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In this work, we study the effect of the barium titanate oxide and copper
oxide nanoparticles (NPs) on polyvinyl alcohol (PVA) with different
weight percentages (0, 2, 4, 6 wt.%). The solution casting technique is
used to make the samples. Images taken with an optical microscopy reveal
that the distribution of NPs in the mixture is homogeneous, and BaTiO;—
CuO NPs exist in a continuous network within the, polymer at the concen-
tration of 6 wt.% . FTIR spectra, display a variation in bonds’ positions
and intensity. This indicates the non-chemical interaction between the
polymer and BaTiO;—CuO NPs. The experimental results show, when the
concentration of BaTiO;—CuO NPs within the samples rises, their dielec-
tric constant and dielectric loss are increased, while they are decreased by
increasing of frequency. A.C. electrical conductivity is increased with in-
creasing of frequency and concentration of BaTiO;—CuO NPs. Finally, the
results show that the PVA-BaTiO;—CuO nanostructures may be useful in a
variety of nanoelectronics devices.

Y pamiit pobori mocaimxeno Bmaue HaHouacTuHOK (HY) okcupy Tturamarty
Bapiro Ta okcuny Kympywmy ma moaiBimimosumii cuupt (IIBC) i3 ixHiMmu pis-
mumu macosumu uactkamu (0, 2, 4, 6 mac.%). g BUrOTOBJIEHHSA 3pPas3KiB
BMKODPMCTOBYBAJACs TeXHiKa JUTTSA 3 POo3umHy. 300paKeHHs, ogep:KaHi sa
JIOIIOMOT'0I0 ONTHYHOI MiKpocKomil, moKasyoTh, 1o posnogin HY y cymimri
6yB oxuopigaum, a HY BaTiO;—CuO y xoumenrparnii 6 mac.% poaraiioBy-
I0ThCA y HeNepepBHiN ciTmi BcepenuHi mosimepy. CoexTpu indpauepBoHOL
CHeKTpocKomii Ha ocHOBI Pyp'e-nepeTBOPY BifoOpPakaroTh 3MiHY IIOJIOMKEH-
HA Ta iHTEeHCUBHOCTH 3B A3KiB. Ile cBiIuUMTh MPo HEXeMiuHy B3a€MOMII0 MisK
nonimepom i HY BaTiO;—CuO. ExcnepumeHTanbHI Pe3yabTaTU IOKA3YIOTh,
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mro 3i s30inmpmmenHaM KoHueHTpanii HY BaTiO;—CuO y spaskax 306iabiry-
I0ThbcA iXHiI AiejleKTpMYHA IPOHUKHICTL 1 AiejleKTPUYHI BTpaTu, Ta BOHU
3MEHINYIOTbCSI 3i B30iJbIIIeHHAM 4YacTOTH. KEJeKTpOompoBiAHiCcTL 3MiHHOTO
cTpyMy 3pocrae i3 36imbmienHaM uyactoTu Ta KoHieHTparnii HY BaTiO;—
CuO. HapemTi, pe3ysabTaTu MOKas3yTh, M0 HaHOCTPYKTypu IIBC-BaTiO;—
CuO MOXKYTH OYyTH KOPUCHUMH B Pi3HUX HNPUCTPOAX HAHOEJTEKTPOHIKHU.

Key words: nanocomposites, barium titanate oxide, copper oxide, FTIR,
dielectric properties.

KarouoBi croBa: HAHOKOMIIOBUTH, OKcu TuTanarty Bapiio, okcun Kympywmy,
iH()pauepBOHA CIEKTPOCKOIIiA Ha oCHOBI Pyp'e-mepeTBOpy, HdieJeKTPUUHIL
BJIACTUBOCTI.

(Received 15 October, 2023)

1. INTRODUCTION

The use of nanocomposites (NCs) has become more popular lately.
Ingenious synthetic methods are now being used to bring the anon
structures under control. Nanocomposites materials have unique
properties that are influenced by both their parent materials’ and
the nanocomposites’ morphology and interfacial features. Unlike
atoms, molecules, or bulk matter, anon materials have distinct
physical properties [1, 2], and added chemically features of a biolog-
ical nature. It is feasible to alter the melting point, magnetic char-
acteristics, charge capacity, and even colour of materials without
altering their chemical compositions by forming nanoparticles (NPs)
and, then, applying them to the materials [3, 4].

Nanotechnology typically involves the creation of materials or
devices with dimensions between 1 and 100 nm in at least one di-
mension. Both the top-down and bottom-up approaches to nanotech-
nology are used with the former involving the modification of exist-
ing large structures to the minor design (such as photonic applica-
tions in nanoelectronics and nanoengineering) and the latter more
closely resembling biology [5, 6].

Research in nanotechnology is massive because of it will be im-
portant to society in the 21st century. It is possible that brand-new
software may soon be accessible. Nanotechnology has many poten-
tial uses because applications with nanoscale structural characteris-
tics have physical, chemical, and biological properties that are quite
different from their macroscopic counterparts [7, 8].

Polyvinyl alcohol (PVA) was one of the first commercially availa-
ble polymers and finds widespread usages today in a variety of
semi-conductor-related applications. PVA dissolves rapidly and
completely in water. Hydroxyl groups are common in organic com-
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pounds [9]. Many different types of nanoparticles find the PVA to
be an ideal host media. Motivating this effort is the hope of fabri-
cating ultra-transparent films with superior optical properties.
Flexibility is exceptional, and dielectric strength is very strong,
thus, they have gained a lot of attention due to their excellent die-
lectric qualities. Nanocomposite films of polymer and ceramic, to
wit, gains have been made in transducers, interest due to the wide-
spread usage of the ferroelectric ceramic powder barium titanate
(BaTiO;) [10, 11]. Copper oxide is a very significant metal oxide.
Superconductivity at high temperatures, electronic correlations, and
non-toxicity are just a few of the impressive physical features of
CuO, the simplest member of the family of copper compounds. The
very tiny band gap in its crystal structure gives it intriguing pho-
tovoltaic and photoconductive capabilities [12, 13].

2. EXPERIMENTAL WORK

The casting process was used to create the (polyvinyl alcohol, bari-
um titanate oxide and copper oxide) nanocomposites. They were
made by dissolving 1 g of PVA in 40 millilitres of distilled water at
70 degree Celsius by using a magnetic stirrer for 45 minute. The
BaTiO;—CuO nanoparticles add to the polymer with different con-
centrations (0, 2, 4, and 6 wt.%). Container for the solution was a
Petri dish drying takes three days at room temperature. The sam-
ples were examined using a Nikon-73346 optical microscope, a kind
popularized by the Olympus brand, with a magnification capability
of (x10) and a camera for microscopic photography. Fourier trans-
form infrared spectroscopy (Bruker, German origin, type vertex-70)
is used to investigate PVA-BaTiO;—CuO NCs in the wave number
range 1000-4000 cm . In the frequency range from 100 Hz to 5
MHz, the dielectric properties of PVA-BaTiO;—CuO nanocomposites
were measured using an LCR Meter.
To get the dielectric constant (¢'), we use equation [14, 15]

' =C,/Co, (1)

where C, signifies capacitance; C, is a vacuum capacitor.
Dielectric loss (¢") is given by [24]:

e"=¢'D, (2)

where D is displacement.
The A.C. electrical conductivity is computed as follows [16, 17]:

Oa.c. = 0€E", 3
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where o is the angular frequency.

3. RESULTS AND DISCUSSION

Figure 1 shows the optical microscopy images of PVA-BaTiO;—CuO
nanocomposite samples at different concentrations with x10 magni-
fication. Images (a, b, ¢, and d) demonstrate, however, that there is
noticeable variation among the specimens: when the barium titanate
oxide and copper oxide nanoparticles’ concentration reaches 3 wt.%
for PVA-BaTiO;—CuO nanocomposites, the nanoparticles arrange
themselves in a continuous network. This path network spans the
nanocomposites and allows electric current to flow between them
[20, 21].

The atomic or ionic interactions in PVA-BaTiO;—CuO nanocom-
posites have been studied using Fourier transform infrared spec-

Fig. 1. The photomicrographs (x10) for PVA-BaTiO;—CuO nanocomposites:
(a) for PVA; (b) for 2 wt.% of BaTiO;—CuO; (¢) for 4 wt.% of BaTiO;—
CuO; (d) for 6 wt.% of BaTiO;—CuO.
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Fig. 2. FTIR spectra for PVA-BaTiO;—CuO nanocomposites: (a) for PVA;
(b) for 2 wt.% of BaTiO;—CuO; (c) for 4 wt.% of BaTiO;—CuO; (d) for 6
wt.% of BaTiO;—CuO.

troscopy (FTIR) (see Fig. 2). Their state may change as a result of
these interactions.

The frequencies, at which the nanocomposites vibrate, are re-
ferred to the FTIR. Figures 2, a, b, ¢, d show the transmission
spectra of films made of PVA-BaTiO;—CuO nanocomposites with
varying concentrations of BaTiO;—CuO nanoparticles at ambient
temperature, namely, between 400 and 4000 cm ™. The stretching
vibration of a hydroxyl group (OH) may be seen in the FTIR spec-
trum of PVA films; this may be because of the intermolecular kind
of hydrogen bonding between the polymer and nanoparticles [22,
23]. At roughly 2930 cm™, you will find the band that corresponds
to CH,, an asymmetric stretching vibration. The C=0, C=C stretch-
ing modes are responsible for the 1710 cm™ and 1652 cm™ peaks.
The wagging (CH) family has been identified as the source of the
absorption peak at 1240 cm ™. The PVA backbone contains carbonyl
groups, which undergo C-O stretching at about 1105 cm™. Out-of-
plane ring C—H bending is responsible for the in-band absorption at
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962 cm™', meanwhile, pyrrolidone C=0 group is represented by a
band at 1698 cm™ [24, 25]. FTIR spectra of interacting structures
show that the vibrational band at 1698 cm™ corresponds to the C=0
stretching.

Barium titanate (BaTiO;) is a ferroelectric ceramic powder with
excellent dielectric properties, making it an attractive candidate for
use as a piezoelectric transducer based on polymer nanocomposite
films [26, 27].

Figure 3 demonstrates connection between dielectric constant and
concentration of BaTiO;—CuO nanoparticles at 100 Hz. This figure
indicates that the dielectric constant increases, when weight per-
centages of barium titanate oxide and copper oxide rise.

This is well shown in the microscopic photos taken for samples of
PVA-BaTiO;—CuO nanocomposites at different concentrations. At a

Dielectric constant
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Fig. 3. Variation of the dielectric constant with concentration of BaTiO;—
CuO nanoparticles.
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Fig. 4. Variation of the dielectric constant with frequency for PVA-
BaTiO;—CuO nanocomposites.
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low concentration of 2 wt.%, the barium titanate oxide and copper
oxide nanoparticles form a clusters or aggregates; hence, the dielec-
tric constant is low [28, 29]. On the other hand, at high concentra-
tions 6 wt.%, barium titanate oxide and copper oxide nanoparticles
form a continuous network within the nanocomposites, so, the die-
lectric constant rises in proportion to the volumetric rate of the
barium titanate oxide and copper oxide nanoparticles [30, 31].

Figure 4 indicates a frequency-dependent change in the dielectric
constant of PVA-BaTiO;—CuO nanocomposites. It is clear from the
graph that, when the frequency is increased, the proportion of total
polarization is contributed by the space charge decreasing, and
hence, the dielectric constant values fall [32, 33].

As the frequency of the applied electric field rises, the
contribution of the space charge polarization to the overall
dielectric constant decreases across the board for the PVA-BaTiO;—
CuO nanocomposites. For the simple reason that ions are heavier
than electrons, its polarization responds only minimally to changes
in field frequency, whereas the other forms of polarization don’t
show up until later on. The electrons respond to the oscillations of
the field even at too high pitch. At higher frequencies, only
electronic polarization is detectable because of the small mass of
electrons [34, 35].

Figure 5 presents the frequency dependence of the dielectric loss
for PVA-BaTiO;—CuO nanocomposites. Levels of dielectric loss are
high at low applied frequency, but they drop down dramatically at
higher frequencies. The drop was due to increase the space charge
polarization contribution [36, 37].

Figure 6 demonstrates the impact of nanoparticles’ concentration
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Fig. 5. The dielectric loss versus frequency for PVA-BaTiO;—CuO nano-
composites.
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Fig. 6. Variation of dielectric loss with a concentration of nanoparticles for
PVA-BaTiO;—CuO nanocomposites.

110

——Pure

110 ¢

1107

1.10°°

]»“’) 10

11074 e : — —
1-102 110° 1-10° 1-10° 1.10¢ 1107

F, Hz

A.C, electrical conductivity, S/cm

Fig. 7. Variation of A.C. electrical conductivity with frequency for PVA-
BaTiO;—CuO nanocomposites.

on the dielectric loss of PVA-BaTiO;—CuO nanocomposites at 100
Hz. This figure shows that the dielectric loss rises with increasing
of BaTiO;—CuO nanoparticles. This is due to increase of the charge
carriers caused by increase of nanoparticles’ concentration [38, 39].

Figure 7 shows that PVA-BaTiO;—CuO nanocomposites have a
frequency-dependent A.C. conductivity. The observed rise in A.C.
current is a result of low-frequency space charge polarization and
charge carrier hopping conductivity with increasing frequency (see
Fig. 7) because of charge carrier hopping and electrical polariza-
tion; high-frequency gains in conductivity are limited [40].
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Fig. 8. Variation of the A.C. electrical conductivity with different concen-
trations of nanoparticles for PVA-BaTiO;—CuO nanocomposites.

Figure 8 shows the relationship between A.C. electrical conduc-
tivity and BaTiO;—CuO nanoparticles at 100 Hz. In this figure, we
can see that the A.C. electrical conductivity increases as the nano-
particles’ concentration rises. This improvement is due to the influ-
ence of space charges [41].

4. CONCLUSIONS

In this work, the fabrication of PVA-BaTiO;—CuO nanocomposites
has been investigated as promising materials to employ in various
electronics nanodevices like sensors, electronic gates, and transis-
tors.

Optical microscopy analysis of the nanocomposites’ morphology
confirmed that the polyvinyl alcohol is very malleable, as seen by
the films’ refined appearance and silky texture, uniform topogra-
phy, and that the additive concentrations of BaTiO; and CuO NPs
are uniformly dispersed across the films’ upper surfaces.

The FTIR analysis showed that the BaTiO; and CuO NPs in the
additive mixture had a physical effect on the polymer matrix.

The dielectric constant and dielectric loss increase with increas-
ing of content of BaTiO;—CuO nanoparticles, while they decrease
with frequency. A.C. electrical conductivity increases with increas-
ing of frequency and concentration of BaTiO;—CuO nanoparticles.

As a result of these properties, the PVA-BaTiO,—CuO nanocom-
posites have the potential to be a high-quality electronic material
for the use in electrical applications.
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