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Thin films of nanocomposites, polyvinyl alcohol (PVA) dispersed with Zinc Oxide (ZnO) nanoparticles (nps) were 
deposited by solution casting method. Films were characterized for structural, optical, photoluminescent properties and 
topographical parameters. X-ray diffraction analysis confirmed the presence of ZnO, with improved crystallinity observed at 
higher ZnO concentrations. Ultraviolet-visible spectrum showed absorption at 289.00 nm for pure PVA and the addition of 
ZnO nanoparticles at 1 wt% and 5 wt% in the PVA matrix showed a shift in absorption peaks to 370.00 nm and 379.00 nm 
respectively. Photoluminescence spectroscopy showed strong emission peaks at 371 nm corresponding to near-band-edge. 
Atomic Force Microscopy ensured uniform dispersion of nanoparticles in the PVA matrix.  
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1 Introduction 
Polymer-based nanocomposites have garnered 

significant interest in recent years due to their 
improved mechanical, thermal, and optical properties 
compared to conventional polymers. These advanced 
materials find applications in various fields, including 
electronics, packaging, and biomedical engineering1-4. 
The main reason for improved properties is the 
combination of organic (polymer) and inorganic 
(nanoparticles) phases. The compatibility between the 
two phases alters the behavior of composite thin 
films. Polymer nanocomposites possess improved 
morphology which is dependent upon interactions 
between polymer and nanoparticles (nps). 
Optoelectronics properties of such films have shown 
high importance5.  

Among the different polymers, polyvinyl alcohol 
(PVA) stands out becausesome devices consisting of 
PVA are biocompatible6,7. PVA also has water 
solubility, excellent film-forming capabilities, and 
high thermal stability, it contains long molecular 
chains and hydroxyl groups due to which it has 
molecular interaction with nps8-10. The incorporation 
of metal oxide nps, such as zinc oxide (ZnO), into 

polymer matrices has been shown to further 
improve the functional properties of the resulting 
nanocomposite films. 

ZnOnps are known for their unique optical, 
electronic, antimicrobial, and photocatalytic 
properties11-14. When dispersed in a PVA matrix, these 
nps can enhance mechanical strength and UV-
blocking capability15 ZnOnps also have high thermal 
stability due to which ZnO has emerged as a suitable 
nanoparticle for dispersion in polymer for preparing 
thin films. 

The solution casting method is a widely used 
technique for preparing polymer/ZnO nanocomposite 
films, allowing for uniform dispersion and consistent 
composition of nps within the polymer matrix. It is a 
relatively simple and cost-effective method. This 
method ensures even distribution and avoids 
agglomeration, which can occur in other methods. 
Overall, the solution casting method proves to be an 
effective technique for preparing PVA/ZnO 
nanocomposite films with uniform thickness and 
desirable properties for advanced material 
applications with improved mechanical strength. 
Solution casting is a versatile and widely used 
technique for fabricating nanocomposite thin films. 
By selecting suitable polymers and nanoparticles with 
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compatible chemical and physical properties, similar 
modifications in surface morphology and optical 
properties can be achieved across various systems. 
However, challenges such as ensuring uniform 
nanoparticle dispersion and preventing aggregation 
may arise, requiring careful optimization of 
processing conditions and surface functionalization 
for different materials. 

Many researchers have developed ZnO-dispersed 
PVA thin films by using a variety of techniques such 
as polymeric nanocomposite explored membranes 
with elevated permittivity using PVA combined with 
ZnOnps for potential applications in flexible 
electronics16, investigated how film thickness 
influences the electrical and optical properties of 
PVA/ZnO nanocomposite films to enhance their 
performance17, PVA/ZnO films were used for 
degradation of organic dyes 18, nanocomposite films 
were also designed for gas sensors, PVA-InAℓO 
(organic-inorganic) oxide films were produced by dip 
coating19. The incorporation of ZnO nanoparticles 
into PVA matrices significantly enhances structural, 
optical, antibacterial, thermal, and dielectric 
properties. Compared to PVC/ZnO composites, which 
offer higher rigidity but lower flexibility20, compared 
to other polymer-nanoparticle composites, PVA/ZnO 
nanocomposites demonstrate superior optical  
and structural properties, making them highly suitable 
for optoelectronic and UV-sensitive applications. 
Structurally, ZnO nanoparticles exhibit strong 
interaction with the hydroxyl groups of the PVA 
matrix, resulting in improved crystallinity, better 
nanoparticle dispersion, and reduced aggregation 
challenges commonly observed in composites 
with TiO₂, Fe₃O₄, or CdS nanoparticles. The uniform 
distribution of ZnO also contributes to a smoother 
surface morphology and enhanced film stability. 
Optically, ZnO’s direct wide band gap and high 
exciton binding energy offer more efficient 
modulation of optical absorption and enhanced 
photoluminescence compared to fillers like CdS 
or TiO₂, which often suffer from lower emission 
stability and limited tunability. Moreover, ZnO is 
 an environmentally benign and non-toxic material, 
giving PVA/ZnO composites an additional edge 
over Cd-based systems. These advantages  
collectively position PVA/ZnO nanocomposites as a 
more effective choice for applications requiring 
high optical responsiveness and structural 
robustness21-28. 

This research introduces a novel approach of 
fabricating polyvinyl alcohol (PVA) and zinc oxide 
(ZnO) nanoparticle-based nanocomposite thin films, 
focusing on the modification of their structural and 
optical properties. By incorporating ZnO 
nanoparticles into the PVA matrix, the study 
demonstrates the ability to tune the material's optical 
band gap and enhance its crystallinity. The work also 
highlights the uniform dispersion of ZnO 
nanoparticles within the polymer, which is crucial for 
achieving consistent material properties. This 
approach offers new opportunities for designing 
advanced materials with tailored optical 
characteristics, suitable for various optoelectronic 
applications, such as sensors, light-emitting devices, 
and solar cells29,30. The combination of these 
elements—structural, optical, and photoluminescent 
characteristics—demonstrates the potential of ZnO 
nanoparticle-dispersed PVA thin films for advanced 
material design and their role in enhancing the 
functionality of polymer nanocomposites. The 
nanocomposite thin films of ZnO nanoparticles 
dispersed in PVA were deposited by the solution 
casting method. These films were analyzed using X-
ray diffraction (XRD), UV-visible, and 
photoluminescence (PL) emission spectroscopies and 
films were also scanned by using atomic force 
microscopy (AFM). By systematically studying the 
effects of nanoparticle concentration and distribution, 
we aim to provide insights into the design of polymer 
nanocomposite thin films with tailored properties. 

2 Materials Used and Experimental Techniques 
2.1 Materials and Substrates Used  

Polyvinyl alcohol (PVA) [(-C2H4O)n] was 
purchased from LobaChemie with the degree of 
polymerization ranging from 1700-1800, molecular 
weight of monomer (CH₂-CHOH) unit forming PVA 
is 67.64 g per mol.  

Figure 1 shows the molecular structure of PVA 
(ACD Chem. Draw software). Zinc oxide (ZnO) 
nanopowder (<50 nm, purity 97%) from Sigma–
Aldrich with molecular weight 81.39 g per mol. 
Chloroform (99% pure for high-performance liquid 
chromatography) used as a solvent for preparing 
nanocomposites, was purchased from LobaChemie. 
Acetone, sulfuric acid, methanol, hydrogen peroxide 
and dilute (2%) hydrofluoric acid obtained from SD 
fine chemicals were used for cleaning substrates. 
Ethanol (AR grade) was purchased from Merck.Glass 
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(15×15×1.2) mm, Quartz (15×15×1) mm and Silicon 
(15×15× 0.1) mm substrates were used to deposit 
film31. The surface area covered with thin film was 
same for each substrate. Glass substrate was rinsed 
with distilled water and acetone. The substrate was 
dried with a lint-free wipe. The quartz substrate was 
cleaned thoroughly by placing it in piranha solution 
(a mixture of sulfuric acid and hydrogen peroxide) in 
a beaker with ultrasonication for about 15 min, and 
finally, the substrate was rinsed with deionized water. 
The silicon substrate was immersed in warm acetone 
in a covered petri dish for approximately 10 min. 
After that, the substrate was transferred to methanol 
for around 3 minutes and then rinsed with 
deionized water. 

2.2 Nanocomposite Materials and Thin film Fabrication by 
Solution Casting Method and characterization Techniques 

1wt% and 5wt% nanocomposites were prepared by 
proper dispersion of polymer and ZnO nanoparticles 
in chloroform. A concentration of 1wt% represents 
the minimum threshold for XRD detection, while 
concentrations above 5 wt% may increase the risk of 
nanoparticle agglomeration. 

In the case of 1 wt% composite: 0.1mg of ZnOnps 
and 9.9 mg of PVA were weighted on analytical 
electronic balance (Wensar, DAB 220) in a glass vial. 
For a 5 wt% composite system 0.5 mg of ZnOnps and 
9.5 mg of PVA were put in another glass vial32,33.  
5 ml of chloroform was added to both glass vials 
(containing 10 mg of total composite materials). 2 mg 
per ml concentrated dispersed solutions were obtained 
for both composites.  Both glass vials were properly 
sealed with tight-fitting caps, and many layers of 
parafilm were made over caps to prevent evaporation 
of chloroform. Glass vials were mounted for 
ultrasonication (EQUIRON digital ultrasonic, rpm 
180, 170 watts and 230VAC, 50 Hz) Solution 

were allowed to sonicate for 30 mins to get well-
dispersed solutions.  

Thin films were deposited by using the solution 
casting in a neat and clean environment, apparatus 
was placed in a case made up of glass and aluminium 
with a window opening on one side. Pre-cleaned and 
dried substrates were placed on the hot plate at nearly 
60֯ C and the composite solution was spread dropwise 
in a uniform manner with the help of a syringe on the 
entire surface of the substrate. This temperature 
(~60 °C) ensured uniform solvent evaporation, 
enhanced crystallinity, and reduced defects. The 
temperature is also safely below the degradation point 
of PVA, preserving the polymer's structural integrity 
during film casting. 

1 ml of each nanocomposite solution was put 
dropwise on the substrates (glass and quartz) 
separately, and proper drying time (a few seconds) 
was given to each drop. 0.5 ml solution was spread on 
a silicon wafer, to do atomic force microscopy. The 
solvent evaporated due to the temperature provided on 
the hot plate34. High temperatures lead to improved 
crystallinity and reduced defects in the structure of 
film. After the evaporation of the solvent thin film of 
nanocomposite material was deposited on the 
substrate. To prevent the contamination of films from 
surroundings, films were stored in an evacuated 
desiccator. The advantage of the solution casting 
method is that it doesn't require a special apparatus to 
experiment35.Composite films deposited on glass 
substrates were analyzed using X-ray diffractometer 
analysis (XRD) spectroscopy with Cu–Kα (λ = 1.541 
A֯ ) radiation from a Philips XPERT–PRO MPD 
system, with an angle range 2θ from 10° to 80° at a 
generation tension of 45 kV and generator current of 
40 mA. Glass substrate is amorphous due to which 
substrate peak was not obtained in the XRD spectrum.  

Pure PVA and nanocomposite films deposited on 
pre-cleaned quartz substrate36 were scanned by using 
Ultraviolet-visible (UV-Vis) spectroscopy (Shimadzu 
UV-1800 UV/Visible Scanning Spectrophotometer; 
115 VAC). The absorption spectra were recorded in 
the wavelength range 200 nm to 800 nm. To analyze 
the effect of dispersion of nps on the band gap of 
nanocomposite films Tauc’s plot was calculated from 
spectra. 

Emission spectra for both the nanocomposite films 
and the pure PVA film were recorded using a Perkin 
Elmer photoluminescence (PL) system. The PL 
emission spectrum was recorded in the range 250 nm 
to 600 nm at excitation wavelength 270 nm. 

Fig. 1 — shows repeating monomer unit of polyvinyl alcohol and
a three-dimensional view of monomer unit forming Polyvinyl
alcohol (PVA). (Atoms are represented as red: Oxygen, white:
Hydrogen, and blue: Carbon) 
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A highly smooth Si wafer (roughness < 1nm)37 was 
used to deposit the nanocomposite films to view the 
exact topography of the deposited film. It was done 
by using atomic force microscopy (NT-MDT), and 
Solver NEXT; Zelenograd, Moscow, Russia at a 
scanning rate of 1 Hz. The nanocomposite film 
surfaces were scanned (500 × 500 nm2) with a silicon 
nitride (SiN) tip, which had a curvature radius of 
2 nm, mounted on a cantilever with a resonance 
frequency of 87–230 kHz and a typical force constant 
of 5.1 nN per m. As polymers are soft materials, a 
non-contact mode of imaging was used to avoid film 
damage. Information including two-dimensional and 
three-dimensional views, grain analysis, average 
height profiles and histogram (size vs counts) from 
the images, was obtained by using NOVA P9 (Image 
Analysis 2.1.0.800) software. 

3 Results and Discussion 
XRD spectra of 1 wt% and 5 wt% ZnOnps in PVA 

nanocomposite films (Figure 2) showed intense peaks 
corresponding to ZnOnps at 31.81֯ (100), 34.44֯ (002), 
36.25֯ (101), 47.76֯ (102), 56.92֯ (110), 63.44֯ (103) 
and 68.41֯ (112) at their corresponding planes, 
according to the JCPDS card number 36-1451. 
Broader peaks in both film spectra at 2θ = 20 ͦ were 
due to the slight orientation produced in the PVA 
molecule with the dispersion of nps38-40. The most 
intense peak in both cases is at 2θ =31.81°, with full 
width at half maximum (FWHM) of 0.296 for 5 wt% 
nanocomposite system and 0.299 for 1 wt% 
composite system. Particle size was calculated by 
using Scherer’s Eq 1: 

𝜏 ൌ
௄ఒ

ఉ஼௢௦ఏ
   … (1) 

τ represents the particle size, and K is a shape 
factor that is dimensionless, typically close to one. 
The term λ denotes the wavelength of the X-rays, 
β refers to the broadening of the peak at half its 
maximum intensity, and θ indicates the Bragg angle at 
which strong peaks appeared. The calculated average 
particle size of PVA–ZnO (1wt%) nanocomposite 
was found to be 28.87 nm and in case of PVA–ZnO 
(5 wt%) it was 29.16 nm. It can be seen that the 
presence of nps can induce local ordering of polymer 
chains, promoting alignment. This ordering can result 
in improved mechanical strength and optical matrix 
from 1 wt % to 5 wt%, which resulted in an increased 
degree of crystallinity, properties. It can be seen that 
the dispersion weight of nps was increased in the 

PVA corresponding to more content of ZnO in 5 wt% 
nanocomposite films41. 

Figure 3 shows absorption UV-Vis spectra for thin 
films of 1 wt% and 5 wt% ZnOnps in the PVA 
matrix. The spectrum for pure PVA thin film is shown 
in the inset of Fig. 3, absorbance peak was obtained at 
289 nm. In 1 wt% nanocomposite thin film, the 
absorbance peak was obtained at 370 nm while in the 
case of the 5 wt% nanocomposite thin film, the 
spectrum showed an absorbance peak at 379 nm. The 
variation in the absorbance peak was attributed to the 
presence of ZnOnps, indicating an interaction 
between PVA and ZnO. Redshift (movement of the 
absorption peak in the direction of higher wavelength) 
was obtained with an increase in the concentration of 
ZnOnps in the PVA matrix.The optical (energy) band 

Fig. 2 — XRD spectra of 1 wt% and 5 wt% ZnO nanoparticles in
PVA matrix, thin films, deposited on a glass substrate 

Fig. 3 — UV-Visible absorbance spectra of composite films of
(1 and 5) wt% ZnOnps in PVA matrix deposited on a quartz
substrate. The Inset of Fig.3 shows the absorbance spectra of pure 
PVA thin film 
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gap is determined from the UV-Vis spectra by 
constructing a Tauc’s plot42,43. This method involves 
translating the spectra into a graphical representation 
where the absorption coefficient, which varies with 
frequency, is used according to Eq 2: 

(αhv)1/n= A (Eg)         … (2) 

Here, A represents a parameter related to the 
interband transition probability, Egis the optical band 
gap, and alpha(α) denotes the absorption coefficient. hν 
is the energy of the incident light, and n characterizes the 
nature of the transition: n=2 indicates a direct transition, 
while n=1/2 suggests an indirect transition44-46. The inset 

of Fig. 4 shows a plot of Energy (eV) versus (αhv)1/2, 

which reveals the direct transition for the pure PVA 
film. Extrapolating the straight line on this graph to the 
x-axis yields a direct band gap of 4.0 eV. Figure 4 
illustrates an indirect band gap plot (Energy (eV) versus 

(αhv)2 for the composite films, highlighting the effects 

of both PVA and ZnO in the nanocomposites. 
For the composite film with 1 wt% ZnOnps in 

PVA, the band gap is 3.6 eV, while for the 5 wt% 
ZnO nanocomposite film, the band gap shifts to 3.0 
eV. It was due to the dependence of bandgap upon the 
concentration of ZnOnps, at higher concentrations, 
the quantum size effect becomes significant. The red 
shift in UV absorption from 289 nm to 370 nm 
(1wt%) and 379 nm (5 wt%) upon ZnO addition is 
due to strong interaction between ZnO nanoparticles 
and the PVA chains, leading to the formation of 
interfacial localized states, As a result, the π→π* or 
n→π* electronic transitions in the polymer matrix are 
affected, shifting the absorption to longer wavelengths 
resulting in reduction of optical band gap. 

The conductivity of the composite may increase 
due to enhanced electron mobility, which can be 
understood at 5 wt% of ZnOnps, their interactions 
with PVA can modify the electronic structure, 
causing hybridization of electronic states and thus 
influencing the overall band gap. This tuning of the 
band gap can lead to applications in organic solar 
cells 47. Moreover, ZnOnps in host matrix PVA will 
provide mechanical flexibility to organic solar cells, 
but the concentration of nanoparticles needs to be 
below the limit to avoid excessive brittleness or 
phase separation. Similar studies are reported by 
S.A. Khan et al.48 deposited PVA/ZnO 
nanocomposite films (14.25%, ZnO) and 85.75% 
(PVA matrix)), showed that the optical direct 
bandgap decreased as ZnO concentration was 
increased in the polymer matrix. Reduction in band 
gap is reported at less wt% in our findings retaining 
the stability of the film. PL emission spectra at 
excitation wavelength 270 nm for pure PVA film, a 
thin film of 1 wt% and 5 wt% of ZnOnps in the PVA 
matrix are shown in Fig. 5. No emission peak is 
shown for a thin film of pure PVA. In composite 

Fig. 4 — Shows Band energy curves forthin films of1 wt% and 5 wt% ZnOnps in PVA. The inset figure shows the band energy curve for 
pure PVA thin film 

Fig. 5 — PL emission spectra at excitation wavelength 270 nm for
pure PVA film, thin films of 1 wt% and 5 wt% of ZnOnps in PVA 
matrix 
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films containing ZnOnps embedded in a polymer 
matrix, two distinct emission peaks are observed. 
Using an excitation wavelength of 270 nm, the 
photoluminescence spectra exhibit an emission peak 
at 371 nm for 1 wt % ZnO and a slightly redshifted 
peak at 378 nm for 5 wt % ZnO. This shift and the 
near-band-edge (NBE) emission are significant for 
studying the optoelectronic quality and defect 
concentrations of ZnO in polymer matrices. 

The emission peak at 371 nm for 1 wt% ZnO 
corresponds to the recombination of free excitons. 
These excitons, or electron-hole pairs, are bound by 
Coulombic forces within the ZnO crystal lattice. This 
near-band-edge (NBE) emission is characteristic of 
high-quality ZnO crystals with minimal defect levels, 
which contributes to a sharper and stronger 
photoluminescent signal. Jangiret al. reported similar 
PL features in studies of ZnO nanoparticles in 
polymer matrices, where low defect concentration 
maintained the excitonic emission49 At a higher ZnO 
concentration of 5 wt%, the PL peak shifts slightly to 
378 nm. This redshift may be attributed to increased 
interactions between ZnO particles. Higher ZnO 
loading can introduce strain in the crystal structure or 
create minor defect states, resulting in a slight 
reduction in the recombination energy and thus a 
redshifted emission. Similar red shifts with increasing 

ZnO Concentration have been reported aligning 
with observed PL characteristics in studies of ZnO -
Polymer composite reported by Ristic et al.50 

The near-band-edge emission is a critical feature for 
optoelectronic applications as it confirms the high 
optical quality of the ZnO crystals within the composite. 
This study's results, demonstrating NBE emission with 
minimal redshift, highlight the potential of PVA-ZnO 
composites in optoelectronics, where achieving defect-
free excitonic recombination is essential. The second 
emission peak is obtained at 538 nm (green emission) 
for both thin films. Green emission is due to ZnO nps 
typically it occurs due to oxygen vacancies and zinc 
interstitials. Pure ZnO can exhibit visible luminescence 
in blue, green, yellow, orange, or red colors, depending 
on factors such as morphology, doping, temperature, 
excitation wavelengths, and the synthesis method. This 
variation in luminescence is attributed to the presence of 
various defects, including oxygen antisites, zinc 
vacancies, complex defect structures, zinc interstitials, 
and surface-related defects51,52. These defects create 
energy levels within the band gap, allowing radiative 
recombination of electrons and holes, resulting in visible 
green emission20. 

Figure 6 presents an AFM image of a thin film 
containing 1 wt% ZnOnps dispersed in a PVA matrix. 
Figure 6(a) displayed the two-dimensional 

Fig. 6 — (a-e) shows the two-dimensional topographical map, grain size analysis, three-dimensional view, the average height profile and
a histogram for particle size vs count receptively for a thin film of 1 wt% ZnOnps in PVA matrix deposited on a Si substrate 
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topographical map, while Fig. 6(b) gave grains 
analysis, Fig. 6(c) provided a three-dimensional view, 
Fig. 6(d) the average height profile (graph shows the 
variation in height across the sample surface) andFig. 
6 (e) gave histogram of the histogram for particle 
counts vs size of the 1 wt% nanocomposite film, all 
within a scan area of 500 × 500 nm². From the 
topographical observation, it can be seen that bright 
zones corresponded to ZnOnps, with height ranging 
up to 40 nm, and dark zones at comparatively lower 
heights corresponded to the PVA matrix. Grain 
analysis indicated elongated domains with dispersion 
of nanoparticles in the PVA matrix, which ensures 
uniform dispersion of ZnOnps in the PVA matrix53-55. 
However, minor height fluctuations and irregular 
grain boundaries may also indicate local structural 
defects or inhomogeneities in the film, possibly 
arising from nanoparticle-polymer interactions.A 
three-dimensional view of the deposited composite 
film indicated mountains due to ZnOnps, these 
appeared as sharp peaks in an average height profile 
plot. The planer surface in three-dimensional view 
was due to the presence of a PVA matrix, it appeared 
as lower peaks in Fig. 6(d). The interconnection of 
Fig. 6(c-d) is explained by indicating with arrows for 
better clarity56-60. The histogram indicated particle 
size vs count ranges between 10 nm to 40nm with a 
peak at around 25nm.  

Figure 7(a-e) indicated similar images of a two-
dimensional view, grain analysis view, average height 
profile, three-dimensional view, and histogram size vs 
count of 5 wt% ZnOnps in the PVA matrix. The Root 
Mean Square (RMS) roughness of 3.471 nm and the 
roughness average (Ra) of 2.717 nm at 1 wt% ZnO 
increase to an RMS roughness of 5.049 nm and a 
Roughness Average of 3.932 nm at 5 wt% ZnO, 
according to the statistical parameters obtained from 
AFM analysis. It can be seen that brighter zones in 
Fig. 7(a) had increased as compared to Fig. 6(a), this 
was caused by the elevated concentration of ZnOnps 
within the nanocomposite films, surface roughness 
increased due to the higher concentration of 
nanoparticles, leading to more prominent height 
variations up to 55nm (on the color bar). Grain 
analysis indicated enhanced elongated domains with 
dispersion of 5 wt% nanoparticles in the PVA matrix, 
which can alter the mechanical strength of the film. In 
a three-dimensional view mountain indicating the 
presence of ZnOnps exhibited more pronounced 
surface features, depending on the nanoparticle 
distribution. Histogram for 5 wt% ZnOnps in PVA 
matrix indicated particle size vs count ranges between 
10 nm to 35nm with peak for maximum count at 
~25nm. It can be seen that the surface of the films was 
nearly smooth, confirming good dispersion of 
ZnOnps. The average height profile consisted of 

Fig. 7 — (a-e) shows the two-dimensional topographical map, grain size analysis, three-dimensional view, the average height profile and
a histogram for particle size vs count receptively for a thin film of 5 wt% ZnOnps in PVA matrix deposited on a Si substrate 
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peaks at a certain level, ensuring that there was no 
agglomeration of nps. Similar atomic force 
microscopy images are reported by Chauhan et al.61 
they deposited films of PVA/ZnO composite by 
Impregnation of ZnO Nanoparticles into the PVA 
Matrix. They showed a height profile in the 
micrometre range due to agglomeration of ZnO 
nanoparticles, while uniform films have been obtained 
by using the solution casting method at low 
concentrations of ZnOnps in the polymer matrix. 

4 Conclusion 
This research explored polyvinyl alcohol (PVA) 

and zinc oxide (ZnO) nanoparticle-based nano 
composite thin films prepared by solution casting 
technique, highlighting their tunable optical and 
structural properties. By varying ZnO concentration, 
the study showed a shift in the optical band gap, with 
UV-Visible spectra revealing absorption peaks at 370 
nm and 379 nm for PVA-ZnO composites. X-ray 
diffraction confirmed improved crystallinity, and 
AFM ensured uniform nanoparticle dispersion. 
Photoluminescence spectroscopy indicated strong 
emission at 371 nm, corresponding to near-band-edge 
transitions. These findings highlight the potential of 
PVA/ZnO nanocomposites for optoelectronic devices 
like UV detectors, LEDs, and sensors. Future work 
will focus on studying their electrical conductivity, 
optimizing nanoparticle surface functionalization, 
assessing long-term stability, and exploring 
integration into flexible substrates. Extending this 
approach to other polymer–nanoparticle systems 
could also enable multifunctional materials for 
various optical and electronic applications. 
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