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The theoretical and experimental studies for the structural and optical
properties of (PEO-CuO-In,03) and (PEO-NiO-In,03) nanocomposites and their
applications in photocatalysis and anti-bacterial have been investigated. The
theoretical calculations of structural, electronic and optical properties are carried
out by employing the DFT method at the Gaussian 09 program by employing the
hybrid functional three parameters Lee-Yang-Parr B3LYP level of density
functional theory DFT together with SDD basis sets .The calculations of
transition states and UV-VIS spectra of the studied structures are carried out by
employing the time dependent TD-DFT. The (PEO-CuO-In,03) and (PEO-NIO-
In,O3) nanocomposites have been prepared experimental by solution cast
method. The effect of In,O; nanoparticles concentrations on the structural and
the optical properties of (PEO-CuO) and (PEO-NiQO) nanocomposites have been
studied . The results showed good relax was obtained for the nanocomposites
from used DFT theoretical method. The theoretical calculated values of
geometrical parameters of the nanocomposites are in good agreement with
previous studies theoretical. The total energy is independent on the nanoparticles
in the nanocomposites, it depends only on the number of electrons in each
nanocomposite. the electronic properties included the (lonization potential
,Electron affinity, Chemical hardness ,Chemical softness, Electronegativity,
Total energy, energy gap, Electrophilicity and density of states) as well as
spectral properties, which included (IR and UV-Visible) The results showed that
increase the number of atoms of the nanocomposites had a direct effect on all the
properties of the studied structure. Where increase the number of atoms of the

nanocomposites leads to decrease the energy gap gradually and noteworthy. The



experimental results of optical properties for (PEO-CuO- In,053) and (PEO-NIiO-
In,03) nanocomposites showed that the absorbance, absorption coefficient,
extinction coefficient, refractive index, real, imaginary dielectric constants and
optical conductivity of (PEO-CuO-In,03) and (PEO-NiO-In,03) nanocomposites
were increased with an increase in 1In,O; nanoparticles (In,O; NPS)
concentrations. The transmittance and energy band gap were decreased with an
increase in In,O; nanoparticles (In,O3;NPS) concentrations. The (PEO-CuO-
In,03) and (PEO-NIiO-In,03) nanocomposites have high absorbance in the UV

region.

The results of photocatalysis applications for (PEO) polymer and
nanocomposites show that the absorbance of methylene orange dye decreased
with adding In,O3 nanoparticles concentrations and with an increase in the time
of the irradiation where the best photocatalytic activity for (PEO-CuO-1In,05) and
(PEO-NIiO-1n,03) nanocomposites was 90% and 87% respectively within 90
minutes at concentration 5.4%wt of In,0O3; nanoparticles. The photodegradation
percentages for nanocomposites increase with the increase the time of the
irradiation. The results show that the photocatalytic activity of nanocomposites
was increased with increase the concentration of 1In,O; NPs. The
photodegradation applications showed good degradation, high diffusion and

dispersion of nanoparticles.

The results of antibacterial applications for (PEO-CuO- In,0O3) and
(PEO-NiO-In,03) nanocomposites which tested against gram positive (Bacillus
cereus) and gram-negative (Salmonella) showed that the inhibition zone was

increased with increase the concentrations of In,O; nanoparticles (In,O; NPS).
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Chapter One Introduction and Fundamental Concepts

1.1 Introduction

Nanoscience and nanotechnology have gained a lot of attention in recent
years. Quantum dots and Nano crystals of metals, semiconductors, oxides, and
other materials, as well as one-dimensional nanostructures like nanotubes and
nanowires, are important Nano objects. These nanomaterials' synthesis,
characterization, and uses are all being studied in depth. Single molecule
electronics based on nanotubes and nanowires, Nano catalysis and biological
sensors employing Nano crystals or nanotubes are examples of novel
nanomaterial uses that are emerging. One-dimensional nanostructures of
materials have received great attention since the discovery of the carbon
nanotubes. Nanomedicine refers to the application of nanotechnology to improve
human health and well-being. The use of nanotechnology in various sectors of
therapeutics has revolutionized the field of medicine where nanoparticles of
dimensions ranging between 1-100 nm are designed and used for diagnostics,
therapeutics and as biomedical tools for research. With the use of these
instruments, it is now possible to deliver therapy at the molecular level, curing
the disease and assisting in the research of disease causation. Nanotechnology is
an essentially interdisciplinary field that has piqued the interest of scientists and
engineers in recent years. Nanomaterials can be found in nature and have been a
component of the environment since the formation of our planet roughly 4.5

billion years ago [1].

In order to manufacture and understand new forms of rubber, plastic,
adhesives, coatings and fibers, polymer science was invented in the world's
leading industrial laboratories. Soon after, polymer science came into contact
with academic life [2]. A polymer is a big molecule with hundreds or thousands

of atoms that is made up of one, two, or sometimes more tiny (monomers) kinds
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of the molecule linked together in a chain or network of structures [3]. One of the
most important means of developing new materials is polymer blending with a
combination of properties and excellent than the individual polymer components.
It's one of the more active methods for increasing amorphous content while
decreasing crystalline content. Polymer materials are often insulators that are
combined with conductive fillers to improve conductivity [4]. In the future years,
polymers will continue to expand. All polymer indicator growth is dependent on
the synthesis of new polymers, as well as their physical and chemical changes.
Improved manufacturing techniques will also result in lower-cost goods [5].
Polymer/nanocomposite materials are gaining popularity because they offer new
potential for designing flexible materials with improved optical, mechanical, and

electrical properties [6].

Polymers are made up of big organic molecules and small structural
components (monomers) that are joined together in a polymerization process.
Thousands of atoms are joined by covalent chemical bonds in each molecule.
Molecules in a polymer are attracted to one another by forces that vary
depending on the polymer type. Polymers are made up of large, coupled
molecules that are difficult to regulate, but which can be ordered into a linear

chain. Polymers have crystalline and non-crystalline areas in the solid state[7].

1.2 Nanocomposites

A nanocomposite is a multiphase solid material where one of the phases
has one, two or three dimensions of less than 100 nanometers (nm), or structures
having nano-scale repeat distances between the different phases that make up the
material. In the broadest sense this definition can include porous media, colloids,
gels and copolymers, but is more usually taken to mean the solid combination of
a bulk matrix and nanodimensional phase (s) differing in properties due to

2
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dissimilarities in structure and chemistry. The mechanical, electrical, thermal,
optical, electrochemical, catalytic properties of the nanocomposites will differ
distinctly from that of the component materials. Size limits for these effects have
been proposed, <5 nm for catalytic activity, <20 nm for making a hard magnetic
material soft, <50 nm for refractive index changes, and <100 nm for achieving
super paramagnetism, mechanical strengthening or restricting matrix dislocation

movement[8].

1.3 Polymer nanocomposites

Many academics have been interested in polymer nanocomposites in
recent years because of their ability to change mechanical, electrical, and optical
properties. This novel class of materials has benefited EM detectors, optical
integrated circuits, automobiles, drug delivery, sensors, injection molded
products, membranes, adhesives, coatings, fire-retardants, medical devices,
aircraft, packaging materials, consumer goods, and other applications. Several
metal oxide nanoparticles have been used as filler materials in various polymeric
systems to offer physio-chemical characteristics that are vastly different from
those of the virgin polymer [9]. These advanced nanocomposites have many
advantages such as low cost production and the possibility of device fabrication
on large scale and flexible substrates [10]. Developing nanocomposites could be
a solution to adjust the properties of individual nanomaterials appropriately like,
optical, electrical, thermal and mechanical properties [11]. In particular,
nanoparticles represent as advanced technological materials because of their
attractive electrical/electronic properties and high refractive index[12].
Nanocomposites of organic and inorganic materials can possess advantages of

both organic polymers (dielectric, ductility, flexibility) and inorganic materials
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(high thermal stability, rigidity, strength, high refractive index, hardness), thus

have many applications [13].

1.4 The Properties of the Used Materials

1.4.1 Poly Ethylene Oxide (PEO)

Polyethylene oxide polymer is a semi-crystalline and linear polymer [14]
with high molecular weight polymers that have the common structure:
[(OCH,CH,)n ]. In which (n) is the degree of polymerization, ranges from (2000
to over 100,000). With a molecular formula of [15]:

[C2n+2H4n+60n+2]

Polyethylene oxide is a nonionic homopolymer of ethylene oxide with a
high molecular weight ranging from (600,000 to 4,000,000) g/mol. Because of
its polar nature, it may create diverse composites in a variety of solvents. It's a
white to off-white powder that comes in a variety of grades, each with a different
viscosity profile of an aqueous isopropyl alcohol solution. It may contain a
suitable antioxidant. Figure (1.1) shows the chemical structure of PEQO's
repeating unit . Polyethylene oxide was chosen because it is non-toxic, abundant,

low-cost, and water-soluble, as well as being environmentally benign.

O
H nOH

Figure (1.1): Chemical structure of polyethylene oxide[16].
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Polyethylene oxide polymers are utilized in a wide range of applications and
are classified into two groups based on their molecular weight. Since 1930,
liquid and waxy polymers with molecular weights of (6000-8000) g/mol have
been commercially accessible and are frequently utilized in medicinal, cosmetic,
sizing, and humectant formulations. High polymers with molecular weights of
(100,000) g/mol and above are relatively new products that have been
commercialized in the last few years (1960). The unusual solubility and

thermoplastic properties of these materials influence their applications [16].

1.4.2 Copper Oxide Nanoparticles (CuONPs)

In the last few vyears, the synthesis of transition of metal oxide
nanostructures with different sizes and morphologies has attracted the great
attention of the researchers because of their potential applications in different
fields[17]. CuO has attracted much attention. CuO is a p-type semiconductor
material with small band gap energy about 1.2 eV at room temperature. It has
been shown that CuO can be used in high temperature superconductors, gas
sensor, magnetic storage media, catalysis and field emitters [18]. It is one of the
hardest materials due to high melting and boiling points. Unlike other MOSs
which crystallize in a cubic rock salt structure with possible rhombohedral
distortions, CuO has a lower-symmetry monoclinic cell [19]. Copper Oxide
Nanoparticles (CuONPs) have a high importance according to their ability to
effectively interact with light through dint of surface plasmon resonance (SPR).
CuONPs are now very involved in electrical, catalytic, optical antibacterial and
mechanical characterization because of their wide range of applications[20].
Figure (1.2) shows the crystal structure of Copper Oxide.
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Figure (1. 2):The crystal structure of copper oxide (CuO)[21].

1.4.3 Nickel Oxide Nanoparticles (NiO NPs)

Metal oxide semiconductors (MOS) structures are future availability for

electronic and optoelectronic applications. One of this structures is nickel oxide,
NiO is a p-type transparent semiconductor with a wide band gap of 3.6 - 4.0 eV
[22]. Nickel oxide is considered as the possibility applicants in the engineering
nano materials synthesis for multifunctional fields owing the good dispersion
capacity in the polymeric system. NiO is starting joint into the matrix of polymer
for improving the polymer nanocomposites with enhanced dielectric and
electrical characteristic[23]. With regard to its magnetic ordering, the bulk
crystal of NiO exhibits antiferromagnetism (AFM) with a relatively high Neel
temperature Ty ~523 K. Because of the volume effect, the quantum size effect,
the surface effect and the macroscopic quantum tunneling effect, NiO NPs are
expected to possess many improved properties as compared to those of the bulk
sized NiO particles. In recent years, NiO NPs have many applications in

catalysis, battery cathodes, gas sensors, electrochromic films, transparent
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conducting films and dye-sensitized photocathodes[24] figure (1.3) shows the

crystal structure of nickel oxide.

»H——» ~»
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Figure (1. 3):Shows the face centered cubic (fcc) crystal structure of nickel oxide (NiO)
[25].

1.4.4 Indium OxideNanoparticles ( In,OsNPs )

Indium oxide (In,O3) is an important n-type semiconductor with band
gap (= 3.6 eV). Single crystal In,O3 has cubic bixebyte structure (also called as
c-type rare-earth oxide structure) with lattice parameter of 10.117A° The
electronic properties of the material makes it suitable for various solid state
devices such as solar cells, sensors, electrocatalyst and nanoscale transistors
[26,27] etc. Transparent, conducting indium trioxide or tin-doped indium oxide
(ITO) has been exploited in various applications ranging from flat panel displays
and electrochemical windows to modern solar cells, because of its superior
optical and electrical properties. Thin transparent films prepared on this basis
have remarkably high transmittance in the visible region, high infrared
reflectance, and close to metallic electric conductivity [28]. Figure (1.4) shows
the crystal structure of Indium Oxide.
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@ Inatom
‘ O atom

Figure(1. 4): The crystal structure of indium oxide (In,O3) [29].
1-5 Literature Survey

Nanocomposites have a wide range of medical and industrial uses.
Electrical and optical properties, as well as their applicability to various

chemicals and nanoparticles, have been studied in the past.

Mohan et. al, [30] in (2007) studied the optical and electrical properties of
pure and doped PEO polymer electrolyte films. The optical absorption studies
were made in the wavelength range (200-600) nm on pure and NaFeF, doped
PEO film. They found that optical energy gap (both direct and indirect) showed a
decreasing trend with increasing dopant concentration. The direct band gaps for
undoped film was decreased from 4.54 eV to 3.63 eV and NalLaF, doped PEO
film was decreased from 3.74 eV to 3.54 eV while the indirect band gaps was
reduced from 4.43 eV to 3.38 eV for undoped film and from (3.52 eV to 3.26)
eV NaFeF, doped PEO film. The absorption edge was observed at 4.62 eV for
undoped while it ranged from 3.86 to 3.61 eV for NaFeF, doped films.

Kumar et. al, [31] in (2011) studied effects of complexation of NaCl salt
with polymer blend (PEO/PVP) electrolytes on ionic conductivity and optical
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energy band gaps. UV-Vis absorption spectra in wavelength region 200-800 nm,
were used to evaluate the optical properties like direct and indirect optical energy
band gaps. They found that the optical band gaps decreased with the increase of
(Na+) ion concentration. The optical band gaps (both direct and indirect)
decreases from 4.87 eV and 4.63 eV to 4.61 eV and 4.30 eV respectively.

Kesavan et. al, [32] in (2013) studied on poly(vinyl pyrrolidone) based
solid polymer blend electrolytes complexed with various lithium salts. The
complexation of the prepared simples was confirmed by Fourier transform
infrared analysis. They found that the SEM images of the
PEO/PVP/LIN[CF3;S0,]2 sample show the presence of a number of pores and
surface roughness of the sample. The maximum conductivity value was found to
be 1.08 x 10 (S.cm)™ for the film at room temperature. Ultra violetvisible
analysis reveals that the values of the band gap energies were changed with the
addition of various lithium salts. The direct and indirect band gap values
decreased from 4.35 eV and 4.32ev to 4.24 eV and 4.03 eV, respectively.

Abdullah et. al, [33] in (2015) examined the complexion formation in
PVA/PEO/CuCI, solid polymer electrolyte. The solid polymer electrolyte films
PVA/PEO/CuCl, were prepared by a solution casting method, and are
characterized by FTIR, UV-Vis spectroscopy. They found that the values of
optical band gap (direct and indirect) decreased from 5.26 eV and 3.71eV to 2.58
eV and 1.53 eV, respectively as the concentrations of CuCl, increases. This
indicates the creation of localized states in the band gap as a result of the
compositional disorder. The optical conductivity increases with increase CuCl,
concentration attributed to the reducing the crystalline phase which provide the

conducting pathways for the mobility of ions as well as polymer segments.



Chapter One Introduction and Fundamental Concepts

Ahmed Hashim et.al, [34] in (2017) studied prepared the polyvinyl
alcohol-starch-copper oxide nanocomposites for humidity sensors applications
at different temperatures and copper oxide nanoparticles concentration. The
electrical and optical properties of nanocomposites have been studied. Results
showed that the electrical conductivity increases with increasing of copper oxide
nanoparticles concentration. The optical studies showed that the absorbance
increase and energy band gap decreases with increase the copper oxide
nanoparticles concentration. The results of humidity sensors applications showed
that the electrical resistance of polyvinyl alcohol-starch-copper oxide

nanocomposites decreases with increase the humidity and temperatures.

Choudhary et. al, [35] in ( 2017) studied the morphological, structural,
dielectric and electrical properties of PEO-ZnO nanodielectric films. They found
that the scanning electron microscopy (SEM) images of these films show that the
morphology of pristine PEO aggregated spherulites changes into fluffy,
voluminous and highly porous with dispersion of ZnO nanoparticles into the
PEO matrix.

Abdelrazek et. al, [36] in (2018) studied the structural, optical,
morphological and thermal properties of PEO/PVP blend containing different
concentrations of biosynthesized Au nanoparticles. They found that the FTIR
studies confirmed the complexation between the polymer blend and Au
nanoparticals through the interaction between Au nanoparticals and the polar
groups of polymer blend. Absorption spectra for PEO/PVP/Au nanocomposites
showed the appearance of peaks in the visible region which is a characteristic for
Au NPs. The values of optical parameters for nanocomposite films were
enhanced due to Au NPs addition within the polymeric matrix. The optical
energy gap value decreases from 4.86 eV for pure PEO/PVP to 2.46 eV for

10
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sample 0.72 wt.%. Such a decrease may be attributed to the chemical bonding
formation between blend chains and Au NPs, which is responsible for the
localized states. The surface morphology changes from rough to smooth revealed
an increase for amorphous region within the polymeric matrix due to the

existence of Au NPs.

M. T. Ramesan etal, [37] in (2019) described the preparation,
characterization and electrical properties of polyindole (PIN) /phenothiazine
(PTZ) blend nanocomposite with different contents of nickel oxide (NiO)
nanoparticles. Ultraviolet—Visible spectroscopy and Fourier transform infrared
spectroscopic characterizations were carried out to investigate the extent of
chemical interactions between PIN/PTZ blend and NiO nanoparticles.
Morphological studies carried out using scanning electron microscopy and
transmission electron microscopy showed the formation of globular composite

particles with a size in 15-25 nm range.

M. M. Abutaliband A. Rajeh [38] in (2019) studied Zinc oxide
nanoparticles (ZnO NPs) had been synthesized via sol-gel and the silver
nanoparticles (Ag NPs) had been synthesized via chemical synthesis. A series of
polyacrylamide and polyethylene oxide (PAM/PEO) blend films doped with
ZnO NPs and various concentrations of Ag NPs were prepared by the solution
casting method. The FTIR spectra studies indicate the structural changes taking
place in the nanocomposites which confirmed the compatibility between ZnO/Ag
NPs and pure blend. The optical energy gap decreases by the addition of ZnO
and Ag nanoparticles. It has been viewed that the conductivity raised with
addition of the ZnO/Ag NPs due to an increase in the number of charges carrier.
The dielectric constant reduces with a raise in the frequency for the samples

prepared.

11
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M. O. Farea et.al, [39] in (2020) prepared films of polyethylene oxide and
sodium alginate polymer blend (50/50 wt%) embedded with different quantities
of Au nanoparticles with size 3-32 nm were made using the casting process. The
nanocomposite films were examined by FT-IR spectroscopy, UV/Vis
spectroscopy, and dielectric parameter measurements. From the Fourier
transform infrared spectra it seems that the intensity of the FT-IR bands
decreased which depicted the existence of the interaction between (PEO/SA)
virgin polymer and gold nanoparticles. The optical properties of the polymer
composite were examined by ultraviolet-visible techniques. In a direct transition
the optical energy gap of the prepared films is decreased from 4.73 to 2.92 eV
and in an indirect transition decreased from 2.95 to 1.50 eV. The dielectric and
electrical spectra of the obtained films were examined via dielectric broadband
spectroscopy. The electrical and dielectric measurements are appropriate for the
use of the polymer nanocomposite films in the fabrication of electroactive

materials.

Angham Haziml et.al, [40] in (2020) a theoretical study to investigate the
electronic structure and optimized geometry for pure PMMA and PMMA doped
with ZrO2, Al,O; and Pt nanoparticles for electronics devices. The studied
structures are initially relaxed by employing the hybrid functional three
parameter Lee—Yang—Parr B3LYP density functional theory at Gaussian 09
package of programs and Gaussian view 5.0.8 program. The PMMA is origin
molecule before adding nanoparticles, also this work includes calculations of the
electronic properties which contain total energy, energy of highest occupied
molecular orbital, energy of lowest unoccupied molecular orbital, energy gap,
ionization potential, electronic affinity, hardness, softness, electronegativity and
electrophilic index. The geometrical optimization of PMMA has been found in

12
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good agreement with the experimental data due to its relaxed geometrical
parameters. The electronic variables, such as, IE, EA, ¢, S, H and o are
computed by the orbital vertical (Koopmans theorem), the nanocomposites
studied need small energy to become cation due to ionization potential is smaller
than original PMMA, but the electronic affinity are larger than the original
PMMA. So, the hardness for nanocomposites was lowering values as compared
with PMMA, therefore all the new molecules are softer, and this reduces the
resistance of a species to lose electrons, and the total energy of the studied
PMMA was decreased with added nanoparticles to the pure PMMA, total energy
is a reflection of, binding energy of each sheet. The results showed that the
nanoparticles added to PMMA reduces the energy gap. All nanoparticles
constructed in this work have energy gap lower than that of original PMMA and
the (PMMA-ZrO,—Pt) nanocomposites have the lowest value of energy gap.
These results refer to construct new structures with new electronic properties to

use it for modern electronics fields.

Aseel Hadi et.al , [41] in (2020) investigated Fabrication of polyvinyl
alcohol (PVA)—polyethylene oxide (PEO) blend doped with tin dioxide (SnO5,)
nanocomposites has been investigated for flexible electrical and optical
applications. The prepared nanocomposites have low cost, lightweight, flexible,
high corrosion resistance, good optical and electrical properties. These properties
of fabricated nanocomposites make it useful for different optoelectronics
applications such as: sensors, solar cells, transistors, diodes, capacitors, energy
storage etc. The structural, optical and electrical properties of (PVA-PEO-SnO,)
nanocomposites have been studied. The experimental results of optical properties
for (PVA-PEO-SnO;) nanocomposites showed that the nanocomposites have
higher absorbance in UV region at wavelength range (200-280) nm. This

13
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behavior makes the nanocomposites may be used for optoelectronics
applications. The absorbance, absorption coefficient, extinction coefficient,
refractive index, real and imaginary dielectric constants and optical conductivity
of polymer blend are increased with the increase in SnO, nanoparticles
concentrations while the transmittance and energy band gap are decreased with
the increase in SnO, nanoparticles concentrations. The decrease in energy band

gap is useful for different optoelectronics devices industries.

Eman S. Mansora et.al, [42] in (2020) studied the endless introduction of
toxic dyes through industrialization has worsened the dyes pollution in the
environment. As a consequence, the need for the effective removal of such dyes
has become more crucial than before. Recently, polymeric membranes for dye
adsorption are gaining tremendous attention. In this context, they synthesized the
polyethylene oxide/polyaniline (PEO/PANI) composite membrane by a very
simple and cost effective approach for the first time. The removal of methyl
orange (MO) dye onto pure PEO and composite membrane was conducted
utilizing batch mode. The results proposed that the uptake efficiency of PEO
after hybridization with PANI is more than two times higher than that of the
unmodified PEO membrane under the same experimental conditions. The effect
of changing the adsorbent dose (1.5, 2, 2.5, 3 g/L), pH (3, 5, 6.5, 9, 11), and dye
concentration (2.5, 5, 7.5, 10 mg/L) on the adsorption performance of the
composite membrane was studied. The reusability studies proved that within 50
min of adsorption period the PEO/PANI composite membrane can retain 99%
removal percentage for 8 cycles. This indicates that the low cost composite
membrane has a good recyclability, which represents a crucial feature for the
sorption technique to remove dyes from wastewater streams. The results revealed

improved the dye rejection by 82.5% compared to that of the pure PEO film
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Dana S. Muhammed et.al, [43] in (2020) studied the structure and optical
properties of polyethylene oxide (PEO) doped with tin titanate (SnTiO3) nano-
filler by UV-Vis spectroscopy as non-destructive techniques. PEO-based
composed polymer electrolytes inserted with SnTiO; nano-particles (NPs) were
synthesized through the solution cast technique. The change from crystalline
phase to amorphous phase of the host polymer was established by the lowering
of the intensity and broadening of the crystalline peaks. The optical constants of
PEO/SnTiO3; nano-composite (NC), such as, refractive index (n), optical
absorption coefficient (o), dielectric loss (€; ), as well as dielectric constant (g;)
were determined for pure PEO and PEO/SnTiO; NC. From these findings, the
value of n of PEO altered from 2.13 to 2.47 upon the addition of 4 wt.%
SnTiO3NPs. The value of er also increased from 4.5 to 6.3, with addition of 4
wt.% SnTiO;. The fundamental optical absorption edge of the PEO shifted
toward lower photon energy upon the addition of the SnTiO; NPs, confirming a
decrement in the optical band gap energy of PEO. The band gap shifted from
4.78 eV t0 4.612 eV for PEO-doped with 4 wt.% SnTiOs.

Hind Ahmed and Ahmed Hashim [44] in (2021) studied the electronic
properties and optimized geometry for (PVA-PEO-SIC)(56Atom) by using DFT
at B3LYP level with bases set LanL2DZ for electronic, photonic and optic
applications. The electronic characteristic which contain total energy, cohesive
energy, HOMO, LUMO), ionization potential, energy gap, softness, electronic
affinity, hardness, electronegativity and electrophilicity. The spectroscopic
properties (IR and UV) for (PVA-PEO-SiIC)(56Atom)were investigated at the
same large level of theory. The results indicate to the PVA-PEO-SIC have
excellent optical and electronic properties with low energy band gap which make

it suitable for various optoelectronics applications.
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M.M. Abutalib and A. Rajeh,[45] in (2021) studied the sol-gel technique
was used to syntheses TiO, nanoparticles and different methods were used to
characterize the nanoparticles (Ag and TiO,) including UV-Vis spectroscopy
Also, new nanocomposites were prepared using the solution casting method. The
prepared films were characterized by different analytical methods. The
absorption peak of the silver nanoparticles shown by the UV-visible spectrum
was around 430 nm. Meanwhile, the degree of amorphicity of the Cs/PEO blend
was increased as a result of adding Ag and TiO, NPs. It was evident through the
FTIR spectroscopy that there was an interaction between the functional groups of
the polymer blend and the Ag/TiO, nanofiller It was also evident from the results
that the antibacterial activity of the pure Cs/PEO blend was increased as a result
of doping Ag/TiO, nanoparticles to the polymer blend. The activity index (%) of
the antibacterial activity at sample blend + (0.3%) Ag + (0.8%) TiO, of the E.
coli, S. aureus, C. Albicans, A. niger was 32, 45.8, 77.8, and 92 (%) respectively.
Thus, these results indicate the applicability and potential of the nanocomposites

for use in food packaging applications.

Al-Muntaser, A. A., et al, [46] in (2022) prepared nanocomposite films of
PVP/PEO containing of MoO; nanoplates by using a casting procedure. The
DFT/FT-IR results have established the miscibility and the interaction between
PVP and PEO polymers via hydrogen bonds. Also, FTIR studies showed a
coordination interaction between MoO; nanoplates and the C=0O group of PVP
and/or the C-O-C group of PEO of the PVP/PEO blend. The optical band gap
values of PNC films of PVP/PEO/MoO; decreased with increasing of MoO;
content. These observations illustrate the applicability and potential uses of these
PNC films as a nan dielectric material in ceramic capacitors and electrochemical

applications such as devices of energy storage and separators in batteries.
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1.6 Aim of the study

The principle aims of this work are:

1. Fabrication of new type for polymer nanocomposites.

2. Theoretical and experimental analysis of some physical properties such as
optical, electrical and structural properties of nanocomposites.

3. Application of the nanocomposites as antibacterial effect.

4. Application of the nanocomposites as photocatalytic.
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2.1 Introduction

The Schrodinger equation describes the movements of atomic and subatomic
systems, electrons and nuclei, and even macroscopic systems. The time-

dependent Schrbdinger equation is written as follows [47-49]:

2 TGRS TN X1 L G5 I (2-1)

Where H the Hamiltonian operator, ¥ the total wave function of the

molecular system, E the energy

The Hamiltonian operator in atomic units is expressed as
follows:

7 1N 2 M 1 o2 N M ZA
H = __Z'zlvi _ZA=1 2my VA T 4i=1 A=1T Z 1Z]>L
M ZaZp
ZA 1 ZB>A r ............................................................................................... (2'2)
Htotal = Telec. + Tnucl. + Vnucl. elec. + Velec. elec. + Vnucl. nucl.  sreeeeeeeeeee (2'3)

Where T, and T,, are the electrons' and nuclei's kinetic energy operators,
respectively. (7,.) the Coulomb attraction between nuclei and electrons, V. the
Coulomb repulsion between electrons, and (¥,,,) the Coulomb repulsion between

nuclei. The kinetic energy operators are denoted by the symbols:

~ h2
Te= - oo D et et bttt bttt en s (2-4)
~ h2
T,= — o A U ettt ettt ettt ettt et be bbb a sea e ernra (2-5)

VZ is The Laplacian operator of i electrons, where m, and M, are the electron

and nuclear mass, respectively, has the following form in Cartesian coordinates:
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I7nn = ZA<B ZAZB Re_AB ........................................................................... (2'7)
lhe = = ZAZiZa f= o (2-8)
D (2-9)

Where r;; = |, — 7| and Z, is the charge of nuclei A, r,; is the distance
between the nucleus and the electron, ryis the distance between the i electron and

the j electron, and R, is the distance between A nucleus and B nucleus. Except
for single-electron systems like hydrogen, the Schrodinger equation is known as
an equation that cannot be solved. As a result, certain mathematical
approximations are required to solve this equation, starting with the simplest of
these approximations, the Hartree-Fock approximation, which is based on the
central field principle. By integrating the repulsion component, the Coulombic
electron-electron repulsion is taken into consideration. This offers the repulsion's
average impact, but not the explicit repulsion interaction[50]. This is a variation
of calculation, which means that all of the estimated approximate energies are
equal to or larger than the exact energy. Hartrees (1 Hartree = 27.2116 eV) are
used to determine the energies. This approach has the benefit of breaking the
multi-electron Schrddinger equation down into many smaller one-electron
equations. Each one-electron equation is solved to produce a single-electron
wave function, which is the difference between an orbital and an energy, known
as an orbital energy. The orbital defines how one electron behaves in the
presence of all other electrons in the net field. The wave function must be

represented by some mathematical function, which is known accurately for only
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a few one-electron systems, which leads to the second approximation in HF
calculations. The n-particle issue is reduced to a series of one-particle eigenvalue

problems, known as the Hartree — Fock equations, using this method:

Where ¥; is the appropriate energy and is an aigen function of the operator,
commonly known as the Fock operator. For each electron, the Fock operator can

be written as:

~ Z .
fi=—>- D () (2-11)

Where Vyg(i) is the Hartree—Fock potential, which has two components, the
Coulomb operator],(j) and the exchange operator K,(j)r, and describes the
average repulsive potential experienced by each electron due to the other n-1

electrons:

Vigp (D) = XN (10G) = Ki()) e ssnssssssssen (2-12)

The primary drawback of this technique is that it ignores the electron-
electron effect, thus a variety of theories and methods have been created that
start with the Hartree—Fock method and then include the correlation of these
ways, resulting in the self-consistent field (SCF) method. When electronic
bonding (the influence of electrons among them) is added, the accuracy of
calculations improves, whether it's in the energy calculation or the calculation of
the spatial form. This technique is also considerably slower than molecular

mechanics methods, but it's significantly more precise [51].
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2.2 Density Functional Theory (DFT)

The computation of structural characteristics of condensed matter
systems and electronic properties of basic metals has shown to be quite
successful using DFT [52]. It has a number of advantages, including less
computational effort, less computer time, and, in some circumstances, greater
agreement with experimental results than other methods. DFT is based on the
idea that the energy of a molecule may be calculated using the electron density
rather than a wave function. The original theorem only applied to determining a
molecule's ground-state electrical energy [53]. DFT concentrates on the much
less complicated electron density. For a particular condition, the electron density
is defined as the number of electrons N per unit volume. It is only reliant on
three coordinates and is thus independent of the amount of electrons in the

system[54].

R TG Y. L (2-13)

The difference between the methods of density function theory is the
method of choosing the shape of function to calculate the energy of bonding and

exchange.

2.3 The Hybrid Functional

The hybrid exchange-correlation functionals are another class of
functionals that are extensively employed. Density function theory (DFT) and
Hartree—Fock theory are combined in (HF). B3LYP (Becke's three-parameter
exchange correlation functional with three parameters) and LYP are two of the
most common hybrid functionals (The Lee, Yang and Parr correlation
functional)[55].
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2.4 Basis Sets

A basis set is a collection of functions that characterize the geometry of an
atom's orbitals. Linear combinations of basis functions are used to construct
molecule orbitals and complete wave functions. A predetermined basis set is
used in most semi empirical techniques. A basis set must be supplied when
performing ab initio or density functional theory computations. Although a basis
set may be created from scratch, most computations are performed using pre-
existing basis sets. The type of computation used and the basis set used are the
two most important variables in influencing the precision of the findings. The
foundation set functions must be chosen in order to have a chemically usable
form. That is, the functions should have big amplitudes in areas where the
electron probability density (wave function) is likewise large, and small
amplitudes in areas where the probability density is small [56]. Several
approaches, such as the use of hydrogen similarity functions, which are based on
the Schrodinger equation for the hydrogen atom, or polynomial functions with
customizable coefficients, can be used to discover electron dispersion around the
nucleus. Additionally, we have Slater and Gauss functions (or Gaussian

functions).

2.4.1 Slater Type Orbitals (STOs)

Have a variety of appealing characteristics, the most of which are related to
how closely they mimic hydrogenic atomic orbitals. When the basis set functions
are STOs, there is no analytical solution for the generic four-index integral. A
typical (STO) is written as follows [51]:

DA L e L AN (- ) VO (2-13)
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Here n, is a principal quantum number and N is the normalization constant. & is a
constant related to the effective charge of the nucleus, i.e. the nuclear charge
being partly shielded by electrons. Y;,,is a spherical harmonic which describes
the angular part of the wave function. Slater type functions show a correct
behavior nears the nuclei at r — 0 with a discontinuous behavior. The exact
solution to the Schrddinger equation for the hydrogen atom is a Slater type
orbital, or STO, of the form exp(-&r) [57].

2.4.2 Gaussian Type Orbitals (GTOs)

In terms of Cartesian coordinates, GTOs may be expressed as
[58]:

XOTO = Naxloyly 212787 oo eeeee e eeeese e see s ene e (2-14)

The total I, L, and 1, defines the kind of orbitals and represents the orbital
exponent, which indicates how compact the orbitals are. The exponential
dependency is due to a (GTO) deficit with regard to Slater-Type Orbitals (STO).
GTOs have two major issues. The first issue is that GTO behaves incorrectly
near the nuclei at r —0; the second issue is that GTO falls off too quickly distant
from the nuclei when compared to STO. As a result, the tail of the wave function
in the GTO is poorly represented. According to a preliminary calculation, three
times as many GTOs as STOs are necessary to achieve the same degree of
precision. Many-center integrals like as Coulomb and HF-exchange terms are
difficult to compute using STOs, which is one of its drawbacks. As a result, it
isn't used in contemporary quantum codes that are based on wave functions. The
fact that the sum of two Gaussian functions is another Gaussian function is one
of the advantages of the Gaussian basis set. As a result, for the time being,

Coulomb and HF-exchange terms computations for Gaussian functions, an
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analytical solution is provided. Because of extremely efficient techniques exist
for analytically computing the many-center integrals, the GTO basis function in
HF and related approaches is popular. A contracted GTO basis set, in which
numerous basic Gaussian functions are combined to create a contracted Gaussian

function (CGF), is commonly used to enhance GTO basis sets [59].

The orbital expansion coefficients and M are the number of Gaussian primitives
utilized in a linear combination. Minimal basis sets, split valence sets,
polarization and diffuse functions, and other basis sets are utilized in Gaussian
[57-,59].

2.4.3 Minimal Basis Sets

The minimal basis set is the minimum number of basis functions y needed
to describe the ground states of the component atoms in a molecule. A common
name of minimal basis sets is STO-nG, the n (n=2 to 6) represents the number of
Gaussian primitive functions that comprise a single basis function. In these basis
sets, the same number of Gaussian primitives comprises core and valence
orbitals. Minimal basis sets typically give rough results that are insufficient for
research-quality publication, but are much cheaper than their larger counterparts.
The following are examples of commonly used minimal basis sets: STO-2G,
STO-3G, STO-6G [58,59].

2.4.4 Split-Valence Basis Sets

In terms of a split-valence basis set, the inner-shell atomic orbitals are
represented by one basis function, while the valence orbitals are represented by

two or more basis functions. Increasing the amount of basis set functions utilized
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per orbital is an easy way to enlarge the basis set. For each valence orbital, split-
valence basis sets use several basis functions with varying orbital exponents, but
only one for each core orbital. The valence double-zeta (VDZ) basis set, for
example, employs two basis set functions per valence orbital, whereas the
valence triple-zeta (VTZ) basis set uses three, and so on. While split valence
basis sets allow for changing atomic size, they cannot offer a balanced basis set

on their own [60].
2.4.5 Polarization and Diffuse Functions

Polarization functions, such as d-type and f-type functions for heavy atoms
and p-type and d-type functions for hydrogen and helium atoms, are functions
with greater angular momentum[50]. By enabling the orbital form to alter, the
flexibility of the basis set is increased (i.e., become polarized in one direction).
In systems involving hydrogen, such as hydrogen-bonding and proton transfers,
include polarization functions can be useful since they allow the s-orbital to
deviate from its normal spherical form. Because of polarization functions
generally result in more accurate calculated geometries and vibrational
frequencies[58,61], they are frequently employed. After the contraction scheme,
polarization functions are added in brackets, whereas diffuse functions are
marked by a ‘+'. The 6-31++G(d, p) basis set, for example, provides d-type
functions for all heavy atoms and p-type functions for hydrogen and helium. The
first ‘“+' denotes the inclusion of diffuse s-type and p-type functions on heavy
atoms, whereas the second ‘+' denotes the inclusion of diffuse s-type functions
on hydrogen. Dunning and coworkers' basis sets are another group that is
frequently utilized. The polarized valence (double/triple/...etc) zeta basis sets, cc-

pVXZ, are correlation-consistent polarized valence (double/triple/...etc) zeta
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basis sets, where X specifies the degree of splitting. These were created

particularly for use in electron correlation calculations [62,63].

2.5 Gaussian 09(G09) Program

One of the most well-known applications in computational physics of
chemistry is available in 32-bit and 64-bit versions for Windows and Linux
operating systems. The Gaussian 09 Revision- A.02 SMP suite of programs with
GUI (Graphical User Interface) named Gauss view, version 5.0.8, was used to
execute all of the computational computations (GV5 for short)[59]. Gaussian 03
Revision B.01 with Gauss view 3.07(GV3for short)[64]. The ‘09’ and ‘03’ refers
to the year 2009 and 2003, respectively, in which the software was published.
GO09 is the most recent version.G09 contains about 500,000 lines (very
approximate) of FORTRAN and C*™" code. Initiated by sir John Pople (shared
Nobel prize with Walter Kohn in 1998) in the late 1960, the first distributed

Gaussian package was labeled Gaussian 70[65].

2.6 Structural Properties

The arrangement of atoms in the molecules and more specifically the
electrons around the atom determine the energy level of that molecule. In fact,
the energy of a molecular system varies even with small changes in its structure.
This is why geometry is so important when performing calculations. The
objective of a geometry optimization is to find the point at which the energy is at
a minimum because this is where the molecule is most stable and most likely to

be found in nature. All molecules possess geometry, characterized by [56]:
1. Number and types of atoms

2. Number and types of bonds
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3. Relevant bond lengths 7: 0 < r < oo(in units of angstroms (A°)
4. Relevant bond angles 6: 0 < 8 < 180° (in units of degrees)

5. Relevant dihedral angles: —180° < ¢ < 180°(an angle between four

atoms, which signifies the 3-dimensional shape of the molecule).

Geometry optimization is a chemistry-physical computation that
determines a molecule's lowest energy or biggest relaxed conformation. The
method is an iterative procedure in which the molecular shape is slightly
altered at each stage and the molecule's energy is compared to the previous
cycle. The computer moves the molecule a bit, calculates the energy, moves it
a little more, and continues until the lowest energy is found. This is the

molecule’s lowest energy, as determined by the optimized shape[66,67].
2.7 Electronic Properties
The studied electronic features include:
2.7.1 Total Energy, lonization Potential and Electron Affinity

The total energy for a system is the sum of total kinetic and potential
energy, at the optimized structure that the total energy of the molecule must be at
the lowest value because the molecule is at the equilibrium point this means that
the resultant of the effective forces is zero. The ionization potential (IP) for a
molecule is the amount of energy required to remove an electron from an
isolated atom or molecule and expressed as the energy difference between the
positive charged energy E(, and the neutral Eg, according to the following

relation:
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The electron affinity (EA) of a molecule or atom is the energy difference
between the neutral energy and the negative charged energy when an electron is
added to the neutral atom to form a negative ion, and is expressed as the energy
difference between the neutral energy and the negative charged energy according

to the following relationship:

EA = E(n) - E(_) .......................................................................................... (2-17)

The orbital energies of the frontier orbitals are provided by: In molecular
orbital (MO) theory, within the limitation of Koopmans theorem, the orbital

energies of the frontier orbitals are given by [68]:

Where Epomo IS the energy of highest occupied molecular orbital, and

ELuwmo is the energy of lowest unoccupied molecular orbital.
2.7.2 HOMO, LUMO and Band Gap

These acronyms stand for the highest occupied molecular orbital
(HOMO), and the lowest unoccupied molecular orbital (LUMO). The HOMO is
the highest-energy molecular orbital inhabited by electrons. The LUMO is the
lowest-energy molecular orbital that is not filled by electrons. The HOMO and
LUMO play a significant role in regulating chemical reactivity and a molecule's
capacity to absorb light [53]. According to the Koopmans theorem, the band gap
is the energy difference between the highest occupied molecular orbital and the

lowest unoccupied molecular orbital [69].

Eg= B L UMO = EHOMO tte st eenteeeereeeneeeeeeaeenseeaes s eenseeass s sensenss s ern seenssnnssnnsees (2-20)
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The energy gap between HOMO and LUMO (border orbital gap) not only
determines how the molecule interacts with other species, but it also helps
describe the chemical reactivity and kinetic stability of the molecule. A molecule
with a small frontier orbital gap is highly polarizable and is often associated with
strong chemical reactivity and low kinetic stability, and is referred to as a soft

molecule
2.7.3 Dipole Moment

A molecule possesses a permanent electric dipole moment if its center of
positive charge does not coincide with its center of negative charge. The
permanent electric dipole moments are often present in neutral molecules for
neutral systems, the dipole moment is calculated from the atomic charges and the

lone-pairs as:

Xi = Ce ZA QA iA + 2Cea ZA p(S — pi)A D(A) ...................................... (2'21)

Wherei=x,y,z , C is speed of light, e is the electron charge, Qa is total
electron density, a° is Bohr radius, p(S-pi) is one-center S-pi electron density
matrix element, and D(A) is the one-center two-electron integral. The total
dipole moment is [70]:

X = Xy Xy Xy covemeeerimiessssseeesss e sss s s s s s (2-22)

2.7.4 Chemical Potential (k) and Electronegativity (y)

The electronic chemical potential is a key variation principle in density
functional theory, where the reactivity indicator is connected to how the
electronic energy E of a molecule varies when the number of electrons N and the
external potential vary. Parr et.al, demonstrated that there is an electronic

chemical potential for every system of nuclei and electrons, denoted as [71]:
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G LA oSO (2-23)

Where v is the potential due to nuclei.

The electronegativity (Pauling defines it as "the power of an atom in a molecule
to attract electrons to itself'") may thus be defined as the inverse of the electronic

chemical potential [72]:

OE

X=-K=— [5 N (2-24)

R. Mulliken defined electronegativity as the average of the ionization energy and

electron affinity as follows [73]:

(IP+EA)

X = N .7,

According to Koopmans’ theorem, it can be defined as the negative value for

average of the energy levels of the HOMO and LUMO[55,74]

X = = EHOMO LEIMO) ettt e (2-26)

2.7.5 Chemical Hardness (n) and Chemical Softness (S)

The chemical hardness (1) is a measurement of charge transfer resistance.
The density functional theory provides a theoretical definition of chemical
hardness as the second derivative of electronic energy with respect to the number

of electrons N, assuming a constant external potential V (r) [75]:

n = %[%]V - %[Z_ﬂv =2 %]V .......................................................... (2-27)

Finite difference approximation to chemical hardness gives,
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The energy gap between the hard and soft molecules is high for the hard
molecule and small for the soft molecule. Changes in the electron density of a
system are caused by the mixing of appropriate excited state wave functions with
the ground state wave function in quantum theory. The manifold of excited states
will have minimal excitation energies if the energy gap is small. Soft molecules
with narrow energy gaps are the result. Soft molecules are more reactive than
hard molecules because their electron density changes more easily than a hard

molecule’s [67].

The global chemical softness, S, is a property of molecules that measures the

extent of chemical reactivity. It is the inverse of the chemical hardness (1)[76].

1 [62N

S_Z_ oE2 ly

2.7.6 Electrophilicity (o)

Electrophilicity is defined as an index that evaluates the energy stability of

ON
= [a—K]V ................................................ (2-29)

a system after it receives an extra electronic charge from the environment [68].
On the other hand, it may be described as a measurement of energy loss as a

result of maximum electron flow between the donor and acceptor [75].

Where k chemical potential is associated with the negative of the
electronegativity.
2.8 The Optical Properties

In recent years, the search for optical properties has increased because of
their applications in integrated optics such as optical information, optical data

storage, and optical modulation. The study of optical absorption useful for
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clarification of the electronic structure and determine direct and indirect
transitions [77]. The addition of nanoparticles in polymer improves the optical,
electrical and mechanical properties of the materials. Metal oxides nanoparticles
with polymers studied as alternative materials for optical applications such as
micro optical elements and planar waveguide devices. The developments of
polymer nanocomposite structures due to their ease of processing and
production, light weight, good adhesion with reinforcing elements, resistance to
corrosive environment and in some cases ductile mechanical performance
[78,79].

2.8.1 Absorbance (Ag) and Transmittance (Ty)

Polymer optical characteristics research has a wide range of applications
in optical and electrical devices such as solar cells, fuel cells, solid state
batteries, and medical technology[80]. The absorption coefficient provides useful
information such as the optical energy band gap and the electrical band structure.
The following equation used to calculate the absorption coefficient (v) from the
optical absorption spectrum [81,82]:

o — 2_303%A0 ................................................................................................ (2-31)
Where, t is the sample thickness and A, is defined by log (lo/l+) where Iy and I+
are the incident intensity and transmitted intensity beams, respectively[80,81]

The direct and indirect transitions can be defined in view of the models proposed
by [83]:
= (e = T (2-32)

As shown in Figure (2.1)[84], v is the frequency, B, is a constant, h is

opt

Planck's constant, E;" is the energy band gap between the valence and
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conduction bands, and r can take the values 2, 3, 1/2, or 3/2 for transitions

designated as indirect allowed, indirect forbidden, direct allowed, and direct

forbidden, respectively. The charting of (ochv)llr
optical energy band gap values.

against hv is used to calculate

Conduction Band

Energy (E)

Wave Vector (K)

Figure.(2.1) :The transition process[85].

(a) allowed direct transition. (c) allowed indirect transition.

(b) forbidden direct transition. (d) forbidden indirect transition.

The reflectance (R,) has been determined from values of transmission (T,), and
absorbance (A,), using the relationship [86]:

2.8.2 Absorption Regions

The absorption regions can be classified into three regions[87]:

A) High absorption region : the magnitude of absorption coefficient () is larger
or equal to (10* cm™).
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B) Exponential region: the value of absorption coefficient ( o ) is equal to

(1em*<a<10* cm™).

C) Low absorption region: the absorption coefficient (o) is very small, it is
about (a<lcm™) as shown in Figure (2.4) which shows the absorption
regions.

E, E(ev)

Figure: (2.2 ). The absorption regions [87].

2.8.3 Refractive Index and Extinction Coefficient

The index of refraction of a material is the ratio of the velocity of the light
in vacuum to that in the specimen [88] :

<|O

o et eee e e e e e ettt et et e ee e eeeses e (2-34)

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

Where n* is complex refractive index, n is real part of refractive index and K is

imaginary part of refractive index (extinction coefficient).The energy loss of
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electromagnetic radiation through that medium is measured by the extinction

coefficient of a particular substance [84].

al
e —— (2-36)

A: wavelength of photon.

real part of refractive index(n) can be determined by [89]:

Y RO e (2-37)
1- Ro

Where Ry is the reflectance.

2.8.4 Dielectric Constant and Optical Conductivity

The real part of the dielectric constant shows how much it will slow down
the speed of light in the sample and the imaginary part of the dielectric constant
shows how a dielectric absorbs energy from an electric field due to dipole
motion. The real part and imaginary part of the dielectric constant have been
determined by[90]:

ET(E171E2) rvrrrrrrrssmmsssssssssssssssssssssssssssssssssssss s (2-38)
E1 = (112 = K2) sttt (2-39)
E2T(2NK ) et (2-40)
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2.9 Fourier Transform Infrared Radiation

Fourier Transform Infrared Radiation (FTIR) is a technique used to obtain
an infrared spectrum of absorption or emission of a solid, liquid or gas. An FTIR
spectrometer simultaneously collects high-spectral-resolution data over a wide
spectral range. This confers a significant advantage over a dispersive
spectrometer, which measures intensity over a narrow range of wavelengths at a
time. The term Fourier-transform infrared radiation originates from the fact that
a Fourier transform (a mathematical process) is required to convert the raw data

into the actual spectrum [87].

2. 10 Scanning Electron Microscope

Scanning electron microscope (SEM) is a type of electron microscope that
produces images of a sample by scanning the surface with a focused beam of
electrons. The electrons interact with atoms in the sample that contain
information about the sample's surface topography. The most common SEM
mode is detection of secondary electrons emitted by atoms excited by the
electron beam. The number of secondary electrons can be detected depending on

specimen topography[92].

2.11. Methylene Orange Dye

Methylene orange is common dye that are often used in industries like
textile, paper, rubber, plastics, leather, cosmetics, pharmaceutical and food
industries[93]. Presence of very low concentrations of these dyes in effluent is
important for the environmental toxicity. It can cause irritation to the
gastrointestinal tract with symptoms of nausea, vomiting, diarrhea and also
causes irritation to the skin when in contact with it. Methylene orange can be

used as an indicator in the titration of weak bases with strong acids Methylene
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orange can be used as an indicator in the titration of weak bases with strong acids
[94] .

0
N &
\ / \
N— N\ 0~Na"

Figure (2.3):Molecular Structure of Methylene Orange Dye [94].

Table(2. 1): Properties and Molecular Structure of Methylene orange [94].

Properties Methylene orange
Chemical Formula C14H14N3NaO3S
Molecular Weight (g/mol) 327.33
Molecular diameter (A°) 26,14 A.
Maximum Absorbs ion Wavelength (nm) 640
Type of Dye Anionic

2.17 Photocatalysis

Photocatalysis is described as the photoreaction acceleration process by
the presence of a catalyst. A catalyst is a material that makes a chemical reaction
more likely to happen by reducing the activation energy needed to start it. A
catalyst speeds up a chemical reaction and does not vary in itself or being
expended in the chemical reaction [95]. Chlorophyll in plants is a natural
photocatalyst. The difference between chlorophyll and an industrial catalyst is
that chlorophyll absorbs sunlight to convert water and carbon dioxide into
oxygen and glucose, but the industrial catalyst gives a very strong oxidizing
compound that breaks the bonds of toxic organic substances and bacteria when

exposed to sunlight or ordinary light and turns them into carbon dioxide and
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water. Most organic pollutants can be degraded by heterogeneous photocatalysis.
Semiconductor nanoparticles meet the requirements for good photocatalysts
because semiconductor materials have a small energy gap between the valence
band and the conduction band[96].The addition of polymeric materials to the
nanoparticles leads to the dispersion of the nanoparticles and preventing them
from sedimentation, and this leads to a reduction in electron-hole recombination,
thus increasing the photocatalytic efficiency of the nanoparticles [97]. For the
photocatalysis process to take place, the semiconductor material absorbs a
photon of energy from the direct sun's rays or from an ultraviolet source that is
equal or greater than to its band gap (hv > Eg), the electrons move from the
valence band to the conduction band, and the pairs of (electronsholes) are
generated[98].The electrons contribute to the reduction reactions by the
formation of superoxide radicals (O, *—), and the holes contribute to the
oxidation of organic compounds by the formation of hydroxyl radicals (OHe ).
These radicals will be attacked by the organic molecule, which is finally
oxidized to become H,0O, CO, and HCI. The processes of Photodegradation
include the following [99]:

1- Formation of excitons by absorption of photons by photocatalyst

nanocomposites.

nanocomposites + hvo h * + € vt (2-42)

Where the electrons (e— ) are generated in the conduction band and holes

(h™) are generated in the valence band.

2. Formation of superoxide anion (O, *—).

3. Formation of hydroxyl radicals (OHe ).
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HoO + h+> H*+ OH® oo e (2-44)

4. Neutralization of superoxide anion by protons and formation of Hyper oxide
radical (HO, °).

02—+ H+ HO2® ettt s e s s (2-45)
5. Formation of hydrogen peroxide (H,O,) and dismutation of oxygen.

2HO2® SH202 + 02 cooeeeeeee oot eeees s eee et seeses e s ses e neensseeeesenens (2-46)
H202+ e = 20H -+ OH® e e e (2-47)
6. Formation of degradation products.

R (Organic pollutant) + H,0, + OH*+ Oz *=— CO2 + H20 ....covvveerrrenn. (2-48)

The photo catalytic activity was evaluated by decomposition of methylene
orange dye (MO) because of the dye of methylene orange has less absorption

and proved to be a relatively strong and stable molecule under UV irradiation.

The degradation percentage (DP) of nanocomposites can be calculated by

the following equation [100]:
DP =[(A0—=A1)/A0 ]X 10090 oveirereeireiees et s esr e e s (2-49)

Where A, and A; are absorption before and after irradiation, respectively.
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3.1 Introduction

This chapter includes the stages of samples preparation for (PEO-CuO-
In,O3) and (PEO-NiO-1n,03) nanocomposites. The tests of the Samples and
measurement stages are: optical microscopic, FTIR, scanning electron
microscope (SEM), optical measurements, , antibacterial activity application
measurements and Photodegradation activity of films under UV irradiation

(135 W) application measurements.
3.2 The Materials Used in This Work

3.2.1 Polymer
The polymer is used in this work:
Poly(ethylene oxide) (PEO): it was obtained as powder form and could be
obtained from local markets with high purity (99.8%) and average molecular
weight (600000 g/ mol).
3.2.2 Metals Oxides Nanoparticles
1. Copper oxide nanoparticles (CuO): used as powder from US Research
Nanomaterials, Inc
2. Nickel oxide nanoparticles (NiO): used as powder from US Research
Nanomaterials, Inc
3. Indium Oxide (In,O3): it was obtained as powder from US Research
Nanomaterials, Inc
3.3 Preparation of (PEO-CuO-In,03) and (PEO-NiO-1n,03)
Nano-composites
The nanocomposites of (PEO-CuO-In,0O3) and (PEO-NiO-In,O3) are
prepared by dissolving (0.982 gm) of PEO with (0.018gm) of CuO for (PEO-
CuO) nanocomposites and (0.018gm) of NiO for (PEO-NiO) nanocomposites
in 40 ml of distilled water, by using magnetic stirrer to mix the polymer and

nanoparticles for 1 hour to obtain more homogeneous solution.
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The In,O3; nanoparticles that are added to (PEO-CuQ) and (PEO-NIiO)
nanocomposites with different concentrations are (1.8, 3.6 and 5.4) wt.% .
The casting method is used to prepare the samples of (PEO-CuO-In,05) and
(PEO-NiO-1In,053) nanocomposites in the template (petri dish has diameter 10
cm). The samples were prepared with thickness range (140) um, Table (3.1)

and Figure (3.1) shows experimental work.

Table (3.1): Weight percentages for nanocomposites (PEO-CuO-1n,03) and
(PEO-NIiO-In;03).

Weight of
PEO (gm) CuO (gm) NiO (gm) In,O; wt %
Sample

O 982 I 0.018 | 0.018

0964 | 00176 | 0.0176 1. 8
lgm
0.946 | 0.0173 0.0173 “
| 0.928 I 0.017 | 0.017 | 5.4 |

3.4 Measurements of Structural Properties for Nanocomposites
Measured structural properties include:

3.4.1 Microscopic Examination
The (PEO-CuO-In,03) and (PEO-NiO-In,03) nanocomposites samples

are examined by using the optical microscope (supplied from Olympus name
(Toup View) type (Nikon- 73346)) with magnification (x10) and (x40).
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PEO Powder

250C >}— 40 ml of distilled water

PEO liquid

v v
CuO NPs NiO NPs

v v
PEO-CuO PEO-NiIO

In,O3 NPs(1.8,3.6,5.4) >

v

By casting method ]
4

Theoretical procedure

In,O3) nanocomposites

{ (PEO-CUO-1n,05) and (PEO-NiO- ]
v

Input data by G View 0.5+G0.9

v |

DFT-method >| Measurements
Structural Properties Optical Properties
1
\ ]

1

Application of nanocomposites (PEO-CuO-1n,03) and (PEO-NiO-In,03)

v v

Photodegradation activity Antibacterial activity

Figure (3.1): Schematic of experimental work.
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3.4.2 Scanning Electron Microscope

The surface morphology of (PEO-CuO-In,O3) and (PEO-NiO-In,0,)
nanocomposites for pure , concentration (1.8wt.%) , (3.6wt.%) and (5.4wt.%)
are tested by using scanning electron microscope (Ziss, Sigma, German
origin) in Shahrood university of technology, Iran.

3.4.3 FTIR Spectrometer

FTIR spectra for (PEO-CuO-In,03) and (PEO-NiO-In,0,)
nanocomposites are recorded by FTIR (Bruker company, German origin,
type vertex-70) Fourier transform infrared spectrometer in wavenumber range
(500-4000) cm™.

3.5 Optical Properties Measurements for Nanocomposites

The optical properties of (PEO-CuO-In,O3) and (PEO-NiO-In,0,)
nanocomposites are measured by using the double beam spectrophotometer
(shimadzu, UV-1800°A) in wavelength (200-800) nm.

3.6 Photocatalytic Activity Application Measurements

In order to examine the photocatalytic activity of pure (PEO), (PEO-
CuO), (PEO-Cu0O-In,03), (PEO-NIiO) and (PEO-NiO-In,03) nanocomposites,
an amount of (100 mL) aqueous solution of methylene orange dye with
concentration (20 ppm) was placed in Pyrex glass. Different prepared samples
were placed in this solution with magnetic stirring. Then, the samples were
placed in an ultraviolet light exposure cabinet containing a magnetic stirrer to
confirm the homogeneity of the mixture in which they were illuminated with
(135W). The solution was kept in the dark under stirring for (90 min) to reach
the adsorption/desorption equilibrium. Samples of solution (10 mL) were
taken from the methylene orange solution every 15 min for (1.5 hours) and
centrifuged at (5000 rpm). MO dye solution has a maximum absorption at
about 460 nm. The absorbance was measured using the double beam
spectrophotometer (Shimadzu, UV-1800A), in wavelength (400-520) nm.
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3.7 Antibacterial Activity Application Measurements of

Nanocomposites

Antimicrobial activity of the (PEO-CuO-In,0O3) and (PEO-NiO-In,03)
nanocomposites tested samples are determined using a disc diffusion method.
The antibacterial activities are done by using gram positive organisms
(Bacillus cereus) and gram negative organisms (Salmonella). Bacteria
(Bacillus cereus and Salmonella coli) were cultured in Muller-Hinton
Medium. The disks of the (PEO-CuO-In,0O3)and(PEO-NiO-1n,05)
nanocomposites were placed over the media and incubated at 37°C for 24

hours. The inhibition zone diameter was measured.
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4.1 Introduction

This chapter presents the results and discusses of the structural,
electrical, and optical properties of (PEO-CuO-In,03) and (PEO-NiO-1n,05)
nanocomposites. The Beckes, three parameter exchange with Lee, Yang and
Parr correlation functional (B3LYP) density functional theory Stuttgart
Dresden triple zeta (SDD) basis sets is used to calculate the ground state
theoretically. The calculations for the excited states are done using the time-
dependent DFT(TD-SCF) techniques with the (B3LYP) functional and (SDD)
basis sets.

The implications and discussion of structural and optical measurements
for the recommended pure PEO and its nanocomposites are part of the
experimental phase. The effect of adding Indium Oxide nanoparticles (In,O3
NPS) to (PEO-CuO) and (PEO-NiO) nanocomposites on optical
characteristics is explored in this chapter, with a comparison of theoretical
and experimental results. Applications of antibacterial activity for polymers
and nanocomposites are also considered and photo-degradation of dyes

pollutants.

4.2 The Structural Properties of Pure PEO and Nanocomposites
Measured structural properties include:

4.2.1 Geometrical Properties

Number of physical and chemical characteristics are limited by the
geometry of a molecule under investigation. It is required to identify the
molecule's optimization, in which the relaxed structure of the molecules has
the least amount of energy. The recommended nanocomposites are first
developed using the Gauss View 5.0.8 software, and then relaxed using the
Gaussian 09 package of programs' three-parameter hybrid functional of Becke
(B3LYP) using density functional theory (DFT) and SDD basis set. The
relaxed structures of the pure (PEO), (PEO-CuO), (PEO-NIiO), (PEO-CuO-
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In,03) and (PEO-NiO-In,03) nanocomposites in the gas state, are shown in
Figures (4.1- 4.5).

PUTIRARTERTY

Figure (4.1): The relax structures of the pure (PEO) using DFT- B3LYP/ 6-31G basis
set.
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Figure (4.2): The relax structures of (PEO-CuQO) nanocomposites using
DFT B3LYP/SDD basis set.
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Figure (4.3): The relax structures of (PEO-NiO) nanocomposites using DFT-B3LYP/
SDD basis set.
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Figure (4.4): The relax structures of (PEO-CuO-1n,03) nanocomposites using
DFT B3LYP/SDD basis set.
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Figure (4.5): The relax structures of (PEO-NiO-1n,0O3) nanocomposites using DFT-
B3LYP/ SDD basis set.
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Table (4.1) shows the geometric parameters of the (PEO-CuO-1n,053)
and (PEO-NiO-In,O3) nanocomposites which included the bond length in
Angstrom and the bond angle in degrees It can be concluded that the DFT
method is effective for estimating the optimal structure of the studied
molecule, due to the DFT method which is characterized by its accuracy in
estimating the molecular properties of any compound. The calculated values
of the bonds in the present work are in good agreement with previous

theoretical studies

Table (4.1): B3LYP/ SDD-DFT calculations of bond length in Angstroms (A°) and
bond angle in degree of pure PEO and nanocomposites.

M Une @l el Present work [| The previous studies
‘ parameters ‘ ‘ |

(C—C) 1.537 1.49-1.501[101, 102] |
(C-0) 1.455 1.374-1.478[90,103]

(C—H) 1.098

(Ni-0) 1.00727

(Ni-In) 2.72686
(ich)  Josssrss [

(nco [ moes
_(Hco) T 110573 ] —
Angles ©o0 [ moss

deg ©cum [ soees [ ]
oncuiy) T onveoss [ o ]
it | 1008513
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4.2.2 Fourier Transform Infrared Radiation (FTIR) of

Nanocomposites

The chemical structure of PEO molecules may be established by
recognizing the linked bonds that appear in the FTIR transmission spectrum.
The formula 3N-6 was used to calculate the number of vibrational modes in
the spectrum, where N is the number of atoms in pure PEO and
nanocomposites, and 6 is the number of vibrational modes in the spectrum.
As the number of bonds in the molecule has grown, so has the number of

vibrational modes.

Figures (4.6-4.12) and Tables (4.2-4.4) show the theoretical and
experimental FTIR spectra of (PEO-CuO-In,0O3) and (PEO-NiO-1n,0,)
nanocomposites. The left region, which lies between (1500-4000) cm™, is
known as the diagnostic region, and the second region, which lies between
(400-1500) cm™, is known as the fingerprint region, which points out to the
functional group region. The left region, which is especially close to 4000cm™

is for the high energy bonds.

The use of FTIR spectroscopy to determine vibrational groups of pure
polymers and their interaction with produced nanoparticles has been proven
experimentally [106]. Pure PEO has a significant peak in the FTIR spectrum
about 2879.55 cm™, which is linked to asymmetric C-H stretching vibrations
of CH, groups. The bands at 1341 cm™ and 1278 cm™ were assigned to CH,
asymmetric bending and CH, symmetric twisting[107]. The peak about
1466.33 cm-1 was attributed to CH, scissoring mode of PEO. The strong band
about 1098.35 cm-1 for all samples of nanocomposites attributed to the OH
bending mode[108]. Stretching vibration of C-O at 960 cm™ is due to PEO
with CH, rocking asymmetric vibration [42], and C-O stretching is likewise
assigned to the band at 841.23 cm™ in PEO [109]. Because of incoming

radiation is absorbed by free electrons in nanoparticles, the strength of the
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peak increases as the concentration of nanoparticles increases. According to
FTIR investigations, introducing (NPs) results in the displacement of certain
bonds rather than the development of additional peaks [45]. Variations in the
spectrum of (PEO-CuQ) and (PEO-NiO) nanocomposites, including shifts in
certain bonds and changes in intensities, generate In,O;NPS interactions with
(PEO-CuO) and (PEO-NiO) nanocomposites were responsible for these
modifications. According to FTIR investigations, adding In,Os; NPS causes
the displacement of certain bonds rather than the creation of new peaks,
which is the nanocomposites' basic concept. The transmittance in the figures
reduces significantly as the amount of In,O3 NPS increases, indicating that the
density of nanocomposites has increased. When the theoretical value was
compared to the experimental value, there was more than an approximation
value for all samples with the previously described experimental findings.
This is a good lead. The spectra of pure polymers and the pure- Nanoparticle
combination have no differences. This demonstrates that the polymer and the

nanoparticles do not react chemically.
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Figure (4.6): Theoretically IR-spectra for pure (PEO).
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Figure (4.7): Theoretically IR-spectra for (PEO-CuO) nanocomposites .
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Figure (4.8): Theoretically IR-spectra for (PEO-NiO) nanocomposites .
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Figure( 4.9): Theoretically IR-spectra for (PEO-CuO-1n,03) nhanocomposites.
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Figure( 4.10): Theoretically IR-spectra for (PEO-NiO-1n,03) nanocomposites .
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Figure(4.11): FTIR spectra for (PEO-CuO-In,03) nanocomposites (experimentally)
A. for pure, B. for (PEO- CuO) NPS, C. for 1.8 wt% In,O3 nanoparticles, D. for
3.6 wt%In,03 nanoparticles and E. for 5.4 wt% In,O3 nanoparticles.
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Figure (4.12): FTIR spectra for (PEO-NiO-1n,03) nanocomposites (experimentally)
A. for pure, B. for (PEO- NiO) NPS, C. for 1.8 wt% In,O3 nanoparticles, D. for
3.6 wt%In,03 nanoparticles and E. for 5.4 wt% In,O3 nanoparticles
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Table (4. 2) : IR frequency with their assignment of (PEO-NiO-1n,03)
nanocomposites obtained by DFT using B3LYP/SDD basis set.

Typical
Vibrational mode Frequency vibrational
Type (cm™) frequency
(cm™)

Assignment

1l

Table(4. 3) : IR frequency with their assignment of (PEO-CuO-1n,03)
nanocomposites obtained by DFT using B3LYP/SDD basis set.

Typical
vibrational
frequency (cm™)

Vibrational mode Frequency

Assignment Type (em—1)
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Table (4.4): Experimental values for the wavenumber of the absorption peaks and the
corresponding bond[106- 109].

2878 | Asymmetry CH stretching of CH,
1341 CH, asymmetrlc bendlng
1097 OH bendmg

C-O0 stretchlng with some CH,
rocklng asymmetric vibration

C-O stretchmg in PEO

4.2.3 The Ultraviolet-Visible UV-Vis Spectra of Nanocomposites

The electrical structure of the molecule determines the Ultra Violet and
Visible spectra. Figures (4.13) - (4.17) show the UV-Vis spectra that
theoretically obtained by using Gaussian 09 program and Gaussian view 5.0.8
program and using density functional theory (DFT) at B3LYP level with 6-
31G basis sets and SDD basis sets. When comparing the experimental and
theoretical results, it can be seen that the spectrum in the experimental part is
in the Ultra Violet (UV) region of the spectrum, whereas the spectrum in the
theoretical part is within the Ultra Violet and Visible (UV-Vis) region of the
spectrum, because of the spectrum in the experimental part is calculated as a
function of concentration, whereas the spectrum in the theoretical part is
calculated for each concentration. Which will compute the highest
concentration at which the sample will be fully opaque and only visible in the
visible spectrum, as well as the lowest concentration in the Ultra Violet

spectrum. When the number of atoms that formation the nanocomposites
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Increases, it can be seen that the spectrum is far away from the visible area to
approach an infrared area .This is illustrated by Figure (4.15). We find in
Figures (4-14) and (4-15) that the absorbance of the nanocomposite (PEO-
NiO) is higher than that of the nanocomposite (PEO-CuQ), because the
absorbance of NiO nanoparticles is greater than that of CuO nanoparticles

When adding In,O3; nanoparticles, we find clear differences in the absorption
spectra due to the different absorption areas in which the nanoparticles

operate.

30

25
20 {\

15

£y

arbetarv unit

w

Intensity

10

Z J

0 100 200 300 400 500

Wavelength nm

Figure (4.13): Ultraviolet-Visible spectrum for pure (PEO) using B3LYP/SDD.
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Figure (4.14): Ultraviolet-Visible spectrum for (PEO-CuQ) nanocomposites using
B3LYP/SDD.
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Figure ( 4.15): Ultraviolet-Visible spectrum for (PEO-NiO) nanocomposites using
B3LYP/SDD.
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Figure (4.16): Ultraviolet-Visible spectrum for (PEO-1n,03) nanocomposites using
B3LYP/SDD
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Figure( 4.17): Ultraviolet-Visible spectrum for (PEO-CuO-1n,03) nanocomposites
using B3LYP/SDD.
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Figure (4.18): Ultraviolet-Visible spectrum for (PEO-NiO-1n,O3) nanocomposites
using B3LYP/SDD.

4.2.4 Optical Microscopic of (PEO-CuO-In,03) and (PEO-NIO-
In,O3) Nanocomposites

The spread of nanoparticles in a polymer mixture is examined using
nanocomposites microscopy. At magnification power (10x), Figures (4.19)
and (4.20) show the configurations of copper oxide, nickel oxide, respectively
with indium oxide nanoparticles in (PEO) polymer. At lower concentrations,
the nanoparticles consolidate in a cluster, as shown by the microscope photos.
When the concentration of In,O; nanoparticles in the (PEO) polymer is
increased, the nanoparticles form a network of routes within the polymer,
allowing charge carriers to move through. This is identical with the results of

researcher[116].
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Figure (4.19): Photomicrographs (x10) for (PEO-CuO-1n,03) nanocomposites:(A) for
pure (B) for 1.8 wt.% CuO nanoparticles (C) for 1.8 wt.% In,O3 nanoparticles (D) for

3.6 wt.% In,0O3 nanoparticles (E) for 5.4 wt.% In,O3 nanoparticles.
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Figure (4.20): Photomicrographs (x10) for (PEO-NiO-In,03) nanocomposites:(A) for
pure (B) for 1.8 wt.% NiO nanoparticles (C) for 1.8 wt.% In,O3 nanoparticles (D) for
3.6 wt.% In,O3 nanoparticles (E) for 5.4 wt.% In,O3 nanoparticles.
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4.2.5 Scanning Electron Microscope (SEM) of (PEO-CuO-
In,0O3) and (PEO-NiO-1n,03) nanocomposite

The SEM micrographs of the (PEO), (PEO-CuO), (PEO-CuO-In,0,),
(PEO- NiO) and (PEO-NIiO-In,03) nanocomposites with In,O3 concentration
(1.8,3.6,5.4) wt% at different magnification power are shown in Figures
(4.21-4.22), respectively to study the morphology of the nanocomposites and
arrangement of the nanoparticles at lower and higher concentrations of 1n,0;
nanoparticles. Figures below show that the SEM image of the polymer has
pores. These Figures show uniform distribution of nanoparticles in the (PEO).
Nanoparticles are aggregated as a clusters at lower concentrations. At high
concentrations of In,O; NPs, the nanoparticles form a network of pathways

within (PEO) and thus, the pore size of the sample will decrease.
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Figure (4.21): SEM images of (PEO-CuO- In,03) nanocomposites:(A) for pure (B)
for 1.8 wt.% CuO nanoparticles (C) for 1.8 wt.% In,O3 nanoparticles (D) for 3.6
wt.% In,O3 nanoparticles (E) for 5.4 wt.% In,O3 nanoparticles.
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Figure (4.22) :SEM images of (PEO-NiO- In,03) nanocomposites:(A) for pure (B)
for 1.8 wt.% NiO nanoparticles (C) for 1.8 wt.% In,O3 nanoparticles (D) for 3.6 wt.%
In,O3 nanoparticles (E) for 5.4 wt.% In,O3 nanoparticle
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4.3 Computed Energies of (PEO-CuO-In,0O3) and (PEO-NiO-

In,O3) Nanocomposites

Energy band gap was calculated using the equation (2-20). Band gap is
defined as the energy difference between the highest occupied molecular
orbital and the lowest unoccupied molecular orbital, according to the
Koopmans theorem. Table (4.5) shows the energy gap for (PEO-CuO-In,0,)
and (PEO-NiO-In,03) nanocomposites. Figures ( 4.23-4.25) depict the 3-D
distribution of HOMOs and LUMOs in the investigated nanocomposites. As
seen in this diagram, the shape of the nanocomposites has the same effect on
both the HOMO and LUMO distributions. Changing the form of
nanocomposites modifies the map of HOMO and LUMO distribution,
according to the linear combination of atomic orbitals-molecular orbital
LCAOs-MO.

Table (4.5): The values of energy gap in (eV) of the studied structures.

PEO-CuO-1n,0, PEO-NiO-1n,03
PIED) ) Al (85) Atoms (85) Atoms

EHOMO ELUMO Eq EHOMO ELUMO Eq EHOMO ELUMO Eq

eV) f eVl eVl e [ e [ evy] v | v | eV

-6.7995 | 1.2679 || 8.0674 || -4.4850 || -2.1327 || 2.3523 } -5.0972 | -2.0641 |} 3.0330

linked the metal oxides (CuO) and (NiO)led to reduce the energy gap
from (8.0674eV) for (PEO) (79Atoms) to (2.3523 eV) for (PEO-CuO-1n,0y)
(85Atoms) and (3.0330 eV) for (PEO-NiO-In,O3) (85Atoms). From the
results of the energy gap calculated decreases with increasing the number of
atoms theoretically. The calculated values of energies gaps in present work

are in a good agreement with previous theoretical studies[117-119].
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%' 0,000 0,000,000 0% 9,

Figure (4.23):The distribution of HOMO (A) and LUMO (B) for (PEO).
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Figure (4-24): The distribution of HOMO (A) and LUMO (B) for (PEO-CuO-
In,O3) contain (85 Atom) .
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B

Figure(4-25): The distribution of HOMO (A) and LUMO (B) for (PEO-Ni-I1n,03)
contain (85 Atom)
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The total ground state energy for each structures is approximately the
summation of the ground state energy for all atoms in the structures. The
calculated value of total energy depends on the number of electrons in the
structures. The pure PEO has the largest value of total energy, Et was
decreased with addition of nanoparticles to polymer. Table (4.6) shows the
decreasing of the total energy, this result is a reflection of the binding energy
of each structures and indicates that these structures have good relaxation, this
leads to be certain that the effect of adding (In,O3) NPS to pure PEO on the
total energy of the molecule was effective.

lonization energy (IE) and electron affinity (EA) can be expressed in
terms of the HOMO and LUMO energies, according to Koopman's theorem.
The amount of energy required to remove an electron from a molecule is
known as the ionization potential (IE). These values were computed in
electron Volts (eV). The ionization potential of pure PEO is greater than the
ionization energy of other nanocomposites, as shown in Table (4.6). This
means that pure PEO requires a lot of energy to form cation. This suggests
that nanocomposites have a high ability to donate electrons based on their
function order. With the addition of nanoparticles to pure PEO, the electron
affinity was enhanced. These findings suggest that the nanocomposite (PEO-
CuO-In,03) and (PEO-NiO-In,03) have a high ability to accepting an
electron.

Table (4.6) also shows that the pure PEO has a high electrochemical
hardness H and a low electronic softness S, but all nanocomposites have a low
electrochemical hardness H and a high electronic softness S. The decreasing
of hardness and increasing in softness is the main feature as a sign that the
band gap will be softer because of these are small excitation states from the
ground and lowering the resistance of the species to lose an electron. These
results correspond to the result of energy gap that indicate to the high activity
of the nanocomposites in reaction with interaction with the environment.
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The results of the electrophilic index in Table (4.6) gave us an idea about
the interest of the donor and acceptor to construct the molecular system. All
nanocomposites are more chemically reactive to interact with other species in
comparison with the original structure pure PEO, they have high values of
electrophilicity W than PEO. This indicates that the presence of nanoparticles
give the structure the ability to accept an electron from the surrounding
Species.

It is obvious from Table (4.6) that the nanocomposites have the highest
value of electronegativity than the pure PEO, the reason goes back to the

symmetrical distribution of the same type of atoms in the nanocomposites.

Table (4.6) shows the total dipole moment (in Debye) calculated using the
DFT-B3LYP/SDD basis set for pure PEO and nanocomposites. The results
demonstrated that adding the nanoparticles to pure PEO changed the
symmetric charge distribution, resulting in changes in PEQO's dipole moment.
This influence is determined by the addition of nanoparticles to the PEO
molecule and corresponds to each molecule symmetry point group.

The estimated average polarizability in Table (4.6) shows that all
nanocomposites have high polarizability values when compare with the PEO
molecule, implying that these molecules are more reactive in charge transfer
with the surrounding media. This may a result of the presence of
nanoparticles in the molecule [103]. We notice from the tables (4.5-4.6 )the
improvement and stability of the electronic properties of the nanocomposite
(PEO-Cu0-1In,053) more than the nanocomposite (PEO-NiO-In,03).
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Table (4.6) : The values of some electronic properties of the studied structure

[ oy [ GEO [ CECmO) ] e
| Total energy (a.u) | -1692.8063 | -2119.8614 -2093.4601 |
[ ionization potential ev) | 67995 J 44850 | 50072493 |

| Electronegativity (eV) | 2.7658 | 3.3088 | 3.5806
I Chemical hardness (eV) 4.0337 1.1761 1.5165

| Chemical softness (eV) | 0.1239 | 0.4251 | 0.3297 |

| Chemical potential (eV) -2.7658 | -3.3088 | -3.5806 |
I Electrophilicity  (eV) 0.9482 4.6544 4.2269

| Dipole moment (Debye) 1.6673 5 5244 8 3365
Polarizability  (a.u) | 289.470 473 49 432 914

4.4 Density of States

The strength of interactions may be investigated further by looking at
orbital interactions between nanocomposite atoms in terms of density of states
(DOS), as shown in Figures (4.26 - 4.28). Because of the DOS affects
numerous physical properties and hence plays a significant role in solid state
physics, being able to predict how the DOS will behave for various molecule
structure geometries is critical. The nanocomposite (PEO-CuO-In,03) has a
doublet state, whereas the others have a singlet state, as illustrated. The
degeneracies of vacant molecular orbitals are always greater than the
degeneracies of occupied molecular orbitals. DOS of the relax structures in
the figures indicating that (PEO-NiO-In,O3) nanocomposites s
semiconductors with energy gap is (3.0330eV) but the energy gap for (PEO-
CuO-1n,03) nanocomposites is (2.3523eV), it is therefore a fully connected
nanocomposite. The highest number of degenerate states in the conduction
and the valence bands is 8 for (PEO-CuO-In,03) and (PEO-NiO-In,03)
nanocomposites. The high density of states at a specific energy levels refers to
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that there are many states in the structure available for occupation. If there is

no states can be occupied at that energy level that refers to zero density of

states.
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Figure (4.26): The density of states of pure PEO.
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Figure (4.27): The density of states of (PEO-CuO-1n,03) hanocomposites
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Figure (4.28): The density of states of (PEO- NiO-In,O3) nanocomposites.

4.5 The Optical Properties of (PEO-CuO-1n,0,) and (PEO-NiO-
In,O3) Nanocomposites

The optical properties of (PEO-CuO-In,O;) and (PEO-NiO-In,05)

nanocomposites are including: the absorbance, transmittance, the absorption

coefficient, energy band gap, extinction coefficient, reflection index,

dielectric constants and optical conductivity.
45.1 The Absorbance of (PEO-CuO-In,0O3) and (PEO-NIO-

In,0O3) Nanocomposites

Figures (4.29-4.31) show the variation of absorbance for (PEO-CuO-
In,03) and (PEO-NIiO-1In,0O3) nanocomposites with wavelength of the incident
light experimental and theoretical, respectively. The figures show that the
absorption of all nanocomposites samples rises in the UV area due to the

excitation of electrons from the valance band to the conduction band. At these
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energies, the photons have sufficient energy to interact with atoms. When a
photon is absorbed, an electron transitions from a low to a high energy state.
In general, it has been observed that the absorbance decreases with increasing
wavelength for all nanocomposites samples . This physically means that an
incident photon will not be able to excite the electron or even transport it from
the valence band to the conduction band since the incident photon's energy is
less than the semiconductor's energy gap value [120]. In the visible and near
infrared regions, the absorbance of all samples of nanocomposites is generally
lowered . As the wavelength of the photon decreases, more photons enter the
substance because of increased absorption [121]. The absorbance of PEO rises
about 28.5% at (A= 200 nm) when the In,O3 NPs content reached (5.4
wt.%)for nanocomposite (PEO-CuO-In,O;). The absorbance of PEO
increases with increase in the NPs contents and due to increase the charges
carriers in the polymer matrix. This behavior is useful for optoelectronics,

photocatalysis and solar cells.
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Figure (4.29): Variation of absorbance for (PEO-CuO-In,03) nanocomposites with

wavelength.
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Figure (4.30): Variation of absorbance for (PEO-NiO-1n,03) nanocomposites with

wavelength.
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Figure (4.31): Absorbance as a function of wavelength (A). for PEO (B).for (PEO-
CuO-In,03 (C). for (PE-ONiO-In,03)nanocomposites(Theoretically).
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4.5.2 Transmittance of (PEO-CuO-In,03) and (PEO-NiO-1n,05)

Nanocomposites

Figures (4.32-4.34) display the variation of transmittance (T) for (PEO-
CuO-In,0O3) and (PEO-NiO-In,0O3) nanocomposites with the wavelength of
the incident light experimental and theoretical respectively. When the
wavelength is increased, the transmittance of all nanocomposites rises. The
transmittance decreases as the concentration of nanoparticles increases. This
iIs related to the accumulation of nanoparticles lead to increase in the number
of charge carriers[122]. The transmittance decreases about 58.7% at A=500
(nm) for nanocomposite (PEO-CuO-In,03), which may be useful for optical

applications.
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Figure (4.32): Transmittance spectra of (PEO-CuO-In,03) nanocomposites with
wavelength.
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Figure (4.33): Transmittance spectra (PEO-NiO-1n,03) nanocomposites with

wavelength.
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Figure (4.34): Transmittance as a function of wavelength (A). for PEO (B).for (PEO-
CuO-In,03) (C). for (PE-ONiO-1n,03)nanocomposites(Theoretically).
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4.5.3 Absorption Coefficient and Energy Band Gap of (PEO-
CuO-In,03) and (PEO-NiO-1n,03) Nanocomposites

Absorption coefficient (o) of nanocomposites is measured by using
equation (2.29). Figures (4.35-4.37) show the variation of the absorption
coefficient as a function of the photon energy of the incident light for (PEO-
CuO-In,03) and (PEO-NiO-1n,0O3) nanocomposites experimentally and
theoretically respectively. The absorption coefficient of produced
nanocomposites increases as the concentration of nanoparticles increase,
which is attributable to the increased number of charge -carriers in
nanocomposites, resulting in enhanced absorbance (A) and absorption
coefficient (o) for nanocomposites increased. When the concentration of
In,O; nanoparticles reached 5.4 wt% at a wavelength of 500 nm, the
absorption  coefficient of (PEO-CuO-In,O3) and (PEO-NiO-1n,0,)
nanocomposites increased, making them beneficial for optoelectronics,
photocatalysis, solar cells, and many other optical applications. The
absorption coefficient of all prepared nanocomposites increases with
increasing energy of the incident photon. This means that the electron
transition has high probability; i.e. the energy of the incident photon is
sufficient to interact with atoms. The absorption coefficient helps to know the
electron transition nature [123,124]. When the values of the absorption

1 the transition of

coefficient of material are usually minimal (a<10*) cm ~
electron is indirect. From the results, it’s found that the absorption coefficient
of (PEO-Cu0O-1In,05) and (PEO-NiO-1n,03) nanocomposites have values that
are less than (10* ) cm™ which means the transition of electrons is indirect

[16].
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Figure (4-35): Variation of absorption coefficient of (PEO-CuO-1n;03)
nanocomposites with photon energy.
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Figure (4-36): Variation of absorption coefficient of (PEO-NiO-1n,03)
nanocomposites with photon energy.
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Figure (4.37): Variation of absorption coefficient (o) (A). for PEO (B).for (PEO-
CuO-In,03) (C). for (PE-ONiO-In,0O3)nanocomposites (Theoretically).
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opt

The values of the optical energy band gap (E; ™) of nanocomposites are

measured by using equation (2.30). E, ® is calculated for all created

nanocomposites by drawing between (hv)Y?

as a function of (Eg), stretching a
straight curve line, and intersecting it with the x-axis, which produces the
energy gap value. Figures (4.38-4.40) illustrate the energy gaps for
permissible indirect transitions in (PEO-CuO-In,O3) and (PEO-NiO-In,03)
nanocomposites experimental and theoretical, respectively. Figures (4.41-
4.43) illustrate the energy gaps for forbidden indirect transitions in (PEO-
CuO-In,03) and (PEO-NiO-In,O3) nanocomposites experimental and
theoretical, respectively. The values in Tables (4.7-4.10) show that as the
concentrations of In,O3 nanoparticles increase, the values of permissible and
forbidden indirect energy gap of all produced nanocomposites decrease.
When the concentration of In,0O3 nanoparticles reached to 5.4% at A=500 nm,
the energy gap of (PEO-CuO- In,0Os3) and (PEO-NIO- In,O3) nanocomposites
decrease about 41.1% and 55.3% for allowed indirect transitions respectively
this makes the samples useful for optical devices and low cost electronics.
The creation of localized levels in the energy gap may explain the gradual
decrease in the values of the energy gap as the concentration of nanoparticles
increases [125]. The transition of electronics in this case occurs in two stages,
with one transition from the valence band to the local levels in the energy gap
and the second transition from the local levels to the conduction band when

the concentrations of In,O3 nanoparticles rise.
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Figure (4.38): Variation of (ahv)? for (PEO-CuO- In,03) nanocomposites with
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Table (4.7):The energy gaps for allowed indirect transitions of (PEO-CuO-1n,03)
Nanocomposites (experimentally).

Values for allowed
energy gap of the
indirect transition (eV)

(PEO) ‘ ‘
(PEO-Cu0)
Nanocomposites
(PEO-CuO-In,053)
Nanocomposites
(PEO-CuO-In,053)
Nanocomposites

(PEO-CUO-In,05) ‘

Concentrations of 1n,04

Samples NPS Wt.%

[ =
|
(=

Nanocomposites

il

Table (4.8):The energy gaps for allowed indirect transitions of (PEO-NiO-1n,03)

Nanocomposites (experimentally).

Values for allowed
energy gap of the
indirect transition (eV)

Concentrations of 1n,04

Samples NPS Wt.%

(PEO)

(PEO NiO)
Nanocomposﬂes

(PEO NiO- |n203)
Nanocomposnes

I (PEO-NiO-In,05)
Nanocomposites

(PEO NiO-1n,03)
Nanocomposnes
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Table (4.9): The energy gaps for forbidden indirect transitions of (PEO-CuO-1n,03)

nanocomposites (experimentally).

Values for forbidden
energy gap of indirect
transition (eV)

Concentrations of In,03

Samples NPS Wt.%

(PEO)

(PEO-NIO)
Nanocomposites
(PEO-NIiO-1In,03)
Nanocomposites
(PEO-NIiO-In,05)
Nanocomposites
(PEO-NiO-In,03)
Nanocomposites

[ =
[
[

]

]
=
oo

]

w
o

i

Table (4.10): The energy gaps for forbidden indirect transitions of (PEO-NiO-1n,03)

nanocomposites (experimentally)

: Values for forbidden
Concentrations of 1n,04 .
energy gap of indirect

NPs wt.% it
s wt.% transition (eV)

Nanocomposites
Nanocomposites
Nanocomposites
(PEO-NiO-In;05) EI'
Nanocomposites
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4.5.4 Extinction Coefficient of (PEO-CuO- In,03) and (PEO-
NiO- In,0O3) Nanocomposites

Extinction coefficient (k) is calculated using the equation (2-34). Figures
(4.44-4.46) show the variation of the extinction coefficient as a function of
wavelength (A) for (PEO-CuO-1n,03) and( PEO-NiO-In,03) nanocomposites,
respectively. The extinction coefficient of (PEO-CuO-1In,03) and (PEO-NiO-
In,03) nanocomposites increases with increasing wavelength of incident light
in the UV region, as shown in the figures. This is due to the strong absorption
of all synthesized nanocomposites in these regions. Furthermore, the
extinction coefficient of nanocomposites increases in the visible and near-
infrared regions, which could be explained by the fact that the absorption
coefficient of nanocomposites in the visible and near-infrared regions is
nearly constant. According to equation (2.34)[126], the extinction coefficient
is dependent on the wavelength. The extinction coefficient of (PEO-CuQ) and
(PEO-NiO) nanocomposites rises when the concentration of In,0;
nanoparticles rises, which is connected to the nanocomposites' enhanced

absorption coefficient[127].
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Figure (4.44): Variation of extinction coefficient for (PEO-CuO-1n,0;)
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(C). for (PE-ONiO-1n,03) nanocomposites (Theoretically).
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4.5.5 The Refractive Index of (PEO-CuO-1n,03) and (PEO-NiO-

In,O3) Nanocomposite

The refractive index is measured using equation (2.32). Figures (4.47-
4.49) show the refractive index of (PEO-CuO-In,O3) and (PEO-NiO-In,03)
nanocomposites as a function of wavelength experimental and theoretical,
respectively. The refractive index of all created nanocomposites increases as
the wavelength of incident light increases, as seen in the figures. Furthermore,
as the concentration of In,O3; nanoparticles increases, the refractive index of
nanocomposites decreases. This result can be explained by the high
absorbance of all nanocomposites samples, which reduces reflection and
transmission[128]. The values of refractive index of nanocomposites can be
useful in many optical applications. At visible and near-infrared regions, the

refractive index is approximately constant[129].
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In,O3)nanocomposites(Theoretically).
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4.5.6 The Real and Imaginary Parts of Dielectric Constant of
(PEO-CuO-1In,03) and (PEO-NiO-1n,03) Nanocomposite

The real and imaginary parts of dielectric constant were calculated by
using equations (2.37) and (2.38), respectively. Figures (4.50-4.52) display
the fluctuation of the real part of dielectric constant (€;) with the wavelength
for (PEO-CuO-In,03) and (PEO-NiO-In,03) nanocomposites experimental
and theoretical, respectively. The effect of In,O; nanoparticles on the
imaginary part of dielectric constant (&,) are shown in Figures (4.53-4.55) for
(PEO-CuO) and (PEO-NiO) nanocomposites respectively. The behavior of
the real part of the dielectric constant is similar to that of the refractive index
(n) because the value of extinction coefficient (k?) is very small compared
with refractive index (n?), while the imaginary part of the dielectric constant is
essentially In,O3 proportional with extinction coefficient (k) values [130]. As
demonstrated in Figures (4.50-4.52), increasing the concentrations of In,0;
nanoparticles lowers the real part of the dielectric constant of (PEO), (PEO-
Cu0O), and (PEO-NiO) nanocomposites, which is attributable to lower
incident photon scattering. The imaginary component of the dielectric
constant of nanocomposites increases as the concentration of In,0,
nanoparticles increases, owing to the higher absorption coefficient of
nanocomposites. The real and imaginary parts of the dielectric constant of
nanocomposites increase with increasing wavelength of incident photon, as
shown in these figures. This is because the real part of the dielectric constant
is proportional to the refractive index, while the imaginary part is dependent

on the extinction coefficient.
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Figure (4.50): Variation of real part of dielectric constant for (PEO-CuO-1n;03)
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—+—PEO
7.E+00 - —=— PEO-NIO
1 —— 1.8 wt%

6.E+00 - 3.6 wt%

—#— 5.4 wt%

5.E+00 1

4 E+00

3.E+00 |

2 E+00 4

1_E+[}[}_..[.\

200 300 400 500 600 700 800

Wavelength(nm)

Figure (4.51): Variation of real part of dielectric constant for (PEO-NiO- In,03)
nanocomposites with wavelength.

101



Chapter Four Results and Discussion

8.00E401 - 8.00E+01 -
700401 - : 7.00E401 -
0.00E+01 - 6.00F+01 -
5.00E+01 - 5.00E+01 -
5 LO0E01 - = 400E+01 -
300401 - 3.00E+01 -
200E+01 - 2.00E+01 -
100401 - 1.00E+01 -
0.00E+00 ; : : 0.00E+00 : | | ! : | ‘
200 30 3% 40 50 750 950 1150 1350 1550 1750 1950

Wavelength (nm) Wavelength (nm)

9.46E+01 -

8.96E+01 -

8.46E+01 -

7.96E+01 -

7.46E+01 -

€1

6.96E+01 -

6.46E+01 -

5.96E+01 -

5.46E+01 T T T T T T 1
550 570 590 610 630 650 670 690

Wavelength (nm)

Figure (4.52): Real part of dielectric constant as a function of wavelength (A). for
PEO (B).for (PEO-CuO-1n,03) (C). for (PEO-NiO-In,03)
nanocomposites(Theoretically).

102



Chapter Four Results and Discussion

1.E-02

—+—Pure
—@— PEQ-CuQ
— 1.8 wt.%

3.6 wt. %
—#+—5.4 wt.%

1.E-02

8.E-03

6.E-03

4.E-03

2.E-03

0.E+00 = " T . —
200 300 400 500 600 700 800

Wavelength(nm)

Figure (4.53): Variation of imaginary part of dielectric constant for (PEO-CuO-

In,O3) nanoosites with wavelength.

1.E-02 1
1.E-02 - —e— PEO
] —m— PEO-NiD
] —a— 1.3 Wt.%
ca B.E-03 3.6 W%
L) i
6.E-03
4.E-03
2.E-03

DE+~D) ¥ T 7 T T 7717 T T T T 1 T T T T T T T T T T T T T T
200 300 AD0 200 G600 TO00 800

Wavelength({nm)

Figure (4.54): Variation of imaginary part of dielectric constant for (PEO-NiO-In,03)
nanocomposites with wavelength

103



Chapter Four Results and Discussion

4.00€-03 1.40E-02 -
B

3.50E03 120600
3.00E-03 L0000
L5003 -

8.00E-03 -
200803 - S

6.00E-03 -
1.508-03 -

4.00E-03 -
1.00E-03 -
2.00E-04 2.00E-03 -
0.00E+00 T | i \ 0.00E+00 T | T | \ !

50 3000 350 400 550 750 950 1150 1350 1550 1750 1950
Wavelength (nm) Wavelength (nm)

1.60E-02 -

1.40E-02 -

1.20E-02 -

1.00E-02 -

2

8.00E-03 -

6.00E-03 -

4.00E-03 -

2.00E-03 -

0.00E+00 T T T T ! ;
550 650 750 850 950 1050 1150

Wavelength (nm)

Figure (14.55): Imaginary dielectric constant as a function of wavelength (A). for PEO
(B).for (PEO-CuO-In,03) (C). for (PEO-NiO-In,03)nanocomposites(Theoretically).

104



Chapter Four Results and Discussion

4.5.7 The Optical Conductivity of (PEO-CuO-In,05) and (PEO-
NiO-1n,03) Nanocomposite

The optical response of a material is mostly investigated in terms of
optical conductivity, which can be determined using the equation (2.39).
Figures (4.56-4.58) show how the optical conductivity of (PEO-CuO-In,0,)
and (PEO-NiO-In,03) nanocomposites varies with wavelength experimental
and theoretical. The optical conductivity of all prepared nanocomposites
increases with increasing In,O; nanoparticle concentrations, a behavior
attributed to the formation of localized levels in the energy gap; increasing
In,O; nanoparticle concentrations causes an increase in the density of
localized levels in the energy gap, resulting in an increase in the absorption
coefficient, and thus increasing the optical conductivity of
nanocomposites[131]. The optical conductivity of nanocomposites decreases
as the wavelength of the incident photon increases, as the optical conductivity
of nanocomposites is largely dependent on the wavelength of the incident
photon. All prepared nanocomposites have strong optical conductivity in the
UV area; the rise in optical conductivity at low photon wavelengths is related
to the high absorption of all generated nanocomposites in that region,
resulting in an increase in charge transfer excitations. The samples are
transmittance in the visible and near infrared areas, according to the optical

conductivity spectrum[132,133].
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4.6 The Applications (PEO-CuO-In,03) and (PEO-NiO-In,05)
Nanocomposites

4.6.1 Application of Nanocomposites for Photocatalytic Activity

The photocatalytic activity of the produced samples for (PEO), (PEO-
Cu0), (PEO-CuO-In,05), (PEO-NIO) and (PEO-NiO-In,0O3) nanocomposites
was investigated using the photodegradation percentage of methylene orange
(MO) dye as a pollutant model, as indicated in section (2.16.2). The
absorbance of MO dye is used to determine how quickly it degrades. Figures
(4.59-4-68) shows the photodegradation of MO dye in (PEO), (PEO-CuO),
(PEO-CuO-In,03), (PEO-NIiO), and (PEO-NiO-In,0O3) nanocomposites at
wavelengths ranging from 400 to 520 nm. Figure below shows the variation
of absorbance for methyl orange dye with wavelength for different
concentrations of nanoparticles at times (0, 30, 60 and 90) min. The photo-
degradation of methyl orange dye increases as the nanoparticles
concentrations and irradiation time increase where the best photocatalytic
activity for (PEO-CuO-In,0O3) and (PEO-NiO-In,03) nanocomposites was
90% and 87% respectively within 90 minutes at concentration 5.4%wt of
In,O3 nanoparticles. The absorbance of methyl orange dye as a function of
UV irradiation time at (A=460 nm) are shown in Figures (4.69-4.70). As seen
in the figure, the photodegradation of methyl orange dye increases with
increase in the irradiation period. Figures (4.71-4.72) shows the variation of
absorbance of methyl orange dye with nanoparticles concentrations for
different irradiation times at (A=460 nm). The photo-degradation ratio
increases when the irradiation time is extended; this is due to an increase of
electron—hole pairs and a decrease in the recombination of these pairs, which
leads to an increase in the decomposition percentages and thus an increase in
the photocatalytic activity[104]. Figures (4.73-4.74) show the image of
photodegradation performance sample. The sample of (PEO-CuO-In,03)
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nanocomposites with 5.4wt% concentration of In,O; nanoparticles are
considered as the optimized sample, show more absorbance decay than that of
the other samples. This result indicates that the presence of the photocatalyst
increased the efficiency of hydrogen peroxide decomposition, and

consequently the MO dye degradation.
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Figure (4.59): Photo-degradation performance of variation of absorbance spectra
of MO dye with wavelength (nm).
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Figure (4.60): Variation of absorbance spectra of MO dye solution for (PEO) with
wavelength (nm).
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Figure (4.61): Variation of absorbance spectra of MO dye solution for (PEO-CuO)
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Figure (4.63): Variation of absorbance spectra of MO dye solution for (PEO-CuO-
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Figure (4.64): Variation of absorbance spectra of MO dye solution for (PEO-CuO-
In,03) nanocomposites for 5.4 wt% concentration of In,O3 nanoparticles with
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Figure (4.65): Variation of absorbance spectra of MO dye solution for (PEO-NiO)

nanocomposite with wavelength (nm).
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Figure (4.66): Variation of absorbance spectra of MO dye solution for (PEO-NiO-
In,03) nanocomposites for 1.8wt% concentration of In,O3 nanoparticles with

wavelength (nm).
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Figure (4.67): Variation of absorbance spectra of MO dye solution for (PEO-NiO-
In,03) nanocomposites for 3.6 wt% concentration of In,O3; nanoparticles with

wavelength (nm).
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Figure (4.68): Variation of absorbance spectra of MO dye solution for (PEO-NiO-
In,03) nanocomposites for 5.4 wt% concentration of In,Osnanoparticles with
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Figure (4. 69): Effect of UV-irradiation time on absorbance spectra of 1- MO dye 2-
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Figure (4. 70): Effect of UV-irradiation time on absorbance spectra of 1- MO dye 2-
(MO-PEO) 3-(MO-PEO-NIiO) 4-(MO-PEO-NiO-In,03)for 1.8wt%I1n,03 5-( MO-
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Figure (4. 71): Photodegradation performance for (PEO-CuO-1n,03) nanocomposites
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Figure (4. 72): Photodegradation performance for (PEO-NiO-1n,03) nanocomposites
against MO dye with no. of concentration 1- MO dye 2-PEO 3- PEO-NIO 4-
1.8wt%1n,03 5- 3.6 wt%In,03 6- 5.4wt%In,0;
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Figure(4.73):Image Photodegradation performance for sample:(A) for dye(MO) (B)
for MO-PEO (C) for MO-PEO-CuO (D) for MO-1.8 wt.% In,0O3 nanoparticles (E) for
MO-3.6 wt.% In,O3 nanoparticles (F)for MO- 5.4 wt.% In,O3 nanoparticles.
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Figure (4.74):Image Photodegradation performance for sample: (A) for MO-PEO-
NiO-(B) for MO-1.8 wt.% In,O3 nanoparticles (C) for MO-3.6 wt.% 1n,03
nanoparticles(D) for MO-5.4 wt.% In,O3 nanoparticles.

4.6.2 Application of (PEO-CuO-In,0O3) and (PEO-NiO-In,05)
nanocomposites for Antibacterial Activity

The antibacterial activity of the (PEO-CuO-In,03) and (PEO-NiO-1n,05)
nanocomposites samples tested against gram-negative (Salmonella) and gram-
positive (Bacillus cereus) and the obtained data are presented in Figures
(4.75-4.79). According to the statistics, the inhibition zone grows with the
increasing of concentrations of (In,O3; NPS). Although some technologies,
such as ionizing radiation, can make polymers antimicrobial, they can still be

contaminated by microorganisms while in use. Melt mixing of polymers with
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antibacterial chemicals is the best and easiest approach to create antibacterial
polymers[131].

The presence of reactive oxygen species (ROS) formed with varying
quantities of nanoparticles is the explanation for the bactericidal activity of
the (PEO-CuO-In,O3) and (PEO-NiO-In,03) nanocomposites[134]. The
antibacterial activity of nanocomposites could be due to a chemical
interaction between hydrogen peroxide and membrane proteins, or between
the chemical generated in the presence of nanocomposites and the outer
bilayer of bacteria. The hydrogen peroxide created destroys bacteria by
entering their cell membrane. Once the hydrogen peroxide is created, the
(PEO-Cu0O-1n,03) and (PEO-NiO-1n,03) nanocomposites continue to engage
with dead bacteria, foiling future bacterial action and continuing to
manufacture and release hydrogen peroxide into the medium[135].

Another mode of action is that the nanoparticles in nanocomposites
have positive charges, while the bacteria have negative charges, resulting in
an electromagnetic attraction between the nanoparticles and germs. The
bacteria are oxidized and perish as soon as the attraction is made[136].

The main mechanism that caused the antibacterial activity of
nanocomposites by the nanoparticles might be through oxidative stress caused
by ROS. ROS includes radicals like super oxide radicals (O ), 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 the (PEO-CuO-In,05) and (PEO-NIiO-
In,03) nanocomposites leading to the inhibition of most pathogenic bacteria
like Salmonella and Bacillus cereus[137,138].

The interaction of particles with the cell wall of bacteria decreases at low
concentrations of nanoparticles, while the aggregation probability of particles
increases at high concentrations of particles. As a result, the effective surface
to volume ratio of particles increases, and the resulting interaction between
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particles and the cell wall of bacteria decreases[139]. It is clearly evident from
the result that the antibacterial activity of the samples was notably stronger
against gram negative bacteria (Salmonella) than gram positive bacteria
(Bacillus cereus) on nanoparticles. This is due to the gram positive bacteria
possess a thick cell wall containing many layers of peptidoglycan. In contrast,
gram negative bacteria have a relatively thin cell wall consisting of a few
layers of peptidoglycan. Thus, a higher weight ratio of nanoparticles is
required to Kkill ( Bacillus cereus) compared (Salmonella). It can be concluded
that the PEO-In,O; nanocomposite blend that has been prepared is an
effective agent against gram positive and gram negative bacteria (which is our
case), taking into account that the In,O3; nanoparticles are uniformly dispersed
in the (PEO) polymer. These results are in agreement with[140,141]. We note
from the Table that the nanocomposite (PEO-NiO-In,053) is more inhibiting

for bacteria than the nanocomposite (PEO-CuO-In,03), especially for bacteria

of the type salmonella.

Figure (4.75):Image Antibacterial activity for (PEO-CuO-1n,03) and (PEO-NiO-
In,0O3) nanocomposite blend against (A) (B) ( Bacillus cereus (C) (D)(Salmonella)
Numbers (1-9) refers to (0,1.8,3.6,5.4) wt.% of In,O3 NPs.
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Table (4.11): Antibacterial activity of (PEO-CuO-1n,03) and (PEO-NiO-1n,03)
nanocomposite blend against pathogen.

Concentrations of | Bacillus cereus [| Salmonella
INn,O3 NPs wt.% bacteria bacterial

‘ Nanocomposites
(PEO-CU-1n;05) ‘ 3.6 ‘ 22 ‘ 24
Nanocomposites

(PEO-CU-lnzcg)
Nanocomposites
(PEO-NIO)
Nanocomposites
(PEO-NIiO-1n,05)
Nanocomposites
(PEO-NIiO-1n,05)
Nanocomposites
(PEO-NIiO-1n,05)
Nanocomposites
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Figure (4. 76): Antibacterial activity of (PEO-/CuO-In,03) hanocomposites against
gram positive organisms (Bacillus cereus).
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Figure (4.77): Antibacterial activity of (PEO-CuO-1n,03) hanocomposites against
gram negative organisms (Salmonella).
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Figure (4.78): Antibacterial activity of (PEO-NiO-1n,03) nanocomposites against
gram positive organisms (Bacillus cereus).
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CHAPTER FIVE Conclusions and Future Work

5.1 Conclusions

In our study, the following Conclusions were obtained:

1.

By using the B3LYP-DFT with a suitable SDD basis set, good relaxation
was obtained for the investigated substances. Experimental and other
theoretical research agree well with the predicted values of geometrical
parameters of nanocomposites.

Total ground state energy of nanocomposites is lower than that for pure
PEO so, the total energy of the produce nanocomposites was linearly
decrease with increase of the number of atoms added.

All nanocomposites show LUMO destabilization and HOMO stabilization,
and both changed significantly, suggesting that various structures play key
roles in electrical characteristics.

One of the most significant outcomes of this research is the reduction in
the energy gap in theoretical and experimental results. Because the
HOMO and LUMO levels become more adjacent, this announces that
these molecules are the closest to the semiconductor. These global
outcomes resulted in significant electronic applications.

All of the nanocomposites analyzed require very little energy to become
cations since the ionization potential decreases as the number of atoms
increases, but the electronic affinity increases.

High occupation molecular orbitals have a higher density of states than
lower unoccupied molecular orbitals. When these nanocomposites interact
with other molecules or species, this characteristic allows them to behave
as appropriate electronic applications.

The absorbance, absorption coefficient, extinction coefficient, refractive

index, real and imaginary dielectric constants and optical conductivity of
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(PEO-CuO-1n,05) and (PEO-NiO-In,03) nanocomposites increase with an
increase in In,O3; NPS concentrations. The transmittance decrease with
increase of the In,O;NPS concentrations. The (PEO-CuO-In,05) and
(PEO-NIiO-1n,03) nanocomposites experimental have high absorbance in
the UV-region and extends towards the visible area theoretical. From the
results of optical properties showed that the (PEO-CuO-In,03) and (PEO-
NiO-In,03) nanocomposites can be used photocatalytic and an
antibacterial applications.

8. The absorbance of methylene orange dye solution for (PEO-CuO-1n,05,)
and (PEO-NiO-1n,03) nanocomposites decreases with increasing the
concentrations of In,O; nanoparticles. The absorbance of methylene
orange dye solution for (PEO-CuO-In,03) and (PEO-NiO-In,O3)
nanocomposites decreases with increasing the time of the irradiation. The
photodegradation percentage of MO dye increases with increasing the
time of the irradiation which leads to increase in the photocatalytic
reaction and reduced electron/hole recombination. The best photocatalytic
activity for (PEO-CuO-In,0O3) nanocomposite was 27% at concentration
5.4%wt of In,O3 nanoparticles.

9. The results of antibacterial application for (PEO-CuO-1n,03) and (PEO-
NiO-1In,03) nanocomposites showed that the inhibition zone for Bacillus
cereus and Salmonella increases with an increase concentrations of In,0O3

nanoparticles which may be used it for antibacterial with high activity.

5.2 Future Work
The suggestion work for future work can be summarize in the following:

1- Study of the effect of In,03 nanoparticles on the electrical and thermal
properties of (PEO-CuO) and (PEO-NiO) nanocomposites.
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2- Study of the mechanical properties of (PEO-CuO-In,O3) and (PEO-
NiO- In,03) nanocomposites.

3- Study the electronic and optical properties of PEO with other metal
oxides such as Fe,0s.

4- Study of the D.C electrical conductivity at different temperatures of
(PEO-CuO-1n,05) and (PEO-NIiO- In,03) nanocomposites.

5- Study of the humidity sensors application of (PEO-CuO-In,0;) and
(PEO-NIiO- In,0O3) nanocomposites.
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