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Creating polymer nanocomposite specimens is carried out using the solu-
tion-casting technique. The specimens are comprised of a host matrix of
polyvinyl alcohol (PVA), in which varying concentrations of zirconium
oxide (Zr0O,) and copper oxide (CuO) nanoparticles are incorporated, span-
ning a range from 0 to 6 wt.%. The nanostructures composed of PVA-
Zr0,—CuO exhibit notable attributes, such as low expenses, enhanced re-
sistance to corrosion, favourable optical properties, and a relatively light-
weight nature compared to alternative nanosystems. The optical properties
are measured within the wavelength range (A) from 200 nm to 840 nm.
Optical properties show that the absorption coefficient, refractive index,
and dielectric-constant real and imaginary parts for PVA-ZrO,—-CuO
nanocomposite increase with increasing concentrations of the ZrO,—CuO
nanoparticles; so, the optical parameters at wavelength A =400 nm: ab-
sorption coefficient (a), refractive index (n), extinction coefficient (%),
real (¢;) and imaginary (g,) parts of dielectric constants, and optical con-
ductivity (o,,) for PVA are enhanced by about 1540%, 100%, 2216%,
302%, 1116%, and 3025%, respectively, with adding of 6 wt.% ZrO,—
CuO nanoparticles. The performance of the PVA-ZrO,~CuO nanocompo-
sites suggests that they possess favourable characteristics as optical na-
nomaterials in the domains of electronics and optics.

CTBOpeHHS 3pa3KiB MOJIiMEePHMX HAHOKOMIIO3HUTIB IIPOBOAMUIN METOHOM JIWT-
TS 3 PO3UMHY. Spas3KM BKJOUYAJIU TOJOBHY MAaTPHUIII0O 3 IIOJiBiHiJIOBOTO
cuupty (IIBC), B aKy OyJsio BTiJieHO Pi3HiI KOHIIeHTpAaIllii HAHOYACTUHKU OK-
cuny ITuprounito (Zr0O,) i1 oxkcunmy Kynpymy (CuO), 1o oxomaioBanam mgidma-
30 Bim O mo 6 macoBux BifmcoTKiB. HaHOCTPYKTYpH, IO CKJIAZAIOTHCA 3
IIBC-Zr0,—CuO, neMOHCTPYIOTH IIOMITHI XapakTepUCTUKU, TaKi K HUIBKY
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BapTiCTh, MiABUIIEHY CTiHKicTh 0 KOPO3ii, CIPUATINBI ONTUUYHI BJIACTHUBO-
CTi Ta BiTHOCHO JIeTKY HIPUPOAY IIOPiBHAHO 3 aJbTEPHATUBHUMU HAHOCHUCTE-
maMu. ONTHUYHI BJIACTHUBOCTI MipAau B miAmasoHi JoB:KWH XBuab A Bim 200
HM 10 840 M. OnTUYHI BJIACTUBOCTI MOKasaau, IO Koe@illieHT IOTJIMHAH-
Hs, MOKA3HUK 3aJIOMJIEHHS Ta JilicHa ¥ ysSBHA YaCTHUHU HieJIeKTPUUHOI IIPo-
HuUKHOCTH AJsa HaHoKoMmmo3uty IIBC—ZrO,—CuO 3pocraroTs 3i 36iJbIIeHHAM
KoHueHTparii manouactTuHOK ZrO,—CuO; Tak, onTWUYHI ImapamMeTpu Ha IOB-
skmHi xBuai A =400 HM: KoedimieuT morauHaHHA (0), TOKASHUK 3aJIOMJIEH-
HAa (n), KoedimieHT ekcTuHKIIL (k), mificHa (g,) i yaBHa (e,) YaCTUHU Hiese-
KTPUYHOI IMPOHMKHOCTH Ta ONTHYHA HPOBigHicTh (0,) Ana IIBC 36impmry-
oThed npubausuo Ha 1540%, 100%, 2216%, 302%, 1116% i 3025% Bix-
MoBimHO 3 mogaBaHHAM HauHodacTHHOK Zr0O,—CuO (6 mac.%). Excmayara-
mitiai nmoxkasHumku HaHoKoMmno3utiB IIBC-ZrO,—CuO HaBOAATH HA AYMKY,
1IT0 BOHU MAalOTh COPUATINBI XapaKTePUCTUKM AK OINTUYHI HaAHOMATEpPisau B
00J1aCTAX €JeKTPOHIKY 1 ONTUKMU.
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1. INTRODUCTION

Since immemorial, polymers have been integral to the fabric of ex-
istence, constituting all life forms’ fundamental constituents. Be-
fore the mid-twentieth century, humans had an incomplete under-
standing regarding polymers’ fundamental characteristics and prop-
erties. Polymers have permeated various facets of human existence.
Contemplating contemporary society devoid of synthetic polymeric
materials and their myriad opulent and convenient attributes proves
challenging. In recent years, realizing a fully customized polymer
has been made possible due to advancements in comprehending the
interrelationships between polymer structure and properties, emerg-
ing ground-breaking polymerization techniques, and the accessibil-
ity of innovative and cost-effective monomers [1, 2]. Polymers with
corrosion resistance, low weight, and strong hardness make various
products, including homemade plastics, automobile internal and ex-
ternal components, biomedical equipment, and satellite applications
[3, 4].

A polymer blend refers to the amalgamation of two or more pol-
ymers, forming a novel material exhibiting distinct physical charac-
teristics. Polymer mixtures, known as heat mixes, are a specific
category within the broader classification of polymer mixtures. The
phenomenon of heat mixing and the characteristics of thermoplastic
heat mixtures have been extensively investigated in previous re-
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search [5, 6]. In contemporary times, polymers are commonly em-
ployed in electrical and electronic applications. The utilization of
polymers as insulators has been attributed to their remarkable re-
sistivity and dielectric properties. Electrical equipment utilizes pol-
ymer-based insulators to isolate electrical conductors, thereby inhib-
iting electric current flow efficiently. Polymer insulators are uti-
lized in diverse fields, encompassing the manufacturing of printed
circuit boards, cable sheathing materials, corrosion-resistant elec-
tronics, and wire encapsulation. Polymers offer many advantages,
such as their inherent processability, exceptional flexibility, notable
strength and mechanical properties, and cost-effectiveness [7, 8].

Polyvinyl alcohol (PVA) is a water-soluble synthetic polymer. The
substance exhibits a notable lack of toxicity and possesses notable
attributes in terms of its application as a wound dressing and as a
material for bioreactors. The semi-crystalline nature of polyvinyl
alcohol is a notable attribute, as the presence of both amorphous
and crystalline regions characterizes it. This structural arrange-
ment gives rise to interfacial effects that enhance the physical
properties of the material [9, 10]. Polyvinyl alcohol exhibits dis-
tinct characteristics, including biodegradability, favourable chemi-
cal stability, environmental friendliness, notable charge storage ca-
pacity, high resistance to abrasion, thermal stability, tensile
strength, flexibility, elongation, ease of film processing, and cost-
effectiveness in manufacturing [11, 12]. The rapid decomposition of
the substance occurs at elevated temperatures. Various additives,
including polymers, salts, nanocomposites, and ions, are commonly
incorporated into polyvinyl alcohol (PVA) to enhance and alter its
properties [13, 14]. PVA exhibits sub-optimal electrical insulation
properties, yet it transforms conductivity, when doped with specific
inorganic fillers [15].

Zirconium oxide (Zr0,), commonly called zirconia, is widely rec-
ognized for its exceptional chemical and physical characteristics.
Consequently, it finds extensive utility in various fields, including
fuel cells, gas sensors, optoelectronics, catalysts, and corrosion-
resistant materials. Zirconium dioxide (ZrO,) has a band gap exceed-
ing 5 eV, making it a significant luminescent material characterized
by favourable optical transparency. Moreover, its considerable sur-
face area and abundance of oxygen vacancies establish it as a prom-
ising contender for applications in photocatalysis [16, 17]. Zirconi-
um dioxide (ZrO,) nanoparticles exhibit notably low thermal conduc-
tivity and a high thermal expansion coefficient. Additionally, the
materials above possess numerous engineering applications due to
their exceptional strength, durability, thermal shock resistance, ri-
gidity, and enhanced wear resistance [18, 19].

Copper oxide is a type of material that exhibits semiconductor
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behaviour and possesses distinctive optical, electrical, and magnetic
characteristics. It has found diverse applications in supercapacitor
development, near-infrared filtering, magnetic storage media, sen-
sor technology, catalysis, and semiconductor devices [20, 21]. Cop-
per oxide nanoparticles (CuO NPs) have been employed to enhance
polymer films derived from petrochemical-based or bio-based poly-
mers. The characteristics mentioned above are attributable to the
remarkable surface-to-volume ratio, thermal stability, comparative-
ly diminished toxicity, and capacity to enhance the mechanical
properties of polymers [22].

This work used ZrO,~CuO nanoparticles to improve the nanocom-
posite’s optical properties PVA—Zr0O,—CuO. The results of this study
showed a significant improvement in these characteristics.

2. MATERIALS AND METHODS

Nanocomposite films were fabricated using the casting technique,
incorporating polyvinyl alcohol (PVA), zirconium oxide (ZrO,), and
copper oxide (CuO) nanoparticles. The experimental procedure in-
volved dissolving pure polyvinyl alcohol (PVA) in 35 ml of distilled
water for 35 minutes. The solution was stirred using a magnetic
stirrer at a temperature of 50°C to attain a higher level of homoge-
neity. The polymer underwent the introduction of zirconium oxide
(Zr0O,) and copper oxide (CuO) nanoparticles at different weight per-
centages 0%, 2%, 4%, and 6% . Following three days of air-drying
the solution at room temperature, the observed outcome entailed
the development of polymer nanocomposites. The nanocomposites
consisting of PVA-ZrO,—CuO were retrieved from the Petri dish
and employed for measurement purposes. The optical properties of
nanocomposites comprising PVA, Zr0O,, and CuO were examined us-
ing a Shimadzu U.V./1800 spectrophotometer over a wavelength
range of 200—-800 nm.

The evaluation of the absorption coefficient (o) of the current
materials is heavily reliant on the optical transmission, reflection,
and thickness of the film, as determined by the following equation
[23]: a=2.303A/d, where d is the sample thickness, and A is the
absorption of the material.

The extinction coefficient (k) was calculated using the following
equation [24, 25]:

o
4n’

where A is the wavelength. The refractive index (n) is calculated by
[26] from equation:

k
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R ¥ 2_(R+1),
(R-1)" (R-1)

n=

where R is the reflectance. The dielectric constant real and imagi-
nary parts are calculated by [27, 28] as follow: &,=n?—k?, &,=2nk.
The optical conductivity (c,,) is obtained by using the relation [29]:
c,, = anc/4m, where c is the velocity of light.

3. RESULTS AND DISCUSSION
3.1. The Optical Properties of PVA—Zr0,—CuO Nanocomposites

Figure 1 illustrates the correlation between the absorption coeffi-
cient of nanocomposites composed of polyvinyl alcohol (PVA), zir-
conium dioxide (ZrQ,), and copper oxide (CuO) and the varying pro-
portions of ZrO,—CuO nanoparticles (NPs). The absorption coeffi-
cient increases as the ratios of ZrO,—CuO NPs increase. This phe-
nomenon can be attributed to the augmentation of charge carriers
within the nanocomposite films. The absorption coefficient (o) for
all the prepared nanocomposites exhibited the lowest values at lower
energies, which can be attributed to the limited likelihood of elec-
tron transitions.
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Fig. 1. Absorption coefficient for PVA-ZrO,—CuO nanocomposites as a
function of photon energy.
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The probability of electron transition is high, when the energy of
the incident photon increases, indicating that the energy of the
photon is adequate for atom interaction. Based on the observed o
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Fig. 2. Difference of extinction coefficient for PVA—-ZrO,—CuO nanocompo-
sites with wavelength.

=&- Pure pure
32k == 2 wt.%
——4 wt.%
—4—6 wt.%

L A 1 " L A L "
320 42(} 520 620 720
Wavelength, nm

Fig. 3. The refractive index for PVA-Zr0O,—CuO nanocomposites as a func-
tion of wavelength.
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values for the prepared films, which are less than 104 cm™, it can
be inferred that indirect electron transitions are highly probable
[30, 31].

Figure 2 illustrates the variation in the extinction coefficient
concerning the wavelength. The figure observations suggest a posi-
tive correlation between the concentration of ZrQ,-CuO nanoparti-
cles and the extinction coefficient. This relationship can be at-
tributed to the amplified optical absorption and enhanced dispersion
of photons within the polymer matrix. The extinction coefficient is
contingent upon the absorption coefficient, with the former exhibit-
ing elevated values within the UV region. Moreover, the extinction
coefficient demonstrates an upward trend as the wavelength in-
creases within the visible spectrum, extending into the near-
infrared spectrum [32, 33].

The refractive index for nanocomposites consisting of PVA-
Zr0,—Cu0 is depicted in Fig. 3, illustrating its variation for wave-
length. The figure demonstrates a positive correlation between the
weight percentages of ZrO,—CuO nanoparticles in the PVA and the
corresponding refractive index; this can be attributed to the in-
creased density of the nanocomposites. High refractive index values
are observed in the ultraviolet region due to the restricted trans-
mittance within this specific spectral range. On the other hand, the
visible region exhibits low refractive index values due to increased
transmittance within this specific range of wavelengths. The find-
ings obtained by the researcher align with these results [34, 35].

The real dielectric constant (g;) indicates the extent to which the
speed of light is reduced within a material, indicating the materi-
al’s polarity. On the other hand, the imaginary dielectric constant
(e,) signifies the ability of the dielectric to absorb energy from the
electric field through dipole motion. Figures 4 and 5 depict the
fluctuations in the real component (g;) and the imaginary compo-
nent (g;) of the dielectric constant for both pure polymer films and
nanocomposite films, as influenced by varying ratios of ZrO,—CuO
nanoparticles. These variations are observed across different photon
energy levels. There is a rise in the values of g, at lower photonic
energies, which is subsequently followed by a distinct decline at
higher energies across all nanocomposite films [36]. The dielectric
constant of polymers demonstrates an increase corresponding to a
fractional amplification of charges within the polymer materials.

The relationship between the real component of the dielectric
constant and the refractive index can be attributed to the minimal
value of the extinction coefficient. The empirical evidence indicates
a positive correlation between the concentrations of ZrO,—CuO na-
noparticles and the observed increase in the real dielectric constant.
The behaviour of the hypothetical dielectric constant before and af-
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Fig. 4. The real dielectric constant (g;) as a function of incident wave-
length for PVA-Zr0O,—CuO nanocomposites.
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Fig. 5. The imaginary dielectric constant (g,) as a function of wavelength
for PVA—-Zr0O,-CuO nanocomposites.

ter inclusion of nanoparticles demonstrates resemblances to that of
the actual dielectric constant [37, 38].

However, it is important to note that the value of the imaginary
dielectric constant is lower, as depicted in Fig. 5. The correlation
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between the imaginary component of the dielectric constant and the
extinction coefficient is of significant significance, particularly
within the visible and near-infrared spectra. In the context of this
specific regime, it is evident that the refractive index exhibits a
consistent and unchanging value. On the contrary, the extinction
coefficient exhibits an increasing trend with the rise in wavelength
[39, 40].

Figure 6 demonstrates a decrease in the optical conductivity of
the composite samples as the wavelength increases. The observed
phenomenon exhibits a significant reliance on the wavelength of the
incoming radiation on the composite samples and can be clarified by
considering the concept of optical conductivity. The observed rise in
optical conductivity at shorter photon wavelengths can be ascribed
to the heightened absorbance exhibited by all composite samples
within this particular range of the electromagnetic spectrum. Con-
sequently, this phenomenon leads to an augmentation in charge
transfer excitations [41, 42]. The optical conductivity spectra indi-
cate that the examined samples possess the ability to propagate
light within the visible and near-infrared regions.

Furthermore, incorporating ZrO,—CuO nanoparticles leads to an
observed enhancement in the optical conductivity of composites.
The observed phenomenon can be ascribed to the formation of local-
ized states within the energy gap. More precisely, an increased con-
centration of ZrO,—CuO nanoparticles results in a higher density of
these localized states within the band structure. Consequently, the
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Fig. 6. Difference of optical conductivity of PVA-ZrO,—CuO nanocompo-
sites with wavelength.
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augmentation of the absorption coefficient results in a subsequent
elevation in the optical conductivity of nanocomposites comprising
polyvinyl alcohol-zirconium oxide—copper oxide (PVA-Zr0O,-CuO)
[43].

4. CONCLUSION

The current study involves the production of nanostructured films
composed of a combination of polyvinyl alcohol (PVA), zirconium
dioxide (Zr0Q,), and copper oxide (CuO) through the solution casting
method. A comprehensive investigation has been conducted on the
optical characteristics of nanostructures composed of polyvinyl al-
cohol (PVA), zirconium dioxide (Zr0O,), and copper oxide (CuO). The
analysis of optical properties revealed that the absorption coeffi-
cient, refractive index, and dielectric constant (both real and imag-
inary components) of the PVA-ZrO,—CuO nanocomposite exhibit a
positive correlation with the concentrations of ZrO,—CuO nanoparti-
cles. These findings indicate significant improvements in the optical
properties of the nanocomposite. The extinction coefficient exhibits
elevated values within the UV-range, demonstrating a positive cor-
relation with increasing wavelength within the visible spectrum,
extending into the near-infrared spectrum. Moreover, composites’
optical conductivity increases, when ZrO,—CuO nanoparticles are
incorporated. The findings of this study indicate that the material
exhibits potential suitability for various optoelectronic applications.
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