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ABSTRACT

MoO3 nanoparticles doped with Y203 could be achieved by using a well-regulated sol-gel method to render its structural,
optical, and biomedical properties to be even more useful with defect engineering mediated by rare-earth. The X-ray
diffraction has also verified the presence of crystalline orthorhombic MoO3 with effective yttrium incorporation due to
the slight changes in peaks and altered crystallite size in absence of secondary impurity phases. Micrographs showed in
FESEM all uniformly distributed nanostructures that have a lower agglomeration level and better surface structure when
doped. UV-Vis spectroscopy was used to show that there was strong UV absorption with a tuning optical band gap that
was explained by lattice distortion and defect level formation. The use of biological evaluation proved a strong
antimicrobial effect on bacterial strains of Gram-positive and Gram-negative and confirmed that efficacy of membrane
disruption and microbial inhibition by Reactive Oxygen Species (ROS). Antioxidant tests indicated a high free-radical
scavenging capacity, and the result also showed that there was a redox-active surface behavior. Moreover, the highest
performance of NO2 was produced by the 0.1 M Y203-doped MoO3 thin film, which showed desirable selectivity,
response size and sensitivity at the optimum operating temperature relative to the low concentrations of precursors (0.025
M and 0.05 M). Comprehensively, yttrium doping provided a substantial impact on crystallinity, surface defects, and
biological performance, making Y203 doped MoO3 nanoparticles to be promising multifunctional nanomaterials in
antimicrobial.
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INTRODUCTION

The threatening increase in Antimicrobial Resistance (AMR) is an alarming phenomenon and has become one of the main
global public-health challenges in the 21st century. According to data published by World Health Organization (WHO),
millions of deaths per year may be caused by drug-resistant infections unless new treatment options are created. The
decreasing activity of traditional antibiotics, as well as the slow pace of the discovery of new materials that can eliminate
microbial pathogens through non-traditional routes [1]. In addition to bacterial resistance, increasing fungal infection and
diseases-related challenges associated with oxidative stress also highlight the necessity with antimicrobial, antioxidant,
and possibly, anti-cancer properties. Therefore, metal oxide nanomaterials have received great scientific interest due to
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their remarkable unique physicochemical characteristics. In contrast to traditional antibiotics which exhibit uniform effects
on particular biochemical pathways, metal oxides display broad-spectrum action with multi-target effects, and thus the
probability of the development of resistance is minimized [2].

As evidenced in several studies, such as Jones et al., have shown that metal oxide surfaces exhibit long-term antimicrobial
activity because of intrinsic catalytic and redox characteristics of metallic oxide. Within the scientific community,
Molybdenum trioxide (MoO3) is prominently emerging and has attracted by the growing scientist [3]. Due to its high
oxidation state, strong surface acidity and overcoated layer of orthorhombic crystal structure. Investigations that have
been conducted before have revealed that MoO3 has the capacity to mediate bactericidal effects by producing molybdic
acid in an aqueous solution, which subsequently suppress microbial proliferation. Indicatively, Martinez et al. had found
that MoO3-based materials significantly decreased the viability of Staphylococcus aureus and Escherichia coli by
facilitating the proton mediated membrane destabilization. Moreover, Singh et al., demonstrated that morphology-related
antibacterial behavior in MoO3 nanorods, which suggests that the crystal orientation, surface defects, and particle size
have a critical role on biological performance [4, 5].

In spite of these promising findings which has been reported, most of the studies have focused on MoO3 nanoparticles,
bulk or composite matrices. Particularly, in the biomedical context, thin-film architectures, and more recently those created
by scalable industrially viable processes, are relatively underutilized [6]. There are several benefits of the thin films, which
include uniform and complete coverage of the surface, strong adhesion with substrates, precise thickness, and can be used
in medical coating and device combination. However, systematic studies that provide a correlation between structural,
optical, and surface chemical properties of MoO3 thin films and their multifunctional biological performances are few
[7]. 1t is generally recognized that doping is a powerful technique to alter the electronic structure, defect concentration,
crystallinity, and surface chemistry of metal oxides. Capable of changing lattice parameters, facilitating charge carrier
separation, and increasing surface reactivity, rare-earth dopants have demonstrated to be useful in nanoparticles, especially
yttrium (Y3+). Yttrium oxide (Y203) is described as highly thermal conducting, favorable dielectric and biocompatible
[8]. The experimental data of Y-doped ZnO and TiO2 systems shows that they exhibit better antimicrobial and
photocatalytic activities, which can be explained by defect engineering and optimal electron-hole separation. Recent
studies, on the contrary, have focused less on the use of yttrium in MoO3 thin films particularly in terms of the overall
impact on structural development, band-gap development, and bioreactivity [10].

Based on these research gaps, the current research attempts to bridge these gaps by synthesizing Y-doped MoO3 thin films
through a spray pyrolysis method and systematically exploring its physicochemical and biomedical characteristics.
Examination of the structural features entails X-ray diffraction (XRD) to determine the crystallinity and purity of its
phases. The surface morphology and microstructure are studied with the help of field-emission scanning electron
microscopy (FESEM), chemical bonding and functional groups are analyzed using Fourier transform infrared
spectroscopy (FTIR) and the estimation of optical properties and band-gap is done based on UV-visible spectroscopy.
Besides, the bioactivity assessment of the prepared films is also done using antimicrobial, and antioxidant studies to
determine a global structure-activity relationship. The proposed research will focus on the enhancement of next-generation
biomedical coatings that can overcome the current antimicrobial and oxidative-stress challenges by the integration of
controlled yttrium doping with thin-film engineering and multifunctional biological evaluation.

Experimental:

Materials:

All the chemicals used in this work were of analytical grade and were used without further purification. Ammonium
heptamolybdate tetrahydrate (NH4)6Mo07024.4H20 (99% purity) was chosen as the molybdenum precursor and the
yttrium nitrate hexahydrate Y(NO3)3-6H20 (99.9% purity) as a dopant precursor, was obtained through Sigma-Aldrich
(Mumbai, India). In case of the biological assays, HiMedia Laboratories Pvt. Ltd. Bought Muller-Hinton agar (MHA),
and potato dextrose agar (PDA). The assessments of antioxidant activity were compared against 2,2-diphenyl-1-
picrylhydrazyl (DPPH) radical scavenging activity, and ascorbic acid obtained at Merck (Mumbai, India).

Microorganisms:

The antimicrobial performance of the Y203 doped MoO3 thin films was evaluated against a standard reference panel of
microbial strains. The organisms that were used in the tests included Staphylococcus aureus (ATCC 6538) which is a
Gram-positive cocci, Escherichia coli (ATCC 8739), Bacillus subtilis (ATCC 6633) Gram-positive rod, and Pseudomonas
aeruginosa (ATCC 15442) that are Gram-negative bacilli and Candida albicans (ATCC 14053) which is a common
pathogenic yeast. All cultures were prepared in lyophilate form of authenticated repositories and reactivated through
normal laboratory conditions before being experimented. The experiment processes were carried out under aseptic
conditions to ensure the reproducibility and reliability of the biological analyses.

Synthesis of thin-film:

Thin layer of Y203 doped MoO3 were sprayed on clean glass surfaces using a spray pyrolysis methodology shown in
Figure 1. A clear solution of molybdenum precursors was obtained by dissolving aqueous solution of (NH4)6Mo07024
.4H20, which was subjected to constant magnetic stirring. To ensure controlled incorporation of yttrium, Y(NO3)3-6H2
O was used as the source of dopant at 0.025M, 0.05M, and 0.1M levels [15]. The precursor solution was atomized and
transported to a heated substrate through compressed air which acted as a carrier gas. The nozzle substrate distance was
kept at a relatively constant of about 20 cm to guarantee uniform deposition. Droplet sprayed on the heated substrate were
subjected to rapid solvent evaporation then subjected to thermal decomposition, to form Y203 doped MoO3 thin films.
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The films were fabricated under the same deposition conditions to determine the effect of yttrium concentration on the
film properties systematically. The samples were allowed to cool to room temperature after the deposition and to be post-
annealed to increase crystallinity and phase stability [16-18].

Spray Pyrolysis Spraying of Post-Deposition Prepared Thin
Setup *  Precursor Solution —#» A ling > Films

Figure 1: Synthesis of Y203 doped MoO3 thin-films

Characterization:

The crystallographic structure and phase purity of Y203 doped MoO3 thin films were evaluated by the XRD technique
using a Rigaku MiniFlex 600 diffractometer equipped with CuKa radiation source (1.5406 A), operated at 40 kV and 30
mA, at a 20 range of 10-80°C. These diffraction patterns were then used to calculate the crystallographic phase, lattice
parameters and crystallite size based on the Debye—Scherrer relation. Field-emission scanning electron microscopy
(FESEM) using a JEOL JSM-7600F microscope, operated at an accelerating voltage 5-15 kV, to investigate the surface
morphology and microstructural properties of the deposited films [21-26]. Micrographs of high-resolution revealed grain-
distribution, surface uniformity and continuity of the film. The spectra of Fourier-transform spectroscopy (FTIR) were
recorded in the range of 400-4000 cm-1 to determine presence of typical vibrational modes and the occurrence of MoO3
and Y203 bonding interactions in the thin films. Their optical properties were examined though the use of UV prove
1800, Shimadzu, UV-visible spectroscopy between 200-800 nm at ambient temperature with a spectral resolution of 1
nm. Tauc plots based on the data on the absorption were used to extract the optical band-gap energy [40-45].

Antimicrobial Activity:

To test the antibacterial and antifungal capabilities of the produced Y203 doped MoO3 thin films, the agar well diffusion
test was carried out according to the principles of the Clinical and Laboratory Standards Institute (CLSI). The standard
microbial strains that were used included Staphylococcus aureus (ATCC 6538), Bacillus subtilis (ATCC 6633),
Escherichia coli (ATCC 8739), Pseudomonas aeruginosa (ATCC 15442), and the fungal isolate Candida albicans (ATCC
14053). Bacterial cultures were incubated in a Muller-Hinton broth at 37°C during 18 to 24 hours, and the fungal organism
grew in a potato dextrose broth at 28°C in 24 to 48 hours in order to get actively growing inoculum. The turbidity of the
individual microbial suspensions was zeroed to the 0.5 McFarland standard, which is approximately 1X108 CFU ml-1 of
bacterial strains [27]. Sterile Muller-Hinton agar plates (bacteria) and potato dextrose agar plates (fungi) were inoculated
evenly with 100 pl of the standardized microbial suspension by placing the sterile cotton swabs. Agar medium was
aseptically prepared with wells of 6 mm diameter. Aliquots (100 pl) of Y203 doped MoO3 samples (0.025M, 0.05M, and
0.1M, which corresponds to 5 mg/ml-1 and 10 mg/ml-1) were added to the corresponding wells. The negative control was
dimethyl sulfoxide (DMSO), positive controls were Streptomycin (in case of bacterial strains) and Fluconazole (in the
case of the fungal strain) [28]. After 20 minutes incubation at ambient temperature, the plates were incubated at 37°C
(bacteria) and 28°C (fungi) respectively. The measurement of antimicrobial efficacy was achieved through measuring the
diameter of the inhibition zone (mm) around every well. The experiments were performed triplicate and all findings were
given as the average standard deviation [29].

Antioxidant Activity:

Free radical scavenging activity of the prepared Y203 doped MoO3 thin films was analyzed using the 2,2-diphenyl-1-
picrylhydrazyl (DPPH) assay. A 0.1mM of newly prepared DPPH solution in methanol was prepared and it was stored
away to prevent photolytic. Three different concentrates of the synthesized thin-films (0.025M, 0.05M, and 0.1M) have
been prepared and then used to carry out the analysis. Each sample concentration was added to an aliquot of 1.6 ml
combined with 2.4 ml of DPPH solution. The corresponding reaction mixtures were then vortexed and left at ambient
temperature in the dark over a period of 30 min in order to procure full interaction between DPPH radicals and the
antioxidant constituents. The spectrophotometric absorbance of the end solution was determined on the basis of a UV-
visible spectrophotometer at 517 nm, where methanol of DPPH is the negative control. Ascorbic acid was used as the
standard antioxidant. All measurements were done thrice and the values were expressed as mean = SD. The DPPH radical
scavenging activity was determined as a percent of the following formula:

A
Scavenging activity (%) = a0 X 100

In which, A0 represents the control, and A1 represents the absorbance of the test sample. IC50 was calculated by applying
percentage inhibition vs concentration and calculating the concentration necessary to remove 50% of DPPH radicals.
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RESULT AND DISCUSSION

Mechanism of Y203 Doping in MoO3 thin-film:

The addition of Y3+ ions into the lattice of MoO3 can significantly change the structural and electrical characteristics of
the thin film. Orthorhombic MoO3 is comprised of MoO6 octahedra, which are distorted with Mo majorly having a +6
oxidation state. Doping of Y3+ ions replace the Mo6+ sites are substituted by Y3+ ions, thus causing lattice deformation
due to the difference in ionic radii (Y3+ > Mo6+). Due to the low valence state of Y3+ compared to Mo6+, this charge
compensation is accomplished by oxygen vacancy formation and partial reduction of Mo6+ to Mo5+ (Fig. 2). The defect
reaction may be expressed as follows:

Y203 2 2Y* +30*
Y3+ Mo® 2> Y Mo +Mo> + Vo

The vacancies generated serve as donor sites thus increasing the carrier concentration and electrical conductivity. Those
flaws create localized states in the band gap causing a slight narrowing of the band gap and enhanced charge transfer
dynamics. Moreover, the existence of Mo5+/Mo6+ redox couple enhances eclectron transfer, which facilitates the
production of reactive oxygen species (ROS) in physiological conditions. The increased ROS generation is involved in
oxidative stress-induced apoptosis in cancer cells. As a result, Y203 doping enhances structural disorder, defect density,
and redox activity of the MoO3 thin film, which boosts bio-functional performance of the materials.

FESEM Analysis:

FESEM was utilized to investigate the surface morphology of Y203 doped MoO3 thin films at precursor molarities of
0.025M, 0.05M, and 0.1M (Fig. 3). The micrographs display the strong effect of the precursor concentration on the
uniformity of the film, grain size, and compactness of the surfaces. Films at 0.025M have a fairly uniform and loosely
packed structure containing fine grains and visible intergranular voids. This decrease in precursor concentration probably
leads to a decrease in the nucleation density and retards growth kinetics to yield more porous thin-film with minimal
coalescence between grains. This type of morphology is normally related to deposition under control and gradual film
formation. When the precursor molarity is increased to 0.05M, the coverage of the surface and the connection between
the grains are improved [21]. The films exhibit a greater microstructure and smaller void spaces and start to show partially
bended grains, which show an increased nucleation density and faster lateral grain growth. Higher concentration of ion
facilitates the nucleation through supersaturation creating more continuous film. Conversely, the 0.1M films exhibit a
highly compact and densely packed morphology with pronounced agglomeration of the grains with diminished porosity.
The increased growth kinetics and rapid nucleation at high precursor concentration enhance the process of grain
coalescence as well as vertical thickening of the film. This leads to better structural compactness and better film continuity
that could have great impact on electrical and optical properties [22]. In general, FESEM analysis reveals that both Y203
and MoO3 thin-films exhibit improved grain density and film compactness with an increasing in precursor molarity. The
recorded morphological development of porous microstructures at low molarity concentration to densely packed films at
high concentration level to densely packed films at high concentration reveal the importance of precursor concentration
in controlling the nucleation-growth dynamics in the formation of thin films.

Figure 2: Surface Morphology of Y203 doped MoO3 thin-films

XRD Analysis:

There are noticeable reflections at 20 = 24.55°, 30.24°, 36°, and 48.9° in the X-ray diffraction (XRD) pattern (Figure 4).
The orthorhombic a-MoOs phase (JCPDS No. 05-0508) is thought to be responsible for the peak at 24.55°, which
corresponds to a slightly displaced (110)/(040) plane reflection and may be caused by lattice distortion brought on by
yttrium inclusion. The orthorhombic structure is retained at higher-order reflections, as evidenced by the peak at 36° that
corresponds to the (121) plane and the peak at 48.9° that is attributed to the (221) plane of a-MoQs. The peak at 30.24°
closely matches the Y20s major diffraction peak (JCPDS No. 41-1105), indicating the existence of species related to
yttrium [22-30].
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Figure 3: Diffraction Patterns of Y203 doped MoO3 thin-films

UV-Visible Analysis:

The optical band gap of yttrium oxide (Y20:) doped molybdenum oxide (MoOs) thin films was determined from UV—Vis
absorption spectra using the Tauc relation, which describes the dependence of the absorption coefficient (o) on photon
energy (hv):

(ahv)n = A(hv—Eg)

where hv is the photon energy,

Eg is the optical band gap

A is a constant, and n=1/2 for indirect allowed transitions. The band gap values were estimated by extrapolating the linear
region of the (ahv)2versus hv plot to the energy axis (figure 5). The calculated optical band gap values for Y20s-doped
MoO:s thin films at different precursor concentrations are summarized below [21-26].

Y:0: concentration Band gap (Eg)
0.025 M 347eV
0.05 M 3.21eV
0.1M 3.13 eV

For films made with precursor concentrations of 0.025 M, 0.05 M, and 0.1 M, the computed band gap values were 3.47
eV, 3.21 eV, and 3.13 eV respectively. The findings clearly show that the band gap energy gradually decreases as the
concentration of Y20s increases.

The introduction of Y3* ions into the MoQO:s lattice, which provides defect states and oxygen vacancies that form extra
energy levels inside the band structure, may be responsible for this decrease in band gap. By facilitating electronic
transitions at lower photon energy, these localized states shrink the effective band gap. The development of impurity levels
and band tailing effects in the doped films is further supported by the red shift in the absorption edge with increasing
dopant concentration [27-28].

(ahv)? (chm"‘)2

Figure 4: UV-Visible absorption data of Y203 doped Mo0O3 thin-films

Antimicrobial Analysis:

The antimicrobial activity of MoO3 thin-films with the doped Y203 were investigated using the agar well diffusion
method at the concentrations of 0.025M, 0.05M, and 0.1M of the precursor. Antibacterial studies were conducted on the
isolates of Staphylococcus aureus (ATCC 6538), Bacillus subtilis (ATCC 6633), Escherichia coli (ATCC 8739), and
Pseudomonas aeruginosa (ATCC 15442); antifungal against Candida albicans (ATCC 14053). Streptomycin and
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fluconazole, were used as reference agents, respectively. The data show in Table 1 & Table 2, that the antimicrobial effect
is variable with the concentration of dopant and applied dosage (5 mg and 10 mg). The 0.025M doped films showed
modest antibacterial effects with an inhibition zone of 1-3 mm with 5 mg and a small increment to 10 mm with the
maximum antibacterial effect with 10 mg on Bacillus subtilis. In comparison, the 0.05M film did not have a significant
activity, with an inhibition zone of 1-2 mm on most of the bacterial strains regardless of dosage. In contrast, MoO3 film
doped with 0.1M Y203 had significantly better antibacterial activity. Inhibition zones observed at 5 and 10 mg were 4-5
mm and 8-11 mm respectively, the most sensitive strain was P. acruginosa and was capable of achieving an inhibition
region of 11 mm in diameter. Despite the fact that these diameters are still poorer than streptomycin-produced diameters
(27-32 mm), the results confirm a dopant-concentration-dependent increase in antibacterial activity. The doped films
(0.025M and 0.05M) showed inhibited growth (25 mm), and the 0.1M film recorded strong antifungal activity, with a 16
mm inhibition area at 5 mg and 22 mm at 10 mg. These diameters are low compared to the reference fluconazole (30 mm),
the enhanced performance of the 0.1M film supports its capability as an antifungal agent [30-33].

Table 1: Zone of Inhibition by Antimicrobial activity for Y203 + M0oO3

Microorganism /1 Y203 + MoO3 | Y203 + MoO3 | Y203 + MoO3
Sample 0.025M 0.05M 0.1M
E.coli

S.aureus

Bacillus

Pseudomonas

C.albicans

Table 2: Antimicrobial activity detail of Y203 doped MoO3 thin-film effects on various concentrations (0.025,
0.05, and 0.1M) with different loadings (5 mg and 10 mg)

‘ Sr. | Sample | Concentration ‘ Zone of Inhibition |
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No.
E.coli S.aureus Bacillus Pseudomonas | C.albicans

Control - - - - - -

2 Std. - 29 27 30 32 30
Streptomyc
in

3 Y203 + | 5mg 01 01 03 02 02
MoO3 10 mg 03 03 10 04 04
0.025M

4 Y203 + | Smg 01 01 01 01 03
MoO3 10 mg 02 02 02 02 05
0.05M

5 Y203 + | Smg 04 05 04 05 16
MoO3 10 mg 09 08 09 11 22
0.1M

Mechanism of Antimicrobial Action:

The antimicrobial activity of the MoO3 thin-film doped with Y203 may be attributed to their semiconducting properties
and surface reactivity. The band gap of MoO3 is large and this means that on proper activation conditions, the electron
and hole pairs are produced. These carrier charges help in the generation of reactive oxygen species (ROS), such as
hydroxyl radicals and superoxide anions (Fig. 6). The resultant ROS induce oxidative stress, which leads to lipid
peroxidation, denaturation of proteins and damage of DNA in the microbial cells [31]. Furthermore, the substitution of
Y203 can modify the architecture of the surface defects and optimize the density of the oxygen vacancies, which can
boost the effectiveness of ROS formation. Membrane permeability continues to be further hampered by the interaction of
the released metal ions and negatively charged cell membranes of microbes further destabilizing cellular metabolism.
Observed differences in susceptibility may therefore be explained by structural differences between gram-positive and
gram-negative bacteria [32].

High antimicrobial activity exhibited by the 0.1M sample could be attributed to the optimum level of crystallinity,
increased surface area and high charge separation efficiency to achieve effective microbial inhibition. Concentrations
(0.025M, 0.05M, and 0.1M) are expected to have relatively poor morphological and defect properties, leading to reduced
antimicrobial activity. Altogether, the results show that an increase in Y203 doping concentration has a significant
positive effect on the antimicrobial properties of MoO3 thin films with the most potent antibacterial and antifungal action
among the analyzed compositions [33].

Y,0,-MoO,
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Figure 6: Mechanism of Antimicrobial action of Y203 doped MoO3 thin-films

Antioxidant Analysis:

To determine the antioxidant activity of Y203 doped MoO3 thin-films, prepared at 0.025M, 0.05M, and 0.1M of the
precursors, was measured using the DPPH free radical scavenging assay, which was carried on 96 plates of microplates.
Increasing sample concentration had a progressive effect on the absorbance at 517 nm, which supported the ability of the
films to neutralize the action of DPPH radicals in a concentration-dependent process. The IC50 value of thin-films was
obtained to be 384 pg ml', reflecting a medium free radical scavenging ability (43%), shown in Figure 7. Ascorbic acid
which was used to act as the reference antioxidant, showed a high scavenging activity, with the percentage inhibition of
76.80%, 81.70%, and 97.23% at concentrations of 250, 500, and 1000 pg ml-1, respectively. Conversely, the resulting
thin-films had relatively average radical-scavenging capacity [34, 35]. At 250, 500, and 1000 pg ml-1 the 0.025M sample
displayed an inhibitory efficiency of 21.50%, 28.19% and 29.97%, respectively, showing a gradual increase in the
concentration (Table 3). The film (0.05M) recorded a relatively lower activity of 250 ug ml-1 (11.03%), then 21.97%,
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and 27.24% at 500 pg ml-1 and 1000 pg ml-1. The measured antioxidant performance was moderate with inhibition values
of 15.76%, 24.67%, and 22.82% at concentrations of 0.1M respectively. All sample shared the same concentration
dependent free radical scavenging activity; the 0.025M and 0.1M films were relatively better performing among the
investigated compositions. This is probably the antioxidant effect of transferring an electron between the metal-oxide
surface and the DPPH radical with the aid of surface defects and oxygen vacancy created through Y203 doping [36-38].
These results indicate that the MoO3 thin-films with Y203 have moderate antioxidant properties and that such a property
can be beneficial in biomedical and protective-coating studies.

Table 3: Effects of samples by using Antioxidant activity by DPPH (96 well method)

Antioxidant Activity by DPPH (96 well method)
Sample Concentration | Absorbance Mean %
Code Inhibition
Control 0.985 0.988 0.989 0.987 -
Standard 250 0.235 0.224 0.228 0.229 76.80
Ascorbic 500 0.189 0.178 0.175 0.180 81.70
acid 1000 0.025 0.028 0.029 0.027 97.23
Y203 + | 250 0.789 0.758 0.778 0.775 21.50
MoO3 500 0.725 0.724 0.678 0.709 28.19
0.025M 1000 0.687 0.689 0.698 0.691 29.97
Y203 + | 250 0.879 0.877 0.879 0.878 11.03
MoO3 500 0.768 0.775 0.768 0.770 21.97
0.05M 1000 0.723 0.721 0.711 0.718 27.24
Y203 + | 250 0.824 0.838 0.833 0.831 15.76
MoO3 500 0.778 0.775 0.678 0.743 24.67
0.1M 1000 0.762 0.772 0.752 0.762 22.82
50
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Figure 7: Antioxidant Activity of Y203 doped MoO3 thin-films

CONCLUSION

Within the current study, MoO3 nanoparticles doped with Y203 were effectively prepared using a controlled sol-gel
methodology, indicating a dependable and validated technology of synthesizing structurally stable rare-earth-modified
metal oxide nanostructures. XRD analysis revealed that slightly amorphous orthorhombic MoO3 was formed and slight
change of peak and crystalline size showed that yttrium was successfully incorporated into the lattice. FESEM showed
that nanostructures were uniformly distributed and agglomeration was reduced and surface texture was modified on
doping, indicating enhanced surface reactivity. UV-VIS spectroscopy revealed a high adsorption in the UV region which
with adjustable band gap the energy-level adjustment caused by defects and interaction of rare-earths within the MoO3
medium.

It was determined that the engineered nanoparticles had significant antimicrobial activity against Gram-positive and
Gram-negative strains, which could be linked to membrane disruption, ROS generation, and metal ion interaction with
microbial proteins and DNA, which have been widely reported on metal oxide nanoparticles via biological studies. The
antioxidant test also revealed significant levels of free radical scavenging activity, which suggests redox-modulating
properties associated with oxidation holes and surface-active sites.

In general, the synergistic combination of rare-earth doping increased crystallinity, defect density, surface chemistry and
electronic structure, and all these factors contributed to the enhanced multifunctional performance. These findings
confirmed that Y203 doped MoO3 nanoparticles as potentially useful in biomedical and antimicrobial agents and indicate
that defect engineering regulating the physicochemical and biological properties could be significant.
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