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This work aims to investigate the synthesis of PVA-NiO-Ti nanostruc-
tures and exploring their dielectric properties to use in various nanoelec-
tronics applications. The dielectric properties of PVA—NiO-Ti nanostruc-
tures are examined in the range of frequency between 100 Hz and 2 MHz.
The experimental results demonstrate that the dielectric constant, dielec-
tric loss, and electrical conductivity of PVA are improved with increasing
NiO-Ti-nanoparticles’ ratio. The dielectric constant and dielectric loss of
PVA-NiO-Ti nanostructures are reducing, while the electrical conductivi-
ty is rising with increasing frequency. The attained results of dielectric
properties for PVA-NiO-Ti nanostructures indicate that these nanocom-
posites are useful for various nanoelectronics applications.

Mertoio 1iei pobotu € mocaimxeHHsa cuHTesu HaHOCTPYKTYp IIBC—NiO-Ti Ta
BUBUYEHHA IXHIiX MieJeKTPUYHUX BJIACTHUBOCTEH IJIsI BUKOPHUCTAHHS B PidHUX
3aCTOCYBAaHHAX HAHOEJEeKTPOHiKU. JlieJeKTpMuyHi BJIACTUBOCTI HAHOCTPYK-
Typ IIBC-NiO-Ti mocaimsxkyBanuesa B mismasoui wactor Bim 100 I'm mo 2
MTI'i. ExcnepuMeHTaNIbHI pe3ysibTaTy IIOKAas3aJju, IO AieJeKTPpUYHa IPOHU-
KHicTh, mieqexkTpuuHi BTpatu if enekrtponpoBiguicts IIBC mosinmrysanucsa
31 s0impimenHaM criBBigHOMMeHHa HaHouacTmHOK NiO-Ti. [iemektpuuna
MPOHUKHICTD i mienekTpuuni BTpaTym HAaHOCTPYKTYp IIBC—NiO-Ti amenry-
BaJIMCA, TOMAI AK eJIeKTPOIIPOBiAHICTH 3pocrajsa 3i 30iJBIITEHHAM YaCcTOTH.
Ogep:xaHi pesyJbTaTH OOCTIMKEeHHSA MieJeKTPUUHHX BJIACTHBOCTEN HAHOCT-
pyeTyp ITBC-NiO-Ti BKasyoTh Ha Te, IO IIi HAHOKOMIO3UTH KOPUCHI mJIs
pisHUX 3aCTOCYBaHb Yy HAHOEJEKTPOHIILi.

823


https://doi.org/10.15407/nnn.23.03.0823
https://doi.org/10.15407/nnn.23.03.0823
https://doi.org/10.15407/nnn.23.03.0823

824 Ahmed HASHIM, Hamed IBRAHIM, Batool MOHAMMED et al.

Key words: nanocomposites, PVA—-NiO-Ti, dielectric properties, conductivity.

Karouosi croBa: manoxommosuTu, IIBC—NiO-Ti, mgiereKTpuuHi BIacTHUBOC-
Ti, IPOBIAHICTG.

(Received 28 November, 2023 )

1. INTRODUCTION

Hybrid (organic—inorganic) nanocomposites have recently attracted
more attention for their outstanding physical and chemical proper-
ties. Hybrid nanocomposite films are used in various technological
and industrial fields, including supercapacitors, optical lenses,
light-emitting diodes (LED), photodetectors, solar cells, multisen-
sors, and UV shielding [1-4]. Polymer-matrix nanocomposites,
which exhibit distinct physicochemical characteristics by incorpo-
rating inorganic fillers into polymer networks, have received much
attention due to their various industrial applications in drug deliv-
ery, water treatment, food industry, aeronautical and aerospace
structures [5]. Metal nanoparticles (NPs) combined with polymers
are greatly attractive because of the various applications offered by
these materials. More development of the nanocomposites properties
can be enhanced by loading nanofiller materials with aspect ratio
[6]. Polyvinyl alcohol (PVA) has significant potential for ground-
breaking innovations. It is a non-toxic, water-soluble, and biocom-
patible synthetic polymer and is mostly utilized in the pharmaceuti-
cal, packaging, and biomedical industries with various purposes.
The chemical structure of PVA is simple and consists of the main
structure of carbons with hydroxyl groups. Because of intra- and
intermolecular hydrogen interactions, PVA samples dissolve at high
temperatures (of about 80°C) and require constant stirring. Addi-
tionally, it has great film-forming properties, high chemical re-
sistance, and a PVA surface layer that prevents nanocomposites
from clumping together, which causes them to become stable and
monodispersed [7]. The nanocomposites of inorganic-doped polymers
or inorganic—inorganic included numerous applications in various
fields involved thermal energy storage [8—16], antibacterial [17—
25], optical fields [26—35], etc.

The present study investigates the fabrication of PVA-NiO-Ti
nanostructures to utilize in various nanoelectronics applications.

2. MATERIALS AND METHODS

The samples of pure PVA and PVA-NiO-Ti nanostructures were
synthesized with various contents of PVA and NiO-Ti NPs via cast-
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ing method. The PVA of 1 gm was dissolved in 30 ml of distilled
water to produce of PVA film. The NiO-Ti NPs were added to the
PVA solution by contents of 1, 2 and 3 wt.% with concentration
50% Ni0:50% Ti. The dielectric properties of PVA-NiO-Ti
nanostructures were investigated at the frequency from 100 Hz to 2
MHz using LCR meter type (HIOKI 3532-50 LCR HI TESTER). The
dielectric constant, ¢', is defined by Ref. [36] as follows:

£=C,/C,, (1)

where C, is the matter capacitance and C, is the vacuum capacitor.
The dielectric loss, ", is determined be Ref. [37] as

¢"=¢D, (2)

where D is represented dispersion factor.
The A.C. conductivity is given by Ref. [38] as

Oa.c. = 0E"€, 3

where o is the angular frequency.

3. RESULTS AND DISCUSSION

Figures 1 and 2 confirm the variations of ¢ and &” for PVA-NiO-Ti
nanostructures with frequency, respectively. From these figures,
the ¢ includes elevated values at low frequency. The &' value of die-
lectric constant at low frequency might be related to the electrode
effect and interfacial effect of the film. The elevated value of &” for
PVA—-NiO-Ti nanostructures at low frequency is due to the charges’
mobility. The & and &” are rising with increasing NiO-Ti-
nanoparticles’ content; this result can be related to the rise in con-
ductivity because of the rising density of charge carriers in polymer
medium [39-55].

Figure 3 illustrates the A.C. electrical conductivity behaviour
with frequency for PVA-NiO-Ti nanostructures. With decreasing
frequency, the more charge is accumulated at the electrode and
electrode interface that leads to reducing in the number of mobile
ions and, eventually, to a drop in the conductivity at low frequen-
cies. At high frequency, the conductivity increases with the fre-
quency as related to the mobility of charge carriers and the hopping
of ions from the infinite cluster. As a result, the ion exchange pro-
cess occurs effectively in the high-frequency region. The A.C. elec-
trical conductivity of PVA is increasing with an increase in the
NiO-Ti-NPs’ content; this performance is due to the improvement
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Fig. 2. Behaviour of ¢” for PVA-NiO-Ti nanostructures with frequency F.

of the mobility of charge ions and the larger number of charge car-
riers in polymer medium [56—67].

4. CONCLUSIONS

Fabrication of PVA and PVA NiO-Ti-doped nanostructures’ films
are investigated in this work. The dielectric properties of PVA-
NiO-Ti nanostructures were studied to utilize in various nanoelec-
tronics fields. The results demonstrate that the dielectric constant,
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Fig. 3. Performance of A.C. electrical conductivity with frequency F for
PVA-NiO-Ti nanostructures.

dielectric loss, and electrical conductivity of PVA are increased
with increasing NiO-Ti-NPs’ content. The dielectric constant is en-
hanced by 32.1% at 100 Hz, when the NiO-Ti-NPs’ content of 3%
is reached. The dielectric constant and dielectric loss of PVA-NiO—
Ti nanostructures are decreased, while the electrical conductivity is
rising with increasing frequency. The obtained results for dielectric
properties of PVA-NiO-Ti nanostructures show that these nano-
composites are functional materials for deferent nanoelectronics
fields.
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