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This study successfully achieved the synthesis of binary ZnS-ZnO nano-
composite using a controlled hydrothermal method. Following nanocom-
posite synthesis, pure PVA film and ZnS-ZnO/PVA films were fabricated 
by incorporating the ZnS-ZnO nanocomposite into the PVA matrix at dif-
ferent doping levels of (0.6 and 1 wt%) via the solution casting technique. 
Consequently, three samples were successfully produced using the casting 
method, exhibiting good homogeneity, free-standing nature, and satisfac-
tory mechanical stability. Structural characterization by X-ray diffraction 
(XRD) confirmed the semicrystalline nature of the pure PVA matrix with 
the successful nanoscale incorporation of ZnS-ZnO NPs. Morphological 
analysis using the FESEM technique revealed a relatively uniform disper-
sion of nanoparticles at the lower loading level (0.6 wt%), while partial 
agglomeration was observed at the higher loading (1 wt%) of ZnS-ZnO 
Nps. Additionally, UV-Vis spectra inspection of as-prepared ZnS-ZnO/
PVA films demonstrated that the incorporation of ZnS-ZnO NPs led to a 
significant enhancement in ultraviolet absorption while maintaining high 
transparency in the visible region. The effective optical bandgap values 
were estimated from Tauc plots, showed a gradual decrease from 4.48 eV 
to 4.36 eV with increasing ZnS-ZnO NPs content. This reduction is at-
tributed to the formation of interfacial states, defect-related energy levels, 
and enhanced electronic coupling between the ZnS-ZnO NPs and the PVA 
polymer matrix.

INTRODUCTION 
Among nanoscale semiconductor materials, zinc 

sulfide (ZnS) and zinc oxide (ZnO) are two prominent 
wide-bandgap semiconductors that have attracted 
substantial scientific and technological interest 
due to their outstanding structural, optical, and 
electronic properties. ZnS is characterized by a 
wide direct band gap of approximately 3.6 eV 
and a high exciton binding energy, which makes 
it highly suitable for optoelectronic devices, 

photocatalysis, and sensing applications. On the 
other hand, ZnO exhibits a wide band gap of about 
3.37 eV at room temperature, along with excellent 
catalytic activity, chemical stability, and favorable 
electrical and photochemical properties, enabling 
its extensive use in diverse technological fields. 
The integration of ZnS and ZnO nanostructures 
into a nanocomposite system has emerged as an 
effective strategy to synergistically combine their 
individual advantages while overcoming their 
inherent limitations [1-3]. 
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The formation of ZnS-ZnO heterostructures 
can promote efficient charge separation at 
the interface, suppress electron-hole (e-h) 
recombination, and enhance light absorption and 
carrier transport, leading to improved functional 
performance compared to the individual 
components. These synergistic effects render 
ZnS-ZnO nanocomposites highly promising for 
advanced applications such as photocatalysis, 
optoelectronic, environmental, and sensing 
applications. Furthermore, the tuneable band 
alignment and interfacial interactions between 
ZnS and ZnO structures provide a versatile 
platform for modifying the physical properties of 
the composite at the nanoscale. Consequently, 
controlled synthesis of ZnS-ZnO nanocomposites 
with specific physical properties has become a 
pivotal point of current investigation, particularly 
using solution-based methods that enable precise 
control over morphology, phase composition, and 
interfacial characteristics. A variety of synthetic 
approaches have been developed to produce 
ZnS-ZnO nanostructures such as nanoparticles, 
nanowires, nanorods etc., including CVD methods 
[4-6], sol-gel route [1], electrochemical deposition 
[7, 8], as well as solvothermal and hydrothermal 
routes [9, 10], etc. Among these approaches, 
the hydrothermal method is regarded as one 
of the most favorable techniques due to its 
simplicity, cost-effectiveness, high yield, and its 
ability to achieve well-defined and controllable 
nanostructures [9, 11-13].

Furthermore, polyvinyl Alcohol (PVA) is a widely 
used synthetic polymer in scientific and industrial 
applications due to its favourable physicochemical 
properties and environmental compatibility [14] 
Chemically, PVA consists of repeating units [–CH₂–
CH(OH)–]n, where the presence of hydroxyl (–OH) 
groups plays a critical role in governing its physical 
and chemical behaviour. These hydroxyl groups 
facilitate strong intermolecular hydrogen bonding, 
resulting in high water solubility, excellent adhesive 
properties, and enhanced compatibility with 
inorganic nanomaterials. PVA is typically produced 
via the hydrolysis of polyvinyl acetate, with its final 
properties strongly influenced by both the degree 
of hydrolysis and molecular weight[15]. The 
physical and optical characteristics of PVA make 
it particularly attractive for polymeric matrices in 
nanocomposite systems. It is colorless, non-toxic, 
biocompatible, and biodegradable, exhibiting 
high optical transparency in the visible range. 

Additionally, PVA demonstrates good thermal 
stability and chemical resistance, enabling its use in 
optical films, membranes, sensors, and biomedical 
devices. Its excellent film-forming ability also 
allows the fabrication of uniform, flexible thin 
films with controlled thickness [16]. In ZnS-ZnO 
nanocomposite systems, PVA functions not only as 
a supportive matrix but also as a stabilizing agent 
that prevents nanoparticle agglomeration and 
promotes uniform dispersion. Strong interactions 
between the ZnS-ZnO nanostructures and the 
hydroxyl groups of PVA enhance photostability, 
mechanical integrity, and the optical performance 
of the nanocomposite

The present study aims to develop ZnS-ZnO/
PVA nanocomposite films and to systematically 
investigate the influence of ZnS-ZnO nanoparticle 
with different ratios (0.6 to 1% wt) incorporation 
on the structural, morphological, and optical 
properties of the PVA matrix. The motivation for 
this work stems from the shortage of systematic 
studies addressing interfacial interactions and 
band-gap modulation in PVA-based ZnS-ZnO 
heterostructured polymer nanocomposites. 
Despite the growing interest in semiconductor-
polymer hybrid systems, the combined influence 
of nanoparticle dispersion, crystallinity, and 
heterojunction formation on the optical response 
of ZnS-ZnO/PVA matrices remains insufficiently 
explored. By establishing a clear correlation 
between structural characteristics and optical 
behavior, this study offers new insights into the 
controlled design of UV-responsive polymer 
nanocomposites while maintaining high visible 
transparency. The outcomes of this work are 
anticipated to support the development of flexible 
optoelectronic and UV-shielding materials with 
improved performance, durability, and functional 
stability.

MATERIALS AND METHODS
Materials 

All chemicals employed in this study were 
of analytical grade and were used without any 
further purification. Zinc nitrate hexahydrate (Zn 
(NO₃)₂⋅6H₂O, Hi Media Laboratories Pvt. Ltd., India), 
sodium hydroxide (NaOH, SD Fine-Chem Limited 
(SDFCL), Mumbai, India), Sodium Sulfide (Na2S), Hi-
media India, and Hexamethylenetetramine (HMT, 
Loba Chemie, India) were utilized as received. 
Moreover, Polyvinyl alcohol (PVA) polymer, 
Central House Company, India) and analytical-
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grade absolute ethanol (Scharlau, Scharlab S.L., 
Barcelona, Spain) as well as distilled water (DW) 
were also used without further treatment.

Synthesis of ZnS-ZnO Nanoparticles 
ZnS-ZnO nanoparticles (NPs) were prepared 

using a simple hydrothermal method, under short 
reaction time conditions (1 h) and a pH value of 
their precursor solutions (12), with the possibility 
of adding HMT at a rate of 20% of the total solution 
to study its effects on the physical and chemical 
properties of as-prepared samples. Initially, 
equimolar aqueous solutions (1.5 M) of zinc 
nitrate hexahydrate (Zn(NO₃)₂·6H₂O) and sodium 
sulfide (Na₂S) were prepared in 80 mL of distilled 
water. These solutions were then combined and 
stirred magnetically at room temperature (RT) for 
30 minutes to ensure complete homogenization 
of the metal ions. Later, hexamethylenetetramine 
(HMT) was added at a concentration of 0.1 M and 
in an amount equal to 20% of the total volume 
of the base reactant solution, and stirring was 
continued for an additional 30 minutes to facilitate 
the formation of a homogeneous compound. The 
pH of the base solution was adjusted to 12 by the 
gradual addition of 0.1 M sodium hydroxide (NaOH) 
with continuous stirring. The resulting suspensions 
were then transferred to autoclaves and subjected 
to hydrothermal treatment at 100 °C for 1 
hour. After being left to naturally cool to room 

temperature, the precipitates were successively 
washed with ethanol and distilled water to remove 
unreacted species and residual by-products. After 
each washing step, centrifugation was performed 
at 4000 rpm for 30 minutes to ensure effective 
separation of the solid phase. The washed 
samples were dried in an oven at 80 °C for 6 hours, 
followed by calcination at 500 °C for 3 hours in an 
air-covered furnace. (Fig. 1).

Synthesis of ZnS-ZnO/PVA Nanocomposites Films
ZnS-ZnO/PVA nanocomposites films were 

prepared using the solution casting technique. 
Initially, a PVA solution was prepared by 
dissolving 0.5 g of PVA in 15 mL of distilled 
water under continuous magnetic stirring at RT 
until a homogeneous solution was obtained. 
Subsequently, ZnS-ZnO NPs were incorporated 
into the PVA solution at different weight ratios 
(0.6 wt% and 1 wt%) and stirred continuously for 
1 h to ensure preliminary mixing. To improve ZnS-
ZnO nanoparticle (NPs) dispersion and minimize 
agglomeration within the polymeric matrix, the 
resulting suspensions were subjected to ultrasonic 
treatment for 30 min, followed by further magnetic 
stirring for 2 h to achieve uniform distribution 
of ZnS-ZnO NPs throughout the PVA solution. 
The homogeneous mixtures were then poured 
into clean glass containers and allowed to dry 
at room temperature for 7 days. After complete 

 

  

  

Fig. 1. Schematic illustration of the preparation procedure for ZnS-ZnO and ZnS-ZnO/PVA nanocomposite films.
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solvent evaporation, the flexible ZnS-ZnO/PVA 
nanocomposite films with different nanoparticles 
loadings (0.6 wt% denoted as sample P1) and (1 
wt% denoted as sample P2) were carefully peeled 
off and stored in sealed containers for subsequent 
characterization (Fig. 1).

Characterization
The structural, morphological, and optical 

properties were investigated for ZnS-ZnO/PVA films 
samples, X-ray diffraction (PXRD) was employed to 
examine the crystalline structure using an X’Pert 
diffractometer (Malvern Analytical, Netherlands) 
equipped with a Cu-Kα radiation source (λ = 
1.5418 Å). The diffraction data were collected over 
a 2θ range of 10°–80°, with a scanning rate of 10°/
min and a step size of 0.04°, providing adequate 
resolution for reliable phase identification and 
crystallite size estimation. Surface morphology was 
analyzed using a field-emission scanning electron 
microscope (FESEM, Tescan MIRA3). Finally, the 
optical absorption spectra were recorded with 
a UV-Vis spectrophotometer (PG Instruments 
Limited, model T70/T80) in the wavelength range 
of (200-800) nm. The obtained UV-Vis results 

were subsequently used to estimate the optical 
energy band gap (Eg) using the Tauc plot for the 
as-prepared samples.

RESULTS AND DISCUSSIONS
XRD Analysis 

X-ray diffraction patterns (Fig. 2) were used 
to identify the crystalline phase and structural 
development of ZnS-ZnO binary nanocomposite 
sample prepared under synthesis conditions (pH 
12 and 1 h growth time). The XRD results reveal the 
presence of several coexisting crystalline phases, 
including cubic ZnS (zinc blende), hexagonal 
ZnS (wurtzite), and hexagonal ZnO, indicating 
that phase formation is significantly influenced 
by the growth environment and post-synthesis 
treatment. 

Importantly, XRD pattern in the Fig.2 shows 
a strong dominant peak at 28.43°, which 
corresponds to the (002) plane of hexagonal ZnS 
(wurtzite), indicating a preferential orientation 
of this phase. The additional peaks at 47.44° 
and 56.19° are attributed to the (220) and (331) 
planes of cubic ZnS (zinc blende). The observed 
reflections at 31.41°, 34.04°, 35.89°, 62.37°, and 
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Fig. 2.  X-ray diffraction (XRD) patterns of the ZnS-ZnO binary nanocomposite (pH 12, growth time 1 h, 
and 20% HMT). 
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67.32° correspond to the (100), (002), (101), (103), 
and (112) planes of hexagonal ZnO [17-19].

X-ray diffraction (XRD) analysis reveals 
the formation of a well-defined crystalline 
nanostructure with a high degree of crystallinity. 
The sharp and distinct peaks obtained indicate 
the polycrystalline nature of the sample and 
confirm the successful formation of stable 
nanocrystals during the brief preparation period 
(1 h). A direct relationship can be established 
between the changes in crystallite size (D nm) and 
dislocation density (δ), as listed in Table 1, and the 
hydrothermal synthesis parameters, particularly 
solution pH, growth time, and HMT content, 
compared to the results of previous studies [20-22]. 
These parameters influence the balance between 
nucleation, growth, and crystal aggregation during 
the formation of ZNS-ZnO. Additionally, the 
crystallite sizes D of all samples were determined 
based on the dominant crystalline peak, calculated 
using Scherrer’s formula (Eq. 1), as follows [23]:

𝐷𝐷 = K λ
βcosq 

  

                                                                 
(1)

Where D (nm) is the crystallite size and K (0.9) 
is the shape factor. The β represents the full width 
at half maximum (FWHM) of the diffraction peak, 
expressed in radians and θ represents the Bragg 
angle. Also, the number of dislocations (δ) was 

calculated using the Eq. 2 [24]. 

                     𝛿𝛿 =  1
𝐷𝐷2 

                                                                        
(2)

The obtained results as shown in Table 1 
include calculated crystallite sizes reveal that the 
ZnO phase exhibits larger crystallites (from 15 to 
24 nm) compared to the ZnS phase (from 6 to 11 
nm). That indicating enhanced crystal growth and 
structural stability of ZnO within the composite 
matrix. The relatively lower FWHM values observed 
for ZnO peaks propose improved crystallinity and 
reduced lattice imperfections, which is further 
supported by the lower dislocation density values 
(Table 1). In contrast, the higher FWHM value and 
dislocation density associated with ZnS reflections 
imply smaller crystallite domains and increased 
defect concentration, which can be attributed to 
lattice mismatch and interfacial strain between 
the ZnS and ZnO phases [25, 26].

The current results confirm that high pH 
promotes rapid nucleation, leading to the 
formation of small, uniformly distributed 
nanocrystals. while, The short growth period 
limited the complete development of the crystals, 
resulting in nanoscale particles that were still 
fairly uniform and maintained a stable crystalline 
structure, HMT played a key role in controlling 
crystal growth by slowly releasing hydroxide 

Sample(s) (h k l) 
2ϴ 

Exp. 
(Deg.) 

2ϴ 
JCPDS 
(Deg.) 

FWHM 
(Deg.) D (nm) δ x 1011 

(cm-2) 

#ZnS 002 28.43 28.50 1.06 7.73 16.72 

@ZnO 

100 31.41 31.77 0.41 20.12 2.46 

002 34.04 34.42 0.39 21.30 2.20 

101 35.89 36.25 0.35 23.85 1.75 

103 62.37 62.68 0.59 
15.73 

4.03 

112 67.32 67.96 0.53 
18.0 

3.08 

*ZnS 
220 47.44 47.52 0.81 10.71 8.71 

331 56.19 56.29 1.46 6.16 26.28 

 
  

Table 1. The Crystallite size (D), FWHM, and dislocation density (δ) values of as-grown ZnS-ZnO nanocomposite.
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ions (OH⁻), which helped regulate the nucleation 
process, minimize structural defects, and improve 
the overall crystallinity of the sample, which is 
coinsseset with hte litruture results [27]. Overall, 
the combination of these factors produced 
ZnS-ZnO nanocomposite as a well-crystallized, 
polycrystalline nanostructure with consistent 
particle sizes and high purity.

FESEM Analysis
Fig. 3A-B shows the FESEM micrograph of the 

as-grown ZnS-ZnO nanoparticles, which reveals the 
formation of a distinct nanostructured surface with 
relative homogeneity. The observed surface from 
FESEM (Fg. 3B) image is predominantly composed 
of ultrafine, quasi-spherical nanoparticles 
with closely distributed sizes, forming a dense 
granular nanostructure across the substrate. 
These primary nanoparticles appear to be tightly 
packed, giving rise to a continuous nanoscale 
network. In addition, intermittently distributed 
some agglomerates (EFSEM image, Fig. 3A) are 
evident, which likely originate from the partial 
coalescence of adjacent nanoparticles during the 
growth process. Despite their presence, these 
agglomerates do not disrupt the overall uniformity 
of the nanostructure, indicating that excessive 
particle aggregation was effectively suppressed. 
This morphological behaviour can be attributed 
to the strongly alkaline environment (pH = 12), 
which promotes rapid yet stabilized nucleation 

of zinc-based species. Under such conditions, 
the high concentration of hydroxyl (OH-) ions 
facilitates the simultaneous formation of ZnS 
and ZnO phases, leading to the development of a 
binary ZnS-ZnO system. The coexistence of these 
two phases contributes to the observed variation 
in particle contrast and size, reflecting differences 
in growth kinetics between the sulfide and oxide 
components [28].

Furthermore, the incorporation of HMT at 
20% plays a critical role in regulating the reaction 
dynamics. Acting as a slow-release source of 
(OH-) ions, HMT moderates the local chemical 
environment, enabling controlled crystal growth 
and limiting uncontrolled nucleation events. 
Consequently, the nanocomposite evolves toward 
a finely divided morphology with improved 
structural stability. Also, the short reaction time (1 
h) restricts prolonged crystal ripening, preserving 
the nanoscale dimensions of the particles and 
preventing the formation of larger, well-faceted 
micro/nanostructures.

Thus the resulting morphology-characterized by 
high nanoparticle density, moderate antiparticle 
porosity, and extensive interfacial contact between 
ZnS and ZnO phases is highly advantageous. Such 
structural features are known to enhance surface-
dependent processes, particularly by facilitating 
efficient charge transfer across heterojunction 
interfaces. Overall, that makes the synthesized 
ZnS-ZnO nanocomposite a promising candidate 

 

 

 

 

 

 

 

 

 

 

  

A B 

Fig. 3. A-B: FESEM images of ZnS-ZnO nanocomposite synthesized by hydrothermal method at growth time 1h, precursor pH (12) 
and growth temperature 100 oC.
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for applications in photocatalysis, optoelectronic 
devices, and sensing technologies [29, 30].

Optical Properties
The UV-Vis absorption spectrum presented 

in Fig. 4 illustrates the optical behavior of 
the ZnS-ZnO sample across the (200-800 nm) 
spectral regions. The UV-Vis spectrum exhibits 
a pronounced absorption peak around 365-370 
nm, indicative of the formation of homogeneous 
nanostructured phases for both ZnS and ZnO, 
with electronic transitions corresponding to the 
intrinsic band structures of each constituent. 
The effective optical band gap (Eg) was estimated 
from the corresponding Tauc plot through the 
relationship between (αhν)² and hν, assuming a 
direct transition, with Eg approximately 2.94 eV. 
The extracted direct band gap lies lower those of 
ZnO (~3.3 eV) and ZnS (~3.6 eV) indicating that the 
optical absorption of the ZnS-ZnO nanocomposite 
is governed by the combined contribution of 
both phases and their interfacial interactions [1]. 
The observed red-shift relative to pure ZnO can 
be attributed to interfacial defect states, band 
bending, and type-II band alignment at the ZnS/
ZnO heterointerface rather than the dominance of 

a single phase.

XRD analysis of ZnS-ZnO/PVA Film
Fig. 5 presents the X-ray diffraction (XRD) 

patterns of the pure PVA film and for ZnS-ZnO/PVA 
films with different ZnS-ZnO nanoparticles loadings 
(P1 6wt% and P2 1wt%). Both nanocomposite 
samples exhibit a broad and intense diffraction 
peaks centered at 2θ ≈ 18.54 ̊ for P1 and 19.13 ̊ 
for P2 samples, which is characteristic of the 
semi-crystalline structure of polyvinyl alcohol 
(PVA). This feature confirms the dominance of 
the amorphous PVA matrix, with the presence 
of small ordered crystalline domains originating 
from intermolecular hydrogen-bond interactions 
between PVA chains. From Fig. 5 at lower ZnS-
ZnO loading in sample P1 6wt% no distinct XRD 
peaks corresponding to ZnS or ZnO are observed. 
This indicates that the ZnS-ZnO nanoparticles are 
either ultra-fine or highly dispersed within the 
polymer matrix, lacking long-range crystalline 
order detectable by XRD. Such behaviour suggests 
strong confinement of ZnS-ZnO nanocomposite 
by the PVA matrix, which effectively suppresses 
crystal growth and aggregation at low filler 
concentrations. 

 

  

  

Fig. 4. UV-Vis absorption spectrum of the ZnS-ZnO nanoparticles grown at pH (12) for (1 h) with (20%) 
HMT, along with the corresponding Tauc plot for estimating the direct effective optical band gap.
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Upon increasing the ZnS-ZnO content to 1wt% 
in sample P2, a weak shoulder appears in the 
2θ range of approximately 26.73-28.04o. These 
features can be indirectly assigned to the (100) 
plane of hexagonal ZnS and the (111) plane of 
cubic ZnS, respectively. Nevertheless, the absence 
of sharp and well-defined ZnS and ZnO diffraction 
peaks indicates that the nanoparticles remain 
highly dispersed and retain a very small crystallite 
size, even at higher loading levels. Overall, the 
XRD results demonstrate that increasing the ZnS-
ZnO concentration in the range of (6wt%to 1wt%) 
induces limited nucleation without promoting 
significant crystal growth, thereby preserving 
the semi-amorphous nature of the ZnS-ZnO/PVA 
nanocomposite films. This structural configuration 
is highly desirable for optical and optoelectronic 
applications, as it minimizes light scattering 
and suppresses defect-related non-radiative 
recombination losses, while maintaining the 
intrinsic transparency of the PVA matrix [31].

FESEM Analysis of ZnS-ZnO/PVA Nanocomposite 
Films

Fig. 6A-c shows FESEM images of the surface 

of the pure PVA film (Po) and ZnS-ZnO/PVA 
nanocomposite films with ZnS-ZnO loadings of 
6wt% sample P1 and 1wt%sample P2. FESEM 
images of sample Po in Fig. 6A-a confirmed 
the formation of a smooth and homogeneous 
surface without visible crystalline regions or 
large aggregates. This appearance indicates that 
the polymer chains were largely reorganized 
into an amorphous arrangement during solvent 
evaporation. As the water gradually diffused out 
of the matrix, the hydrophilic PVA chains were 
able to rearrange themselves through internal 
hydrogen bonding, resulting in a continuous and 
uniform film rather than separated structures. 
These results were consistent with a previous 
study [32]. 

The findings of FESEM images in Fig. 6B-b 
of sample P1 displays a fairly homogeneous 
distribution at the nanoscale of the ZnS-
ZnO compound (0.6 wt%) within the PVA 
matrix, indicating effective stabilization of 
the nanoparticles through hydrogen bonding 
interactions between the polymer chains and the 
ZnS-ZnO surfaces. This homogeneous distribution 
suggests that at low filler content, the PVA 

 

  

  

Fig. 5. XRD patterns of the pure PVA film (Po), and ZnS-ZnO/PVA nanocomposite films (P1 and P2 samples).
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matrix effectively restrains the agglomeration of 
nanoparticles and enhances structural continuity. 
In contrast, increasing the ZnS-ZnO loading to 1wt% 
in sample P2 leads to a noticeable morphological 
evolution, as shown in FESEM images in Fig.6 C-c. 
Where bright, nearly spherical surface features 
become evident, which are attributed to the initial 

formation of ZnS-ZnO clusters resulting from 
partial nanoparticle aggregation. This behavior 
indicates that, at higher filler concentrations, the 
stabilizing effect of hydrogen bonding within the 
PVA matrix becomes insufficient to fully prevent 
interparticle interactions and cluster formation. 
Despite the onset of aggregation in sample P2, the 
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Fig. 6 (A-c). FESEM images of hydrothermally synthesized samples: (A-a) pure PVA Film (Po), (B-b) ZnS-ZnO/
PVA nanocomposite Film with 0.6 wt% loading (P1), and (C- c) ZnS- ZnO/PVA nanocomposite film with 1 

wt% loading (P2).
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nanocomposite films remain structurally intact. 
Furthermore, the appearance of fine surface cracks 
is observed, which can be attributed to shrinkage 
stresses generated during solvent evaporation 
and film drying. Such morphological features are 
commonly reported in solution-cast PVA-based 
nanocomposite films at elevated filler loadings. 

Overall, the observed transition from a smooth 
and homogeneous surface (P1) to a partially 
aggregated morphology (P2) is characteristic of 
ZnS-ZnO/PVA nanocomposites and is expected to 
influence surface roughness and optical response, 
particularly light scattering and defect-assisted 
recombination processes [33].

Optical properties of ZnS-ZnO/PVA Films
Fig. 7 illustrates the UV-Vis absorption spectra 

of as-synthesised ZnS-ZnO/PVA films by the 
hydrothermal method at precursor pH = 12, t = 1 
h, HMT (20%) and T= 100 oC, which reveals a clear 

and systematic evolution in optical behaviour 
as the ZnS-ZnO loading increases from 6wt%to 
1wt%. From the obtained results, a pronounced 
and progressive enhancement in absorption 
intensity is observed in the deep ultraviolet region 
in the range of (260 nm to 360 nm), which can 
be attributed to the increasing concentration 
of optically active ZnS-ZnO nanoparticles 
embedded within the PVA matrix. As well as the 
strengthening of characteristic band-to-band 
electronic transitions of ZnO and ZnS. This trend 
is consistent with recent studies reporting that the 
incorporation of ZnS-ZnO into PVA significantly 
enhances UV absorption and alters the optical 
band structure compared with pristine polymer 
films [34].

At a lower ZnS-ZnO concentration (P1, 6wt%), 
a slight elevation of the spectral baseline in the 
visible region is detected, indicating an increase in 
the number of ZnS-ZnO/PVA interfacial regions and 

 

 

  

Fig. 7. UV-Vis absorption spectra of pure PVA and ZnS-ZnO/PVA films with different ZnS-ZnO nanoparticles loading ratios 
(0.6-1 wt%).
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the initial emergence of defect-related electronic 
states, without causing a significant deterioration 
in optical transparency. This modest background 
absorption can be correlated with the higher 
nanoparticle density and the associated increase 
in light scattering within the composite matrix. In 
contrast, at the higher ZnS-ZnO concentration of 
1wt%of sample P2, a more pronounced absorption 

tail extends into the visible region, accompanied by 
a marked increase in overall absorption intensity. 
This behavior suggests that the system approaches 
a near-saturation regime, in which nanoparticle 
agglomeration and the formation of sub-bandgap 
defect states become increasingly influential. In 
this regime, the optical response is governed by a 
delicate interplay between quantum confinement 

 

 

  

 

Fig. 8. Tauc plots for the allowed indirect optical band gap of Po, P1, and P2 ZnS-ZnO/PVA films.

Samples Eg(eV) PVA/ZnS-ZnO (wt %) 

ZnS-ZnO 2.94 - 

PVA(Pure)  4.9 - 

ZnS-ZnO/PVA  4.48 0.6 w t % 

ZnS-ZnO/PVA  4.36 1 w t % 

 

Table 2. Optical band gap (Eg) values of Pure PVA Film, and ZnS-ZnO/PVA Films.
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effects, surface defect states, and nanoparticle 
clustering.

Overall, the ZnS-ZnO/PVA nanocomposite 
clearly demonstrates a transition from a lightly 
ratio, optically transparent system to a near-
saturation regime dominated by strong ultraviolet 
absorption. The highest UV-shielding efficiency 
is achieved at a ZnS-ZnO loading of 1wt%, albeit 
at the expense of a moderate reduction in visible 
transparency. This behaviour is in excellent 
agreement with the general trends reported for 
ZnS-ZnO/PVA nanocomposites, where increasing 
ZnS-ZnO content leads to a gradual broadening of 
the UV absorption band and a noticeable shift of 
the absorption edge [33]. 

Furthermore, the optical energies bandgap 
(Eg) of the Po, P1, and P2 samples, consisting of 
pure PVA and ZnS-ZnO/PVA films were estimated 
using Tauc plots as a function of photon energy, as 
illustrated in Fig. 8. The extracted bandgap values 
for pristine PVA, pure ZnS-ZnO nanoparticles, 
and ZnS-ZnO/PVA nanocomposite films with 
different ZnS-ZnO loadings (0.6 wt% to 1 wt%) are 
summarized in Table 2.

Pure PVA (sample Po) film exhibits a wide 
optical bandgap of approximately 4.9 eV, which 
is consistent with its insulating polymeric nature. 
Upon incorporation of ZnS-ZnO NPs, a gradual 
reduction in the Eg value from (4.48 eV to 4.36 
eV) of the nanocomposite films is observed 
with increasing ZnS-ZnO content, as confirmed 
by Fig. 8. This behaviour can be attributed to 
the enhanced contribution of interfacial states, 
defect-related absorption, and localized energy 
levels introduced by the ZnS-ZnO nanoparticles 
within the PVA matrix, which effectively narrow 
the optical bandgap of as-grown film[35, 36]. The 
higher decrease in the Eg (4.36 eV) is observed 
at the highest ZnS-ZnO NPs loading (1wt%). This 
gradual bandgap reduction reflects improved 
nanoparticle dispersion and a more balanced 
interfacial interaction under alkaline synthesis 
conditions, as further supported by the XRD and 
FESEM analyses results in this study.

CONCLUSION
In this study, a ZnS-ZnO binary nanocomposite 

was successfully synthesized using the simple 
hydrothermal method and effectively incorporated 
into a polyvinyl alcohol (PVA) polymer matrix 
to produce homogeneous nanocomposite films 
with good mechanical stability. X-ray diffraction 

(XRD) analysis confirmed that the ZnS-ZnO system 
exhibits a stable multiphase crystalline structure. 
The crystallite size of the ZnS phase was found to 
be smaller than that of ZnO, indicating controlled 
crystal growth and a reduction in structural defects 
within the composite. FESEM findings revealed a 
uniform dispersion of ZnS-ZnO nanoparticles at 
a lower loading concentration (0.6 wt%), while 
partial agglomeration was observed at higher 
content (1 wt%). This behaviour highlights the 
important role of the PVA matrix in stabilizing the 
nanoparticles and limiting their aggregation. UV-
Vis spectroscopic measurements demonstrated a 
significant enhancement in ultraviolet absorption 
while maintaining high transparency in the visible 
region. Additionally, a gradual decrease in the 
effective optical band gap from 4.48 eV to 4.36 eV 
was observed with increasing ZnS-ZnO NPs content. 
This reduction is attributed to the formation 
of new energy states and improved electronic 
interactions between the nanoparticles and the 
polymer matrix. Overall, the results indicate that 
incorporating ZnS-ZnO nanocomposites into 
PVA films enables the development of flexible 
nanomaterials with tuneable optical properties 
and strong UV-shielding capability. These 
characteristics make the fabricated ZnS-ZnO/
PVA film promising candidates for applications in 
optoelectronic devices, UV-protective coatings, 
and optical sensors. 
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