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A B S T R A C T 

Bismuth tungstate (Bi2WO6) is an aurivillius oxide with potential as a 

visible light-active photocatalyst. However, its wide band gap limits 

absorption of visible light. Decoration with multi-walled carbon 

nanotubes (MWCNTs) has been shown to enhance photocatalytic 

properties. This study reports the hydrothermal synthesis of pure 

Bi2WO6 and Bi2WO6-MWCNT nanocomposites using a 1:2.5 molar 

ratio of Bi2WO6:MWCNTs. Fourier transform infrared spectroscopy, 

field emission scanning electron microscopy, and energy dispersive X-

ray spectroscopy analysis were used to characterize the morphology, 

chemical bonding, and composition. Adding MWCNTs reduced particle 

size, increased surface area, and prevented aggregation. Antibacterial 

testing showed the Bi2WO6-MWCNT nanocomposite inhibited 

Pseudomonas aeruginosa, a multidrug-resistant bacterium, more 

effectively than pure Bi2WO6. Investigation of morphology and bonding 

revealed the influence of decorated and embedded MWCNTs on 

bismuth components and particle size. Enhanced antibacterial and anti-

biofilm activity of the nanocomposite may be due to increased oxidative 

stress from reactive oxygen species generation. This facile hydrothermal 

method synthesizes a Bi2WO6-MWCNT nanocomposite combining the 

properties of both materials, showing promise for biomedical 

applications.
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1. Introduction 

In recent years, Bismuth tungsten (Bi2WO6) nanoparticles have garnered significant interest because of the 

potential photocatalytic activity in visible regions [1-5]. The Bi2WO6 is one of aurivuillius type oxide and 

represents a distinctive semiconductor photocatalyst with a small band gap (2.8eV), therefore could work under 

visible light (sunlight) compared to TiO2 photocatalyst [6-8]. On the other hand, the studies have revealed the 

limited catalytic performance of Bi2WO6 because of the high molecular weight of Bi2WO6 compared to other 
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compounds due to multiple elements in the chemical formula that prone to increase the recombination rate and 

reduced forming of active adsorption sites [9–14]. To overcome these limited, active strategies like doping, 

coupling with carbon compounds, and forming nanocomposites can be achieved [15-17]. Of these strategies, the 

hydrothermal method is the most widely synthesis technique, and it's achieved in a sealed container to facilitate 

the reaction between the precursors in water-based solution at high pressure and temperature, achieving controlling 

particle size and shape with less expensive [18-22]. Recently, carbon nanotubes (CNTs) are more effective and 

applicable compared to other nanoparticles due to their outstanding high aspect ratio, electron transfer capability, 

large surface area, and high surface chemical functionality [23-24]. Specifically, the multi-walled carbon 

nanotubes (MWCNTs) are regarded as a viable material for the environmental field and are attractive options for 

the delivery of biomolecules and drugs in biomedical applications [25-27]. The reason of MWCNTs have received 

a lot of attention represented by high aspect ratio, which result in increasing their adsorption and conjugated to 

other semiconductor materials (like Bi2WO6) and forming nanocomposite with high adsorption sites compared to 

pure Bi2WO6. Furthermore, MWCNTs are characterized by needle shapes and tunable functionalization, which 

improve antibacterial activity as a result of their significant interaction with bacterial cells. Since bacterial death 

is related to the oxidative stress mechanism generated by reactive oxygen species (ROS) [28-33]. 

Our work represented a facile synthesis of Bi2WO6 and Bi2WO6/MWCNTs nanocomposite at a molar ratio of 1:2.5 

Bi2WO6: MWCNTs using a hydrothermal method. The morphology and chemical bonding of pure Bi2WO6 and 

nanocomposite were investigated, showing the influence of decorated and embedded MWCNTs with bismuth 

components and revealing the average particle size of nanocomposite compared with pure Bi2WO6. Moreover, 

Bi2WO6/MWCNTs nanocomposite exhibited high antibacterial and ant-biofilm properties against multidrug-

resistance bacterium like gram-negative P. aeruginosa compared to Bi2WO6, making them promising for 

biomedical applications. 

2. Materials and Method  

2.1. Materials 
Bismuth nitrate pentahydrate with purity 98% (Bi (NO3)3 5H2O) was supplied from the Sigma-Aldrich. Besides, 

Sadium tungstate dehydrate Na2WO4.2H2O was purchased from Sigma-Aldrich, Hexadecyltrimethylammonium 

CTAB, nitric acid (HNO3) where purchased from CDH Company, India. Sodium hydroxide (NaOH) was supplied 

from chemical reagent. The deionized water (DI) was used as the solvent throughout all of the procedures carried 

out in the study. 

2.2. Synthesis of Bi2WO6 Nanostructure and Bi2WO6/MWCNTs Nanocomposite 
Utilizing the hydrothermal method, pure Bi2WO6 nanostructure was prepared using 100 ml of Deionized water 

and mixed with 4mmol of Bi (NO3)3.5H2O, 2 mmol of Na2WO4.2H2O, and 0.1g of CTAB as catalyst agent. At 

room temperature, the mixture was mixed. For 1h using a magnetic stirrer and adjusted to a pH of 7. The resulting 

white suspension solution was sealed in a 100 ml Autoclave with a Teflon liner. After that, the autoclave was kept 

in an oven set at 180°C for 20 hours. The autoclave was allowed to cool to room temperature, resulting in the 

formation of a white precipitate. The resulting Bi2WO6 powder was subjected to a 10 hr oven drying process after 

being rinsed with ethanol and distilled water. The chemical Eq. (1) below of the resulted represent by: 

2Bi(NO3)3. 5H2O+3Na2WO4. 2H2O                Bi2WO6+ 6NaNO3+17H2O                (1) 

For Bi2WO6/MWCNTs nanocomposite, the molar ratio of Bi2WO6: MWCNTs was set as 1:2.5. Initially, 1 gram 

of functionalized F-MWCNTs and 0.4 gram of Bi2WO6 were mixed in 50 ml of deionized water. This mixture was 

stirred for 1hr in a beaker using a magnetic stirrer. To achieve dispersion, the mixture was dissolved using 

ultrasonication for 2 hrs. Simultaneously, 2 ml of 4M sodium hydroxide (NaOH) was dissolved in Deionized water 

by magnetic stirring at 25°C for 20 min. The Bi2WO6/MWCNTs solution was continuously stirred while the 

(NaOH) solution was added dropwise at 3 drops per minute until the pH reached 7. The final combination was 

subjected to a temperature of 180°C for 20 hours in a stainless-steel autoclave lined with Teflon, which could 

contain 150 ml. After that, it was time to let the autoclave drop to ambient temperature. The recovered residues 

underwent several washes with ethanol and water before being dried in a convection oven set at 60°C for 12 hours. 
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2.3. Identifying Characteristic 
Field emission scanning electron microscopy (FESEM, TESCAN, MIRA3, Czeck) was used to analyze the 

morphology and structure of both pure Bi2WO6 and a Bi2WO6/MWCNTs nanocomposite with Energy Dispersive 

X-ray spectroscopy (EDS) used to define the composition elements of the resulted samples. By utilizing the FTIR 

spectrophotometer (8400S, Shimadzu) to determine the changes in the spectra after the addition MWCNTs in 

range between 500 and 4000 nm, we could learn more about the materials' bonding formation. 

2.4. The Antibacterial Activity Assay 
The antibacterial activity of Pure Bi2WO6 and Bi2WO6/MWCNTs nanocomposite (using molar ratio 1:2.5 of 

Bi2WO6: MWCNTs) was assessed by agar well diffusion assay against pseudomonas aeruginosa as gram's negative 

bacterial strains. Initially, about 20 mL of Muller-Hinton (MH) agar was aseptically poured into sterile Petri dishes. 

A sterile wire loop was used to capture the bacterial species isolated from wound infection. Wells on the agar 

plates with a diameter of 6 mm were drilled using the tips of sterile micropipettes after the organisms had been 

cultured. Overnight, bacterial samples with varying doses (62.5, 125, 250 μg/ml) were cultured on Muller-Hinton 

(MH) agar (HiMedia India) that included pure Bi2WO6 and a Bi2WO6/MWCNTs nanocomposite using a molar 

ratio of 1:2.5. A control strain of bacteria that was not treated was also included. The agar plates were 

photographed, and the inhibition zones were measured. The Data are represented as mean ±SD of three 

independent experiments. 

2.5. Investigation Anitbiofilm Activity of Pure Bi2WO6 and Nanocomposite Bi2WO6: MMWCNTs 1:2.5 
A control sample was prepared using untreated Lysogenia broth medium (HiMedia, India) culture plates, whereas 

samples treated with Bi2WO6 and nanocomposite at a concentration of 125 μg/mL for 24 hours were shown. The 

samples were subsequently stained using the FilmtracerTM live/deadTM biofilm viability Kit. A Leica TCS SP5 

II confocal microscope was used to capture the image, which was then examined using flow cytometry. The 

proportion of untreated control cells was used to represent the outcomes of the biofilm bacteria's viability. 

3. Results and Discussion  

The chemical bonding of Bi2WO6 nanostructure and Bi2WO6/MWCNTs nanocomposites was determined using 

FTIR analysis in the 500-4000 cm-1 range. According to Fig. 1, pure Bi2WO6 nanostructure (blue line) prepared 

under the same condition reveals the stretching vibrations of the W-O, Bi-O stretching was linked to the strong 

bands seen at a frequency range of 500-1300 cm−1 [34-36]. The broader absorption band at 3455 cm-1 was identified 

as the result of stretching vibrations of -OH groups of adsorbed H2O on the surface of the Bi2WO6 sample.  

 
Figure 1: FTIR transmittance spectra of pure Bi2WO6 and Bi2WO6/MWCNTs 1:2.4 by hydrothermal method. 

The vibration peak at 1624 cm-1 could be identified as the bending vibration of the O-H bond in the samples that 

were absorbing water molecules [37]. According to [38], the hydrothermal synthesis of CTAB occurs at 2921 cm−1 

and 2854 cm−1, which are related to the C-H stretching vibrations of the methyl and methylene groups, respectively. 
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The results shown in Fig. 1 and Table 1 indicate that these vibrations are consistent with the previous literature 

[39- 40]. Moreover, in the state of Bi2WO6/MWCNTs nanocomposite at a molar ratio of set as 1:2.5, The FTIR 

spectra from 500 to 4000 cm-1 are shown in Fig. 1 (pink line). The peaks observed at 439-578 and 729 cm-1 

corresponded to the stretching vibrations of Bi-O and W-O bonds, respectively [41]. The broad absorption band 

at 3441cm-1 was attributed to the stretching vibrations of O-H bonds on the sample's surface. The relatively weaker 

peaks within the 1153-1712 cm-1 range indicated functional groups associated with MWCNTs. Specifically, the 

peaks at 1153cm-1 was attributed to C-O stretching, while the peaks at 1377 and 1585.48 cm-1 were associated 

with the C=C stretching mode related to defects on the sidewalls of MWCNTs. Notably, the peak at 1712 cm-1 

represented the C=O stretching mode in the Bi2WO6/MWCNTs nanocomposite [42]. 

Table 1: Transmission peak locations and wavenumber assignments were measured by FTIR measurements in 

the Bi2WO6 nanostructure and nanocomposite with a 1:2.5 molar ratio of Bi2WO6: MWCNTs. 

 Observed Modes (cm-1)  

Bi2WO6 Bi2WO6/MWCNTs Attribution 

731 729 WO6 symmetric stretching  

436 439-578 Bi-O Bending bonds 

3455 3441 O-H stretching vibrations  

1624 1712 C=O stretching 

- 1377-1508 C=C stretching vibration 

- 1153 C-O stretching vibration 

The morphology and microstructure of produced pure Bi2WO6 and Bi2WO6/MWCNTs nanocomposite with molar 

ratio 1:2.5 Bi2WO6: MWCNTs were examined using FESEM as shown in Fig. 2 a,b. The enlarged view in inset 

image scale 500 nm Fig. 2 a, shows that each particle has a flower-like structure composed of a group of 2D flakes 

that radiate in all directions.  

 
Figure 2: FESEM images of a) pure Bi2WO6 and b) Bi2WO6/MWCNTs nanocomposite at molar ratio 1:2.5 and 

average particle size using Image J, c) pure Bi2WO6 and d) Bi2WO6 /MWCNTs nanocomposite using 

hydrothermal method.  
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Besides, the orthorhombic pure Bi2WO6 was composed of flower-shaped particles with a diameter of about 1-2μm 

[43-44]. The resulting nanostructures are related to the Gibbs-Thomson law [45]. Moreover, nucleation processes 

are driven by the reduction of the system's total energy result in a relatively high surface area with bigger sizes 

under hydrothermal conditions to give Bi2WO6 nanoflakes structures [46]. Fig. 2b presents the Bi2WO6/MWCNTs 

nanocomposite morphology characteristics. The image reveals the presence of uniform spherical aggregates 

composed of cluster structures resembling layered nanoparticles. The inset image scale 500nm in Fig. 2b, reveals 

MWCNTs decorated Bi2WO6 surface and confirms the interaction between MWCNTs and the Bi2WO6 

nanostructure. Furthermore, increasing the MWCNTs content to Bi2WO6 at a ratio of 1:2.5 resulted in embedded 

inside and on the surface of Bi2WO6 as shown in FESEM images [47-49]. Furthermore, the average particle size 

distribution of the Bi2WO6 particles was around 1.019 μm, and the average particle size of Bi2WO6/MWCNTs 

nanocomposite was about 0.0116 μm as determined by image J in Fig. 2 c,d. It is worth noting that FESEM results 

reveal excess MWCNTs delay Bi2WO6 growing and reduced particle size, increasing the adsorption sites and 

avoiding nanotubes aggregation. 

Moreover, the EDS technique was employed to estimate the chemical composition of resulted flower-like structure 

of pure Bi2WO6, as seen in Fig. 3 a,b. The outcomes reveal the weight percent of the product made up of only the 

Bi (47%), W (38%), and O (13%) elements signals occurred in the flower-like structure of Bi2WO6. Fig. 3 b shows 

further the weight percent of Bi2WO6/MWCNTs nanocomposite. The results from the EDS pattern analysis of 

Bi2WO6/MWCNTs proved the elements Bi, O, W, and C with weight percent about (28%,13%,20%, and 37), 

respectively, that confirmed embedded MWCNTs within the sample. 

 

Figure 3: The EDS analysis of a) Bi2WO6 and b) Bi2WO6 /MWCNTs nanocomposite prepared by hydrothermal 

method.  

As shown in Fig. 4, the antibacterial activity of pure Bi2WO6 and MWCNTs decorated Bi2WO6 at a molar ratio 

1:2.5 of Bi2WO6: MWCNTs nanocomposite was evaluated at various concentrations (62.5, 125,250) μg/ml against 

Pseudomonas aeruginosa. Related to Fig. 4, the inhibition zones of Bi2WO6 /MWCNTs nanocomposite (A: control, 

E: 15.33, F: 17.2, G: 20.66) mm was higher than pure Bi2WO6 (A: control, B: 11.36, C: 13, D: 16.7) mm. Besides, 

it was found that the inhibitory effect of Bi2WO6 and nanocomposite increased as the concentration increased at 

250 μg/ml, as shown in Fig. 4.  
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Figure 4: Image of inhibition zone (upper panel) of pure Bi2WO6 (A,B,C,D) and Bi2WO6 /MWCNTs (A,E,F,G) 

and antibacterial activity of pure Bi2WO6 (left pane) and Bi2WO6 /MWCNTs (right panel) at molar ratio 1:2.5 of 

Bi2WO6: MWCNTs against Pseudomonas aeruginosa using different content: a) control untreated bacterial strain. 

b) Bacteria treated with 62.5 µg/ml of Bi2WO6. c) Bacteria treated with 125 µg/ml of Bi2WO6. d) Bacteria treated 

with 250 µg/ml of Bi2WO6. e) Bacteria treated with 62.5 µg/ml of Bi2WO6/MWCNTs. f) Bacteria treated with 125 

µg/ml of Bi2WO6/MWCNTs. g) Bacteria treated with 250 µg/ml of Bi2WO6/MWCNTs. Data are represented as 

mean ±SD of three independent experiments.  

It is worth noting, that the higher antibacterial activity of Bi2WO6/MWCNTs nanocomposite is attributed to the 

high aspect ratio and surface area of MWCNTs. The results reveal that the embedded MWCNTs caused damage 

to the cell membrane of bacteria due to the fibrous structure of MWCNTs that provide higher accessible surface 

area and then release their DNA content [50-51]. 

The ability of pure Bi2WO6 and nanocomposite Bi2WO6/MWCNTs at molar ratio 1:2.5 of Bi2WO6: MWCNTs in 

the inhabited biofilm of formation Pseudomonas aeruginosa was displayed in Fig. 5, respectively. In this test, the 

nanocomposite showed more effectiveness in biofilm-reduced formation than pure Bi2WO6. Research indicates 

that reactive oxygen species (ROS) have a role in biofilm reduction by oxidizing cell membranes, which in turn 

changes fluid permeability and ion transport and inhibits metabolic formation [52]. 
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Figure 5: Bi2WO6 (left panel)and Bi2WO6/MWCNTs (right panel) at molar ratio 1:2.5 of Bi2WO6: MWCNTs 

reduce biofilm formation of Pseudomonas aeruginosa at different content: a) control untreated bacterial strains. b) 

Bacterial treated with 62.5 µg/ml. c) Bacteria treated with 125 µg/ml. d) Bacteria treated with 250 µg/ml of. Data 

are represented as mean ±SD  

The confocal fluorescence imaging method (Olympus model, Japan) examined how bacterial biofilm inhibition 

was affected by pure Bi2WO6 and nanocomposite. In this test, the biofilm kit was used to provide wo color 

fluorescence stains to discriminate between the live and dead of Pseudomonas aeruginosa bacteria based on the 

membrane integrity, as shown in Fig. 6 a,b,c. Using green fluorescent protein (SYTO9) to stain healthy 

membranes and red fluorescent protein (propidium iodide) to stain bacterial strains responsible for membrane 

damage, it can be possible to discriminate between the live and dead cells. As shown in Fig. 6 a, the untreated 

biofilm bacterial strain (A: control) displays green fluorescence of complete bacteria. In the sate of treated biofilm 

with resulted samples, the bacterial strains display orange to red fluorescence, as shown in Fig. 6 c,d of pure 

Bi2WO6 and nanocomposite, respectively. In comparison to untreated bacterial strains with a biofilm structure, 

these results show that bacterial biofilms are damaged and that dead bacterial strains are present after treatment 

with pure Bi2WO6 and Bi2WO6/MWCNTs nanocomposite at a concentration of 125 μg/ml, which is associated 

with oxidative stress. 

  

Figure 6: Reduction of bacterial biofilm formation of P. aeruginosa. a) Untreated control bacteria. b) Bacteria 

treated with pure Bi2WO6 and c) Bi2WO6/MWCNTs at molar ratio 1:2.5 of Bi2WO6: MWCNTs. 

In addition, the values of the mass absorption coefficients that were obtained [17] are of great significance. These 

coefficients were determined based on the density of the material, which is 2.7g/cm3, and the thickness of the 

Aluminum, which is 5 cm. Subsequently, the linear absorption coefficient, which is a crucial parameter, was 

calculated and presented in Table 1. Furthermore, an equation was derived from this data in order to compute the 

linear absorption coefficients for any given energy. This equation allows for a comprehensive understanding of 

the relationship between the energy and the absorption coefficients, facilitating further analysis and exploration in 

this field. 
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4. Conclusions 

The conclusion of this work represented synthesized pure Bi2WO6 and Bi2WO6/MWCNTs nanocomposite with 

the molar ratio of 1:2.5 of Bi2WO6: MWCNTs via facile hydrothermal method. The FTIR analysis confirmed the 

chemical bonding within the nanostructure, with additional peaks observed for the nanocomposite related to 

decoration and embedded MWCNTs. FESEM images revealed that introducing MWCNTs reduced nanoparticle 

aggregation, resulting in smaller particle sizes and increased adsorption sites compared to pure Bi2WO6. The EDS 

analysis confirmed embedded MWCNTs within the sample. Besides, the antibacterial activity test demonstrated 

that Bi2WO6/MWCNTs nanocomposite exhibited higher inhibition zones against gram-negative Pseudomonas 

ariginosa compared to pure Bi2WO6. The high aspect ratio makes MWCNTs disrupt the bacterial cell membrane 

and death cell. Additionally, the resulting samples effectively reduced bacteria biofilm formation, with 

nanocomposite showing higher anti-biofilm activity due to the ROS generation inducing oxidative stress. 
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