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A B S T R A C T

In the present work, an essential advance in the preparation of novel nanocomposites based on functionalized 
V2O5 nanostructures with reduced graphene oxide by hydrothermal method, which has great potential for use in 
photocatalytic processes related to environmental remediation. XRD analysis confirmed V2O5 in an orthorhombic 
structure. SEM images showed transparent RGO layers well anchored onto the surface of the V2O5 with a ho
mogeneous distribution. Raman spectroscopy further explained the hybridization and interaction between the 
components. The photocatalytic activity of Rhodamine-B in aqueous solutions has been studied upon irradiation 
with visible light. A high RhB degradation was obtained using the V2O5/RGO photocatalyst (82 %), compared to 
the degradation obtained with only V2O5 (60 %). First-principles Density Functional Theory (DFT) simulations 
reveal a strong interaction between V2O5 molecules and graphene surfaces, with an adsorption energy of − 1.673 
eV and a significant charge transfer of 0.367 e− to RGO. This interaction modifies the electronic structure, 
creating semi-metallic behavior near the Fermi level and enhancing catalytic activity through improved charge 
carrier dynamics and active sites for photocatalytic applications.

1. Introduction

The industrial sector has become an essential engine for economic 
development. However, this improvement is accompanied by the 
negative consequence of manufacturing many types of waste that 
significantly influence the environment, particularly the discharge of 
organic pollutants [1–3]. In this context, dyes such as methylene blue, 
Rhodamine B (RhB), and crystal violet, as well as organic pollutants 
including salicylic acid, phthalic acid, and Eriochrome Black-T, have 
received enormous attention owing to their extensive usage and the 
challenges associated with their degradation [4–10]. These compounds 
have a wide range of applications in various industries, including food, 
cosmetics, pharmaceuticals, and textiles. By their molecular structure, 

these dyes are resistant toward biodegradation and other forms of 
degradation. Rhodamine B was selected for research since it presents 
fluorescent properties and allows for easy and accurate degradation rate 
measurements [11]. This dye has a high solubility in water and is 
commonly used in textile, cosmetic, and food industries [12,13]. Due to 
the RhB dye’s toxic characteristics [14,15], further attempts should be 
made to find effective methods for removing RhB dye from wastewater 
and treating industrial waste.

Various physical and chemical methods have been applied to remove 
dyes from wastewater, including adsorption, filtration, and degradation. 
Among these, photocatalytic degradation of dyes has exhibited the 
highest efficiency due to its low energy consumption, cost-effectiveness, 
and ability to handle large volumes of wastewater [16]. In 
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photocatalytic degradation, a light source and semiconductor materials 
work together to generate hydroxyl radicals, which then decompose 
organic molecules [17]. Currently, different types of metal oxide 
nanostructures and their nanocomposite-based graphene derivatives 
have been employed in efforts toward the advancement of sustainable 
photocatalytic technologies. Among these semiconductor catalysts, Va
nadium pentoxide (V2O5) has attracted increasing interest owing to its 
advantageous properties, such as a visible band gap energy of around 
2.3–2.9 eV, high exciton energy (519 meV), an extensive surface area 
with a straightforward synthesis of different related nanostructures [5,
18]. While V2O5 acts as a very active photocatalyst, its action is often 
hindered by one or more of the following factors: a high rate of charge 
carrier recombination, a low capacity for adsorption of hydrophobic 
pollutants, a tendency to aggregate, and a transformation of absorbed 
energy into heat reduce photocatalytic efficiency [19–21].

The combination of V2O5 with graphene derivatives has recently 
received much attention in the scientific community to achieve higher 
activity. Reduced graphene oxide-based photocatalyst nanocomposites 
enabled the availability of high surface area, abundant functional sur
face groups, superior electrical conductivity, strong thermal stability, 
enhanced charge transfer efficiency, and improved photogenerated 
charge carrier mobility in the photocatalytic approach with variable 
bandgap [22,23].

Various methods have been employed to synthesize V2O5/RGO 
nanocomposites in order to enhance their photocatalytic performance. 
For example, Yadav et al. [4] utilized a hydrothermal process to prepare 
V2O5/RGO composites for the photocatalytic degradation of methylene 
blue (MB) dye. Top et al. [24] explored the relationship between 
electron-hole pair separation, diffusion, recombination, and degradation 
in V2O5 nanospheres and nanohollows/RGO composites, which were 
fabricated using wet chemical and hydrothermal methods. Deepanshu 
et al. [25] demonstrated the synthesis of reduced graphene oxide 
coupled with vanadium pentoxide nanocomposites via a simple hydro
thermal route, validating their potential for MB dye photodegradation 
and photoelectrochemical (PEC) water-splitting applications. Further
more, Pankaj et al. [5] reported the effective degradation of Rhodamine 
B (RhB) dye using V2O5/RGO nanocomposites through the Advanced 
Oxidation Process (AOP). Additionally, Denh et al. [26] developed a 
CeO2–V2O5/RGO photocatalytic system for the photodegradation of 
cefotaxime in aqueous solutions.

This work produced, V2O5 nanorods (NRs) and V2O5/RGO nano
composites using hydrothermal process. All the characterizations have 
been performed using several techniques such as X-ray diffraction, 
scanning electron microscopy, Raman spectroscopy as well as UV–vi
sible spectroscopy, to study the influence of RGO on the structural, 
morphological, vibrational, and optical characteristics of V2O5 nanorods 
within the nanocomposites. Further, the photocatalytic activity of V2O5/ 
RGO nanocomposites was also investigated, as well as the degradation of 
Rhodamine B dye under sunlight irradiation. Furthermore, density 
functional theory has been employed to theoretically examine the 
interaction and comprehend the complex relationship between these 
nanocomposites’ interface structure and electronic properties. This 
research advances our understanding of the photocatalytic applications 
and fundamental features of V2O5/RGO nanocomposites, addressing the 
need for both theoretical modeling and experimental validation in this 
intriguing field.

2. Synthesis method

2.1. Synthesis of V2O5 NRs, RGO and V2O5 NRs/RGO nanocomposites

Vanadium pentoxide (V2O5) nanorods were produced using a hy
drothermal approach. In the first step, Ammonium metavanadate 
(NH4VO3) was calcined at 500 ◦C for 2 h to synthesize bulk V2O5. After 
that, a yellow slurry solution was formed by dissolving 750 mg of V2O5 
obtained in 120 mL of deionized (DI) water. Next, an orange-red 

solution was achieved after stirring 10 mL of a dropwise added slurry 
solution containing 30 % hydrogen peroxide (H2O2) for 2 h. In the 
second step, the mixture was then put in a Teflon autoclave with a ca
pacity of 200 mL and heated at 160 ◦C for 24 h at a heating rate of 10 ◦C/ 
min using a controlled oven. After cooling down naturally from the 
autoclave to average room temperature, the resulting precipitate was 
filtrated from the solution, cleaned with ethanol and DI water to purify 
it, and then allowed to air at 90 ◦C for 6 h.

To produce GO, pure graphite was first treated with a modified 
Hummers’ process [27], which required treatment with sulfuric acid 
(H2SO4) and potassium permanganate (KMnO4). The resulting GO 
served as the precursor for synthesizing reduced graphene oxide (RGO). 
This reduction was attained by chemically treating the GO with 60 μL of 
hydrazine hydrate at 50 ◦C while stirring the mixture continuously for 
24 h.

The V2O5 nanorods/RGO nanocomposites were prepared using the 
same procedure as pure V2O5. First, 10 mg of as-synthesized V2O5 
nanorods were mixed in 10 mL of DI water, and then the RGO with 
different concentrations (4 %, 6 %, and 8 %) was dissolved in 10 mL of 
DI water and sonicated for 1 h. The two solutions were combined and 
transferred to the 50 mL hydrothermal autoclave, treated at 120 ◦C for 
12 h. Finally, the as-obtained V2O5 NRs/RGO nanocomposites were 
filtered and washed several times using DI water. Fig. 1 illustrates the 
different steps in synthesizing V2O5 NRs/RGO nanocomposites.

2.2. Characterization

The crystalline characteristics of the synthesized nanocomposites 
were determined by XRD analysis. The Measurements were conducted 
on an X-ray diffractometer (D8 Bruker AXS, Karlsruhe, Germany) with 
CuKα radiation (λ = 1.54178 Å) in the 2θ range from 20◦ to 70◦.

Morphological investigation was performed using a Zeiss Gemini 500 
field emission scanning electron microscope (Oberkochen, Germany) 
equipped with a Bruker energy dispersive X-ray detector (EDX) (Karls
ruhe, Germany). The vibrational modes of the synthesized samples were 
obtained using a Raman spectrometer (Horiba Jobin-Yvon: Edison, USA) 
and further analyzed using a He–Ne laser emitting at the λExc = 633 nm. 
The laser beam was focused on the sample surface through an Olympus 
100 × objective lens. Surface analyses were performed using X-ray 
photoelectron spectroscopy (XPS). The measurements were conducted 
with a Thermo VG system (UK), utilizing a monochromatic Al Kα source 
emitting at 1486.6 eV to provide detailed insights into bonding char
acteristics and impurities. The optical properties of the prepared nano
composites were performed using a UV–Vis spectrophotometer, 
PerkinElmer Lambda 45 (Waltham, MA, USA).

The degradation of Rhodamine B in an aqueous solution exposed to 
visible light irradiation at room temperature was monitored to evaluate 
the photocatalytic activity of V2O5 nanorods and its nanocomposite. For 
each experiment, 5 mg of catalyst (V2O5 or V2O5/6%RGO) was added to 
a beaker containing 10 mL of 10− 5 M RhB solution. The reaction mix
tures were positioned 10 cm from the light source, an SF300-A Small 
Collimated Beam Solar Simulator with a 300 W Xe lamp (Sciencetech, 
London, Canada), during the optical measurements. At various time 
intervals during irradiation, the optical absorbance spectra of the sam
ples at wavelengths between 400 and 700 nm were measured using a 
UV–Vis spectrophotometer (Varian, GmbH, Waldbronn, Germany) 
equipped with a quartz cell with a 10 mm light path.

The degradation efficiency of RhB was evaluated by taking samples 
after a specific interval of irradiation times. The following formula 
determined the performance of the samples for pollutant degradation: 

D%=

(
C0 − C

C0

)

× 100, (1) 

where C0 is the dye’s initial absorbance at λmax, and C is the absorbance 
of the dye a particular duration of time. The results revealed the 
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reduction of RhB concentration during the photoreduction process.

2.3. Computational method

In this investigation, structural simulations and property evaluations 
were carried out using spin-polarized Density Functional Theory (DFT) 
as integrated in the Vienna Ab Initio Simulation Package (VASP) [28,
29]. The projector-augmented wave (PAW) method was applied to 
model ion-electron interactions [30], and the exchange-correlation en
ergy of interacting electrons was represented using the Per
dew–Burke–Ernzerhof (PBE) functionals under the generalized gradient 
approximation (GGA) [31]. To consider van der Waals interactions be
tween the V2O5 molecule and the graphene surface, the D3 semi
empirical correction by Grimme [32] was employed. The plane-wave 
cut-off energy and k-point mesh were optimized to achieve total energy 
convergence to 10− 3eV per atom. A kinetic energy cut-off of 500 eV was 
used for all computations involving 4 × 4 supercell structures, along 
with a 6 × 6 × 1 Γ Monkhorst–Pack grid for Brillouin zone sampling. To 
eliminate interactions between periodic images in the z-direction, a 
vacuum layer of 15 Å was included. The standards for electronic and 
ionic convergence were established at 10− 5eV and 10− 3 eV, respectively.

The adsorption energy (Eads) of V2O5 on the reduced graphene oxide 
surface was calculated as: 

Eads =EV2O5+RGO − (ERGO +EV2O5 ), (2) 

where EV2O5+RGO is the total energy of the V2O5/RGO system, ERGO is the 
energy of the isolated reduced graphene oxide layer, and EV2O5 is the 
energy of the isolated V2O5 molecule.

Charge density differences (Δρ) were calculated using: 

Δρ= ρ(V2O5 +RGO) − (ρ(RGO)+ ρ(V2O5)) (3) 

where ρ(V2O5 + RGO), and ρ(RGO) and ρ(V2O5) the charge densities of 
the combined system are bare, reduced graphene oxide, and isolated 
V2O5, respectively. Finally, Bader charge analysis was conducted using 
the Henkelman algorithm [33] to quantify charge transfer at the 
interface.

3. Results and discussion

3.1. Structural properties

The structural characteristics of V2O5 bulk, V2O5 NRs and V2O5 NRs/ 
RGO nanocomposites with varying RGO concentrations (4 %, 6 %, and 8 
%) are examined using X-ray diffraction plots illustrated in Fig. 2. All the 
samples show diffraction peaks at about 2θ = 15.3◦, 20.7◦, 21.6◦, 26.0◦, 
30.9◦, 32.3◦ and 41.1◦. These peaks correspond to the orthorhombic 
structure of the V2O5 phase in the (200), (001), (101), (110), (301), 
(011), and (002) planes [34,35] according to ICDD PDF card no. 
00-041-1426 [36], with space group 59: Pmmn, and the determined 
lattice parameters were a = 11.543 Å, b = 4.382 Å and c = 3.570 Å. The 
intensity of the (001) diffraction peak increases significantly in the case 
of nanocomposites, suggesting an enhanced crystalline nature of the 
V2O5 NRs.

It can also be observed that the characteristic peaks intensity of 
nanocomposites decreases in comparison with V2O5 NRs, and the 
distinct peak of RGO which is typically situated at 2θ = 23◦, could not be 
noticed in nanocomposites. The reduced intensity may be attributed to 
the dispersion of RGO over V2O5, resulting in only the visibility of V2O5 
peaks in the nanocomposite due to the small quantity of RGO within the 
sample, respectively.

Based on the full-width-at-half-maximum (FWHM) of the diffraction 
peak positions, the average crystallite size and micro-strain (ε) of the 
V2O5 nanorods and V2O5 NRs/RGO nanocomposites were calculated 
using the Debye–Scherrer and Williamson–Hall (W–H) formulas, as 
given in Equations (4) and (5), respectively [37,38]. 

D=
k λ

β cos θ
(4) 

β cos θ=
Kλ
D

+ 4ε sin θ (5) 

Where β is the full width at half maximum (FWHM) of the X-ray peak, θ 
is the Bragg angle, λ is the X-ray wavelength (λ = 1.54178 Å, CuKα ra
diation), and K = 0.9 is Scherer’s factor. In addition, ε is microstrain and 
D is the crystallite size. The average crystallite size decreased from 82 to 
64 nm with increasing RGO content, while the microstrain varied with 
crystallite size. The values from the Williamson-Hall method were 

Fig. 1. Representation of V2O5 NRs, RGO, and V2O5 NRs/RGO nanocomposites growth by hydrothermal process.
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consistently larger than those from the Scherrer (Table 1).

3.2. SEM and EDX

The morphology of the V2O5 bulk powder, V2O5 NRs and V2O5 NRs/ 
RGO nanocomposites was analyzed using SEM images. Fig. 3a shows 
that the V2O5 bulk powder has an average particle size of 200 nm, with 
its shape and size influenced by the reaction temperature and time 
during synthesis process. The SEM images depict V2O5 NRs, both in their 
pure form and within nanocomposites. They display a high-density 
growth with an average length of approximately 60–100 nm and a 
diameter of about 15 nm (Fig. 3b). In the case of low concentration 
(Fig. 3c), a few transparent layers of RGO were anchored and evenly 
distributed on the V2O5 nanorods’ surface. Conversely, SEM images with 
higher RGO concentration (Fig. 3d–e) illustrate that RGO layers covered 
the surfaces of V2O5 nanorods. Some of these V2O5 nanostructures are 
anchored on RGO (Fig. 3e), indicating a strong interaction between 
V2O5 nanorods and RGO layers. The findings show that V2O5 NRs/RGO 
nanocomposites were successfully formed.

The uniformity in composition of both vanadium pentoxide nano
rods and V2O5 NRs/RGO nanocomposites on ITO substrates was inves
tigated using EDX mapping (Fig. 4). The first row of SEM fields displays 
the areas where element mapping for carbon, oxygen, vanadium, silicon, 
indium, and tin was conducted. In the case of V2O5 NRs/RGO nano
composites, the presence of vanadium, oxygen, carbon and other ele
ments belonging to the substrate was observed, with no detection of 

other elements in the nanocomposites. Additionally, EDX mapping an
alyses revealed an increase in carbon intensity in certain areas in the 
case of samples in which RGO was present. These results align well with 
the expected chemical composition, confirming the successful synthesis 
of V2O5 NRs/RGO nanocomposites.

3.3. Raman and XPS analysis

Raman measurements (Fig. 5) provided vibrational information for 
V2O5 NRs and V2O5 NRs/RGO. The Raman spectrum analysis of V2O5 
(Fig. 5a) exhibited characteristic bands at 144, 194, 282, 405, 481, 526, 
692, and 996 cm− 1. Specifically, the bands at 144 cm− 1 and 194 cm− 1 

were assigned to the layered structure of orthorhombic V2O5 (B3g 
mode)) and the V–O stretching mode (B1g symmetry), respectively. The 
bands at 282 and 405 cm− 1 were linked to the bending vibration of the 
V––O bonds (B2g and Ag symmetry modes) [39,40]. The band at 526 
cm− 1 corresponded to the V3–O stretching mode (Ag symmetry) [39,
40]. The band observed at 692 cm− 1was attributed to the V2–O bond 
bending vibration (B2g symmetry mode), while the band at 996 cm− 1 

coincided with the terminal oxygen (V––O) stretching vibration in the 
A1g and B2g symmetry modes [36,41]. The band at 1046 cm− 1 is also 
associated with vanadyl oxygen (V5+=O), stretching mode [42].

In Fig. 5b, the Raman spectra of the V2O5 NRs/RGO nanocomposite, 
at different concentrations of RGO, exhibit multiple vibration bands 
characteristic of the V2O5 phase, and two distinct bands appeared 
around 1365 and 1598 cm− 1, identified as D and G bands, respectively. 
These bands confirm the existence of reduced graphene oxide, a feature 
strongly linked to carbon materials. The D band (1365 cm− 1) corre
sponds to sp2 hybridized carbon atoms, while the G band (1598 cm− 1) is 
associated with vibrations of sp3 carbon atoms, defects, and disorders in 
graphitic materials [43]. The presence of these two bands provides 
additional evidence for the integration of reduced graphene oxide in the 
V2O5 nanocomposite. The ID/IG intensity ratio is a crucial parameter for 
evaluating the defects and the average size of sp2 domains in carbon 
materials. It performs a significant role in assessing the level of graph
itization [44]. The calculated ID/IG ranged from 0.89 to 0.99 as the 
nanocomposite’s RGO content increased from 4 to 8 %. This result 
suggests that introducing RGO into the V2O5 network does not induce 
substantial defects in the nanocomposite. Additionally, it indicates an 

Fig. 2. XRD spectra of V2O5 bulk, V2O5 nanorods and V2O5 NRs/RGO nanocomposites at different concentrations of RGO (4 %, 6 % and 8 %).

Table 1 
Average crystallite size of V2O5 NRs, and V2O5 NRs/RGO nanocomposites.

Samples Scherrer method Williamson-Hall method

Average 
Crystallite Size 
(nm)

Dislocation 
density (δ) 
(10− 4)

Crystallite 
Size (nm)

Microstrain 
(10− 3)

V2O5 NRs 74.06 1.826 82.57 4.32
V2O5 NRs/ 

4%RGO
67.32 2.220 72.52 4.30

V2O5 NRs/ 
6%RGO

66.83 2.234 65.82 4.28

V2O5 NRs/ 
8%RGO

63.95 2.449 64.35 4.29
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enlargement in the size of sp2 domains and the restoration of a carbon 
structure during the hydrothermal process.

Furthermore, the average crystallite size (La) was determined using 
the ID/IG ratio determined from the Raman spectra, following the 
equation described in reference [45]: 

L a (nm)=
(
2.4×10− 10)λ4

(
ID

IG

)− 1

, (6) 

where λ = 633 nm and represents the wavelength of the laser excitation. 
The calculated values for the V2O5 NRs/4 % RGO, V2O5 NRs/6 % RGO, 
and V2O5 NRs/8 % RGO nanocomposites were 43.29 nm, 39.72 nm, and 
38.92 nm, respectively.

Fig. 5c-e XPS analysis of the V2O5/RGO nanocomposite shows the 
presence of V 2p, O 1s, and C 1s elements. The high-resolution V 2p3/2 
and V 2p1/2 peaks attributed to V5+ appear at 517.15 and 525.12 eV, 
respectively. Those corresponding to V4+ are located at 516.11 and 
523.83 eV [46] (Fig. 5c). Additionally, the O 1s spectrum is deconvo
luted into two peaks at 530.6 and 531.4 eV that can be assigned to V–O 
and V–OH bonds, respectively (Fig. 5d) [47]. Moreover, the C 1s spec
trum shown in Fig. 5e is deconvoluted into two peaks located at 284.5 
and 285.9 eV, which are assigned to C–C and C–O bonds of reduced 
graphene oxide and its functional groups [48].

3.4. Density functional theory simulation

In this simulation part, we used the first principal calculations based 
on Density Functional Theory (DFT) to study at atomic scale the inter
action between reduced graphene oxide surface and V2O5 molecule in
terfaces in terms of lattice stability, electron Density of States (DOS) and 
interfacial/surface charge transfer. Schematic illustrations for the clean 
RGO support, a molecule of V2O5 on the RGO layer (top view) alongside 
with charge plane-averaged charge density difference are shown in 
Fig. 6a. Table 2 illustrates the summary of the adsorbed energy and 
overall charge transfer among the adsorbed V2O5 molecule and RGO 
surface. The adsorption energy of V2O5 on graphene RGO is calculated to 
be − 1.673 eV, showing a strong interaction between the molecule and 
the surface. This interaction results in a significant charge transfer of 
0.367 e− from the V2O5 molecule (adsorbate) to the RGO surface, as 
evidenced by the charge density difference analysis. This charge transfer 
modifies the electronic properties of the RGO surface, potentially 
enhancing its catalytic or sensing performance.

The electronic Density of States (DOS) analysis (Fig. 7a-c) reveals 
that the V2O5/RGO hybrid exhibits semi-metallic behavior, character
ized by finite DOS at energy levels near the Fermi level (EF). This finite 
DOS at EF significantly contributes to the total DOS and indicates 

enhanced electronic activity. Interestingly, this behavior changes 
slightly, suggesting robust electroactive properties and improved active 
sites for catalytic or electronic applications. Furthermore, the Partial 
Density of States (PDOS) calculations indicate that the conduction band 
minimum is predominantly governed by contributions from vanadium 
(V) d-orbitals, with additional contributions from oxygen (O) 2p-or
bitals, highlighting the synergistic interaction between vanadium and 
oxygen states in the hybrid structure. Fig. 6b, which illustrates the 
charge density difference, shows electrons accumulate on the RGO layer 
while V2O5 exhibits electron depletion, which may significantly enhance 
the photocatalytic efficiency.

Excited electrons in the conduction band react with oxygen mole
cules (O2) to produce superoxide radical anions (O− •

2 ) through: 

O2 + e− →O− •
2 (7) 

These radicals can further interact with protons (H+) to produce 
hydroperoxy radicals (HO•

2), which combine with O2 to generate 
hydrogen peroxide (H2O2) as: 

O− •
2 +H+→ HO•

2 (8) 

2HO•
2 → H2O2 + O2 (9) 

Simultaneously, valence band holes react with water (H2O) to produce 
hydroxyl radicals (OH•) as: 

H2O+ h+ → OH• + H+ (10) 

These highly reactive radicals attack Rhodamine-B (RhB) molecules, 
breaking them into non-toxic byproducts like carbon dioxide (CO2) and 
water (H2O). The graphene’s high conductivity enhances electron 
mobility, thus stabilizing reactive oxygen species (ROS) and improving 
catalytic activity. Furthermore, reduced graphene oxide (RGO) layers 
suppress charge recombination and enhance dye adsorption due to their 
high surface area, enabling efficient ROS-mediated degradation of RhB 
into environmentally benign products.

3.5. Optical properties

Fig. 8 illustrates a Tauc plot of V2O5 and V2O5 NRs/RGO nano
composites to visualize the shift in bandgap energy. The band gaps were 
determined using the following equation [49]: 

αhν=
(
hν − Eg

)1/2 (11) 

where Eg is the bandgap energy, hν is the photon energy, and α is the 
absorption coefficient.

Fig. 3. SEM images of (a) V2O5 bulk, (b) V2O5 NRs and (c–e) V2O5 NRs/RGO nanocomposites at different concentrations of RGO (4 %, 6 %, and 8 %).
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As shown in Fig. 8, the band gap of V2O5 nanorods is 2.78 eV, while 
the V2O5 NRs/RGO nanocomposites have a band gap of 2.74, 2.45 and 
2.30 eV for RGO concentrations of 4 %, 6 %, and 8 %, respectively. The 
reduction in the band gap with increased RGO concentration in the 
nanocomposites compared to V2O5 nanorods indicates higher optical 
absorption for V2O5 NRs/RGO. This implies that V2O5 NRs/RGO helps to 
improve the material’s photocatalytic activity.

3.6. Photocatalysis part

The V2O5 NRs/6 % RGO nanocomposite was prepared and evaluated 
as a catalyst for the decolorization of RhB under solar white light radi
ation through photocatalytic activity measurement. The UV–visible 
absorbance spectra of a 10 mg/L RhB dye solution were analyzed over 
time during the photocatalytic reaction. Pure V2O5 NRs (5 mg) achieved 
approximately 60 % decolorization of a 10 mL RhB dye solution in 240 

Fig. 4. EDX maps of V2O5 NRs and V2O5 NRs/RGO nanocomposites at different concentrations of RGO (4 %, 6 % and 8 %), on substrate of ITO.
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min, respectively (Fig. 9a and c), while the V2O5 NRs/6 % RGO nano
composite (10 mg) accomplished 82 % decolorization within the same 
time (Fig. 9b and c), this emphasizes the crucial role played by the RGO 
layer in nanocomposites. The presence of functional groups, such as 
carboxyl (-COOH) and hydroxyl (-OH), enhances the surface charac
teristics of RGO. Incorporating it into nanocomposites improves surface 
oxygen levels, reduces the bandgap, increases light absorption, and 
improves the electronic properties of V2O5 nanorods. Moreover, the 
combination of a large surface area and these functional groups’ exis
tence facilitates and promotes dye molecule adsorption. When 

comparing the photocatalytic performance of V2O5/RGO nano
composites for the degradation of MB and RhB dyes in previous studies 
(Table 3), the performance of our nanocomposites in this work is 
commendable.

The mechanistic details of this photocatalytic degradation process 
are as follows (Fig. 9d). The dye molecules move to the catalyst surface 
and engage in redox reactions with other surface-bound species. When 
photon energy exceeds or equals the bandgap energy of 2.86 eV, the 
electrons in the VB band absorb enough energy. They become excited 
and transition to the CB, resulting in holes (h+) in the valence band. The 

Fig. 5. Raman spectra of (a) V2O5 NRs and (b) V2O5 NRs/RGO nanocomposites at different concentrations of RGO (4 %, 6 %, and 8 %). XPS spectra of V2O5 NRs/ 
RGO nanocomposites with high resolution XPS peaks for (c) V 2p, (d) O 1s, and (e) C 1s.

Fig. 6. (a) Schematic of V2O5 cluse adsorbed on reduced graphene oxide (top view) and (b) plane-averaged charge density difference.

I. Boukhoubza et al.                                                                                                                                                                                                                            Journal of Physics and Chemistry of Solids 201 (2025) 112654 

7 



excited CB electrons can react with oxygen (O2) molecules to form su
peroxide radical anions (O2

− *), which can further interact with H+ ions 
to produce hydroperoxy (HO2*) radicals. These radicals subsequently 
combine with oxygen to generate hydrogen peroxide (H2O2). In parallel, 
VB holes can react with water (H2O) to form hydroxyl radicals (OH•). 
These reactive superoxide and hydroxyl radicals prevent electron-hole 
recombination and can break down dye molecules into non-toxic 
chemicals [18,53,54]. In this context, RGO layers reduce charge car
rier recombination, improve charge transfer, and boost photocatalytic 
efficiency. As a result, hydroxyl radicals turn Rhodamine B molecules 
into carbon dioxide (CO2), H2O, and other low-concentration decom
position products. In addition, the nature of predominant reactive 
oxidizing species (ROS) for RhB degradation with metal oxide/graphene 
derivative will be different according to specific characteristics of the 
material. Chauhan et al. [5] demonstrated that in V2O5/rGO composites, 
hydroxyl radicals (•OH) dominate the degradation process due to the 
generation of hydroxyl free radicals through the reaction of OH− ions 
with holes (h+), facilitated by the high surface area and functional 
groups of rGO. Xiao et al. [55] observed that in Ag2O/TiO2/rGO com
posites, superoxide anions (•O2

− ) play a key role, with rGO acting as an 
electron transport channel to promote ROS generation and suppress 
carrier recombination, thus enhancing photocatalytic performance. 

However, comparing these results is challenging due to variations in 
experimental conditions, catalyst properties, illumination source and 
the potential photosensitization effects of RhB, which complicate the 
precise identification of catalytic mechanisms [56].

4. Conclusion

In conclusion, V2O5 nanorods decorated with RGO layers via a hy
drothermal method were successfully synthesized and used for the 
photocatalytic degradation of Rhodamine-B dye. Characterization 
techniques such as XRD, SEM, and Raman confirmed the formation of 
V2O5/RGO nanocomposites. The functionalization with RGO reduced 
the band gap of V2O5, attributed to interfacial interactions between the 
two components. DFT study showed substantial interfacial binding and 
charge transfer, enhancing the electronic properties. Combined with 
improved charge separation and reactive oxygen species generation, 
these characteristics underline the hybrid’s potential for effective 
Rhodamine-B photocatalytic and other applications in catalysis. The 
V2O5/RGO photocatalyst demonstrated a significant increase in RhB 
degradation efficiency (82 % in 240 min) compared to pure V2O5 (60 
%). Integrating the two materials improved the charge-transport prop
erty and promoted the separation of photogenerated charge carriers.
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