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This study aims to prepare of barium titanate (BaTiO,)/copper oxide (CuO)-
nanoparticles-doped polyvinyl alcohol (PVA) as new optical material, which
can be used in variety optoelectronics applications with a few cost, light-
weight, excellent optical properties, and high efficiency. We investigate the
impact of the barium titanate and copper oxide nanoparticles with different
concentrations 0, 2, 4, and 6 wt.% on polyvinyl alcohol. The solution casting
process is used to fabricate the samples. The optical properties findings show
that the optical conductivity, complex dielectric constant (with real and im-
aginary parts), extinction coefficient, absorption, absorption coefficient, and
refractive index increase with increasing of BaTiO;—CuO-nanoparticles’ con-
centration, while the optical energy gap and transmittance decrease. This
behaviour makes it suitable for several optical nanodevices. In the end, it is
clear that the PVA-BaTiO;—CuO nanostructures have useful optical charac-
teristics for applications related to optics and electronics.

Ile mocrmim:keHHS cIpAMOBaHE Ha OJMePyKaHHSA JIETOBAHOTO HAHOYACTUHKAMU
turaHaty Bapio (BaTiO;)/okcuny Kympymy (CuO) moxiBinisoBoro cmupry
(ITBC), ockinbKu HOBWUI ONTHUYHUIN MATepPisaa MoKe OyTHM BUKOPUCTAHUMN Y
PiBHOMAHITHMX OIITOEJEKTPOHHMX 3aCTOCYBAaHHAX i3 HEBeJMKOIO I[iHOIO, Ma-
JIOI0 Baroi0, YyJAOBUMU ONTHUUYHUMM BJIACTUBOCTAMHU Ta BUCOKOI0 ePeKTUBHI-
crio. [ocmimkeHO BIJIMB HAHOUACTMHOK TUTaHATy Bapito i1 okcuny Kympy-
my pisHoi KoHmentpamii y 0, 2, 4 ta 6 mac.% Ha moJiBiHiJOBMIT cnupT.
s BUTOTOBJIEHHA 3pPasKiB BUKOPUCTOBYBAaBCS IIPOIlEC JUTTA po3uumHy. Pe-
3yJIBTATA CTOCOBHO OIITMYHUX BJIACTMBOCTEH MOKA3aju, IO ONTUYHA IIPOBi-
IHICTD, AiesIleKTPUYHA MTPOHUKHICTH ( K peasibHAa, Tak i yaBHA), KoedimieHT
eKCTHUHKIIiI, HOTJIMHAHHA, KoedillieHT HOTrJIMHAHHA Ta IIOKAa3HUK 3aJIOMJICH-
HS — BCe Ile IigBUINYEThCA 3i 30iJbIIIeHHAM KOHIIEHTPAIlil HAHOYACTHUHOK
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BaTiO;—CuO, Toxmi AK onmTwMYHA e€HepreTHWUYHAa I[iJIMHA Ta IPOIYCKHA 34aT-
HicTh 3MeHITyIOThcsA. Taxka moBemiHKA pPoOUTH Iie MPUIATHUM JS PALY OI-
TUYHUX HAHOIPUCTPOIB. 3PEIITo0, O6YyJI0 3PO3yMisNo, IMO HAHOCTPYKTYPU
IIBC-BaTiO;—CuO maioTh KOPHUCHiI ONTHYHI XapaKTePUCTUKU OJIA 3aCTOCY-
BaHHS B OITHIII I eJIEKTPOHIIIi.

Key words: PVA, barium titanate, copper oxide, nanocomposites, optical
properties.

Karouori cioBa: mosiBiminmoBmit cmupr, TutaHat Bapito, okcug Kympywmy,
HAHOKOMIIO3UTU, OIITUYHI BJIACTHUBOCTI.
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1. INTRODUCTION

Recent years have seen a surge in interest in nanocomposites. Sig-
nificant attempts are being made to regulate anon the structures
using cutting-edge synthetic methods [1]. Nanocomposites’ proper-
ties are influenced not only by those methods, not just by the mor-
phology and interfacial properties of their component parents, but
also by the composite itself. Unlike the qualities of matter at the
level of individual particles or molecules, anon. materials have
unique physical, chemical, and biological characteristics. Nanotech-
nology has made it feasible to modify the melting point, magnetic
characteristics, charge capacity, and even colour of materials with-
out altering their chemical makeup [2, 3].

Nanotechnology typically involves the creation of materials or
devices with dimensions between 1 nm and 100 nm in at least one
dimension. It is possible to approach nanotechnology from either
the top down, in which case large structures are broken down into
smaller ones (as in the case of photonic applications in nanoelec-
tronics and nan engineering) or the bottom up, in which case atoms
and molecules are transformed into nanostructures that are more
akin to biological systems [4, 5]. Research in nanotechnology is
massive because of how important it will be to society in the 21st
century. It is possible that brand-new software will soon be accessi-
ble [6, 7].

Many potential nanotechnology’s uses stem from the fact that
macroscopic and submicroscopic applications of nanoscale structural
characteristics exhibit strikingly diverse physical, chemical, and
biological properties [8].

The polyvinyl alcohol (PVA) is one of the first and most exten-
sively distributed polymers, and it finds extensive usage in semi-
conductor applications today. PVA dissolves quickly in water and in
organic compounds, which contain hydroxyl groups [9, 10]. PVA is
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often considered a superior host medium for a variety of nanoparti-
cles. The need to create films with superior transparency and opti-
cal properties is the driving force. Their dielectric characteristics,
particularly, their flexibility and robustness, have garnered a lot of
interest. The flexible ceramic powder barium titanate (BaTiO,) is a
ferroelectric that has attracted a lot of interest as a transducer in
polymer nanocomposite films due to its high dielectric properties
[11, 12]. Copper oxide has an important place among the metal ox-
ides. Despite being the most basic copper molecule, CuO has many
desirable features, including high-temperature superconductivity,
electronic correlation, and non-toxicity. Crystal structure with a
tiny band gap gives it promising photovoltaic and photoconductive
capabilities [13, 14]. This paper deals with the preparation and op-
tical characteristics of PVA—-BaTiO;—CuO nanostructures for use in
different optoelectronic fields.

2. EXPERIMENTAL WORK

PVA-BaTiO;—CuO nanocomposites were made of PVA, barium ti-
tanate (BaTiO;) and copper oxide (CuO) by using the solution cast-
ing method. Polyvinyl alcohol (PVA) was dissolvent in 40 ml of dis-
tilled water, to get a more homogenous solution by swirling with a
magnetic stirrer at 75°C for 45 minutes. Barium titanate (BaTiO;)
and copper oxide (CuO) nanoparticles have been added to the PVA
at concentrations of 2, 4, and 6 wt.% . The optical features of PVA-
Cu0O—-BaTiO; nanostructures were investigated by using a Shimadzu-
UV-1800-spectrophotometer in the wavelength range 200-800 nm.
The absorbance A is calculated from equation by [15] as follows:
AL
I

0

where I, is the intensity of incident light, I, denotes the intensity
of light that is absorbed by the medium.
Transmittance T is calculated using the equation by [16]:

T=10".

The absorbance coefficients o is calculated using the equation by
[17]:

2.303A
o =

b

where t is thickness of sample.
Optical energy gap is determined by [18] as follows:
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B(hv — E;’pt')r =ohv,

where B is constant; Av indicates the photon energy, and E;pt’ is the
optical energy gap when r=3 (for the forbidden indirect transition)
and r= 2 (for the allowed indirect transition).
The extinction coefficient % is obtained by [19] with equation:
o,
47

where the wavelength is A.
Refractive index n is given by [20] as follows:

R K 2_(R+1),
(R-1)° (R-1

n =

where R is reflection.
The dielectric constant has real and imaginary parts (g, €,). Each
of these parts may be determined by [21, 22] using the formulae:

g, =n’ -k, &, =2nk.

The optical conductivity o is calculated by [23] using the equa-
tion:

3. RESULTS AND DISCUSSION

Figure 1 shows how PVA-BaTiO;—CuO nanocomposites absorb light
at various wavelengths. As can be seen in this figure, the absorb-
ance is decreased with increasing wavelength and is increased with
increasing of concentration of nanoparticles. This behaviour can be
attributed to the interaction of composite materials with atoms,
which ultimately leads to the transmission of photons. At shorter
wavelengths, particularly, in proximity to the fundamental absorp-
tion edge, a phenomenon arises, wherein the incident photon and
material interact, leading to the absorption of the photon. The posi-
tive correlation between the weight percentages of BaTiO;—CuO na-
noparticles and the absorbance values can be attributed to the ab-
sorption of incident light by free electrons [24, 25].

Figure 2 shows how PVA—-BaTiO;—CuO nanocomposites’ transmit-
tance varies with wavelength. This graph shows that the transmit-
tance decreases with increasing of BaTiO;—CuO-nanoparticles’ con-
centration. This is because the BaTiO,—CuO nanoparticles add elec-
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Fig. 1. Connection between absorption and wavelength for PVA-BaTiO,—
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Fig. 2. Connection between transmittance and wavelength for PVA-
BaTiO;—CuO nanocomposites.

tron, which has occupied unoccupied energy band positions after
being transported to a higher energy level; so, the process does not
lead to outer-orbital electron emission, where the electrons are vul-
nerable to electromagnetic forces radiation [26]. Pure PVA, on the
other hand, has a low permeability and a high transmittance, allow-
ing docents to pass through it, while absorbing part of the incident
light. This is because an electron bond must be broken in order for
it to transition to the conduction band, requiring a high-energy
photon [27].

Figure 3 shows variation of absorbance coefficient with photon
energy for PVA-BaTiO;—CuO nanocomposites. We can observe that,
since the incoming photon lacks the necessary energy to move the
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electron from the valence band (V.B) to the conduction band (C.B),
hence, the absorption coefficient is the smallest at high wavelength
and low energy. Larger absorption at higher energies is indicative
of an abundance of possible electron transitions. In order to move
the electron from the V.B to the C.B, the incoming photon must
have energy greater than this prohibited energy difference [28, 29].
Since a direct transition of an electron is predicted, the nature of
an electron transmission is affected by the absorption coefficient,
which is substantial (> 10* cm™) at high energies, when the energy
and moment are maintained by the (electrons and photons). In a
phonon-mediated indirect transition, the electronic momentum of an
electron is likely to be retained [30, 31], since absorption coeffi-
cients are (of 10* cm™) at low energies.

Absorbance data for PVA-BaTiO;—CuO nanocomposites reveal
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Fig. 3. Connection between absorption coefficient and photon energy for
PVA-BaTiO;—CuO nanocomposites.
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Fig. 4. Connection between absorption edge (akv)'/? and photon energy for
PVA-BaiTO;—CuO nanocomposites.
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tha’ri the electron transition occurs at wavelengths of less than 10*
cm .

Figure 4 shows the relationship between (akv)”/* and photon en-
ergy for PVA-BaTiO;—CuO nanocomposites. Drawing a straight line
from the curve highest point to the axis (x) at the position, when
(ahv)? =0 (allowable), we get an indirect energy-gap transition.
From this figure, the optical energy gap decreases by increasing of
BaTiO;—CuO-nanoparticles’ concentration. This is can be attributed
to the density of localized state increased with increasing concen-
tration of BaTiO;—CuO nanoparticles due to the heterogeneous na-
ture of nanocomposites (i.e., electronic conduction depends on the
added concentration) [32, 33].

Figure 5 depicts the relation between (akv)"? and photon energy
for PVA-BaTiO;—CuO nanocomposites. A similar approach takes
into account the prohibited transition for the indirect energy gap.

Figure 6 shows the relationship between refractive index of
PVA-BaTiO;—CuO nanocomposites and wavelength. From this fig-
ure, we can see that the refractive index of PVA-BaTiO;—CuO
nanocomposites increases with increasing concentration of BaTiO;—
CuO nanoparticles. Upon exposure to incident light, a sample exhib-
iting high refractivity in the UV region will demonstrate a propor-
tional elevation in its refractive-index values [34, 35].

Figure 7 shows the connection between extinction coefficient and
wavelength for PVA-BaTiO;—CuO nanocomposites. The extinction
coefficient increases with increasing BaTiO;—CuO-nanoparticles’
concentration, as seen in this figure. It is because of the higher ab-
sorption coefficient. This occurs because the absorption coefficient
increases with increasing concentrations of the barium titanate and
copper oxide nanoparticles. This result suggests that the structure
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Fig. 5. Connection between (ahv)'? (cm™eV)"”? and photon energy for
PVA-BaTiO;—CuO.
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Fig. 6. Connection between refractive index with wavelength for PVA-
BaTiO;—CuO nanocomposites.
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Fig. 7. Connection between extinction coefficient and wavelength for
PVA-BaTiO;—CuO nanocomposites.

of the polymer will be affected by the presence of BaTiO;—CuO na-
noparticles [36, 37].

Figure 8 presents variation of the real part of dielectric constant
with wavelength for PVA/BaTiO;/CuO nanocomposites. This figure
manifests the real dielectric constant increased with increasing con-
centrations of BaTiO;—CuO nanoparticles. Because of the smaller
value of n?, this figure demonstrates that ¢, is highly dependent on
k* [38, 39].

The relation between wavelength and imaginary part of dielectric
constant for PVA/BaTiO;/Cu0O nanocomposites is displayed in Fig.
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Fig. 8. Connection between real part of the dielectric constant and wave-
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Fig. 9. Connection between imaginary part of dielectric constant and wave-
length for PVA-BaTiO;—CuO nanocomposites.

9. We can see the imaginary part values, which vary due to the ab-
sorption coefficient dependent on % because of their relationship be-
tween g, and k. On the other hand, imaginary part of dielectric con-
stant increases with increasing concentration of nanoparticles. Be-
cause of the heightened electric polarization induced by the nano-
particles, the rise in electric polarization results in a higher density
of dipoles, which, in turn, leads to an increase in the dielectric con-
stant [40, 41].

Figure 10 shows the dependence of optical conductivity of PVA-
BaTiO;—CuO nanocomposites on wavelength. Increasing the BaTiO;—
CuO proportion in the PVA was shown to increase the optical con-
ductivity. Because the introduction of additional band gap levels
facilitates electron transport from the valence band to the conduc-
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Fig. 10. Connection between optical conductivity and wavelength for PVA-
BaTiO;—CuO nanocomposites.

tion band through localized levels, the band gap closes and the con-
ductivity increases as a consequence of this one [42, 43].

4. CONCLUSION

In this paper, the solution casting technique was used to fabricate
PVA-BaTiO;—CuO-nanocomposites’ films. The optical properties of
PVA-BaTiO;—CuO nanostructures have been studied. The optical
characteristics showed that the absorption, absorption coefficient,
extinction coefficient, refractive index, real and imaginary dielec-
tric-constant parts, and optical conductivity increase with increas-
ing concentration of BaTiO;—CuO nanoparticles. On the other hand,
transmittance and optical energy gap decrease as the concentration
of BaTiO;—CuO nanoparticles increases. According to how light in-
teracts with them, nanostructures made of PVA-BaTiO;—CuO are
attractive candidates for use in optical and photonic nanodevices.
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