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        The nanocomposites of Polystyrene /Silica -Strontium titanate (PS/SiO2-SrTiO3) 

are prepared by casting solution method with various concentrations of SiO2 and 

SrTiO3 nanoparticles for the study of the structure, optical, and electrical properties 

of nanocomposites for used the antibacterial activity and gamma-ray radiation 

applications.  

The structural properties are examined by the optical microscope (OM), scanning 

electron microscope (SEM), and Fourier Transforms Infrared Spectroscopy (FTIR), 

the optical microscope (OM) revealed a homogenous distribution of nanoparticles in 

the polymeric matrix and the formation of network routes as the concentrations of 

SiO2 and SrTiO3 NPs increased. The SEM images showed a homogeneous and good 

distribution in the surface morphology. The results of the FTIR measurements 

indicate that there is a physical interaction between the polymer (PS) and NPs (SiO2 

- SrTiO3).  

While results of optical properties for (PS/SiO2- SrTiO3) nanocomposites indicated 

the absorbance of (PS/SiO2-SrTiO3) nanocomposite increases as SiO2-SrTiO3 

nanoparticle concentrations increase as both energy gap and transmittance decrease. 

When the SiO2-SrTiO3 nanoparticle ratios increase, the absorption and extinction 

coefficients, dielectric constant, real and imaginary parts of dielectric constant, optical 

conductivity, and refractive index are increased.  

The results of the electrical properties of nanocomposites showed the dielectric loss 

for nanocomposites and dielectric constant are decreased with increasing frequency 

at the same time, while the A.C electrical conductivity increases. If the SiO2-SrTiO3 

nanoparticle increase, the A.C electrical conductivity, dielectric constant, and 

dielectric loss of PS are increasing. The antibacterial application results of PS/SiO2-

SrTiO3 nanocomposites showed that the inhibition zone for (E. coli) and (S. aureus) 

increases by an increase in the concentrations of SiO2 -SrTiO3 NPs. The results of 

applications of gamma-ray radiation showed when the SiO2-SrTiO3 NPs contents 

increase, the linear attenuation coefficients for gamma-ray radiation increase. 

SUMMARY 
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1 

1.1 Introduction 

         Researchers in science and technology have been interested in 

polymeric materials for their numerous uses. This is primarily caused by the 

materials' low weight, excellent mechanical strength, and optical qualities, 

which make them multipurpose materials. In light of its use in electronic and 

optical devices, research on the polymer's electrical and optical 

characteristics has recently garnered much attention [1]. 

 To better understand the nature of the charge transport that occurs in these 

materials, electrical properties are one of the most practical and sensitive 

ways to study the physical mechanisms that determine this prop-polymer 

structure. In contrast, optical properties focus on improving reflection, 

antireflection, interface, and polarization properties [2]. 

 Polymers are used as insulators because of their high resistivity and 

dielectric characteristics in a variety of products, such as printed circuit 

boards, corrosion-resistant electronics, and cable wrapping materials. 

Electrical gadgets employ polymer-based insulators to separate conductors 

without allowing current to flow through them. Numerous benefits exist for 

polymers, including low cost, simple production, adaptability, superior 

mechanical qualities, and great strength. It is employed in the 

nanolithography procedure utilized in the microelectronic manufacturing 

sector. 

 Polymeric nanocomposites, a type of material that has generated a lot of 

interest recently, are made up of organic polymers with inorganic 

nanoparticles. Applications for nanocomposites in microelectronic 

packaging, healthcare, cars, medication save , injection-molded goods, 

sensors, membranes, aerospace packaging materials, coatings, fire-retardant, 

adhesives, consumer goods… etc are extremely promising [3]. 
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1.2 Polymer structure 

       The process of continuous connections to a chain or network structure 

of one or more molecules is known as polymerization. These huge molecules 

are categorized as monomers, which are the fundamental constituents of all 

other molecules [4] . Each molecule is composed of a large number of atoms 

bound together by covalent chemical bonds. The forces that draw molecules 

in polymers together vary on the kind of polymer. Because polymers are 

made up of enormous, coupled molecules that are difficult to manage, only 

a few crystal connections can be observed in polymers at low temperatures. 

A linear chain of molecules can only assemble itself in specific locations in 

an orderly manner. Polymers have crystalline and non-crystalline areas in 

their solid form [5]. According to their chemical compositions, polymers are 

divided into three primary types (linear, branched, and cross-linking 

Polymers), as shown in the Figure (1.1).  

Figure (1.1): Constructivism Authority for a- Linear polymer, b- Branched 

polymer ,  c- Cross linked polymer [6]. 

Linear polymers these polymers have a linear structure and are generally 

thermoplastic polymers. The basic structure of these polymers is a single 

molecular chain of a certain length connected to each other in a linear form. 

They are soluble in solvents except for materials with extremely high 

molecular weight [7]. In the case of branching polymers, some branches 

form the primary polymer chain. Branching can change the physical 
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characteristics of a polymer, such as its solubility in solvents, softening point, 

and thermoplastic qualities. The last type is crosslinked polymers. These 

polymers have a three-dimensional network structure in which chemical 

linkages are intricately entangled [8]. 

1.2.1 Classification of polymers based on source 

       Polymers may be divided into two types [9]: 

a. Natural polymer: It generally consists of proteins, carbohydrates, 

cellulose and rubber found in plants and animals, which primarily serve as 

structural support. 

b. Synthetic polymer: Which constitutes the great majority of industrially 

necessary polymers including rubber, plastics, and synthetic leather, is 

created from straightforward chemical components. Other qualities offered 

by synthetic polymers include thermal stability, mechanical, and physical 

characteristics. 

1.2.2 Classification of polymers based on thermal response 

         The following three types of polymers can be categorized based on how 

temperature affects them: 

a. Thermoplastic Polymers: When the temperature rises, the molecules in 

thermoplastic polymers become elastic and sticky because they are held 

together by relatively weak intermolecular interactions (Vander - Waals 

forces), and when the temperature falls, they revert to their former condition. 

As with polyvinyl alcohol, polyethylene, polypropylene, and polystyrene, 

these molecules move across one another when heated [10], as shown in the 

Figure (1.2.a). 

b. Elastomers Polymers: Elastomers are a type of network polymer that is 

weakly cross-linked and may be reversibly expanded to extraordinary 

lengths. When not under stress, their molecules are incredibly tightly and 

randomly coiled before expanding. Stretching polymers causes them to bend. 
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As a result, the chains are less random, which lowers the material's entropy. 

This entropy drop is caused by the retroactive force that has been seen. 

Cross-links prohibit molecules from passing one another when a material is 

expanded. As the rubbers cool, they get glassy or crystal transparent 

(partially). They don't flow when heated because of cross-links in the 

conventional sense [11], as seen in the Figure (1.2.b). 

c. Thermosetting Polymers: When heated, a type of synthetic polymer 

known as thermosetting polymer undergoes chemical processes to generate 

a three-dimensional networked structure. This procedure produces a material 

that is insoluble and infusible; these properties are a direct outcome of the 

3D network composed of covalent bonds. Because of this, thermosets cannot 

be reformed or remolded using heat or solvents as thermoplastics can. 

Thermosets include some kinds of crucial polymers for technology [12], as 

seen in the Figure (1.2.c). 

Figure (1.2): Schematic exemplification of a-Thermoplastic polymer, b-Elastic 

polymer, c- Thermoset polymer [13]. 

1.2.3 Classification of polymers based on homogeneity 

     Polymers are classified based on the homogeneity of the repeater units to: 

a. Homo polymers: Polymers made from a single monomer species  called 

the homo polymer , example for this is polyvinyl chloride(PVC)( monomer 

is vinyl chloride) [14]. 



Chapter One                                   Introduction and Literature Survey 

5 

b. Copolymers: Copolymers are made up of two units of duplicating units 

of different monomers. It is classified as random, alternative, block, and graft 

copolymers. An example of this is polyethene-vinyl acetate (PEVA) [15]. 

c. Composite polymers: It is The process of modifying the characteristics 

of homogenous polymers by including new materials and formulas [16]. 

1.3 Nanocomposites and some Applications 

        Generally speaking, nanocomposites outperform traditional composites 

in a variety of ways, including by enhancing the electrical, optical, and 

thermal properties, among others [17]. In addition to being light in both 

weight and size, a nanometer (nm) is one billionth of a meter. As a result, 

nanomaterials are substances whose smallest unit has a size between (1-100) 

nanometers [18]. Their powers are so promising that they might be employed 

in a variety of applications ranging from packaging to healthcare. These 

high-performance materials have exceptional property combinations and 

unique design options. Materials may show new properties, such as electrical 

conductivity, insulating properties, elasticity, improved strength, a different 

colour, and enhanced reactivity, with just a reduction in size and no alteration 

to the material itself [19]. However, polymer nanocomposites are at the 

forefront of applications due to their more advanced stage of research [20]. 

Additionally, nanomaterial-based composites can offer a variety of 

multifunctional qualities, including stability thermal, electronic qualities, 

field emission, optical quality, increased material durability,  impact 

resistance, absorb energy  and others [21]. 
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1.4 Poly styrene (PS)  

        Polystyrene is a versatile polymer with the following properties 

transparency, ease of coloring and processing, and cheap cost. PS is a 

transparent stiff polymer that is resistant to a wide range of chemicals. PS 

has excellent flow properties and is hence very straightforward to process. It 

is valuable in optical and insulation applications due to its outstanding 

optical qualities, which include a high refractive index and strong dielectric 

properties. Packaging, housewares, toys, electronics, appliances, furniture, 

and building and construction insulation are among the applications of 

polystyrene [22]. PS is one of the greatest polymers, Its properties may be 

altered in a variety of ways, including physical mixing with other materials 

and copolymerization [23]. Because PS is amorphous, it lacks a clear melting 

point. This is seen by the material gradually deteriorating across a wide 

temperature range. While PS has a low intrinsic fire resistance and burns 

easily, starting flames long after the ignition source has been removed, 

polystyrenes respond well to high-energy radiation. PS is a superb insulator 

with high dielectric resistance, moderate stiffness, and a low loss factor even 

in wet conditions [24]   . Figure (1.3) shows the chemical structure of 

polystyrene [25] , and table (1.1) shows some of the physical properties of 

polystyrene (PS) [26] . 

 

 

 

 

Figure (1.3). Chemical structure of PS [27]. 
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Table (1.1): The physical properties of (PS) [28]. 

 

 

 

 

 

 

 

 

 

1.5 Silica (SiO2) Nanoparticles and its Properties 

          Silica or Silicon dioxide is a silicon oxide with the chemical formula 

(SiO2). Silica nanoparticles (SiO2) are an intriguing material because of its 

thermal and chemical stability, low toxicity, ability to be functionalized with 

a range of chemicals and polymers, biocompatibility, physiological 

degradability, low cost, and so on. Nano-silica may also be widely used in a 

variety of different environmental protection sectors, such as batteries, 

paints, cosmetics, glass, steel, chemical fibers, plexiglass, and many more. 

Polymers containing silica nanoparticles offer much higher strength, 

hardness, wear, and aging resistance [28]. The addition of (10nm) SiO2 to PS 

increased its hardness and thermal stability [29]. Table (1.2) show some 

properties of SiO2 [30].  

 

 

 

Parameters PS 

Chemical formula (C8H8) n 

Density (1.04 - 1.09) g/cm3 

Refractive index 1.59-1.60 

Glass transition degree (Tg) 100 oC 

Melting point (Tm) 240 oC 

Tensile strength (46–60) MPa 
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Table (1.2) : Some properties of SiO2 [30]. 

 

1.6 Strontium titanate (SrTiO3) Nanoparticles and its Properties 

        Strontium titanate (SrTiO3) nanoparticles are incipient ferroelectric 

materials because their ferroelectricity is preserved at low temperatures by 

quantum functions. They are recognized for their ability to serve as high-

temperature resistive oxygen sensors and transition to non-ferroelectric 

characteristics at lower temperatures. SrTiO3 has a high dielectric constant. 

Their unique properties, which include high breakdown strength, low 

leakage current density, low dielectric loss, tuneability, and high dielectric 

constant [31]. SrTiO3 has potential use in environmental cleaning and 

renewable energy generation [32]. has improved corrosion resistance, and 

other advantages Due to its excellent properties, SrTiO3 may be employed in 

oxygen sensors, organic thin film transistors, dye-sensitized solar cells 

(DSSCs), and other applications [33]. Table (1.3) shows some properties of 

SrTiO3 [34].  

 

 

 

 

Chemical formula SiO2 

Density 2.4 g/cm3 

Color White 

Specific surface area (BET) 180 m2 /g 
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Table (1.3): Some properties of SrTiO3 [34]. 

 

 

 

 

 

 

 

1.7 Literature Review 

       In (2015), M. Awad, et. al [35], studied the antibacterial activity of a 

silver/polystyrene nanocomposite against both bacteria (positive and 

negative) grams. This suggests that the nanocomposite might be used in 

pharmaceutical, biological, and industrial domains, such as bandages, wound 

dressings, and dental instruments. Furthermore, the uses include food and 

water storage, as well as wastewater treatment. 

In (2015), M. Kadhim [36], studied the nanocomposite (PS/Ti) in a casting 

manner with the addition of different weight ratios of nano titanium. With 

increasing Ti weight ratios, the extinction coefficient and absorption 

coefficient rise, while the energy gap of the indirect allowed and forbidden 

transition decreases. 

In (2016), M. Al-Saleh and S. Abdul Jawad [37], prepared the graphene 

nanoplatelet–polystyrene (GNP–PS) nanocomposites using melt-mixing. 

Used the microstructure, direct current electrical percolation behaviour, and 

dielectric properties for studied the frequency. The electrical percolation 

curve demonstrated a constant change from insulation to conduct. They 

Chemical formula SrTiO3 

Melting point 2080 °C 

Refractive index 2.31-2.38 

Density 5.2 g/cm³ 

Color Gray/White off 
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found that the dielectric constant and loss factor of 180 and 0.11, 

respectively, with 15 wt.% GNP loading at a frequency greater than 104 Hz, 

revealing exceptional storing capacities at high frequencies. 

In (2016), H. Shanshool, et. al [38], they prepared a composed polymer 

matrix  (PMMA-PVDF-PVA-PS), while the filler is of ZnO nanoparticles in 

various concentrations.  transmittance is low in the UV regions, as seen in 

UV-visible transmittance spectra, which are inversely proportional to ZnO 

nanoparticle concentration. As the weight % of ZnO nanoparticles in 

nanocomposites increased, the energy gap values decreased for all samples. 

In (2017), X. Zhang, et. al [39], studied the SrTiO3/epoxy nanocomposites 

created by adding SrTiO3 nanoparticles of various weight fractions to the 

epoxy resin host, the shape of the nanoparticles and composites, and their 

electrical and thermal conductivity qualities. As the weight fractions 

increased, the dielectric constant also and the frequency dropped. The tests 

revealed substantial improvements in the composites' thermal and electrical 

characteristics. 

In (2017), S. Moharana, et. al [40], used solution casting techniques to 

prepare the three-phase PS-BFO-GNP nanocomposite films with GNP 

acting as a conductive filler. It is discovered that adding GNP to the matrix 

of PS-BFO nanocomposites may significantly increase their dielectric 

constant.  The improvement in dielectric and ferroelectric characteristics 

supports the prospect of end-use usability as a new class of polymer-based 

materials for electronic device applications. 

In (2018), D. Hassan and A. Hashim [41], prepared of (polystyrene-copper 

oxide) nanocomposites and studied the structural and optical characteristics 

for biological applications. They found that the optical conductivity, 

absorbance, refractive index, absorption coefficient, extinction coefficient, 

real dielectric constant and imaginary dielectric constant of polystyrene 

increase when CuO nanoparticle concentrations rise, whereas transmittance 
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and energy band gap decrease. The attenuation coefficients for gamma 

radiation sources (Cs-137) rise as the quantities of CuO nanoparticles 

increase. 

In (2018), G. Soni et. al [42], they fabricated PMMA/SiO2 nanocomposite 

using the solution casting method and investigated the effect of SiO2 

nanoparticle (NP) loading on the optical and mechanical properties of the 

composite thin film. The SEM images show that nanocomposite thin films 

have a smoother and uniform morphology. It is observed that the optical 

bandgap decreases with an increase in the SiO2 NP concentration. 

In (2019), M. Habeeb, et. al [43] , studied the dielectric characteristics of 

(PS-Cr2O3). They demonstrated that the AC electrical conductivity, 

dielectric loss, and dielectric constant of (PS-Cr2O3) nanocomposites 

increase when (ZnCoFe2O4) nanoparticle concentrations increase. As 

frequency increases, electrical conductivity increases while the dielectric 

loss and dielectric constant decrease. 

In (2020), R. Hashim, et. al [44], used the casting process to create a 

polystyrene-poly (methyl) methacrylate (PS-PMMA) mix and its 

nanocomposite with different ZnO/Fe2O3 ratios. They found that the 

absorption increases of UV rays by increasing the ZnO/Fe2O3 ratios. The 

energy gap for both indirect transitions (allowed and forbidden) decreased 

by increasing the ZnO/Fe2O3 ratios. 

In (2020), L. Weng, et. al [45], studied the PVDF/Ag@SiO2 

nanocomposite's high dielectric properties. This resulted in the Ag@SiO2 

having a rise in dielectric constant and low electrical conductivity dependent 

on frequency.  They can get Ag@SiO2/PVDF composites of frequency 

constant in electrical conductivity by the concentration of nanoparticles. 

Ag@SiO2/PVDF composite materials may be used as material for energy 

storage. 
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In (2020), G. Soni, et. al [46], studied the impact of a mixture of ZnO and 

SiO2 nanoparticles on the optical properties of a solution-cast composite thin 

film PMMA/ZnO/SiO2, with a thickness of 50 µm, and discovered that the 

optical bandgap of the composite thin films decreases with increasing 

concentrations of zinc oxide and silica . 

In (2021), B. Rabee and R. Haider [47], studied electrical properties of 

nanocomposite generated by adding (Ag) nanoparticles and the effect on the 

(SPO-PS-PMMA) blend.  They found the A.C electrical conductivity 

increase with increasing the frequency of the electric field and increasing 

concentrations of the (Ag) nanoparticles, while the dielectric constant 

decreases with increasing frequency (from 100Hz to 3.E06Hz) and the 

dielectric constant decreases increases with increasing concentrations of the 

(Ag) nanoparticles.. 

In (2021), L. Gaabour [48], studied the impact of adding titanium oxide 

nanoparticles (TiO2) to a polymer mix of polystyrene (PS) and polyvinyl 

chloride (PVC) with a composition of 50/50 wt.%. Using new methods, the 

produced polymer nanocomposite films' structural, optical, and dielectric 

characteristics are examined. Refractive index, optical dielectric (constant 

and loss), and other optical characteristics including absorbance, reflection, 

bandgap energy, and others are examined. These findings demonstrated that 

interband between the valence and conduction bands are produced by TiO2. 

Because of charge carrier accumulation and improved polymeric chain 

motion inside the polymeric matrix, adding TiO2 to the PS/PVC increase the 

PS/PVC electrical conductivity. 

In (2022), O. Fadil and A. Hashim [49], they made nanostructures made of 

silicon dioxide, cerium dioxide, and poly-methyl methacrylate (PMMA). 

The CeO2/SiO2/PMMA nanostructures examined optical characteristics. The 

energy gap of PMMA is decreased with the increase of the CeO2/SiO2 NPs. 

The content of CeO2/SiO2 NPs increased, which increased the refractive 
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index, optical conductivity, and dielectric constants of PMMA. The results 

demonstrated that PMMA/CeO2/SiO2 nanostructures have good optical 

properties for use in the fields of optics and electronics. 

In (2022) , M. Meteab , et .al [50], studied the structural and dielectric 

characteristics of (PS-PC/Co2O3-SiC) nanocomposites. The FTIR 

measurements demonstrated that the polymer matrix and (Co2O3/SiC) NPs 

do not interact chemically. The dielectric characteristics are investigated at 

frequencies ranging from 100 Hz to 5×106 Hz. According to the results of 

the dielectric characteristics, the dielectric constant and dielectric loss of 

(PS-PC/Co2O3-SiC) nanocomposites as increased the concentration of 

(Co2O3/SiC) NPs increased. However, they decreased as the frequency 

increased; when the frequency and concentration of (Co2O3/SiC) NPs 

increased the A.C conductivity of (PS-PC/Co2O3-SiC) nanocomposite 

increased. 
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1.8 The Aim of the Study 

 - To prepare PS/SiO2-SrTiO3 new nanocomposites. 

 - To study the effect addition of SiO2-SrTiO3 NPs on the optical, structural, 

and dielectric properties of PS/SiO2-SrTiO3 nanocomposites. 

 - To study the antibacterial activity and gamma-ray radiation applications of 

PS/SiO2-SrTiO3 nanocomposites. 
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2.1 Introduction 

       This chapter provides an overview the part of theoretical of this study, 

including physical ideas, scientific clarifications, laws used to explain the 

study's conclusions, and relationships. 

2.2 The Structural and Morphology properties 

2.2.1 The Optical Microscope (OM) and Scanning Electron             

Microscope (SEM) 

        Optical microscopy (OM) is the oldest and has been in use for the past 

200 years as a straightforward device with constrained functions. 

Additionally known as light microscopy. evaluates how well the 

nanoparticles are incorporated into the polymer with high uniformity [51]. 

Scanning electron microscope (SEM) is a versatile device frequently used to 

examine material surface characteristics. In a SEM, the material is 

bombarded with high-energy electrons, and the ejected electrons are 

subsequently examined. These released electrons offer information on the 

topography, morphology, crystallographic information, etc. of a material. 

Topography describes a sample's surface properties, including its texture, 

smoothness, and degree of roughness, whereas morphology describes a 

sample size and form [52]. 

2.2.2 Fourier Transform Infrared Spectroscopy (FTIR) 

    The preferred technique of infrared (IR) spectroscopy is Fourier transform 

infrared (FTIR). Where (IR) radiation passes through the sample, and IR 

radiation is absorbed for some, and some are reflected by the sample 

(transmitted). The resultant spectrum represents molecule absorption and 

transmission, forming the ample molecular fingerprint. Just as no two unique 

molecule structures create the same IR spectrum, no two unique molecular 

structures produce the same IR spectrum. As a result, IR spectroscopy may 
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be used for a variety of analyses. For nearly 70 years, IR spectroscopy has 

been a workhorse tool for materials investigation in the laboratory [53]. 

2.3 The Optical Properties 

       Many optical characteristics are studied and researched as a result of 

their uses in optics. The study of absorption is important for determining 

direct and indirect transitions [54].The study of optical characteristics is 

critical in determining the optical constants that may be used. Identifying the 

optical energy gap, as well as the other absorption and transmittance 

constants and coefficients, as well as the extinction coefficient and the real 

and imaginary dielectric coefficients [55]. 

2.3.1 Absorbance (A)  

    It can be defined as the proportion of the intensity of light absorbed (IA) 

to the intensity of the incoming light, and the absorbance is a quantity that 

has no units. It results from the relationship described below [56]. 

 

2.3.2 Transmittance (T) 

      The transmitted intensity ratio (IT) to the intensity of the rays of the 

incident on the material (Io) is known as transmittance, as shown in the 

equation [57].    

 

2.3.3 Reflection (R) 

          The reflectivity (R) can be defined as the proportion of the intensity of 

the radiation reflected from the film in a particular direction to the original 

intensity of the radiation incident on it. The value of the reflectivity can be 

A = IA / Io ………………………..…… (2.1) 

T = IT / Io ……………………………… (2.2)  
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calculated using the law of energy conservation and knowledge of spectral 

absorption and permeability. In the following situation [58]. 

 

2.3.4 Fundamental Absorption Edge 

     The absorption edge is located at the visible part from the spectrum and 

is divided into three portions [59], as seen in the Figure (2.1) , which shows 

the absorption zones: 

A) High absorption region: The first section is in the high absorption 

coefficient region, α >104 cm -1. 

B) Region exponential: In this part, where equals absorption coefficient is  : 

. 

C) Region absorption low: In this range of the absorption coefficients             

(α < 1 cm -1 ) the absorption coefficient is tiny [60] . 

 

 

 

 

           

 

         Figure (2.1): The absorption regions showing three different A, B and C [60]. 

2.3.5 The Electronic Transitions 

     Electronic transitions are divided into two categories [61]: 

1. Direct Transition 

      Direct transition often happens between the valence band at the top part 

from him of and the conduction band at the bottom from him of at the same 

    A+ R+T=1 ……………………..  (2.3) 

1-cm 4< α < 10 1-1 cm 
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(2.4)….. ……………………r) opt gE–αhυ =B (h υ  

wave vector (ΔK =  0   ( have momentum conservation. It has two types of 

direct transitions [62]. 

a) Direct Allowed Transition: Transition directly that happens between  

the top part of the valence band (V.B)and the part bottom of  the 

conduction band (C.B), known as the allowed direct transition, takes 

place when the wave vector's change equals zero (ΔK= 0), Figure (2.2-

a) shows that.  

b) Direct forbidden transitions: That transition directly happens between 

both  the valence band(V.B)  near the top part of him and  the conduction 

band(C.B)  near the bottom part of him, as seen in the Figure (2.2-b).     

Where the formula following gives the absorption coefficient in this 

transition [63] : 

 

where: Eg 
opt : optical energy gap .  

 α: is the absorption coefficient. 

 B: constant depended on type of material. 

 υ: is the photon frequency. 

h: constant known as Planck's constant.  

r: constant of exponential, it depends on the transition and type for it. 

 r =1/2 for transitions are directly allowed.            

 r =3/2 for transitions are directly forbidden. 

2. Indirect Transitions 

      In this transition type, the valence band's is not down the conductivity 

band's bottom. The electron does not go perpendicularly from (V.B) to (C.B). 

they are in various areas of (K) space (∆K ≠ 0). This form of transition is 

made possible by a particle known as a "Phonon." Indirect transitions are 

classified into two categories [62]: 
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a) Allowed indirect transitions: Figure (2.2-c) shows that similar transitions 

indirectly happen between both (V.B) the valence band at the top part of him 

and (C.B) the conduction band at the bottom from him in a different region 

of (K-space). 

b) Forbidden indirect transitions: This transition indirectly happens 

between both the valence band (V.B) near the top part of him and the 

conduction band (C.B) near the bottom of him, as indicated in the Figure 

(2.2-d). Phonon on absorption denotes the coefficient of transition 

absorption: 

           αhυ = B(hυ − Egopt ± Eph)𝑟  ………………… . (2.5)        

where: Eph: Phonon energy: when phonon absorption, the energy is (-), and 

when phonon emission, the energy is (+).The transitions indirect allowed      

(r = 2)and for the transitions indirect  forbidden (r = 3) [64]. 

Figure. (2.2): The transition types [64]. 

(a) Transitions are directly allowed.         (b) Transitions are directly forbidden.         

(c) Transitions are indirectly allowed.           (d)Transitions are indirectly forbidden. 

2.3.6 Optical Constants  

       Numerous factors make the study of composite materials' optical 

constants interesting. All substances' optical characteristics depend on their 
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electronic band structure, atomic structure, and electrical properties [65]. 

There are several methods for determining the optical constants' absorption 

for each of the coefficients absorption and extinction, refractive index, 

dielectric constant and optical conductivity. 

1. Absorption Coefficient (α) 

        The absorption coefficient (α) in the direction of a wave's spread in a 

medium is the gradual decrease in energy flow in an incident field. For 

polymer nanocomposites the optical absorption coefficient depends on 

photon energy for band structure determination and the type of electron 

transition [66]. Using the (Beer-Lambert) equation can be calculated the 

absorption coefficient (α), which is dependent on each of the transmittance 

(T)and the absorbance (A) [67]. 

 

(I) is instantaneous photon intensity while (Io) is initial photon intensity, and 

(t) is the thickness. 

 

Where the absorption (A) here represents log I/Io, so the absorption 

coefficient is determined [67]: 

 

2. Extinction coefficient (k) 

        
The imaginary fraction for the complex refractive index symbolizes here 

for the extinction coefficient. It is defined as the amount of electromagnetic 

radiation attenuation caused by electromagnetic rays interacting with 

particles in the thin film material [68]. It (k) can be computed using the 

equation [69]: 

   I=Io e
-t

 ………………………………….…... (2.6) 

………………….….…. (2.7)   oI/2.303log I = tα 

α = 2.303(A/t) …………………….………. (2.8) 

k = αλ /4𝜋   . . . . . . . . . . . . . . . . . . . . .. . . . . .  .  (2.9)  
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  where λ (cm) is the incident radiation's wavelength. 

3.Refractive index (n) 

     The velocity of light in a vacuum to the velocity of light in a sample of a 

material, that ratio is known as the refraction index: 

 

Where (v) the velocity of light in any material medium ,and (c) the velocity 

of light in a vacuum[70]. For the finding of the sample refractive index, they 

are taken into consideration the reflectance (R) and the extinction coefficient 

(k), the equation is used [71]: 

 

4. Dielectric constant (ℰ) 

         One of the essential dielectric parameters, which plays a significant role 

in determining material properties, is the dielectric constant. It is related to 

the dipole moment, polarizability, etc. The dielectric constant may be 

determined using the equation Maxwell for electromagnetic radiation [72]:     

   

Where the complex dielectric constant is described as )ℰ), and (ℰ1)  is the real 

part of the dielectric constant and (𝑖ℰ2) the imaginary part of the dielectric 

constant. The real dielectric constant, the imaginary dielectric constant, and 

dielectric constant can be found by equitations [72] :  

 

  

 

  n = c / v ……………………………………. (2.10) 

 𝑛 =  
1+𝑅

1−𝑅
 +  

4×𝑅

(1−𝑅)2
− 𝑘2  ………………….(2.11)  

..(2.12)…………….…………………2= n ℰ 

………….(2.13) ….………………2 ℰ𝑖 – 1ℰ=  ℰ   

ℰ1 = n2 - k2 ……………….…………….…… (2.14)                                              

ℰ2 = 2nk ………………………..………….…(2.15) 
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5. Optical Conductivity (σopt)   

      The optical conductivity (σopt) results from the movement of charge 

carriers yielded by the alternating electric field of incoming electromagnetic 

waves, as shown in the following equation [73]: 

 

2.4 Electrical Properties 

       Nanotechnologies are an enticing field of study that may significantly 

influence the creation of cutting-edge electrical and electronic goods. A few 

per cent of functional nanofillers are sufficient to drastically alter the 

electrical characteristics of polymers in nanocomposites [74]. Electrical 

energy storage is crucial for mobile electronics, fixed power systems, hybrid 

electric cars, and pulse power applications. Particularly, there is an 

increasing need for capacitors that can store a substantial quantity of energy 

and then release it very instantly. Over time, these applications need ever-

increasing energy and power densities and high-rate capabilities [75]. 

2.4.1 The A.C electrical conductivity    

      As an external electric field polarizes the electrons surrounding 

component molecules or atoms, can be used dielectric materials to store 

electrical energy during charge separation. The complex permittivity (ℰ*) of 

a material may be represented as [76]: 

 

where ℰ1 and ℰ2 are the real and the imaginary part, respectively, and the 

imaginary number is (j= √−1). The real part is determined by [76]: 

 

𝜎𝑜𝑝𝑡 =
𝛼𝑛𝑐

4𝜋
...................................................(2.16)  

ℰ* = ℰ1 - j ℰ2 ……………………………..(2.17) 

………………………………………(2.18) 
'ℰ oℰ=  1ℰ 
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Where ℰo is the permittivity of vacuum and ℰ' is the permittivity relative of 

materials. The values of ℰ1 and ℰ2 dependent on the frequency of the applied 

electric field. The values of the ℰ1 (or the dielectric constant ℰ' ) refers to the 

material can store energy from an applied electric field [76]. he formula of 

the capacitance of a capacitor constructed of two parallel plates gives [77]: 

 

Where (ℰ): the dielectric constant. 

            (t): the thickness for the samples. The formula for dielectric           

constant is [77]: 

 

Where: Co is the vacuum capacitor and capacitance the parallel is CP. The 

formula calculates dielectric loss (ℰ'') [78]:  

 

 The dispersion factor here is  known as (D), which calculates the electrical 

energy lost in the samples due to the applied field being converted to thermal 

energy. Dissipated power in the insulator is demonstrated by alternative 

capacity as a function of the conductivity of the alternative by equation [79]: 

 

Where 𝜔 is an angular frequency. 

 

 

 

 

 

C = ℰ' ℰo A/t ……………………………….(2.19) 

ℰ' = CP / Co …………………………………(2.20)  

ℰ'' = ℰ' D ……………………………………(2.21) 

σA.C = 𝜔 ℰo ℰ'' ……………..………………(2.22) 
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2.5 Anti-Bacterial Activity 

      The emergence of infectious illnesses and antibiotic-resistant bacterial 

species, in particular, represent a grave danger to global public health. Gram-

positive and Gram-negative bacterial strains are generally believed to pose a 

significant threat to public health. Antibacterial agents are important to stop 

the growth of microorganisms and decrease their detrimental impact on 

people's lives. Inorganic antibacterial compounds such as metal oxides are 

antibacterial agents that very appear promising [80]. Due to their unusual 

physical, chemical, and biological characteristics in several domains, 

including medicine, nanoparticles have attracted considerable interest. It is 

simple to adjust the characteristics of nanoparticles by lowering or hanging 

their size [81]. Nanoparticles have the ability to solve this issue by providing 

a viable option to treat diverse illnesses, especially those caused by 

multidrug-resistant (MDR) bacteria. In general, the antibacterial effect of 

designed NPs involves the surface-binding of the NPs to the bacterium, the 

release of ions, and the subsequent development of severe oxidative stress. 

Therefore, it becomes very challenging for bacteria to evolve numerous 

simultaneous gene changes to resist NP-mediated therapies [82]. 

2.6 Gamma Ray Shielding 

     There are general radiation protection standards that vary depending on 

the distance and time. The type and quantity of shielding required are 

determined by the functioning of the radiation source, the exposure intensity, 

and the type of radiation [83]. Radiation shielding materials may be 

fabricated in two different methods. First, shielding materials are installed 

directly or on the surface of the wall. Second, these molecules encapsulate 

the radioactive source. For radiation shielding, any material with sufficient 
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thickness to absorb incident radiation to a reasonable degree should be used 

[84].  

 

is a formula that describes the attenuation of radiation gamma, where the 

attenuation coefficient is (µ), (t) is the thickness of the specimen, NO is the 

number of radiation particles calculated over time,   and N is the number of 

particles calculated over [85]. 

N=NO exp (−µt)………………………(2.23) 
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3.1 Introduction 

      This chapter describes the preparation procedure, instruments, 

and measurement methods. A basic description of the materials 

(PS/SiO2-SrTiO3) used in this study and measurement processes for 

structural, optical, and electrical properties for antibacterial activity 

applications, along with photos and schematics of some of the 

electrical circuits. 

3.2 The Materials Used in this Work 

3.2.1 Matrix Material 

      In this work, polymer matrix polystyrene is used in granular form and 

high purity (99.97%) and readily available in local marketplaces. PS is an 

amorphous polymer with many side groups. It is hard, stiff, and transparent 

at room temperature, and it is a thermoplastic substance that can be softened 

and deformed by heat, as shown in the Figure (3.1). 

 

 

 

 

 

 

 

 

 

Figure (3.1): Polystyrene (PS). 

3.2.2 Additive Nanomaterials 

 1. Silicon dioxide (SiO2) 

       Silicon dioxide (SiO2), or silica nanoparticles, is used extensively in 

biomedical research owing to its stability, low toxicity, and ability to be 

functionalized with various chemicals and polymers The silicon dioxide 

nanopowder (SiO2, +98 %, 60 – 70 nm, amorphous) was obtained from (US 
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Research Nanomaterials, lnc). It appears in white powder, as seen in the 

Figure (3.2): 

 

 

 

      

 

 

 

Figure (3.2): Silica dioxide nanoparticles. 

2. Strontium titanate (SrTiO3) 

        It is oxide strontium and titanium have the chemical (SrTiO3). 

Strontium titanate has a low electric field and high dielectric constant. 

Strontium Titanate nanoparticles (SrTiO3) is obtained as powder form and 

could be obtained from the (US Research Nanomaterials, Inc) company, with 

the value radius (100 nm) and the high purity (99.95 %), as shown in the 

Figure (3.3). 

      

 

 

 

 

 

 

Figure (3.3): Strontium titanate (SrTiO3) nanoparticles. 
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3.3 Preparation of (PS/SiO2- SrTiO3) Nanocomposites 

       The nanocomposite (PS/SiO2- SrTiO3) was prepared by casting method 

(1g) of the polystyrene (PS) is dissolved in (30) ml of chloroform alcohol, at 

room temperature and a magnetic stirrer is used to mix and thoroughly 

dissolve the substance. We'll add the nanoparticles (50%) from SiO2 and 

(50%) SrTiO3 to (PS) with contents (1.6, 3.2, 4.8, and 6.4) wt.%. The casting 

process, which involves placing the mixture in a template (Petri dish) with a 

(10 cm) diameter, allowing it to dry, and then gently extracting it from the 

template in order to do the required tests. Figure (3.4) shows a scheme of 

experimental work. 

                               

 

 

 

 

 

 

 

 

 

 

 

Figure (3.4): Scheme of Experimental work. 
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3.4 Measurements of Structural Properties 

3.4.1 Optical Microscope (OM)   

      Samples (PS/SiO2- SrTiO3 ) are examined using an optical microscope 

(Olympus (Toup View) type (Nikon-73346)) with magnification (10X),in   

College of Education for Pure Sciences, Babylon University as shown in the 

Figure (3.5).  

 

       

 

 

 

 

Figure (3.5): Optical Microscope. 

3.4.2 Scanning Electron Microscope (SEM)   

         The surface morphology of all nanocomposites (PS/SiO2- SrTiO3) is 

analyzed using a scanning electron microscope. It produces black-and-white 

pictures of the sample's surface since it does not rely on light waves but on 

electronic emission, and it magnifies the image with a high degree of 

precision, around 109 times. At the Shahrud University of Technology, Iran, 

a scanning electron microscope (Zeiss, Sigma, German origin) is used for 

testing. Figure (3.6) is an image of the SEM device and a schematic 

representation of the usual SEM column. 
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                               Figure (3.6): The SEM device [86]. 

3.4.3 Fourier Transform Infrared Spectroscopy (FTIR) 

      FTIR spectra of PS/SiO2- SrTiO3 by FTIR are recorded from made 

German Brucker Company from type vertex-70 Fourier transforms infrared 

spectrometer in the wavelength range (500-4000) cm-1, in College of 

Education for Pure Sciences, Babylon University.  

Figure (3.7): (FTIR) Fourier transform infrared spectroscopy device [87]. 

Optical properties measurements 3.5   

        Using a dual-beam spectrophotometer (Shimadzu, UV-1800Aᵒ) located 

at Babylon University, the College of Education for Pure Sciences, the 

absorption, transmittance, and reflection are measured  spectrum of 

nanocomposites (PS/SiO2- SrTiO3) in the wavelength range (260-860) nm 

are recorded. These observations were conducted at room temperature. 
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3.6 Measurements of A.C Electrical Properties for Nanocomposites 

      The A.C electrical properties of (PS/SiO2- SrTiO3) nanocomposites are 

by calculating both the capacitance and dispersal factor with a device (LCR 

HiTESTER 3532-50) made from company Hioki at frequencies of (102 Hz –

5 MHz) at temperature room, as depicted in the Figure (3.8), in the College 

of Education for Pure Sciences, Babylon University. 

Figure (3.8): Schematic diagram for A.C electrical properties measurement. 

3.7 Measurements of Anti-bacterial Activity for Nanocomposites     

      The disc diffusion technique is used to evaluate the samples of (PS/SiO2- 

SrTiO3) nanocomposites for their level of antimicrobial and antibacterial 

activity. The nanocomposites are tested using the agar diffusion method to 

evaluate their antimicrobial activity against two different types of clinical 

bacteria, Escherichia coli and Staphylococcus aureus. When placing the 

disks of the (PS/SiO2- SrTiO3) nanocomposites on top of the medium, the 

mixture is incubated at room temperature for 24 hours. After taking a 

measurement, the diameter of the inhibitory zone is determined. The samples 

were examined at the Al-Ameen Center for Research and Advanced 

Biotechnology in the Holy Shrine. Figure (3.9) shows Staphylococcus aureus 

bacteria and Figure (3.10) shows Escherichia coli bacteria. 
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Figure (3.9): Shows Staphylococcus  aureus bacteria[88]. 

 

 

 

Figure (3.10): Shows Escherichia coli bacteria[89] . 

3.8 Measurements of Gamma Ray Shielding for Nanocomposites 

     Gamma-ray shielding tests of (PS/SiO2- SrTiO3) nanocomposites are 

conducted. Test samples are arranged at various concentrations near a 

gamma ray source (Cs-137, 5μci). The gamma-ray source is located at a 

distance of 3 cm from the detector, and the samples of nanocomposites are 

1cm from the Gamma-ray spring as shown in the Figure (3.11). The Geiger 

counter uses the samples to calculate the linear attenuation coefficients and 

transmit gamma-ray fluxes through the samples. 

 

 

 

 

 

 

Figure (3.11): Gamma ray shielding. 
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4.1 Introduction  

      The chapter included the structural, optical, and alternating current (A.C) 

electrical measurements and the results and discussion of PS/ SiO2-SrTiO3 

nanocomposites. This chapter also studies the antibacterial activity and 

gamma-ray radiation applications of PS/ SiO2-SrTiO3 nanocomposites. 

4.2 The Optical Microscope  )OM) and Scanning Electronic Microscope 

(SEM) of (PS/ SiO2-SrTiO3) 

       Figure (4.1) shows the  optical microscope images of PS/ SiO2-SrTiO3 

nanocomposites taken power a magnification (10X) for samples of different 

concentrations of SiO2-SrTiO3 nanoparticles. At low concentration of SiO2-

SrTiO3 NPs, it form of clusters and with increasing concentrations of SiO2-

SrTiO3 nanoparticles  a connected network will form inside nanocomposites. 

The nanoparticles work as charge carriers inside the polymeric structure, 

changing the material's properties [90]. SEM technology is applied to study 

the morphology and arrangement of nanocomposites. Figure (4.2) depicts 

SEM images of PS/ SiO2-SrTiO3  nanocomposites with varying 

concentrations  of SiO2-SrTiO3 nanoparticles. With increasing concentrations 

of SiO2 and SrTiO3 nanoparticles, the surface morphology becomes more 

uniform and homogeneous, and the material becomes softer [91]. 

Nanoparticles in spherical form, similar to grain, are randomly scattered on 

the surface and near the rough texture. The SEM images depict a network of 

nanoparticle paths within a polymer matrix [92]. 
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Figure (4.1): The optical microscope images (10X) for (PS/SiO2-SrTiO3) 

nanocomposites:(A) for PS, (B) 1.6 wt.% (SiO2-SrTiO3) NPs, (C) 3.2 wt.% 

(SiO2-SrTiO3) NPs, (D) 4.8 wt.% (SiO2-SrTiO3) NPs, and (E) 6.4 wt.% (SiO2-

SrTiO3) NPs. 

A B 

C D 

E 
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Figure (4.2): The images of (SEM) for (PS/SiO2-SrTiO3) nanocomposites, A. for PS 

pure, B. 1.6 wt.% (SiO2-SrTiO3) NPs, (C) 3.2 wt.% (SiO2-SrTiO3) NPs,            

(D) 4.8 wt.% (SiO2-SrTiO3) NPs and (E) 6.4 wt.% (SiO2-SrTiO3) NPs. 

A B 

C D 

E 
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4.3 Fourier Transform Infrared Ray (FTIR) for (PS/ SiO2-SrTiO3) 

       Figure (4.3) shows the (FTIR) transmittance spectra of PS/ SiO2-SrTiO3 

nanocomposites with various contents of SiO2-SrTiO3 nanoparticles. FTIR 

spectra revealed interactions in nanocomposites. The wave number 

2921 cm−1 is allotted to C-H asymmetric stretching vibrations [93]. The 

bands  observed in 1492 cm-1 and 1451 cm-1  are related to the C=C stretching 

of the aromatic [94,95]. The bands from 1111 cm-1 to 1114 cm-1 corresponds 

to the C-H stretching due to the aromatic ring [96].  The bending vibrational 

modes of C- H outside the plate of the benzene ring are responsible for two 

bands that were detected in the ranges of 695 cm-1 and 750 cm-1, respectively 

[97,98], as shown in the table (4.1) . Figure (4.3) is shown that there is no 

interaction between the polymer (PS) and the nanoparticle )SiO2-SrTiO3). 

The nanoparticle (SiO2-SrTiO3) does not appear in the range 500-4000 cm-1 

because it is within the wave number of 500 cm1. 

 

Table (4.1): FTIR Transmittance bands positions and their assignments for pure 

(PS). 

Wavenumber (cm-1) Band assignment 

2921 C-H asymmetric stretching 

1492 C=C stretching 

1451 C=C stretching 

1111 - 1114 C-H stretching 

750 C-H ring 

695 C-H ring 
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1.6  B)PS, () nanocomposites: (A)for 3SrTiO-2(PS/SiO ofspectra  (4.3): FTIR Figure

-2(SiO, (D) 4.8 wt.% ) NPs3SrTiO-2(SiO (C)3.2 wt.%, ) NPs3SrTiO-2(SiO wt.%

NPs.) 3SrTiO-2(SiOnd (E) 6.4 wt.% a) NPs 3rTiOS 

 

 

D 
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4.4 The Optical Properties of (PS/ SiO2-SrTiO3) Nanocomposites 

4.4.1 The Absorbance and Transmittance of (PS/ SiO2-SrTiO3) 

Nanocomposites 

     Figure (4.4) shows the variation of absorbance for PS/SiO2-SrTiO3 

nanocomposites with wavelength, the absorption for the samples of (PS/ 

SiO2-SrTiO3) nanocomposites at (UV region) with increasing concentrations 

for (SiO2-SrTiO3) nanoparticles. The absorbance for all samples has high 

values at a wavelength near the fundamental absorption edge (260 nm). 

Therefore, the absorption falls when the wavelength is increased. High-

wavelength incoming photons don't have the energy required to interact with 

atoms and instead convey electromagnetic radiation. The interaction 

between the incident photon and the substance will occur when the 

wavelength lowers, leading to an increase in absorbance. In other words, the 

free electrons take in the incident light and absorb it. Therefore, absorbance 

is raised by increasing the weight percentages of nanoparticles [99]. This 

behaviour agrees with the results of the researchers [100]. 

 Figure (4.5) shows transmittance spectrum of PS/ SiO2-SrTiO3 

nanocomposites against wavelength. The transmittance decreases as the 

concentricity for (SiO2-SrTiO3) nanoparticles increases. It is caused by the 

addition of (SiO2-SrTiO3) nanoparticles that have electrons in their 

outermost orbits that travel to high energy levels after sucking 

electromagnetic energy from incident light. The emission of radiation does 

not accompany this process because the electron is traveled to more elevated 

levels and has settled vacant positions in the bands of energy. The light 

incident in this part is absorbed by the material and does not through it. There 

are no free electrons since their polystyrene has a high transmittance because 



Chapter Four                             Results, Discussion, and Future works 

 

 

40  

the motion of the electron to the conduction band needs a photon that has 

high energy [101]. 

Figure (4.4): Relation between absorbance with wavelength for (PS/SiO2-SrTiO3) 

nanocomposites. 

 

Figure (4.5): Relation between transmittance with wavelength for (PS/SiO2-

SrTiO3) nanocomposites. 
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4.4.2The Absorption Coefficient for (PS/SiO2-SrTiO3) Nanocomposites  

      The absorption coefficient of nanocomposites is calculated by using 

equation (2.8). Figure (4.6) shows a relation of absorption coefficient (α) 

with photon energy. The figure shows low α values for the low energies, this 

indicates a small probability of an electron transition incident photon energy 

is insufficient to allow an electron to migrate from the valence band (V.B) to 

the conduction band (C.B) (hυ < Eg). The energy of the incident photon is 

enough to motional the electron from the valence band (V.B) to the 

conduction band (C.B) at high points, indicating a high probability for 

electron transitions. This also signifies that the input energy of the photon 

surpasses the forbidden energy gap. This demonstrates how the absorption 

coefficient helps define the character of the electron transition. Where is 

anticipated the electron would transition directly when the absorption 

coefficient is (α >104 cm-1) at high energies, with conservation of the energy 

and moment by the photons and electrons. In contrast, in lower energies, 

where the absorption coefficient is (α <104 cm-1), the electron is anticipated 

to transition indirectly. The absorption coefficient for PS/SiO2-SrTiO3 

nanocomposites is (α<104 cm-1), which explains why the electron transition 

is indirect [101].  

Figure (4.6): Relation between absorption coefficient (α) with photon energy for 

(PS/SiO2-SrTiO3) nanocomposites. 
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4.4.3 Optical energy gap of (PS/SiO2-SrTiO3) 

       The energy band gap of nanocomposites is calculated by using equation 

(2.4).  Figures (4.7 and 4.8) show the optical energy gap for the allowed and 

the forbidden indirect transition, respectively. Where (r = 2) is calculated for 

the energy gap allowed transition indirectly, and (r = 3 )is calculated for the 

energy gap forbidden transition indirectly. It can observe that when the ratio 

of SiO2-SrTiO3 nanoparticles increase, the optical energy gap values 

decrease, because of the formation of site levels inside the optical energy 

gap, which caused the electron made a two-transition, the first transition  

from the valence band (V.B) to the regional levels in the energy gap, and the 

second transition from the regional levels to the conduction band(C.B) [103]. 

Table(4.2) provides the energy gap values. 

 

Figure (4.7): Relation between (αhυ)
1/2

 with photon energy for (PS/SiO2-SrTiO3) 

nanocomposites. 
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Figure (4.8): Relation between (αhυ)
1/3

 with photon energy for (PS/SiO2-SrTiO3) 

nanocomposites.  

Table (4.2): The energy gaps values for indirect transitions for allowed and 

forbidden (PS/SiO2-SrTiO3) nanocomposites. 

 
) SiO2-SrTiO3) 

nanoparticles wt.% 

Eg (eV) 

Allowed Forbidden 

0 4.2 4.03 

1.6 4.1 3.77 

3.4 3.8 3.5 

4.8 3.7 3.4 

6.4 3.5 2.9 
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4.4.4 Extinction Coefficient (k) of (PS/SiO2-SrTiO3) 

       The extinction coefficient is calculated by using equation (2.9). The 

relationship between the extinction coefficient and photon wavelength for 

(PS/SiO2-SrTiO3) nanocomposites is shown in figure (4.9). The extinction 

coefficient shows the ratio of light lost due to a penetration medium's 

scattering represents absorbance per unit distance and how much absorption 

loss occurs when electromagnetic waves move through a material. The 

absorption of a substance and the absorption coefficient are directly 

correlated with the extinction coefficient [104]. When increasing the 

concentration of SiO2-SrTiO3 nanoparticles, the extinction coefficient 

increasing. This comes from photon dispersion in the matrix of PS and the 

rise in optical absorption. Due to the high absorbance of all (PS/SiO2-SrTiO3) 

nanocomposite samples, the extinction coefficient in the UV region has 

values higher than the visible region. the extinction coefficient (k) will rise 

by increasing wavelength because due to the constant of the absorption 

coefficient of nanocomposites in these areas, almost [105] . 

Figure (4.9): Relation between extinction coefficient with wavelength of                       

( PS/SiO2-SrTiO3) nanocomposites. 
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4.4.5 Refractive index (n) of (PS/SiO2-SrTiO3)  

       The refractive index is calculated by using equation (2.11). Figure (4.10) 

shows the variation between refractive index with wavelength for (PS/SiO2-

SrTiO3) nanocomposites. Where the increase in concentration (SiO2-SrTiO3) 

nanoparticles lead to increase in the refractive index. The refractive index 

decreases with the increases in the wavelength. This result is explained by 

the fact that an increase in (SiO2-SrTiO3) concentration causes an increase in 

the density of nanocomposites. Due to the poor transmittance in the UV 

range, high refractive index values are seen there, whereas, in the visible 

region, low values are seen due to the high transmittance there, this behavior 

is consistent with the results of  the researchers [106,107]. 

Figure (4.10) : Relation between refractive index with wavelength for            

(PS/SiO2-SrTiO3) nanocomposites. 
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4.4.6 The Real and Imaginary Parts of Dielectric Constant (ε1, ε2) 

      The real and imaginary parts of the dielectric constant are calculated by 

using equations (2.14) and (2.15), respectively. Figures (4.11) and (4.12) 

show the relationship between the real part and the imaginary part of the 

dielectric constant for (PS/SiO2-SrTiO3) nanocomposites with the 

wavelength, respectively. From these figures, the real part increases by 

increasing (SiO2-SrTiO3) concentration this leads to an increase in refractive 

index (n) because the real parts of the dielectric constant depend on the 

refractive index(n), the imaginary parts increase by increasing (SiO2-SrTiO3) 

concentration this leads to increase in extinction coefficient (k), and due to 

depending on the imaginary part of the dielectric constant on the extinction 

coefficient. Where the extinction coefficient(k) increases with wavelength, 

particularly in the visible and near infrared wavelength ranges, the effect of 

the extinction coefficient (k) is relatively small, this conduct is consistent 

with the results of researchers[108,109] . 
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Figure (4.11): Relationship between the part real of the dielectric constant and 

wavelength for (PS/SiO2-SrTiO3) nanocomposites. 

 

 Figure (4.12): Relationship between the part imaginary of the dielectric constant 

and wavelength for (PS/SiO2-SrTiO3) nanocomposites. 
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4.4.7 Optical Conductivity of (PS/SiO2-SrTiO3)  

      Figure (4.13) shows the relation ship between optical conductivity and 

wavelength for (PS/SiO2-SrTiO3) nanocomposites. Where an increased 

wavelength of nanocomposites  decreased optical conductivity. An increase 

in optical conductivity is noted by causing an increase in the weight ratio of 

the concentration of (SiO2-SrTiO3) NPs to (PS), and these results are 

consistent with [110 , 111]. This could be caused by an increase in electron 

transitions between the valence and conduction bands, which contribute 

more to the decrease of the energy gap and the creation of sit levels[112]. 

 

 

Figure (4.13): Relation between optical conductivity with wavelength for (PS/SiO2-

SrTiO3) nanocomposites. 
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) Nanocomposites3SrTiO-24.5 The A.C Electrical Properties of (PS/SiO 

4.5.1 Dielectric constant (ɛ') and dielectric loss (ɛ'') of (PS/SiO2-SrTiO3) 

nanocomposites  

Figures (4.14) and (4.15) demonstrate the relation between the dielectric 

constant and the dielectric loss with the concentration of (SiO2-SrTiO3) 

nanoparticles at room temperature and (100) Hz. The dielectric constant and 

the dielectric loss of (PS/SiO2-SrTiO3) are calculated by using equations 

(2.20) and (2.21), respectively. The (SiO2-SrTiO3) nanoparticles at low 

concentrations are determined by darker small regions and become bigger 

when the (SiO2-SrTiO3) nanoparticles content increases. At high 

concentrations of nanoparticles, where will be the network is connected to 

some and include overlapping paths to allow the charge carriers to pass 

around. This causes increased dielectric constant and dielectric loss with the 

concentration of (SiO2-SrTiO3) NPs due to increasing the free charge carriers 

and polarized charges ,this result is consistent with [113].  

Figure (4.14): Effect of (SiO2-SrTiO3) nanoparticles concentrations on dielectric 

constant of PS. 
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of PS.) nanoparticles concentrations on dielectric 3SrTiO-2Figure (4.15): Effect of (SiO 

The dielectric constant and the dielectric loss of the nanocomposite (PS/SiO2-

SrTiO3) decrease as the frequency of the applied field increases, as shown in 

Figures (4.16) and (4.17). This is because the nanocomposites' dipoles point 

in the direction of the applied electric field, which results in a reduction of the 

space charge's polarization relative to the total polarization. At low 

frequencies, space charge polarization contributes more to polarization, while 

polarization is lower at higher frequencies. As a result, all samples of 

(PS/SiO2-SrTiO3) nanocomposites show a decrease in the dielectric constant 

and the dielectric loss values as the electric field frequency rises. Also, it can 

be seen from the figures that for nanocomposites at (f = 4) MHz, (ℰ') and (ℰ'') 

grow once again to their greatest values. This high value in dielectric constant 

and dielectric loss tends to result in the largest absorption. This absorption is 

brought on by the Maxwell-Wagner phenomenon. This alternating current 

phenomenon causes enormous dipoles to emerge when charges are forced to 

align with the field by an externally applied field, this behavior is consistent 

with the results of researchers [114,115]. 
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 Figure (4.16): Behavior of dielectric constant against frequency for                           

(PS/SiO2-SrTiO3 )nanocomposites. 

nanocomposites  )3SrTiO-2Figure (4.17): Behavior of dielectric loss of (PS/SiO

against frequency. 
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4.5.2 A.C Electrical conductivity of (PS/SiO2-SrTiO3) nanocomposites 

     The A.C conductivity of nanocomposites is calculated by using equation 

(2.22). Figure (4.18) shows the behavior of A.C conductivity with (SiO2-

SrTiO3) NPs concentration for (PS/SiO2-SrTiO3) nanocomposites at (100) Hz 

in room temperature. The conductivity rises with an increase in the (SiO2-

SrTiO3) nanoparticles content. This increase, due to nanoparticles, which 

increase the number of charge carriers, adds a positional level inside the energy 

gap, increasing the conductivity[116]. 

The A.C conductivity for (PS/SiO2-SrTiO3) nanocomposites varies with 

frequency, as shown in Figure (4.19). The space charge polarization that takes 

place at low frequencies and the motion of charge carriers by the hopping 

process are both responsible for the significant rise in A.C conductivity as 

frequency increases[117]. As a result, at all contents of (SiO2-SrTiO3) 

nanoparticles in (PS/SiO2-SrTiO3) nanocomposites, conductivity rises as 

frequency increases. 

Figure (4.18): Effect of (SiO2-SrTiO3) nanoparticles concentrations on A.C electrical 

conductivity of PS. 
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Figure (4.19): Relation between A.C electrical conductivity with frequency for   

(PS/SiO2-SrTiO3) nanocomposites. 

4.6 Application of (PS/ SiO2-SrTiO3) Nanocomposites for Antibacterial 

Activity 

      Figures (4.20) and (4.21) show tested the agar diffusion technique to 

assess the inhibition of nanocomposites for antibacterial activity against two 

types of bacteria, positive-gram (Staphylococcus aureus) and negative-gram 

(Escherichia coli), respectively. Figure )4.22 (and figure (4.23) show the 

antibacterial properties of the (PS/ SiO2-SrTiO3) nanocomposites against (S. 

aureus) and (E. coli) straight. As shown in the figures, by increasing 

concentrations of SiO2-SrTiO3 nanoparticles,  the inhibition area diameter 

increases, and these results are consistent with [118].The cause for the 

antibacterial activity of nanocomposites may be having of reactive oxygen 

species (ROS) induced by the concentrations  of SiO2 - SrTiO3 nanoparticles 

that  could damage DNA and proteins in bacteria. The possible mechanism 
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of action is that (PS/ SiO2-SrTiO3) nanocomposites carry positive charges 

and bacteria have  negative charges that create electromagnetic attraction 

between microbes and  nanoparticles of nanocomposites. When the 

interaction takes place, the microbes  oxidize and die instantly [104].  Table 

(4.3) shows the inhibition zone diameter of (PS/ SiO2-SrTiO3)  

nanocomposites against Staphylococcus and Escherichia coli bacteria.  

Figure (4.20): Images of inhibition zone for Staph. aureus bacteria.  

 

Figure (4.21): Images of inhibition zone for E. coli bacteria. 
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Figure (4.22): Inhibition zone diameter of (PS/ SiO2-SrTiO3) nanocomposites 

against (S. aureus) bacterial . 

Figure (4.23). Inhibition zone diameter of (PS/ SiO2-SrTiO3) nanocomposites 

against (E. coli) bacterial. 
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Table (4.3): Inhibition zone diameter of (PS/ SiO2-SrTiO3) nanocomposites. 

 

4.7 Application of (PS/SiO2-SrTiO3)  nanocomposites for gamma ray 

shielding 

       Figure (4.24) depicts the fluctuation in (N/No) for concentrations of 

(PS/SiO2-SrTiO3)  nanocomposites. As shown in this figure, the attenuation 

radiation increases, due to concentrations increase (SiO2-SrTiO3) 

nanoparticles, which is why the transmission radiation drops. The change in 

gamma attenuation coefficients for the (PS/ SiO2-SrTiO3) nanocomposites 

concentrations is shown in Figure (4.25). The attenuation coefficients rise as 

(SiO2-SrTiO3 ) nanoparticles concentrations rise because shielding materials 

used in nanocomposites either reflect or absorb gamma radiation[119], and 

is calculated the attenuation coefficients of gamma rays by using equation 

(2.23). 

Escherichia 

coli(mm) 

Staphylococcus  

aureus(mm) 

Nanoparticle 

concentrations SiO2-

SrTiO3 

Number 

of 

samples 

0 0 without SiO2-SrTiO3 1 

22 24 with 1.6 wt.% 2 

24 26 with 3.4 wt.% 3 

25 26 with 4.8 wt.% 4 

27 28 with 6.4 wt.% 5 
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Figure (4.24): Variation of (N/N0) for (PS/SiO2-SrTiO3) nanocomposites with 

different concentrations of (SiO2-SrTiO3) nanoparticles. 

Figure (4.25): Variation of attenuation coefficients of gamma radiation )PS/SiO2-

SrTiO3) nanocomposites with different concentrations of (SiO2-SrTiO3) 

nanoparticles. 

) NPs wt.%3/SrTiO2Con. of (SiO 

 
 ) NPs wt.%3/SrTiO2(SiO . ofCon 
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4.8 Conclusion  

1. The optical microscope images showed the homogeneous distribution of 

nanoparticles (SiO2 - SrTiO3) in the polymeric matrix. The SEM images 

showed a homogeneous and good distribution in the surface morphology. 

through the FTIR measurements that there is a physical superposition 

between the polymer and the nanoparticles. 

2. When increases as (SiO2 - SrTiO3) nanoparticle concentrations, both 

increase in absorption, the absorption and extinction coefficients, 

dielectric constant and real and imaginary parts, optical conductivity, and 

refractive index of (PS/SiO2-SrTiO3) nanocomposite, while both energy 

gap and transmittance decreasing, which can be useful in different optical 

applications. 

3. The dielectric loss for nanocomposites and dielectric constant is 

decreased with   increasing frequency at the same time, which increases 

the A.C electrical conductivity, if the (SiO2-SrTiO3) nanoparticles 

increase, this A.C electrical conductivity, dielectric constant, and 

dielectric loss of (PS/SiO2-SrTiO3) nanocomposite increase. This makes 

it can be used in various electrinos fields.  

4. The antibacterial application results for (PS/SiO2-SrTiO3) 

nanocomposites show that the inhibition zone for E. coli and S. aureus 

increases by an increase in concentrations of (SiO2 - SrTiO3) 

nanoparticles, suggesting that it may be used for high-activity 

antibacterial. 

5. The linear attenuation coefficients for gamma-ray radiation are increased 

with an increase in the (SiO2-SrTiO3) NPs contents. 
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4.9 Future Work 

1. Studying thermal and mechanical properties of nanocomposites (PS/SiO2-

SrTiO3) . 

2. Studying D.C electrical properties of nanocomposites (PS/SiO2-SrTiO3) . 

3. Studying effect of temperature on dielectric properties of (PS/SiO2-

SrTiO3) nanocomposites. 

4. Studying of humidity sensors application of (PS/SiO2-SrTiO3)  

nanocomposites. 
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 الخلاصة

(    ومتت تانات اليتتركنأككيت ا ا    ون)للبولي ستتايري/ااككيت ا اليتل  كبات النانوية  ارتالم حضرت   

ت تانات  أككيتتت ا  ك   وناككيتتت ا اليتتتل   جيتتت مات   مختلفة م/بتراك ز  الصتتت   محلولبطريقة  

كبات ارتال هرباص ة للمكذلك ك  ترك ب ةالنانوية لاراستتتة الخصتتتاصر البصتتترية كال  وم تاليتتتتركن

الترك ب ة  الخصتتاصر ان  اما. كالنانوية. لاستتتخاامها  ي النطتتام الملتتات للب ت ريا كتطب   أ تت ة 

 ، كتحويلات  وري ه (SEM) ، كمجهر الإل تركني (OM) المجهر اللتتتتوصي تطتتتتم  ك  م/

(FTIR)  ع/ توزيع متجانس للجيتتت مات النانوية كتطتتت     جهر اللتتتوصي  مصتتتور ال  اظهرت

 . أظهرت صتتورللجيتت مات النانوية  تراك زبزياتة  لمصتتفو ة البول مرية  ا  تاخ   ة   تتبميتتارات 

SEM    ا كج ااً  ي مور ولوج ا اليتتطش. تطتت ر نتاصا   استتات إلى كجوت   FTIR توزي ًا متجانيتتً

 لمتراكبات ل  بصتتريةأظهرت نتاصا الخواص ال النانوية.    ت كالجيتت ما  بول مرالب /    تراك    زياصي

 خموت الم ام   الامتصتاص ك  م ام  ة كمتصتاصتلازياتة ا الى  3SrTiO -2(PS / SiO (ويةالنان

كم ام  الان يتتتتار مع زياتة   ةالبصتتتتري  كالموصتتتتل ةكثابت ال زل ال هرباصي الحق قي كالخ الي  

نخفض  جوة الطا ة كالنفاذية. أظهرت نتاصا الخواص ال هرباص ة  ب نما ت تراك ز الجيت مات النانوية

انخفض مع زيتاتة   كبتات النتانويتةتر قتا ال تازل ال هربتاصي للم  ك  ابتت ال زلللمركبتات النتانويتة أن ثت

ترك ز    ياتةزب.  للت ار المتناكب   ةال هرباص    ةالتوصتت ل تزتات    ي نفس الو ت   المجال ال هرباصي ترتت 

  متناكب ل ة ال هرباص ة للت ار ال وصتتتتيؤتي إلى زياتة ال (3SrTiO -2SiO النانوية )  ت الجيتتت ما

أظهرت نتاصا تطب   ملتتتاتات الب ت ريا   .  ال ازل ال هرباصي يزتات  قا  ككذلككال زل ال هرباصي  

  (S. aureus)ك  (E. coli)أن منطقة التثب ط لتتتتتت 3SrTiO-2(PS / SiO (كبات النانويةارتللم

  تب / اماكنتاصا تطب قات أ تت ة ان    .(3SrTiO -2SiO )  الجيتت مات النانوية تزتات بزياتة تراك ز

تزتات م املات التوه / الخطي لأ  ة   ستو  (3SrTiO -2SiO الجيت مات النانوية )عناما تزتات  

 .اماك
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