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Abstract

In this study, the (Poly-methyl-methacrylate-Polystyrene/Aluminum oxide)
nanocomposites has been prepared by using casting method with variant content of
(Al,03) nanoparticles (2, 4, 6 and 8 ) wt.%. The structural, morphological optical
and AC electrical properties of (PMMA-PS/AI,O3) nanocomposites films have been
investigated. The structural properties include optical microscope (OM), Fourier
transformation infrared ray (FTIR) and scanning electron microscope (FESEM). The
optical microscope images show that Al,Oz nanoparticles form a continuous network
inside the polymers when the ratio of (8)wt.%. FTIR spectra show a shift in some
bands and change in the intensities of other bands comparing with pure (PMMA-
PS/Al,O5) films, this indicates there is no interaction between the polymers and the
added nanoparticles. FESEM measurements reveal the surface morphology of the
(PMMA-PS/AI,03) nanocomposites films, which are homogeneous and coherent
with aggregates or chunks scattered at random on the top surface. The variation in
the morphology after exposed Ar plasma is the outcome of the impression
progression encouraged by argon plasma species on the (PMMA-PS) surface. The
optical properties before and after exposed Ar plasma exhibited that the absorbance,
absorption coefficient, refractive index, extinction coefficient, dielectric constant
(real and imaginary) and optical conductivity of (PMMA-PS/AI,O3) nanocomposites
increased with the increasing of the concentrations of the Al,O3; nanoparticles. The
transmittance and the energy gap for indirect transition (allowed, forbidden)
decreased with the increasing of the concentrations of Al,O3; nanoparticles The
dielectric properties explain that the dielectric constant and dielectric loss for
(PMMA-PS/AI,03) nanocomposites films are increased with the increasing of Al,Os
nanoparticles concentration and decreasing with the increase of frequency of the

applied electric field while the A.C electrical conductivity increased with the



increasing of nanoparticles concentration and frequency of the applied electric field
before and after exposed Ar plasma. The dielectric constant, dielectric loss and A.C
electrical conductivity after irradiation have high values compared before irradiation
which attributed to the increased charge carriers and the occurrence of some bonds
breaking. The (PMMA-PS/AI,O3) nanocomposites films were tested as antibacterial
for against gram-positive (Staphylococcus aureus) and gram-negative (Escherichia
coli). The result obtained the inhibition zone diameter increases with the increase in

Al,O3; nanoparticles concentrations.
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Chapter One Introduction and Literature Review

1.1 Introduction

Nanotechnology is a new science which evolved as it was observed that
materials displayed significantly different properties at nanometer sizes as compared
to the properties of the same material at bigger particle sizes. The term
“nanotechnology’ was first coined by Norio Taniguchi in 1974, in Japan, as follows:
“Nanotechnology mainly consists of the processing of separation, consolidation and
deformation of materials by one atom or one molecule [1].

Nanotechnology is an emerging interdisciplinary technology that has been
booming in many areas during the recent decade, including materials science,
mechanics, electronics, optics, medicine, plastics, energy and aerospace. The
reasons of the enthusiasm arising from the “nanosciences” are numerous. Among
them, the very large surface to volume ratio exhibited by many nanoscaled materials
opened novel possibilities in surface-based science, such as heterogeneous catalysis
[2].

Furthermore, it was discovered that properties of the materials change as their
size approaches the nanoscale, in other words, as the fraction of specific atoms at the
surface of a material becomes significant. For example, inert materials such as
platinum become catalysts, semiconductors like silicon become conductor, etc [2].

The applications of nanotechnology has only been increasing in the recent years,
the highest potential application is in the field of materials, followed by electronics
and medicine. Some of the potential applications of nanotechnology are as follows
[3]:

e Ultra-light weight, high strength, precision formed materials

e Nano-composite polymers and thin protective coatings for structural and
electronic applications

o Filters for cost-effective desalinization of water

e Barriers for thermal and optical application

1



Chapter One Introduction and Literature Review

e Miniaturized computers, non-volatile memory

e Low voltage and high-brightness displays

e Miniature thin film photovoltaic solar cells for cost effective power

generation for applications ranging from laptop to automobiles.

e Faster, smaller and more efficient semiconductors and micro-processors.

e Highly effective drug compounds and perfectly targeted drug delivery.

e Micro sensors and diagnostics for more effective treatment

e Antibacterial dressings and coatings.
1.2 Introduction of Plasma

In order to introduce plasma, it is often stated that plasma is the fourth state of

matter in the sequence: solid, liquid, gas, and plasma. The state of matter changes
from solid to liquid to gas to plasma by increasing the temperature of the material
under consideration. When gas atoms are subjected to energy (thermal, electrical or
light) they become ions by releasing some of their electrons. Collisions between
electrons and molecules and bond breaks in molecules create radicals. Energy will
also create excited species that will generate photons. This is how plasma is created
with a unique mixture of electrons, ions, radicals, photons and neutral atoms and
molecules [4].
Based on the relative temperatures of electrons, ions and neutrals, plasmas are
classified as thermal “equilibrium” and non-thermal “non-equilibrium”. Due to the
light mass of the electrons present in the plasma, these electrons are instantly
accelerated by the electric field to higher velocities than the heavier ions in the time
available between collisions. When the collision occurs only a small fraction of the
electron energy is lost. This is why the electron temperature in the plasma is initially
higher than that of heavy particles. The resulting plasma is a non-thermal or cold

plasma in which the electron temperature (= 10000 °C) is much higher than the gas
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temperature (< 200 °C). However, if the pressure is so high that the charged particles
do not move very far before the next collision or the electrical field is very low, the
energy of the electrons may tend towards that of the heavy particles. In this case, the
resulting plasma is a thermal or hot plasma [5].
Plasmas used in “plasma technology” are usually cold plasmas in the sense that only
a small fraction of the gas molecules are ionized which can provide electrons and
ions at the right energy without excessive heat enabling the use of plasma on heat-
sensitive materials such as polymers. The most commonly used method for
generating and sustaining a low-temperature plasma for technological and technical
applications is applying an electric field to a pure or mixed gas [6].
1.3 Nanomaterials

Nanomaterials: are materials with dimensions below 100nm and they have at
least one unique properties that is different than the bulk material and the
characteristics can be applied in different fields such as nanoelectronics,
pharmaceutical and cosmetic. Several methods have been studied in fabricating
these nanostructures, which include laser ablation' chemical vapor deposition (CVD)

[7] , and template-directed growth [8].

Nanomaterials can be classified by different approaches such as; according to the
XY and Z dimension, according to their shape and according their composition.
The more widely used classification is the order of dimension into OD. (quantum
dot), 1D. (nanotube, nanowire and nanorod), 2D. (nanofilm), and 3D. dimensions
such as bulk material composited by nanoparticles[9]. Be one of the ends of the tube
Is often open and one closed in the form of a hemisphere, as might be the wall of the
tube individual atoms and is called in this case the nanotubes and single-wall single
wall nanotube (SWNT), or two or more named multi-wall tubes multi wall nanotube

(MWNT) The tube diameter ranges from less than one nm to 100 nm (smaller than
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the width head of hair by 50000 times), and has a length of up to 100 micrometers
to form the nanowire .Of several forms of nanotubes may be straight, spiral, zigzag,
or conical bamboo and so on .The properties of these tubes are unusual in terms of

strength and hardness and electrical conductivity, and others [10].

1.4 Polymer Structure

A polymer consists of large organic molecules (macromolecules) of repeating
small structural units (monomers) connected together in a process called
polymerization ,each molecule is composed of thousands of atoms connected by
covalent chemical bonds. Molecules in a polymer attract each other by forces that
depend on the type of the polymer [11,12]. Polymers can be classified into two groups
according to the effect of temperature on them. They are:
1.4.1 Thermoplastic polymers: The properties of these polymers are changed by
the effect of temperature. When the temperature increases, they become flexible and
sticky; by lowering the temperature, these polymers return to their original solid
state. This is because the molecules in a thermoplastic polymer are connected by
relatively weak intermolecular forces (Van der Waals forces). When heated, these
molecules can slide over each other as in Polystyrene, Polyethylene, Polypropylene,
and Polyvinyl chloride, Poly vinyl alcohol [13].This figure explains atomic

configuration of thermoplastic polymers.


http://en.wikipedia.org/wiki/Molecule
http://en.wikipedia.org/wiki/Macromolecule
http://en.wikipedia.org/wiki/Structural_unit
http://faculty.uscupstate.edu/llever/Polymer%20Resources/IM_Forces.htm
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Thermoplastic

Figure (1.1): Series configuration of thermoplastic polymers [ 13]

1.4.2 Thermoset Polymers: These polymers are chemically changed when heated.
Thermosets are usually three-dimensional networked polymers in which there is a
high degree of cross-linking between polymer chains. After being heated, these
polymers become insoluble, non-conductive of heat and electricity, and hard because
molecules of these polymers are connected by strong covalent chemical bonds.
Phenol formaldehyde resin and urea-formaldehyde resin are examples of this type
of polymers [11,14,15,16,17]. This figure explains atomic configuration of

thermoset Polymers.


http://faculty.uscupstate.edu/llever/Polymer%20Resources/Topology.htm#network
http://en.wikipedia.org/wiki/Covalent
http://en.wikipedia.org/wiki/Chemical_bond
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Thermoset

Figure (1.2): Series configuration of thermoset Polymers [13].

1.5 Nanocomposites

Nanocomposites can be defined as a composite material in which at least one
of the phases (mostly the filler) shows dimensions in the nanometer range. As the
fillers size reaches the nanometer level, the interactions at the interfaces become
considerably large with respect to the size of the inclusion and thus the final
properties show significant changes [18]. A nanocomposite, like a traditional
composite has two parts, filler and the matrix. A traditional composite typically uses
a fiber such as carbon fiber or fiberglass as the filler, in a nanocomposite the filler is
a nanomaterial. Some examples of nanomaterial are carbon nanofiber, and
nanoparticles such as gold, silver, diamond, copper and silicon. Of particular interest
are nanocomposites because of their high strength and stiffness composites they

produce at relatively low concentrations [19, 20].
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1.6 Materials used in the study
1.6.1 Poly methyl-methacrylate (PMMA)

Poly-methyl-methacrylate (PMMA) has been used for vertebra— plasty, the
percutaneous augmentation of vertebral bodies, since the late 1980s (Galibert et
al.,1987) and is today the most commonly used augmentation material [21]. The
used matrix material is Poly methyl-methacrylate (PMMA) as a polymer waveguide
has attracted much attention for use as optical components and in optoelectronic
devices due to its low cost and volume productivity. Poly-methyl-methacrylate is an
important and interesting polymer because of attractive physical and optical
properties decisive about its broad application. This is the thermoplastic material
with the good tensile strength and hardness, high rigidity, transparency, good
insulation properties and thermal stability dependent on tactility. Poly-methyl-
methacrylate has some disadvantages such as brittleness and low chemical resistance
which can be eliminated by chemical or physical modification [22]. Poly-methyl
methacrylate is one of the earliest and best known polymers. Poly-
methylmethacrylate was seen as a replacement for glass in a variety of applications
and is currently used extensively in glazing applications. The material is one of the
hardest polymers, and is rigid, glass-clear with glossy finish and good weather
resistance. Poly-methylmethacrylate is naturally transparent and colorless. The
transmission for visible light is very high. Polymeric composites of Poly-
methylmethacrylate are known for their importance in technical applications [23].
Studies of doping transition metal halides into Poly-methylmethacrylate are
important for determining and controlling the operational characteristic of the
different Poly-methylmethacrylate composites. The addition of transition metal

halides  to the Poly-methylmethacrylate network will cause a remarkable change
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in their properties. Figure (1.3) explain the chemical structure of PMMA [24]. Table
(1-1) shows some physical properties of PMMa[24].

Figure (1.3): A chemical structure of the repeating unit of PMMA polymer [24].

Table (1.1): The most important physical properties of PMMA polymer [25].

Property Description
Chemical formula CH,=C(CH3)COOQOH;
Density 1.2 g/lcm?®

Melting point 140°C
Boiling point 200°C
Solubility in water Insoluble

Molecular weight 120000
Energy gap 3.9eV

Solubility Solu.ble i_n benzene, carbon

disulfide, chloroform

Glass Transition Temperature Tg (K) 106 °C
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1.6.2 Polystyrene (PS)

Polystyrene (PS) is a flexible plastic that is commonly used in several aspects of
human life and industry due to its low cost, light weight, ease of fabrication,
flexibility, thermal efficiency, durability, and moisture resistance. However,
polystyrene is exceptionally stable and difficult to degrade in the surroundings after
disposal [26]. It is produced by the polymerization of styrene and is the most widely
used plastic. At room temperature, the thermoplastic polymer is a solid but when
heated above 100 °C it flows. It becomes rigid again when it cools down. Polystyrene
is insoluble in water. Polystyrene is compound that is non-biodegradable with a
couple of exceptions. It is easily dissolved by many aromatic hydrocarbon solvents
and chlorinated solvents. It is widely used in the food-service industry as rigid trays,
containers, disposable eating plates, bowls, etc [27]. Figure(1.4) explain the
chemical properties of PS [26].Tables(1-2)show the Properties of PS [27].

Figure (1.4): A chemical structure of PS [27].
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Table (1.2): The most important physical properties of PS polymer [27].

Property Description
Chemical formula (C8H8)n
Density 0.96-1.05 g/cm3
Melting point ~ 240 °C
Boiling point 430 °C
Solubility in water Insoluble
. Soluble in benzene, carbon disulfide,
Solubility
chloroform
Molecular weight 150000 g/mol
Energy gap 4.5 eV
Glass Tran5|t(|_(|)_:1)Temperature 100 °C

1.6.3 Aluminum Oxide Nanoparticle (Al2O3 NPs)

Aluminum oxide is a chemical made up of two aluminum atoms and three
oxygen atoms linked in a hexagonal close-packed crystal structure. Alumina is the
popular term for the chemical, and due to its availability, it has a variety of uses in
the industry [28]. Alumina is derived from bauxite and recycled alumina. Alumina
Is derived from the aluminum-rich mineral bauxite. Top bauxite producers are
Australia, China, Jamaica, and Brazil. When mixed with transition metals, the result
Is a stunning crystal. Due to its properties of light absorption and reflection in the
visible range. Aluminum oxide is made by recycling raw aluminum. The
characteristics and functions of virgin aluminum and recycled aluminum are nearly
identical. Alumina is a frequent element in sunscreen and can also be found in
cosmetics like nail polish, blush, and lipstick, as well as in glass formulations as a
catalyst and in sandpaper as an abrasive. Aluminum oxide is also an electrical

insulator [29]. Alumina properties are shown in Table (1-3) [29].

10
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Table (1.3): The most important physical properties of Al,O3; nanoparticle [29].

Property Description
Chemical formula ALO3
Molar mass 101.960 g-mol"
Appearance white solid
Odor odorless
Density 3.987g/cm?
Melting point 2,072 °C
Boiling point 2,977 °C
Solubility in water insoluble
Refractive index (n) 1.62

1.7 Literature Review

In (2014), C. Mandolfino, et. al. [30] prepared the effect of cold plasma
treatment on polyethylene and polypropylene substrates, a large number of samples
were exposed to radio frequency (RF) low pressure plasma, using mainly air as
working gas. In particular, the optimization of three plasma process parameters,
exposure time, voltage and working gas, were studied performing roughness
measurement, contact angle evaluation and lap-shear tests. The experimental results
show that the optimized plasma process may remarkably change the surface
morphology, increasing wettability properties of the surfaces and shear strength of
the bonded joints. These good properties remain almost unchanged even after some
days of storage in the laboratory.

In (2015) L. M. Wallenhorst et aL. [31] studied the characteristics of
aluminium trihydrate (ATH) filled poly (methyl methacrylate) (PMMa) composite
(PMMa/ATH) coatings realised by plasma deposition at atmospheric pressure. For
this purpose, PMMa/ATH powder was fed to a plasma jet where the process and
carrier gas was compressed air. The deposited coatings were investigated by X-ray
photoelectron spectroscopy and water contact angle measurements. Further, the raw
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material was characterised before deposition. It was found that, with respect to the
raw material, aluminium was uncovered in the course of the plasma deposition
process which can be explained by plasmainduced etching of the PMMA matrix. As
a result, the wettability of plasma-deposited PMMa/ATH was significantly
increased.
In (2016), A. M. Shehap et. al. [32] studied polyvinyl alcohol (PVA) doped
with titanium dioxide nanoparticles at different weight percentage (1.25, 2.5, 5,
7.5, 10 TiO2/PVA) were prepared using the sonification and casting techniques.
The structural properties of those samples were examined by XRD, FTIR, and UV-
Visible. The XRD pattern revealed that the amorphous domain in PVA polymer
matrix increased with raising the TiO; content. The complexation of the dopant
with the polymer was examined by FTIR studies. The absorption spectra of UV-
Visible light showed irregular changes of the absorption for high doping samples
in UV range (7.5, 10 TiO, /PVA). Absorbance, transmittance and reflectance
spectra were used for the determination of the optical constants. The results
indicated that the optical band gap decreases with increasing TiO, content, while

the refractive index increased to high value for the composites of high dopant.

In (2017), R. G. Kadhim et al. [33], prepared (Poly vinyl alcohol (PVA) -
Carboxymethyl Cellulose (CMC)-Copper Oxide (CuO)) Nanocomposites by
solution casting method. The AC electrical and optical properties were examined.
From the AC electrical properties, the dielectric constant, dielectric loss and AC.
Electrical conductivity of (PVA-CMC) blend increase with the increasing of the
copper oxide nanoparticles concentrations at 100HZ. Whereas dielectric constant
and dielectric loss decrease with increased frequency but AC. Electrical
conductivity increases with increased frequency. The optical measurements are

showed the absorbance of (PVA-CMC-Copper Oxide) nanocomposites are

12
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increased with increase of the concentrations of copper oxide nanoparticles. The
indirect energy gap (Eg) of (PVA-CMC) blend decreases with the increase of the
concentrations of copper oxide nanoparticles. All the optical constants as
absorption coefficient, extinction coefficient, and refractive index, real and
imaginary dielectric constants of nanocomposites are variation with the increase of
the weight percentages of copper oxide nanoparticles. Surface resistance of (PVA-

CMC-Copper Oxide) nanocomposites variation with increase relative humidity.

In (2018), M. Vovk et. al. [34], studied Air plasma treatments of aluminium
trinydrate filled poly(methyl methacrylate) polymer (PMMa) composites were
carried out in a dielectric barrier discharge. X-ray photoelectron spectroscopy (XPS)
and attenuated total reflection — infrared spectroscopy have been employed to
analyse the changes in chemical composition. Confocal laser-scanning microscopy
and atomic force microscopy Yyielded the impact on surface structure and
morphology. The plasma treatments resulted mainly in an etching of the matrix
polymer and a minor chemical modification. An apparent contradiction of XPS,
ATR and SFE results was attributed to a repolymerization and re-deposition of the
etched PMMa material as debris back onto the surface.

In (2019), N. M. El-Sayed [35] studied the optical and electrical properties of
Polymethylmethacrylate (PMMA) films have been investigated under the effect of
direct current (DC) glow discharge plasma. PMMa films have been prepared and
treated with low-pressure DC glow discharge plasma at different plasma conditions;
mainly various working gas and plasma treatment times. The optical and electrical
properties of the treated PMMa samples were measured and compared to the
untreated one. Nitrogen, argon, and nitrogen-argon mixture have been used as
working gases. Plasma parameters, such as the electron density, the ion density, and

electron temperature, were measured, at the position of the PMMa films, using

13



Chapter One Introduction and Literature Review

Langmuir probe. The results reveal that, the optical properties of PMMA were found
to be more sensitive to N, - plasma treatment than Ar and N -Ar gas mixture. The
optical energy gap showed a decreasing behavior with increasing the treatment time
of N, plasma, however, the band tail width and the electrical resistivity increased.

In (2020), Y. Al-Mahweet [36] studied physicochemical properties of prepared
ZnO/Polystyrene  nanocomposite:  structure, mechanical and  optical.
Nanocomposites of polystyrene nano sphere (PS) with different loading of nano zinc
oxide (ZnO) were prepared by two different methods, blend and in situ method. The
prepared films of the synthesized nanocomposites materials were characterized by
energy dispersive investigation (EDX), X-ray diffraction (XRD) and the
morphology of ZnO/PS nanocomposite were investigated by transmission electron
microscope (TEM). The effect of ZnO nanoparticles on linear optical properties was
studied in the PS lattice. The obtained results indicate that, the refractive index has
been increased while the energy gap decreased with increasing ZnO nanoparticles

In (2021), J. Meza-Arroyo et al,[37] studied the effects of ultra-dry-air plasma
surface treatments on the properties of Al,O3-GPTMS-PMMa hybrid dielectric
layers for applications to high-performance a-IGZO TFTs. The hybrid layers were
deposited by an easy dip coating sol-gel process at low temperature and then treated
with dry-air plasma at 1, 2 and 3 consecutive cycles. Their properties were analyzed
as a function of the number of plasma cycles and contrasted with those of the
untreated ones. The results show that the plasma treatments increase the surface
energy and wettability of the hybrid films. There is also a reduction of the OH groups
and oxygen vacancies in the hybrid network improving the dielectric properties.

In (2022), Q. A. Alsulami, and A. Rajeh [38] The casting method was employed
for the preparation of polymer blend films doped with TiO;, (0.5, 1, 1.5, and 2.3
wt%). According to the XRD results. The samples of PANI/PMMa-TiO,
nanocomposite are amorphous nature. The FTIR technique is used to reveal the
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nanocomposites' vibrational bands as well as the intermolecular bonding between
the blend and the TiO2 NPs. Absorption spectra, reflectance, transmission spectra,
extinction coefficient, refractive index, real and imaginary parts of the dielectric
constant, third-order susceptibility (y3), and optical band gaps are among the optical
constants studied. As preselected TiO2 NPs are put into thin films (doping <1.5
wt%), the optical band gap values (Eg) of the fabricated nanocomposite films
decreased.

In (2023), A. Hashim et. al. [39] studied polystyrene (PS)-cerium oxide (CeO,)-
silicon carbide (SiC) nanostructures prepared by the casting method. The structural,
optical and electrical characteristics of PS/CeQO,/SiC nanostructures have been
investigated. The results indicated that the absorbance (A) was increased about
46.1% at UV-spectra (A =300 nm) and 59.1% at visible- spectra (A=500 nm). The
energy gap of PS was decreased from 4 eV to 2.8 eV when the ratio of CeO,/SiC
nanostructures reached (4.8 wt.%) which made it suitable for several optics and
nanoelectronics fields. The optical parameters of PS matrix were enhanced with an
increase in the CeO,/SiC NPs content. Results of the AC electrical properties showed
that the dielectric constant (¢") and AC electrical conductivity (cac) were improved
about 35% and 66.1% with rise in the CeO,/SIiC nanostructures content at
(f=1 kHz).
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1.8 The Aim of the Study

The aim of this study can be noted as:

1- The effect of Al,O3 nanoparticle on some physical properties of polymer
blend.

2- Effect of the cold plasma on the optical and electrical properties before and

after exposed of the (PMMA-PS/AI,O3) nanocomposites films.

3- The possibility of synthesized (PMMA-PS/Al,O3) nanocomposites films as

antibacterial coating materials.
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Chapter Two Theoretical Part

2.1 Introduction

This chapter includes a general description of a theoretical part of the studies,
as well as physical concepts, scientific clarifications, relationships, and rules utilized

to understand the findings.

2.2 The Optical Properties

Optical properties can be defined as the interaction between electromagnetic
radiation or light with matter that includes absorption, reflection in addition to
polarization, etc.[40]. The study of the optical properties of films is of great
importance in finding the optical constants through which it is possible Identifying
the value of the optical energy gap, as well as we can know the other constants of
absorption and transmittance and their coefficients, as well as the damping

coefficient and the real and imaginary dielectric coefficients[41].
2.2.1 Absorbance (A) and Transmittance (T) and Reflection

a. Absorbance(A): the absorbance defines as the ratio between the intensity of the
absorbed radiation by the membrane (I») to the original intensity of the radiation
incident on it (l,) and the absorbance is a unit-free quantity. It is given by the

following relationship[42]:
Aclall, (2.1)

b. Transmittance(T): it is defined as the ratio between the intensity of the radiation
passing through the membrane (I1) and the original intensity of the radiation incident
on it (lo) , which is also a quantity devoid of units, and is given by the following
relationship[43]:

Tt/ 1, (2.2)
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c. Reflection (R): the reflectivity (R) is defined as the ratio between the intensity of
the radiation reflected from the membrane in a particular direction to the original

intensity of the radiation incident on it, and it is given in the following equation[44]:
R=1Ir/lo (2.3)

Also, the value of the reflectivity can be found from the knowledge of the spectral
absorption and permeability by adopting the law of energy conservation, In the

following relationship[45]:
A+ R+T:1 (2.4)
2.2.2 The electronic transitions
Electronic transmission is divided into two types [46, 47]:
1. Direct Transition

This transition occurs in semiconductors when the bottom of the conduction
band (C.B.) is exactly over the top of the valence band (V.B.), that meaning they
have the same wave vector value (Ak=0). The conservation of energy and momentum

was needed for this transition form. There are two types forms of direct transitions
a. Direct Allowed Transition

As shown in Figure (2.1,a), this transition occurs between the top points in
the (V.B.) and the bottom points in the (C.B.).

b. Direct Forbidden Transition

This transition happens between near top points of (V.B.) and near points in
the bottom of (C.B.), as shown in figure (2.1, b).

2. Indirect Transition
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In these transition types the bottom of conductivity band is not over the top of
valence band. The electron transits from (V.B.) to (C.B.) not perpendicularly, they
in different regions of (K) space (AK # 0). This type of transition occurs with the

help of a particle known as a "Phonon". there are two types of indirect transitions:
a. Allowed Indirect Transition

As shown in (2.1) these transitions happen between the top of (V.B.) and the
bottom of (C.B.) in a different region of (K-space).

b. Forbidden Indirect Transition

As shown in figure (2.1) in (d), these transitions occurred between near points
in the top of (V.B.) and near points in the bottom of (C.B.). The (Taos’s equation)
Is used to calculate the optical energy gap value of the allowed and forbidden indirect

transition.
ahv = Bo ( hv = Eg i E Phonon ) ' (2.5)

Where E pronon means the energy of phonon, (-) when phonon absorption and (+)
means when phonon emission, E; means energy gap, h means blank constant, r
means the exponential constant; its value depends on the type of transition, r=2 for

the allowed indirect transition, meanwhile r=3 for the forbidden indirect transition.
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Conduction band

&>
-
R

Valence band

Wave Vector (K)

Figure (2.1): Types of electronic transfers [46,47]
(@) Allowed direct transition (b) Forbidden direct transfers
(c) Allowed indirect transition (d) Forbidden indirect transfers

2.2.3 Optical Constants
1. Optical absorption coefficient (a)

Itis the decrease in the radiation energy incident on the material and it depends
on the energy of the incident rays and the nature of material that falls on it; and it is
measured in cm™ unit. If the energy of the photons (hv) is equal to the energy gap
(Eg), then the photons are absorbed to generate a pair (electron-gap) as shown in (a)
from figure (2.2). But if the energy of the photons (hv) is greater than the energy gap
(Eg), then it can be a transition process occurs in the semiconductor and produces
an excitation of the electron from the valence band to the conduction band. While
the extra energy is dissipated to be in the form of heat, as shown in (b) from figure

(2.2). Both (a) and (b) are referred to as self-transition, or packet to packet transition,
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But if the energy of the photons (hv) is less than the energy gap (Eg), the absorption
will only take place in the presence of localized energy levels in the blocked gap
that are caused by chemical impurities and physical defects, as shown in (c) from

figure (2.2). This process is called non self-transfer [48, 49].

hv N, a b £

Figure (2.2): Self and non-self-transitions of semiconductors [48].

The absorption coefficient can calculate of the relationship called (Per-Lambert's
relationship) [49]:

|- loe™ (2.6)

Where (l,) and (1) are the intensity incident ray before and after it passes through the
material; respectively, (o) is a absorption coefficient, and (t) thickness of film. After

reworking the equation (2.6) above we get[49]:
a = 2.303 Alt (2.7)

where A: absorbance and t : thickness
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2. Extinction Coefficient (k)

It is defined as the amount of attenuation in the intensity of electromagnetic
radiation as a result of the interaction of electromagnetic rays and particles of the
thin film material, the damping coefficient can be calculated through the following

equation, which is related with the absorption coefficient[43]:
K- oA /4 (2.8)

Where A (cm) is the wavelength of the incident radiation and a (cm™) absorption

coefficient.
3. Refractive 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:
n-cl/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[50].Refractive index can be expressed by the
following equation[51]:

n=[4R/(R —1)*> -k 2] ¥+ (R+1)/(R—1) (2.10)
Where (n) the refractive index, (R) the reflection, and (k) extinction coefficient.

4. Dielectric Constant (&)

Represents the ability of a substance to be polarized, when the interaction
between light and the charges of the medium occurs the resulting polarization of the
charges of this medium is described by the nodal dielectric constant (€) that defined

by the following equation[52]:

£-E-1& (2.11)
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Where £ : complex dielectric constant, £, :the real part of the dielectric constant, and
&, the imaginary part of the dielectric determined constant. The real and imaginary

part of dielectric constant can be by using equations[53]:

E1-n%-K> (2.12)
£,-2nk (2.13)
2.3.4 Optical Conductivity

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 can be calculated from the equation[54]:
Gop = (2.14)

Where (oqp the optical conductivity, (a) is the absorption coefficient, (n) the

refractive index, (c) the velocity of light.
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[55]. 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[56].
2.3.1 The A.C Electrical Conductivity
The electric field frequency in the A.C conductivity would be variable

during[15]. 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
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direction of the applied electric field, that is, the material becomes polarized[14].

The complex permittivity of a material ( €*) can be written as[56]:
g*:ga_j gb (215)

where &, and &, are value real and the imaginary parts of complex permittivity and
Permittivity and j imaginary number equal V-1. The real part is determined by[56]:
Ea-& E (2.16)
The magnitudes of £, and &, depend on the angular frequency () of applied the
electric field. Magnitude of &, (or the dielectric constant £) indicates the ability of
material to store energy from applied electric field[72]. The equation can be used to
measure the capacitance of a capacitor made up of two parallel plates[57]:

C-E & Alt (2.17)

Where £'is the constant of dielectric, t is the sample thickness and &, is Permittivity

in vacuum. Dielectric constant is given by the relation[58] :
E-CplC, (2.18)

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

dielectric of loss (£") is given by[59] :

E"-ED (2.19)
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 [60]:

oac=w & E" (2.20)

where w is an angular frequency (w = 2mf).
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2.4 Anti-bacterial Application

Antibiotics have been the preferred treatment method for bacterial infections
due to their cost-effectiveness and robust results. In reality, antibiotic overuse has
recently resulted in the development of superbugs that are resistant to practically all
antibiotics[61]. Because of the emergence and spread of drug resistance in bacterial
pathogens, antibiotics often lose their effectiveness over time. The so-called
“antibiotic resistance crisis” by drug-resistant bacteria result in additional medical
costs of up to billions of dollars annually [62]. Faced with this increasingly severe
situation, discovering new antibacterial agents and therapeutic strategies is urgently
necessary. Nanoparticles provide a universal platform for therapeutic applications
based on their own unique physical and chemical properties and provide treatment

for drug-resistant bacteria[63].
2.5 Plasma Interaction with matter

From a scientific point of view, matter in the known universe is often classified
in terms of four states: solid, liquid, gaseous, and plasma. The basic distinction
among solids, liquids, and gases lies in the difference between the strength of the
bonds that hold their constituent particles together. These binding forces are
relatively strong in a solid, weak in a liquid, and essentially almost absent in the
gaseous state. Whether a given substance is found in one of these states depends on
the random Kkinetic energy (thermal energy) of its atoms or molecules, i.e., on its
temperature. The equilibrium between this particle thermal energy and the

interparticle binding forces determines the state [64].

By heating a solid or liquid substance, the atoms or molecules acquire more thermal
Kinetic energy until they are able to overcome the binding potential energy. This

leads to phase transitions, which occur at a constant temperature for a given pressure.
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The amount of energy required for the phase transition is called the latent heat. If
sufficient energy is provided, a molecular gas will gradually dissociate into an
atomic gas as a result of collisions between those particles whose thermal kinetic
energy exceeds the molecular binding energy [65]. At sufficiently elevated
temperatures an increasing fraction of the atoms will possess enough kinetic energy
to overcome, by collisions, the binding energy of the outermost orbital electrons, and
an ionized gas or plasma results. However, this transition from a gas to a plasma is
not a phase transition in the thermodynamic sense, since it occurs gradually with

increasing temperature [66].
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Chapter Three Experimental Part

3.1 Introduction

In any experimental work, there are a specific mechanism for manner of
working, devices to examine the samples and an exact theorem to explain the results.
In this chapter we will illustrate in details the materials used and the preparation
process with devices that used in this work to find out the structural, optical, and

electrical properties.

3.2 Materials

The used materials in this study are:
3.2.1 Matrix Material

1. Poly methacrylate (PMMA): The polymer was used as granular form and was
obtained from Apha Co, India (120000 M.W) with high purity (99.99 %).

2. Polystyrene (PS): The polymer was used as granular form and was obtained
from Apha Co, India (150000 M.W) with high purity (99.99 %).

3.2.2 Additive Nanomaterial

1. Aluminum oxide nanoparticle (Al2Os NPs): It was obtained as powder from

(Nano shel USA) company with grain size (20nm) and high purity (99.9%) .

3.3 The Preparation of (PMMA-PS/AI>,O3) Nanocomposites Films

Poly methyl methacrylate (PMMA)- Polystyrene (PS) doped with Aluminum
oxide nanoparticle (Al,O3 NPs) has been prepared by casting method. The blend
film (70%PMMA-30%PS) was prepared by dissolving of 1 gm in chloroform (30
ml). The fabricated of nanocomposite by adding of the Al,O3; NPs to solution
(PMMA-PS) with content 2, 4, 6 and 8 wt. % are shown in table (3-1) and casting
on glass betri dish. Then, the nanocomposite prepared were exposed to the Ar
plasma. Finally, the samples are ready for the structural, optical, electrical (before
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and after exposed to the Ar plasma) and then apply as the antibacterial as shown in

Figure (3.1). The thickness of the produced films was about 0.11 mm.

Table (3.1): Weight percentages for nanocomposites (PMMA-PS/AI,O3)

PMMA (wt.%) PS (wt.%) Al,Os (Wt.%)
70 30 0
69 29 2
68 28 4
67 27 6
66 26 8
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PMMA 70 wt.%/PS 30wt.%

30 ml of chloroform

Al,O3 nanoparticles
(0, 2,4,6,8) wt. %

By casting method

PMMA-PS/AI,O3; nanocomposite

Test OM, FTIR, FESEM, optical and electrical properties and finally
the antibacterial application

Irradiated of cold plasma (Ar)

Measurements after irradiated plasma

Structural (OM, Optical AC electrical
FESEM) properties properties

Figure (3.1): The schematic of experimental work.
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3.4 Measurements of Structural Properties
3.4.1 Optical Microscope

The optical microscope supplied by Olympus name (Toup View) model (Nikon-
73346) as shown in figure (3.2) and fitted with a light intensity automatic operated
camera is used to analyze the sample of (PMMA-PS/AI,03) Nano composites films.
This calculation was carried out Department of Physics, University of

Babylon/College of Education for Pure Sciences, under magnification(10x).

photographic scnsor
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objective B
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Figure (3.2): Optical Microscope.

3.4.2 FTIR Spectral Characterization

FTIR spectra were recorded by FTIR (Bruker company, German origin, type
vertex -70). FTIR was implemented in the University of Babylon /College of
Education for Pure Sciences/Department of Physics. In this study, the considered

wave number range is (500-4000) cm, as shown in figure (3.3)
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Figure (3.3) : Fourier transform infrared (FTIR) spectroscopy device .
3.4.3 Field Emission Scanning Electron Microscope (FESEM)

Field Emission Scanning Electron Microscope (FESEM) is an electron
microscope that images the sample surface by scanning it with a high -energy beam
of electrons in a raster scan pattern. The specimens for an FESEM testing must be
electrically conductive, at least at the surface, and electrically grounded to prevent
the accumulation of electrostatic charge at the surface. Small part of (1cm?) was
taken from the sample to examine it by SEM. In this work low vacuum scanning
electron microscope was used. The surface morphology of (PMMa-PS/Al,Os3)
nanocomposites films was observed using Tescan mira3 FE- SEM microscope. is
equipped with dual Bruker XFlash EDS detectors and Bruker Flash HD EBSD
(Czech Tescan Instrument Co.) for analytical studies at the University of Tehran as
shown in figure (3.4). The advantage was observed using this technique (Low
vacuum SE detecto) is beam deceleration technology (BDT) for high resolution
imaging and high surface sensitivity at very low kv and variable pressure operation,

fully integrated active anti-vibration system.
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Figure (3.4): Image of system of FE-SEM device.
3.5 Optical Properties Measurements

At the University of Babylon, Department of Physics, College of Education for
Pure Sciences, the absorption spectrum of (PMMA-PS/AI,O3) nano composites
films was measured with a double beam spectrophotometer (Shimadzu model UV-
1800 Ao (JAPAN)) in the wavelength range (190-1100) nm. As shown in figure
(3.5). It found at room temperature; the absorption spectrum was recorded. The
optical constants, absorption coefficient, extinction coefficient, refractive index, and
energy gaps are all examples of parameters were calculated using a computer

program.
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Figure (3.5): Image of UV spectrophotometer (photometer).
3.6 A.C. Electrical Properties Measurement

LCR meter style (HIOKI13532-50 LCR Hi TESTER (Japan) is used to measure
A.C. electrical conductivity at the University of Babylon/College of Education for
Pure Sciences/Physics Department figure (3.6) shows a diagram for the A.C
electrical measurement system. Only (1cm) from each one of the samples has been
taken and put between two electrodes and by different frequencies from (100Hz-
5MHZz) at room temperature. The capacity and dissipated factor have been recorded
for all 43 the samples. Dielectric constant, dielectric loss and conductivity have been

calculated from this data.
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Figure (3.6): Diagram for system of A.C electrical measurement system
3.7 Application of (PMMA-PS/AI,O3) Nanocomposites Films

Antibacterial activity of the (PMMA-PS/AIl,O3) nanocomposites films tested
samples were determined using a disc diffusion method. The antibacterial activities
were done by using gram positive organisms (Staphylococcus aureus) and gram-
negative organisms, Escherichia coli, Bacteria (Staphylococcus aureus and
Escherichia (coli) were cultured in Muller-Hinton agar. The disks of the (PMMA-
PS/AIl,O3) nanocomposites films were placed over the media and incubated at 37°C

for 24 hours. The inhibition zone diameter was measured.
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3.8 Irradiation plasma

After prepared of (PMMA-PS/AI,O3) nanocomposite films, the cold plasma (Ar
gas) irradiated with voltage 4.8 KV, current 0.2 A, pressure 5 mbar and the diameter
of the tube for generating the plasma is 5 mm are shown in figure (3.8). This
calculation was carried out Department of Physics, University of Babylon/College

of Education for Pure Sciences, which consists of the following specifications:

-Tube end 3 mm

-Between the electrodes 1,5 cm
-Electrode thickness 1 mm
-Electrodes width 1 cm
-Frequency 5.6 Hz

-Inner tube diameter 5mm

-Outer tube diameter 3mm

’: / Jee tube\ Copper elctodes

n Plasma et
Mass flow ‘ a
controller

Quartz tube / f
Insulator -

Figure (3.8): Cold plasma irradiation
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Chapter Four Results, Discussion and Conclusions

4.1 Introduction

This chapter includes the results and its discussion of the structural, optical and
(A.C) electrical measurements for (PMMA-PS/AI,O3) nanocomposites films. It also
discusses the effect of different concentrations additive nanoparticles (Al.O3) in the
optical microscope, Fourier transform infrared rays (FTIR), Field Emission
Scanning Electron microscope (FE-SEM) before and after exposed of argon plasma
and antibacterial activity applications of (PMMA-PS/AI,O3) nanocomposites films

are also discussed.
4.2 The Structural Properties
4.2.1 The Optical Microscope Measurements

Figures (4.1)(4.2) shows photomicrograph of the pure (PMMA/PS) blend and vary
ratio of Aluminum oxide nanoparticle (Al,O; NPs) before and after exposed Ar
plasma respectively. From these figures (4.1A) (4.2A), the surface of (PMMA-PS)
composite homogenous and uniform distribution which indicate a successful this
method. In image B, C, D and E in figure (4.1), we note that at low ratio of the Al,O3
NPs collective as groups. When the concentration of Al,O3 NPs is increase, the
nanoparticles create a continuous network inside the (PMMA-PS) nanocomposites
films at 8 % , while in figure (4.2), at low concentrations of Al,O3 NPs, it can be
noted that the formation of small pits on the surface of the nanocomposite as a result
of exposure to Argon plasma gas and when were reach a concentration of 8 wt.%
Al;O3; NPs, it notes that these pits increase due to the increase in the interaction of

the plasma with the surface of the sample.
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Figure (4.1): Photomicrographs (x10) for (PMMa-PS/Al,O3) nanocomposites
films: (A) for pure (B) for 2 wt.% Al,O3 NPs, (C) for 4 wt.% Al,O3; NPs, (D) for 6
wt.% Al,O3 NPs and (E) for 8 wt.% Al,O3NPs.
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Figure (4.2): Images of OM (10x) for (PMMA-PS/AI,03) nanocomposites films
after exposed Ar plasma films: (A) for pure (B) for 2 wt.% Al,O3; NPs, (C) for 4
wt.% Al,O3; NPs, (D) for 6 wt.% Al,O3; NPs and (E) for 8 wt.% Al,O3NPs
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4.2.2 Fourier Transform Infrared Rays (FTIR) Measurements

FTIR spectra of (PMMA-PS/AI,O3) nanocomposites films are shown in figure
(4.3) at wavenumber range (500-4000) cm™. FTIR studies of nanocomposites show
the interactions in nanocomposites. FTIR spectra of (PMMA-PS) polymer are
reveals absorption band at 2984.45 cm* corresponding to the CH3 bending vibration
and the band 1723.34 cm™ owing to the C=0 stretching vibration. Band at 1435.14
cm? corresponding to the CHjs stretching vibration. The absorption band at 1143.71
cm? attribute to the symmetric stretching vibration of C-O. The bands 984.77 cm™,
697.33 cm*and 749.08 cm™ matching to the C—C bending and stretching vibration
respectively [67].

After adding Al,O3 nanoparticles to the polymers (PMMA-PS) as shown in image
(from B to E) from fig. (4.3) leads to the displacement of some of the bonds and not
emergence of new peaks therefore, there is no interaction between Al;O;
nanoparticle and the PMMa-PS polymer matrix. these results agree with the

researchers [68,69].
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Figure (4.3) FTIR spectra of (PMMA-PS/AI203) nanocomposites films A. pure
polymer, B. 2 wt.% of (Al,O3) NPs, C. 4 wt.% of (Al203) NPs, D. 6 wt.% of
(AlI203) NPs and E. 8 wt.% of (Al,O3) NPs.
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4.2.3 Field Emission Scanning Electron Microscopy (FESEM) Measurements

Field Emission Scanning Electron Microscopy (FESEM) is tested to study the
compatibility between vary components of the polymer and nanomaterials. The
morphology of the surface of samples PMMa-PS/Al,O3; nanocomposite films is
examined using an FESEM as shown in the figures (4.4) (4.5) at different scale

before and after exposed Ar plasma.

Figure (4.4A) reveales the sample pure has a homogenous and smooth surface. When
adding the concentrations of nanoparticles (Al,O3) to (PMMA-PS) polymer in image
B, C, D and E, the results show that the nanoparticles inclined to create collections
and good dispersed PMMA-PS/AI,O3; nanocomposites films as shown in images
presented a uniform and revealed homogeneous films with a homogeneous surface.
With the contribution of nanoparticles in the polymer, the nanocomposites displayed
good spreading without accumulation. Most of the nanoparticles were well-scattered
and densely dispersed on the surface of the nanocomposite films with well-

distributed that showed variations in surface form.

From figure (4.5), it can be noted that the formation of craters results from surface
exposure to the argon plasma gas, and when we reach a concentration of 8 wt.%
Al,O3 NPs, the formation of grooves [70]. Treatments using reactive gases like argon
are known to produce this effect. These processes involve the chemical interaction
of energetic plasma particles with the sample species, which removes them and
creates volatile byproducts including water vapor, carbon monoxide, and carbon
dioxide that are subsequently pumped out of the reactor. Moreover, polar groups,
which, if not removed from the system, may persist in the discharge and be
reincorporated into the sample, may be created when the removed species

recombine. This result agrees with [70,71].
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Figure (4.4) FE-SEM images of (PMMA-PS/AI,03) nanocomposites films :(A) for
(PMMa-PS/Al03), (B) 2 wt.% Al,O3 NPs, (C) 4 wt.% Al,O3 NPs, (D) 6 wt.%
Al;O3 NPs, (E) 8 wt.% Al,O3 NPs
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Figure (4.5): FE-SEM images of (PMMA-PS/AI,O3) nanocomposites films after
exposed Ar plasma :(A) for (PMMA/PS/AILOs), (B) 2 wt.% Al,O3 NPs, (C) 4 wt.%
A|203 NPS, (D) 6 wt.% A|203 NPS, (E) 8 wt.% A|203 NPs
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4.3 Optical Properties of (PMMA-PS/AL203) nanocomposites films:

The main purpose of studying the optical properties of the (PMMA-PS/AI,O3)
nanocomposites films is to identify the effect of adding (Al,O3) nanoparticles on the
optical properties of (PMMA-PS) films. The research covers the recording of the
spectrum of absorbance for the (PMMA-PS/AI,O3) films at room temperature and
calculating the absorption coefficient, extinction coefficient, and other optical
constants, as well as identifying the types of electronic transitions and calculating

energy gaps before and after exposed Ar plasma.
4.3.1 The Absorbance spectra

Figures (4.6) (4.7) demonstrations the influence of Al,O3; NPs on the absorbance
of a PMMA/PS nanocomposite throughout a wavelength range of 200-1100 nm
before and after exposed Ar plasma. Since free electrons absorb incident light, the
absorbance of PMMA-PS/AI,O3; nanocomposite film rises as the Al,O3 ratio rises.
Also, it notes that the absorbance has higher value at visible regions which attributed
to the to the increased charge carriers and the occurrence of some bonds breaking.
The results are agreed with [72,73,74].
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Figure (4.6): Absorbance of the PMMA-PS/AI,O3; nanocomposites films with

wavelength before exposed Ar plasma.
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Figure (4.7): Absorbance of the PMMA-PS/AI,O3; nanocomposites films with
wavelength after exposed Ar plasma.
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4.3.2 The Transmittance spectra

Figure (4.8) (4.9) illustrates the optical transmittance of PMMA-PS/AI;Os
nanocomposites films before and after exposed to the Ar plasma. From these figures,
it can be obtained that the transmittance decreased with increasing concentration of
Al,O3, which attributed to increase of absorbance. The transmittance after irradiation
has high values compared before irradiation which attributed to the increased charge
carriers and the occurrence of some bonds breaking. This result is agreed with

researchers [73,74].
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Figure (4.8): Optical transmittance spectra of PMMA-PS/Al,O3; nanocomposites
films before exposed Ar plasma.
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Figure (4.9): Optical transmittance spectra of PMMA-PS/Al,O3; nanocomposites

films after exposed Ar plasma.
3.3.3 The absorption coefficient

The absorption coefficient was calculated from equation (2.7). Figures (4.10)
(4.11) displays the absorption coefficient of the (PMMA-PS/Al,O3) nanocomposites
films with the photon energy before and after exposed Ar plasma. The absorption
coefficient might help you figure out what kind of electron transition you're dealing
with. It is assumed that direct electron transitions occur when the material's
absorption coefficient is large 10* cm™. When the absorption coefficient is low 10*
cm?, an indirect transition of electrons is assumed. The values of absorption
coefficient of (PMMA-PS/AI,O3) nanocomposite films is less than 10* cm™, the
transition of electron is indirect. From these figures, the absorption coefficient of
nanocomposites rises with the rises of the content of Al,O3; NPs, this is due to the

rise of various charge carriers and therefore rising the absorption and absorption
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coefficient for (PMMA-PS/AIl,O3) nanocomposites films. The absorption coefficient
after irradiation has high values compared before irradiation in visible and near
infrared region which attributed to the increased charge carriers and the occurrence
of some bonds breaking. This result agrees with [73,74,75].
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Figure (4.10): The variation absorption coefficient of (PMMA-PS/AI,O5)

nanocomposite films with the photon energies.
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Figure (4.11): The variation absorption coefficient of (PMMA-PS/AI,O,)

nanocomposite films with the photon energies after exposed Ar plasma.

4.3.4 The Energy Gap

The gap of energy was calculated from relation (2-5). The energy gap for
allowed and forbidden indirect transitions of PMMA-PS/AI,O; nanocomposites
films are explain in figures (4.12) (4.13) (4.14) (4.15) before and after exposed Ar
plasma. We may find the energy gap for the indirect transition by plotting the data
or tang cut from the top of the curve to the (x axis) at (hv). From this figure, the
energy gap is decreased with the increasing concentration of the Al,O3; NPs. This
action is due to the formation of levels in the energy gap and therefore, these local
levels decrease the energy gap with increase of the PMMA-PS/AIl,O3; nanocomposite
films. Also, from this figures, The indirect band gap for allowed and forbidden after
irradiation have reduce values compared before irradiation which attributed to the
increased charge carriers and the occurrence of some bonds breaking. Table (4-1)
(4-2) obtained the values of allowed and forbidden energy gap before and after

exposed Ar plasma. This result agree with researchers [73,74].
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Figure (4.12): The Eg for the allowed indirect transition (ahv)¥? (cm™.eV) ¥2 of
(PMMA-PS/AI,03) nanocomposite films before exposed Ar plasma.
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Figure (4.13): The Eg for the allowed indirect transition (ahv)¥? (cm™.eV)
12 of (PMMA-PS/AI,O3) nanocomposite films after exposed Ar plasma.
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Figure (4.14): The Eq for the forbidden indirect transition (ahv) ¥3(cm™.eV) 2 of
(PMMA-PS/AI,03) nanocomposite films before exposed Ar plasma.
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Figure (4.15). The Eq for the forbidden indirect transition (ahv) ¥3(cm.eV) 3 of
(PMMA-PS/AI,03) nanocomposite after exposed Ar plasma.
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Table (4-1) The values of energy gap of(PMMA-PS/Al,O3)nanocomposites films

befor exposed Ar plasma

AlL,O3 NPs wt% Allowed of indirect energy Forbidden of indirect energy
content gap (eV) gap (eV)
0 3.678 3.386
2 3.197 2.789
4 2.902 2.429
6 2.799 2.283
8 2.523 1.923

Table (4-2) The values gap of energy of (PMMA-PS/AI,O3) nanocomposites films

after exposed Ar plasma

Allowed of indirect energy Forbidden of indirect energy
Al203 NPs wt% content gap (eV) gap (eV)
0 3.535 3.206
2 3.312 2.936
4 2.873 2.396
6 2.629 2.092
8 2.293 1.664

4.3.5 The extinction coefficient

The extinction coefficient (K) was calculated (2-8). Figures (4.16) and (4.17)
displays the extinction coefficient for (PMMA-PS/Al,O3) nanocomposites films
with wavelength before and after exposed Ar plasma. It is important to note that
extinction coefficient increased when Al,O; NPs concentration increasing. This
explanation relates to the increased the absorption coefficient with increasing Al,Os
NPs. Also from these figures, the extinction coefficient after irradiation has high

values compared before irradiation in visible region, which attributed to the
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increased charge carriers and the occurrence of some bonds breaking. The results
are agreed with [72,73,76]
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Figure (4.16). Extinction coefficient for (PMMA-PS/Al,O3) nanocomposites films

before exposed Ar plasma.
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Figure (4.17). Extinction coefficient for (PMMA-PS/Al,O3) nanocomposites films

after exposed Ar plasma.
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4.3.6 The refractive index (n)

The refractive index (n) of (PMMA-PS/AI,O3) nanocomposites films was
calculated from the equation (2-10). The refractive index of (PMMA-PS/AI,O3)
nanocomposites films with wavelength as shown in figures (4.18) (4.19) before and
after exposed Ar plasma. From these figures, the refractive index inclines to increase
as the increasing concentration of Al,O3; NPs. The cause for this is that as the rise of
Al,O3 content, the density of the nanocomposites rises as well. Also from these
figures, the refractive index after irradiation has high values compared before
irradiation in visible and near infrared region, which attributed to the increased
charge carriers and the occurrence of some bonds breaking. This result are agree
with researchers [73,74,77].
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Figure (4.18) Refraction index of (PMMA-PS/AI,O3) nanocomposites films versus
wavelength before exposed Ar plasma.
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Figure (4.19) Refraction index of (PMMA-PS/AI,03) nanocomposites films versus

wavelength after exposed Ar plasma.
4.3.7 The real and imaginary dielectric constant (€1 and &)

The real and imaginary (€1 and &) components of the dielectric constant were
calculated from the following equations (2-12) (2-13). The variation of &; and ¢, of
(PMMA-PS/AI,03) nanocomposites films with wavelength are explain in figures
(4.20) (4.21) (4.22) (4.23) before and after exposed Ar plasma. From this figure, the
real and imaginary of the dielectric constant of the (PMMA-PS/AI,QO;)
nanocomposite film are increased with the increasing of Al,O; NPs content. The
increase in electrical polarization related to the influence of nanoparticles content in
the sample caused this finding [78]. The real and imaginary of the dielectric constant
of nanocomposite change with wavelength. This is due to the & depends on
refractive index since the outcome of extinction coefficient is minor, whereas the ¢,

depends on extinction coefficient. Also from these figures, the real and imaginary
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after irradiation has high values compared before irradiation in visible and near
infrared region, which attributed to the increased charge carriers and the occurrence

of some bonds breaking. This result agrees with researchers [73,74,79].
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Figure (4.20) Variation of (g1) for PMMA-PS/AI,O3 nanocomposite films versus
wavelength before exposed Ar plasma.
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Figure (4.21) Variation of (g1) for PMMA-PS/AI,O3 nanocomposites films versus
wavelength after exposed Ar plasma.

1.0E-02 1 T —e—pure
—u— 2 wt.%
——4 Wt.%

6 wt.%
—*— 8 wt.%

8.0E-03

AAAAAAAAAAAAAAAAAAAAA

6.0E-03
i A
4.0E-03 yigia’

2.0E-03

Imaginary part of dielectric constant (g,)

0-0E+00.'"'l""I""I'"'I""I""I""I""I""I
200 300 400 500 600 700 800 900 1000 1100

Wavelength(nm)

Figure (4.22) Variation of (g2) PMMA-PS/AI,O3 nanocomposite films versus
wavelength before exposed Ar plasma.
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Figure (4.23) Variation of (g2) (PMMA-PS/Al,O3)nanocomposite films versus

wavelength after exposed Ar plasma.

4.3.8 The optical conductivity (6op.)

The optical conductivity (cqp,) Was determined by the relation (2-14). Figures
(4.24) (4.25) shows the optical conductivity of PMMA-PS/AI,O3 nanocomposites

films with wavelength before and after exposed Ar plasma. The optical conductivity

of the PMMa-PS/Al,O3; nanocomposite films increases as the Al,O3; content

increases, which is related to the formation of local stages in the energy gap, rising

nanoparticle content induced a rise in the density of local phases in the band structure

therefore, a rise in the absorption coefficient suggests an increase in 6o, Of the

nanocomposites. Also from these figures, the optical conductivity after irradiation

has high values compared before irradiation in UV region, which attributed to the

increased charge carriers and the occurrence of some bonds breaking. The results
are agreed with [73,74,80].
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Figure (4.24) Variation of optical conductivity of (PMMA-PS/AI,O3)
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—e—Pure
3.0E+12 g —8—2wt.%

——4 Wt.%

6 wt.%

L2

2.5E+12 -

2.0E+12 -

1.5E+12 -

1.0E+12 -

Optical conductivity (o,,)

5.0E+11 -

0_0E+007\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
200 300 400 500 600 700 800 900 1000 1100

Wavelength(nm)

Results, Discussion and Conclusions

Figure (4.25) Variation of optical conductivity of (PMMA-PS/AI,O3)

nanocomposite films versus wavelength after exposed Ar plasma.
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4.4 The A.C Electrical Properties of (PMMA-PS/AI>O3) nanocomposites

The (PMMA-PS/AI,O3) nanocomposites films were investigated for their
alternating current (A.C) electrical properties between 100Hz and 5MHz at room
temperature. In order to identify the dielectric constant, that is the most essential of
A.C characteristic, we used the equation (2-18). The dielectric loss can be calculated
by the dielectric constant and (tand), using the equation (2-19), while A.C electrical
conductivity (a,.) can be calculated by equation (2-20) by substituting the values
of ().

4.4.1 The dielectric constant for (PMMA-PS/Al;O3) nanocomposites films

The dielectric constant (€) of (PMMA-PS/Al,O3) nanocomposites films with
frequency before and after irradiation plasma are shown in figures (4.26) and (4.27).
It is obvious that the dielectric constant decreases as the electric field frequency rises.
This could be as a result of the samples’ dipoles' propensity to align themselves with
the directions of the applied electrical fields and with respect to total polarization,
space charge polarization is decreasing. Space charge polarization is the most
significant form of polarization at low frequencies, and as frequency rises, it
becomes fewer significant, while the ¢ increasing with increasing concentration of
Al,O3; NPs are shown in figures (4.28) and (4.29). Both an increase in the charge
carriers of the (PMMA-PS/AI,03) nanocomposites films and interfacial polarization
within the nanocomposites in the applied field's alternating electric field might be
used to explain these characteristics [81]. Also, it notes that the dielectric constant
has high value after irradiation compare before irradiation which, may be due to
interaction plasma with molecules which give more energy that effect on the

dielectric constant of this nanocomposites. This result agrees with researcher [82].
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Figure (4.26): Variation of dielectric constant with the frequency of (PMMA.-

PS/Al,O3) nanocomposites films before exposed Ar plasma
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Figure (4.27): Variation of dielectric constant with the frequency of (PMMA-
PS/Al,O3) nanocomposites films after exposed Ar plasma.
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Figure (4.28): Influence of Al.Oz nanoparticles concentration on dielectric constant
of (PMMA-PS/AI203) nanocomposites films before irradiation Ar plasma at 100 Hz.
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Figure (4.29): Influence of Al>O3 nanoparticles concentration on dielectric constant
of (PMMA-PS/AI>03) nanocomposites films after irradiation Ar plasma at 100 Hz.
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4.4.2 The dielectric loss for (PMMA-PS/AI;O3) nanocomposites films

The variation of dielectric loss (¢”) (PMMA-PS/AI,O3) with electric field
frequency before and after irradiation plasma are shown in figures (4.30)(4.31). The
¢” decreases with increasing frequency. This is due to a decline in the contribution
of space charge polarization. With rise content of Al,O3; NPs, the " of (PMMA-
PS/Al,O3) nanocomposites films rises before and after irradiation plasma are explain
in figures (4.32)(4.33), which ascribed to the rise of the number of charge carriers.
At small contented of NPs, it creates as a cluster and at high contented reach to 8%,
its formation a network inside the nanocomposites [83]. Also, it can be noted that
the dielectric loss has value larger after irradiation plasma compared before
irradiation plasma, which attributed to that the plasma give energy to this molecule
that effect to the dielectric loss of this nanocomposites. This result is deal with
scientists [84].

0.24 —e—Pure
——2 wt.%
0.22 —— 4 Wt%
0.20 6 wt.%
—*%—8 wt.%
@ 0.18
9
S 016
S 014
o
A 0.12
0.10
0.08
0.06
0.04\ T T T T TTrrIT T T T T rroTTg T T T T T TTTT T T T T T T T T T T TrTrTT)
1.E+02 1.E+03 1.E+04 1.E+05 1.E+06 1.E+07
F(Hz)

Figure (4.30): Variation of dielectric loss with the frequency of (PMMA-
PS/AI,03) nanocomposites films before exposed Ar plasma.
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Figure (4.31): Variation of dielectric loss with the frequency of (PMMA-

PS/Al,O3) nanocomposites films after exposed Ar plasma.
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Figure (4.32): Influence of Al,O3; nanoparticles concentration on dielectric loss of
(PMMA-PS/AI,03) nanocomposites films before irradiation Ar plasma at 100 Hz.
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Figure (4.33): Influence of Al,O3 nanoparticles concentration on dielectric loss of

(PMMA-PS/AI,O3) nanocomposites films after irradiation Ar plasma at 100 Hz.

4.4.3 The A.C electrical conductivity for (PMMA-PS/AI>O3) nanocomposites

films.

The variation of A.C electrical conductivity with electric field frequency for
(PMMA-PS/AI,03) nanocomposites films before and after irradiation plasma are
shown in figures (4.34) (4.35). The A.C electrical conductivity increased with
increasing electric field frequency for all samples. This results from both the hopping
motion of charge carriers and space charge polarization, which takes place at low
frequencies [85]. Also, the figures (4.36) and (4.37) demonstrate how the
conductivity rises with a rise in the weight percentage of Al,O3; NPs in the plasma
before and after irradiation Ar plasma. Because of the regular arrangement of charge

carriers in the polymer matrix and the action of the space charge, this phenomenon
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Is caused. Also, it should be noted that the A.C conductivity increased after plasma
irradiation compared to before plasma irradiation, indicating that the plasma had an
Impact on the conductivity of these nanocomposites. This is agree with the

researchers [86].
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Figure (4.34): Variation of AC electrical conductivity with the frequency of
(PMMA-PS/AI,03) nanocomposites films before exposed Ar plasma.
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Figure (4.35): Variation of AC electrical conductivity with the frequency of
(PMMA-PS/AI,03) nanocomposites films after exposed Ar plasma.

69



Chapter Four Results, Discussion and Conclusions

1.3E-11 -
1.2E-11
1.1E-11
1.0E-11
9.0E-12

8.0E-12 -

A.C Electrical Conductivity (S/cm)

7.0E-12

60E'12 ] T T T T T T T T T T T T T T T T T T T 1
0 2 4 6

Con. of Al,O; nanoparticles wt.%

(o]

Figure (4.36): Influence of Al.Oz nanoparticles concentration on AC electrical
conductivity of (PMMA-PS/AI>03) nanocomposites films before irradiation Ar plasma at
100 Hz.
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Figure (4.37): Influence of Al,Oz nanoparticles concentration on AC electrical
conductivity of (PMMA-PS/AI>O3) nanocomposites films after irradiation Ar plasma at
100 Hz.
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4.5 Application of (PMMA-PS/AI>O3) nanocomposites films for antibacterial

activity.

Figure (4.38) shows the inhibition zone for PMMA-PS/AI,O3
nanocomposites films was greater in Gram-positive (Staphylococcus aureus)
compounds than in Gram-negative (Escherichia coli). The width of the inhibition
zone rises with increasing Al,O3; concentration and reaches its maxim p, value
(21mm) for Gram-negative (S. aureus) compounds with the greatest Al,O3 content
(8 wt.%) are shown in Figures (4.39) and (4.40). This result suggests that
nanocomposite films suppress the development of Escherichia coli and
Staphylococcus aureus [87]. Oxidative stress caused by reactive oxygen species
(ROS) may be the primary mechanism behind the antibacterial activity of
nanoparticle-based nanocomposites films. ROS contains radicals such as super
oxide radicals (O?), hydroxyl radicals (-OH), and hydrogen peroxide (H.O,); and
vest oxygen may be responsible for causing damage to the bacteria's proteins and
DNA (*O,). The current (PMMA-PS/AI,O3) nanocomposites films exhibit the
greatest antibacterial action against Suphylococcus aureus and Escherichia coli,

which is attributed to the high antibacterial activity of Al,O3; nanoparticles [88].
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Figure (4.38): Images for inhibition zones of (PMMA-PS/AI,O3)
nanocomposite films on S.aureus and E. coli.
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Figure (4.39): Variation of inhibition zone diameter for (PMMA-PS/AI,O3)
nanocomposite films for E. coli with concentration of (Al,O3) nanoparticles
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Figure (4.40). Variation inhibition zone diameter of (PMMA-PS/AI,05)
nanocomposites films for S. aureus with concentration of (Al,O3) nanoparticles.
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4.6 Conclusions

From the obtained results and discussions, the following points are

concluded:

1-

The optical microscope images show that Al,O3 nanoparticles form a continuous
network inside the polymers when the ratio of (8) wt.% before and after exposed
Ar plasma. FTIR spectra show a shift in some bands and change in the intensities
of other bands comparing with pure (PMMA-PS) films, this indicates there is no
interaction between the polymers and the added nanoparticles. FESEM
measurements reveal the surface morphology of the (PMMA-PS/AI,O3)
nanocomposites films, which are homogeneous and coherent with aggregates or
chunks scattered at random on the top surface. The variation in the morphology
before exposed Ar plasma is the outcome of the impression progression
encouraged by argon plasma species on the (PMMA-PS) surface.

The absorbance, absorption coefficient, refractive index, extinction coefficient,
dielectric constant (real, imaginary) and optical conductivity of (PMMA-
PS/Al,O3) nanocomposites films before and after exposed Ar plasma increased
with the increasing of the concentrations of the Al,O3; nanoparticles. The
transmittance and the energy gap for indirect transition (allowed, forbidden)
decreased with the increasing of the concentrations of Al,O3; nanoparticles. This
result can be used for optoelectronic device.

The dielectric constant and dielectric loss for (PMMA-PS/AIO3)
nanocomposites films are increased with the increasing of Al,O3 nanoparticles
concentration and decreasing with the increase of frequency of the applied
electric field while the A.C electrical conductivity increased with the increasing
of nanoparticles concentration and frequency of the applied electric field before
and after exposed Ar plasma. The dielectric constant, dielectric loss and A.C
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electrical conductivity after irradiation have high values compared before
irradiation which attributed to the plasma interact with the molecular of these
nanocomposites. This result can be used for electronic device such as transistors.
4- The inhibition zone diameter increases with the increase in (Al,O3) nanoparticles

concentrations. These materials can be used as antibacterial coating materials
4.7 Future works

1- Studying the thermal and magnetic properties of (PMMA-PS/AI,QO,)
nanocomposites films.

2- Studying the effect of radiation on some physical properties of (PMMA-
PS/Al,O3) nanocomposites films.

3- Apply of (PMMA-PS/AI,O3) nanocomposites films as photodetector and gas

Sensor.
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