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ABSTRACT 
A WO₃/TiO₂/CeO₂ ternary metal oxide nanocomposite was synthesized through 
a co-precipitation and hydrothermal approach and comprehensively 
characterized to evaluate its structural, optical, morphological and antimicrobial 
properties. X-ray diffraction (XRD) analysis revealed the formation of 
monoclinic WO₃, rutile TiO₂ and cubic fluorite CeO₂ phases, consistent with 
standard JCPDS data, indicating high phase purity of the synthesized materials. 
Fourier transform infrared spectra (FTIR) revealed characteristic metal-oxygen 
vibrational modes, indicating effective coupling and integration of the 
constituent oxides. Ultra violet (UV)-Visible spectroscopy was used to analyze 
the optical response of the nanocomposites and high-resolution scanning electron 
microscopy (HRSEM) coupled with energy-dispersive X-ray (EDX) analysis 
was carried over to evaluate surface morphology and elemental composition. The 
antibacterial activity of the synthesized nanocomposites was assessed against 
Streptococcus mutans and Salmonella typhi, while antifungal activity was 
examined against Candida albicans and Aspergillus niger. Overall, the results 
highlight the broad-spectrum antimicrobial potential of the WO₃/TiO₂/CeO₂ 
nanocomposites for prospective biomedical and environmental applications. 
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1. INTRODUCTION 
 

Microbial contamination in daily 
surroundings and industrial facilities 
remains a persistent threat to human 
health and product quality, highlighting 
the growing need for effective strategies 
to control harmful microorgansims. 
Numerous pathogenic bacteria including 

Escherichia coli, Klebsiella pneumoniae, 
Pseudomonas aeroginosa, Streptococcus 
mutans, Staphylococcus aureus, and 
Salmonella typhi are frequently detected 
in water, soil  and air, can cause the 
foodborne disease, respiratory 
complications and urinary tract infection 
[1-2]. In addition to bacterial pathogens, 
fungal species such as Candida albicans 
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and Aspergillus niger are routinely 
monitored due to their role in 
opportunistic and systems infections. The 
widespread presence of these 
microorganism underscores their impact 
on public health and highlights the 
neccessity for advanced antimicrobial 
material capable of limiting their 
proliferation [3]. 

Metal oxides including ZnO, CuO, 
TiO2, AgO, La2O3, Fe2O3, Co3O4, CeO2, 
WO3, SnO2, Nb2O5, and SrO are widely 
recognized for the strong metal-oxygen 
interactions, structural stability and 
inherent antimicrobial properties, making 
them attractive candidates for microbial 
control application [4,5]. Among various 
synthesis routes, the co-percipitation 
methods is particularly advantageous for 
producing uniform metal oxides materials, 
as it enables the simultaneous 
precipitation of metal ions using an 
appropriate precipitation agents, followed 
by filtration, drying, and calcination to 
yield the final nanaostructured products 
[6].  

WO3 contributes chemical stability, 
enhanced surface activity, and robust 
structural properties, making it an 
effective component in antimicrobial 
metal oxide systems. TiO2  is well  known 
for its excellent biocompatibility and 
broad-spectrum antibacterial activity, 
which further strengthens the 
antimicrobial performances of mixed 
oxide materials. CeO2 with its remarkable 
redox behavior, high oxygen storage 
capable, structural reliability, adds 
additional functionality to these oxides 
and enhances their suitable for 
multifunctional antimicrobial systems [7-
10]. When integrated into a composites, 
TiO2, WO3, and CeO2 can work 
synergistically, improving surface 
characteristics charge distrubution, and 
overall functional performance compared 
to their individual counterparts [11-12]. 
  In this present work a 
WO3/TiO2/CeO2 nanocomposites was 
synthesized via the co-percipitation 

technique and evaluated for its 
antimicrobial activity against selected 
microorganisms. This antibacterial 
activity assessed to focused on Gram-
positive S. mutans , Gram-negative S. 
typhi, and the fungal strains Candida 
albicans and A.niger, enabling the 
determination of the composite’s potential 
broad-spectrum antibacterial and 
antifungal activities. Detailed structural, 
optical, elemental, and physicochemical 
analyses were performed to characterize 
the synthesized material and to understand 
the factors governing its antimicrobial 
behavior.  
 
2. Experimental Section 
2.1  Methods and materials 

 Ammonium tungstate hydrate, 
sodium tungstate dihydrate, nitric acid,  
Cerium (III) nitrate hexahydrate 
(Ce(NO3)3.6H2O;99.99%), titanium 
tetraisopoxide (TTIP), 2- propanol, 
hydrochloric acid, were procured from 
Sigma-Aldirch, while sodium hydroxide 
(NaOH;99%) and hydrochloric acid (HCl) 
were brought from merck.  All other 
chemicals used in the experiments were of 
analytical grade and were utilized as 
received without additional impurities. 
2.2 Preparation of WO3 Nanoparticles 
WO3 nanoparticles were synthesized using 
co-percipitation technique. Briefly, 0.032 
g of ammonium tungstate hydrate was 
dissolved in 67 mL of deionized water and 
stirred for 2 h to ensure complete 
dissolution. Precipitation was induced by 
the gradual dropwise addition of 50 mL of 
HNO3 under continous stirring. The 
suspension was then heated at 80 ℃ for 
40- 70 min with constant agitation (800 
rpm) and subsequently  kept undisturbed 
for 24 h to allow particles growth and 
sedimentation. The resulting precipiatate 
was separated by decantation, thoroughly 
washed with deionized water to remove 
unwanted  ions, and dried at 80 ℃ in a hot 
oven. The dried sample was finally 
calcined at 800 in muffle furnace to obtain 
well- crystallized WO3 nanoparticles.   
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2.3 Preparation of TiO2 Nanoparticles 
TiO2 nanoparticles were prepared by 
hydrothermal route. In this process, 4.9 
mL of titanium tetraisopropoxide (TTIP) 
was added into 50 mL of distilled water 
and stirred for 2 h to form a homogenous 
precursor solution. Subsequently, 20 g of 
NaOH was added dropwise in the 
precipiate solution. The obtained mixture 
was tranferred into Telfon-lined stainless-
steel autoclave, and heated  at 200℃ for 
48 h. After naturally cooling to room 
temperature, the solid product was filtered 
and acid-washed with 25 mL of HCl (pH 
2) for 30 min followed by repeated 
washing with distilled water until neutral 
pH was reached. The precipitate solution 
was dried at 100 ℃ for 6 h, yielding TiO2 

nanoparticles suitable for further 
characterization and application. 
 
2.4 Preparation of WO3/TiO2/CeO2 

Nanocomposites 
A homogeneous suspension was 

prepared by dispersed 1 g of WO3, 1g of 
TiO2, and 1g of CeO2 in distilled water 
under continuous stirring to ensure 
unifrom mixing of the oxide powders. 
Sodium hydroxide solution was then 
added dropwise until the pH reached 7-10 
facilitating complete precipitation of the 
metal oxides species. The resulting 
mixture was then transferred into Telfon-
lined stainless steel autoclave heated at  
120℃ for 6-12 h to promote 
crystallization and the initial formation of 
the ternary composites structure. And 
settled at the room temperature, the 
obtained product was thoroughly  washed 
with distilled water to remove residual 
ions and impurities, and then dried in a  
oven at 60-80 ℃ to eliminate moisture. 
Finally, the dried sample was annealed at 
400℃ for 4h, enhancing crystallinity and 
interfacial bonding, thereby yielding the 
WO3/TiO2/CeO2 nanocomposites [14]. 
 
2.5 Characterization Techniques 

The physical and morphological 
properties of the synthesized materials 
were synthesized using various advanced 
characterisation techniques. Powder X-ray 
diffraction (XRD)  pattern were recorded 
using a Burker D8 Advance 
diffractometer equipped with Cu kα 
radiation (λ=1.5406Å) to analyse the 
crystalline phases and structural 
characteristics. Fourier Transform Infrared 
(FTIR) spectra were obtained using a 
Perkin Elmer Spectrum 2 spectrometer to 
identify functional group and chemical 
bonding features. The absorption and 
transmission of  optical bandgap was 
assessed using an Ocean Optics UV-Vis 
spectrospectrocopy. The surface 
morphology and particles distribution 
were investigated using high-resolution 
scanning electron microscopy (HRSEM) 
coupled ewith energy-dispersive 
spectroscopy (EDX) on FEI Quanta 200 
instrument operated at 25kV, enabling 
detalied evaluating of the size of the 
nanostructure and elemental composition 
of the synthesised samples [13]. 
2.6 Antimicrobial activity 

The antibacterial activity of the 
synthesized samples was assessed using 
the agar well-diffusion method, with 
streptomycin  (1mg/ml - 20 µl) employed 
as the positive control. Antibacterial 
performance was evaluated against the 
Gram-positive S. mutans and the Gram-
negative S. typhi at concentrations of 125 
µg/mL, 250 µg/mL, 500 µg/mL, 1000 
µg/mL. Antifungal activity against C. 
albicans and A. niger was examined at the 
same concentrations using the well-
diffusion methods on potato dextrose agar 
(PDA) medium, with ketoconazole 
(1mg/ml - 20 µl). Nutrient agar plates 
were inoculated with the respective 
microbial strains and unifromly spread to 
ensure consistent growth. Wells of 6mm 
diameter were then made using a sterile 
cork borer, and the prepared sample were 
the zones of inhibition were measured and 
recorded following the protocol described 
by [15]. 
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3. Result and Discussion 
 
  3.1 XRD analysis 
 

Powder X-ray diffraction (XRD) 
analysis was performed using a bruker 
AXS D8 Advance diffractometer 
equipped with Cu Kα radiation (λ = 
1.5406), and the diffraction patterns were 
recorded over a 2θ range of 10-80°. 
Figure (1a-1d) present the XRD patterns 
of pure WO3, TiO2, CeO2, and the ternary 
WO3/TiO2/CeO2 nanocomposites.  As 
illustrated in (Figure 1a), WO3 exhibit 
distinct reflections indexed to the 
monoclinic phase, corresponding to the 

(002), (020), (012), (211), (202), (112), 
(222), (014), (232), (402), (341) planes, 
consistent with JCPDS No. 83-0950. The 
XRD pattern of TiO2  (Figure 1b) 
(Figure 1b) display sharp and intense 
peaks assigned to the  (110), (200), (210), 
(211), (002), (311), and (112) planes, 
confirming the formation of the rutile 
polymorph (JCPDS No. 75-1537) [16]. 
The diffraction pattern of CeO2 

nanoparticles (Figure 1c)  reveals 
characteristic reflections corresponding to 
the (111), (200), (220), (311), (222), (400), 
(331), and (420) planes indicating the 
formation of the cubic fluorite structure  
and aligning well with reportes [17,18]. 
The crystallite size of WO3, TiO2 and 
CeO2  was calculated using the Debye- 
Scherrer equation: 

D=
0.98 λ

B  Cos θ
 

 
 In the Scherrer equation, λ represents the 
X-ray wavelength, β is the full width at 
half maximum (FWHM), and θ is the 
Bragg angle. The calculated  the average 
crystallite size for WO3, TiO2, and CeO2 
nanoparticles was estimated to be 
approximately 87 nm, 42 nm 25 nm, 
respectively [19]. 

The XRD profile of the ternary 
WO3/TiO2/CeO2 nanocomposites (Figure 
1d) displays a combination of diffraction 

peaks from monoclinic WO3, rutile TiO2, 
and cubic CeO2, without any defectable 
secondary phases [20]. The average 
crystallite size of the approximately 32 nm, 
indicating the formation of well-defined 
nanocrystalline domains. The presence of 
sharp and intense diffraction peaks further 
demonstrates that the individual 
crystalline structures of WO3,TiO2, CeO2 
retained during composite formation, 
reflecting the high structural integrity and 
phase stability of the ternary system [21]. 
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Figure 1a-1d: X-ray diffraction patterns of pristine WO₃, TiO₂, CeO₂, and the 
WO₃/TiO₂/CeO₂ nanocomposite. 
 
3.2 FTIR Analysis 
 

FTIR spectroscopy of 
WO3,TiO2,CeO2 and WO3/TiO2/CeO2 
nanocomposites in the range of 400-4000 
cm-1 reveals the characteristic vibrational 
features of each oxide, indicating proper 
formation of the materials as shown in 
Figure 2a-2d [21].  In the  case of Figure 
2a WO3  a band at 3370 cm-1 corresponds 
to O-H stretching, confirming surface 
hydroxyl groups [22], while band at 1615 
cm-1 and 1406 cm-1are assigned to H-O-H 
bending of adsorbed water and W-O-H 
vibrations, respectively [23]. TiO2 shows 
a similar O-H stretching at 3374 cm-1, 
bending at 1640cm-1 and Ti-O bending at 
480 cm-1, confirming structural integrity 
are represented in Figure 2b [24-25]. The 
FTIR spectrum of CeO2 exhibit a Ce-O 

stretching peaks at 716 cm-1, broad O-H 
stretching at 3342cm-1 [26,27], and 
surface hydroxyl at 3725cm-1 [28],  
confirmining its metal oxide structure and 
surface functionality as shown in Figure 
2c. For the WO3/TiO2/CeO2 
nanocomposites,in Figure 2d peaks at 498 
cm-1, 687 cm-1 and 869 cm-1 correspond to 
Ce-O, Ti-O-Ti/W-O-Ti and W-O-W 
vibration, respectivley [29,30] while O-H 
bending at 1673 cm-1 and broad O-H 
stretches at 3358 cm-1 and 3771 cm-1 
confirm the presence of surface hydroxly 
group [31]. These observation indicate 
that the ternary nanocomposites retain 
surface hydroxyl functionalities and 
exhibit strong interaction among the metal 
oxides, which are advantageous for 
antimicrobial activity anf surface-related 
application [32]. 

 
Figure 2a-2d: FTIR spectra of (a) WO₃, (b) TiO₂, (c) CeO₂, and (d) WO₃/TiO₂/CeO₂ 
nanocomposite, showing the characteristic vibrational modes of each oxide 
 
 3.3 UV-Visible spectroscopy 
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The optical obsorption 

characteristics of WO3, TiO2, CeO2 and 
the WO3/TiO2/CeO2 nanocomposites were 
systematically analyzed by UV-Vis 
absorption spectroscopy in the  range of 
200-800 nm. As shown in Figure 3a-3d, 
the  WO3 exhibits a well defined absortion 
edge at approximately 380 nm, indicating 
its predominant response in the ultraviolet 
region, whereas TiO2 shows an absorption 
onset near 400 nm, characteristics of its 
wide band gap semiconductor behavior. In 

this case CeO2 nanoparticles also display a 
strong absorption edge around 380 nm, 
accompanied by slight spectral shift that 
can be attributed to size effects and defect 
-induced electronic states. In contrast, the 
WO3/TiO2/CeO2 ternary nanocomposites 
demonstates a noticeable extension of 
absorption into the visible region, 
suggesting enhanced light- harvesting 
capability arising from effective 
interfactial coupling and heterojunction 
formation among the consitutent oxides. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3a-3d: UV-Vis absorption spectra of (a) WO₂, (b) TiO₂, (c) CeO₂, and (d) 
WO₃/TiO₂/CeO₂ nanocomposite. 

The optical band gap energies 
were evaluated using the Tauc plotting 
(𝛼hυ)2 as a function of photon energy (hυ), 
assuming direct allowed electronic 
transitions as presented in Figure 4e-4h. 
From the linear extrapolation of these 
plots, band gap values of 2.26 eV for WO3, 
2.44 eV for TiO2 and significantly 
reduced value of 1.07 eV for  CeO2 were 
obtained confirming the role of oxygen 
vacanies and annealing- induced defects 

states in band gap narrowing [33-34]. The 
WO3/TiO2/CeO2 nanocomposites exhibits 
an optical band gap of 2.60 eV, as shown 
in Figure 4h reflecting a modified 
structure and favorable band alignment 
resulting from the combined presence of 
multiple oxides phases [35]. 
 
 
 
ZZ
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Figure 4e–4h. Tauc plots of (e) WO₃, (f) TiO₂, (g) CeO₂, and (h) WO₃/TiO₂/CeO₂ 
nanocomposite, showing the determination of their optical band gap 

 
3.4 HRSEM 
 

High-Resolution Scanning 
Electron Microscopy (HR-SEM; FEI 
Quanta 200f), was employed to examine 
the surface morphology of the 
synthesized nanostructures, and the 
corresponding micrographs are 
presemted in Figure 5(a-d). These 
images clearly highlight the distinct 
morpholofical features of the individual 
oxides and the ternary WO3/TiO2/CeO2 
nanocomposite, which collectively 
influence their antimicrobial 
performance. As observed in Figure 5a, 
monoclinic WO3 exhibit irregular 
granular particles with rough surface and 
moderate agglomeration, with an 
average particles size of approximately 
37 nm suggesting a relativley high 
surface area that factilitates enhanced 
microbial interaction. In Figure 5b, 
rutile phase TiO2 shows nearly spherical, 
uniformly dispersed nanoparticles with 
smooth surface, and as average particles 
size od approximately 34 nm, indicating 

of a high surface-to-volume ratio 
favourable for enhanced biological 
activity. The SEM micrograph of CeO2 
in Figure 5c reveals predominantly 
spherical shape with improved 
homogensiry and reduced agglomeration, 
possessing an average particles size  of 
approximately 22 nm, which reflects the 
formation of well- defined nanoparticles 
cluster that enhances surface reactivity. 

 In the WO3/TiO2/CeO2 (Figure 
5d), the morpholoy appeard as densely 
interconnected network of mixed oxide 
nanoparticles, where the granular WO3 
particles and spherical TiO2 and CeO2 
domains are uniformly distributed. The 
average particles size of 
WO3/TiO2/CeO2  nanocomposites is 
approximately 27 nm, comfirming their 
nanoscale nature. This well- integrated 
architecture increase surface roughness, 
provide additional active sites, and 
enhances the overall contact interface 
with microbial cell contributing to 
inproved antimicrobial efficacy  

[36]. 
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Figure 5a–5d: HRSEM images of (a) WO₃, (b) TiO₂, (c) CeO₂, and (d) WO₃/TiO₂/CeO₂ 
nanocomposite, showing the morphology and particle distribution of individual oxides 
and the ternary heterostructure. 
 
3.5 EDX ANALYSIS 

The elemental composition of the 
synthesized WO3,TiO2,CeO2, and 
WO3/TiO2/CeO2 nanocomposite samples 
was analyzed using energy-dispersive X-
ray specrtroscopy (EDX), and the 
corresponding spectra are presented in 
Figure 6a-6d. 

 The EDX spectrum of WO3 
revealed well-defined peaks 
corresponding exclusively to tungsten (W) 
and oxygen (O), comfirming the high 
purity and successful formation of 
tungsten oxide [37]. Similarly, the TiO2 
sample exhibited characteristics Ti and O 
signal, consistent with expected 
stoichiometry of titianium dioxide [38]. In 
the case of CeO2 distinct  and clear peaks 

associated with cerium and oxygen were 
observed, confirming the succesful 
formation of cerium oxide without any 
additional undersired signals. The ternary 
WO3/TiO2/CeO2 nanocomposites 
displayed combined elemental peaks of W, 
Ti, Ce, and O, the successful 
incorporation of all three metal oxides into 
the heterostructure, while the 
corresponding weight and atomic 
percentages further validate their the 
proper composition and homogeneous 
distribution. Overall, the EDX result 
confirm the elemental purity of the 
individual oxides and substaniate the 
effective formation of the 
WO3/TiO2/CeO2 ternary composite. 
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Figure 6a–6d. EDX spectra of (a) WO₃, (b) TiO₂, (c) CeO₂, and (d) WO₃/TiO₂/CeO₂ 
nanocomposite. 
 
4. Antimicrobial activity 
 
4.1 Antibacterial activity 
 

The antibacterial activity of the 
syntheisized WO3/TiO2/CeO2 
nanocomposites was evaluated in vitro 
using the agar well diffusion method 
against Gram-positive Streptococcus 
mutans and Gram-negative Salmonella 
typhi. The assay was performed at 
differnet concentration of the 
nanocomposite, namely 125 µg/mL, 250 
µg/mL, 500 µg/mL, 1000 µg/mL,With 
DMSO as the negative control and 
Streptomycin as the positive control. The 
antibacterial efficacy was assessed by 
measuring the zone of inhibition (ZOI mm) 
after 24 h of incubation. The 
representation agar plates (Figure 7a-7b) 
clearly show well-defined inhibition zones 
surrounding the nanocomposites- loaded 
wells, confirming its antibacterial efficacy. 

As summarized in the quantitative 
inhibition date (Table 1) and the further 
illutrated in the comparative bar chart 
(Figure 8 ), the nanocomposites exhibits a 
pronunced concentration- dependent 
antibacterial response. For Salmonella 
typhi, the zone of inhibition increases 
progressively from 9 mm at 250 µg/mL to 
12 mm at 500 µg/mL and 15 mm at 1000 
µg/mL, reaching a maximum inhibition 
zone of 28 mm at the higest effectibe 
concentration, with 13 mm and 21 mm 
zones, respectively. No inhibition was 
observed in the negative control, 
confirming that the antibacterial effect 
originates from the nanocomposites itself. 
The enhanced activity at higher 
concentration is attributed to the 
synergistic action of WO3, TiO2 and CeO2, 
which promotes strong interaction with 
bacterial cell membrances, leading to 
membranes, leading to membrane 
disruption and oxidative stress-induced 
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cellular damage. Notably, the 
nanocomposite demonstrates greater 
antibacterial effectiveness against Gram- 
negative Salmonella typhi than Gram- 
positive Streptococcus mutans, which is 
consistent with differences in cell wall 
structure [35,36]. Overall, the combined 

evidence from the antibacterial images, 
inhibition table, and bar chart confirms 
that the WO3/TiO2/CeO2 nanocomposites 
possesses strong and concentration- 
dependent antibacterial activity, 
highlighting its potenial for antimicrobial 
and biomedical applications [37]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7a-7b: Antibacterial activity of the WO₃/TiO₂/CeO₂ nanocomposite against 
Streptococcus mutans and Salmonella typhi at different concentrations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. Agar well diffusion assay showing antibacterial activity of the 
WO₃/TiO₂/CeO₂ nanocomposite against (a) Streptococcus mutans and (b) Salmonella 
typhi. 
 
 
Table 1. Zone of inhibition (mm) of the WO₃/TiO₂/CeO₂ nanocomposite against 
Streptococcus mutans and Salmonella typhi. 
 
 

Microorganisms 

                                                       Zone of Inhibition in mm 
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4.2 Antifungal activity 
 
 
The antifungal efficacy of the 
WO3/TiO2/CeO2 nanocomposites was 
systematically evaluated in vitro using the 
agar well diffusion method against the 
pathogenic fungal strains Candida 
albicans and Aspergillus niger at 
concertrations of 125 µg/mL, 250 µg/mL, 
500 µg/mL and 1000 µg/mL with DMSO 
used as the negative control and 
streptomycin as the postrive control. The 
representative antifungal agar plates 
(Figure 9a-9b) clearly show well-defined 
zones of inhibition around the 
nanocomposite-loaded wells, confirming 
its effective antifungal activity against 
both fungal strains, while the absence of 
inhibition in the DMSO control confirms 
that the observed antifungal effect 
originates solely from the nanocomposite. 
Quantitative inhibition data summarized 
in Table 2 and further illustrated in the 
comparative bar chart (Figure 10) reveal a 
clear concentration-dependent antifungal 
response, with candida albicans showing 
moderate inhibition at lower 
concentrations and a maximum zone of 

inhibition of 31 mm at 1000 µg/mL, 
indicating strong antifungal susceptibility, 
whereas Aspergillus niger exhibits 
comparatively lower sensitivity, achieving 
a maximum inhibition zone of 11mm at 
the highest concentration, which can be 
attributed to its filamentous structure and 
stronger cell well defenses. The bar chart 
clearly highlights the superior antifungal 
performance of the nanocomposite against 
Candida albicans compared to Aspergillus 
niger, demonstrating strain-dependent 
activity. The enhanced antifungal efficacy 
at higher concentrations is attributed to the 
synergistic interaction of WO3, TiO2 , 
CeO2, which promotes increased 
generation of reactive oxygen species 
(ROS), disruption of fungal cell 
membranes, leakage of intracellular 
constituents, and oxidative stress-induced 
damage to essential biomolecules, 
consistent with perviously reported metal 
oxide- based antifungal mechanisms [38-
43]. Overall, the combined that the 
WO3/TiO2/CeO2 nanocomposites exhibits 
significant and concentration-dependent 
antifungal activity, highlighting its strong 
potential for antifungal, biomedical, and 
antimicrobial surface- coating applications.  

 

 

Salmonella typhi 
  28 

Streptococcus mutants 
 21 
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Figure 9a-9b. Comparative antifungal activity of the WO₃/TiO₂/CeO₂ nanocomposite 
against Candida albicans and Aspergillus niger at different concentrations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10. Agar well diffusion assay showing the antifungal activity of the 
WO₃/TiO₂/CeO₂ nanocomposite against (a) Candida albicans and (b) Aspergillus niger. 
Table 2. Zone of inhibition (mm) of the WO₃/TiO₂/CeO₂ nanocomposite against 
Candida  
albicans and Aspergillus niger. 
 

Microorganisms 

                                                       Zone of Inhibition in mm 

 
 

 
 

 

Candida albicans 
 31 
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5. Conclusion 
 

In conclusion WO3, TiO2, and 
CeO2 nanoparticles and their ternary 
WO3/TiO2/CeO2 nanocomposite were 
successfully synthesized  via the co- 
percipitation and hydrothermal methods. 
X-ray diffraction (XRD) analysis revealed  
the formation of monoclinic WO3, rutile-
phase TiO2, and cubic fluorite-structure 
for  CeO2, with the average crystallite 
sizes of approximately 87 nm, 42 nm, and 
25 nm, respectively. Fourier transform 
infra-red (FTIR) analysis  revealed 
characteristic metal-oxygen vibrational 
bands corresponding to Ce-O, Ti-O-Ti/W-
O-Ti and W-O-W bonds,  indicating 
effective coupling and strong interfacial, 
interaction among the constituent oxides. 
Ultra Violet (UV) -Visible spectroscopy 
showed strong light absorption with a 
distinct edge near 380 nm corresponding 
to a direct band gap of approximately 3.26 
eV for WO3/TiO2/CeO2 composites. High 
resolution-scanning electron microscope 
(HR-SEM) analysis comfirming the 
spherical shaped nanoparticles with high 
elemental purity, with an average particles 
sizes of  37 nm for WO3, 34 nm for TiO2, 
22 nm for CeO2 and 27 nm of the 
WO3/TiO2/CeO2 nanocomposites 
approximately confirming nanoscale 
morphology and unifrom dispersion. 
Energy Dispersive X-Ray (EDX) further 
verified the presence of W, Ti, Ce and O 
without detectable impurities, indicating 
the successful formation and 
compositional purity of the ternary 
nanocomposite. Antimicrobial evalution 
demonstrated that the WO3/TiO2/CeO2 
nanocomposites exhibit significant 
antibacterial activity against Gram-
positive (Streptococcus mutans) and 
Gram- negative (Salmonella typhi) strains, 
as well as notable antifungal activity 
against Candida albicans and Aspergillus 

niger, with C. albicans showing higer 
sensitivity, reflecting a species- dependent 
antimicrobial response. Overall, the 
ternary nanocomposites combine 
favorable structural, optical, and 
biological properties, highlighting their 
potential as effective antimicrobial agents 
for biomedical and envirinmental 
applications. 
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