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Abstract  Flexible, economical, and low-toxic organic solar cells are becoming highly 
popular in photovoltaic research. Interestingly, its efficiency of energy conversion remains lower
than that of silicon-based solar cells. As a result, it is unavoidable to focus on organic solar cell
efficiency enhancement. This article presents a nano-composite thin-film developed using zinc 
oxide (ZnO) and polyvinyl alcohol (PVA) with a solution casting technique varying weight per-
centage (wt.%) of ZnO into the PVA matrix. The characterization of the thin-film of ZnO/PVA 
has been made using SEM, XRD, FTIR, and UV-Vis spectroscopy. The characterization re-
veals that the ZnO nanoparticle network forms an excellent path for electron flow in the PVA 
matrix at the optimal ZnO concentration of 16.66 % and a PVA concentration of 83.33 %. The 
thin film was applied to an organic solar cell of architecture consists of carbon fiber reinforced
with ZnO-epoxy resin/CuO-epoxy resin for performance investigation. The solar cell's maxi-
mum efficiency was determined to be 9.01 % before and 14.65 % after using the nano-
composite film. 5.64 % increase in the efficiency of organic solar cells are observed after the
ZnO/PVA nanocomposite thin film is applied. 

 
1. Introduction   

There has been a rapid increase in the use of a type of renewable energy [1]. Solar cell tech-
nologies have developed in many stages of development, for example, the first generation of 
solar technologies uses inorganic molecules mainly silicon as a medium for the processing of 
solar energy, the second generation of solar cells used compound semiconductors such as 
GaAs, CdTe, a-Si, etc., along with the advent of thin film based solar cells utilizing inorganic 
molecules and the third generation of solar cells employs organic molecules primarily semicon-
ductor polymers as a light absorber for the manufacture of solar cells treated with solution. 
Third generation solar cells essentially involve the use of nano-crystalline materials which 
promise both lower production costs and improvement [2]. 

Nanocomposites have been widely used in the fabrication of third-generation solar cells, 
namely thin film organic solar cells, with the goal of optimising solar energy harvesting. Numer-
ous researchers have observed improved electrical, optical, thermal, and dielectric properties in 
PVA nanocomposites based on ZnO prepared in a variety of ways. Numerous physical and 
chemical methods have been used to develop, produce, and characterise ZnO/PVA nanocom-
posites, including in situ methods, solution casting, melt processing, and chemical vapour 
deposition methods [3, 4]. Numerous researchers have investigated the structure, optical, and 
dielectric properties of PVA doped with ZnO. Kochi et al. [5] observed that the optical energy 
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gap in a doped polymer decreases with increasing doping con-
centration up to 8 % ZnO. Doping PVA mixtures improves their 
optical and photoluminescence properties. Hassan et al. [6] 
demonstrated that a ZnO/PVA nanocomposite has a high ab-
sorption, a small energy gap, and average optical conductivity. 
The energy band difference between ZnO and PVA was deter-
mined to be 4.8 eV. The refractive index (n) and dielectric con-
stant are also increased when ZnO dopant nanoparticles are 
used. Ambrosio et al. [7] observed that the addition of ZnO 
nanoparticles altered the absorbance near the UV region and 
that the maximum band gap was 5.83 eV for the sample with a 
higher ZnO content. Shanshool et al. [8] proposed that low 
transmittance was inversely proportional to the concentration of 
ZnO nanoparticles in the UV field. It was discovered that the 
optical band gap of the nanocomposite is redshifted. For all 
samples, the energy gap values decreased as the weight per-
centage of ZnO nanoparticles in the nanocomposite increased. 
Abdel-Galila et al. [9] investigated the TEM image and confirmed 
the formation of a ZnO nanoparticle with an average size of 28-
52 nm. The XRD patterns revealed the amorphous nature of 
PVA and the nanostructure of the ZnO/PVA composite. The 
addition of ZnO nanoparticles increased the thermal stability of 
the PVA polymer. With increasing ZnO content, the optical 
bandgap of ZnO/PVA nanocomposites has decreased. Accord-
ing to Hemalatha et al. [10], the average crystal size of ZnO is 
between 30 and 38 nm. These films exhibit ultraviolet lumines-
cence at room temperature and a reasonable increase in photo-
luminescent intensity when 10 mol percent is added, indicating 
their potential use in optoelectronic devices. Due to the variability 
in crystalline size and aggregate formation, crystallinity increased 
to 15 % mol percent doping and then decreased to 20 % mol 
percent doping. According to Viswanath et al. [11], the approxi-
mate average crystallite size of XRD is 41 nm. The addition of 
ZnO nanoparticles enhanced the optical properties of the virgin 
PVA matrix. A concentrated nanocomposite (3 %wt.) has the 
highest absorption, the smallest energy gap, and the highest 
optical conductivity. Both of these advantages enable a broad 
range of solar cell applications for the ZnO/PVA nanocomposite 
with a ZnO concentration of 3 wt.%. Aashis et al. [12] determined 
that the 558 cm-1 FTIR peak indicated the presence of ZnO in the 
composites. The XRD analysis revealed that the crystal structure 
of the ZnO remained unchanged following the preparation of the 
composites. Analyze the surface of ZnO/PVA nanocomposite 
films by observing that the 0.5 wt.% film surface is smoother than 
the surface of other composite films. 

It is evident from the above literature review that these re-
searchers suggested using ZnO/PVA nanocomposite films in 
solar cells, but to the author's knowledge, no study has been 
conducted on the incorporation of nanocomposite films in solar 
cells. The primary goal of this work is to address a research 
gap in the application of ZnO/PVA nanocomposite film to solar 
cells. For this reason, this study was conducted. The prepara-
tion of Nano-composites thin films with PVA as the polymer 
matrix and ZnO nanoparticles is discussed in this manuscript. 
The ZnO/PVA films are prepared using the solution casting 

method. SEM, FTIR, XRD, and UV-Vis spectroscopy were 
used to characterize the sample. The objective is to improve 
the performance of organic solar panels by 3 % to 5 %. The 
creation of a nanocomposite film ZnO/PVA with varying weight 
percentages of ZnO and PVA, as well as an examination of its 
effect on the performance enhancement of organic solar cells 
[(C-ZnO/epoxy resin)/(CuO/epoxy resin)/carbon fibre] and the 
observation of changes in solar cell efficiency [14].  

 
1.1 Overview of zinc oxide (ZnO) 

Zinc oxide is a naturally occurring inorganic compound with 
the chemical formula ZnO. It is an n-type semiconductor in the 
group II-VI region with a large band gap of approximately 
3.33 eV. Numerous unique properties of ZnO have been identi-
fied, including excitonic emission at or above room temperature, 
optical transparency in the visible range, a high surface-to-
volume ratio, and the quantum containment effect [15]. Chemi-
cal bath deposition is particularly well-suited for growing large-
area ZnO films with intriguing properties for photoelectron-
chemical solar cells [16]. This technique is intended for the 
fabrication of ZnO nanostructures on a variety of substrates, 
including glass microscopy and steel. Band-gap engineering 
can be used to control the conductivity of ZnO [17]. By intro-
ducing small amounts of native point defects and impurities 
(dopants) (down to 14 cm3 or 0.01 ppm), it is possible to signifi-
cantly alter the electrical, structural, optical, and morphological 
properties of semiconductors [18]. 

According to the above literature, the physical properties of 
ZnO nanoparticles, such as optical, electrical, and magnetic, 
significantly increase the solar energy harvesting efficiency of 
ZnO composite materials. The majority of ZnO's significant 
physical properties are listed in Table 1. 

 
1.2 Overview of polyvinyl alcohol (PVA) 

PVA is a white-colored, non-toxic, semi-crystalline, water 
soluble and thermostable compound with exceptional optical 
properties, enormous dielectric properties, and a high capacity 
for charge storage [19]. PVA decomposes rapidly above 200 °C 
due to its pyrolysis susceptibility. PVA films superior optical 
quality makes them ideal for optical sensors and devices [20]. 
PVA is versatile, solid, and hard, with the ability to act as an 
oxygen/aroma barrier. Moisture must be avoided at all costs to 

Table 1. Physical properties of ZnO [13]. 
 

Property Value 

Molecular mass (g/mol) 81.389 

Density (g/cm3) 5.6803 

Melting point (°C) 1975 
Specific gravity at 300 K (g/cm3) 5.642 

Energy gap (eV) 3.4, direct 

Exciton binding energy (meV) 60 
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avoid any PVA disruption of gas permeability. Physical modifi-
cation of PVA is possible via the crystallization process. PVA 
crystallizes due to the hydrogen bond between its chains. When 
exogenous nanoparticles (NPs) are incorporated into a polymer 
matrix, they act as nucleating agents during crystallization [22]. 
The physical properties of pure PVA are listed in Table 2. 

 
2. Development of ZnO/PVA nanocompo-

site film  
Sigma-Aldrich supplied the polyvinyl alcohol (PVA) code 

363146, which has an average molecular weight (Mw) of 98000 
and is 99+ % hydrolyzed. Zinc oxide (ZnO) was purchased from 
Malaysia-based R & M Chemicals. It was used as a filler in 
nanocomposites of polymers and zinc oxide. The nanoparticles 
had a diameter of 100 nm (nanometers of 10 x 10-3 mm). Deion-
ized water (H2O) was used as a solvent for PVA because it has 
no charge (is ion-free and does not conduct electricity). It is 
frequently used as a solvent for this type of polymer. It is a polar 
protic solvent with a long hydrocarbon chain structure. 

 
2.1 Solution casting method 

The solution casting method (SCM) is a simple and eco-
nomical technique for fabricating nanocomposite thin films on a 
laboratory scale. The SCM is used in this study to fabricate thin 
films of ZnO/PVA nanocomposites on a laboratory scale. A 
glass template (petri dish) with the required shape (lab scale) 
of the nano-composite thin film was developed for this study in 
order to investigate its composition and perform experiments 
with organic solar cells to validate it. The liquid nanomaterial 
composition contains ZnO, PVA, and deionized water in the 
proportions specified (H2O). The resulting liquid was agitated in 
an ultrasonic bath for 30 minutes before being poured into a 
template. It is then allowed to harden for 48 hours in a forced 
convection oven set to 60 °C. Consequently, the solidified 
nanocomposite thin film was formed, and the template was 
removed. This thin film is both rigid and flexible, allowing it to 
be fitted to solar cells of any shape. 

 
2.2 Preparation of polymer alcohol-ZnO nano-

composite 

To prepare ZnO/PVA Nano-composites, PVA was used as 

the polymer matrix and ZnO nanoparticles were used as fillers. 
The different weight percentage (wt.%) of ZnO and PVA was 
dissolved in distilled water and prepared a sample for the thin 
film using the solution casting technique as shown in Fig. 1. 
The weight percentage of ZnO in the nano-composite (wt %) 
was calculated based on the equation,  

 

( ).% 100%f
f

P f

W
W wt

W W
= ×

+
  (1) 

 
where wt% is the weight percentage of ZnO in the nanocompo-
site, Wp is the weight of the polymer and Wf is the weight of the 
filler. 

 
3. Characterization 

The characterization of ZnO/PVA thin film has been made 
with scanning electron microscope (SEM) for the morphological 
analysis of the nanocomposite film, Fourier transform infrared 
spectroscopy (FTIR) for the observation of the presence of 
functional groups present in nano composite film, X-ray diffrac-
tion (XRD) for the examination of the diffraction pattern of the 
nanocomposite film, UV-visible spectrophotometer (UV-Vis) to 
investigate the absorption and bandgap of nanocomposite film. 

 
3.1 Scanning electron microscope (SEM) 

Fig. 2 shows the SEM machine used for characterization of 
the ZnO/PVA nano-composite structure. Fig. 3(a) shows the 
formation of nano-sized crystal aggregates as a result of the 

Table 2. Physical properties of PVA [21]. 
 

Parameters Description/value 

Molecular weight (g/mol) 20000 to 400000  

Density (g/cm3) 1.19-1.31 

Melting point (°C) 230 °C  
Specific gravity at 300 K (g/cm3) 1.3  

Stability to sunlight Excellent 

Thermal stability Decomposition at ~200 °C 
Solubility Soluble in water 

 
Fig. 1. Flowchart of preparing ZnO/PVA Nano-composite via solution cast-
ing. 
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high surface energy. There are several small particles averag-
ing less than 14 nm in diameter when dispersed in the PVA 
and it could be supported by the authors [23]. 

The aggregate shape causes a non-linear electron flow, 
which leads to a decrease in energy generation, and it is sup-
ported by the conclusion of the authors [24]. Fig. 3(b) demon-
strates that the nanoparticles are distributed uniformly within the 
PVA matrix. The ZnO / PVA nanocomposite demonstrated that 
crystallites formed and began to grow in the immediate vicinity 
of the surface as the ZnO concentration was increased. 
Additionally, it demonstrated uniform dispersion of ZnO 

nanoparticles, whereas increased ZnO concentration resulted in 
increased compactness and aggregation and it is supported by 
the authors [25]. Fig. 3(c) examines the nanoparticles' uniform 
dispersion within the PVA matrix. The analysis of the surface 
morphology of the ZnO/PVA composite film shows several 
aggregates or chunks dispersed randomly on the film's surface. 
It is critical to note that irregular ZnO nanoparticles ranging in 
size from 15 to 18 nm were formed. Fig. 3(d) shows a smooth 
PVA matrix with chunks of flaked shaped ZnO particles 
scattered around the surface. It is significant to mention that 
irregular ZnO nanoparticles with diameters ranging from 16 to 
19 nm were formed. Fig. 3(e) shows a micrograph of the 
ZnO/PVA film with a higher PVA concentration in the matrix, 
arising from inappropriate ZnO mixing.  

 
3.2 Fourier-transform infrared spectroscopy (FTIR)  

Fourier transform infrared (FTIR) spectroscopy of the syn-
thesized ZnO/PVA film was performed to identify the functional 
groups present in the film and to analyze the interaction be-
tween cross-linked PVA and ZnO nano-particles. The as-
prepared samples were checked by using Fourier transform 
infrared (FTIR) spectroscopy (brand: Perkin Elmer, range: 
4000 cm-1-400 cm-1) as shown Fig. 4. The FTIR spectra were 
caused by the transmittance mode. All spectra were recorded 
and analyzed. The results of FTIR were used to complement 
those of the SEM results. The associated functional groups (C-
H, CH2, and C-O) are shown in Table 3 along with their infrared 
band positions. Additionally, the spectra reveal a broad absorp-
tion peak for the PVA/ZnO nanocomposite at higher infrared  

 

 
 
Fig. 2. Scanning electron microscope (JSM-IT100 model). 

 

 

 
 

 
 
Fig. 3. SEM image: (a) wt.% ZnO 16.66 and wt.% PVA 83.33; (b) wt.% ZnO 
28.57 and wt.% PVA 71.42; (c) wt.% ZnO 37.50 and wt.% PVA 62.50; (d) 
wt.% ZnO 50 and wt.% PVA 50; (e) wt.% ZnO 40 and wt.% PVA 60. 

 
Table 3. FTIR infrared band positions. 
 

Figure C-H CH2 C-O 

(a) 2907 1415, 1326 1083 
(b) 2907 1416, 1327 1086 

(c) 2908 1415, 1325 1087 

(d) 2912 1414, 1326 1086 
(e) 2909 1416, 1325 1085 

 

 
 
Fig. 4. Fourier transform infrared (FTIR) spectrometer. 
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bands as shown in Fig. 5. C-H vibrates asymmetrically. The 
absorbance is related to the vibrations of CH2. The PVA matrix 
acetyl group undergoes C-O stretching [26]. The spectral shift 
could be due to the formation of intermolecular hydrogen 
bonds between the OH group of PVA and the ZnO surface. 
The shift in the associated doping bands indicates that PVA 
and ZnO interact. The band corresponds to the C-O stretching 
on the PVA matrix of the acetyl groups present. The change in 
the respective doping bands shows that PVA and ZnO interact.  

 
3.3 X-ray diffraction (XRD) 

An X-ray diffraction (XRD) pattern was used to obtain the 
structural properties of different ZnO/PVA nanocomposite 
samples were recorded by the Bruker D2 Phaser 2nd Genera-
tion using Cu Kα radiation at a wavelength of 1.54 Å as shown 
in Fig. 6. The scanning was done in the range of 2 θ values 
between 20° to 80° at a scan rate of 2 degrees/min. The crys-
tallite size for nanocomposite samples has been measured by 
using the Scherrer equation below: 

 
KD
COS

λ
β θ

=   (2) 

 
where, K = 0.89 (shape factor), λ = 1.5406 Å (wavelength of 
copper Kα), β = full width at half maximum (FWHM) (radians), 
and θ = peak position. 

Fig. 7(a) illustrates the XRD pattern of the nanocomposite 
film, which exhibits a relatively high peak of 2 θ = 35.96. These 
diffraction peaks confirm the formation of a ZnO/PVA nano-
composite. The crystallite size of PVA/ZnO nanocomposite 
films was determined using the Debye Scherrer formula and 
was found to be between 14.19 and 14.28 nm, while the aver-

age particle size (D) is approximately 14.23 nm. 
Fig. 7(b) illustrates the XRD pattern of the nanocomposite 

film exhibits a relatively high peak at 2 θ = 35.64. These diffrac-
tion peaks confirm the formation of a ZnO/PVA nanocomposite. 
Due to the variability in crystalline size and aggregate formation, 
doping ZnO nanoparticles results in an increase in crystallinity. 
The crystallite size of PVA / ZnO nanocomposite films was 
determined using the Debye Scherrer formula and was found 
to be in the range of 16.37-17.84 nm, while the average parti-
cle size (D) is approximately 17 nm. Fig. 7(c) illustrates the 
XRD pattern of the nanocomposite film exhibits a relatively 
high peak of 2 θ = 36.39. These diffraction peaks confirm the 
formation of a ZnO/PVA nanocomposite. Due to the variability 
in crystalline size and aggregate formation, doping ZnO 
nanoparticles results in an increase in crystallinity. The crystal-
lite size of PVA/ZnO nanocomposite films was determined 
using the Debye Scherrer formula and was found to be in the 
range of 15.54-18.79 nm, while the average particle size (D) is 
approximately 17 nm. Fig. 7(d) illustrates the XRD pattern of 

 
 
Fig. 5. FTIR spectra of 5 different samples of ZnO/PVA nanocomposite films. 

 

 
 
Fig. 6. X-ray diffraction. 

 



 Journal of Mechanical Science and Technology 37 (10) 2023  DOI 10.1007/s12206-022-0806-2 
 
 

 
5060  

the nano composite film that exhibits a relatively high peak of 
2 θ = 36.37. These diffraction peaks confirm the formation of a 
ZnO/PVA nanocomposite. Excessive doping of ZnO nanoparti-
cles reduces crystallinity due to crystalline size variability and 
aggregate formation. The crystallite size of PVA/ZnO nano-
composite films was determined using the Debye Scherrer 
formula and was found to be in the range of 16.86-19.55 nm, 
while the average particle size (D) is approximately 18.31 nm. 
Fig. 7(e) illustrates the XRD pattern of the nanocomposite film 
exhibits a relatively high peak of 2 θ = 36.78. Except for Fig. 7, 
all of the associated diffraction peaks correspond to the PVA 
diffraction peak and the regular ZnO wurtzite hexagonal crystal 
struc ture PDF database (JCPDS 36-1451) [27].  

3.4 Ultraviolet-visible spectrophotometer (UV-Vis) 
The ultraviolet-visible spectrophotometer (UV-Vis) (Fig. 10) 

was carried out to test the samples of ZnO/PVA nano-
composite in order to find the absorption spectrum and energy 
bandgap. For the experiment, the equipment was first cali-
brated, and the samples were placed in the chamber which 
is parallel to the UV visible source so that the rays of a known 
wavelength passed through the deposited layer on the sub-
strate of the sample. The energy bandgap, absorption spec-
trum and the effect of zinc oxide nanoparticles on the PVA 
matrix were obtained. 

Fig. 8(a), the absorption spectrum of the nano composite film, 

 

 
 
Fig. 7. XRD patterns of 5 different samples of ZnO/PVA nanocomposite films. 

 

 
 
Fig. 8. Absorbance of 5 different samples of ZnO/PVA nanocomposite films. 
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demonstrates two bands at 235 nm and 356 nm with a lower 
intensity, indicating the presence of ZnO in the film [28]. These 
bands are attributed to the absorption of PVA and the excitons 
of ZnO nanoparticles. By converting the spectrum to Tauc's 
plot, the energy bandgap is determined to be 4.22 eV as 
shown in Fig. 9(a). Fig. 8(b), the absorption spectrum of the 
ZnO/PVA composite film, demonstrates two bands at 225 nm 
and 340 nm with a lower intensity, indicating the presence of 
ZnO in the film. These bands are attributed to the absorption of 
PVA and the excitons of ZnO nanoparticles. By converting the 
spectrum to Tauc's plot, the energy bandgap is determined to 
be 4.21 eV as shown in Fig. 9(b). Fig. 8(c), the absorption 
spectrum of the ZnO/PVA composite film, demonstrates two 
bands at 234 nm and 335 nm with a lower intensity, indicating 
the presence of ZnO in the film. These bands are attributed to 
the absorption of PVA and the excitons of ZnO nanoparticles. 
By converting the spectrum to Tauc's plot, the energy bandgap 
is determined to be 4.20 eV as shown in Fig. 9(c). Fig. 8(d), the 
absorption spectrum of the ZnO/PVA composite film, demon-
strates two bands at 239 nm and 339 nm with a lower intensity, 
indicating the presence of ZnO in the film. These bands are 
attributed to the absorption of PVA and the excitons of ZnO 
nanoparticles. By converting the spectrum to Tauc's plot, the 
energy bandgap is determined to be 4.04 eV as shown in Fig. 
9(d). Fig. 8(e), the absorption spectrum of the ZnO/PVA com-
posite film, demonstrates two bands at 238 nm and 356 nm 
with a lower intensity, indicating the presence of ZnO in the film. 
These bands are attributed to the absorption of PVA and the 
excitons of ZnO nanoparticles. By converting the spectrum to 
Tauc's plot, the energy bandgap is determined to be 4.03 eV 
as shown in Fig. 9(e). It is concluded that as the concentration 
of ZnO nanoparticles in the polymer matrix increases, the ab-
sorption edge moves toward the higher wavelength or lower 
energy associated with the blue/green region of the visible 

spectrum. Increased nano ZnO concentration in the matrix 
results in a decrease in the optical energy bandgap. 

 
3.5 Summary of characterization results 

As shown in Fig. 11, the SEM analysis indicates that adding 
ZnO nanoparticles to the PVA matrix increased agglomera-
tion/aggregation in the ZnO/PVA nanocomposite. This is be-
cause the high surface energy results in the formation of clus-
ters at various points on the surface. The XRD results indicate 
that the degree of crystallinity increases with increasing ZnO 
concentrations in the matrix and decreases with decreasing 
ZnO concentrations. UV-Vis results indicate that as the ZnO 
concentration in the matrix increases, the energy bandgap 
decreases. 

 
4. Performance investigation of ZnO/PVA 

solar film 
The organic solar has been developed using carbon zinc 

 
 
Fig. 9. Optical band gap energy of 5 different samples of ZnO/PVA nanocomposite films. 

 

 
 
Fig. 10. Ultraviolet-visible spectrophotometer. 
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oxide (C-ZnO) and copper oxide (CuO) conductive polymer 
and aqueous dielectric, and reinforced by carbon fibre (CF). 
The CF fabrics derived from π-carbon (240 g/m2) 0.25 mm 
thick were used for the development of organic cells. The CF 
electrodes were reinforced with nano ZnO (size 10 nm) epoxy 
for the negative electrode in order to facilitate high electron 
mobility as a form of n-type semiconductor by adding 5 % of π-
carbon (9240 g/m2) for a band-gap energy of 3.5 eV. 
Meanwhile, epoxfilled nano-CuO (size 50 nm, Sigma Aldrich) 
to the positive electrode in order to facilitate bore/positive 
charging as a p-type semiconductor. Fig. 12 shows the model 
of aqueous electrolyte sandwiched by C-ZnO/CuO-ER_CFR 
organic solar cell. 

Table 4 illustrates the data of organic solar cells [carbon fibre 
reinforced with (ZnO/epoxy resin)/(CuO/epoxy resin)] incorpo-
rated with ZnO/PVA nano-composite films as well as the re-
sults of individual tests of each ZnO/PVA nano-composite 
sample, all of which were done under direct sunlight. The high-
est efficiency achieved by ZnO(1)PVA(5) (wt.%: ZnO 16.66 
and wt.% of PVA 83.33) is 14.65 % while the lowest efficiency 

achieved by ZnO(2)PVA(3) (wt.% of ZnO 40 and wt.% of PVA 
60) is found to be 7.16 %.  

The performance of ZnO/PVA thin film with organic solar 
cells under a solar heat of 32 °C is shown in Fig. 13, which is 
based on the J-V characteristics curve. The objective of other 
thin films of ZnO/PVA is to compare the performance of the 

 
 
Fig. 11. Summary of characterization results. 

 

 
 
Fig. 12. Laboratory scale organic solar panel with ZnO/pvPVA thin 
film. 

Table 4. Performance of the Zn0/PVA samples. 
 

Solar temperature 32 °C at 1 PM Malaysia PV cell with 
ZnO/PVA thin film Voc (mV) Jsc (mA/cm2) FF (%) Η (%) Eg (eV)

ZnO (1) PVA (5) 647.33 30.78 73.53 14.65 4.22 

ZnO (2) PVA (5) 662.81 31.46 61.99 12.9 4.21 
ZnO (3) PVA (5) 637.27 26.61 69.09 11.71 4.20 

ZnO (5) PVA (5) 606.31 19.53 64.03 7.58 4.04 

ZnO (2) PVA (3) 551.09 22.29 58.29 7.16 4.03 

 

Table 5. Organic solar cell performance with the thin-film of nanocomposite 
of ZnO (16.66 wt.%)/PVA (83.33 wt.%). 
 

Voc 

(mV) 
Jsc 

(mA/cm2) 
Fill factor (FF) 

(%) 
Efficiency (η)

(%) 
PV cell with 

ZnO/PVA thin 
film Without film 

570.88 24.6 64.22 9.01 

With thin film of ZnO (16.66 wt.%)/PVA (83.33 wt.%) 
Cell with 70 gsm 

paper as  
dielectric 647.33 30.78 73.53 14.65 
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best (optimized) sample. The performance of other ZnO/PVA 
samples demonstrates that increasing the weight percentage 
of the ZnO nanoparticle causes a decrease in organic solar 
performance enhancement. 

This could also lead to a decrease in the band gap of the 
sample. The low current density indicates that a higher per-
centage of ZnO forms a wire-film that prevents current carriers 
from moving freely, resulting in a lower energy development. 
The summary of the performance of the thin films of ZnO/PVA 
of various compositions is presented in Table 4. ZnO(1)PVA(5) 
has the highest efficiency of 14.65 %, while ZnO(2)PVA(3) has 
the lowest efficiency of 7.16 %. The efficiency of a solar cell 
decreases as the fill factor of the cell decreases. The optical 
direct bandgap narrowed as the concentration of ZnO in the 

polymer matrix increased, resulting in a loss of efficiency. 
The ZnO/PVA solar thin film has been prepared with the best 

(optimized) sample, which has been made with ZnO wt.% of 
16.66 and PVA wt.% of 83.33 and tested with the C-ZnO/CuO-
ER_CFR organic solar cell. The results of the organic solar cell 
performance have been measured without and with ZnO/PVA 
thin film as shown in Fig. 14. The solar cell performance in-
creased from 9.01 to 14.65 %. Table 5 displays the aggregated 
results. 

 
5. Conclusions 

Based on the contents of this manuscript, the following con-
clusions have been reached: 
·ZnO/PVA nano-composites were successfully prepared by 

the solution casting method. To identify the best sample for 
modeling the ZnO/PVA thin film, 5 samples were prepared 
from a blended mixture of ZnO nano powder and PVA matrix 
with different weight percentages. 
·Each sample is then characterized using SEM, FTIR, XRD 

and UV-Vis machines. Adding ZnO nano-particles to the PVA 
matrix increased agglomeration/aggregation in the ZnO/PVA 
nanocomposite. This is because the high surface energy re-
sults in the formation of clusters at various points on the sur-
face. The degree of crystallinity increases with increasing ZnO 
concentrations in the matrix and decreases with decreasing 
ZnO concentrations. As the ZnO concentration in the matrix 
increases, the energy bandgap decreases. The optimized 
samples were then selected based on the results of energy 
bandgap, Voc, Jsc, and η and were found to be ZnO (wt.% of 
16.66) and PVA (wt.% of 83.33).  
·The solar cell's maximum efficiency before and after using 

the best nanocomposite ZnO/PVA sample film. The efficiency 
of energy conversion (η) was determined to be 9.01 % and 
14.65 %, respectively. The increase in efficiency of the organic 
solar cell demonstrated that the ZnO/PVA nanocomposite film 
has significant potential for use in enhancing the efficiency of 
organic solar cells. 
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Nomenclature------------------------------------------------------------------ 

θ : Peak position, degree 
 : Wavelength, nm 
β : Full width at half maximum, radian 
η : Solar energy conversion efficiency, % 
c : Activated carbon 
D : Crystallite size 

 

 

 
 
Fig. 13. Performance of 5-samples with organic solar cells.  

 

 (a) (b) 
 
Fig. 14. Performance of organic solar cell: (a) without ZnO/PVA thin film; (b) 
with ZnO/PVA thin film. 
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Jsc : Short circuit current density, A/cm2 

Voc : Open circuit voltage, V 
wf : Weight of filler 
wp : Weight of polymer 
FF : Fill factor, % 
ZnO : Zinc oxide nano-powder 
PVA : Poly vinyl alcohol 
wt% : Weight percentage, % 
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