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Abstract: This current work revealed a single-step fabrication of tungsten oxide nanoflakes (WO3

NFs) with the help of Terminalia arjuna bark extract. Bioactive phytoconstituents of T. arjuna bark
extract were involved in the nucleation process and promoted the material crystalline growth in
a particular direction. The as-prepared sample thermal decomposition was analyzed by TG/DTG.
The as-prepared sample was annealed at 300 ◦C for 2 h, and the annealed sample was characterized
by UV-Vis-DRS, FTIR, Raman, XRD, SEM, EDX, and TEM. Synthesized WO3 samples showed a
monoclinic phase of the flake-like structure with lengths of 25~230 nm and diameters of 25~120 nm.
The WO3 NFs were evaluated against S. aureus and E. coli. Over 3 mg concentrations of WO3 NFs
outperform the positive control in antibacterial activity. The pseudo-first-order kinetics of the WO3

NFs enhanced the photocatalytic performance of methylene blue (MB). These results prove that WO3

NFs have sustainable performance in antibacterial and MB degradation applications.

Keywords: Terminalia arjuna; bark extract; nano-flakes; reactive oxygen species; photodegradation

1. Introduction

Bacterial infections have recently been identified as a major global health threat [1].
For the most part, organic antibiotics have been utilized to treat human bacterial diseases,
resulting in bacterial pathogens becoming resistant to antibiotics. However, novel classes
of antibiotics slow their further development [2]. On the other hand, the prime source of all
living organisms for sustainable development needs is water. The discharges of industrial
effluents, especially from the textile industry, such as azo dye, phenyl matter, and toxic
organic substances resistant to degradation and decomposition by biological treatment,
cause severe water pollution. Chemical markers and biological staining procedures em-
ploy methylene blue (MB), a cationic dye. Due to the high chromatic nature and poor
biodegradability, it has been complicated to process degradability. More importantly, it
causes various harmful effects on human health care, such as diarrhea, vomiting, severe
headache, and methemoglobinemia-like syndrome. In addition, it significantly affects
the waterbody phytoplankton photosynthesis and microorganism metabolic activity in
the water environment [3–6]. Photocatalyst is one of the novel methods to prevent water
pollution. Two-dimensional (2D) nanomaterials are efficient catalysts for solving bacte-
rial pathogens, mosquito vectors, and environmental remediation problems. Nowadays,
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researchers have placed their attention on nanomaterials because they have been used
for catalysts’ action to produce bio-alcohols due to their reusability. Hitherto, metal and
metal oxide Co, Mn, Fe2O3, CuO, ZnO, SiO2, and composites of CoFe2O4@SiO2, SrO/SiO2,
CaO-Au, and ZnO–Ag have been used in bioethanol and biobutanol fermentation [7].
Because of their high surface-to-volume ratio, 2D nanostructured materials have recently
gained interest for their potential for separation and catalysis. Mainly tungsten oxide
(WO3)-based nanomaterials have been utilized for photocatalysis, sensing, electrochromic
devices, paints, dye-sensitized solar cells, CO2 reduction, batteries, air purification, cancer
therapy, and antimicrobial agents [8,9]. They have become more prevalent in recent years
because of their inexpensive production costs, configurable bandgap, and great solubility
in aqueous solutions under acidic conditions [10]. Typically, WO3 nanoparticles (NPs)
are synthesized by physical and chemical methods such as solvothermal [11], sol-gel [12],
reactive magnetron sputtering [10], thermal decomposition [13], acid precipitation [14],
hydrothermal synthesis [15], and ion-exchange processes [16]. Supothina et al. [14] re-
ported WO3 NPs synthesized by the acid precipitation method. The 5.3, 10, and 16 mM
concentrations of ammonium tungstate were investigated using 1.5, 3.0, 4.5, and 6.0 pH.
In addition, >3 pH concentrations showed a better yield of WO3. The average size was
30 nm, and the nanoplate dimension was 190 ± 15 nm wide and 50 ± 5 nm thick. The
acid precipitation method leads to a 2D nanostructure. However, these physical and
chemical methods are expensive; reducing agents and organic solvents are harmful to
the environment, high energy, and time-consuming. Therefore, researchers have paid
attention to the single-step green synthesis method as an alternative for toxic reducing
agents, which is less time-consuming and has large-scale production and ease of handling.
Plant-based extracts such as leaves, stems, bark, and roots are rich sources of bioactive
reducing compounds and capping agents and can be used for metal and metal oxide NPs
or nanomaterial synthesis [17]. The size and shape of nanomaterials from plant extracts
vary. According to the literature survey, we chose Terminalia arjuna bark extract to prepare
WO3 nanomaterial. It contained phytoconstituents of apigenin, arjun glucoside, arjunic
acid, arjunetin, flavonoids, tannins, and triterpenoids [18]. Previously, metal and metal
oxide NPs have successfully been synthesized by this plant bark extract [19,20]. We expect
that plant bark extract phytoconstituents are helpful in improving the nucleation process
leading to different orientations of WO3 material growth.

Our research focuses on the single-step synthesis of WO3 nanoflakes (NFs) utilizing
T. arjuna bark extract. The optical, functional, structural, and topological features of
synthesized WO3 NFs were investigated. Then, they can be used for antibacterial and
photocatalytic applications. The synthesized WO3 NFs had a considerable effect on all
activities. To our knowledge, this is the first report on the single-step fabrication of 2D-WO3
NFs utilizing T. arjuna bark extract.

2. Materials and Methods
2.1. Chemical

Himedia, India, provided the nutrient agar and positive control growth media, sterile
disk used in this study, whereas Sigma Aldrich supplied the tungstic acid 99%. The
experiment was conducted using water that was twice as far apart as normal.

2.2. Plant Material and Microorganism Collection

The T. arjuna bark utilized in this research was obtained from Alagappa University
Botanical Garden in Karaikudi, Tamil Nadu. The Department Herbarium completed the
taxonomical identification of plants with the help of the Flora of the Madras Presidency,
India. The Ramakrishna Mission Vivekananda College’s Postgraduate and Research De-
partment of Plant Biology and Plant Biotechnology graciously contributed to the bacterium
strains (Staphylococcus aureus and Escherichia coli).
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2.3. Plant Bark Extraction Method

Boiling 10 g of T. arjuna bark for 10 min in 100 mL of double-distilled water and
allowing it cool to 35 ◦C produced the extract, and it was filtered with Lab world test filter
paper 100 dia with 12.5 cm. The obtained solution was used for further experimental uses.

2.4. Synthesis of WO3 NFs

WO3 NFs were produced in a typical experiment through a one-step green synthesis
process. For this experiment, we used 475 mL of double-distilled water to dissolve 2.5 g of
tungstic acid and kept the mixture constantly stirred using a magnetic rod. We added 25 mL
of bark extract and stirred it with a magnetic stirrer for 12 h at 80 ◦C. Subsequently, this
yellowish mixture turned into a greenish-yellow color. The continuous stirring pH of the
solution was revealed to decrease from 3.5 to 2.5. Parallelly, the non-plant extract method
synthesized WO3 as-prepared sample (reduced the pH 2.5 by diluted HCl). Further, the
greenish-yellow precipitate was obtained at two-fourths of the precursor, and this sample
was annealed at 300 ◦C for 2 h in an air atmosphere. Finally, collected WO3 as-prepared
nano-powder was gently grounded by the mortar and pistil. Lastly, we obtained one-half
of the sample. Obtained WO3 nano-powder was stored in a desiccator chamber to avoid
the atmosphere’s moisture content.

2.5. Characterization of WO3 NFs

The STA 6000 thermogravimetric analyzer (Perkin Elmer Co., Ltd., Shelton, CT, USA)
was used to assess the thermal behavior of the as-prepared sample in a flow of (20 mL/min)
N2 atmosphere; the temperature increased at 5 ◦C/min from 30 to 725 ◦C. Samples weighed
a total of 21.26 mg. UV-Vis spectroscopy examination was performed on synthetic WO3
NFs, and a wavelength range of 100 to 1500 nm was recorded using the Shimadzu UV-1600,
Tokyo, Japan. Samples of WO3-NFs were mixed with KBr pellets, and FT–IR spectropho-
tometers (Bruker Vector 26 spectrometers) were used to identify the functional groups in
the sample. RigakuMiniflex X-ray diffractometer (Cu K, 1.5406 A◦) was used to analyze the
material’s crystalline structure from 10◦ to 90◦. The vibrational frequency of the sample
was characterized with Bruker-Tensor 27 series spectrophotometer (Bruker Optik GmbH,
Ettlingen, Germany) via Raman microscopy (Renishaw, Wotton-under-Edge, UK). We used
a Zeiss Field emission scanning electron microscope (FE–SEM) coupled with energy disper-
sive spectroscopy (EDS) to examine the surface morphology and elemental compositional
features. The image was taken at 20 kV voltage and 10 mm working distance. The particle
in the sample was dispersed using ultrasonic separation. The WO3 NFs were studied using
a high-resolution transmission electron microscope (HT-TEM), Tecnai G2 20 S-TWIN TEM,
with an accelerating voltage of 200 kV. A minute sample was added to 1 mL ethanol for
HR-TEM sample preparation and sonicated for 60 min. Then, the solution was drop cast
on a carbon-coated Cu-grid.

2.6. Antibacterial Activity

The antibacterial activity of WO3 NFs was assessed using the agar-disk diffusion
technique on S. aureus and E. coli. Each bacterial strain was cultivated in an aseptic nutrient
broth medium for 24 h at 37 ◦C. It was then carefully poured onto Petri plates to cool. Then,
each bacterial suspension was dispersed uniformly across nutrient agar plates. The sterile
disk containing 1, 3, 5, and 10 mg WO3 NFs was then put over the medium using sterile
forceps. The positive control was amoxicillin (30 mg). After 24 h of incubation at 37 ◦C,
the inhibition zone diameter produced around the disk was measured. The antibacterial
activity was performed as n = 3 independent experiments. All results were expressed as
means ± standard error (means ± SE).

2.7. Photocatalytic Activity of Methylene Blue

Photodegrading methylene blue (MB) was evaluated for its photocatalytic activity
under 300 W Xe lamp illumination. Before, 40 mL L−1 MB suspension and 40 mg WO3 NFs
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were used. MB absorption–desorption equilibrium was established on the photocatalyst by
stirring this solution for 30 min before light illumination. Irradiated samples were taken out
every 10 min for extraction and centrifugation for 10 min. A UV-Vis spectrometer measured
the MB dye absorption wavelength at 663 nm to determine the dye concentration [20].

3. Results and Discussion
3.1. TG/DTG Measurements of WO3 NFs

TG is a technique that determines the mass of a sample over time as the temper-
ature varies in a controlled environment. DTG is used to determine a sample’s phase
transition and thermal behavior. This measurement offers information regarding thermal
breakdown absorption, desorption, and kinetic composition analysis. TG/DTG curves
of as-synthesized WO3 as-prepared nano-powder exhibited three thermal decomposition
steps. Whereas, over 600 ◦C, no weight loss was observed in TG, as shown in Figure 1. The
first weight loss < 100 ◦C (2.5%) was assigned to water dehydration for the DTG curve.
The second weight loss from 200 to 300 ◦C (7.5%) was attributed to the decomposition and
combustion process of the bio-organic matrix. From 500 to 600 ◦C (7%), the third step was
the related crystallization of tungsten oxide.
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3.2. Optical Properties of WO3 NFs
3.2.1. UV-Vis-DRS Analysis

Figure 2 shows the UV-Vis-diffuse reflectance spectrum of WO3 NFs. Its n-type W=O
bond shifted its absorption to the π-type at 330 nm. For this reason, the Kubelka–Munk
equation uses the function equation below [21].

Kubelka-Munk equation: K = (1 − R)2/2R (1)

where R = reflectance, F(R) = absorbance. After calculation, the bandgap value was
determined to be 2.66 eV. Similarly, Huang et al. reported WO3 nanorods and revealed a
bandgap at 2.48 eV. WO3 nanorods have a 450 nm absorption peak [22]. Simultaneously,
WO3 nanosheets displayed a red-shifted band edge with 2.75 and 2.38 eV band gaps. The
bulk WO3 bandgap was typically 2.6–3.0 eV. The photogenerated electron-hole pairs on
the WO3 surface lower the bandgap when electrons move from valance to the conduction
band [23].
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3.2.2. FT-IR Analysis

Figure 3 shows the FT-IR spectrum of synthesized WO3 NFs. The band at 3006 cm−1

was due to tungsten oxide -OH stretching vibrations [22]. It relates to O-H bending vibra-
tions. Strong bands at 809 and 733 cm−1 correspond to W-O-W stretching vibration [24,25].
The wide absorption peak at 1000–500 cm−1 was previously thought to be due to stretching
vibrations in the WO3 crystal lattice [26,27]. Earlier studies showed a similar tendency [28].
Non-plant extract synthesized WO3 spectrum did not show OH stretching and bending
vibration. At the same time, the FTIR spectrum of plant bark extracts with various func-
tional group peaks related to the bioactive compounds of T. arjuna [18,19]. However, this
plant bark-extract functional groups did not appear in the 300 ◦C 2 h annealing sample. It
confirmed the formation of WO3 material.
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3.2.3. Raman Analysis

Figure 4 depicts the intensive Raman bands observed at 71 and 135 cm−1 in the low-
frequency region, owing to the lattice vibration modes. Similar vibration modes were
obtained below at 200 cm−1 in the WO3, which agrees with the previous results [29]. In
the Raman spectrum of WO3 NFs, there were four distinct peaks at 273, 326, 712, and
807 cm−1. The W-O-W bending vibration produced two smaller peaks at 273 and 326 cm−1.
Subsequently, the two high-intensity peaks centered at 712 and 807 cm−1 are related to
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W−O−W stretching vibration [30,31]. Recently, WO3 NPs produced by Fusarium solani
revealed two lower-intensity peaks at 267 and 324 cm−1 with a flake-like appearance [32].
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3.3. XRD Analysis

The XRD analysis provides phase identification, sample purity, and crystallite size
information. Depicted in Figure 5, the XRD patterns of the WO3 NFs show four main peaks
at 2θ = 23.11, 23.58, 24.38, and 34.15◦ ascribed to indexed with the planes (0 0 2), (0 2 0),
(2 0 0), and (2 0 2), respectively. The XRD pattern categorized the monoclinic phase of WO3
with unit-cell values of a = 7.29 Å, b = 7.53 Å, and c = 7.68 Å, according to JCPDS card
no.1314358. The relative four intensities planes (0 0 2), (0 2 0), (2 0 0), and (2 0 2) indicated
the highly crystalline nature of the WO3 phase. Parthibavarman et al. reported that WO3
nanorods and nanosheets showed (0 0 2), (0 2 0), and (2 0 0) planes leading to a high
crystalline nature [33]. However, the intensity of the (0 0 2) plane was increased for WO3
nanorods compared to WO3 nanosheets. Our result was consistent with the aforementioned
WO3 nanosheet’s crystalline nature [33].
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3.4. FE-SEM with EDX Analysis

FE-SEM analysis provides a surface topology that leads to two-dimensional images
with high resolution. As shown in Figure 6, this synthesized method obtained the flake-like
morphology of WO3 NFs. Furthermore, the elemental composition, weight, and atomic
percentage are classified by the EDX spectral analysis. The EDX profile of WO3 NFs showed
W and O elements and did not find any more impurity peaks. The atomic weight percentage
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of W and O was 25 and 75%, respectively, which confirmed the formation of WO3 NFs
of purity.
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3.5. HR-TEM Analysis of WO3 NFs

The accurate particle size, shape, and crystalline behavior of WO3 NFs were confirmed
by HR-TEM images and SAED. Figure 7 shows the flake-like structure with lengths of
25~230 nm and diameters of 25~120 nm. The interplanar spacing was 0.373 nm, related
to the (020) planes of monoclinic WO3 NFs. An HR-TEM result of synthesized WO3 NFs
clearly showed that the growth direction is along the (020) plane. On the HR-TEM picture
of WO3 NFs SAED patterns highlighted the NF’s crystalline structure.

Fermentation 2023, 9, x FOR PEER REVIEW 7 of 12 
 

 

3.4. FE-SEM with EDX Analysis 
FE-SEM analysis provides a surface topology that leads to two-dimensional images 

with high resolution. As shown in Figure 6, this synthesized method obtained the 
flake-like morphology of WO3 NFs. Furthermore, the elemental composition, weight, and 
atomic percentage are classified by the EDX spectral analysis. The EDX profile of WO3 
NFs showed W and O elements and did not find any more impurity peaks. The atomic 
weight percentage of W and O was 25 and 75%, respectively, which confirmed the for-
mation of WO3 NFs of purity. 

 
Figure 6. (A) SEM and (B) EDX analysis of WO3 NFs. 

3.5. HR-TEM Analysis of WO3 NFs 
The accurate particle size, shape, and crystalline behavior of WO3 NFs were con-

firmed by HR-TEM images and SAED. Figure 7 shows the flake-like structure with 
lengths of 25~230 nm and diameters of 25~120 nm. The interplanar spacing was 0.373 nm, 
related to the (020) planes of monoclinic WO3 NFs. An HR-TEM result of synthesized 
WO3 NFs clearly showed that the growth direction is along the (020) plane. On the 
HR-TEM picture of WO3 NFs SAED patterns highlighted the NF’s crystalline structure. 

 
Figure 7. (A–C) TEM images, (D) SAED patterns of WO3 NFs. Figure 7. (A–C) TEM images, (D) SAED patterns of WO3 NFs.



Fermentation 2023, 9, 54 8 of 12

3.6. Antibacterial Activity of WO3 NFs

The size, shape, aspect ratio, surface charge, stability, and surface defect of nanoparti-
cles were all shown to be important factors in their antibacterial activity [34]. The current
study shows the antibacterial activity of WO3 NFs, as shown in Figures 8 and 9. The E. coli
bacterial strain showed a maximum zone of inhibition compared to the S. aureus at 10 mg
concentration, related to the bacterial cell wall structure. The antibacterial activity results
exhibited are dependent on increasing the content of WO3 NFs. The WO3 NFs contact
the bacterial cell wall by electrostatic attraction. This is followed by ROS produced by the
bacterial cell wall: superoxide-anions (O2•–), hydroxyl radicals (•OH), hydrogen peroxides
(H2O2), and singlet oxygen (1O2). This ROS generation leads to inhibits bacterial surviv-
ability. It caused the malfunction of intracellular organelles, interference of cell signaling,
collapses in DNA replication, protein and ATP synthesis, imbalance in the electron transfer
system, and enzyme kinetics. These factors inhibited bacterial growth and caused the loss
of cytoplasmic electrolyte fluids, which led to cell death, as shown in Figure 10. The WO3
NFs induced ROS generation as follows.

WO3 + hν→ e− + h+

h++ H2O→ •OH + H−

e− + O2 → •O2
−

•O2
− + H+ → HO2•

HO2• + H+ + e− → H2O2

Both E. coli and S. aureus may be killed by the WO3-X nanodots in a dose and time-
dependent way to better rupture the bacterial membranes [35]. WO3 and rGO-WO3
(100 g/mL) composite sheets in 2D rectangular shapes inhibited the development of
bacteria and severely damaged the cell wall of B. subtilis, according to Ahmed et al. [36].
This study suggested that WO3 NFs influence the control of bacterial growth, especially
against Gram-negative bacteria.

Fermentation 2023, 9, x FOR PEER REVIEW 8 of 12 
 

 

3.6. Antibacterial Activity of WO3 NFs 
The size, shape, aspect ratio, surface charge, stability, and surface defect of nano-

particles were all shown to be important factors in their antibacterial activity [34]. The 
current study shows the antibacterial activity of WO3 NFs, as shown in Figures 8 and 9. 
The E. coli bacterial strain showed a maximum zone of inhibition compared to the S. au-
reus at 10 mg concentration, related to the bacterial cell wall structure. The antibacterial 
activity results exhibited are dependent on increasing the content of WO3 NFs. The WO3 

NFs contact the bacterial cell wall by electrostatic attraction. This is followed by ROS 
produced by the bacterial cell wall: superoxide-anions (O2•–), hydroxyl radicals (•OH), 
hydrogen peroxides (H2O2), and singlet oxygen (1O2). This ROS generation leads to in-
hibits bacterial survivability. It caused the malfunction of intracellular organelles, inter-
ference of cell signaling, collapses in DNA replication, protein and ATP synthesis, im-
balance in the electron transfer system, and enzyme kinetics. These factors inhibited 
bacterial growth and caused the loss of cytoplasmic electrolyte fluids, which led to cell 
death, as shown in Figure 10. The WO3 NFs induced ROS generation as follows. 

WO3 + hν → e– + h+ 

h+ + H2O → •OH + H– 

e– + O2 → •O2– 

•O2– + H+ → HO2• 

HO2• + H+ + e–  → H2O2 

Both E. coli and S. aureus may be killed by the WO3-X nanodots in a dose and 
time-dependent way to better rupture the bacterial membranes [35]. WO3 and rGO-WO3 
(100 g/mL) composite sheets in 2D rectangular shapes inhibited the development of bac-
teria and severely damaged the cell wall of B. subtilis, according to Ahmed et al. [36]. This 
study suggested that WO3 NFs influence the control of bacterial growth, especially 
against Gram-negative bacteria. 

 
Figure 8. Antibacterial activity of WO3 NFs; (A) S. aureus and (B) E. coli. Figure 8. Antibacterial activity of WO3 NFs; (A) S. aureus and (B) E. coli.



Fermentation 2023, 9, 54 9 of 12Fermentation 2023, 9, x FOR PEER REVIEW 9 of 12 
 

 

 
Figure 9. Different concentrations of WO3 NFs tested against S. aureus and E. coli. PC, positive 
control (Amoxicillin—30 mg). 

 
Figure 10. Antibacterial mechanism of WO3 NFs. 

3.7. Methylene Blue Photocatalytic Degradation 
Under visible light irradiation, the photocatalytic performance of WO3 NFs towards 

the decolorization of MB dye was investigated. Figure 11A shows the variation of MB 
concentration (C/Co) at time intervals. The WO3 NFs exhibit higher photocatalytic per-
formance compared to the plant extract treatment of MB (Figure 11C). Almost 85.7% of 
MB was degraded within 40 min using WO3 NFs, as shown in Figure 11B,D. Due to the 
increased charge separation between photogenerated electron and hole pairs, significant 
improvements in photodegradation were seen. Photodegradation of MB dyes using 
pseudo-first-order kinetic model ln (Co/C) = Kt value is for WO3 NFs. 

Figure 9. Different concentrations of WO3 NFs tested against S. aureus and E. coli. PC, positive control
(Amoxicillin—30 mg).

Fermentation 2023, 9, x FOR PEER REVIEW 9 of 12 
 

 

 
Figure 9. Different concentrations of WO3 NFs tested against S. aureus and E. coli. PC, positive 
control (Amoxicillin—30 mg). 

 
Figure 10. Antibacterial mechanism of WO3 NFs. 

3.7. Methylene Blue Photocatalytic Degradation 
Under visible light irradiation, the photocatalytic performance of WO3 NFs towards 

the decolorization of MB dye was investigated. Figure 11A shows the variation of MB 
concentration (C/Co) at time intervals. The WO3 NFs exhibit higher photocatalytic per-
formance compared to the plant extract treatment of MB (Figure 11C). Almost 85.7% of 
MB was degraded within 40 min using WO3 NFs, as shown in Figure 11B,D. Due to the 
increased charge separation between photogenerated electron and hole pairs, significant 
improvements in photodegradation were seen. Photodegradation of MB dyes using 
pseudo-first-order kinetic model ln (Co/C) = Kt value is for WO3 NFs. 

Figure 10. Antibacterial mechanism of WO3 NFs.

3.7. Methylene Blue Photocatalytic Degradation

Under visible light irradiation, the photocatalytic performance of WO3 NFs towards
the decolorization of MB dye was investigated. Figure 11A shows the variation of MB
concentration (C/C0) at time intervals. The WO3 NFs exhibit higher photocatalytic per-
formance compared to the plant extract treatment of MB (Figure 11C). Almost 85.7% of
MB was degraded within 40 min using WO3 NFs, as shown in Figure 11B,D. Due to
the increased charge separation between photogenerated electron and hole pairs, signifi-
cant improvements in photodegradation were seen. Photodegradation of MB dyes using
pseudo-first-order kinetic model ln (C0/C) = Kt value is for WO3 NFs.
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4. Conclusions

We successfully synthesized WO3 NFs using T. arjuna bark extract by a one-step
method and evaluated the antibacterial activity and photocatalytic degradation with MB
dye. Optical band gap values showed at 2.6 eV, and the FTIR functional groups revealed
the formation of WO3 by forming two high-intensity peaks centered at 712 and 807 cm−1.
The XRD results exhibit high crystalline nature with a monoclinic phase. The topological
analysis of SEM and TEM analysis showed a flake-like structure. The antibacterial activity of
WO3 NFs excellently inhibited E. coli at the 10 mg concentration compared to S. aureus due
to the Gram-negative bacteria’s thin cell wall structural configuration. Overall, antibacterial
activity illustrates a dose-dependent effect. At the same time, ROS generation of H2O2
causes DNA damage, protein denaturation, and cytoplasmic electrolyte leakage leading
to bacterial lysis. In addition, MB photodegradation of WO3 NFs showed an efficiency of
85.7%. This process was easy, fast, inexpensive, sustainable, and scalable. Conveniently, the
one-step green route alternates between physical and chemical methods. Synthesized WO3
NFs can be used for antibacterial and photocatalytic applications. As a result, this material
may be used in various disciplines, including energy storage and biological applications.
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