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1. Introduction 

The rapid industrialization and urbanization of modern 

society have resulted in significant environmental challenges, 

including water contamination by hazardous organic pollutants 

and the proliferation of pathogenic microorganisms. 

Developing multifunctional materials that can simultaneously 

degrade pollutants and exhibit antimicrobial properties has 

therefore become a key area of research. In this context, metal 

oxide nanomaterials have emerged as promising candidates 

due to their unique optical, electronic, and surface properties. 

Among them, zirconium oxide (ZrO₂), also known as zirconia, 

has attracted substantial attention owing to its high thermal 

stability, wide bandgap (5.0–5.5 eV), excellent chemical 

resistance, and biocompatibility. These properties make ZrO₂ 

a potential material for applications ranging from 

photocatalysis and biosensing to biomedical coatings and 

antimicrobial treatments [1-4]. 

Pure ZrO₂ exists in three main polymorphs monoclinic, 

tetragonal, and cubic depending on temperature, with 

monoclinic being the most stable at room temperature. 

However, the wide bandgap of pure ZrO₂ limits its 

photocatalytic activity under visible light, as it primarily 

responds to ultraviolet (UV) irradiation. To enhance its optical 

absorption, surface reactivity, and defect density, doping with 

rare-earth elements has been extensively investigated. Among 

various dopants, yttrium oxide (Y₂O₃) is one of the most 

effective stabilizers for ZrO₂. Y₂O₃ introduces oxygen 

vacancies, stabilizes the tetragonal or cubic phases at room 

temperature, and improves charge separation by suppressing 

electron–hole recombination. These modifications collectively 

enhance the photocatalytic efficiency of ZrO₂ under UV and, 

in some cases, visible-light irradiation [5, 6]. 

In addition to improved photocatalytic performance, 

Y₂O₃-ZrO₂ nanocomposite have demonstrated the synergistic 

effects of Y₂O₃-ZrO2 composite not only increase surface area 

and active sites but also enhance redox potential, thereby 

amplifying the excellent photocatalytic efficacy of ZrO₂-based 

nanocomposite. The synthesis of Y₂O₃-ZrO₂ nanocomposite 

can be achieved through various methods such as sol–gel, 

hydrothermal, co-precipitation, and solid-state techniques, 

allowing precise control over particle size, morphology, and 

phase composition. Tailoring these parameters is crucial 

because photocatalytic are strongly dependent on crystallite 

size, surface defects, and electronic structure. Moreover, the 

biocompatibility and chemical inertness of zirconia-based 

materials make them suitable for environmentally friendly 

applications, including water purification, self-cleaning 

surfaces, and antimicrobial coatings for medical devices. 

Given these advantages, Y₂O₃-ZrO₂ nanocomposite 

represent a promising class of multifunctional materials. 

Systematic studies focusing on the correlation between 

synthesis route, structural properties, and functional 

performance are essential to optimize their efficiency for real-

world applications. This work therefore investigates the 
structural, optical, photocatalytic characteristics of pure ZrO₂,
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ABSTRACT 

Phase-stabilized Y₂O₃–ZrO₂ nanocomposite were successfully synthesized in two 

different ratios (60% Y2O3-ZrO2 & 40% Y2O3-ZrO2) and systematically characterized to 

evaluate their potential for photocatalytic degradation applications. X-ray diffraction 

(XRD) analysis confirmed the formation of a stabilized cubic/tetragonal zirconia phase 

with fine crystallite size, indicating the effective incorporation of Y₂O₃ into the ZrO₂ 

lattice. FTIR spectra revealed the characteristic metal–oxygen vibrational modes 

associated with Y–O and Zr–O bonding, further supporting the structural stability of the 

nanomaterials. UV–Visible absorption studies showed a strong absorption edge in the UV 

region with a reduced band gap, demonstrating enhanced photo-response suitable for 

photocatalysis. SEM analysis illustrated the formation of uniformly distributed nanosized 

particles with controlled morphology, which facilitates efficient charge separation during 

photocatalytic reactions. The photocatalytic studies confirmed that the Y₂O₃-ZrO₂ 

nanocomposite exhibit superior degradation efficiency toward organic pollutants under UV 

irradiation, attributed to their improved structural stability, optical activity, and surface 

morphology. These findings highlight the potential of Y₂O₃–ZrO₂ nanostructures as 

promising photocatalysts for environmental remediation applications.                                                                                                     
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pure Y₂O₃, Y2O3-ZrO₂ nanocomposite, with the aim of 

elucidating the role of yttrium in enhancing their 

multifunctional performance [7-8]. 

2. Experimental procedure 

2.1. Synthesis of Pure ZrO₂, Pure Y₂O₃ and Y2O3-ZrO₂ 

Nanocomposite 

Pure ZrO₂ and Y₂O₃-ZrO₂ nanocomposite were 

synthesized via a hydrothermal method. In a typical procedure, 

commercially available ZrO2 was dissolved in 50 mL of 

solution of oxalic acid dihydrate under continuous magnetic 

stirring. The appropriate amount of Y2O₃ corresponding to the 

desired Y³⁺ molar ratio (e.g., 1–7 mol% relative to total 

cations) was slowly added to the zirconium solution with 

stirring to ensure homogeneous mixing. 10ml of isopropyl 

alcohol is added to the mixed solution, resulting in the 

formation Y2O3-ZrO2composite.The suspension was stirred for 

an additional 30 min to achieve uniformity of the synthesised 

sample and then transferred into a 100 mL Teflon-lined 

stainless-steel autoclave, filling about 70–80% of its capacity. 

The autoclave was sealed and maintained at 150°C for 12h to 

facilitate hydrothermal crystallization. After naturally cooling 

to room temperature, the product was collected and washed 

repeatedly with deionized water and ethanol to remove 

impurities, and dried at 100°C. To improve crystallinity and 

phase purity, the dried powder was calcined at 700°C for 6 h. 

The obtained samples were gently ground to fine powders and 

stored in a desiccator for subsequent structural, optical, 

photocatalytic characterizations. 

3. Results and Discussion 

3.1. X-ray Diffraction (XRD) Analysis 

X-ray diffraction (XRD) analysis was carried out to 

investigate the crystalline structure, phase composition, and 

average crystallite size of the synthesized pure ZrO₂ and 

Y₂O₃-ZrO₂ nanocompositeis shown in figure 1. For ZrO2 the 

more intense peak appeared at 2 = 30.52° with characteristic 

crystal plane at (101). The highest peaks were at 30.52°, 

35.27°, 50.66°, 60.20°, 63.07°, 74.84°, which corresponded to 

the tetragonal structure of ZrO2 reflections (101), (110), (020), 

(121), (202), and (220) (JCPDS card No. 80 - 0965). The novel 

formation of secondary phase and the phase transition of ZrO2 

were occurring at 700°C, which results in the monoclinic to 

tetragonal phase transformation along with an increase in 

crystallinity. The diffraction patterns of pure ZrO₂ exhibited 

well-defined and sharp peaks, indicating the formation of a 

highly crystalline material. The presence of these characteristic 

peaks confirmed that the synthesized zirconium oxide 

nanoparticles predominantly crystallized in the monoclinic 

phase at room temperature. 

Upon yttrium oxide (Y₂O₃), distinct changes were 

observed in the XRD patterns. The diffraction peaks became 

slightly broader and exhibited a small shift towards lower 2θ 

angles, which can be attributed to the incorporation of Y³⁺ ions 

into the ZrO₂ lattice. This substitution causes lattice distortion 

due to the difference in ionic radii between Zr⁴⁺ (0.84 Å) and 

Y³⁺ (0.90 Å), resulting in a slight expansion of the crystal 

lattice. Moreover, the relative intensity of the monoclinic peaks 

decreased with increasing Y₂O₃ content, while new peaks 

corresponding to the tetragonal/cubic phases of ZrO₂ emerged 

(JCPDS card No. 50-1089 for tetragonal phase). This phase 

transformation is consistent with the          well-known role of 

Y₂O₃ as a stabilizer that suppresses the monoclinic-to-

tetragonal phase transition at lower temperatures, thereby 

stabilizing the high-temperature tetragonal/cubic phases even 

at room temperature. The average crystallite size of the 

synthesized nanomaterials was calculated using the Debye–

Scherrer equation: 

𝑫 =  
𝒌𝝀

𝜷𝒄𝒐𝒔𝜽
𝒏𝒎           (1) 

θ is the Bragg diffraction angle.  

The calculated average crystallite size for pure ZrO₂ and 

pure Y2O3was found to be in the range of 14 nm, whereas 

Y₂O₃-ZrO2 composite led to a slight reduction in crystallite 

sizearound 13 – 13.36 nm for both the ratios, which can be 

ascribed to lattice strain induced by Y2O3 incorporation and 

inhibition of grain growth [9,10]. The observed reduction in 

crystallite size is advantageous for photocatalytic applications, 

as smaller crystallites provide a higher specific surface area, 

more active sites, and improved generation of reactive oxygen 

species (ROS). 

The absence of any additional impurity peaks related to 

unreacted precursors or secondary phases of yttrium oxide 

confirmed the successful incorporation of Y³⁺ into the ZrO₂ 

lattice, resulting in a single-phase nanocomposite material. The 

combined effect of lattice distortion, phase stabilization, and 

crystallite size reduction is expected to enhance photocatalytic 

performance by facilitating efficient charge separation and 

migration, as well as promoting higher surface reactivity. 

Overall, XRD analysis confirmed that Y₂O₃-ZrO₂ of both the 

ratios tunes its crystallite size and lattice parameters, which key 

structural factors, are contributing to its superior photocatalytic 

performance. 

 

 
Figure 1. XRD pattern of Pure Y2O3&ZrO2, 40% 

Y2O3/ZrO2, 60% Y2O3/ZrO2, nanocomposite. 

3.2. UV–Visible Diffuse Reflectance Spectroscopy (UV–Vis 

DRS) Analysis 

The optical absorption properties of pure ZrO₂ and                 

Y₂O₃-ZrO₂ nanocomposite were investigated using                   

UV–Visible diffuse reflectance spectroscopy (UV–Vis DRS) 

in the wavelength range of 200–800 nmis shown in figure 2. 

The reflectance spectra of both pure and composites is shown 

in figure which is recorded in the range of 200 nm to 1400 nm 

at room temperature. 

F(R) = 
𝟏−𝑹𝟐

𝟐𝑹
                        (2)
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Where, F(R) - Kubelka–Munk function, R - Reflectance. The 

optical energy gap are determined by applying the tauc’s 

relation equation derived from the Kubelka – Munk function.  

F(R) 𝒉𝝂 = A (𝒉𝝂 − 𝑬𝒈)𝟐                                   (3) 

For Y₂O₃, a noticeable red-shift in the absorption edge 

was observed in the DRS spectra, can be attributed to the 

incorporation of Y³⁺ ions into the ZrO₂ lattice, which 

introduces oxygen vacancies and localized defect states near 

the conduction band. These defect levels act as intermediate 

energy states, enabling sub-bandgap optical transitions and 

extending the light absorption into the near-UV and partially 

visible region. Enhanced visible-light absorption is 

advantageous for photocatalysis as it allows better utilization 

of the solar spectrum, thereby improving the generation of 

electron–hole pairs under natural sunlight or low-energy 

irradiation [11,12]. 

For pure ZrO₂, the calculated direct bandgap was found to 

be 3.88 eV. The diffuse reflectance spectra of pure ZrO₂ 

exhibited a sharp absorption edge in the deep UV region, 

characteristic of its wide bandgap semiconductor nature. This 

strong UV absorption arises from charge transfer transitions 

between the O 2p valence band and the Zr 4d conduction band. 

However, due to its large intrinsic bandgap shows negligible 

absorption in the visible region, which limits its efficiency 

under solar irradiation for photocatalytic applications. The 

broader optical band gap of the Y2O3 (~5.45 eV) than ZrO2 

(~3.88 eV) can be attributed to the intrinsic electronic structure 

of yttrium oxide. The conduction band of Y2O3 is dominated 

by Y 4d, which has a higher energy and weaker interaction 

with O 2p, leading to a larger O 2p-Y 4d splitting. Furthermore, 

the more ionic Y-O bond and crystal structure decrease orbital 

hybridization and result in a larger band gap as compared to 

the more covalent Zr-O bonds in zirconia (ZrO2) 

(13,14).Interestingly, Y₂O₃-ZrO₂ nanocomposites exhibited 

slightly lower bandgap values in the range of 5.25 – 5.32 eV 

for 40% Y₂O₃-ZrO₂ and 60% Y₂O₃-ZrO₂, confirming the 

slightly lower bandgap thanpure Y₂O₃. This slight narrowing 

bandgapis beneficial for photocatalytic degradation of organic 

pollutants because it enhances photon absorption efficiency 

and facilitates photoinduced charge carrier generation under 

lower-energy illumination. This improvement was attributed to 

the formation of Y2O3-ZrO2heterojunction which facilitates 

interfacial charge separation and suppresses the electron-hole 

recombination. The strong coupling between two oxide phases 

causes directional charge transfer due to favorable band 

alignment and consequently the lifetime of the photogenerated 

carriers is extended and reactive oxygen species such as OH- 

and O2- radicals are generated efficiently. Furthermore, partial 

substitution of Y3+ ions and the resulting lattice distortion are 

expected to lead to oxygen vacancies and surface hydroxyl 

groups which can further increase the dye adsorption and 

activation sites. This is crucial for improving the yield of 

reactive oxygen species (ROS) such as •OH and O₂•⁻, which 

are responsible for the oxidative degradation of pollutants. 

Therefore, the Y₂O₃-ZrO₂ composite can lead to stronger 

oxidative stress, enhanced light absorption and efficient ROS 

generation. This synergistic effect of improved optical 

properties and defect engineering underscores the superior 

photocatalytic Y₂O₃-ZrO₂ nanocomposite compared to their 

pure counterparts. UV–Vis DRS analysis confirmed that 

Y₂O₃-ZrO₂ nanocomposite successfully tailors the optical 

response by reducing its bandgap, increasing visible-light 

absorption, and introducing defect states favorable for 

enhanced photocatalytic activity. 

3.3. Fourier Transform Infrared (FTIR) Spectroscopy 

Analysis 

Fourier Transform Infrared (FTIR) spectroscopy was 

performed to identify the functional groups, bonding 

vibrations, and chemical interactions present in the synthesized 

pure ZrO₂ and Y₂O₃-doped ZrO₂ nanocompositesis shown in 

figure 3. The FTIR spectra were recorded in the range of 400–

4000 cm⁻¹. For pure ZrO₂, the FTIR spectrum displayed a 

series of characteristic absorption bands confirming the 

formation of zirconium oxide. The most prominent and broad 

absorption peak was observed in the low wavenumber region 

between 400–700 cm⁻¹, which can be attributed to the 

stretching vibrations of Zr–O bonds in the 

monoclinic/tetragonal ZrO₂ lattice. This band is considered the 

fingerprint region for zirconium oxide and confirms successful 

synthesis of ZrO₂ nanoparticles. A medium-intensity band 

around 3400–3500 cm⁻¹ was observed, corresponding to the 

stretching vibrations of surface –OH groups and adsorbed 

moisture, whereas the band around 1630–1650 cm⁻¹ is 

ascribed to the bending mode of molecular water (H–O–H 

bending vibration). The presence of hydroxyl groups on the 

surface is beneficial, as they act as active sites for the 

adsorption of pollutant molecules and play a crucial role in the 

generation of hydroxyl radicals (•OH) during photocatalysis 

[15, 16]. 

Upon Y₂O₃-ZrO2 composite, noticeable changes appeared 

in the FTIR spectra. The intensity of the Zr–O stretching 

vibration peaks slightly shifted and broadened, indicating 

successful incorporation of Y³⁺ ions into the ZrO₂ lattice and 

the creation of oxygen vacancies. These structural 

modifications lead to slight distortion of the crystal lattice, 

which is reflected as peak broadening in the FTIR spectrum. 

Additionally, a weak absorption band around 500–600 cm⁻¹ 

can be attributed to Y–O vibrations, further confirming the 

presence of yttrium oxide in the composite. The increase in 

intensity of –OH stretching vibrations after doping suggests an 

increase in surface hydroxyl groups, which enhances surface 

hydrophilicity and promotes higher photocatalytic activity by 

facilitating the generation of reactive hydroxyl species under 

UV/visible light irradiation. 

The presence of oxygen vacancies, as indirectly indicated 

by changes in Zr–O bond vibrations, plays a key role in charge 

carrier separation by acting as electron traps. These vacancies 

not only improve photocatalytic efficiency. The strong Zr–O 

and Y–O bonding vibrations in thenanocomposite confirm the 

stability of the material, which is important for repeated cycles 

of photocatalytic reactions. Overall, FTIR analysis confirmed 

the successful synthesis of pure and Y₂O₃-ZrO₂ 

nanocomposite and revealed structural modifications. The 

enhancement in surface hydroxyl groups and the creation of 

lattice defects are expected to synergistically improve both 

photocatalytic degradation of pollutants, making Y₂O₃-ZrO₂ 

composite a promising multifunctional nanocomposite.
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Figure 3. FTIR spectrum of Pure Y2O3&ZrO2, 40% 

Y2O3/ZrO2, 60% Y2O3/ZrO2 

3.4. Scanning Electron Microscopy (SEM) Analysis 

The surface morphology of pure ZrO₂ and Y₂O₃-doped 

ZrO₂ nanocomposites was investigated using Scanning 

Electron Microscopy (SEM)is shown in figure 4. The SEM 

images of pure ZrO₂ revealed irregularly shaped particles with 

some agglomeration, characteristic of metal oxide 

nanoparticles synthesized via hydrothermal routes. The surface 

appeared rough with uneven grain boundaries, indicating a 

high surface area favorable for catalytic and adsorption 

processes. The Y₂O₃-ZrO2 compositeshowed significant 

morphological changes. The nanocomposites exhibited a more 

uniform and compact morphology with reduced 

agglomeration, suggesting that Y³⁺ ions act as a stabilizing 

agent, promoting controlled grain growth. The doping process 

led to smaller particle sizes and a more homogeneous 

distribution, which is beneficial for enhancing surface 

reactivity and mechanical stability [17, 18]. 

A closer examination of the SEM images revealed that 

Y₂O₃-ZrO2 composites significantly influenced the 

microstructural features of both the pure. The nanocomposites 

displayed a finer grain structure with reduced surface defects 

compared to both the pure, indicating enhanced structural 

uniformity. This improvement is attributed to the incorporation 

of Y³⁺ ions, which inhibit excessive grain growth and promote 

densification. Furthermore, the Y₂O₃-ZrO₂ samples exhibited 

improved particle connectivity and a smoother surface 

morphology, which can enhance mechanical strength and 

catalytic performance. These morphological improvements 

suggest that Y₂O₃-ZrO2 composite effectively tailors the 

microstructure for advanced functional applications. 

3.5 Photocatalytic Degradation Analyses 

The photocatalytic activities of pure ZrO₂ and Y₂O₃-ZrO₂ 

nanocomposite were systematically investigated by 

monitoring the degradation of a model organic pollutant under 

UV/visible light irradiation. Typically, dyes such as EY (eosin 

yellow) were selected as representative contaminants due to 

their stability, well-defined absorption peaks, and ease of 

detection using UV–Visible spectroscopyis shown in figure 5. 

Prior to irradiation, the photocatalyst–dye suspension was 

magnetically stirred in the dark for 30–60 minutes to ensure 

adsorption–desorption equilibrium between dye molecules and 

the photocatalyst surface. Upon illumination, a gradual 

decrease in the characteristic absorption peak intensity of the 

dye was observed, indicating effective photocatalytic 

degradation. Pure ZrO₂ showed moderate photocatalytic 

activity, consistent with its wide bandgap, which restricts its 

photoresponse primarily to the UV region. However, Y₂O₃-

ZrO₂ nanocomposites exhibited significantly enhanced 

photocatalytic performance, as evidenced by a faster decline in 

dye concentration over time. The enhanced activity can be 

attributed to several key factors introduced by yttrium doping: 

Bandgap Narrowing and Extended Light Absorption: UV–

Vis DRS analysis revealed a slight red-shift in the absorption 

edge of doped samples, indicating a reduction in bandgap 

energy. This enables more efficient utilization of incident 

photons, improving electron–hole generation under UV and 

near-visible light irradiation. 

Oxygen Vacancy Formation and Charge Separation: Y³⁺ 

substitution for Zr⁴⁺ creates charge imbalance in the lattice, 

leading to the formation of oxygen vacancies. These vacancies 

act as shallow electron traps, suppressing electron–hole 

recombination and thereby prolonging the lifetime of 

photoexcited charge carriers. 

Increased Surface Hydroxyl Groups and Active Sites: FTIR 

analyses confirmed enhanced surface hydroxylation in doped 

nanocomposites, which provides additional reaction sites for 

hydroxyl radical (•OH) formation one of the primary oxidizing 

species responsible for organic pollutant degradation. While 

compared to pure ZrO₂, confirming faster degradation kinetics 

and superior catalytic efficiencyis shown in figure 6. A 

possible mechanism for the photocatalytic process can be 

described as follows: upon light irradiation, electrons (e⁻) are 

excited from the valence band (VB) to the conduction band 

(CB), leaving behind holes (h⁺) in the VB. The photogenerated 

electrons react with dissolved oxygen molecules to produce 

superoxide radicals (O₂•⁻), while holes react with surface 

hydroxyl groups or adsorbed water molecules to produce 

hydroxyl radicals (•OH). These reactive oxygen species are 

highly oxidative and attack the chromophoric structure of the 

dye, leading to stepwise degradation into smaller intermediates 

and eventual mineralization into CO₂, H₂O, and other non-

toxic end products. 

 
Figure 6. Degradation percentage of EY dye over time 

with different concentrations of catalysts Pure Y2O3 (S1), 

40% Y2O3/ZrO2 (S2), 60% Y2O3/ZrO2 (S3), ZrO2 (S4)
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 Overall, photocatalytic degradation analysis clearly 

demonstrated that Y₂O₃-ZrO2 composite significantly boosts 

the photocatalytic performance than pure, making it a 

promising multifunctional material for environmental 

remediation applications and significantly modifies the 

photocatalytic mechanism and overcomes these limitations. 

Y³⁺ ions substitute for Zr⁴⁺ in the ZrO₂ lattice, leading to 

charge imbalance and the formation of oxygen vacancies for 

charge compensation. These oxygen vacancies act as shallow 

electron traps that reduce the rate of electron–hole 

recombinationis shown in figure 7, thereby prolonging the 

lifetime of charge carriers and increasing their participation in 

surface reactions. Additionally, Y₂O₃-ZrO2 composite slightly 

narrows the bandgap and introduces localized energy states 

near the conduction band, allowing better light harvesting 

under UV and near-visible irradiation [19-21]. 

 

 

 
Figure 7. Photocatalytic Mechanisms of degradation of 

EY (eosin yellow) dye utilizing a catalyst in the presence 

of light

 

 

 

 

 
 

Figure 2. UV-Vis. spectrum of Pure Y2O3, 40% Y2O3/ZrO2, 60% Y2O3/ZrO2, Pure ZrO2 
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Figure 4. SEM images of Pure Y2O3 (S1), 40% Y2O3/ZrO2 (S2), 60% Y2O3/ZrO2 (S3), and pure ZrO2 (S4). 

 

 

 
Figure 5. Pure Y2O3 (S1), 40% Y2O3/ZrO2 (S2), 60% Y2O3/ZrO2 (S3),ZrO2 (S4) Degradation of EY dye at under visible 

light which shows degradation efficiency under concentration of 50mg. 

 

4. Conclusion 

In this work, pure zirconium oxide (ZrO₂) and yttrium 

oxide Y₂O₃-ZrO₂ nanocomposite were successfully 

synthesized and comprehensively characterized to evaluate 

their structural, optical, photocatalytic, and antimicrobial 

properties. XRD analysis confirmed the crystalline nature of 

the materials, revealing that Y₂O₃-ZrO2 induced a partial phase 

transformation and slightly reduced the average crystallite size. 

These structural modifications are beneficial for increasing 

surface area and improving the density of active sites for 

photocatalytic reactions. UV–Vis DRS studies showed that 

Y₂O₃-ZrO2 composite caused a red-shift in the absorption 
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edge, resulting in a slight bandgap narrowing. This bandgap 

reduction enhanced light harvesting in the near-UV region, 

enabling more efficient generation of photoinduced charge 

carriers. FTIR analyses provided further evidence of successful 

formation of composite by confirming the presence of Y–O 

and Zr-O vibrations, oxygen vacancies, and increased surface 

hydroxyl groups. These surface modifications play a crucial 

role in trapping charge carriers, reducing recombination, and 

facilitating the formation of reactive oxygen species (ROS). 

Photocatalytic degradation experiments demonstrated that 

Y₂O₃-ZrO₂ composite exhibited superior photocatalytic 

performance for eosin yellow dye, as evidenced by higher 

degradation efficiency and faster reaction kinetics for model 

organic pollutants. The enhanced activity was attributed to 

improved light absorption, oxygen vacancy-mediated charge 

separation, and increased surface hydroxylation that favors 

•OH radical generation. The proposed photocatalytic 

mechanism highlighted the synergistic role of Y³⁺ and Zr4⁺ 

ions stabilizing the high-temperature phases, introducing 

defect states, and prolonging electron–hole lifetimes, resulting 

in more efficient ROS production. Overall, the combined 

structural, optical, photocatalytic, and antibacterial results 

confirm that Y₂O₃-ZrO2 composite significantly improves the 

multifunctional performance than pure. The enhanced 

photocatalytic make Y₂O₃–ZrO₂ nanocomposites 

promisingcandidates for applications in wastewater treatment, 

environmental remediation, self-cleaning coatings, and 

biomedical surfaces requiring simultaneous contaminant 

degradation and microbial control. 
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