhibits the structural properties with the highest Bragg’s angle observed at 8.66 degree. Surface morphology of
the as prepared and calcinated nanorod’s samples was studied by using the scanning electron microscope (SEM). The observed
bandgap of NRs was calculated using tauc- plot and achieved at 2.61 eV. The photoluminescence spectroscopy demonstrates the
luminescence behaviour of as synthesized nanorods. Aforementioned synthesis and results achieved through characterizations
exhibits its potential suitability for photodetector applications.
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Introduction Our study presents a hydrothermal synthesis approach that
enables fine-tuning of nanorod dimensions, crystallinity,
Nanostructured materials are at the forefront of cutting-edge and luminescent properties. By optimizing critical reaction
technological advancements, particularly in energy storage, parameters such as precursor concentration, reaction
catalysis, and optoelectronic devices. Their nanoscale temperature, reaction time, and pH, we have successfully
dimensions and high surface-to-volume ratio result in synthesized uniform V:0s nanorods with enhanced optical
unique physical and chemical properties that outperform and electronic characteristics. The hydrothermal method,
their bulk counterparts. Among these materials, vanadium known for its ability to control particle size and morphology
pentoxide (V20s) has received significant attention due to through aqueous-phase reactions at elevated temperatures
its superior electrochemical properties, high thermal and pressures, provides a reliable and eco-friendly route to
stability, and wide bandgap, making it an excellent high-purity V20s nanostructures. This synthesis strategy
candidate for lithium-ion batteries, supercapacitors, and enhances the material's optical properties by reducing
photodetectors [1,2]. structural defects and optimizing bandgap energy, making
it suitable for high-performance  optoelectronic
In recent years, one-dimensional (1D) nanostructures, such applications.
as nanorods, have gained prominence due to their
anisotropic morphology, which enhances electron mobility A thorough characterization of these nanorods was
and facilitates efficient light-matter interaction [3]. V20s conducted using advanced techniques, including SEM for
nanorods, in particular, exhibit remarkable structural and morphological analysis, XRD for structural properties, UV-
optical properties, making them highly suitable for energy visible spectroscopy for bandgap estimation, and PL
storage and optoelectronic applications [4,5]. However, the spectroscopy for evaluating luminescence behavior. These
challenge lies in synthesizing V>Os nanorods with precise analyses provide deep insights into the material properties,
morphological and structural control while maintaining which are crucial for tailoring their performance in
cost-effectiveness and scalability. optoelectronic and energy storage devices [8,9].
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The luminescence properties of vanadium-based
nanostructures have been extensively studied, with reports
suggesting that the presence of oxygen vacancies and defect
states plays a significant role in determining emission
characteristics [10,11]. Additionally, previous studies have
demonstrated that the luminescence behavior of V20s can
be tuned by controlling synthesis parameters, doping
elements, and nanostructure morphology, making them
versatile candidates for applications in optoelectronics, bio-
imaging, and sensing [12-14].

Furthermore, compared to other synthesis methods, such as
sol-gel or chemical vapor deposition, the hydrothermal
approach used in this work is advantageous in terms of
simplicity, scalability, and precise control over the growth
environment. The resulting V2Os nanorods exhibit superior
crystallinity, reduced grain boundary defects, and enhanced
charge transport properties, making them promising
candidates for applications in lithium-ion batteries,
supercapacitors, and photodetectors [15,16].

In conclusion, our cost-effective synthesis method,
combined with detailed characterization, demonstrates the
potential of V:0s nanorods for high-performance
applications. Their promising structural, optical, and
luminescent properties suggest their suitability for lithium-
ion batteries, supercapacitors, photodetectors, and light-
emitting diodes [17-19].

Method

A standard protocol for producing a nano-structured V2Os
compound at a low temperature using the hydrothermal
method is Dissolve 1.304 gm of VOSOs in 80 mL of
deionized water (DI) while agitating the mixture vigorously
until the solution becomes translucent blue. Gradually add
5 mL of 1% NH4OH to the solution drop by drop, while
continuously stirring. Slowly raise the temperature of the
solution to 65°C in a water bath, maintaining gentle stirring.
Hold this temperature for 90 minutes. As the solution cools,
it will turn green After cooling, pour the solution into a 100
mL stainless steel autoclave lined with Teflon and bake it
for 12 hours at 120°C. After the hydrothermal treatment,
collect the product by vacuum filtration [4]. Dry the
collected materialovernight in an oven at 60°C.The resulting
dry V:20s powder was then subjected to structural,
morphological, and electrochemical analysis. Figure 1
illustrates the formation of V.Os nanorods through this step
production process. The hydrothermal method was chosen
for its capability to produce high-purity nanorods with
controlled growth parameters. This technique offers
advantages such as precise morphology control, high
crystallinity, and eco-friendliness. Key parameters
influencing the nanorod formation include precursor
concentration, reaction temperature, duration, and pH.

These factors were carefully optimized to ensure the
synthesis of high-quality nanorods with desirable
properties.
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VOSO4 + INHAOH — VO(OH)2 + (NH4)2S04 2VO(OH) + INHAOH — V205 + 3H20 + INH3 + H21

Figure 1: Schematic diagram of V20s nanorods.

X-Ray Diffraction (XRD) Analysis
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Figure 2: The XRD pattern of V205 powders obtained via
modified hydrothermal method usingof 1% NH.OH.

The XRD pattern of V>Os nanorods, obtained via a modified
hydrothermal method, exhibits well-defined peaks
corresponding to an orthorhombic crystal structure. The
crystallinity and phase evolution of V20s were investigated
using XRD. The synthesized V:0s's XRD pattern is
displayed in Figure 2, with prominent peaks at 28 = 25.5°,
26.1°,32.3°, 34.2°,47.2°,49.4°, and 61.9°. According to the
Shcherbianite phase (JCPDS-89-2483), these peaks line up
with the (210), (101), (011), (301), (600), (121), and (701)
crystal planes of the orthorhombic structure of V2Os [4]. A
well-ordered crystalline structure was indicated by the
highest Bragg's angle, which was found to be 8.66°.

UV-Visible Spectroscopy

The UV-Vis absorption spectrum of the V:0s nanorods
shows strong absorption in the visiblerange. Using a Tauc
plot, the optical bandgap was calculated to be 2.61 eV,
indicating their suitability for optoelectronic applications,
such as photodetectors. As shown in Figure 3, the
absorbance characteristics highlight the material's
capability to interact effectively with visible light. This
wide bandgap allowsthe nanorods to effectively absorb
visible light, making them ideal for devices requiring high
optical sensitivity [10].
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Figure 3: The shows the UV-visible reflectance spectra of
V,0s NRes.

Scanning Electron Microscope (SEM)

Figure 4: SEM micrographs and their magnified images of as
prepared VO2 nanorods.

The scanning electron microscope (SEM) was used to
examine the surface morphology of the as-prepared and
calcined samples. Figure 4 displays the SEM picture of the
produced sample, which reveals the nanorod-based
microspheres [11]. Each microsphere is between two and
three millimetres in size. The surface morphology of the
produced and calcined samples was examined using
scanning electron XRD to investigate the crystallinity and
phase development of V20s, as demonstrated by the
microstructure. The morphology of V20s nanorods
significantly influences their luminescence properties.
Structural variations lead to changes in defect states and
oxygen vacancies, which, in turn, affect radiative
recombination processes. A more detailed discussion has
been added to explain the role of morphology in modifying
optical emission characteristics.

SEM analysis reveals the surface morphology and size
distribution of the nanorods, highlighting their uniformity
and elongated 1D structure, which is essential for efficient
electron transport [12]. XRD patterns confirm the
crystalline structure of V20s, with the highest Bragg’s angle
observed at 8.66°, indicating the presence of well-ordered

crystal planes, which is critical for the stability and
performance of the material in energy storage applications
[13-15].

Furthermore, UV-visible spectroscopy is used to calculate
the optical bandgap of the nanorods using a Tauc’s plot,
yielding a bandgap of 2.61 eV. This relatively wide
bandgap suggests that the V20s nanorods are well-suited
for optoelectronic devices, particularly photodetectors,
where high optical sensitivity is required [16]. The
bandgap of 2.61 eV, observed in the UV-visible
spectroscopy analysis, is relatively modest but aligns well
with previous studies on V:0s nanorods. This value is
justified based on structural and defect-related
modifications. Additional references have been cited to
support this observation.

Photoluminescence Spectrum (PL)
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Figure 5: PL spectrum with a peak at 530 nm, indicating green
light emission.

The photoluminescence (PL) spectrum shows a strong
emission peak at 530 nm, highlighting efficient radiative
recombination,  characteristic  of  vanadium-based
nanostructures. Figure 5 illustrates this PL spectrum,
emphasizing the emission profile of the synthesized V2Os
nanorods. The PL properties of V20s are of particular
interest for applications in light- emitting devices and
sensors, where their ability to emit light at specific
wavelengths can be tuned based on the nanostructure’s size
and composition. The observed luminescence further
supports the potential of V20s nanorods in optoelectronic
applications [17]. SEM analysis shows uniform, elongated
V205 nanorods, essential for efficient electron transport.
XRD confirms a crystalline structure with a Bragg’s angle
of 8.66°, vital for stability in energy storage [18,19]. UV-
visible spectroscopy reveals a bandgap of 2.61 eV,
indicating  suitability = for  optoelectronic  devices.
Photoluminescence studies highlight the tuneable
luminescent properties, supporting their use in light-
emitting devices and sensors [20]. To ensure practical
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applicability, luminescence stability over time was
assessed. Our findings indicate that the emission peaks
remain stable under continuous exposure, with only minor
degradation observed over extended periods

Conclusion and Future Prospective

A cost-effective hydrothermal approach was used in this
study to successfully synthesize and fully characterize V.Os
nanorods. The orthorhombic crystalline structure was
validated using XRD, and homogeneous, elongated
nanorods were observed in SEM analysis. The bandgap,
determined to be 2.61 eV, was assessed using UV-visible
spectroscopy, while luminescence properties were
investigated via PL spectroscopy. These findings indicate
that V:0s nanorods are suitable for optoelectronic
applications, including photodetectors, light-emitting
devices, and energy storage applications such as
supercapacitors and lithium-ion batteries. Future work will
focus on doping strategies to further tailor the optical
properties and enhance stability.
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