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KEYWORDS ABSTRACT:
This study is focused on the synthesize of novel rGO/LaWO3 nanocomposite via hydrothermal method and
Hydrothermal the resulting nanomaterials are thoroughly characterized using several methods, including XRD, FE-SEM, EDS,
method FT-IR, UV-DRS, HR-TEM, and XPS, to confirm their structural, morphological, and optical properties. XRD
’ analysis reveals average crystallite sizes of 12.85 nm for WOs, 33.58 nm for LaWO3, and 59.59 nm for the
Methylene blue rGO/LaWO3 composite. UV-DRS analysis shows a decrease in the band gap from 1.81 eV for WOs to 1.62 eV
Photocatalytic for rGO{LaWO3. The photocatalytic performance of rGO{LaWOs .na.nocoTnpf)sites is f.:valuated for .the
study degradation of methylene blue (MB) dye under natural sunlight, achieving significantly higher degradation
efficiency than WO; and LaWOs. This enhanced photocatalytic performance is attributed to the synergistic
Antimicrobial effect between rGO and LaWOs, which promotes better charge separation. Kinetic studies confirm a pseudo-
applications. first-order reaction mechanism. Additionally, the nanocomposites demonstrate improved antibacterial activity

against S. aureus, E. coli, Salmonella typhi, and V. parahaemolyticus, further confirming their potential for
biomedical applications. These findings highlight the potential of rGO/LaWO; as high-performance
photocatalytic and antibacterial nanomaterials, making them strong prospects for wastewater treatment,
ecological cleanup, and biomedical uses.

visible light irradiation [3]. In recent years, the integration of
WO: with reduced graphene oxide (rGO) has been explored as an
effective method to further boost photocatalytic efficiency. rGO,
with its high surface area, excellent electrical conductivity, and

1. Introduction

The escalating concern regarding environmental pollution,
particularly the contamination of water resources by synthetic
dyes, has necessitated the development of efficient photocatalytic

A . ability to facilitate electron transfer, reduces the recombination of
materials that can effectively degrade harmful pollutants.

” . R : photogenerated electron-hole pairs, leading to enhanced
Solar-driven photocatalysis has garnered significant attention

among various remediation techniques due to its eco-friendly
nature, sustainability, and minimal ecological impact [1].
Tungsten trioxide (WOs) and its modified derivatives have shown

photocatalytic activity for dye degradation. The presence of rGO
in WOs-based composites facilitates better charge separation,
resulting in improved photocatalytic performance. The rising
global challenge of antimicrobial resistance [4] highlights the

great promise as photocatalysts, owing to their semiconductor
properties, chemical stability, and capability to degrade organic
dyes when exposed to UV and visible light. WO:s is a wide band-
gap semiconductor with considerable photocatalytic potential, its
activity under visible light is hindered by its poor charge carrier
mobility and limited performance in the visible light region [2].
To overcome these challenges, doping strategies have been
employed to enhance the photocatalytic efficiency of WOs. One
such approach involves doping WO with lanthanide elements
(La), such as neodymium (Nd**), cerium (Ce**), or europium
(Eu**), which have been found to improve the optical absorption,
facilitate charge separation, and increase the surface area of WOs,
thus enhancing its photocatalytic reactivity, particularly under
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need for novel strategies to combat pathogenic microorganisms.

Metal oxide nanoparticles, particularly lanthanum-doped
tungsten oxide (LaWOs), have attracted significant attention for
their enhanced antimicrobial properties due to their unique
physicochemical attributes. Lanthanum-doped WO;
nanoparticles, including NdWO;, CeWOs, and EuWO; have
demonstrated strong antibacterial activity by generating reactive
oxygen species (ROS), such as hydroxyl radicals and superoxide
ions, under light exposure [5]. These ROS can disrupt microbial
cell structures and lead to bacterial inactivation. WOs
nanoparticles have shown significant antimicrobial effects
against pathogens like Staphylococcus aureus and Escherichia
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coli by generating ROS under both UV and visible light exposure
[6]. Similarly, other metal oxide nanoparticles like zinc oxide
(ZnO), nickel oxide (NiO), and copper(I) oxide (Cu20) exhibit
similar photocatalytic and antimicrobial behavior, where ROS
generation induces oxidative damage to bacterial cells, leading to
bacterial death [7]. The incorporation of rGO into metal oxide
nanoparticles, including rGO/ZnO, rGO/NiO, rGO/Cu-0O, and
rGO/LaWOs, has been shown to enhance the antimicrobial
activity of these materials. The addition of rGO improves
electrical conductivity, promotes efficient electron transfer, and
increases light absorption, thereby boosting photocatalytic
efficiency and ROS generation [8]. The synergistic effect
between rGO and La-doped WOs nanoparticles results in superior
antimicrobial performance, particularly against pathogens such
as Salmonella typhi and Vibrio parahaemolyticus [9-10].In this
study, WO, LaWOs, and rGO/LaWOs; nanoparticles were
synthesized using the hydrothermal method. Various
characterizations, including XRD, FE-SEM, EDS, FT-IR, UV-
DRS, HR-TEM, and XPS, were conducted. The photocatalytic
and antimicrobial activities of WOs, LaWOs, and rGO/LaWOs
were then evaluated, with the results indicating that the
rGO/LaWOs nanoparticles exhibited superior photocatalytic and
antimicrobial performance.

2. Experimental
2.1. Materials:

Sodium tungstate, hydrochloric acid, lanthanum (III) chloride,
methylene blue, thiourea, and ethanol were obtained from Sigma-
Aldrich, and all compounds were used as received without further
purification.

2.2. Preparation of Graphene Oxide:

Graphene oxide (GO) was synthesized from graphite powder
using a modified Hummer’s method. First, 1.0 g of graphite
powder and 0.5 g of NaNOs were mixed into 23 ml of cooled
concentrated H2SOa. Then, 7.0 g of KMnOs was gradually added
with continuous stirring, maintaining the reaction temperature
below 10°C using an ice bath. After 30 minutes, the ice bath was
removed, and the mixture was stirred for an additional 30 minutes
at 35°C. Subsequently, 46 ml of distilled water was slowly added,
raising the temperature to 100°C, and this temperature was
maintained for 15 minutes. The reaction was terminated by
adding 140 ml of distilled water, followed by 10 ml of a 30%
H20: aqueous solution. The resulting solid was collected by
centrifugation and washed repeatedly with 5% HCI solution until
sulfate anions were undetectable with BaClL.. The final solid GO
was dried under vacuum at 50°C [11].

2.3. Preparation of Reduced Graphene Oxide

Reduced graphene oxide (rGO) was obtained by placing the black
powder of GO in a 200 ml beaker. Then, 20 ml of hydrazine
hydrate was added, and the mixture was heated on a hot plate at
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100°C to 150°C. After 15 minutes, 10 to 15 ml of water was
added dropwise to the mixture, and heating continued until the
mixture was dry. The dried powder was repeatedly washed and
centrifuged with water and acetic acid, and the pH was checked
each time to ensure it reached neutrality. The product was
collected as reduced graphene oxide (rGO) [12].

2.4. Synthesis of WO3 Nanoparticles

WO; nanoparticles were synthesized using the hydrothermal
method. First, 2.63 g of sodium tungstate was dissolved in 60 ml
of distilled water, and the solution was stirred for 10 minutes at
room temperature in a 250 ml beaker. Following this, 20 ml of
concentrated HCI was added dropwise to neutralize the mixture,
and then 0.5 g of NaOH, dissolved in 10 ml of water. This
addition caused the transparent solution to turn into a yellowish-
white precipitate. The mixture was stirred at room temperature
for 30 minutes. It was then transferred to a Teflon-lined autoclave
and heated to 130°C for 4 hours. After the reaction, the product
was washed several times with ethanol and distilled water to
purify the tungsten oxide nanoparticles [13]. The obtained
product was dried and then calcined at 400°C for 4 hours to yield
WO; nanoparticles.

2.5. Synthesis of La-doped WOs and rGO/LaWO:;
Nanocomposites:

Lanthanum-doped WOs nanoparticles were synthesized via a
hydrothermal method. Initially, 4.12 g of Sodium tungstate were
dissolved in 50 ml of distilled water and stirred vigorously to
ensure a homogeneous solution. The pH of the solution was then
carefully adjusted to approximately 7 using hydrochloric acid.
Subsequently, 0.55 g of lanthanum chloride (LaCls) was added to
the solution, followed by 30 minutes of continuous stirring.The
resulting solution was transferred to a Teflon-lined autoclave,
sealed, and subjected to hydrothermal treatment at 180°C for 12
hours. After cooling to room temperature, the nanoparticles were
collected by filtration, washed thoroughly with deionized water
and ethanol, and then dried in an oven at 60°C for 12 hours.
Finally, the dried nanoparticles were calcined at 400°C for 2
hours to obtain the final lanthanum-doped WOs nanoparticles
with controlled morphology.

To synthesize rGO/LaWOs nanoparticles, the procedure
described above was followed, with the addition of powdered
rGO to the LaWOs solution before proceeding with the
subsequent steps to obtain the composite material [13].

2.6. Photocatalytic Activity

The photocatalytic activity of the synthesized nanomaterials viz.,
WOs, LaWOs, and rGO/LaWOs, was evaluated against MB dye
under sunlight irradiation [14]. A 20 mg of the nanocatalyst was
mixed with 100 mL of 0.3 x 10~* mol/L MB dye solution, and the
mixture was stirred thoroughly. At regular intervals (5 mL every

10 minutes), samples of the
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sunlight-exposed nanocomposite solutions were taken for
absorbance measurement using UV-Vis spectroscopy [15]. The
dye degradation efficiency was calculated using the following
formula:

Degradation efficiency (%) =(Co - C) / Co x 100 (1)
3. Results and Discussion
3.1. X-ray Diffraction (XRD) Analysis

X-ray diffraction (XRD) was employed to investigate the
structural and phase properties of reduced graphene oxide (rGO),
tungsten trioxide (WOs), lanthanide-doped tungsten trioxide
(LaWO0:s), and their composite (rGO/LaWOs). The XRD patterns
are shown in Fig. 1. The XRD pattern of rGO exhibits a broad
diffraction peak at approximately 20 =~ 26.45°, corresponding to
the (002) plane of graphene oxide. The broadening of this peak
indicates a reduction in crystallinity, a characteristic feature of
rGO. Additionally, the absence of sharp diffraction peaks
confirms its amorphous nature. In contrast, WOs displays distinct
peaks at 20 values of 23.5°, 33.2°, 35.3°, 49.4°, and 55.6°
corresponding to the monoclinic phase of WO (JCPDS 83-
0950), with reflections from the (002), (020), (200), (202), and
(222) planes. For La-doped WOs (LaWO:s), peaks observed at 20
=29.04°,33.66° and 57.40° match the face-centered cubic (FCC)
structure (JCPDS 88-2336). This suggests that doping does not
significantly alter the phase or crystalline framework of WOs.
The XRD patterns of the rGO/LaWOs composite exhibits
diffraction peaks characteristic of both rGO and LaWOs. The
peak at 20 = 26.45° confirms the presence of rGO in the
composite, while the well-defined peaks associated with LaWOs
indicate no substantial phase alteration or structural distortion
due to composite formation. The crystallite sizes of WOs,
LaWOs, and rGO/LaWOs were determined using the Debye-
Scherrer equation:

0.91
B cosB (2)

D)=

where D is the crystallite size, K is a constant (0.9), A is the X-
ray wavelength (1.5406 A), B is the full width at half maximum
(FWHM) of the peak, and 6 is the diffraction angle. The
calculated average crystallite sizes were 12.85 nm for WOs, 33.58
nm for LaWOs, and 59.59 nm for the rGO/LaWOs composite.
These results indicate that the composite material exhibits a
larger crystallite size compared to its individual components,
suggesting that composite formation influences crystal growth
behavior.
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Fig.1. XRD patterns of a) rGO, b) WO3, ¢) LaWO3, and
d) rGO/LaWO3

3.2. FT-IR Analysis

Fourier-transform infrared (FT-IR) spectroscopy was employed
to examine the structural characteristics and bonding interactions
of reduced graphene oxide (rGO), tungsten trioxide (WO3),
lanthanum-doped WO3 (La-doped WO3), and the rGO/LaWO3
composite, as presented in (Fig.2a-2d). This method effectively
identifies the key functional groups and chemical bonds within
the materials [17]. The FT-IR spectrum of rGO (Fig. 2a) displays
a prominent peak at 1631 cm™!, which is associated with the C=C
stretching vibration of the graphene sheets. Additionally, a band
at 2850 cm™! is observed, corresponding to the C—H stretching
vibrations, which suggests the presence of oxygenated functional
groups, such as hydroxyl or epoxy, on the surface of rGO [18]. In
the case of WOs (Fig.2b), a distinct absorption peak at
approximately 650 cm™! is observed, corresponding to the W-O
stretching vibration, which confirms the presence of tungsten
oxide and highlights the characteristic bonding in WO3.The FT-
IR spectrum of La-doped WOs (Fig.2¢) shows a similar W-O
stretching vibration around 756 cm'. However, slight shifts in
peak positions and variations in intensity indicate that the doping
of lanthanum (La) ions has influenced the local structure and
bonding of the WO; lattice. These changes suggest a
modification of the tungsten oxide framework due to the
incorporation of La
ions, which alters the electronic environment around the tungsten
atoms. For the rGO/LaWOs3 composite (Fig.2d), additional peaks
corresponding to rGO are evident. The 1631 cm’! band
corresponds to the C=C stretching of rGO, while the 2918 cm™!
band is attributed to C—H stretching vibrations. The characteristic
W-O peaks from both WO; and La-doped WOs3 are still
observed, suggesting that the tungsten oxide structure remains
intact within the composite material [19]. These FT-IR results
confirm the successful integration of rGO into the La-doped WO3
structure, providing strong evidence that the composite maintains
the structural integrity of both components. This incorporation
likely enhances the photocatalytic properties of the material by
promoting a more efficient charge transfer between rGO and the
La-doped WO3, thereby improving overall performance.
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Fig.2. FT-IR spectra of a) rGO, b) WOs3, ¢c) LaWO3,
and d) rGO/LaWO3

3.3. UV-DRS Spectra and Tauc Plot Analysis

The UV-DRS spectra of WOs, La-doped WOs, and rGO/LaWOs
are shown in Fig.3a, 3b, and 3c, respectively. The UV-DRS
spectrum of WO; exhibits strong absorption in the ultraviolet
(UV) region, with a band gap of 1.81 eV, which is characteristic
of tungsten oxide’s electronic transitions [13]. For La-doped
WOs, the absorption spectrum shows a slight redshift,
Indicating a narrowing of the band gap to approximately 1.74 eV.
This reduction in band gap is attributed to the incorporation of
lanthanum ions, which alter the electronic properties of WOs,
enhancing light absorption and potentially improving
photocatalytic performance under visible light [20]. The UV-
DRS spectrum of the rGO/LaWOs composite displays further
enhancement in absorption across a broader wavelength range,
with the estimated band gap reduced to 1.62 eV. This additional
band gap reduction can be attributed to the synergistic effect of
lanthanum doping and the presence of reduced graphene oxide
(rGO). The rGO component facilitates efficient charge transfer,
contributing to enhanced photocatalytic performance by
promoting better visible-light absorption [21]. The corresponding
Tauc plots for WO, La-doped WO, and rGO/LaWOs were
obtained by plotting (ahv)? versus photon energy (hv), as shown
in Fig. 4. The linear regions of these plots were extrapolated to
the x-axis to determine the respective band gap values [16]. The
Tauc plots confirmed the band gap values obtained from UV-
DRS spectra, with WO, La-doped WOs, and rGO/LaWOs
exhibiting band gaps of 1.81 eV, 1.74 eV, and 1.62 eV,
respectively. These findings highlight the effectiveness of
lanthanum doping and rGO incorporation in narrowing the band
gap, which could significantly improve photocatalytic activity
under visible light.

2) WOy b) LaWw 0, ) rGOLaWO,

x W ow om @ om

Wavelength (nm) Faroghim)

Wavelengthnm)

Fig.3. UV-DRS spectrum of a) WO3, b) LaWO3, and
¢) rGO/LaWO3

704

2 WO, b) LaWO, O 1GOLaWO0,

Feon?

IFEm

181eV 1626V

1 1 3 ‘ " 15 w % un " 135 w % w
vieV) InfeV) WieV)

Fig.4. Tauc plot of a) WO3, b) LaWOs3, and ¢) rtGO/LaWO3
3.4. FE-SEM and EDS Characterization

The FE-SEM images and EDS spectra of the synthesized
nanomaterials viz., rtGO, WOs, La-doped WOs, and rGO/LaWOs,
are displayed in Figures 5 and 6. Each material exhibits distinct
morphological characteristics. The FE-SEM image of rGO
(Fig. 5a) displays a sheet-like structure, which is a characteristic
feature of reduced graphene oxide [22]. In contrast, WO (Fig.
5b) consists of aggregated particles, a typical morphology
observed in tungsten oxide materials. The La-doped WOs (Fig.
5c¢) exhibits a similar agglomerated morphology, with slight
variations in particle size and distribution, likely due to
lanthanum ion (La) doping. This doping affects particle
arrangement and local bonding within the WOs framework. In the
rGO/LaWOs composite (Fig. 5d), La-doped WOs particles are
uniformly dispersed on the surface of the rGO sheets. This even
distribution confirms the successful integration of La-doped WOs
onto rGO, which enhances photocatalytic activity by improving
charge transfer interactions between the components.

Fig.5. FE-SEM surface morphology analysis of) rGO, b) WO3,
¢) LaWOs and d) rGO/LaWOs3

The elemental composition of the materials was further analyzed
using EDS. The EDS spectra (Fig. 6) confirm the presence of the
expected elements in each sample. The rGO spectrum exhibits a
peak corresponding to carbon (C) [23], while the WOs and La-
doped WOs samples show peaks for tungsten (W), oxygen (O),
and lanthanum (La). The EDS spectrum of the rGO/LaWOs
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composite displays peaks for carbon, tungsten, oxygen, and
lanthanum, validating the successful synthesis of the composite

material.
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Fig.6. EDX analysis of a) rGO, b) WO3, ¢) LaWO3, and
d) rGO/LaWO3

3.5. HR-TEM Analysis of rGO/LaWOs Composite

The high-resolution transmission electron microscopy (HR-
TEM) images (Fig. 7a & 7b) of the rGO/LaWO; composite
reveal distinct structural features, confirming the successful
integration of reduced graphene oxide (rGO) [24] and lanthanum-
doped tungsten oxide. The rGO sheets exhibit a characteristic
layered structure, acting as an effective scaffold for the uniform
dispersion of LaWOs nanoparticles. This uniform dispersion
prevents particle agglomeration and enhances interfacial
interactions between rGO and La-doped tungsten oxide, which is
crucial for improving electronic conductivity and facilitating
efficient charge separation both essential for enhanced
photocatalytic performance [25]. The high-resolution lattice
images (Fig. 7c¢) display well-defined lattice fringes with
spacings of 1.85 nm, 2.64 nm, and 2.66 nm, corresponding to the
(220), (104), and (200) crystal planes of LaWOs. These
interplanar distances confirm the high crystallinity of the
material. The presence of well-ordered lattice fringes indicates
that the LaWOs nanoparticles possess a highly crystalline
structure, which is essential for efficient electron transport and
charge carrier migration which is a key factor for enhancing
photocatalytic efficiency. Further confirmation of the crystalline
nature of the rtGO/LaWOs composite is provided by the Selected
Area Electron Diffraction (SAED) patterns (Fig. 7d). The SAED
patterns exhibit distinct diffraction spots that correspond to the
LaWOs phase, reinforcing the conclusion that the composite
retains a high degree of crystallinity, which is vital for optimizing
photocatalytic activity [26]. The sharp diffraction patterns further
suggest that the rGO and LaWO: phases are well-aligned,
contributing to the enhanced stability and overall performance of
the material.
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Fig.7. HR - TEM image of lattice fringes and SAED patterns of
rGO/LaWOs3

3.6. XPS Analysis

X-ray photoelectron spectroscopy (XPS) was conducted to
analyze the surface elemental composition and oxidation states
of the elements in the rGO/LaWOs composite, as shown in Fig.
8. The survey spectrum of rGO/LaWOs was recorded over a
binding energy range of 0 to 1200 eV, identifying the presence of
key elements: carbon (C), oxygen (O), tungsten (W), and the
lanthanum (La). This confirms the successful formation of the
composite [22]. The W 4f spectrum of tGO/LaWOs exhibits two
prominent peaks at approximately 35.7 eV and 37.8 eV,
corresponding to the W 4f;» and W 4fs. binding energies,
respectively [27]. These peaks are characteristic of the W¢*
oxidation state, indicating that the tungsten oxide phase remains
stable within the composite. The O 1s spectrum shows a strong
peak around 530 eV, which is typically associated with oxygen
atoms bonded to tungsten in WOs, confirming the presence of
oxygen within the lattice structure [28]. The C 1s spectrum
features a prominent peak at 285.03 eV, attributed to C—C bonds
in the rGO sheets [29]. This confirms the incorporation of
reduced graphene oxide in the composite and suggests effective
integration of rGO with the La-doped WO; matrix. For the
lanthanum element (La), distinct peaks are observed at 836.5 eV
and 852.3 eV, corresponding to the La 3ds» and La 3ds. states of
the lanthanum
used for doping WOs. These peaks confirm the successful doping
process, and the binding energy values further support the
incorporation of lanthanum into the composite. Overall, the XPS
analysis provides a comprehensive understanding of the
elemental composition and chemical states of the surface
components in the rGO/LaWO; composite. The results confirm
the successful integration of rGO with La-doped WOs, indicating
that the composite maintains the structural integrity of WOs while
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benefiting from enhanced electronic and structural properties
introduced by the lanthanum dopant.
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Fig.8. X-ray photoelectron spectroscopy analysis of
rGO/LaWO;

3.7. Photocatalytic Activity

Recent studies have demonstrated the effective photocatalytic
degradation of methylene blue (MB) dye under natural sunlight
using various photocatalysts [30]. These include tungsten oxide
(WO0:5), lanthanum-doped WOs (La-doped WOs), and reduced
graphene oxide (rGO) integrated with La-doped WOs
(rGO/LaWOs) composites, as illustrated in Fig. 9 [31]. The
synthesized photocatalysts exhibited varying degradation
efficiencies: WOs (59.4%), La-doped WOs (74.5%), and
rGO/LaWOs (92.8%), with a catalyst concentration of 20 mg/mL.
WOs alone displayed moderate photocatalytic activity, achieving
a degradation efficiency of 59.4%. This performance is attributed
to its adequate surface area and light absorption properties [32].
However, its relatively low charge carrier separation efficiency
limits its overall photocatalytic effectiveness. The incorporation
of lanthanum (La) elements into WOs; (La-doped WOs)
significantly enhanced the photocatalytic efficiency, increasing
the degradation rate to 74.5%. Lanthanum doping improves
charge carrier separation, broadens the absorption spectrum, and
introduces additional active sites, all of which contribute to a
more efficient photocatalytic degradation process [33]. Further
enhancement was observed with the addition of reduced
graphene oxide (rGO) to La-doped WOs, resulting in an even
higher photocatalytic activity. The rGO/LaWOs composite
achieved an impressive degradation efficiency of 92.8%. The
rGO component acts as an efficient electron sink, reducing
charge carrier recombination and facilitating electron-hole
migration to the surface for redox reactions. Additionally, rGO
enhances overall charge transfer, increases the number of active
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sites, and significantly improves photocatalytic performance
under sunlight [34]. This synergistic combination of rGO and La-
doped WOs results in a highly efficient photocatalyst for MB dye
degradation under natural sunlight.

3 WO, b) LaWO, 4)rGO/LaWO,

—
—10mia
— 0w
— Hmis
— domia
—0 i
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W o ko m o w W oo W
Winelength (o) oo (o)

Wavckength (am)

Fig.9. Photocatalytic degradation of a) WOs, b) La-doped WO:s
and c¢) rGO/LaWOs

A clear linear relationship between In(Co/C;) and time was
observed, confirming that the degradation process follows
pseudo-first-order kinetics, as shown in Fig. 10. The calculated
rate constants for WOs, LaWOs, and rGO/LaWOs were 1.36 x
10#min", 1.71 X 10* min™" and 2.13 x 10~* min ™! respectively.
Notably, rGO/LaWOs exhibited the highest rate constant,
indicating its superior photocatalytic performance. These results
highlight the synergistic effect of rGO and lanthanide doping in
enhancing the photocatalytic degradation of MB dye. The
photocatalytic degradation process occurs when WOs, LaWOs,
and rGO/LaWOs nanoparticles absorb light energy equal to or
greater than their bandgap, exciting electrons (e7) from the
valence band (VB) to the conduction band (CB) and generating
electron-hole pairs (e /h*). The photogenerated electrons reduce
oxygen molecules, forming superoxide radicals (O2¢"), while the
holes oxidize water to produce hydroxyl radicals (*OH). These
reactive species, particularly hydroxyl radicals, play a crucial role
in degrading organic pollutants such as MB dye, breaking them
down into non-toxic byproducts. The degradation of MB dye
primarily occurs through oxidation by hydroxyl radicals and
superoxide anion radicals, as demonstrated by the following
mechanism [35].

* WO,
® LaWo;
@ rGO/LaWO,

In(C/C)

o
-
=)
N
3
W
°
a
S
@
-}
3
=3

Time (min™)

Fig.10. Pseudo-first order plot of a) WOs, b) La-doped WOs and
¢) rGO/LaWO;
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In these reactions, hydroxyl radicals ("OH) and superoxide
radicals (O2¢") are pivotal in the degradation of MB dye [36],
facilitating its breakdown into environmentally benign
byproducts such as COz and H.0. The rGO/LaWO3 composite,
combining the electron-accepting characteristics of rGO with the
enhanced charge separation facilitated by lanthanum doping,
serves as a highly efficient photocatalyst for the degradation of
organic pollutants when exposed to natural sunlight.
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he he | he
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Fig.11. Schematic illustration of the photocatalytic degradation
mechanism

3.8. Antibacterial Activity

The antibacterial properties of WOs, LaWOs, and rGO/LaWOs
nanomaterials were assessed against a range of Gram-negative
and Gram-positive bacterial strains at varying concentrations
(250 pg/ml, 500 pg/ml, and 1000 pg/ml) using the disc diffusion
method [37]. Ampicillin was used as the standard antibiotic for
comparison [38]. All three nanomaterials exhibited notable
antibacterial activity against all tested strains. As shown in Fig.
12 and summarized in Table 1, WOs nanoparticles demonstrated
concentration-dependent inhibition across all bacterial species
[38]. The most significant inhibition was observed against Vibrio
parahaemolyticus (15 mm at 1000 pg/ml), which was
comparable to the inhibition zone of Ampicillin (16 mm) for the
same bacterium. As depicted in Fig. 13 and summarized in Table
2, LaWO:; nanoparticles also exhibited concentration-dependent
antibacterial activity. Notably, LaWO; displayed a similar zone
of inhibition against Escherichia coli (9 mm for LaWOs vs. 10
mm for Ampicillin). The highest inhibition by LaWO; was
recorded against V. parahaemolyticus (14 mm at 1000 pg/ml). In
contrast, as shown in Fig. 13 and summarized in Table 3, the
rGO/LaWO; nanocomposite demonstrated the most potent
antibacterial effect overall, showing concentration-dependent
inhibition against all bacterial strains. Notably, rGO/LaWOs
exhibited a zone of inhibition against E. coli (7 mm) that was
slightly lower than that of Ampicillin (10 mm). The maximum
inhibition was observed against V. parahaemolyticus (15 mm at
1000 pg/ml). The antibacterial activity of these nanomaterials
can be attributed to several mechanisms. The positively charged
surface of the materials can interact with the negatively charged
bacterial cell membranes, leading to membrane destabilization.
Additionally, upon exposure to light or other stimuli, these
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nanomaterials can generate reactive oxygen species (ROS) [39],
which can damage cellular structures such as proteins, lipids, and
DNA, ultimately leading to bacterial cell death. Overall, the
results demonstrate that WOs, LaWOs, and rGO/LaWOs
nanomaterials possess significant antibacterial activity against a
broad spectrum of bacterial strains. LaWOs and rGO/LaWO:;
exhibited the most promising results, with rGO/LaWOs showing
enhanced activity compared to WOs. The improved antibacterial
performance of tGO/LaWO: relative to pristine WOs and LaWO;
is likely attributable to synergistic effects between the
components [40].

Salmonella sp V. parahaemolyticus

Fig.12. Antibacterial activity of WO3

Zone of inhibition
S. (mm) Standard
No Organism Concentration (Ampicillin)
(ng/ml)
1000 | 500 | 250
1 S. aureus 9 9 8 11
2 E. coli 6 6 5 10
3 Salmonella typhi 7 6 6 13
4 parahzle]j;lo(;yticus 15 14 14 16

Table.1. Antibacterial activity of WO;

Salmonella sp

Fig.13. Antibacterial activity of LaWO3

V. parahaemolyticus
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Zone of inhibition Standard
S. ; (mn)
Organism i
No Concentration (Ampicillin)
(ng/ml) P
1000 | 500 | 250
S. aureus 10 U 6 L
2 E. coli 9 8 8 10
3 | Salmonella typhi 9 7 6 B
A Vibrio . 14 13 | 11 16
parahaemolyticus

Table.2. Antibacterial activity of LaWO3

Staphylococcus aureus E.coli

0 b

_ O

Salmonella sp V. parahaemolyticus

Fig.14. Antibacterial activity of rGO/LaWOs3

Zone of inhibition

S. Standard
(mm)
No Organism (Ampicillin)
E Concentration P
(ng/ml)
1000 | 500 | 250

1 S. aureus 10 9 9 11

2 E. coli 7 7 6 10

3 Salmonella typhi 9 9 7 13

4 Vibrio 15 | 13 | 11 16

parahaemolyticus

Table.3. Antibacterial activity of tGO/LaWO3
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Conclusion

This study explores the synthesis and characterization of tungsten
trioxide (WOs), lanthanum-doped tungsten trioxide (LaWOs,
with neodymium as the dopant), and reduced graphene
oxide/lanthanum-doped  tungsten trioxide (rGO/LaWOs)
composites via the hydrothermal method. The study evaluates
their photocatalytic performance in the degradation of methylene
blue (MB) dye under natural sunlight. The synthesized materials
were thoroughly characterized using various techniques,
including XRD, FE-SEM, EDAX, FT-IR, UV-DRS, HR-TEM,
and XPS. XRD analysis confirmed the monoclinic and hexagonal
structures of WOs and LaWOs;, respectively, while the
rGO/LaWOs composite maintained the crystallinity of both
components. UV-DRS measurements revealed a reduction in the
band gap from 1.81 eV for WOs to 1.62 eV for rGO/LaWOs result
in enhancing its photocatalytic efficiency. The presence of rGO
facilitated better dispersion of LaWO; nanoparticles, forming a
conductive network that improved charge transfer. Photocatalytic
tests showed that rtGO/LaWOs exhibited superior methylene blue
degradation (92.8%), outperforming both WOs (59.4%) and
LaWOs (74.5%). This enhanced performance is attributed to the
synergistic interaction between rGO and LaWOs, which
promotes effective charge separation and electron transfer. The
degradation process followed pseudo-first-order kinetics, with
the highest rate constant observed for rGO/LaWOs (2.13 x 10™*
min'). Additionally, rGO/LaWOs; demonstrated improved
antibacterial activity against common pathogens such as S.
aureus, E. coli, Salmonella typhi, and Vibrio parahaemolyticus,
suggesting its promising potential in antimicrobial applications.
These results indicate that rGO/LaWO; holds significant
potential for photocatalytic and microbial applications leading to
the environmental and health remediations.
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