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In this work, polymer nanocomposites films of (PEO-MnO2-SrTiO3) were manufactured using the casting

method with varying weight percentages of nanoparticles (MnO2-SrTiO3) are 1.7%, 3.4%, and 5.1%, respectively.
The morphological and optical properties of (PEO-MnO2-SrTiO3) films were investigated. The results exhibited
that by increasing the percentages of MnO2-SrTiO; the optical properties improved. The results showed that with
increasing concentration, the morphology on the surface of PEO-MnO»-SrTiO; appears homogeneous and more
cohesive. The absorption of PEO doped with MnO2-SrTiO3 was increased of 75% with wavelength equal to 380
nanometer and 76% with wavelength equal to 680 nanometer, by increasing the content of MnO>-SrTiO;
nanoparticles to reach of 5.1%. The transmittance decreased from 43% to 41%. Absorption coefficient increased
from 6453 cm! at Epn=4.41 electron volt to reach 8589 ¢cm™! for MnO»-SrTiO3 nanoparticles content equal to 5.1%.
The energy gap for the allowed indirect transitions decreased from 3.7 eV to reach 3.3 eV while content of the
nanoparticles increased to reach of 5.%. The energy gap of forbidden indirect transition decreased from 3.7 eV to
3.2 eV while the nanoparticles content of MnO»-SrTiO3 increased to reach of 5.1%. The optical factors were
enhanced with increasing the content of MnO2-SrTiO3 nanoparticles content. The optical conductivity increased
from 3.1 x 10'> S at the wavelength of 800 nanometer for pure PEO to 1.6 x 10" S-' when the addition of
nanoparticles equal to 5.1%. The obtained results indicated that the PEO-MnO»-SrTiO; films may be employed for
different optical and electronics applications.
Keywords: PEO, Energy Gap, Nanocomposites, MnO2, Optical Properties, SrTiO3, Absorbance.
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Introduction materials by  strengthening  polymers
semiconductors and magnetic nanoparticles
Nanocomposites received great interest both Nanomaterial's have high-precision dimensions, can bring
about significant improvements in electrical

academia and industry [1]. In practice, adding a small
percentage of nanoparticles to a polymer matrix
significantly improves its physical properties [2].
Nanocomposites consist of two parts, matrix and filler.
Conventional composites use glass fiber, or carbon
composites as fillers. Nanocomposites depend largely on
the properties of the filler (geometry, size, and type of
filler), the host matrix (crystallinity, polymer chemistry,
and natural thermoplastic), the degree of filler, and the
degree of dispersion and agglomeration [3].
Nanocomposites are used to create new polymeric
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mechanical properties, radiation resistance, and heat
resistance due to nanometer-sized dispersion of inorganic
fillers in the organic matrix [6]. Polyethylene oxide (PEO)
has a very high flexibility that makes it suitable awide
range of important physical and chemical applications
such as. Its water solubility, biocompatibility, and ability
to form complexes with different materials that make it
valuable in pharmaceutical, personal care, textiles and
paper industries [7]. Polyethylene oxide (PEO) is used in
electrochemical and biological applications, PEO
structures nanoparticles with nanocomposites show


mailto:ahmed_taay@yahoo.com

M.H. Abbas, Saif H. Hameed, Ahmed Hashim

providing thermal stability [8,9]. PEO is peculiarly
selected in this work. Due to its high refractive index, high
absorption and low optical energy gap, PEO is used as an
additive polymer in some nanocomposites [10-12]. Figure
1 shows the chemical structure of polyethylene oxide

(PEO).
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Fig.1. Chemical composition of polyethylene oxide
(PEO). [14]

Due to its high flexibility, excellent physical
properties and low cost, PEO is often used in clinical
applications. It has been recently discovered, that PEO
polymer has excellent properties such as relatively low
cost, mechanical flexibility and corrosion resistance
[14,15]. Strontium titanate SrTiO; (STO) is a semi electric
material with suitable optical energy ga. [16]. SrTiO; is a
diverse group of multifunctional perovskite oxides and is
often viewed as one of the way for varying combination
of a new devices. SrTiO; (STO) chip is widely used in the
growth of large numbers of cells. SrTiO; (STO) has a very
large dielectric constant used in electronic devices and
sensors [17,18]. Due to its outstanding biosensors, MnO,
(manganese dioxide) has received great research
development [19,20]. Due to its environmental safety and
low cost, it is a major material in supercapacitors [21,22].
Different methods are used to prepare MnO»/SrTiO;
nanocomposites in recent studies to improve the
electrochemical utilization of MnO, [23,24]. For recent
years, super capacitors based on MnO, as electro active
materials have received great attention [25]. MnO, is
scientifically attractive in various application fields such
as catalysts, ionic sieves, molecular sieves, artificial
oxidase, and adsorption of toxic metals, dry cell
components, electrochemical battery electrodes, and
inorganic dyes. In ceramics, the electrodes of super
capacitors are highly efficient metal oxide [26,27]. This
work aims to study the optical and microscopic properties
of PEO/MnO,-SrTiOs films when specific proportions of
MnO,-SrTiO3 are mixed into the PEO matrix.

I. Materials and Methods

PEO films were prepared with various contents of
(MnO,-SrTiO3) nanoparticles use the casting process.
Preparation of PEO/MnQ,-SrTiOs films was investigated
by dissolving 1 g of PEO into 40 ml from chloroform
using a special magnetic stirrer for two hours. MnO»-
SrTiO3 were added into PEO solution by concentrations
(1.7, 3.4, and 5.1) wt.%. The Measuring of optical
properties for (PEO-MnO,-SrTiO3) films was examined
by using spectrophotometer (Shimadzu, UV-1800 A) with
wavelength ranges between (300-800) nanometer. The
Determination of absorption coefficient (a) for
nanocomposites by using the well-known Beer—Lambert
relation [28].
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a=2303A4/t (1
Where A: is the absorbance of sample, t: the sample
thickness.
Optical properties such as refractive index (n) and
reflectivity were calculated using equations [29].

R=m—-1)2+k?/(n+ 1)%k?
Where:

)

n=(1+RY2)/(1-RY?) 3)
The allowed direct and indirect optical transitions for
the energy gap are calculated by Tauc's equation. [30]
ahv = By(hv — Eg°Pt)" 4)
where hv and E 4 are the photon energy and the energy gap.
Where the numbers 2, 3, 1/2, and 3/2 are taken for the
indirectly allowed, indirectly forbidden, directly allowed,
and directly forbidden electronic transitions respectively
[31]. The extinction coefficient (k) is measured by the
equation [32]
K = al/4n %)
The imaginary (&) and real (&;) parts of the dielectric
constant were measured, by the following equation [33].
g =n%—k? (6)
& = 2nk @)
The optical conductivity (d,p)can be defined by the
equation [34]:
®)

Oop = anc/4m

II. Results and Discussion

Fig. 2 shows the microscopic images of PEO-MnO,-
SrTiO3 nanocomposite films. From these images, we
notice the homogeneity of the mixture distribution of the
PEO polymer with the nanoparticles of MnO,-SrTiO3. At
low content of NPs, the NPs form a clusters inside the
polymer matrix. When the content of NPs increases the
NPs shaped a network paths within polymer
matrix[35,36].

Figures 3 and 4 show the variations in the absorption
and transmittance spectra of MnO»-SrTiO; doped PEO
with contents of (0-5.1) % with respect to the wavelength
of photon. The absorbance values increase while decrease
in the transmittance with the increase of nanoparticles and
this performance is due to the formation of charge transfer
complexes [37]. The absorption of PEO doped MnO»-
SrTiO; increases from 75% for wavelength equal to
380 nanometer to 76 percent for wavelength equal to
680 nanometer when the content of MnQO,-SrTiOs
nanoparticles increases from 0% to 5.1%. The films
includes high absorbance and low transmittance at low
wavelength due to the high energies at these spectra. The
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decreases of transmittance from 43% to 41%. Absorption
performance and transmittance spectra may be due to
increase the charges carriers numbers and reduce of
optical energy gap [38].

To know the shape of the electronic transition and
determine the value of the energy gap, the absorption
coefficient (o) was calculated. Fig 5 shows demeanor of
photon energy (Epn) with absorption coefficient(a) for
PEO-MnO,-SrTiOs films with NPs contents (0-5.1) %.

The increases of value of the absorption coefficient(a) for
PEO from 6453 cm™ to 8589 cm-!, at Eph = 4.41 electron
volt and MnO,-SrTiO3 content equal to 5.1 %, which
indicates the occurrence of indirect electronic transfer.
Due to the increased photon intensity, they lead to high a
value, which means that the required intensity is sufficient
for the electron movement from high to low, and the high
a values of PEO-MnO,-SrTiOs in the UV spectrum make
the films suitable for different optoelectronic fields [39].

Fig. 2. Microscopic images (x100) of the PEO-MnO2-SrTiO3 films: a- pure PEO b- 1.7 percent of MnO»-SrTiO3
c- for 3.4 percent of MnO,-SrTiO; d- 5.1 percent of MnO,-SrTiOs.
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Fig. 3. Absorbance behavior of PEO-MnO,-SrTiO;3 films with wavelength.
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Fig. 4. Transmittance behavior of PEO-MnO,-SrTiOs films with wavelength.
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Figures 6 and 7 illustrate the energy gaps (E,) to
forbidden indirect transitions, and allowed of PEO-MnO;-
SrTiO; films. The energy gap decreases from 3.7 eV to
3.3 eV, in the case of allowed indirect transitions. When
the content of MnO,-SrTiO; nanoparticles increases to
5.1 %, for PEO-MnO,-SrTi0s3, the energy gap decreases
from 3.7 eV to 3.2 eV. In the case of forbidden indirect
transitions,when the MnO,-SrTiO3 nanoparticles content
increases from 0% to S.lpercentthe energy gaps are
reduced due to the formation of multiple levels, which
causes electrons to move from the upper part of the
valence band to the lower part of the conduction band. The
likelihood of widespread transmission of cases is also
greatly reduced. Due to increased local levels, values Eg
decrease, and this decrease in Eg is associated with some
disadvantages creation in the matrix. Produced defects
create localized phases in example [40] leading to reduced
example when the proportion of MnO,-SrTiO; increases
in the medium.

The extinction coefficient is calculated using the
relationship (5). Fig.8 shows the relationship between
extinction coefficient of PEO-MnO,-SrTiO3; and the
wavelength. The extinction coefficient(k) increases with
increasing concentration of MnO,-SrTiO; nanoparticles
due to the scattering of photons and the increase in optical
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absorption in the nanocomposites. With increasing
wavelength, the extinction coefficient value of polymer
increases due to the direct proportionality between the
extinction coefficient value and the absorption coefficient
value [41]. The extinction coefficient value increases from
4x1073 to 1x107 at 800 nm wavelength with the increase
of MnO,-SrTiO3 NP content from 0% to 5.1%.

The index of refraction for PEO-MnQ,-SrTiOs films
explained in Fig.9. The n values increase from 1.81 to 2.59
at a wavelength of 800 nm as the content of MnO,-SrTiO3
nanoparticles increases from 0 % to 5.1%. These results
can be due to increase of density of the films [42,43].

The real and imaginary dielectric constant variations
with wavelength for PEO-MnO, SrTiOs films at different
contents of (0-5.1) wt.% are showed in Figures 10 and 11.
With increasing concentrations of MnO,-SrTiO;
nanoparticles, the real and imaginary parts of the dielectric
increase due to the motion and rotation of the dipoles. The
enhanced dielectric constant valuesare due to the
relatively high polarization of nonpolar bonds. Due to the
increase in refractive index and extinction coefficient, the
values of the real and imaginary parts increase with the
concentrations of nanoparticles [44].
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Fig. 5. Absorption coefficient of PEO-MnO,-SrTiO;3 performance of the films.
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Fig. 10. Behavior of real dielectric constant for PEO-MnO»-SrTiOs3 films with wavelength.
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The optical conductivity behavior with wavelength
for PEO-MnO; SrTiO:s films is demonstrated in Figure 12.
Due to the excitation of electrons, the absorption
coefficient rises as the photon energy increases, this leads
to an increase in the optical conductivity from 3.1x10'2 S
!'for the polymer PEO to 16x10'? S™! at wavelength 800 nm
when the ratio of nanoparticles equal to 5.1%. The reason
for the increase in optical conductivity is due to the
formation of new additional levels for the energy gap,
which leads to the transfer of the electron from the valence
band to the conduction band [45,46].

Conclusions

This study includes of (PEO-MnO;-SrTiO3)
nanocomposites fabrication using casting method. The
morphological and optical properties of (PEO-MnO;-
SrTi0s) films were studied. The results showed that the

PEO absorption is improved about 75% and 76% at
wavelength of 380 nm and 680 nm with increasing the
content of MnO»-SrTiO3; NPs to 5.1%. Absorption
coefficient increased from 6453 c¢cm to 8589 cm’! at
Epn=4.41 eV. The allowed energy gap was decreased from
3.7 eV to reach 3.3 eV. Extinction coefficient, refractive
index, and dielectric constant were enhanced with
increasing the content of MnO,-SrTiO3 NPs to 5.1%. The
optical conductivity increased from 3.1x102S! to
1.6 x 10" S at wavelength of 800 nm and 5.1% MnO,-
SrTiO; NPs. Final results showed that the PEO-MnO»-
SrTiOs films could be wused for optoelectronics
applications.
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M.X. A66ac, Caiid X. Xamin, Axmen Xammm

IHokpameHnHsi Ta KepyBaHHA MOP(]OJIOTiYHUMH i ONTHYHUMHM
BJIACTUBOCTSMHM TBEPAOTUIbHUX HAHOKOMIIO3UTIB PEO-MnO:—SrTiOs s
€JIEKTPOHHHUX 3aCTOCYBaHb

VYuisepcumem Basunony, Konedac ocgimu 3 wucmux Hayx, kageopa ¢isuxu, Basunon, Ipax, ahmed_taav@vahoo.com

VY po6oTi METOJIOM JUTTSI OTPUMAHO IUTIBKM HoONiMepHHX HaHOKOMHO3UTIB PEO-MnO->—SrTiOs 3 pizHEM
MacoBUM BMicTOM HaHouyacTHHOK (1,7 %, 3,4 % T1a 5,1 %). JlocaimkeHo ix MophoJIOoriuHi Ta ONTUYHI BIACTUBOCTI.
INokazano, mo 3i 30inpmeHHsM KoumeHTpamii MnO.—SrTiOs moBepxHS IIIBOK CTae OiLTBII OXHOPIAHOIO Ta
IIIJIGHOIO, @ ONTHYHI XapaKTEPUCTUKH CYTTEBO IOKPAIIyIOThCs. BCTaHOBIEHO 3pocTaHHS IMOTJIMHAHHS 10 75-76
% y BUAMMOMY Jiana3oHi CHEKTpa Ta 3MEHLIEHHs mpomyckaHHs 3 43 % 1o 41 % npu MakCHMalbHOMY BMiCTi
HaHO4acTHHOK. KoedimieHT mornmmHaHHs 301IbIIyeThes 10 8589 cM™!, Tomi sk mupuHa 3a00pOHEHOT 30HU LIS
JIO3BOJICHUX 1 3a00pOHEHHX HEMPSIMHUX MEPEXOMiB 3MCHIIYEThCs BiAmoBimHo 10 3,3 eB ta 3,2 eB. Onruuna
MIPOBiHICTB 3pocTae 3 3,1 x 10" ¢! gyt unctoro PEO no 1,6 x 10" ¢! npu BmicTi HaHO4acTHHOK 5,1 %. OtpumMaHi
pe3yNbTaTH CBi4aTh MPO MEPCIEeKTUBHICTH BUKOpHcTaHHA IUIBOK PEO-MnO»-SrTiOs B onTHuHHX Ta
CNIEKTPOHHUX MPUCTPOSIX.

Kurouosi ciioBa: PEO, Hanokommosut, MnO:, SrTiOs, onTHYHI BIaCTHBOCTI, ITHPUHA 3200pOHEHOT 30HH.
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