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ABSTRACT

In this work, the (PEO-PVA-Sh,03) nanocomposites were
prepared from (PEO-PVA) blend with different
concentrations of the Sh,O; nanoparticles by using the
casting method to used it for different modern applications
such as: antibacterial, humidity sensors, solar cells, diodes,
thermal energy storage and release ...etc. The structural,
optical and dielectric properties of (PEO-PVA-Sh,0,)
nanocomposites have been studied. The results of optical
properties for nanocomposites showed that the absorbance
has high values at UV region. Also, its increase while the
transmittance and energy band gap reduce of (PEO-PVA)
blend with the increase in Sb,0; nanoparticles
concentrations. The absorption coefficient, extinction
coefficient, refraction index, dielectric constant and optical
conductivity are increased with the increase in Sh,O3
nanoparticles concentrations. The dielectric properties of
nanocomposites showed that the dielectric constant,
dielectric loss and A.C electrical conductivity of (PEO-
PVA) blend increase with the increase in Sh,0;
nanoparticles concentrations. Also, the dielectric constant
and dielectric loss of (PEO-PVA-Sh,03) nanocomposites
decrease while the A.C electrical conductivity increases
with the increase in frequency. finally, the (PEO-PVA-
Sbh,0;)  nanocomposites  tested for  antibacterial
applications. The results showed that the the (PEO-PVA-
Sbh,0;) nanocomposites have good activity for
antibacterial.

Key words: Antibacterial, blend, optical properties,
conductivity, Sb,O3 nanocomposites.

1-INTRODUCTION

Nanocomposites are a major factor in the formation of
novel advanced materials suitable for a variety of different
applications, such as electrical engineering
nanocomposites have attracted considerable interest in
both academia and industry [1]. Nanocomposites have
gained much interest recently. Significant efforts are
underway to control the nano-structures via innovative
synthetic approaches. The properties of nanocomposite
materials depend not only on the properties of their
individual parents but also on their morphology and

interfacial characteristics.The physical, chemical and
biological properties of nano materials differ from the
properties of individual atoms and molecules or bulk
matter. By creating nanoparticles, it is possible to control
the fundamental properties of materials, such as their
melting temperature, magnetic properties, charge capacity
and even their colour with outchanging the materials’
chemical compositions[2]. Additives are constituents
added to polymers to provide them with specific properties
and improve basic properties. These constituents are added
in a granular form or as small particles. Nanocomposites
can be defined as a composite material in which at least
one of the phases (mostly the filler) shows dimensions in
the nanometer range, as the filler, size reaches the
nanometer level, the interactions at the interfaces become
considerably large with respect to the size of the inclusion
and thus the final properties show significant changes. A
nanocomposite has two parts, filler and the matrix, a
traditional composite typically uses a fiber such as carbon
fiber or fiberglass as the filler. The properties of
nanocomposites are highly dependent on: properties of the
filler (geometry, size, filler type), host matrix:
(crystallinity, polymer chemistry, nature thermoplastic or
thermosetting), surface treatment, interfacial properties,
fill grade, degree of dispersion and agglomeration,
Relative arrangements and subsequent synergy between
constituents and synthesis methods [1,2]. PEO-based
polymer electrolytes have been extensively researched to
gain additional know ledge [3,4]. PEO presents numerous
advantageous properties, including good dimensional
stability, high ionic conductivity in amorphous form,
satisfactory corrosion resistance, cost-effectiveness [5]. On
the downside, the ionic conductivity of PEO is low
because it contains a high concentration of crystalline
phase, which makes it impossible to reach a high DC
conductivity [6]. Poly(vinyl alcohol) PVA, is a water-
soluble polymer, it has been selected as an organic part for
bio composite. PVA membranes are flexible materials and
own, high dimensional stability, high transparency and
super permeability properties. PVA has been a known
semi-crystalline polymer which possesses certain physical
properties due to its crystal-amorphous interfacial effect
[7]. One of the important classes of polymer electrolytes is
pollar polymer like polythylene oxide , polyvinyl alcohol
in this paper we have used PVA as ahost polymer because
PVA is semi crystalline polymer and has very important
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applications due to the role of oh group and hydrogen
bonds[5]. Optical polymers have attracted considerable
attention in recent years because of their important
industrial applications such: solar cells, diodes, filters of
light[8]. Antimony trioxide (Sb,O3) is an inorganic
commercial compound and very important on antimony
materials family. It is found in nature as valentinite and
senarmontite minerals [9]. Like most polymeric oxides,
Sh,0; is soluble in water with the hydrolysis.Antimony
trioxide is used as flame retardant additive. Antimony
trioxide is mostly used in plastic (polymer) materials
Antimony trioxide available in white stable crystalline
powder which consist of 83.53% antimony and 16.47%
oxygen. It also contains the small quantity of antimony
(IV) and antimony (V) which is generated during
production [10]. This paper deals with the effect of Sh,0;
nanoparticles on structural, optical and A.C electrical
properties of (PEO-PVA) blend.

2-EXPERIMENTAL

The (PEO-PVA-Sh,03) nanocomposites were prepared
from (PEO-PVA) blend with different concentrations of
the Sh,03 nanoparticles by using the casting method. The
(PEO-PVA) blend sample were prepared with PVA 50
wt% with PEO 50 wt%. The Sh,0; nanoparticles were
added to the (PEO-PVA) blend with concentrations are (0,
1.5, 3 and 4.5) wt.%. The optical characteristics tested in
range of wavelength (200-800) nm by spectrophotometer
(UV/1800/ Shimadzu). The dielectric characteristics
measured by LCR meter type (HIOKI 3532-50 LCR HI
TESTER).

The dielectric constant (¢) of nanocomposites is defined by
the equation [11]

e~ =C,/C,

Where, Cp is parallel capacitance and Co is vacu-um
capacitor

The dielectric loss (¢7) is given by the eqution[11]
e =¢D
where, D: is dispersion factor of nanocomposites.

The A.C electrical conductivity is determined by the
following equation [12]

oac=W e'g,
Where, w is the angular frequency.

Absorption coefficient (o) iscalculated as the fol- lowing
equation[8]:

a=2.303 (A/t)

A: is the absorbance. For amorphous polymers, indirect
transition model can be computed as[13]

ahv=D(hv—EQ)*.....c.ceerurerns (5)

4727

Where D is a constant, hv is the photon energy, E is the
optical energy band gap, x = 3 for forbidden indirect
transition and x = 2 for allowed indirect transition.

Refractive index (n) is determined by following
equation[14]
NZCIV e 6)

where (c) is the velocity of the light in vacuum and (v) is
the velocity of the light.

The extinction coefficient (k) is determined by the
following equation[8]

Where A is the wavelength of incident light.

The dielectric constant is classified into two parts real (g;),
and imaginary (gi,) which are given by the following
equations[15],[16].

Sim =2nk

6= onc/4n
3-RESULTS AND DISCUSSION

Figure 1 shows the variation of the optical absorbance
spectra of (PEO-PVA-Sh,03) nanocomposites with photon
wavelength for different concentrations of Sh,0s
nanoparticles. The (PEO-PVA-Sb,0s;) nanocomposites
have high absorbance at UV region. These are consistent
with the results [18-26]. Figure 2 shows that transmittance
spectrum as a function of wavelength for (PEO-PVA-
Sh,03) nanocomposites. From these figures that
absorbance increases and transmittance decreases with the
increase in the concentration of Sh,O; nanoparticles which
is related to the increase the number of charges carries[27],
as shown in Figure 3. The variation of the absorption
coefficient of the nanocomposites with photon energy is
shows in Figure 4. From this figure, it can be seen that the
absorption coefficient is increased with increasing of the
Sh,0; concentration which may be due to the absorption
by the impurities. The absorption coefficient is smaller and
stable in the low photon energy because of the scattering
of the photon energy [28]. Figures 5 and 6 show the
energy band gap of nanocomposites. From the values of
the absorption coefficient, it can be concluded that the
nanocomposites have indirect energy band gap. The
energy band gap decreases with increasing the Sb,Os, this
attributed to decrease the distant between the conduction
band and valance band with the increase Sb,0;
concentration[28].  Figure 7 represents the extinction
coefficient of nanocomposites as a function of the photon
wavelength. The extinction coefficient indicates the
amount of absorption loss when electromagnetic wave
propagates through a material, which is a measure of the
fraction of light lost owing to the scattering and absorption
per unit distance of a penetration medium. The extinction
coefficient is directly related to the absorption of a



Ranya Mahmood Mohammed et al., International Journal of Emerging Trends in Engineering Research, 8(8), August 2020, 4726 — 4738

material and to the absorption coefficient. From Figure 8,
the exponential decrease in the extinction coefficient with
an increase in the photon energy represents that the
fraction of light lost owing to the scattering and
absorbance increases. In addition, the loss factor
decreases, as the photon energy increases. Figure 8 shows
the relationship between the refractive index of
nanocomposites and the wavelength. It can be observed
that the refractive index of an as-synthesized material
decreases, as the photon energy increases. This reflects
that the synthesized polymeric samples represent tthe
normal dispersion behavior. The variation in refractive
index values with the photon energy shows that the
interaction between a photon and electrons takes place.
Thus, one can get the desired material for fabricating the
optoelectronics devices, by estimating the photon energy,
as the internal energy of a device depends on the photon
energy. The decrease in the extinction coefficient and
refractive index with an increase in the photon energy may
be correlated with an increase in the absorption coefficient
and a decrease in the transmittance [29]. Figures 9 and 10
show the relationship between the real, imaginary parts of
dielectric constant with wavelength of different
concentrations of Sbh,0; nanoparticles. From these figures,
we can see that the real and imaginary parts of dielectric
constant are increasing with the increase in the Sh,O3
nanoparticles concentrations which is attributed to increase
in the absorption coefficient and scattering [30]. The
optical conductivity of (PEO-PVA-Sb,03) nanocomposites
is shown in Figure 11. This figure shows that the optical
conductivity of all samples of nanocomposites is
decreased with the increasing of the wavelength, this
behavior attributed to the optical conductivity depends
strongly on the wavelength of the radiation incident on the
samples of nanocomposites; the increase of optical
conductivity at low wavelength of photon is due to high
absorbance of all samples of nanocomposites in that
region, hence, increase of the charge transfer excitations.
The optical conductivity spectra indicated that the samples
are transmittance within the visible and near infrared
regions. Also, the optical conductivity of nanocomposites
is increased with the increase of Sb,O; nanoparticles
concentrations, this behavior related to the creation of
localized levels in the energy gap; the increase of Sh,0;
nanoparticles concentrations increasing the density of
localized stages in the band structure, hence, increase of
the absorption coefficient consequently increasing the
optical conductivity of nanocomposites [31]. Figures 12
and 13 show the observed variations of dielectric
parameters (dielectric constant and loss) with frequency at
room temperature. From the figures, it clear that at lower
frequencies the values of both dielectric constant and
dielectric loss are high because of the fact that in this
region the dipoles have sufficient time to orient themselves
in the direction of the applied electric field. In addition to
this, due to the electronic polarization effect (space charge
polarization), charge carriers are accumulated at the
electrode and electrolyte interface. As frequency increases
dielectric constant and loss decreases monotonically and
attains a constant value. This change in dielectric property
is due to the fact that as the frequency increases, space
charge polarization drops and more number of ions cannot
diffuse in the direction of the applied electric field as a
result the charge carriers are less contributed to the
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dielectric property. This change confirms the non-Debye
type behavior of polymer electrolytes. Hence, due to
insufficient time, the dipoles are unable to follow the field
variation at higher frequencies [32]. The dielectric
constant and dielectric loss decrease with the increase of
Sh,0; nanoparticles concentration, this result can be
attributed to the increase in conductivity as a result of the
increase charge carrier density in polymer matrix [33,34].
Figurel4 shows the variation of the A.C electrical
conductivity of (PEO-PVA-Sh,03) nanocomposites with
frequency. This figure shows that the A.C electrical
conductivity increases when increasing the frequency, this
behavior can be attributed to the interfacial polarization.
The A.C electrical conductivity increases with an increase
in Sh,0O; nanoparticles concentrations which is due to
increase of the charge carrier density in polymer matrix
[35-37]. The antibacterial properties of the (PEO-PVA-
Sh,03) nanocomposites tested against E. coli. Figure 15
shows the antibacterial activity for (PEO-PVA-Sh,05)
nanocomposites. As shown in Figure 15, the inhibition
zone diameter increases with increase in Sh,O;
nanoparticles concentration. The reason for the
antibacterial activity of nanocomposites may be due to the
presence of reactive oxygen species (ROS) generated by
different nanoparticles. Chemical interaction between
hydrogen peroxide and membrane proteins or between the
chemical produced in the presence of nanocomposites and
the outer bilayer of bacteria could be the reason for the
antibacterial activity of nanocomposites. The hydrogen
peroxide produced enters the cell membrane of bacteria
and kills them. The nanocomposites continue to be in
interaction with dead bacteria once the hydrogen peroxide
is generated; thus foiling further bacterial action and
continue to produce and release hydrogen peroxide to the
medium. The possible mechanism of action is that the
nanoparticles in nanocomposites are ing the negative
charges which create the electromagnetic attraction
between the nanoparticles and the microbes. When the
attraction is made, the microbes get oxidized and die
instantly. The main mechanism that caused the
antibacterial of nanocomposites by the nanoparticles might
be through oxidative stress caused by ROS. ROS includes
radicals like superoxide radicals (O2), hydroxyl radicals
(—OH) and hydrogen peroxide ( H,0,); and singlet oxygen
(*O,) could be the reason damaging the proteins and DNA
in the bacteria. ROS could have been produced by the
present metal oxide leading to the inhibition of most
pathogenic bacteria [38].

4. CONCLUSIONS

The optical properties results showed that the absorbance,
absorption coefficient, extinction coefficient, refractive
index, dielectric constant (real, imaginary) and optical
conductivity of (PEO-PVA) blend are increased while the
transmittance and energy band gap are decreased with
increasing of the Sh,O3; nanoparticles concentrations..The
results of dielectric properties indicated that the dielectric
constant, dielectric loss and A.C electrical conductivity of
(PEO-PVA) blend are increased with increasing of the
Sh,O; nanoparticles concentrations. The dielectric
constant and dielectric loss of nanocomposites are
decreased while the A.C electrical conductivity is
increases with increasing of the frequency. The results of
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antibacterial activity showed that the

inhibition zone

diameter increases with increase in Sh,Os; nanoparticles
concentrations
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Figure 3: photomicrographs for (PEO-PVA-Sh,03)nanocomposites (A) for (PEO-PVA) blend, (B) for 1.5 wt.% Sh,03 nanoparticles, (C) for
3 wt.% Sh,03 nanoparticles, (D) for 4.5 wt% Sh,03 nanoparticles, (E) for 6 wt.% Sh,0O3 nanoparticles .
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Figure 4: variation of absorption coefficient(a)) for (PEO-PVA-Sh,053) nanocomposites with photon energy.
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Figure 5: variation of (ahv)*? for (PEO-PVA-Sb,0;) nanocomposites with photon energy.
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Figure 6: variation of (ahv)Y for (PEO-PVA-Sb,03) nanocomposites with photon energy.
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Figure 7: variation of extinction coefficient for (PEO-PVA-Sh,05) nanocomposite with wavelength.
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Figure 8: variation of refractive index for (PEO-PVA-Sh,0;) nanocomposites with wavelength.
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Figure 9: Variation of real part of dielectric constant for (PEO-PVA-Sh,03) nanocomposites with wavelength.
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Figure 10: variation of imaginary part of dielectric constant for (PEO-PVA-Sh,O3) nanocomposites with wavelength.
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Figure 11: variation of optical conductivity for (PEO-PVA-Sh,0O3) nanocomposites with wavelength.
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Figure 12: variation of dielectric constant for (PEO-PVA-Sh,0;) nanocomposites with frequency.
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Figure 13: variation of dielectric loss for (PEO-PVA-Sh,03) nanocomposites with frequency.
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Figure 14: variation of A.C electrical conductivity for (PEO-PVA-Sh,03) nanocomposites with frequency.
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Figure 15: variation of inhibition zone diameter with Sb,O3 nanoparticles concentrations against E. coli for (PEO-PVA-

Sh,03) nanocomposites.
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