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As a promising nanostructure to use in various optoelectronic nanodevices,
PVA-Zr0O,—CuO nanocomposites (NCs) are created in this study using the
casting method with different ratios of ZrO,/CuO. Compared to other
nanosystems, the PVA-ZrO,~CuO nanostructures stand out for their low
cost, high corrosion resistance, good optical properties, and lightweight. The
investigation is focused on examining the structural and optical characteris-
tics of nanocomposites composed of PVA-Zr0,—CuO. FTIR spectra indicate a
physical interference between the pure polymer and nanoparticles. The opti-
cal microscope is used to describe the structural properties and the changes in
the surface morphology of nanocomposite. The findings about the optical
characteristics indicate an increase in absorption by approximately 283%.
Additionally, the energy gap experiences a decrease by approximately 107%
for allowed indirect transitions and 408% for forbidden indirect transitions.
These changes are observed, when the PVA-ZrO,—CuO content reaches a
weight percentage of 6% . Consequently, these results suggest that the mate-
rial may possess suitability for a range of optoelectronic devices.

SIK mepcneKTHMBHY HAHOCTPYKTYPY AJsA BUKODPHCTAHHSA B Pi3HUX OIITOEJIEKT-
POHHUX HAHOMPUCTPOAX, y IIbOMY AOCJiIKE€HHI CTBOPEHO HAHOKOMIIO3UTU
IIBC-Zr0,—CuO 3 BUKOPUCTAaHHAM METOAY JHUTTS 3 PiSHUMM CITiBBiJHOIIIEH-
Hamu Zr0,/CuO. ¥V mopiBHAHHI 3 iHIIMMU HAHOCUCTEMaMU, HAHOCTPYKTYPU
IIBC—-Zr0O,—CuO BuUpi3HAIOTHCA HUBBKOIO BapPTiCTIO, BUCOKOI KOPO3iiHOIO
CTiKiCTIO, XOPOIIMMM ONTUYHUMM BJIACTUBOCTAMHU Ta Jierkicrio. [ocuri-
IKEeHHS 30CEPEe’KeHO Ha BUBUYEHHI CTPYKTYPHO-ONTUYHUX XapPaKTEPUCTUK
HaHOKOMMO3UTiB y ckiaaai [IBC-Zr0O,—CuO. CuexTpu inGpauepBOHOI CIEKT-
pockormii Ha ocHOBi meperBopenHa Pyp'e BKasywTh Ha (ismumy imTepdepe-
HI[iI0 Mi’K YMCTHM moJiiMepoM i HaHouacTMHKaMu. OITHYHHN MiKPOCKOII

379


https://doi.org/10.15407/nnn.22.02.379

380 ENHANCEMENT STRUCTURAL PROPERTIES AND OPTICAL ENERGY GAP

BUKOPHUCTOBYETHCS MIJIA OIMCY CTPYKTYPHUX BJACTHUBOCTEH i 3MiH MopdoJo-
rii moBepxHi HaHOKOMIIOSUTY. BUCHOBKU IIPO ONTUUYHI XapaKTePUCTUKU CBi-
IUaTh TIPo 36iabIeHHA morauHAHHA npubausuo Ha 283% . Kpim Toro, eHe-
preTuYHa IiJINHA 3MEHINyeThcA mpuoausuo Ha 107% aasa mosBoJeHUX He-
npaMux mnepexoris i Ha 408% gua 3abopoHeHUX HempAMux mnepexoxais. IIi
3MiHU cmocrepiraiorbesi, Koau BmicT IIBC-ZrO,—CuO carae BaroBoro Bifco-
T™ka y 6% . OTiKe, IIi pesyabTaTH CBiguaTh mMpo Te, II[0 MATEPiAI MOXKe MaTHU
MPUIATHICTh AJIA I[iJIOTO PAAY OINTHUKO-eJIeKTPOHHUX IPUCTPOIB.

Key words: polyvinyl alcohol, ZrO,—CuO nanoparticles, optical properties.

Karouori caoBa: moaisininoBuit cnupr, HamouactTuuKu Zr0O,—CuO, omrmuHi
BJIACTHBOCTI.
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1. INTRODUCTION

Authors and engineers have begun to take polymer nanocomposite
more seriously as a high-performance matrix; this led to a drastic
improvement in the polymer’s properties and materials due to the
nanoparticle’s contribution to manipulating the structure and im-
proving the materials’ properties [1, 2]. Nanomaterials and nano-
composites, currently regarded as novel and captivating fields with-
in materials science, have been observed in natural occurrences for
centuries. Nevertheless, the techniques for characterizing and ma-
nipulating the structure at the nanoscale have only been developed
much later. A nanocomposite is a conventional compound composed
of two components: filler and matrix. In a traditional composite, a
filler material such as glass fibre or carbon fibre is typically em-
ployed, whereas in a nanocomposite, the filler material consists of
nanomaterials. Nanomaterials encompass a variety of substances,
including carbon nanotubes, carbon fibre tubs, and nanoparticles
composed of gold, diamond, silver, silicon, and copper [3, 4]. Poly-
vinyl alcohol (PVA) is considered one of the most important poly-
mers. He is widely used in many important applications, such as
electrochromic, fuel cells, biomedical fields, and sensors [5, 6]. Pol-
yvinyl alcohol is a synthetic polymer that cherished widespread us-
age during the initial decades of the twentieth century. This sub-
stance has been utilized to produce diverse end products, including
lacquers, resins, surgical threads, and food-processing materials
that come into direct contact with food. These applications span di-
verse sectors, including manufacturing, commercial, medicinal, and
food industries [7, 8]. PVA exhibits notable mechanical properties
such as high tensile strength and flexibility.

Additionally, PVA demonstrates a remarkable ability to act as a bar-
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rier against oxygen and aroma. Additionally, it possesses commenda-
ble characteristics in terms of film formation, blending, and adhesion.
The transmission of visible light exhibits exceptional strength. The
significance of PVA polymeric composites in scientific applications
has been widely acknowledged [9, 10].

Due to their diverse potential applications, the metallic ZrO, na-
noparticles have garnered considerable attention within the wide
bandgap semiconductors. Additionally, they hold a prominent posi-
tion in photocatalysis research owing to their notable surface-to-
volume ratio [11, 12]. Zirconium dioxide (ZrO,) is categorized as an
n-type semiconductor based on electronic characteristics. The mate-
rial has bandgap energy of approximately 5 electron volts (eV) and
demonstrates significantly advantageous photocatalytic efficiency
when exposed to ultraviolet (UV) light irradiation. Applying ZrO,
nanoparticles is primarily influenced by their crystalline structure
and phase transitions. Furthermore, it is worth noting that ZrO,
nanoparticles demonstrate a significantly low thermal conductivity
and a high thermal expansion coefficient. This substance has been
employed in manufacturing various final products, such as lac-
quers, resins, surgical threads, and food processing materials that
have direct contact with food. Furthermore, the substance exhibits
nontoxic characteristics, thereby rendering it ecologically sustaina-
ble. It also demonstrates improved thermal and chemical stability
while offering cost-effectiveness [13, 14].

Copper oxide is classified as a semiconductor metal due to its unique
optical, electrical, and magnetic properties. This material has identi-
fied diverse applications, including the development of supercapaci-
tors, near-infrared filters, catalytic systems, sensors, magnetic stor-
age media, and semiconductors [15, 16]. The utilization of CuO nano-
particles (NPs) has been observed in improving polymer films, regard-
less of whether they are derived from petroleum-based or biobased pol-
ymers; this can be attributed to the remarkable characteristics exhib-
ited by CuO NPs, such as their significant surface-to-volume ratio,
thermal stability, relatively low toxicity, and capacity to enhance the
mechanical properties of polymers [17, 18]. The potential applications
of CuO nanoparticles span various fields, including electronic and op-
toelectronic devices. These applications encompass microelectrome-
chanical systems, gas sensors, magnetic storage media, solar cells,
field effect transistors, electrochemical cells, field emitters, and
nanodevices for catalysis. Consequently, CuO nanoparticles have gar-
nered significant interest in the academic community [19, 20].

This work used graphene oxide to improve the nanocomposites’
structural, optical, and electrical properties PVA—-ZrO,—CuO. This
study showed a significant improvement in these characteristics
mentioned above.
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2. MATERIALS AND METHODS

The fabrication of nanocomposite films was carried out through the
utilization of the casting technique, wherein polyvinyl alcohol
(PVA), zirconium oxide (Zr0O,), and copper oxide (CuO) nanoparti-
cles were incorporated. The procedure entailed dissolving pure poly-
vinyl alcohol in 45 ml of distilled water over 35 minutes; this was
accomplished by employing a magnetic stirrer at a temperature of
60°C to facilitate a more uniform solution.

The polymer underwent the incorporation 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,, and CuO were obtained from the Petri dish
and employed for measurement purposes. The nanocomposite sam-
ples consisting of PVA, ZrO,, and CuO were subjected to Fourier
transform infrared spectroscopy analysis within the wave number
range of 1000 to 4000 cm™. The specimens were subjected to analy-
sis at different levels of concentration. A Nikon-73346 optical mi-
croscope, specifically of the Olympus type, was employed for this
purpose. The microscope had a magnification capability of x10 and
was equipped with a camera designed to capture microscopic imag-
es. The optical properties of nanocomposites comprising PVA-ZrO,—
CuO were examined in the 200—-800 nm wavelength range utilizing
a U.V./1800/Shimadzu spectrophotometer.

Absorbance is calculated by using relation [21]:

A=1,/1, (1)

where I, is the absorbed light intensity and I, is the incident inten-
sity of light (A is the absorption of the material).
Transmittance is calculated by using relation [22]

T =1,/1,, (2)

where I, is the intensity of transmitted light and I, is the incident
intensity of light.
The indirect transition is calculated by using relation [23, 24]

ahv = B(hv-E,) , (3)

where B is constant, hv is the incident photon energy, E, is the op-
tical band gap, and the value of r is 2 for allowed indirect transi-
tions and 3 for forbidden indirect transitions. (Let us d is the sam-
ple thickness.)



Rehab Shather ABDUL HAMZA, Idrees OREIBI, and Majeed Ali HABEEB 383

3. RESULTS AND DISCUSSION
3.1. Fourier Transform Infrared Ray Analysis of PVA—Zr0Q,—CuO NCs

Fourier transform infrared (FTIR) spectroscopy has been employed
to examine the interactions occurring between atoms or ions within
nanocomposites consisting of polyvinyl alcohol (PVA), zirconium
dioxide (ZrQ,), and copper oxide (CuO). The interactions above may
encompass alterations in the vibrational modes exhibited by the
nanocomposites. The transmittance spectra of nanocomposite films
containing PVA-Zr0O,—Cu0O, as measured by FTIR, are presented in
Fig. 1, a, b, ¢, and d). These spectra were obtained at room temper-
ature and covered 600—-4500 cm™. The figure illustrates the pres-
ence of broad bands at 3264 cm™!, which can be attributed to the
presence of hydroxyl (—OH) groups. The vibrational mode associated
with the CH, asymmetric stretching is observed at approximately
2920 cm™ [25, 26]. The observed peaks at a wavenumber of 1600
cm ' have been ascribed to the stretching mode of the C=C bond.
The peak observed at approximately 1416 cm™ is attributed to the
symmetric bending motion of CH,. The spectral peak at approxi-
mately 1085 cm™ indicates the C—O bond. When examining PVA-
Zr0,—CuO samples with varying ratios of ZrO,/CuO, the FTIR spec-
tra exhibit shifts in peak position and alterations in shape and in-
tensity compared to pure PVA.

This observation suggests dissociation between the respective vi-
brational modes of two polymers and nanoparticles composed of
Zr0, and CuO [27, 28].

3.2. The Optical Microscopy of PVA—Zr0,—CuO Nanocomposites

Figure 2 depicts the optical microscope images of PVA—-Zr0O,—CuO
nanocomposites at various ratios, observed under a magnification
power of x10. The graphical illustration of the polymer blend film
depicted in the image (a) demonstrates a uniform phase without any
discernible phase separation. This observation suggests that the
PVA exhibits exceptional miscibility at this blend ratio. When the
concentrations of ZrO,—CuO increase in pure polyvinyl alcohol
(PVA), the nanoparticles aggregate and form clusters within the
polymer blend [29, 30]. At a high concentration of 6 wt.% of ZrO,—
CuO nanoparticles, the ZrO,—CuO nanoparticles exhibit the for-
mation of concentration network paths. These paths facilitate the
passage of charge carriers, resulting in a modification of the mate-
rial properties, as depicted in Fig. 2, b, ¢, and d [31, 32].

This study introduced an effective preparation technique that es-
tablishes optimal conditions for fabricating nanocomposite films.
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Fig. 1. FTIR spectra for PVA-ZrO,—CuO nanocomposites: (a) for pure PVA;
(b) for 2 wt.% ZrO,—CuO; (c) for 4 wt.% Zr0O,—CuO; (d) for 6 wt.% Zr0O,—CuO.

3.3. The Optical Properties of PVA—Zr0,—Cu0O Nanocomposites

Figure 3 illustrates the relationship between optical absorbance and
wavelength for composites of polyvinyl alcohol—-zirconium dioxide—
copper oxide PVA-ZrO,—CuO. Based on the data in Fig. 3, it can be
observed that the spectra of all the films exhibit increased absorb-
ance in the ultraviolet region. The phenomenon of composites dis-
playing a diminished absorbance level within the visible spectrum
can be attributed to their interaction with atoms, which subsequent-
ly leads to the transmission of photons [33, 34]. When the wave-
length of incident photons decreases, particularly, in proximity to
the fundamental absorption edge, there is a corresponding occur-
rence of interaction between the incident photon and the material.
This interaction results in the absorption of the photon by the ma-
terial [35, 36]. The intensity of the peak exhibits an increase while
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Fig. 2. Photomicrographs x10 for PVA—-ZrO,—CuO NCs: (a) for pure PVA; ()
for 2 wt.% Zr0O,—CuO; (c) for 4 wt.% Zr0O,—CuO; (d) for 6 wt.% ZrO,—CuO).

the position of the peak remains unchanged. The observed absorb-
ance demonstrates a positive correlation with the weight percent-
ages of the materials. This phenomenon can be attributed to the ab-
sorption of incident light by free electrons [37, 38].

Figure 4 depicts the transmittance values of the nanocomposites
PVA-ZrO,—CuO and pure PVA. The provided figure demonstrates a
notable enhancement in transmittance for the pure polymer and the
nanocomposites within the visible spectrum, in contrast to the ob-
served transmittance intensity in the ultraviolet (UV) region. Fur-
thermore, the reduction in transmittance intensity becomes increas-
ingly noticeable as the proportion of nanoparticles in the nanocom-
posites increases [39, 40]. This phenomenon can be ascribed to the
nanoparticles’ heightened absorption of incident light [41].

Figure 5 depicts the relationship between the square root of the
absorption edge (ahv)'? and the photon energy for nanocomposites
comprising polyvinyl alcohol-zirconium dioxide—copper oxide
(PVA-ZrO,—CuO). By extrapolating a linear segment from the upper
portion of the curve towards the x-axis, specifically at the point
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Fig. 4. The transmission spectra of PVA-ZrO,-CuO NCs as a function of
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where the square root of ahv equals zero, we can ascertain the en-
ergy difference linked to the allowable indirect transition.

Table illustrates a decline in the energy gap values with increas-
ing weight percentages of zirconium oxide (ZrQO,) and copper oxide
(CuO) nanoparticles. This phenomenon is responsible for forming
localized states within the energy gap prohibited for electronic
transitions. The transfer process occurs biphasically, wherein elec-
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Fig. 5. Difference of (ahv)'/? for PVA-Zr0,—~CuO NCs with photon energy.

TABLE. Values of energy gap for indirect transitions (forbidden and al-
lowed) in the PVA-Zr0O,—CuO nanocomposites.

Content of PVA-ZrO,—~CuO| Indirect energy gap Indirect energy gap

nanoparticles wt.% (allowed), eV (forbidden), eV
0 4.37 3.76
2 2.98 1.85
4 2.76 1.64
6 2.11 0.74

tron transitions from the valence band to the localized energy levels
and subsequently progresses to the conduction band. This phenome-
non corresponds with a rise in the weight percentage of nanoparti-
cles composed of zirconium oxide (ZrO,) and copper oxide (CuO).
The observed phenomenon can be explained by the diverse composi-
tion of nanocomposites, where the flow of electrons depends on the
amount of additional components present. The study revealed a di-
rect correlation between the concentration of ZrO,—CuO nanoparti-
cles and the density of localized states [42, 43].

Figure 6 illustrates the correlation between the quantity (ahv)'/?
[cm™-eV]"? and the photon energy of nanocomposites. The presented
figure illustrates a decreasing trend in the energy gap values for
forbidden indirect transitions as the concentration of ZrO,—CuO na-
noparticles increases. Moreover, the magnitudes of forbidden indi-
rect transitions are relatively lower when compared to those of al-
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Fig. 6. Difference of (ahv)'/? of PVA-ZrO,—CuO NCs with photon energy.
lowed indirect transitions [44, 45].

4. CONCLUSION

The current study involves the production of nanostructured films
composed of PVA-Zr0O,—CuO through the solution casting method.
The investigation focused on analysing the structural and optical
characteristics of nanostructures composed of PVA-ZrO,—CuO. The
Fourier transform infrared (FTIR) analysis revealed notable altera-
tions in the infrared spectra’ peak position, shape, and intensity
when comparing the polymer blend with nanoparticles to pure poly-
vinyl alcohol (PVA). These changes indicate no chemical interaction
between the polymer blend and the nanoparticles. The optical micro-
scope images provide evidence of the uniform dispersion of ZrO,—
CuO additives, with the nanoparticles forming a cohesive network
within the polymer blend. The augmentation in the concentration of
nanoparticles comprising zirconium dioxide (ZrO,) and copper oxide
(CuO) results in an elevation in the absorbance of nanocomposites
(NCs) composed of polyvinyl alcohol (PVA), zirconium dioxide
(Zr0,), and copper oxide (CuO). Incorporating nanofiller consisting
of ZrO,—CuO at a concentration of 6 wt.% results in a reduction in
the energy gap associated with indirect transitions, including both
permissible and impermissible transitions. The energy gap related to
allowable transitions experienced a decrease from 4.37 eV to
2.11 eV. In contrast, the energy gap for non-permissible transitions
reduced from 3.76 eV to 0.74 eV. Moreover, an augmentation in the
ratios of ZrO,/CuO leads to a reduction in the extent of transmit-
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tance.
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