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ARTICLE INF ABSTRACT

Article history: Nanocomposite films based on polymeric blend poly(vinyl
223?;;’3?6%88@?55;?’23 alcohol) (PVA)/poly (ethylene glycol) (PEG) with 10 wt.% PEG in
Accepted: 11 SEP., 2023 PVA and Ni,O3 at five different wt.% like 3, 4.5, 6, 7.5, and 9 were
Available Online: 16 DEC., 2023 fabricated. The analysis of FTIR spectra confirms the presence of
functional groups belonging to the polymer systems. The surface images
denote a good distribution of Ni,O3 particles and form a network of
paths charge transfer within the polymeric blend. Above 300 nm, the

transmittance curves of all samples showed a tendency towards

Ke ords: . . . .
o saturation, and the value for blended polymer film was ~ 88% in the Vis
?élseElﬁ/flitrical properties and NIR areas of the spectrum, but it decreases almost gradually with
Nanocomposite film increasing the weight reaching ~66% at 9 wt.% Ni,O3, which makes it
Ni,O3 NPs suitable for different applications, (e.g. packaging for storage drugs

PVA-PEG regardless of cost or for solar cell applications). Optical band gaps of

allowed transitions decreased from 4.385 to 2.22 eV. The values of the
refractive index showed small increases from 2.45 to 2.68 with the
increasing concentration of nanoparticles from 3 to 9 wt.%, where an
increase in polarizability values upon loading of NiO3 NPs. The highest
optical conductivity values appear in the UV region particularly in
optimum incorporating amount of Ni,O3z NPs (9 and 7.5 wt.%). Other
features under examination were also seen to be affected by the nano
additive. Change of electrical parameters such as dielectric constant,
dielectric loss, and A.C electrical conductivity for PVA-PEG/Ni,O3 as a
function of Ni,O3 concentrations and applied electric field frequency
makes it suitable for application in capacitors, transistors, and electronic
circuits.
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1. INTRODUCTION

Nanocomposites (NCs) have attained a
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polymer is used in a wide range of businesses,

including adhesives, coatings, electronics,
construction, textiles, paper, and biomedical.

considerable attention by the academia and
businesses since they can be used to make new,
improved materials that can be used in a wide
range of fields, such as electrical engineering
[1]. Additives are components that can be added
to polymers in order to impart specific
properties and improve fundamental
properties[2]. Although the majority of
commercial polymer mixtures are produced by
melting and mixing melts in twin-screw
extruders, the majority of experimental studies
have been conducted by casting from solutions.
The interactions between polymer chains
determine the miscibility of two polymers[3].
Polyvinyl alcohol (PVA) is a manufactured
thermoplastic polymer that is white and has no
smell. Its chemical formula is (C,H,0)n. [4]. It
is a material that is safe and works with living
things. It works well as an insulator, an optical
material, and a charge storage material. This

Most of the time, vinyl acetate monomer is used
to make PVA for sale. In alkaline conditions,
hydroxyl groups replace the ester groups in
polyvinyl acetate (PVA) [5] . The thermoplastic
polymer of poly (ethylene glycol) (PEG) type
has a flexible bond structure which its chemical
formula is H-O—CH,—CH,),—OH [6].

Nickel  (Il) Oxide (Ni,O3) is a
semiconducting p-type material with an energy
band gap of almost 2.2-3.4eV [7, 8] . Sol-gel,
solvent-thermal processes, and hydrothermal
synthesis are only some of the methods that can
be used to create this potential metal oxide. One
such technique that has garnered a lot of interest
thanks to its applications in gas sensors,
catalysis, ferrofluids, and magnetic storage
devices is low-temperature solution combustion
synthesis. The structure of Ni,O3; is also
orthorhombic, which makes it interesting to
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study [9]. Blending is the physical combining of
two or more polymers to create a new material
whose properties depend on the polymer
composition [10]. Blending, which frequently
results in polymers with superior behavior than
their component polymers, is one of the most
effective methods to improve various physical
properties [11]. His work provides an effective
way to improve the morphology, optical and
AC electrical properties of (PVA-PEG) and the
nanocomposites by loading different ratios of
Ni203 NPs.

2. Experimental part:
2.1. Materials

PVA [partially hydrolysis] of 160,000
g/mol was supplied by Alpha Chemika, India,
and PEG [degree of hydrolysis= 99%] of 20,000
g/mol was provided by Central Drug House,
Ltd, Company, India, are applied as granular
form. Ni,O3 (Sigma Aldrich) black powder with
a particle size of <40 nm and purity of 99.8%,
(74.69 g/mol.) was insoluble in water was used.

2.2. Purification of NC films.

Briefly, 0.9 g of PVA in 50 ml distilled
water (DW) was dissolved for 1 hr at RT, then
this was continued for another period under 75-
80°C using magnetic stirrer. After cooling the
solution to 40 °C, 0.1g of PEG was added to
synthesis the polymer blend. The resulting
solution was poured into a plastic Petri dish and
kept under air at RT for 240 hours to drying.
The same method was followed in the
preparation of PVA-PEG/ Ni,O3 NC films. The
method presented in Table 1. The thicknesses of
the prepared films were about (120 + 4 pum), as
measured by Digital Vernier Caliper.

Table 1: Selected values of PVAs, PEGs and NC
films

6 wt.% NiyO3 0.846 0.094
7.5 wt.% NiyO3 0.8325 0.0925
9 wt.% NiyO3 0.819 0.091

Sample PVA (g) PEG (g)
PVA-PEG 0.9 0.1
3 wt.% NiO3 0.873 0.097
4.5wt.% NiyO3 0.8595 0.0955

2. 3 Descriptions

Fourier transform infrared spectroscopy
(Bruker company, type vertex -70 spectrometer,
German origin) was used to show the chemical
components of the synthesized samples in the
range of 4000-500 cm™ ' at RT. Field Emission
Scanning Electron Microscope (FESEM) was
used to examine the surface. Nanocomposite
formation was analyzed on a UV-visible
spectrophotometer (Shimadzu UV-1650 PC,
Phillips, Japanese company) at 200 -1100 nm.
The dielectric characteristic were studied at
f=10% to 5 x10° Hz by LCR meter (HIOKI
3532-50 LCR HI TESTER).

3. Results and discussion
3.1 Fourier transform infrared (FT-IR)

FTIR spectra of PVA-PEG blend and its
NC films based on Ni,O3 NPs shown in the
Figurel. It exhibits eight major absorption
peaks. The broad peak at 3278.90 cm™' that
assigned to the stretching vibration of the
alcohol group (OH) in the polymer matrix chain
[8]. The two intense peaks at 2908.33, and
2360.00 cm ™' corresponds to the Methyl C-Hs
asymmetric and strong O=C=0 stretching
vibration [9]. Additionally, the peak at 1716.51
cm ' corresponds to the C=O stretching band,
which is actually attributed to carboxylic acid,
aliphatic ketone, aldehyde, or quinine groups
[10]. The peak at 1340.55 cm ™' is attributed to
the deformation stretching vibration of the
strong N-O . The peak at 1239.16 cm™' is
attributed to the deformation stretching
vibration of the C-N link [8]. Moreover, the
peaks observed at 1085.02, and 830.52 cm'
could be attributed to the twisting vibration of
strong C-O-C and medium C=C bending
vibrations [11]. As was mentioned before, the
intensity of some of these bands decreased and
others increased to refer to strong interficial
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physical interaction between the host and the
embbeded nanopartical with small shifts toward
higher wavenumbers, which is a sign that the
hydrogen bonds were formed by the physical
interaction between the functional groups in the
polymer blend and Ni,O3 NPs. Strong
incorporations  with Ni*? ions are another
potential cause of intensity alterations and
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broadening of the functional groups in the
polymeric matrix's backbon [12]. The peaks for
the PVA-PEG /Ni,O3 (Figurel,b-f) are alike to
the spectrum of PVA-PEG, showing this blend
polymer make up a big part of the NCs. This
can verify that the synthesis was effective of the
PVA-PEG /Ni,O3 NCs.
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Fig. 1: FT-IR of blended polymer PVA-PEG (a) with 3wt.% (b) , 4.5wt.% (c) , 6wt.% (d) , 7.5wt.% (e), and

9Wt.% (f) of Ni,Os NPs
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3.2 Field emission scanning electron
microscopy

FESEM analysis was carried out on
blended polymer and its NC films based on (3,
4.5, 6, 7.5 and 9) wt.% of Ni,O3 NPs to show
the surface morphologies of prepared films as
seen in Figure 2. The images were taken at a
magnification of 20.00 kx. The films show
many aggregates or chunks randomly - e
distributed of NPs on the films surface. The = st SR e
results show an increase in the number of e

aggregations on the surface in accordance with
increasing the amount of Ni,Os,

2000m EHT = 1000KV Signal A » SE2 Date 9 Jan 2023 751
= WD: 42mm Mag= 2000KX  UserTent

200 nm EHT < 10,00 KV Signal A « SE2 Date:9 Jan 2023 ZEISS)
L) WD+ 42 mm Mag= 2000KX  UserText=

200 6m EHT = 1000 KV SignalA = SE2 Date:9 Jan 2023 ZEISS|
s | WD+ 43 mm Mage= 2000KX  UserText=

o Ul Sor 5 e Fig. 2. FESEM of blended polymer (a) pure PVA-
' PEG, (b) 3wt.%, (c) 4.5wt.%, (d) 6wt.% (e)
7.5wt.% , and (f) 9wt.% of Ni,O3; NPs

3.3 Optical investigation

The transmittance spectra of blended
polymer and its NCs with (3, 4.5, 6, 7.5, and 9)
wt.% Ni,O3 films are shown in Figure (3).
Above 300 nm, the transmittance curves of all
samples show a tendency towards saturation,
; and the highest rated average transmittance of
20mm B e p— the blended polymer is ~ 88% in the Vis and

NIR areas of spectrum, but it decreases almost
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gradually with increasing the weight reaching to
66% at 9 wt.% Ni,Os. This feature was ascribed
to the film surface morphology and the
absorption.  Ni,O3 contribution exhibited
absorbance peaks at ~ 280 nm, which could
appear through the charge transfer from the
ligand to the metal. Also, the decrease in the
transmittance of the prepared films in UV
region comes from increasing the nanoparticle
concentrations that makes it suitable for
different applications, as packaging for storage
drugs regardless of cost or for solar cell
applications.

Transmittance

04 —PVA-PEG
——— 3Wt%Ni203
0.3 —— 4.5WL%Ni203
02 —— GWL%Ni203
—— 7.5wt.%Ni203
0.1 —— wt.%Ni203

200 300 400 500 600 700 800 900 1000 1100
‘Wavelength(nm)

Fig. 3: Transmittance spectra of blended
polymer and its NCs.

The relationship in equation 1 was used to
derive the absorption coefficient [12]

@ = 23032
t 1)
Where A is the absorbance and t are the
thickness of the film. From Fig. 4, it is noted the
shift in the absorption edge towards the lower
energy with an increase in the amount of the
additive. This finding show that as the
percentage of the additive goes up, the optical

energy gap (Egpt) goes down.

600 -
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— 75wt %Ni203 /

400 -
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Fig.4: Absorption coefficient spectra of

blended polymer and its NCs.

Indirect E™" is related to the photon energy
(hv) and the a, as shown in equation 2 [13].

(ohv= B (v — Eg¥ + Eph) '

(2)

Where B is the parameter for band tailing, and r
defines the type of optical transition for the
materials under investigation (r=2 for allowed
indirect transitions). The optical band gap
energy can be obtained from the plot of ((xhv)ll '
versus photon energy (hv) shown in Figure 5 are
named as illustrated in Table (2):

70
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—— 3wt.%Ni203
60

—— 4.5Wt.%Ni203
——6WLY%NI203 7
——7.5Wt.%Ni203

50 SWE.%Ni203

40

30

(ahv)2(cmt eV)!?

Photon Energy(eV)

Fig. 5: Variation of Egpt of blended polymer
and its NCs.

Table 2: Eg™ indirect transition of blended polymer
and its NCs.

Sample Allowed (eV)
PVA-PEG 4.385
3wt.% Ni,O3 4.28
4.5wt.% Ni,O3 4.10
6 wt.% NiyO3 3.92

7.5 Wt.% Ni,O3 3.57 and (2.31)

9 wt.% Ni,O3 3.39 and (2.22)

The indirect band gaps obtained with
procedure PVA-PEG/ 3-9wt.%Ni,O3 NC films,
may be calculated by projecting the linear
portion of the curve to the hv axis. It can be
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observed that allowed indirect Egpt decreased

with additives of Ni,O3 NPs. Moreover, the
samples with a higher concentration of 7.5 and
9 wt. % of Ni,O3 NPs showed two band gaps
compared to other samples. The increase in
oxygen vacancies (V0) which occurred just
below the conduction band may cause
reduction in optical energy gap [8]. These
positively charged vacancies may capture some
free electrons and act as donor centers leading
to the reduction in optical energy gap. From
another point of view, the formation of
imperfections and disarrays into the materials,
which is close to the conduction band, may

explain why the EgP* decreased. As a result, it

can soak up low-energy photons. These matches
the lookup values [14,15]. It's noticed that in
the optimum incorporating amount (Ni,O3 NPs
= 7.5 and 9 wt.%), there are two band gaps that
appear; the first is correlated with the pristine
composition elements, and the second may be
correlated to the high wt.% of the nanoparticles,
which generated the new secondary energy
levels. The index of refractive (n), polarizability
(P) and extinction coefficient (Ko) of PVA-
PEG/3-9wt.% Ni,O3 NC films were considered
from the equations 3,4, and 5 [16, 17].

DR 2R 2122
3 n%-1
P= ;T n2+1) (4)
A
Ko = Z_n (5)

When developing a variety of electronic
devices, such as those for optoelectronic,
photonic, and cable applications, the evaluation
of refractive index (n) is thought to be a crucial
factor [16]. Figure 6 elucidates the dependence
of (n) on different ratios of Ni;Os3 NPs in
blended polymer PVA-PEG. From the
photodarkening phenomenon, the (n) was found
to be increased with the increase in the amount
of Ni,O3 NPs , and the structural change criteria
is what causes the fluctuation in the value of
(n). The values of refractive index showed small

increases from 2.45 to 2.68 with the increasing
concentration of nanoparticles from 3 to 9 wt.%.

28
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24
22

2
1.8
1.6

——PVA-PEG
—— 3wt.%Ni203
—— 4.5wt.%Ni203
—— 6wt.%Ni203
—7.5wt.%Ni203
—— Swt.%Ni203

Refractive index

1.4
1.2

14
200 300 400 500 600 700 800 900 1000 1100

‘Wavelength (nm)

Fig. 6: Index of refractive for blended polymer
PVA-PEG and its NCs.

According to the literature [17], the larger the
P, the greater the n, and non-polarizing
materials don't change the speed of light
(meaning there is no change in the internal
structure after addition), so n = 1. Decreasing in

the Egpt with the increase the ratio of the

additive NioO3 NPs means that the electrons can
move to other levels and thus an increase in the
polarizability of the material as shown in Fig. 7.
Due to the dipoles created being unable to
maintain the high frequency, polarization can be
seen to diminish at lower wavelengths as the
incident photon's energy increases (high
energies). The polarizability values were
increased upon loading of Ni,O3 NPs.

0.2
0.18
0.16

0.14

0.12

0.1
0.08

Polarizability

——FPVA-PEG

0.06 —— SWELNI203
—— 45wt %Ni203
0o —— 6wt %Ni203
0.02 —— 75wt %Ni203
oWt %Ni203

0

200 300 400 500 600 700 800 900 1000 1100

Wavelength(nm)

Fig. 7: Polarizability of blended polymer PVA-PEG

and its NCs.

According to our analysis of Figure 8, the
extinction coefficient results of the NC films are
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much higher than those of the blended polymer
in all regions. This behavior attributed to
increase of the absorption of the incident light
[18]

1.E-02 4

1.E-03 A

1.E-04 %%

—— 3wt.%Ni203
——4.5wt.%Ni203
—— 6wt.%Ni203
——7.5wt.%Ni203
—— 9wt.%Ni203

200 300 400 500 600 700 800
‘Wavelength (nm)

Extinction coefficient

1.E-05

Fig.8: Extinction coefficient of blended polymer
PVA-PEG and its NCs.

The optical conductivity (co) depends
directly on the refractive index (n) and
absorption coefficient (o) by via the relative 6
[19].
Oop = NCA/4T (6)

where ¢ is the velocity of light. Figure 9
elucidates the dependence of optical
conductivity on different ratios of Ni,O3 NPs in
blended polymer. It's noticed that the highest
optical conductivity values appears in the UV
region particularly in optimum incorporating
amount of Ni,O3 NPs ( 9 and 7.5 wt.%). This
tendency results from the band structure's
localized stages becoming denser, which raises
the absorption coefficient and, in turn, the
optical conductivity. Gy spectra confirm the
transmittance behavior within the Vis and NIR
regions.
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Fig. 9: Optical conductivity of blended polymer
PVA-PEG and its NCs.

3.4 The AC electrical properties
The dielectric constant of blended

polymer and the NC films at 100Hz are shown
in Figure 10. The dielectric constant was
calculated using equation 7 [20]:

&= Cp d/ € A
(7)
where, Cp is capacitance of matter, d is the
width in cm, and A is the area in cm®. As the
number of Ni203 NPs goes up, as shown in the
figure ,s0 the dielectric constant of NCs
increases. This behavior can be explained by the
polarization of the interfaces between the NCs
when an alternating electric field is applied and
the rise in charge carriers [21]. Figure 11 shows
that as the frequency goes up, the space charge
polarization as a percentage of the total
polarization goes down. This makes the
dielectric constant goes down for all PVA-
PEG/Ni203 NC films, so space charge
polarization contributes most to polarization at
lower frequencies.
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Fig.10: Effect of Ni,O; on dielectric constant for
PVA-PEG/Ni,O; at 100Hz.
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Fig.11: Variation of dielectric constant for
PVA-PEG/Ni,O3 with frequency at RT.

The sample’s dielectric loss is the amount

of electrical energy lost due to the

transformation of the applied field into thermal
energy. The dielectric loss of NCs can be
calculated using equation 8 [22]:

g'=¢ D
(8)

D is dispersion factor. Dielectric loss as a
function of electric field frequency of Ni,O3
NPs in the PVA-PEG blends at RT shown in
Figure 12. The figure show that the dielectric
loss of NCs decreases with increasing of electric
field frequency for all samples. The decrease in
the space charge polarization contribution is
responsible for this behavior. In addition, the
maximum dielectric loss for 9 wt.% Ni,O; at
low frequency (10°Hz) is 0.0692. The dielectric
loss of NCs based on Ni,O3 increases with the
increasing the number of NPs as shown in
Figure 13. This was associated with a rise in the

total number of charge carriers. Similar
behavior was reported in [23].

am—Pure
3 wt.% Ni203

Dielectric Loss

LE+02 LE+03 LE+04 LE+05 LE+06 LE+07
F(Hz)

Fig. 12: Variation of dielectric loss for PVA-
PEG/Ni,O; with frequency at RT
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Dielectric Loss
e 2 e 2 2 £ 2
53 %z 33

o 0.015 0.03 0.045 0.06 0.075 0.09
Con. of NizOs NPswt.%

Fig. 13: Effect of Ni,O3 on dielectric loss for PVA-
PEG blends at 100Hz.

The A.C electrical conductivity of NCs was
calculated using equation 9 [24]:

(o) A.C=2Tff ¢ D €o

9)

Figure 14 shows how the AC electrical
conductivity of Ni,O3 NPs in PVA-PEG mixes
depends on the frequency of the electric field.
As the frequency of the electric field increases,
the AC conductivity increases dramatically for
all samples. The polarization of space charges at
low frequencies and the hopping motion of
charge carriers are responsible for this behavior
[23]. Also the conductivity increases with the
increasing wt.% of Ni,Oz in the PVA-PEG
blends at 10°Hz as shown in Figure 15.
Incorporating additive NPs into the composition
lowers the resistance of NCs and raises their
A.C electrical conductivity by increasing the
number of charge carriers. Similar behavior was
reported in [23].
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Fig. 14: Variation of A.C electrical conductivity
for PVA-PEG/Ni,O5 with frequency at RT
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Fig.15. Effect of Ni,O; on A.C electrical
conductivity for (PVA-PEG) blend at 100Hz.

4. Conclusions

FTIR spectra confirms the presence major
functional groups belonging to the polymer
systems. The SEM images of the films show
many aggregates or chunks randomly
distributed of NPs an increase in the number of
aggregations on the surface in accordance with
increasing the amount of Ni,O3. Above 300 nm,
the transmittance curves of all samples show a
tendency towards saturation, and the value for
blended polymer film was ~ 88% in the Vis and
NIR areas of spectrum, but it decreases almost
gradually with increasing the weight reaching
~66% at 9 wt.% Ni»Os. The allowed indirect

Egpt decreases with the increase of Ni,O3 NPs.

Change of electrical parameters such as
dielectric constant, dielectric loss, and A.C
electrical conductivity for PVA-PEG/Ni,O3 as a
function of Ni,O3; concentrations and applied
electric field frequency makes its suitable for
application in capacitors, transistor, and
electronic circuits.
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