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Abstract. Strontium Oxide (SrO) nanoparticles have a specific structure, and excellent optical, mechanical,
and thermal properties, within direct bandgap semiconductors applications. SrO impact on the optical and
electrical properties of newly (PVA-PEG/ SrO) nanocomposite were investigated. The electrical properties
were measured at 100 Hz — 6 MHz frequencies. An increase in frequency caused a reduction in the dielectric
loss (8) and dielectric constant (€). € value revealed an improvement with an increased loading ratio of SrO.
The optical properties of the (PVA-PEG/SrO) nanocomposite showed a reduction in the energy gap values. In
contrast, the absorption, extinction coefficient, absorption coefficient, optical conductivity, refractive index,
and dielectric constant (imaginary, real) increased with the increased concentration of SrO NPs.

Introduction

Polymers are a crucial material class in people's lives because they have deficient concentrations
regarding the free charge carriers and are therefore non-conductive [1]. In addition, polymers as
electric materials have the disadvantage of being transparent to electromagnetic radiation and
providing protection against electrostatic discharge when dealing with sensitive electronic devices
[2]. To overcome such limitations. The polymers' electrical properties represent through the response
to the applied electric field (the subject of polymers' electrical characteristics encompasses a wide
variety of molecular phenomena) [3]. When exposed to an electric field, polymers behave differently
than metals. Polarisation is a phenomenon presenting the polymers' molecules rotating in the applied
electric field direction [4].

One of the effective ways of probing important information about the polymers' electrical response
in nature is molecular dynamics [5]. The electrical properties related to the final product might
improve by combining at least two polymers (as blends) [6]. On the other hand, the appearance of
additional properties depends on the blend's miscibility [7]. Blending may have significant and often
unexpected impacts on thermal stability that cannot predict solely based on relative proportions and
component behavior [8]. Televisions, displays, cellular phones, LEDs, batteries, solar cells, sensors,
electromagnetic shielding, actuators, and microelectronic devices use conductive polymers [9].
Polymer-based composites are another type of material [10]. Electronic ones emphasize low dielectric
constant, low thermal expansions, high thermal conductivity, and electromagnetic interference
protection effectiveness could come from involving the nanomaterials with blended polymer to form
environment conductive materials [11,12]. Conductive nanocomposites utilized as fillers could be
ambitious for different applications [13]. In addition, a composite material is used as a structural
material. The structural composites emphasize high modulus and strength based on the electronic
application [14,15].

SrO is one of the direct bandgap semiconductor nanofillers belongs the II-VI semiconductor
compounds group that is widely studied [16-19]. It has interesting properties, for instance,
electrochemical stability, considerable exciting binding energy up to (60 meV), nontoxic, low-
temperature growth, high transparency, and radiation resistance [16]. Because of the unique
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hierarchical morphology of SrO NPs, it is used to design various electro-optical devices such as doped
semiconductors, gas sensors, dye-sensitized solar cells, transistors, batteries electrodes, and
supercapacitors [16,20]. This investigation aims to impact SrO nanofillers on the optical and electrical
properties of (PVA-PEG/SrO) nanocomposites.

Experimental and Theoretical Part

Materials
Polyvinyl alcohol (PVA) made in Merck, Germany, with (14000) molecular weight, polyethylene
glycol (PEG), and strontium oxide (SrO) nanoparticles, materials were used in this investigation.

Sample preparations

SrO nanoparticles were utilized as an additive and added to a blended polymer matrix (PVA-PEG)
with various loading weight percentage values (0, 1, 2, and 3) wt%. The samples for (PVA-PEG) and
the (PVA-PEG/SrO) nanocomposites were made with the casting approach to create a sample with
1.5 pm thickness.

Characterizations

UV/1800/Shimadzu spectrophotometer was used to photometrical measure the spectra. The dielectric
constant of (PVA-PEG-SrO) composites was assessed with the use of an LCR meter with a frequency
(f) between (100 Hz - 6 MHz) at room temperature.

Calculations
The capacitance (C) was evaluated using the equation below [21].

C=¢—¢At (1)

here, represents dielectric constant; t represents sample thickness, and €, represents the value of the
vacuum permittivity. Loss factor (D) was evaluated from equation (2).

D = &/¢ (2)

This represents electrical energy’ loss that was dissipated as heat in the insulator. In addition,
specifying power factors is vital in electrical applications. Also, the dielectric constant might be
evaluated based on the following equation.

e=C,/C, 3)

here: C, represents vacuum capacitor, and C, represents parallel capacitance. Also, dissipated power
in an insulator has been specified via the presence of alternating potential as an alternating
conductivity function.

Opc = we €o 4)

here, € denotes the dielectric loss, and w represents the angular frequency.

Results and Discussion

Figure (1) shows the dielectric constant variations with frequency. The constant dielectric results
exhibited a decrease in the dielectric constant with the increasing applied frequency. In contrast, the
increase in frequency leads to a reduction in the space polarised. The dielectric constant’s value is
impacted via the mechanism of polarization. The dielectric constant value increases at low-frequency
values because material molecules will be partially polarized [22]. The dielectric constant value
increased with the contribution of an increase in the loading ratio of SrO in PVA-PEG/SrO
nanocomposites, as shown in Figure 2. The increase in the dielectric constant’s value is because the
particles of SrO are connected to create a network inside the polymer mixture. The increase in the
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dielectric constant value is related to the increasing the SrO contained in the nanocomposites. The
results matched the ones in the literature [23].
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Figure 1: Effect of frequency on the dielectric constant of samples.
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Figure 2: Effect of SrO concentrations on the dielectric constant of samples.

Figure 3 displays the relation between dielectric loss (0) with frequency. The results indicate a
reduction in the dielectric loss with increases in frequency. The results showed a high dielectric loss
value at low frequency, decreasing with the frequency increase. This could be related to reducing the
impact of the galaxy charge polarisation when the frequency was increased [24]. In addition, results
showed improvement in the value of the dielectric loss with an increasing the SrO ratio in PVA-
PEG/SrO nanocomposites; as shown in Figure 4, that trend might be related to an increase in dipole
charge’ alignments [25].
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Figure 3: Effect of frequency on the level of the dielectric loss of samples.
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Figure 4: The effect of the Sb203 concentration on the dielectric loss of samples.

Figure.5 displays variations in electric conductivity results with frequency. This figure demonstrates
enhancing the nanocomposites' conductivity with an increase in frequency, which might be due to
space charge polarisation occurring at low-frequency values, along with charge carriers' motions,
which move as in the hopping process. In conductivity, the increase was insignificant at high-
frequency values, which might belong to electronic polarization and carriers of charge traveling via
the hopping [15].
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Figure 5; Effect of frequency on the electrical conductivity of samples.

The optical absorbance (A) behavior of blended polymers and nanocomposites was characterized by
variable wavelengths in the range of (200-1100) nm at room temperature, as shown in Figure (6).
Absorption spectra revealed a higher absorbance level in the UV range at 200 nm related to m-m*.
Additional small peak features were presented at 280 nm that could be related to the nanofillers
[26,27]. At high wavelengths, the incident photons do not have adequate energy for interacting with
atoms and causing transmitting photons. However, all nanocomposites displayed low absorbance in
the visible range; such behavior might be indicated in the following way, where the interactions
between incident photon and material will occur. Thus, the increase in StO NPs concentrations is
associated with an increase in absorbance. Those results are comparable to the effects of researchers
[28].

Figure (7) illustrates the transmittance spectra with a wavelength function of the samples. The
transmittance decreased with increasing SrO nanoparticles concentrations that increased the adsorbed
and attention the other light, as well as nanoparticles molecules, filled the most vacancies between
(PVA-PEG) blends polymer [29].
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Figure 6: The absorbance as a wave-length function for the samples.
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Figure 7: Transmittance with the wavelength for samples.

The absorption coefficient of the absorption a is computed using Eq. (5) [30].
a = 2.3030 (5)

Here, A represents absorbance, and (t) represents the sample thickness.

Figure (8) illustrates the absorption coefficient (o) as a function of the samples' wavelength. The
results showed small changes at the high wavelength (low energies), indicating the potential of low
electronic transitions. At the low wavelength (high-energies), the absorption coefficient increased
sharply, specifically at the photon's higher energy, indicating the significant probability that electronic
transitions are the region's absorption edge [31]. Also, the absorption coefficient allows concluding
the nature of the electronic transitions, where when the high absorption coefficient values (a is more
than 10* cm™!) at high energies, direct electronic transitions are presented, and the energy and moment
are maintained via photons and electrons [32].

The absorption coefficient values are low (o is less than 10* cm™) at low energies where indirect
electron transitions occur, while electronic momentum is maintained using a phonon [17]. The
absorption coefficient values are low energies in the presented study, and indirect electronic
transitions were deduced.
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Figure 8: The absorption coefficient with energy photon of samples.

Figure (9) shows the relationship between (ahv)? for samples with a photon energy function. On
drawing a straight line from a curve’s upper part towards the (x) axis, at a value of (ahv)? =0, the
result is an energy gap for allowed indirect transitions. The values are listed in Table 1 using the Tauc
relation [29].

(ahv=B (v — E,*" + Eph) * (6)

It can be seen that the energy gap values were decreased by increasing the ratio of StO NPs in the
samples. This resulted in the on-site levels in the energy gap [33]. In this case, the transition is carried
out in 2 stages, involving the electron transition from the band of valence to local conduction band
levels due to the increase of SrO NPs. Such behavior results from electronic conduction’s dependence
upon the impurities that have been added [34]. The rise in SrO NP concentration levels provides
electronic paths in blended polymer, facilitating the electron crossing from the valence to conduction
bands. This explains the reduction in the energy gap with increasing the SrO NP concentrations [16].
The forbidden transitions of the indirect energy gap were computed similarly. Table (1) and Figures
(9) note the energy gap for allowed and forbidden indirect transitions for samples.
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Figure 9: Energy gap for allowed indirect transition (ahv)!? of samples.

Table 1: Energy bandgap for allowed and forbidden indirect transitions for samples.

SrO Nanoparticles Eg (eV)
concentrations Allowed Forbidden
0.00 5.15 4.9
0.01 4.45 3.95
0.02 4.2 3.6

0.03 4.1 34
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Figure 10: Energy gap for forbidden indirect transition (ahv)'”® of samples.

Extinction coefficient (K) can be calculated according to eq (7) [25].
k = al/4n (7)

The behavior of extinction coefficient (K) as a wavelength of samples is illustrated in Figure (11).
(K) value was decreased with increasing the wavenumber slightly increased at the visible and the near
IR region [35], which is why the extinction coefficient increased with the increase of the wavelength
according to equation (6). The result of the absorption coefficient increased with the increasing the
SrO nanoparticles concentrations [16,36], where it can conclude from equation (6) that the absorption
coefficient is directly correlated to (K).
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Figure 11: Coefficient of Extinction with the wavelengths for the samples.

The film's refractive index was estimated using equation (8) [37].

1+R 4R
+ _ K02]1/2 (8)

n= 1wt e

The dispersion curves related to refractive index n, (L) in the typical dispersion region (A =200- 1100
nm) are indicated in Figure (12) samples. Results illustrated a reduction in the values of (n) with the
increase in wavelength and reached an almost constant value at the very long wavelength value [38].
Also, it was found that (n) was increased with the increased concentration ratio of SrO nanoparticles.
The refractive index of (PVA-PVP) blends increased after embedding increasing SrO nanoparticles
could result from the structural modifications in the polymeric matrix [17,39].
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Figure 12: Refractive index with wavelength for samples

Conclusions

The applied method successfully prepared PVA-PEG/SrO nanocomposite with different content of
SrO. The contribution of SrO significantly improved the dielectric loss, dielectric constant, and
electrical conductivity. Increasing the loading ratio of SrO and the applied electrical field” frequency
enhances the electrical conductivity. The Absorbance at 200 nm increased from 0.51 to 2.51, and the
energy gap improved from 5.15 to 4.1 eV for allowed from 4.9 to 3.4 eV of forbidden transactions
after increasing the loading ratio of SrO NP. The absorption coefficient allows concluding the
electronic transitions’ nature when high absorption coefficient values (0. > 10%) cm™ at high energies
direct electronic transitions. The extinction coefficient also increased with the increase in wavelength.
It 1s identified that there is an increase in (n) with the rise in SrO NPs concentrations. These results
exhibited exiting nanocomposites promising for applications such as senses, solar cells, and elector-
optical devices.
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