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1. Abstract
The integration of Magnesium oxide nanoparticles (MgO NPs) into polyvinyl alcohol (PVA) matrix creates nanocomposite films that are considered one of the most capable materials for cost-effective, reliable, and solar-saving energy in daily desired applications. The structural and optical properties of MgO NPs were studied using X-ray diffraction (XRD), and Ultraviolet–visible spectroscopy (UV–vis) at different weight percentages (2, 4, 6, and 8 wt%) of MgO NPs that were incorporated into PVA by the solution casting method. The results showed that all samples have a cubic crystal structure with an observed increase in crystal size as the MgO concentration increases. FTIR analysis indicated that there is an interaction between MgO and the PVA through hydrogen bonding. The energy band gap and tail of localized state of PVA/MgO nanocomposites have been calculated by using Tauc and Urbach relations, respectively. The band gap of the nanocomposite samples decreases as MgO wt% increases.  The loading of 2 to 8 wt% of MgO NPs in the PVA matrix caused a significant reduction in direct bandgap, indirect bandgap, and Urbach energy. These results showed that the spectroscopic properties of PVA-MgO NP films were modified considerably with small loadings of MgO NPs in the PVA matrix due to cross-linking formation between the nanoparticles and the polymer. In addition, this increase in percentages has affected the optical parameters by enhancing the optical proficiency for the prepared samples with a noticeable slight shift to the visible region to improve their efficiency to be used as photocatalytic and energy-saving applications in more reliable and effective methods. This study has yielded significant insights that may aid in the advancement of optoelectronic applications in industries by reducing costs. These results could be instrumental in enhancing production processes and making the use of more viable and cost-effective options for industrial operations.
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3. Introduction
Over the last decade, researchers have proved that when materials are made at the nanoscale, it exhibits novel and considerably enhanced physical characteristics [1–3]. Therefore, scientists have focused on the development of nanoparticles, aiming to form easier and cost-effective methods for producing nanostructures [4-6]. Nonetheless, metal oxide (MO) semiconductors are cost-effective, chemically stable, and environmentally suitable for photoelectric devices with the benefit of effects of different ambient conditions. Particularly, MgO nanomaterials have been widely investigated due to their broad and possible uses in innovative applications in addition to their wide bandgap [5-8]. MgO is an inorganic material that crystallizes in a rock-salt crystal structure and has thermodynamically stable (100) crystal planes [9]. MgO NP has various unique and extraordinary properties, such as excellent thermal and chemical stability, non-toxicity, high melting point, wear resistance, low erosion rate, non-toxicity and good biocompatibility [10–13]. MgO NP is regarded as a viable contender in domains such as catalysis and wastewater treatment, among others, due to its essential properties like large surface area, strong surface reactivity, and buffer capacity [14–17]. Additionally, MgO NP is widely used as a protective layer in ceramics, aircraft, metallurgical photonic materials, antimicrobial agents, re retardants, and biosensors [18]. Different techniques have been employed to synthesize MgO nanoparticles, including solution combustion [19], solvent mixed spray pyrolysis [10], hydrothermal precipitation [20], and numerous other advanced and straightforward techniques. methods processes [21,22]. Managing synthesis factors such as temperature, pH, and gelling agent serves as a crucial aspect for managing the size, shape, and morphology of the nanoparticles[23].
On the other hand, polymers reinforced with nanoparticles have garnered considerable interest over the last few decades due to their affordability, ease of processing, and the integration of the appealing features of inorganic nanoparticles and organic polymers that have been anticipated to exhibit properties that are synergistically improved [24]. The possible uses of polymer nanocomposites are in optoelectronics, automotive, aerospace, and various other applications [16–18]. The characteristics of polymer nanocomposites rely on the chemistry, shape, and size of the nanoparticles [25]. Polyvinyl alcohol (PVA) is a well-known water-soluble, biocompatible, biodegradable material with great optical transparency and dielectric strength. Their properties are determined by the type and percentage of the doping substance. These qualities are mostly owing to the alkyl groups (OH) in PVA that create hydrogen bonding semicrystalline polymer utilized in optoelectronic devices that have strong interfacial contact, improved film-forming, is non-toxic, ecologically friendly, and is cost-effective [26]. When metal oxides are doped with PVA, interaction may take the form of hydrogen bonding with the metal oxide [27]. This improvement is mostly due to the nanomaterial's tiny size, increased surface area, quantum confinement effects, and strong interfacial interactions. This work concerns the preparation and fabrication of MgO/PVA by the casting technique to obtain cast films with good physical properties. Furthermore, the effect of adding the MgO was studied with varying concentrations. Also, the study investigated the changes in the crystal structure and morphology of MgO/PVA nanocomposite. The analysis revealed that changes in crystallinity are related to structural changes, as observed using X-ray diffraction. Additionally, the optical properties of the nanocomposite were examined to better understand how MgO interactions affect important properties of PVA. The results of this study provide valuable insights that can help advance the industrial application of these composites as materials with reduced cost.
4. [bookmark: _Hlk161531537]METHODOLOGY
4.1 Materials 
  Magnesium (II) Chloride and PVA (IV) were purchased from Sigma Aldrich. Deionized water was used as a solvent. Ethanol and ammonium solution (NHOH) were purchased from Sigma Aldrich. All chemical reagents were of analytical grade and used without further purification. Double-distilled water was used throughout the experiments.
4.2 Preparation of pure MgO Nanoparticles
First, MgO was synthesized, then the PVA was incorporated into the MgO to form the final nanocomposite. To synthesize pristine MgO particles, MgCl2 was dissolved in deionized water (100 mL) under constant stirring on a magnetic stirrer for 30 min, and then maintaining a pH of 7-8 by slowly adding NH4OH solution, and the system was left for homogenization under constant stirring for 30 min. The yellowish gel formed after the reaction was dried at 100 oC for 1 day until it turned into a yellow block crystal. Calcination of the synthesized materials was carried out in air at 450 oC for 2 hours, resulting in white-colored MgO. 
4.3 Preparation of PVA and PVA/MgO Nanoparticles 
[bookmark: _Hlk215396525] For the Synthesis of PVA/MgO Nanoparticles, the solution casting technique was used for the preparation of PVA and PVA/MgO composite films with various loadings of MgO nanoparticles (2,4,6, and 8 wt.%). A pure and homogeneous solution of PVA was obtained by dissolving 1 g of PVA into 10mL deionized water and stirring vigorously at 80°C until a transparent solution.  For example, at the same time, MgO particles (2 wt.%) were dispersed in 10 mL of deionized water separately at ambient temperature for 3 h and then added to the PVA solution. The solution was again stirred for 1h with the magnetic stirrer for 2hours. The resulting PVA-MgO solution was poured on a clean, dried Petri dish and left to dry for 2 days at room temperature. The dried PVA/MgO (2wt.%) composite films were peeled off the Petri dish and cut into the required size for further analysis. The same process was also repeated for the preparation of PVA/MgO (2 wt.%), PVA/MgO (4 wt.%), PVA/MgO (6wt.%), and PVA/MgO (8 wt.%) composite films. To remove any residual solvents, the composite films are placed on a hot plate at 35°C for three hours. Finally, the composite was encapsulated into circular pieces measuring 6 mm with a thickness of 0.5 mm for characterization and testing.
[bookmark: _Hlk161659714]

Table 1: Prepared nanocomposites at different ratios of (MgO) concentrations

	Samples
	(MgO) concentrations
	(PVA) concentrations

	PVA
	0wt.% MgO
	100wt.% PVA

	MgO
	100wt.% MgO
	0wt.% PVA

	MgO /PVA
	2wt.% MgO
	98 wt.% PVA

	MgO /PVA
	4 wt.% MgO
	96 wt.% PVA

	MgO /PVA
	6 wt.% MgO
	94 wt.% PVA

	MgO /PVA
	8 wt.% MgO
	92 wt.% PVA



5. Characterization techniques  
X-ray diffraction measurements were conducted using a Shimadzu 6000 X-ray diffractometer with Cu-kα radiation of wavelength at λ = 1.5406 Å. Optical absorption spectra were recorded at room temperature using a UV–VIS–NIR spectrophotometer (type JASCO V670, double-beam spectrophotometer), which covered a wavelength range of 190–2700 nm. The reflectance spectrum was measured at a 6-degree angle from the normal direction of the sample surface. Characterization techniques Fourier transform infrared (FTIR) spectra measurements of these films were recorded using (Shimadzu UV-2600) IR spectrometer with a resolution of 4 cm-1. The measurements were taken over the wave number range 500–4000 cm-1. From these data, the optical constants such as band edge, optical band gap (both direct and indirect), and refractive index were determined. 
6. Results and Discussions  
6.1 [bookmark: _Hlk161616675]X-Ray Diffraction
In order to understand the properties of the nanocomposite material, it is essential to know more about the details of its structure. The X-ray diffraction (XRD) technique was used for phase analysis. The XRD of PVA, MgO, and PVA/MgO composites was recorded using Philips X’PERT PRO diffractometer with Cu Kα (λ= 1.54060 Å) incident radiation. The XRD peaks were recorded in the 2θ range of 10°–80°.
[bookmark: _Hlk191284104][bookmark: _Hlk191283562]To each X-ray diffraction line gained is broadened due to instrumental and physical factors (crystallite size and micro strains). Thus, the first step is the calculation of crystallite size and lattice strain from the Pattern of XRD. In the present work, the instrumental broadening is corrected by comparing the experimental data with reference to the parabolic approximation correction:
                                                                   (1)
where B and b are the breadths (in radians) of the same Bragg-peak from the XRD scans of the experimental and reference powder, respectively.
[bookmark: _Hlk191280055] Figure 1 shows the X-ray diffraction patterns for the pure MgO, pure PVA, and MgO/PVA NPs at different MgO concentrations (2wt%, 4 wt%, 6 wt%, and 8wt%), respectively. The variation of the MgO content in composite samples results in a change in the optical behavior, which may be associated with the induced structural changes. All samples showed a very defined, sharp, and narrow peak, indicating the production of a highly crystalline sample.
[bookmark: _Hlk190531162] It can be observed from the X-ray diffraction pattern in Figure 1(a) for the pure MgO that diffraction lines have a cubic phase corresponding to crystal planes of (111),(200), (220), (311( at 2𝜃 values of 37.18⁰, 43.15⁰,62.68⁰, 75.16⁰, and match index data of (JCPDS No. 87-0653). The XRD pattern for the pure PVA in Figure 1(b) shows a broad peak position at 2𝜃 values of 19.26⁰ corresponding to the PVA semicrystalline phase [28]. This may be due to the presence of strong intra-molecular hydrogen bonding between different monomer units of PVA. The intensity of the characteristic peak of PVA decreased after embedding MgO nanoparticles in a polymer matrix, due to breaking the H-bond of the -OH group of the PVA chains, and the molecular chains are free to rotate[29]. In Figures (c) and (d), the composite film prepared with ratios 2wt% and 4wt% MgO shows only the diffraction line of MgO at 2 =43 .15, 62.68, and a little disappearance of other peaks due to the small amount of MgO.  This result suggests that the MgO nanoparticles lose their crystallinity when reinforced into the polymer matrix. Additionally, this implies that when MgO is integrated into PVA, it may fill the interstitial space between the polymer chains, causing the MgO NP to lose its intrinsic crystallinity [30].

    The presence of characteristic diffraction peaks of MgO nanoparticles 2= 43 .15, 62.68  with the PVA polymer, revealing that the MgO nanoparticles have started to be incorporated in the PVA matrix host. As can be seen, a notable decrease in broadening in the PVA diffraction peak intensity was detected, which can be related to the H–bond and –OH group of the PVA chains breaking, and the molecular chains are free to rotate. In addition, this may be related to the intermolecular interaction between the PVA chains and MgO particles, affecting the composite crystallinity. At pattern (E), (f) with ratios 6 and 8wt.%, MgO diffraction peaks get narrower and sharper with a slightly higher intensity.  This indicates that their combination of the PVA/MgO interface reduces the intermolecular stress in the amorphous portions, consequently increasing the mobility of the PVA chain, allowing the reordering of particular molecules, thus improving the composite crystallinity. Moreover, it was observed that the intensity of all the (101) peaks of PVA is reduced, suggesting that the addition of MgO nanoparticles deteriorates the crystallinity of the PVA matrix [5]. Also, it depicts that the H-bond of the -OH group in the PVA chains has been broken, and the molecular chains are all now free to revolve. 
The Debye Scherer equation is used to calculate the average crystalline size of all samples using the reflection of the 2θ value of the XRD data.
                                                                         (2)
where D is the average crystallite size, the value of Scherer constant ‘k’ is 0.9, λ = 0.15406 nm is the wavelength of the X-ray beam, and 𝛽 is the full-width half maximum [22]. The crystallite size depended on the lattice micro-strain and the intensity of the peak. It has been observed that generally, the average crystallite size increases with the increasing Concentration of the MgO. The crystal size of Pure MgO is calculated to be around 147 nm. As shown in Table 2, there was a slight increase in crystal size when adding the MgO to the PVA matrix, starting from 54 nm at 2wt% to 57 nm at 8 wt%, accompanied by a decrease in dislocation density and the macrostrain. The slight broadening of the XRD peaks of MgO and the increase of crystal size, as shown in Figure 1 and Table 2, may also be attributed to the micro-strain of the crystal structure arising from defects like dislocation due to the formation of weak bonds with the PVA polymer.
Figure 2 demonstrates that the integrated intensity increased gradually as the MgO ratio increased. The observed increase in integrated intensity provides evidence of the ordering character of the nanocomposite samples. This enhanced orderliness is attributed to the atom arrangement caused by MgO doping, which results in a reduction of entanglements per atom and a consequential increase in atom mobility. Conversely, the increase in integral intensity signals an enhancement in the number of phases present within the samples. This decrease is indicative of improved crystallinity. On the other hand, the data also indicate that an increase in MgO ratios leads to a decrease in full width at half maximum (FWHM), suggesting an increase in crystal size from 53 nm at 2% to 56.8 nm at 8%, as depicted in Figure 2. 
[image: ] 

Figure 1: XRD pattern of MgO/PVA NPs with a Concentration of: a) pure MgO, b) pure PVA, c) 2wt.% MgO, d) 4wt.% MgO, e) 6wt.% MgO, f) 8wt.% MgO.





Table 2: Structural parameters derived from the XRD (111) peak for PVA/MgO nanocomposite films with different MgO loadings (2–8 wt.%).
	MgO wt%
	2θ (degree)
	FWHM β (rad)
	Crystallite size D (nm)
	Integrated Area
	ε (Micro-strain)

	PVA + 2% MgO
	37.145
	2.760×
	53.0
	3.39189
	2.054×

	PVA + 4% MgO
	37.1679
	2.710 × 10⁻³
	54.0
	8.49883
	2.015× 10⁻³

	PVA + 6% MgO
	37.16783
	2.651×
	55.2
	30.03371
	1.971×

	PVA + 8% MgO
	37.17453
	2.574×
	56.8
	51.77884
	1.914×




[bookmark: _Hlk161623794][bookmark: _Hlk161537565]                    [image: ]
               Figure 2:  The effect of MgO ratio on the a) FWHM and b) the Integrated intensity.

7. [bookmark: _Hlk161626571]FTIR Analysis
Figure 3 shows the FTIR characterization of MgO/PVA nanocomposites at ratios ranging from 2 to 8 wt% that focuses on identifying the interfacial interactions between the metal oxide and the polymer matrix. As the MgO loading increases, the broad O-H stretching peak shifts toward lower wavenumbers (from 3320 cm⁻¹ to 3280 cm⁻¹). This redshift is the primary evidence of physical interaction; the MgO surface oxygen atoms compete with the PVA's own hydroxyl groups for hydrogen bonding, creating a denser interfacial network [1, 2]. The peak at 1640 cm⁻¹ is standard to identify it as adsorbed water (H-O-H bending). Since MgO is highly hygroscopic, the intensity of this peak grows significantly as the concentration moves toward 8%, reflecting the composite's increased affinity for atmospheric moisture [2, 3]. The peak at 1141 cm⁻¹ is a well-known indicator of the crystalline phase of PVA. At 2% loading, this peak remains sharp. However, as the ratio reaches 6% and 8%, the peak intensity weakens. This demonstrates that the high density of MgO nanoparticles acts as a physical barrier, preventing the polymer chains from packing into regular crystalline lattices [4, 5]. In the low-frequency region (400–700 cm⁻¹), the characteristic vibrations of the Mg-O bond become increasingly distinct, confirming the presence of MgO in the composite films. At 2%, the signal may be noisy or buried in the baseline, but at 8%, it appears as a clear, sharp absorption band, confirming the high-density presence of the inorganic phase [1, 3]. The progressive change of these bands with increasing MgO wt.% suggests stronger interfacial interaction and increased incorporation of MgO within the PVA matrix. Table 3 shows the main function groups observed at the FTIR spectra of pure PVA and PVA/MgO nanocomposite films.

Table 3 Assignment of FTIR absorption bands (cm⁻¹) for PVA/MgO nanocomposite films.
	Wave number cm-1
	Function group
	Effect of MgO doping

	~3300 cm-1
	O-H stretching
	Shift and boarding

	~2920 cm-1
	C-H stretching
	 Minor Decrease

	~1705 cm-1
	C=O stretching
	Intensity Increase

	~1650 cm-1
	H-O-H bending
	Intensity Increase

	~1141 cm-1
	C-O stretching
	Decreased Intensity

	~450-700cm-1
	Mg–O Stretching
	Emergence / Sharpness
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Figure 3. FTIR spectra (transmittance vs. wavenumber) of pure PVA and PVA/MgO nanocomposite films: a) pure PVA, b) 2 wt.% MgO, c) 4 wt.% MgO, d) 6 wt.% MgO, e) 8 wt.% MgO.


8. Optical Properties
    The analysis of optical absorption spectra offers valuable insights into the composition and energy gap of nanocomposite materials. To investigate the impact of different MgO ratios in MgO/PVA nanocomposites, optical absorption was studied in the UV-vis range (190-900 nm).  Figure 4 displays the spectra of pristine PVA and that of PVA substituted at different MgO concentrations (2 ,4,6, and 8 wt.%). The absorption of PVA film increases with increasing MgO content in both regions (UV and visible regions). The cubic MgO is a wide-bandgap ionic oxide of approximately (𝐸𝑔≈7.8 eV). Fundamental electronic transitions for MgO occurs typically at wavelengths shorter than 200 nm. An absorption band at 278 nm corresponds to an energy of approximately 4.46 eV, which is far below the required energy to bridge the MgO bandgap. In the context of PVA/MgO composites, the band at ~278 nm is almost exclusively attributed to the PVA matrix. It originates from or  transitions of residual carbonyl groups (𝐶=𝑂) or unsaturated carbon-carbon double bonds (𝐶=𝐶). These are present in PVA as impurities from the manufacturing process (residual acetate groups from the hydrolysis of polyvinyl acetate). While the intensity of this peak increases upon adding MgO, this is not due to MgO absorbing at that wavelength. Instead, it is caused by interfacial physical interactions (hydrogen bonding) between the MgO nanoparticles and the polymer chains, which can increase structural disorder or modify the local electronic environment of the polymer’s existing chromophores. 
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           Figure 4: UV–VIS absorption spectra of the MgO/PVA NPs with a Concentration of: a) pure PVA, b) 2wt.% MgO, c) 4wt.% MgO, d) 6wt.% MgO, e) 8wt.% MgO.

8.1 Absorption Coefficient 

   Equation 3 determines the absorption coefficient (α) as a function of wavelength, were A is the absorbance at a specific wavelength and d (0.03 cm) is the sample thickness.
                                     α = (2.303*A)/0.03                               (3)
   The optical absorption coefficient was determined as a function of the incident photon energy by extrapolating the linear portion of the curves to zero absorption α = 0 for pure PVA and substituted PVA/MgO NPs, as depicted in Figure 5. From the Figure, the absorption edge of pure PVA has been shifted to the lower energy region with the increase of the MgO ratio. It also shows that as photon energy increases, the absorption coefficient for all samples increases gradually. As the MgO loading increases (from 2wt% to 8wt%), the value of 𝛼 significantly increases. This is due to the higher density of MgO nanoparticles providing more absorption centres and increasing the probability of photon-matter interactions. In addition, with increasing MgO content, the absorption edge typically shifts toward longer wavelengths (lower energies) as a result of interfacial physical interactions and the creation of localized states (tails) in the forbidden gap, rather than direct chemical bond formation. The redshift of the absorption edge observed in all samples refers to the bandgap energy decrease [39].  The values obtained for the edge of absorption are tabulated in Table 4, where the absorption edge for PVA is 5.8 eV and decreased to 4.58 eV for an 8 wt.% MgO/PVA film. Figure 5 also reveals that the absorption edge of natural PVA and composite PVA/MgO films have significant change due to complete incorporation between the PVA matrix and MgO nanoparticles, and this is confirmed by XRD results. Further research exploring these properties is guaranteed to fully elucidate the underlying mechanisms and optimize their utility.

8.2 Optical Energy Gap
Tauc's relation was utilized to determine the optical energy gap of both PVA and the nanocomposite   MgO/PVA NP samples, which can be expressed as follows:
                                                  𝛼 = 𝛽 ℎ𝜈 (ℎ𝜈 − 𝐸𝑔𝑥)         (4)  
where β is the constant associated with electronic transition probabilities, hυ is the photon energy, Eg is the optical forbidden gap, and x is an exponent factor where the exponent values determine the type of electronic transitions that could occur during the process of photon absorption. For forbidden and allowed direct transition, x = 3/2 and ½, while for indirect x = 2 and 3, respectively. transitions can occur both directly and indirectly near the basic band edge. This is indicated by plotting (αhυ)1/2 and (αhυ)2 as a function of photon energy (hυ) [40]. The point of crossing the linear regions in Figure 5 with the photon energy axis is associated with the values of bandgap values. The variations in the electrical features of materials are known to arise from band structure. Knowledge of the band gaps is therefore extremely important [41]. The bandgap values for the permitted indirect and direct transitions are presented in Table 4. The bandgap values are shown to decline with the rising concentration of MgO. The optical energy gap decreases from 5.8 eV for pure PVA to 4.58 eV for PVA/MgO 8wt%, and from 4.83 eV for pure PVA to 2.74 eV for PVA/MgO 8wt%. for direct and indirect bandgap, respectively. This reduction may be interpreted as the band gap narrowing as a result of the increased density of localized states and the formation of defect levels within the forbidden gap. This is quantitatively supported by the calculated increase in Urbach energy (𝐸𝑢), which confirms that the incorporation of MgO increases structural disorder within the PVA matrix.  Therefore, the MgO molecules bridge the gap between the two localized states with an increase in MgO concentration, thus reducing the potential barrier between them. The bandgap reduction detected is influenced by all the above factors [42]. Moreover, the MgO does not act as a traditional bulk dopant; rather, its high surface-to-volume ratio creates significant interfacial physical interactions (hydrogen bonding) with PVA chains. These interactions perturb the electronic environment of the polymer, leading to the observed redshift in the absorption edge and the subsequent narrowing of the optical gap [43-45].

Table 4: Optical parameters (direct and indirect band gaps and Urbach energy) of PVA/MgO nanocomposite films at different MgO concentrations.
	Samples
	Direct band gap Eg (eV)
	Indirect band gap Eg (eV)
	Urbach Energy Eu (eV) 

	2% MgO
	5.64
	4.62
	2.621575567

	4% MgO
	4.99
	4.47
	3.43265138

	6% MgO
	4.74
	3.04
	3.853713053

	8% MgO
	4.58
	2.74
	4.446618347
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          Figure 5: The variation of (αhv)2 against the energy of the photon (hv) of the MgO/PVA NPs with a Concentration of: a) pure PVA, b) 2wt.% MgO, c) 4wt.% MgO, d) 6wt.% MgO, e) 8wt.% MgO.

9. Conclusion 

 There is significant attention on the development of optoelectronic and solar cells with novel structures as substitute commercial applications in production. The integration of Magnesium oxide nanoparticles (MgO NPs) into a polyvinyl alcohol (PVA) matrix yields high-performance nanocomposite films suitable for cost-effective, reliable, and energy-efficient applications. In this study, MgO/PVA films were fabricated using the solution casting method with filler loadings of 2, 4, 6, and 8 wt%. The structural and optical characteristics were systematically investigated using X-ray diffraction (XRD), Fourier-transform infrared spectroscopy (FTIR), and Ultraviolet–visible (UV–Vis) spectroscopy. XRD analysis confirmed the successful incorporation of the cubic MgO crystalline phase within the semi-crystalline PVA matrix. FTIR spectra revealed significant interfacial physical interactions, primarily through hydrogen bonding between the MgO surface hydroxyl groups and the PVA chains. UV–Vis analysis demonstrated that increasing MgO content leads to a progressive increase in optical absorbance and a subsequent reduction in both direct and indirect optical bandgaps (determined via Tauc plots). Furthermore, an increase in Urbach energy was observed with higher MgO loadings, indicating an enhancement in structural disorder and the density of localized states within the forbidden gap. These modifications in the spectroscopic parameters suggest that small loadings of MgO effectively tune the optical proficiency of the PVA matrix. The observed absorption characteristics and bandgap engineering make these MgO/PVA nanocomposites promising candidates for UV-shielding, photocatalysis, and sustainable optoelectronic devices, offering a viable and cost-effective route for industrial advancement.
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