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Z Abstract S

The nanocomposites of ( PS/SIC/Sb,03 ) were prepared by casting method with

different concentrations of SiC and Sh,0O3 nanoparticles to study the structure, and
optical and electrical properties of nanocomposites for antibacterial application. The
structural properties studied include optical Microscope (OM)field emission,
Scanning electron microscope (FE-SEM), and Fourier transforms infrared (FT-IR).
The optical microscopy images showed that with increasing concentrations of
nanoparticles, network paths are formed inside the polymeric matrix that act as
charge carriers. And FE-SEM measurement results showed a good distribution and
homogeneous surface morphology. The results of FT-IR indicate a physical
interference between the polymer matrix and nanoparticles. While results of optical
properties for (PS/SiC/Sb,O3)nanocomposite showed that the absorbance,
absorption coefficient, extinction coefficient, refractive index, real and imaginary
dielectric constants, as well as optical conductivity increases with an increase in the
concentrations of SiC and Sb,O; nanoparticles, while the energy gap and
transmittance decrease with increasing concentrations of nanoparticles. The results
of electrical properties of nanocomposites showed that the dielectric constant and
dielectric loss increase with increasing concentrations of nanoparticles and decrease
with increasing frequency of applied electric field. While the A.C electrical
conductivity increases with increasing the frequency and weight concentrations of
(SiC/Sh,03) nanoparticles. The results of applications of (PS/SiC/Sh,0s)
nanocomposites against bacteria showed that the inhibition zone diameter increases

with increasing concentrations of nanoparticles
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Chapter One Introduction

1.1 Introduction

Nanotechnology is a fast evolving multidisciplinary technology that has risen in
popularity in a variety of domains in the last 10 years, including materials sciences,
mechanics, electronics, optics, medicine, and biotechnology Airspace and oil. Its
societal impact has been recognized as a crucial trigger. The prefix "Nano" is
derived from the Greek word for "dwarf". The term "Nano" refers to anything
incredibly tiny. A nanometer (nm) is one billionth of a meter and equals 10
angstroms. As example, a nanometer is 10° meter in length and 10000 times
smaller in diameter than the diameter of a human hair [1] Nanotechnology will
enable the improvement of innovative materials, laying the groundwork for the
creation and improvement of unique features and structures, resulting in greater
performance, lower maintenance costs, and enhanced usefulness|[2]
Nanotechnology applications have only grown in recent years, with materials
holding the most promise, followed by electronics and medical. The following are

some examples of probable nanotechnology uses[3]

-Miniature photovoltaic solar thin film cells for efficient energy generation in a

variety of applications such as cellphones and autos
-Barriers for thermal and optical application

-Structural and electronic nanocomposite polymers and thin protective

coverings.
-Semiconductors and microprocessors are faster, smaller and more powerful
- Ultra-light weight, high strength, precision formed materials

Nanotechnology is defined as the power, by operating at the molecular level atom

by atom to build wvast structures with essentially new functional
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properties. Nanotechnology is characterized as the production and control
of nanomaterials matter with extreme precision[4] Composite materials are
engineering materials that are the combination of at least two or more
components(mixed and bonded) with distinct boundaries between them Components
do not dissolve or merge completely into one another. Furthermore fillers and
reinforcements are a good solution in order to reinforce the different physical or/and
chemical properties and make these materials stronger together than would each
individual material. The combination of different materials allows for the creation
of a completely new composite material with a wide range of functional properties:
mechanical, chemical, electrical, magnetic, optical and many others. Composite
materials comprised metallic or non-metallic (polymer, ceramic, etc.) matrix and
reinforcement — fibers, powders etc. — that is specifically distributed in the matrix.
Depending on the used matrix materials exist three main sorts of composite materials
such as: MMCs (Metal Matrix Composites), CMCs (Ceramic Matrix
Composites)and PMCs (Polymeric Matrix Composites)[5] In recent years the bulk
of polymers were only used in the manufacturing of low-cost, low-functioning
goods[6] Polymer materials represent ~20%, by weight, of electrical and electronic
equipment by offering comprehensive properties that no other class of materials can
give however, the continued miniaturization of electronic device components is
coupled with the requirements of heat dissipation and fire safety, which requires
improved thermal conductivity and enhanced flame retardancy of polymer

materials[6]
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1.2Composite Materials

Composite materials are a system of materials consisting of a mixture
of two or more materials differing in the material's form or structure, and
the properties of a composite differ from those of a material[7] The
composite is made up of two main components: the matrix (basic material)
and the additives. The matrix encloses and forms the composite, and the
additives encircle and make the other components more cohesive in
"compact structure” forming. Additives are components added to polymers
which give them certain characteristics and improve basic characteristics.
These components can improve overall conductivity, reduce porosity,
increase friction, and improve some magnetic properties, and other
things[8]

1.3 Polymer Structure

The physical properties of polymer materials depend on the molecular weight and
the shape of it as well as on the molecular structure[9] a polymer consists of organic
molecules (macromolecules) of small repeating structural units (monomers)
connected to each other by a special process of polymerization, and each negative
polymer molecule consists of thousands of atoms connected by covalent chemical
bonds. Polymer molecules are attracted to each other by forces that depend on the

type of polymer[10]



Chapter One Introduction

1.4 Classification of Polymers

1.4.1Thermal Classification of Polymers

Polymers can be classified into two groups according to the effect of temperature

on them.

a. Thermoplastic Polymers: The effect of temperature on these polymers
affects their properties. As the temperature increases, the polymers be sticky
and flexible; polymers return to their solid state if the temperature decreases.
This is due to the thermoplastic polymer's molecules being held together by
Intermolecular powers are relatively weak (Van der Waals forces). These
molecules, including polystyrene, polyethylene, polypropylene, and polyvinyl
chloride, slip over each other when heated[11,12] as figure(1.1) shows the

atomic configuration of thermoplastic polymer

<

z ;ﬂo"o"
P g"&w}""(,
< 902 "’?'oo" p PPN
“,' < J(' - <
Oq(‘

Thermoplastic

Figure (1.1) shows the atomic configuration of thermoplastic polymer [12]

b. Thermoset Polymers: Thermoset is a class of polymer obtained from curing
or cross-linking of thermosetting resin or prepolymer using heat or radiation
energy in the presence of hardener or cross-linking agent along with an initiator

with or without the use of catalysts. The curing of prepolymers resulted in the
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formation of an infusible and insoluble high-molecular-weight solid mass with
a three-dimensional network structure through the cross-linking of
macromolecular chains. These polymers cannot be remitted or reshaped once
cured due to the formation of an irreversible chemical bond. Thermosets have
outstanding resistance toward heat, solvents, and mechanical deformations.
Also, these materials offer good strength and modulus, high dimensional

stability, and excellent stress cracking resistance [13]

Thermoset

|5 g

Figure (1.2) atomic configuration of thermosetting Polymers[13]

1.4.2Classification of Polymers According to Source

a. Natural polymer: Natural polymers by themselves are a class of polymers
which refer to polymers sourced from nature (plants or animals). They include
mainly carbohydrates and proteins which exist in plants and animals providing
mainly structural support. This refers to polymers that are derived through
extraction from their bulk form in nature, for example, cellulose or lignin
extracted from wood. This also includes polymers produced by biological

process such as bacteria synthesis or fermentation[14]
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b. Synthetic Polymers: Polymer made of simple chemical compounds that
constitutes the most important industrial polymers, including plastics,
synthetic leather, nylon materials and a number of other ¢ types. Synthetic
polymers provide some other properties such as mechanical and physical

properties and thermal stability[14,15]
1.4.3Classification of polymers according to homogeneity

Polymers are classified according to the homogeneity of the repeater
unit into.[16]

a. Homo polymers

If the building blocks of the polymer are of the same kind as in poly

therphethal ethylene.

b. Copolymers. When the building blocks of a polymer are more than one type,

as in the polymer (styrene — butadiene).

c. Composite Polymers: are polymers prepared by adding additives to a
homogeneous polymers matrix in order to improve or create new

properties[17,18]
1.5 Nanocomposites

Nanocomposites can be defined as substances that appear at least one dimension in
the nanometer range", and the size of the addition to the nano-miter, and the
interactions become highly significant and result in significant changes in the
properties of the final material. The nanocomposite consists of two parts, "filler and
matrix", a traditional material in addition to padding is a nanomaterial[19,20]

Nanocomposite materials have emerged as suitable alternatives to overcome
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limitations of micro composites and monolithic, while posing preparation challenges
related to the control of elemental composition and stoichiometry in the nanocluster
[21] Due to its expected remarkable thermal, optical, electrical, and antibacterial
capabilities, polymer-based nanocomposites have received a lot of attention.
Inorganic materials are favored because of their great thermal stability, good
electrical characteristics, and high refractive index. However, research has indicated
that inorganic nanoparticles cannot effectively serve a variety of industrial device

applications due to a number of limitations[22]
1.6 Polymer Nanocomposites

Polymer nanocomposites have been proposed or are being used for numerous
applications, ranging from car bumpers to advanced optoelectronic devices.
Understanding the impact of Nano fillers on the composite mechanical properties is
critical to the success of all of these applications. Consequently, a large number of
research groups are focused on developing a general framework for predicting, or at
least, understanding how the chemistry and morphology of the polymer matrix
synergizes with the surface chemistry, the size, and the shape of a nanoscale filler to
define mechanical properties. Within this general framework, the underlying
mechanisms lie at the intersection of chemistry, physics, materials science, and
continuum mechanics. Therefore, the researchers involved in this critical area of

science have an equally varied assortment of backgrounds and approaches[22,23]
1.7 Applications of Polymer Nanocomposites

Polymer nanocomposites have gotten a lot of attention in academia and industry over
the last few decades and they've become a key component in the development of

novel advanced materials for a variety of applications [24]
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-Cars (gasoline tanks, fenders, interior and exterior panels...etc)

- Construction (pull out the shape and panels)

- Electronics and electricity (printed circuits and electrical components).
- Food packaging (packaging, films)

- Cosmetics (controlled release of active ingredients)

- Dentistry (filling materials)
1.8 Polystyrene

Polystyrene (PS) is an amorphous polymer with bulky side groups General
properties of PS are hard, rigid, and transparent at room temperature and glass like
thermoplastic material which can be softened and distort under heat. It is soluble in
aromatic hydrocarbon solvents, cyclohexane and chlorinated hydrocarbons.
Polystyrene was first produced commercially in late 1930. Polystyrene made from
the aromatic monomer styrene as its basic unit. Polystyrene is one of the most widely
used kinds of plastics Polystyrene is commercially manufactured from styrene which
is prepared from benzene and ethylene under pressure and uses of Aluminum
Chloride as a catalyst[25] Polystyrene (PS) composites including nanocomposites
have gained wide applications in different branches of industry because of their low
cost, low density, chemical inertia, and low thermal conductivity. However, the
dielectric constant and thermal conductivity of PS is very low. In some applications
especially as electrical and electronic packaging materials, high thermal conductivity
IS needed to dissipate heat, and maintain operating temperature[26] Table (1.1)

properties of polystyrene (PS)
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Figure (1.3): Molecular formula of PS [26]

1.9 Silicon Carbide (SiC)

Silicon carbide (SiC) is a nonoxide semiconductor ceramic material with many
excellent properties, such as high thermal conductivity, passivity to reactions with
acids and melts, superb oxidation resistance, excellent thermal shock resistance, and
extremely high hardness, which make it widely used in microwave dielectrics and
the power energy storage materials.[23,24] but the SiC nanoparticles are very easy
to agglomerate which will influence the physicochemical properties of the
composites[6] Due to its peculiar characteristics, SiC technology experimented with
a high boost, attracting developments in new devices formulation. Besides its
consolidated utilization as a bulk material, SiC also starts to be experimented as a
filler in polymer matrices in the preparation of composite materials with the aim to
enhance or improve selected properties[27,28,29] Silicon carbide has good physical

properties as shown in (1-2) Table
1.10 Antimony Trioxide (Sh203)

Antimony trioxide (Sh20s) is a semiconducting material and possesses excellent
catalytic performance in photochemistry and superior chemical stability in flame
retardance So far much attention has been focused on the synthesis of Sb,0O3 films,
and the exploration of their novel properties By comparison, low-dimensional
Sh,0O3, such as nanoparticles, nanowires, nanotubes, and nanoribbons, can be

expected to exhibit special properties. It is well known that many of the properties

9
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of nano-scaled materials are shape-dependent therefore, controlled synthesis of
desired morphologies of nanomaterials is exceedingly important. Although much
effort has been invested in this direction, it is still a challenging task for the scientists
to controllably synthesize a predetermined material morphology in a facile
way[30,31] Antimony oxide (Sh,03) has wide applications as effective catalyst,
retardant, conductive materials, functional filler and optical materials. In addition,
Sb203 is very useful as conductive materials, high-efficiency flame-retardant

synergist in plastics, paints, adhesives and textile back coating[32,33]

1.11 Literature Review

Increased attention has been paid in recent years to research on polymer composites
in general and nanocomposites in particular, from the point of view of their potential
uses in mechanical, optical, electrical and thermal applications a brief summary of

recent developments in the abovementioned fields is given below

In(2013) T. Tsuruoka et al[34] studied the optical properties of PS/ Au
nanocomposite films. He found the absorption coefficient increases with increasing
of the filler wt % content. The forbidden energy gap decreases with increasing of the

wt % filler.

In(2014) X.Yan et al [35] prepared PS/magnetite(FesO4) polymer nanocomposites
(PNCs) are successfully synthesized by a solvent extraction method. Scanning
electron microscopy (SEM) reveals that the nanoparticles are well distributed in the
PS matrix with (5, 10, and 20)wt% without obvious agglomeration. Fourier
transform infrared spectroscopy (FTIR) analysis indicated that the PS/Fe3O4 PNCs
are synthesized with strong interaction between PS and (Fe;O,) nanoparticles.

10
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In (2015) Y. Kumari, et al [36] studied the structural and morphological properties
of PS/TiO, nanocomposites were investigated by optical microscopy(om), they
found that result of The Optical microscop (OM) revealed that TiO2 nanoparticles
were distributed in the PS film inhomogenously and the particles were agglomerated
Agglomeration becomes more intensified in the films with higher concentration of
TiO;.

In(2016) A. M. Nuruzatulifah et al [37] studied the synthesis and characterization
of polystyrene nanoparticles with covalently attached fluorescent dye.The
morphology and functional group identification was characterized using Scanning
Electron Microscope (SEM) and Fourier Transform Infra-red (FTIR), respectively.
As a result, SEM images showed that synthesized polystyrene particles were
spherical in shape. The size of polystyrene particle was ranging between 40 — 60 nm
and a slight growth of the particles size was observed after the encapsulation of dye

which ranges 60 - 70 nm.

In(2017) S. Bhavsar, et al [38] simple solution casting method was utilized to
synthesize aluminium oxide (Al,O3z)doped polystyrene (PS) polymer nanocomposite
films. As synthesized films were characterized using Fourier transform infrared
(FTIR)spectroscopy, and scanning electron microscopy (SEM).A new carbonyl
group appeared in the FTIR spectra and confirmed the charge transfer reaction
between filler and polymer matrix. SEM analysis indicates the agglomeration of

Al203 nanoparticles into PS matrix at higher concentration

In(2018) B. Demirbay and S. Ugur [39] studied the electrical and morphological
properties of nanocomposite films made up of polystyrene (PS) latex which have
different particle sizes and multi-walled carbon nanotubes (MWCNTS) were

reported. Increment in PS latex size lead to the increase in the conductivity one order

11
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of magnitude from 10 S for 382 nm latex systems to 10 S for 560 nm latex system.
The addition of MWCNTSs as a nanofiller into PS latex enhanced the conductivity
by 9 and 10 orders of magnitude, from 10-%°-10"33 S for the pure PS polymers to 10°
5-10* S at 20 wt% of MWCNTSs. SEM images also showed the improved MWCNT
dispersion, with the increase in latex particle size in consistent with these

experimental results

In(2019) S. S. Manhas, et al [40] studied the effect of the nanocomposite containing
polypyrrole and polystyrene synthesized by solution cast technique. The effect of
different (especially small) concentrations of polypyrrole on structural and optical
properties was studied. The results revels that properties can be tuned significantly
even with inclusion of small filler concentration in the polymer matrix.A drastic
decrease in the transmittance (up to 35%) has been observed even with small amount

of filler concentration (i.e. 3%)

In (2020) N.Narang and A.K.Tyagi [41] studied the Core-shell structured
nanoparticles of PS- ZnO were successfully synthesized in PS matrix by wet
chemical method and transparent thin films of these nano-hybrids were coated on
substrates by using spin coating technique. Structural and optical properties of all
the nanocomposites samples were investigated by XRD, FTIR and UV-Visible

spectroscopy.

In(2021) S. S. Bag, et al [42] studied The addition of nanoparticles such as silver
nanoparticles (AgNPs) into PS enhances its mechanical properties, gas barrier
properties, thermal stability, and so forth. This study reports the development of
PS/Ag nanocomposite using green synthesized Ag NPs and waste thermocol, the
green synthesized AgNPs were prepared in different concentrations and embedded

accordingly into the PS matrix. The morphology of PS/Ag NCs was studied using

12
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Field Emission Transmission Scanning Microscopy (FE-SEM) and Fourier
transform infrared spectroscopy (FTIR) was used to evaluate the prepared
nanocomposites' surface chemical bonding and surface composition. . These PS/Ag
NCs showed an antibacterial effect against Escherichia coli, a disease-causing gram-
negative bacteria commonly found in water. Among them, the PS/Ag NCs cup
encapsulating 10% AgNPs showed optimum tensile strength and bacteria
disinfection property. These nanocomposites have been utilized to prepare cups as a

model of water tank for water storage having disinfection properties.

In(2022) U. Kumar et al [43] studied the of effcet europium-doped barium titanate
particles were used as filler material and polystyrene was used as a matrix to
fabricate PS/Bal—3x/2EuxTiOs/nanocomposites with x = 0, 0.005, 0.015 and 0.025.
A solid-state reaction was used to synthesize filler particles and . The effects of
ultrasonic treatment were also studied in the formation of nanocomposite materials.
The quantitative and qualitative studies were conducted using X-ray diffraction
(XRD), Fourier transform infrared spectroscopy (FTIR), field emission scanning
electron microscopy (FE-SEM), and ultraviolet-visible(UV-Vis) characterization
techniques. The XRD data and FTIR data confirm the incorporation of filler particles
in the polymer matrix. FE-SEM data confirms that the particles are in the
nanophase.The optical band gap was directly affected by the filler particles and it

started to reduce as concentration started to increase.

13
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1.12 The Aims of Work

1- Preparation of (PS/SiC/ Sh,03) nanocomposites

2- Studying the structural, optical and electrical properties of (PS/SiC/Sh,0;)

nanocomposites

3- Test the antibacterial application of PS/SiC/Sb,0O3; nanocomposites

14
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Chapter Two Theoretical Part

2.1 Introduction

This chapter has a theoretical explanation (the theoretical part). It concentrates
on theories of optical characteristics, in particular absorption, polarization, and
electrical properties. The enhancement of optical and electrical characteristics
in particular has led to an increase in research into nanocomposites. Due to
their desirable electrical characteristics and high refractive index,

nanoparticles serve as sophisticated technological materials.

2.2 Optical Properties

The changes in electrons properties with size result in major changes in the optical
Properties of nano sized materials. As particles are rendered small enough, quantum
effects occur, limiting the energies at which electrons and holes can reside in the
particles, since energy is proportional to wavelength. This means that the particle's
optical properties can be fine-tuned depending on its size. Particles may thus be
made to emit or absorb particular wavelengths of light simply by changing their size
Knowing the absorption and transmission spectrum of a polymer helps to distinguish
certain optical characteristics of various wavelength ranges. A UV test allows us to
know the form of the links, the orbital beams and the energy beams. The analysis of
the spectrum range of visible applications provides ample information on solar
application activity. In order to know the overall structure of a polymer and its
chemical structure, the analysis of the infrared range is necessary[44,45]

2.2.1 Absorbance

Absorptance can be defined as the ratio between absorbed light intensity (1) by
material and the incident intensity of incident light (lo) and the absorbance is a unit-
free quantity. It is given by the following relationship[46]

A=1Allo (2.1)

16



Chapter Two Theoretical Part

2.2.2 Transmittance

It is defined as the ratio between the intensity of the radiation flowing through the
membrane (I1) and the original intensity of the radiation incident on it (o), which is

also a quantity devoid of units, and is given by the following relationship[47,48]
T=It/lo (2.2)
2.2.3 Fundamental Absorption Edge

The fundamental absorption edge is characterized as the rapid increase in absorption
if the energy radiation absorbed is almost equal to the energy gap in the bands. Thus,
the essential absorption edge represents the less energy difference between the top
and the bottom of the conduction bands [49] the regions of absorption can be divided

into three distinct regions
a) High absorption region.

figure (2.1) shows this area. The absorbent coefficient magnitude
() in section (A) is greater or equal to (10* cm?). This could include a

forbidden optical energy gap.
b) Exponential region: the value of absorption coefficient () is (1cm™ <a< 10%cm?).

c) Low absorption region: As shown in Figure (2.1), which depicts the absorption

zones, the absorption coefficient (a) is very small, measuring just approximately

(1cm™).
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a (cm)”

1 1 ¢

L Ey E(ev) J

Figure (2.1) the absorption regions [49]
2.2.4 The electronic transitions
There are two basic types of electronic transition ,direct and indirect transition[50]

1- Direct Transition

This transition happens in semiconductors when the bottom of the conduction
band is exactly over the top of valance band,this means that they have the same
value of wave vector i.e. (AK=0).In this case, the absorption will appear at
(hv=E4°"") Therefore, the phonons do not take part in direct transition because
the wave vector (K) of the phonon is much larger than that of the photons. This
transition type requires the laws of conservation in energy and momentum.
Therefore direct photon transition at the energy of the minimum gap cannot
satisfy the requirement of conservation of wave vector because photon wave
vectors are negligible at the energy range of interest[51] These direct

transitions have two types[52]
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a) Direct Allowed Transition

This transition happens from the top points in the valance band and the bottom
point in the conduction band, as seen in the figure (2.2-a)

b) Forbidden Direct Transition

This transition happens from the near top points of the valance band and the

bottom points of the conductive band as shown in figure (2.2, b).
The absorption coefficient for this transition type is given by [53]
aho=B (hl) -Eopt.)r (23)

Where: E opt. energy gap between direct transitions.

B: constant depended on type of material.

r: exponential constant, its value depended on type of transition,
r =1/2 for the allowed direct transition.

r =3/2 for the forbidden direct transition.

2-Indirect Transitions

In the curve (E-K), in these transitions the bottom (C.B.) is not above the top of
(V.B.) The electron transits between (V.B.) and (C.B.) are not perpendicular if
the magnitude of the electron's wave vector is not identical before and after
transfer (AK =|= 0). This kind of transformation occurs with the beneficial
"Phonon" particle for energy conservation and energy law, two kinds of indirect

transitions exist[54,50]
a) Permitted indirect transitions

These transitions happen between the top of (V.B) and the
bottom of (C.B) which is found in the difference region of
(K-space), as in Figure (2.2-c).
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b) Forbidden indirect transitions

These transitions happen between near points at the top of (VV.B) and near points
in the bottom of (C.B), as shown in Figure (2.2-d).

The absorption coefficient for transition with a phonon absorption is given by
[55]

ohv = B(hv- EgP" & Epn. ) (2.4)

Where: Epn: Phonon energy: (-) is absorbed by phonon, and (+) is emitted by
phonon

(r = 2) for the indirect transformation permitted, (r = 3) for the indirect

transformation that was prohibited.

Conduction band

‘alence band

Wave Vector (K)

Figure (2.2) the transition types [55]
(a) allowed direct transition (c) allowed indirect transition

(b) forbidden direct transfers (d) forbidden indirect transition
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2.2.5 Optical Constants
2.2.5.1 Optical absorption coefficient (o)

Is defined in the direction of wave diffusion in the medium as the progressive
decrease of incident energy flow in an incident field. The coefficient of
absorption is affected by photon energy and semiconductor features such as gap
energy and electronic transitions[56,57] The following equation defines the

connection between incident (l,) and penetrating (1) light absorption.

I=1,e* (2.5)
Where (t) is the matter thickness (a) is the absorption coefficient measure in cm*

e =(14/1) (2.6)

at=log( 1o/1 A (2.7)

Where log 1/1, is the absorbing number (A), this is the way to measure the

absorption coefficient[58]

2.2.5.2Extinction coefficient (k)

It is defined as the amount of attenuation in the intensity of electromagnetic
radiation caused by the interaction between electromagnetic rays and particles
of the thin film material. The damping coefficient may be computed using the

following equation, which is connected to the absorption coefficient[59]
K=o\/4mn (2.8)
Where A (cm) is the wavelength of the incident radiation and a (cm™) absorption

Coefficient
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2.2.5.3Refractive index (n)

The index of refraction of a material is the ratio of the velocity of the light in vacuum

to that of the specimen[60]

n=c/v (2.9)
where (n) refractive index, (c) the velocity of light in a vacuum, and (v) the velocity

of light in any material medium[61,62]

N = n +ik (2.10)

Where: N is the complex refractive index, n is the real part of refractive index and

K is imaginary part of the refractive index (extinction coefficient)

The relation between absorption coefficient and the molar absorptivity or extinction
coefficient (K) is

_ak
T 4m

(2.11)

Where (A) the wavelength, the real part of refractive index (n) can be determined
by
n=

1+VR
1—VR

Where (R) is the reflectance

(2.12)

2.2.5.4 Dielectric Constant (g)

The dielectric constant reflects a matter's ability to polarize, allowing it to react in
a complex way to different frequencies. The electronic polarity dominates the other
forms of polarization at optical frequencies that are expressed by light waves [63]
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by the following equation, the real and imaginary dielectric constant can be
determined [64]

€E=€1-8& (2.13)

Where e: complex dielectric constant, €; :the real part of the dielectric constant, and
€2 . the imaginary part of the dielectric determined constant. The real and imaginary

part of dielectric constant can be by using equations[65]
n=(n+ik,) =g +i g (2.15)

From equation (2.13) real and imaginary complex dielectric coefficient

can be written as follows

e1= (n?- ko?) (2.16)
€2= (2nk,) (2.17)
2.2.5.5 Optical Conductivity (oop)

Is the phenomenon of an increase in the number of charge carriers (electrons or
holes) as a result of a light beam incident on a semiconductor, the optical
conductivity (cop) depends directing on the refractive index (n) and absorption
coefficient (o) the optical conductivity can be calculated from the equation[66,67]
o= ¢ (2.18)
iy
Where (cop) IS the optical conductivity, (a) is the absorption coefficient, (n) the

refractive index, (c) the velocity of light
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2.3 Electrical Properties.

Polymers are generally insulators, but they are also not completely free of
conduction mechanisms. Conduction often occurs due to impurities that include
concentrations of charge carriers[68] Insulators can be used to store electrical
energy in the form of charge separation when the electron distributions around the

constituent atoms or molecules are polarized by an external electric field[69]
2.3.1 The A.C electrical conductivity

The electric field frequency in the A.C conductivity would be variable during
Dielectric materials can be used to store electrical energy by separating
the charge by applying an external electric field. So, when applied a low-frequency
electric field on the insulator the permanent or induced dipoles keep pace with the
direction of the applied electric field, that is, the material becomes polarized[70,71]

The complex permittivity of a material ( €*) can be written as[72]
g¥=g1t+iey (2.19)

Where ¢; and ¢, are value real and the imaginary parts of complex permittivity and

Permittivity and imaginary number equal V-1. The real part is determined by [73]
€1 =& € (2.20)

The magnitudes of €, and &, depend on the angular frequency () of applied the
electric field. The magnitude of &, (or the dielectric constant ¢') indicates the ability
of material to store energy from applied electric field[74] The equation can be used
to measure the capacitance of a capacitor made up of two parallel plates[73]

C=¢"¢g Alt (2.21)

Where €' is the dielectric of constant, t is the sample thickness and ¢, is Permittivity
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in vacuum. Dielectric constant is given by the relation[75]
e =CplCo (2.22)

Where: Cp is capacitance in parallel and C, this is vacuum capacitor [74] the

dielectric of loss (") is given by
e"=¢D (2.23)

Where D is dispersion factor, and this measures the lost electrical energy in the
sample from the applied field which is transformed to thermal energy in the sample.
The dissipated power in the insulator is represented by the existence of alternating

potential as a function of the alternating conductivity is given by [75]

OAC = ©€ €' (2.24)
Where wis an angular frequency (o= 2xf)

2.3.2 The Electrical Polarization

When the condenser terminals consisting of an electric insulator
between their plates are electrically moved, local displacements occur in
positive and adverse charging centers, resulting in an electric polarity
operation. Its value is the number of all dipoles in the unit volume of the

sample[76]

ui=pEi (2.25)

Where pi is the electric dipole moment, p is the atom or molecule's polarity and Ei

is a molecule internal field, proportional to the external field. Thus, for the unit

length, the complete dipole moment (P):
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P = Nepi (2.26)

Where, N, the volume unit is the number of molecules. Electrical polarization takes
place in all insulators due to the negative or positive charging of the impurities,
electrons, molecules and ions. The following equation is able to express the electrical

polarization resulting from electrical field effect [77]
P=D-¢& E (2.27)

Where D is the electric change, E is the strength of electric field and &, is free

space permittivity or permittivity to vacuum (8.85%10-12 F/m)

D=P+¢,E=¢g, €'E (2.28)

As
g'= DigoE (2.29)
Then,

se=1+ (2.30)

eoF
Where ¢ Dielectric constant.

The balance of a volume unit's relative dielectric constant and polarity

indicates the connection with Clauses- Mossotti [78]

— (2.31)

This equation can be applied to the electric insulators ionic and nonpolar.
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2.3.2.1 Mechanism of Polarization

The components of the polarization can be defined by polarizing of substances to

demonstrate the form of total polarization figure (2.3) Polarization mechanism [78]
Ptotar= Pe + Pg + Po + P; (2.32)
A- Electronic Polarization (pe)

The charge distribution is distorted by an external electrical field as shown in figure
(2.3-a) this occurs because of the nucleus positive charge and the negative charge
center are separated and induced dipoles are produced It happens very quickly (10
Bseconds) and is temperature independent. This kind of polarization is also called

optical polarization [79]
B- lonic Polarization (Pi)

lonic bonding materials can be ionic polarized. lon polarization is the
shift in positive and negative electrodes, as seen in the figure (2.3-b), since
only when an external electrical area is available is the relative movement
of positive and negative ions. For ion polarization to be set, it takes a short

time, but longer than for electronic polarization [79]
C- Rotational or orientation polarization (Pd)

It occurs with the permanent dipole moment of molecules. The dipole rolls around
the axis when applied to an electric field and arranges in the direction of the field.
This type of polarization is temperature dependent and takes a long time[80],like in
figure (2.3-c)
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D- Interfacial polarization, also known as space charge (Po)

When a problem involves impurities, vacuum, or structural defects, the opposite
charge is concentrated at the impurity terminal, The balance of a volume unit's
relative dielectric constant and polarity indicates According to the defect that causes

polarization, The bulk of it exists in radio waves which can exceed frequencies lower

than those of human hearing.as shown in figure (2.3-d) [81]

Theoretical Part
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Figure (2.3) the four types of polarization [81]

a- Electronic polarization

c- Orientation polarization
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2.4 Antibacterial Activity

Antibiotics often lose their effectiveness over time due to the emergence and spread
of drug resistance by bacterial pathogens, which leads to the generation of the so-
called “antibiotic resistance crisis” and infections in addition to the huge amounts of
medical costs that may reach billions of dollars annually[82] Particles and
nanomaterials have become the global platform for many therapeutic applications
because of the unique physical and chemical properties of these materials and
provide treatment for drug-resistant bacteria[83]The important and unique
properties of some nanomaterials such as changing their size or shape, surface
properties, optical properties, low cell toxicity, and high stability make them
attractive in many fields of medicine[84] Because of those qualities and properties
that characterize some of these nanomaterials, they have anti-fungal and anti-
bacterial activity, so nanomaterials can be combined with other certain biological
materials to transfer anti-bacterial properties to the material, thus improving the
value of that material and its applications[85,86] Figure (2.3) show mechanisms for

antibacterial activity of nanoparticles
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Figure (2.4) Mechanisms for antibacterial activity of nanoparticles [86]
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3.1 Introduction

This chapter includes the preparation process, devices and measurement
techniques. A general description of materials (polystyrene, silicon carbide,
antimony trioxide) used in this work are given by (optical microscopic, Fourier
Transform Infrared Radiation (FTIR), Field Emission Scanning Electron
Microscope (FE-SEM), optical properties measurements, measurement of A.C.
electrical conductivity and includes diagrams some of electrical circuits, and

measurements of antibacterial activity.

3.2 The Materials Used in This Work

3.2.1 Polystyrene (PS)

Itis a chemical compound that is a synthetic aromatic hydrocarbon polymer
polystyrene is one of the most widely used plastics around the world, with an
estimated production volume of several million tons annually used as granular form
and could be obtained from local markets high purity (99.97%). Table (3.1)
properties of polystyrene (PS)

Figure (3.1) Polystyrene (PS) polymer
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Table (3.1) properties of polystyrene (PS)

Chemical formula ( CsHe)n
Class 100Ce
Density 10.5g/cm?3
Melting point 239C°
Its absorption of water 0.05%
refractive index 1.59~1.6

3.2.2 Silicon Carbide (SiC)

It is a chemical compound of silicon and carbon, with the symbol SiC, and it exists
under standard conditions as a dark-colored crystalline solid.it was obtained as
powder from US Research Nanomaterials, Inc, USA with size (<80nm, cubic) and

high purity (99%). Table (1.1) properties of polystyrene (SiC)

Figure (3.2) Silicon Carbide nanoparticles
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Table (3-2). Physical properties of silicon carbide (SiC)

Properties Silicon Carbide SiC
Density 3.21 g/lcm3

Melting Point 2730 C°

Thermal Conductivity 3.6 W/cm.K
Crystal Structure Cubic,cF8

Lattice Constant 4.3596 A

Grain Size 80 nm

molecular weight 40.10

The appearance Solid

3.2.3 Antimony Trioxide (Sh20s3)

It is a chemical compound with the formula Sb,0s, and it is in the form of a white

crystalline powder. Antimony trioxide belongs to the group of inorganic flame

retardants. It has a white or colorless color depending on its internal structure, where

the cubic structure is colorless, while the rhombic structure is white. Antimony oxide

(Sb,03) has good physical properties as shown in (2-2) Table

Figure (3.3) Antimony Trioxide Nanoparticles
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Table (3-3). Physical properties of Antimony oxide (Sb203)

Properties Antimony oxide (Sb203)
Density 5.2 g/lcm3

Melting Point 656 C°

Moller mass 291.52g/mol

boiling point 1425Ce

The appearance White crystalline powder

3.3 Preparation of (PS/SiC/Sb203) Nanocomposites

In order to make (PS/SiC/Sh,03) nanocomposites, 1 gm of polystyrene (PS) was
dissolved in 30 ml of chloroform, and the polymers were then stirred for 30
minutes at room temperature by using a magnetic stirrer. To make the solution
more homogeneous, silicon carbide (SiC) and ternary antimony oxide (Sbh,0s)
nanoparticles were added at various concentration (0,2,4,6 and8) wt. %. After
the solution was dried 1 days at room temperature, the (PS/SiC/Sb,03) NCs were
clipped off the petri dish has diameter of 10 cm.

3.4 Measurements of Structural Properties for(PS/SiC/Sb203)NCs

3.4.1 Optical Microscope

The of (PS/SiC/Sh,0O3) Nanocomposites are examined by using the optical
microscope, which is supplied from Olympus name (Toup View) type (Nikon -
73346) and equipped with light intensity automatic controlled camera. Under
magnification (10x), this measurement was implemented in the University of

Babylon /College of Education for Pure Sciences.
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Figure (3.4) Optical Microscope used in the work
3.4.2Field Emission Scanning Electron Microscope

The surface morphology of (PS/SiC/Sh,0O3;) nanocomposites was tested for all
samples by using scanning electron microscope. It is characterized by magnifying
the image with a high accuracy of about 100,000 times, as a beam of electrons is
directed to the surface and gives black and white images of the sample surface
because it does not depend on light waves but on electronic emission, Were tested
using a scanning electron microscope (Zeiss, Sigma, German origin) at Shahrud

University of Technology, Iran

Elect -
Detector

BED> @< rY Yy

Figure (3.5) Set-up illustrates theFE- SEM
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3.4.3 Fourier Transform Infrared Spectrometer (FTIR)

The Fourier Transform Infrared Spectrometer (FTIR) is a powerful tool for
determining the types of chemical bonds. When infrared radiation is shined
on a molecule, the molecule can absorb some of these waves and as a result
gain energy and vibrate its atoms, resulting in an increase in the length of the
bond (bond expands) i.e. a change occurred in the places of the atoms. The
FTIR spectra of the (PS/SiC/Sb,03) nanocomposites were recorded by FTIR
(Bruker Corporation, German origin, type vertex-70) in the wavenumber
range (1000-4000 cmt) at University of Babylon / College of Education for

Pure Sciences / Department of Physics.

Figure (3.6) Fourier transform infrared spectroscopy device used in the work

3.5 Optical properties measurements

The Optical properties of the (PS/SiC/Sbh,03) nanocomposites films in the
wavelength range (220-820)nm were recorded using a dual-beam spectrophotometer
(SHIMADZO MODEL UV-1800 UVSPECTROPHOTOMETER) located at the
University of Babylon/College of Education for Pure Sciences/Department of

Physics. These measurements happened at room temperature.
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Figure (3.7) Image of UV spectrophotometer (photometer).

3.6 Measurements of A.C Electrical Properties for NCs

The A.C electrical properties of (PS/SiC/Sb,03) nanocomposites are measured
by measuring the capacitance (Cp) and dispersal factor (D) using a type LCR
meter (HIOKI 3532-50 LCR HI TESTER) using different frequencies of (100
Hz —-5MHZ) at room temperature as shown in figure (3.8), in the College of

Education for Pure Sciences, University of Babylon.

Figure (3.8) LCR hi tester device
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3.7 Antibacterial Activity Application Measurements of NCs

The antibacterial activity of (Ps/SiC/Sh,03) nanocomposites samples was tested by
diffusion method. Antibacterial activities were carried out using Gram-positive
(Staphylococcus) and  Gram-negative (Klebsiella) organisms. Bacteria
(Staphylococcus aureus and Klebsilla) were cultured in Muller-Hinton Medium.
Discs (PS/SiC/Sh,03) were placed on media and incubated at (37°C) for 24 hours.

The diameter of the damping zone was measured.
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Chapter Four Results, discussion, and Future Work

4.1 Introduction

This chapter presents the findings and a discussion of the structural, optical; A.C

electrical, and applications for antibacterial activity of (PS/SiC/Sh,03) NCs

4 .2 Structural Properties of (PS/SiC/Sb203) Nanocomposites

4.2.1 The Optical Microscope (OM)

Figure. (4.1) Shows optical microscope images of PS/SiC/Sb,O3; nanocomposites
with and without different concentrations of SiC and Sh,O3; NPs at magnification
power (10x). Image, polystyrene (PS) is exceptionally miscible, as seen by its finer
form and smooth, homogeneous surface, while in portraits b, ¢, d and e, it can be
seen, that SiC and Sb,0O3; NPs are well distributed on the surface of the polymer.
from these images, the SiC and Sb,O3; NPs formed clusters in the form of chains that
extended along the surface of the films, attributed to the novel property in SiC and
Sh,03; NPs[87] other than charge transport within polymer matrices, which also was

enhanced by raising the percentages of SiC and Sb,03; NPs
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Figure (4.1) Photomicrographs (10X) for PS/SiC/ Sh2O3 nanocomposites (a) for (Ps) (b) for 2wt.%
SiC/Sh,03 nanoparticles, (c) 4wt.% SiC/Sb,Os nanoparticles,(d) for 6wt.% SiC/Sb,0s
nanoparticles, (e) 8wt.% SiC/Sh,0; nanoparticles
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4.2.2 Field Emission Scanning Electron Microscope (FE-SEM) Of
(Ps/SiC/Sb203) Nanocomposites

The dispersion of nanoparticles within the polymer is examined by FE-SEM, and
the impact of the SiC/Sh,03 nanoparticles on the nanocomposites is then confirmed.
Figure (4.3) shows FE-SEM images of (PS/SiC/Sb,O3;) nanocomposites with
variable content of SiC/Sbh,03; NPs with a magnification (20 KX) Image (a) indicate
that the polymer is homogenous, and cohesive it is evident the increase of SiC/Sh,03
nanoparticles to (PS/SiC/Sh,03) nanocomposites varies the scheme's surface profile
(see images b, c, d and e). As explained in the images, the grain collections as the
content of SiC/Sb,O; NPs rises. The membranes' surface morphology
(PS/SiC/Sh,03) will be determined by the results. The amount of clusters or
fragments that are dispersed on the upper surface of nanocomposites increases as the
content of SiC/Sb,O; NPs rises[88] the grain size of the (PS/SiC/Sb,0s3)

nanocomposites calculated from FE-SEM images, as shown in figure (4.2)
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Figure (4.2) FE-SEM images (20K X)of PS/ SiC/Sh,0O3; NC, (a) for (Ps), (b) 2 wt.% SiC/ Sb,O3 NPs,
(c) 4 wt.% SiC/ Sh,0s3, (d) 6 wt.% SiC/ Sb2O3NPs, (e) 8 wt.% SiC/ Sh,O3NPs
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4.2 .3FourierTransform Infrared Radiation (FTIR) of (PS/SiC/Sb203)

NCs

FTIR spectra of (PS/SiC/Sb,03) nanocomposites in the range (100-4000) cm™ are
shown in figure (4.4). The absorption band of pure PS in the image A at 2980 cm!
corresponding to the C-H stretching vibrations in the main chain and in aromatic
rings[83]. The bands (1492.02 cm? and 1451.41 cm?) attributed to the C-H
stretching vibrations [89]while the bands (748.55 cm™ 694.93 cm™ correspond to the
C-H out phase bend [89]The spectra of polystyrene with additive different
concentration of SiC and Sh,O3; NPs in images b, ¢, d and e respectively. In image
B where the additive 2 wt.% from SiC and Sb,Os; NPs caused a shift to low
wavenumber in some bands and intensities at (1451.37, 747.45, 694.43) cm™ but
bands 1492.02 cm™ and 2980 cm! there is not affected on this band. The image C
which additive concentration of 4 wt.% from SiC and Sbh,Os; NPs, the bands
(1451.22, 747.37 cm', 694.68) cm™ was shifted to low wavenumber and the band
1492.02 cm™ and 2980 cm! there is not influenced. The bands (1451.27, 747.55
cm?, 694.64) cm™in image D where additive 6wt.% from NPs, caused shift to low
wavenumber while in the other hand, the band 1492.02 cm™ and 2980 cm? there is
not change. From the additive concentration 8wt.% from NPs in image E, the band
(1491.67, 694.64) cm™* caused change to low wave number, while the band 748.03
cm caused change to high wave number but the band 1451.37 cm™ and 2980 cm'®
there is not affected. The FTIR proven that there is no chemical interactions between

polystyrene and SiC and Sh,O3 NPs
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4.3 The Optical Properties

The main purpose of studying the optical properties of the (PS/SiC/Sb,03)
nanocomposites is to identify the effect of adding the SiC/Sb,0O3; nanoparticles on
the optical properties of (PS/SiC/Sb,03). The research involves measuring the
absorbance spectrum of (PS/SiC/Sh,0s3) films at room temperature, determining the
absorption, extinction, and other optical constants, defining the forms of electronic

transitions, measuring energy gaps.
4.3.1 Absorbance

Figure (4.5) shows the (PS/SiC/Sh,03) nanocomposites' absorption spectra relative
to the wavelength of the incident light. This graph shows how absorbance is highest
for all films at wavelengths close to the critical absorption edge at (220 nm), and
subsequently decreases when the wavelength is raised. Films typically absorb little
in the visible and near infrared ranges. This behavior is demonstrated by the fact
that, when incident photon wavelength decreases (near the fundamental absorption
edge), the photon gains impartial sufficient energy to interact by atoms and go
through matter. As wavelength decreases, photon contact with the material rises

absorbance (near the fundamental absorption edge)[90]
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Figure (4.5) Difference of absorbance for (PS/SiC/Sb,03) nanocomposites with wavelength
4.3.2 Transmittance Spectrum

Figure (4.6) illustrates how the optical transmittance spectrum for films made of
(PS/SiC/Sh,03) changes with wavelength when different ratios of SiC/Sb,0O3; NPs
are added. According to the graph, transmittance reduces when SiC/Sb,03; NPs
content rises. The additional SiC/Sh,O3; NPs include electrons in outer orbits that
absorb the electromagnetic energy of the incident light and travel to the highest
energy levels. Pure polystyrene, which has a high transmittance value but no free
electrons, prevents radiation from being emitted in this situation since the electrons
that have traveled to higher stages take occupied the open energy band locations.
This causes some of the received light to be absorbed by the substance and not travel
through it (electrons are linked to atoms by covalent bonds). For electrons to break
free from their bonds and enter the conduction band, a high-energy photon is
required[63, 91]
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Figure(4.6) The transmittance for(PS/SiC/Sbh,0Os)nanocomposites with wavelenth

4.3.3 Absorption Coefficient (o)

Equation (2.7) used to calculate the coefficient of absorption (cm™) figure (4.7)
demonstrates how the (PS/SiC/Sh,03) nanocomposites' absorption coefficient varies
with photon energy. The absorption coefficients are lowest at high wavelengths and
low energies, as can be seen by looking at them. This implies that there is minimal
likelihood of an electron being displaced as a result of low energy photons (hv>E
[92] because of the strong absorption at high energies, there is a higher likelihood
that electrons may migrate around. The photon that entered has sufficient energy to
make the transition from the valence bands to the conduction bands, therefore the
gap of energy is smaller than the energy of the incident photon. This shows how the
coefficient of absorption influences the type of electron transition; at high energies,
the coefficient of absorption is predicted to be great (>10* cm™), revealing that direct
electron transitions occur, with electrons and photons maintaining the energy and
moment; at low energies, the coefficient of absorption (10%) cm?, denoting that
indirect transitions occur, and the electric momentum is reinforced by the
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phonons[93]The (PS/SiC/Sh,03) nanocomposites' coefficient of absorption is below

(10* cm't), among other findings, suggesting an indirect electron transition
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Figure. (4.7) the coefficient of absorption of (PS/SiC/Sh,03) hanocomposites with energy of photon

4.3.4 The (Allowed and Forbidden) Indirect Transition's Optical Energy Gap

Equation (2.3) has been used to calculate the permitted and forbidden indirect
transition band energy gaps for (PS/SiC/Sh,03) nanocomposites. The values of the
gap of energy for permitted and banned indirect transitions, individually, are shown
in figures (4.8) and (4.9). With increasing silicon carbide (SiC) and antimony
trioxide (Sb,0O3) nanoparticles concentration, the energy gap values for permitted
and banned indirect transitions are decreases. This drop is due to the fact that silicon
carbide (SiC) and antimony trioxide (Sb,0O3) nanoparticles content causes some film
defects to occur. Local states in the optical band gap and overlap are created by these
imperfections. These overlaps provide evidence that the energy band gap decreases
as the proportion of silicon carbide (SiC) and antimony trioxide (Sb,Os3)

nanoparticles in the polymeric matrix rises. On the other hand, the rise in the level
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of disorder in the films is a direct result of the smaller optical gap[94] The values of
the energy gap of nanocomposites are listed in Table (4.1)
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Figure (4.8) The relationship between (ahv)“?(cm.eV)*2and photon energy of
(PS/SiC/Sh,03) nanocomposites
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Figure (4.9) The relationship between (ahv)**(cm.eV)*3and photon energy of
(PS/SiC/Sh,03) nanocomposites.

Table (4.1) Values of energy gap of (PS/SiC/Sb203) nanocomposites

SiC/Sb20sNPs wt% | Allowed of indirect energy | Forbidden of indirect
content gap (eV) energy gap (eV)
0 4.19 3.5
2 4 3.2
4 3.3 2.2
6 3.1 1.9
8 2.69 1.45
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4.3.5 Refractive Index

Equation (2.12) is used to compute the refractive index (n). Figure (4.10) shows the
(PS/SiC/Sh,03) nanocomposites' refractive index as a function of wavelength. The
figure shows that the index of refractive varies with rising weight percentages of
SiC/Sh,03; nanoparticles added to polystyrene due to the increased density of
nanocomposites (PS). Owing to the area's small transmittance, the UV region has in
height index of refractive values, whereas the visible zone has small values as a result

of the region's high transmittance[95]

—— Pure
—— 2 wt %
—a— 4 wt %
6 wt.%
—#%— 8 wt %

Wavelength(nm)

Figure (4.10) the refractive index of (PS/SiC/Sh,03) nanocomposites as a function of wavelength.
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4.3.6 Extinction Coefficient

The coefficient of extinction (k) is obtained by the eqation (2.8). Figure (4.11)
demonstrate the coefficient of extinction for (PS/SiC/Sh,03) nanocomposites with
wavelength. The coefficient of extinction is smaller at low concentrations and rises
as SiC/Sh,03; NPs content raised. This is due to the fact that the coefficient of
absorption rise with the content of SiC/Sh,03; NPs rises, this discovery indicates that
the atoms of the SiC/Sb,O3 nanoparticles will affect the structure of the host

polymer[96]
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Figure (4.11) Variation of extinction coefficient of (PS/SiC/Sb,O3) nanocomposites with wavelength
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4.3.7 Real and Imaginary Parts of Dielectric Constant

Figures (4.12) and (4.13) illustrate the real dielectric constant and imaginary
dielectric constant of (PS/SiC/Sh,03) nanocomposites as functions of wavelength,
respectively, which is the ratio between the imaginary and real portions of the
dielectric constant, is known from the data of the real and imaginary parts of the
dielectric constant. It can be claimed that the part of real is larger than the part of
Imaginary since the real component is primarily proportionate to the square of the
refractive index (n). The imaginary component varies with the extinction coefficient

(K) in a direct proportion[97]

460 560

Wavelength(nm)

Figure (4.12) the real dielectric constant as a function of incident wavelength for (PS/SiC/Sb.Os3)

Nanocomposites
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Wavelength(nm)

Figure (4.13) the imaginary dielectric constant as a function of wavelength for
(PS/SiC/Sh,03) nanocomposites

4.3.8 Optical Conductivity

Equation (2.18) is utilized to determine optical conductivity. The relationship
between optical conductivity and wavelength is seen in figure (4.14). The
conductivity of optical reduces with rising SiC/Sb,O; NPs content, according to
observations; additionally, the inclusion of SiC/Sb,O3; NPs improves the optical
conductivity of (PS/SiC/Sb,03) nanocomposites. This phenomenon is brought on by

the absorption coefficient[98]
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Figure (4.14) Optical conductivity of (PS/SiC/Sb,0O3) nanocomposites as a function of wavelength

4.4 A.C Electrical Properties of (PS/SiC/Sb203) Nanocomposites
4.4.1 The Dielectric Constant of (PS/SiC/Sb,03) Nanocomposites

Equation (2.22) was used to calculate the dielectric constant of (Ps/SiC/Sh,05)
nanocomposites. The variation of the dielectric constant with frequency is shown in
Figure. (4.15) As can be observed, the dielectric constant values drop with increasing
applied frequency, which leads to a reduction in the space charge to total polarization
ratio. At low frequencies, space charge polarization is the most significant type of
polarization, and as frequency rises, its significance decreases. As the electric field
frequency rises, different kinds of polarizations take place, and the dielectric
constant values for all samples of (Ps/SiC/Sbh,03) drop. lonic polarization responds
to variations in field frequency in a slightly different manner than electronic

polarization because an ion has a larger mass than an electron[99,100]
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Figure (4.15) dielectric constant of (PS/SiC/Sh,O3) varies with frequency

The dielectric constant variation for (PS/SiC/Sh,03) NCs at 100Hz is shown in
figure. (4.16) relation to nanoparticle concentrations. As the percentage of SiC and
Sh,0O3 NPs rise, the dielectric constant of nanocomposites also rises. Interfacial
polarization, a process that occurs when two surfaces within NCs are separated by
an alternating electric field and causes a rise in charge carriers, could be used to
explain this activity[95,101]
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Figure (4.16) Difference of dielectric constant with concentration of (PS/SiC/Sb,O3) nanocomposite.
4.4.2 The Dielectric Loss of (PS/SiC/Sb203) Nanocomposite

Equation (2.23) was used to calculate the dielectric loss of the nanocomposites.
Figure (4.17) show the dielectric loss of (Ps/SiC/Sbh,03) nanocomposites with the
relation of frequency. From this figure it can be see the dielectric loss is high at lower
applied frequencies, but decreases with increasing applied frequencies. This can be
attributed to the actuality that as the frequency rises, the space charge polarization

contribution decreases [102]
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Figure (4.17) Dielectric loss variation with frequency for (PS/SiC/Sb,O3) nanocomposites

The relationship between SiC / Sb,O3; NPs concentration and dielectric loss is shown
in Figure (4.18) as the concentration of NPs rises, the dielectric loss of

(Ps/SiC/Sh,03) NCs also rises, which is related to an increase in charge carriers[101]
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Figure (4.18) Difference of dielectric loss for (PS/ SiC/Sb,03) NCs with different concentrations of
(SiC/szO3) NPs

4.4.3 A.C Electrical Conductivity of (PS/SiC/Sb203) Nanocomposites

The A.C Electrical conductivity was calculated from equation (2.24) figure (4.19)
showed the variation in conductivity of (PS/SiC/Sh,03) NCs with frequency. This
figure demonstrates that electrical conductivity significantly rises with frequency,
which is caused by space charge polarization, which happens at low frequencies, and
the hopping process, which causes charge carriers to move. The increase in electrical
conductivity is only moderate at high frequencies due to electronic polarization and

charge carriers that move through hopping[102]
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Figure (4.19) Difference of A.C electrical conductivity with frequency for (PS/SiC/Sb,03) NCs

Figure. (4.20) the influence of SiC / Sb,03; NPs on the A.C electrical conductivity of
(PS/SiC/Sh,03) NCs at 100 Hz. The A.C. electrical conductivity of NCs rises as SiC
and Sbh,O3; NPs concentration rises. Due to the composition of the dopant
nanoparticles, there are more charge carriers, which reduces the NCs resistance and
boosts electrical conductivity [100].Table(4.2) shows the relationship between

concentrations and dielectric constant, dielectric loss and A.C electrical conductivity
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Figure (4.20) Difference of A.C electrical conductivity with (Sic/Sb203) NPs for (Ps/SiC/Sb,O3) NCs

Table (4.2) showing the relationship between concentrations and dielectric

constant, dielectric loss and A.C electrical conductivity

Con(wt.)% Dielectric Dielectric A.c electric
constant loss conductivity

0 0.43 1 2.08E-10

2 0.479 10 3.47E-10

4 0.492 20 3.56E-10

6 0.534 25 3.86E-10

8 0.63 30 4.56E-10
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4.5 Applications of (PS/SiC/Sb.Os) Nanocomposites For Antibacterial Activity

The antibacterial activity of the PS/SiC/Sh,03; NCs samples was established against
gram positive (Staphylococcus) and gram negative (klebsiella) bacteria. As seen in
figures (4.21), (4.22), and (4.23) the inhibition zone widens as SiC/Sb,O3; NP
concentrations rise. The antibacterial activity of PS/SiC/Sb,O3; NCs might be due to
responsive oxygen species (ROS) produced by various NPs concentrations. The
antibacterial activity of NCs may be owing to a chemical reaction between
membrane proteins and hydrogen peroxide; this reaction results in the production of
hydrogen peroxide, which enters bacterial cell membranes and kills the bacteria.
Another potential mechanism of action is that the positive charges on the
nanoparticles in NCs and the negative charges on the microorganisms cause an
electromagnetic attraction among them. The germs oxidize and perish when the
attraction forms[103,104] The findings demonstrated that adding SiC/Sb,O3; NPs
improved the antibacterial activity of the films made of PS/ SiC/Sb,0O3;NCs.
Chemistry, particle size, particle shape, and zeta potential are some of the factors

influencing antibacterial activity that are most significant[105]

Figure (4.21) Images for inhibition zones of (PS/SiC/Sb,0O3) nanocomposite films on S. aureus and
K. aerogenes
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Figure (4.22) Antibacterial effect of polystyrene as a function of SiC/Sh,Osnanopartical
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Figure (4.23) Antibacterial effect of polystyrene as a function of SiC/Sh.Osnanopartical
concentrations on (Klebsilla).
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4.6 Conclusion

1- The photos taken with an optical microscope (OM) show that when silicon carbide
(SiC) and antimony trioxide (Sb,O3) nanoparticles are present in a (8) wt.%

concentration, they form a continuous network within the polymer.

2-The surface morphology of the (PS/SiC/ Sh,03) nanocomposites films is shown
by (FE-SEM) images, which are composed of numerous chunks randomly or
aggregates scattered throughout the upper surface but are coherent and

homogeneous.

3-The Fourier transformation spectroscopy (FTIR) confirmed the additive SiC/
Sh,03; NPs caused interaction with polymer matrix. The FTIR proven that there is

physical interactions between polystyrene polymer matrix and SiC / Sb,O3; NPs.

4-The optical characteristics experimentations exposed that the absorbance, index of
refractive, coefficient of extinction, coefficient of absorption, dielectric constant
(imaginary and real), and conductivity of optical of (PS/SiC/ Sb,03) nanocomposites
increase as the SiC/Sh,0O3 nanoparticles increase, while the transmittance decreases.
For allowed and forbidden indirect transitions, the gap of energy reduces from (4.19
eV to 2.69 eV) and (3.5 eV to 1.45 eV), respectively. The optical properties of the
(Ps/SiC/ Sh,03) nanocomposites suggested that they could be used in a variety of

electronic and photonic applications.

5- The dielectric constant and dielectric loss of (Ps/SiC/Sh,0O3) decreased with
increasing frequency and increased with increasing concentration of (SiC/Sh,0s)
nanoparticles. The A.C electrical conductivity of (Ps/SiC/Sh,03) increased with

increasing frequency and concentration of (SiC/Sb,O3) nanoparticles.
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6- The inhibition zone values of Klebsiella and Staphylococcus bacteria increased
by increasing the SiC/Sbh,03; NPs ratio in polystyrene to 24 and 25 mm respectively.
These PS/SiC/Sh,O; nanocomposite spheres have outstanding antibacterial
properties against Staphylococcus and Klebsiella, according to preliminary
antibacterial testing. These PS/SiC/Sbh,O3; nanocomposite spheres, in our opinion,
can be widely used as recyclable catalysts for reducing organic dyes in wastewater
treatment as well as an antibacterial agent for use in medical and environmental

applications.

4.7 Future Work

1- Studying the thermal and mechanical properties of (PS/SiC/Sh,03) NCs
2-Studying the rheological properties of (PS/SiC/Sb,03) NCs

3-Studying the D.C electrical properties of (PS/SiC/Sh

64



REFERENCES

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

D. R. Paul and L. M. Robeson, “Polymer nanotechnology: Nanocomposites,”
Polymer (Guildf).,Vol. 49, No. 15, pp. 3187-3204, 2008,

P. Sanguansri and M. A. Augustin, “Nanoscale materials development - a food
industry perspective,” Trends Food Sci. Technol., Vol. 17, No. 10, pp. 547
556, 2006,

T. Singh, S. Shukla, P. Kumar, V. Wahla, and V. K. Bajpai, “Application of
nanotechnology in food science: Perception and overview,” Front. Microbiol.,
Vol. 8, No. AUG, pp. 1-7, 2017,

A. Novikov, E. Ageev, E. Ageeva, and S. Pikalov, “Nanotechnologies and
nanomaterials in automobile repair manufacturing,” IOP Conf. Ser. Mater. Sci.
Eng., Vol. 1001,No. 1, 2020,

J. Stabik, A. Chrobak, G. Haneczok, and A. Dybowska, “Magnetic properties
of polymer matrix composites filled with ferrite powders,” Arch. Mater. Sci.
Eng., Vol. 48, No. 2, pp. 97-102, 2011.

J.P.Cao,J.Zhao,X.Zhao,G.H.Hu,Z.M. Dang, “Preparation and characterization
of surface modified silicon carbide/polystyrene nanocomposites,” J. Appl.
Polym. Sci., Vol. 130, No. 1, pp. 638-644, 2013,

J. P. Watt, “Materials 1/, Rev. Geophys., VVol. 14, No. 4, 1976.

7. Hashin, “Analysis of composite materials: A survey,” J. Appl. Mech. Trans.
ASME, Vol. 50, No. 3, pp. 481-505, 1983,

A. Behnood and M. Modiri Gharehveran, “Morphology, rheology, and
physical properties of polymer-modified asphalt binders,” Eur. Polym. J., Vol.
112, pp. 766791, 2019,

37



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

I. Mijangos, F. Navarro-Villoslada, A. Guerreiro, E. Piletska, I. Chianella, K.
Karim, A. Turner, S. Piletsky Institute.., “Influence of initiator and different
polymerisation conditions on performance of molecularly imprinted
polymers,” Biosens. Bioelectron.,VVol.22,No3, pp. 381-387, 2006,

S. Bhatia, “Natural polymer drug delivery systems: Nanoparticles, plants, and
algae,” Nat. Polym. Drug Deliv. Syst. Nanoparticles, Plants, Algae, pp.1-225,
2016,

U. Schulz, “Review of modern techniques to generate antireflective properties
on thermoplastic polymers,” Appl. Opt., VVol. 45, No. 7, pp. 1608-1618, 2006,
M.R.Vengatesan,A.M.Varghese,V.Mittal, Thermal properties of thermoset
polymers,2"%d.Elsevier Ltd, 2018.

A. Muheisin, “Study of electrical conductivity for amorphous and semi
crystalline polymers filled with Lithium Fluoride Additive.” M. Sc. Thesis,
University of Mustansiriah, College of Science, 2009.

O. Olatunji, “Natural polymers: Industry techniques and applications,” Nat.
Polym. Ind. Tech. Appl., pp. 1-370, 2015,

T. H. Mourey and T. C. Schunk, Synthetic polymers, VVol. 51, No. PB. Elsevier
Inc., 1992..

R. Reisfeld, M. Gaft, T. Saridarov, G. Panczer, and M. Zelner, ‘“Nanoparticles
of cadmium sulfide with europium and terbium in zirconia films having
intensified luminescence,” Mater. Lett., VVol. 45, No. 3, pp. 154-156, 2000,
N.M.Jalal,Z.A.Ali,S.A.Allami,S.M. Hassan, and M. R. Ali,“Effect of lithium
chloride addition on the electrical conductivity of polyvinyl alcohol
films,”Am.J.Eng.Res.,Vol.6,No.1,pp.337-343,2017,

R. A. Abed and M. A. Habeeb, “Effect of chromium chloride ( CrCl 2 ) on the
electrical properties,” VVol. 3, No. 8, pp. 8-16, 2013.

38



[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

P. H. C. Camargo, K. G. Satyanarayana, and F. Wypych, “Nanocomposites:
Synthesis, structure, properties and new application opportunities,” Mater.
Res.,Vol. 12, No. 1, pp. 1-39, 2009,.

S.Y.Takko,B.D.E.Amin,C.1. Y. I. J. Shekarau, Crystallinity, amorphousity and
characterizationofsynthesizedSh,03,BaO/NiOnanoparticlesandnanocomposit
es Int.J.Innov.Sci.Res. Technol.Vol.6 No 11,pp.822-831,2021

M. Naeimirad, A. Zadhoush, and R. E. Neisiany, “Fabrication and
characterization of silicon carbide/epoxy nanocomposite using silicon carbide
nanowhisker and nanoparticle reinforcements,” J. Compos. Mater., Vol. 50,
No. 4, pp. 435-446, 2016,

A.J.Crosby and J.Y Lee, Polymer nanocomposites:The ‘nano’ effect on
mechanical properties, Polym Rev.Vol.47, No.2, pp. 217-229, 2007,
S.Bhavsar G. B. Patel, and N. L. Singh, “Investigation of optical properties of
aluminium oxide doped polystyrene polymer nanocomposite films,” Phys.
BCondens.Matter, VVol.533,pp.12-16,2018

H. He,R.Fu,Y.Shen,Y.Han, X. Song,“Preparation and properties of SisN4/PS
composites used for electronic packaging,Compos.Sci.Technol, VVol.67,No.11-
12,pp.2493-2499,2007,.

J. W. Gu, Q. Zhang, J. Zhang, and W. Wang, “Studies on the preparation of
polystyrene thermal conductivity composites,” Polym. - Plast. Technol. Eng.,
Vol. 49, No. 13, pp. 1385-1389, 2010,

A. De Girolamo Del Mauro, S. Galvagno, G. Nenna, R. Miscioscia, C.
Minarini, and S. Portofino, “End-of-Waste SiC-Based Flexible Substrates with
Tunable Electrical Properties for Electronic Applications,” Langmuir, VVol. 32,
No. 41, pp. 10497-10504, 2016,

39



[28]

[29]

[30]

[31]

[32]

[33]

Z. Yang, H. Peng, W. Wang, and T. Liu, “Crystallization behavior of poly(e-
caprolactone)/layered double hydroxide nanocomposites,” J. Appl. Polym.
Sci., Vol. 116, No. 5, pp. 2658-2667, 2010,

S. Chen, M. K. Hassanzadeh-Aghdam, and R. Ansari, “An analytical model
for elastic modulus calculation of SiC whisker-reinforced hybrid metal matrix
nanocomposite containing SiC nanoparticles,” J. Alloys Compd., VVol. 767, pp.
632-641, 2018,

C. Ye, G. Wang, M. Kong, and L. Zhang, “Controlled synthesis of Sb,0;
nanoparticles, nanowires, and nanoribbons,” J. Nanomater., VVol. 2006, pp.15,
2006,

D.W. Zeng,C.S. Xie,B. L.Zhu, and W. L.Song,“Characteristics of Sb,O3
nanoparticles synthesized from antimony by vapor condensation method,”
Mater.Lett.\Vol.58,N0.3-4,pp.312-315,2004,

Y. Hu, H. Zhang, and H. Yang, “Direct synthesis of Sb,O3 nanoparticles via
hydrolysis-precipitation method,” J. Alloys Compd., Vol. 428, No.1-2, pp.
327-331, 2007,

J. Pan. N Wangl, , Y Zhou, , X Yang, W Zhou3, Y Qian., “Simple synthesis
of a porous Sh/Sh,03; nanocomposite for a high-capacity anode material in Na-
ion batteries,” Nano Res.,Vol. 10, No.5, pp. 1794-1803, 2017,

[34] T. Tsuruoka, S. Kumazaki, I. Osaka, H. Nawafune, and K. Akamatsu,

[35]

“Synthesis of polystyrene-based nanocomposite thin films with domain
structure consisting of Au nanoparticles,” J. Phys. Conf. Ser., Vol. 417, No. 1,
2013,

X.Yan, Q.He,X.Zhang,H.Gu,H.Ch,Q.Wang,L.San,S.Wei, Z.Guo., Magnetic
polystyrene nanocomposites reinforced with magnetite nanoparticles,”
Macromol.Mater.Eng.,VVol.299,No.4,pp.485-494,2014,

40



[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Y. Kumari, L. K. Jangir, A. Kumar, M. Kumar, K. C. Swami, and K. Awasthi,
“Structural and morphological study of PS/TiO, nanocomposite membranes,
Macromol.Symp.,Vol.357,No.1,pp.200-205,2015,
A.M.Nuruzatulifah,A.A.Nizam,N. M. N. Ain, “Synthesis and Characterization
of Polystyrene Nanoparticles with Covalently Attached Fluorescent Dye,”
Mater. Today Proc., Vol. 3, No. Icfmd 2015, pp. S112-S119, 2016,

S. Bhavsar, G. B. Patel, and N. L. Singh, “Investigation of optical properties
of aluminium oxide doped polystyrene polymer nanocomposite films,” Phys.
BCondens.Matter,Vol.533,pp.12-16,2018,

B. Demirbay and S. Ugur, “Experimental investigation of morphological and
electrical characteristics of ps/mwcnt nanocomposite films, Mater.Sci.
Forum,Vol.915,pp.104109,2018,

S. S. Manhas, P. Rehan, A. Kaur, A. D. Acharya, and B. Sarwan, “Evaluation
of optical properties of polypyrrole: Polystyrene nanocomposites,” AIP Conf.
Proc., Vol. 2100, No. April, pp. 1-5, 2019,

N. Narang and A. K. Tyagi, “Structural and Optical Properties of Zno and Zno
/ PS Core-Shell Nano Composites,” Vol. 22,No. 12, pp. 359-372.

S. S. Bag, A. Bora, and A. K. Golder, “Turning wastes into value-added
materials: Polystyrene nanocomposites (PS-AgNPs) from waste thermocol and
green synthesized silver nanoparticles for water disinfection application,”
Polym.Compos.,VVol.42, No. 11, pp. 6094-6105, 2021,.
U.Kumar,D.Padalia,P.Bhandari,P.Kumar,L.Ranakoti, T.Singh,L.Lendvai.,
“Fabrication ofEuropium-Doped Barium Titanate/Polystyrene Polymer
Nanocomposites Using Ultrasonication/Assisted Method:Structural and
OpticalProperties,”Polymers(Basel),Vol.14,No0.21,2022,

41



[44] T.K. Hamad,R. M. Yusop, W. A.Al-Taa’Y, B. Abdullah, and E. Yousif, “Laser

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

induced modification of the optical properties of nano-zno doped PVC films,”
Int. J. Polym. Sci., Vol. 2014, 2014,

H. Singh, T. Singh, and J. Sharma, “Review on optical, structural and electrical
properties of ZnTe thin films: effect of deposition techniques, annealing and
doping,”ISSS J.Micro Smart Syst.Vol.7, No.2,pp.123-143,2018,

H. Du,G.Q. Xu, W. S. Chin, L. Huang, and W. Ji, “Synthesis, characterization,
and nonlinear optical properties of hybridized CdS-polystyrene
nanocomposites,” Chem. Mater., Vol. 14, No. 10, pp. 44734479, 2002,

P. P. Jeeju, S. Jayalekshmi, K. Chandrasekharan, and P. Sudheesh, “Size
dependent nonlinear optical properties of spin coated zinc oxide-polystyrene
nanocomposite films,” Opt. Commun., VVol. 285, No. 24, pp. 5433-5439, 2012,
V. Timoshenko and P. Kashkarov, “REVIEWS OF TOPICAL PROBLEMS :
Optical properties of porous-system-based nanocomposites Optical properties
of porous-system-based nanocomposites,” No. September 2015, 2007,

a M. Andriesh, M. S. Iovu, and S. D. Shutov, “Chalcogenide Non-Crystalline
Semiconductors in Optoelectronics,” J. Optoelectron. Adv. Mater., VVol. 4, No.
3, pp. 631-647, 2002.

M. Anwar, Z. N. Kayani, and A. Hassan, “An insight of physical and
antibacterial properties of Au-doped ZnO dip coated thin films,” Opt. Mater.
(Amst).,Vol.118,No.June,p.111276,2021, doi: 10.1016/j.0ptmat.2021.111276.
T. Trindade, M. C. Neves, and A. M. V Barros, ‘“Polymer nanocomposites,”
Polym. News, Vol. 25, No. 12, p. 420, 2000.

N. A. Bakr, N. N. Jandow, and N. F. Habubi, “Optical and Dispersion
Parameters of ZnS Thin Films Prepared by Flash Evaporation Method,” Int.
Lett.Chem.Phys.Astron.,VVol.39,No.1,pp.52-63,2014,d0i:10.56431/p-q321wa.

42



[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

A. alwan Mohaimeed, “The Study the Influence of TiO2-Nanoparticles Doped
in Polyvinyl Alcohol by Measuring Optical Properties of PVA Films,” Iraqi J.
Nanotechnol., Vol. 3, No. 3, pp. 59-70, 2022,

A. N. Sabbar, H. S. Mohammed, A. R. Ibrahim, and H. R. Saud, “Thermal and
Optical Properties of Polystyrene Nanocomposites Reinforced with Soot,”
Orient.J. Chem., Vol. 35, No. 1, pp. 455460, 2019,

P. K. Rakesh, “Optical properties of polymer nanocomposites,” Adv. Polym.
Nanocomposites Sci. Technol. Appl., pp. 91-98, 2022,

R. G. Kadhim, “Study of Some Optical Properties of Polystyrene - Copper
Nanocomposite Films,” World Sci. News, vol. 30, pp. 14-25, 2016.

M. S. Micozzi, F. M. Townsend, and C. E. Koop, “From Army Medical
Museum to national museum of health and medicine. A century-old institution
on the move,” Arch. Pathol. Lab. Med.,Vol. 114, No. 12, pp. 1290-1295, 1990.
O. B. Mergen, E. Umut, E. Arda, and S. Kara, “A comparative study on the
AC/DC conductivity, dielectric and optical properties of polystyrene/graphene
nanoplatelets (PS/GNP) and multi-walled carbon nanotube (PS/MWCNT)
nanocomposites,”Polym.Test.,VV0l.90,p.106682,2020,

A.H. Hadi and M. A. Habeeb Effect of CDS nanoparticles on the optical
properties of (PVA-PVP) blends,J. Mech. Eng. Res. Dev.Vol.44,No.3,pp.
265-274, 2021.

I. Vlaeva, T. Yovcheva, S. Sainov, V. Dragostinova, and S. Stavrev, “Optical
properties of PVA films with diamond and titania nanoparticles,” J. Phys.
Conf. Ser., Vol. 253, No. 1, 2010,

M. T. Abdullah, L. M. Raoof, M. H. Hasan, A. N. Abd, and I. M. Mohammed,
“The Effect of Different Thickness on the Optical and Electrical Properties of
TiO2Thin Films,”J.Phys.Conf.Ser.,VVol. 1999, No. 1, 2021,

43



[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

M. Ghanipour and D. Dorranian, “Effect of Ag-Nanoparticles Doped in
Polyvinyl Alcohol on the Structural and Optical Properties of PVA Films,” J.
Nanomater., VVol. 2013, 2013,

M. Abbas, M. Abdallah, and T. Alwan, “Optical characterization of nickel
doped poly vinyl alcohol films,” SOP Trans. Phys. Chem., Vol. 1, No. 2, pp.
1-9, 2014,.

S. S. Chiad, S. F. Oboudi, K. H. Abass, and N. F. Habubi, “Characterization
of Silver / Poly ( Vinyl Alcohol ) ( Ag / PVA ) Filmsprepared by Casting
Technique,” Vol. 16, No. 2, pp. 10-18, 2012.

Y. M. Jawad, M. F. H. Al-Kadhemy, and J. A. S. Salman, “Synthesis structural
and optical properties of CMC/MgO nanocomposites,” Mater. Sci. Forum,
Vol.1039MSF,No.July,pp.104-114,2021,

D. M. Bigg, “Mechanical, thermal, and electrical properties of metal fiber-
filled polymer composites,” Polym. Eng. Sci., Vol. 19, No. 16, pp. 1188-1192,
1979,

P. Barber. S. Balasubramanian, Y. Anguchamy, S. Gong, A. Wibowo, H. Gao,
H. J. Ploehn* and H.Conrad zur Loye., Polymer composite and nanocomposite
dielectric materials for pulse power energy storage, Vol. 2, No. 4. 2009.

B. H. Rabee and R. Haider, “The effect of adding Ag nanoparticles on the
electrical properties (A.C) of the PMMA-SPO-PS blend,” J. Phys. Conf. Ser.,
Vol. 1973, No. 1, 2021,

Y. Yagci, S. Yildirim, and A. Onen, “A novel bifunctional addition-
fragmentation agent for photoinitiated cationic polymerization,” Macromol.
Chem. Phys., Vol. 202, No. 4, pp. 527-531, 2001,

K. M. Vidyalaya, “Analysis of Electrical Properties of Li 3 + ion Beam
Irradiated Lexan Polycarbonate also act as catalyst to speed up the
discoloration . The formation of conjugated,” VVol. 21, No. 10, pp. 43-46, 2009.

44



[71] P. O. Composites, “The D . C and A . C Electrical Properties of 6,” vol. 52, no.
2, pp. 236-242, 2011.

[72] R. A. Abid and M. A. Habeb, “Effect of cobalt chloride ( CoCl 2 ) on the
electrical and optical Properties of ( PVA-PVP-CoCl 2 ) films,” Vol. 18, No.
3, pp. 47-53, 2013.

[73] M. A. Morsi, S. A. El-Khodary, and A. Rajeh, “Enhancement of the optical,
thermal and electrical properties of PEO/PAM:Li polymer electrolyte films
doped with Ag nanoparticles,” Phys. B Condens. Matter, VVol. 539, No. April,
pp. 88-96, 2018, doi: 10.1016/j.physb.2018.04.009.

[74] B. Mohammed, H. Ahmed, and A. Hashim, “Studies on Polymer Blend /
BaTiO3 Nanocomposites for Industrial and Biological Applications,” No.
October, 2022, doi: 10.22587/jasr.2022.18.2.1.

[75] A. Dzhindzholia, E. Popkova, and L. Shakhovskaya, “Cluster as an innovational
and organizational form of state regulation of business,” Am. J. Appl. Sci.,
Vol. 12, No. 11, 2015, doi: 10.3844/ajassp.2015.

[76] M. J. Cristea, “Capacitance-voltage Profiling Techniques for Characterization
of Semiconductor Materials and Devices,” SSRN Electron. J., No. Figure 1,
2019,.

[77] G. D. Liang and S. C. Tjong, “Electrical properties of percolative
polystyrene/carbon nanofiber composites,” IEEE Trans. Dielectr. Electr.
Insul., Vol. 15, No. 1, pp. 214-220, 2008,

[78] M. J. A. Ahmad, A. Telfah, Q. M. Al-Bataineh, C. J. Tavares, and R.
Hergenroder, ‘“Nanoparticles positioning effect on properties of (PS-
PANI/NiNPs) nanocomposite films,” Polym. Adv. Technol., Vol. 34, No. 1,
pp. 110-119, 2023,.

45



[79] S. Sit, K. Nath, N. C. Das, and G. Chakraborty, “Superior electromagnetic

[80]

interference shielding effectiveness of functionalized MWCNTSs filled flexible
thermoplastic polymer nanocomposites,” J. Elastomers Plast., VVol. 54, No. 6,
pp. 975-999, 2022,

K. Bilisik and M. Akter, “Polymer nanocomposites based on graphite
nanoplatelets (GNPs): a review on thermal-electrical conductivity, mechanical
and barrier properties,” J. Mater. Sci., Vol. 57, No. 15, pp. 7425-7480, 2022,

[81] Farhan. S.Ahmad, H. Ullah, , Z. Ur Rehman , M. Nawaz, I. Uddin, A. Parkash

[82]

[83]

[84]

[85]

[86]

, H. R Alamri, N. Salem Alsaiari and Muhammad S. Javed,., “Investigation
on Crystal-Structure, Thermal and Electrical Properties of PVDF
Nanocomposites with Cobalt Oxide and Functionalized Multi-Wall-Carbon-
Nanotubes,”Nanomaterials,VVol.12,N0.16,2022,.

G. M. Rossolini, F. Arena, P. Pecile, and S. Pollini, “Update on the antibiotic
resistance crisis,” Curr. Opin. Pharmacol., Vol. 18, pp. 56-60, 2014,

X. Li ,S.M. Robinson, A. Gupta, K. Saha, Z. Jiang, D. F. Moyano, A.Sahar,
M. A. Riley, and V. M. Rotello,., “Functional gold nanoparticles as potent
antimicrobial agents against multi-drug-resistant bacteria,” ACS Nano, Vol. 8,
No. 10, pp. 10682-10686, 2014,

G. Vimbela, S. Ngo, C. Fraze, L. Yang, and D. A. Stout, “Antibacterial
properties and toxicity from metallic nanomaterials [Corrigendum],” Int. J.
Nanomedicine,Vol. 13,pp.6497-6498, 2018,

T. Bruna, F. Maldonado-Bravo, P. Jara, and N. Caro, “Silver nanoparticles and
their antibacterial applications,” Int. J. Mol. Sci., Vol. 22, N0.13,2021,

R. Singh, M. S. Smitha, and S. P. Singh, “The role of nanotechnology in
combating multi-drug resistant bacteria,” J. Nanosci. Nanotechnol., Vol. 14,
No. 7, pp. 4745-4756, 2014,

46



[87] S. H. Yu, M. Yoshimura, J. M. C. Moreno, T. Fujiwara, T. Fujino, and R.

[88]

[89]

[90]

[91]

[92]

Teranishi, “In situ fabrication and optical properties of a novel
polystyrene/semiconductor nanocomposite embedded with CdS nanowires by
a soft solution processing route,” Langmuir, Vol. 17, No. 5, pp. 1700-1707,
2001,

A. Atta, M. M. Abdelhamied, A. M. Abdelreheem, and M. R. Berber, “Flexible
methyl cellulose/polyaniline/silver composite films with enhanced linear and
nonlinear optical properties,” Polymers (Basel)., Vol. 13, No. 8, pp. 1-16,
2021,

T. N. Ghosh, S. S. Pradhan, S. K. Sarkar, and A. K. Bhunia, “On the
incorporation of the various reduced graphene oxide into poly(vinyl alcohol)
nano-compositions: comparative study of the optical, structural properties and
magnetodielectric effect,” J. Mater. Sci. Mater. Electron., VVol. 32, No. 14, pp.
19157-19178, 2021,

N. S. Wadatkar and S. A. Waghuley, “Characterizing the electro-optical
properties of polyaniline/poly(vinyl acetate) composite films as-synthesized
through chemical route,” Results in Surfaces and Interfaces, Vol. 4, No. June,
p. 100016, 2021,

K. G. Mondal, P. C. Jana, and S. Saha, “Optical and structural properties of
2D transition metal dichalcogenides semiconductor MoS2,” Bull. Mater. Sci.,
Vol. 46, No. 1, 2023,.

M. Stroe, M.Cristea, E. Matei, A. Galatanu, L. C. Cotet, L. Pop, M. Baia, V.
Danciu,l.Anghe,L.Baia,andM.Baibarac,Opticalproperties of composites based
on graphene oxide andpolystyrene,Molecules,VVol.25,No0.10,pp.1-11,2020,

47



[93]

[94]

[95]

[96]

[97]

[98]

[99]

R. Abargues, K. Abderrafi, E. Pedrueza, R. Gradess, J. Marque’s-Hueso, J.
Luis Valde” , J. Mart1'nez-PastoraReceived., “Optical properties of different
polymer thin films containing in situ synthesized Ag and Au nanoparticles,”
New J. Chem., Vol. 33, No. 8, pp. 1720-1725, 2009,

H. S. Suhail and B. H. Rabee, “New nanocomposites (PMMA-SPO-SIC)
fabrication and of their structural and electrical properties for pressure
sensors,”AlIPConf.Proc.,Vol. 2213, No. March, 2020,

C. Engineering and R. V. S. T. Campus, “G Lobal J Ournal of E Ngineering S
Cience and R Esearches At Coimbatore,” VVol. 1,No. 3, pp. 1-4, 2014.

Y. Li, H. Porwal, Z. Huang, H. Zhang, E. Bilotti, and T. Peijs, “Enhanced
Thermal and Electrical Properties of Polystyrene-Graphene Nanofibers via
Electrospinning,”J.Nanomater., VVol. 2016, 2016,

L. Kungumadevi, R. Sathyamoorthy, and A. Subbarayan, “AC conductivity
and dielectric properties of thermally evaporated PbTe thin films,” Solid. State.
Electron., Vol. 54, No. 1, pp. 58-62, 2010,

K. K. Sadasivuni, D. Ponnamma, J. Kim, and S. Thomas, “Graphene-based
polymer nanocomposites in electronics,”Graphene-BasedPolym.Electron., pp.
1-382, 2015,

G. D. Liang and S. C. Tjong, “Electrical properties of percolative
polystyrene/carbon nanofiber composites,” IEEE Trans. Dielectr. Electr.
Insul., Vol. 15, No. 1, pp. 214-220, 2008,

[100] A. Alekseev, A. Efimov, K. Lu, and J. Loos, “Three-dimensional electrical

property mapping with nanometer resolution,” Adv. Mater., Vol. 21, No. 48,
pp. 4915-4919, 2009,

48



[101] A. Kota, B. Cipriano, M. Duesterberg, A. Gershon, D.Powell, S. Raghavan, H.
Bruck,tDepartments.,“Electrical ~ and  rheological = percolation in
polystyrene/MWCNT nanocomposites,” Macromolecules, VVol. 40, No. 20, pp.
7400-7406, 2007,.

[102]M. H. Kang and S. J. Lee, “Rheological and electrical properties of
polystyrene/multi-walled carbon nanotube nanocomposites prepared by latex
technology,” Korea Aust. Rheol. J., Vol. 24, No. 2, pp. 97-103, 2012,

[L03]A. M. Youssef, S. Kamel, and M. A. El-Samahy, “Morphological and
antibacterial properties of modified paper by PS nanocomposites for packaging
applications,” Carbohydr. Polym., VVol. 98, No. 1, pp. 1166-1172, 2013,

[104]Z. Deng, H. Zhu, B. Peng, H. Chen, Y.Sun, X.Gang, P. Jin, J. Wang.,
“Synthesis of PS/Ag Nanocomposite Spheres with Catalytic and Antibacterial
Activities,” 2012.

[105]G. Gu, J. Xu, Y. Wu, M. Chen, and L. Wu, “Synthesis and antibacterial
property of hollow SiO 2/Ag nanocomposite spheres,” J. Colloid Interface
Sci., Vol. 359, No. 2, pp. 327-333, 2011,

49



	اسم الرساله والمقدمه-
	-عنوان والخلاصه بالعربي
	-اقرار المشرف
	-محتويات
	-فصول الرساله

