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         The nanocomposites [Poly (methyl methacrylate) (PMMA)- Polyethylene 

glycol (PEG)/ Silicon nitride (Si3N4)] were prepared by casting method. To study 

antibacterial and gamma-ray shielding applications. The structural properties 

studied include Optical Microscope (OM), Fourier Transforms Infra-Red (FT-IR), 

and scanning Electron Microscope (SEM). The structure, optical and electrical 

properties of nanocomposites were studied. The optical microscopy images 

showed that with increasing concentrations of nanoparticles, network paths are 

formed inside the polymeric matrix that act as charge carriers. The SEM 

measurement results showed a good distribution and homogeneity in surface 

morphology. 

 The results of FT-IR indicate a physical interference between the polymer matrix 

and nanoparticles. The results of (PMMA-PEG/Si3N4) nanocomposite showed 

optical properties that the absorption coefficient, absorbance, refractive index, 

extinction coefficient, real and imaginary dielectric constants, as well as optical 

conductivity increases with increasing in the concentrations of Si3N4 NPs, while 

transmittance and energy gap  decrease with increasing concentrations of 

nanoparticles. It also indicated that the highest absorption of spectrum happened in 

U.V region.  

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

constant and dielectric loss increase with increasing concentrations of 

nanoparticles and decrease when the frequency of applied electric field increasing. 

while the A.C electrical conductivity increases with increang the frequency and 

weight concentrations of (Si3N4) NPs. The results of applications of (PMMA-

PEG/Si3N4) nanocomposites against bacteria showed that the inhibition diameter 

Summary 

 



  

 
IV 

 

zone increases with increasing concentrations of nanoparticles, and the attenuation 

coefficients increase with the increase of nanoparticle concentrations, this is due to 

the absorption or reflection of gamma radiation by nanocomposite shielding 

materials. The (PMMA-PEG/Si3N4) nanocomposites have the highest attenuation 

coefficients. 
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1.1 Introduction 

     Polymer science is a relatively new discipline which deals with plastics, natural 

and synthetic fibers, rubbers, coatings, adhesives, sealants, etc [1]. Polymers have a 

large molecular weight and are composed of a higher number of repeating units. 

Polymer synthesis takes place on a very wide scale and polymers have a large 

range of properties to use in different applications[2]. polymers are produced from 

monomers through polymerization. Through chemical reactions, monomers form 

together two types of chains. One is a linear chain and the other is a three - 

dimensional chain. Polymers have three - dimensional chains[3]. Tens, hundreds, 

or even thousands of monomer units can be found in polymer molecules. The most 

important characteristics of polymer composites are their ease of formation, low 

density in comparison to metals, superior surface quality, and increased corrosion 

resistance.  

 

Polymer composites can compete with metals in terms of durability and hardness, 

in addition to many advantages such as high strength, size, and thermal stability, 

hardness, and abrasion resistance. Aside from all of these advantages, the lightness 

of polymer composite materials gives them an advantage in many areas. Because 

of their intriguing properties and potential, polymer composite-based materials 

have piqued the interest of scientists and active multidisciplinary and industrial 

research group[4]. 

 

Polymers are classified as either natural that resulted from natural biosynthesis, or 

synthetic[5]. Advancement in polymer science has brought new applications of 

polymers or plastics in our daily lives[6]. Due to their chemical stability, 

versatility, lightness, and limited cost with respect to other classes of materials (i.e. 
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metals and ceramics), in the last decades, polymers have found a widespread 

application in many technological fields, such as construction, electronics, 

packaging, and health care[7]. 

 

Polymer nanocomposites are a promising type of polymeric material that can be 

used instead of conventional polymers and other materials. It has been discovered 

in recent decades that adding small amounts of nanofillers to polymers can 

increase their thermal, mechanical, barrier, and flammable properties compared to 

conventional polymers and it is one of the low-cost and easy methods to modify 

the structure of polymers[8]. Currently, polymer composites are of high interest in 

different energy applications because of their pliable characteristics and their easy-

to-use[9]. these embedded particles within the polymer matrix also impact the 

physical properties of the host. Polymer ceramic hybrid composites, in particular, 

are promising functional materials in a variety of disciplines, demonstrating useful 

optical, electrical, thermal, mechanical, and antibacterial characteristics [10]. 

 

1.2   Polymer Blend 

      The polymer blend definition of polymeric mixtures as a combination of two or 

more polymers are polymeric mixtures preparation process mediated by blending 

polymers in the liquid state or in the solid state or in the molten phase[11],In 

addition, the high prices of some polymers and some of  their limitations are other 

factors that have led to research on  alternatives such as polymer blends[12] 

Polymer blending is a convenient route for the development of new polymeric 

materials, which combine the excellent properties of more than one existing 

polymer. This strategy is usually cheaper and less time-consuming than the 

development of new monomers and/or new polymerization routes, as the basis for 
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entirely new polymeric materials[13]. polymer blends are widely used in many 

pharmaceutical and medical applications including drug delivery system, bone 

repair, enzyme immobilization, wound dressing, they play an important role as a 

temporary scaffold and temporary barrier[14]. The most important relationship 

governing mixtures of dissimilar components is: 

 

∆𝐺𝑚=∆𝐻𝑚 − 𝑇∆𝑠𝑚     ………………………. (1.1) 

 

where ∆𝐺𝑚 is the free energy of mixing. 

∆𝐻𝑚  is the enthalpy of mixing (heat of mixing). 

∆𝑆𝑚 is the entropy of mixing. 

 

 For miscibility to occur, ∆𝐺𝑚 must be smaller than ( 0) [15]. This approach has 

not been without its difficulties and has not developed as rapidly as it might have, 

in part because most physical blends of different high molecular weight polymers 

prove to be immiscible. That is, when mixed together, the blend components are 

likely to separate into phases containing predominantly their own kind[16]. 

Forming polymer blends is a traditional method for making new materials with 

enhanced properties. Unfortunately, because of the large unfavorable enthalpy, 

most polymer blends tend to phase separate, which results in poor mechanical 

properties. Therefore, controlling the phase behavior and morphology becomes a 

key factor in determining the performance of polymer blends, which mainly rely 

on the interface between polymer components[17]. 
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1.3 Classification of polymers 

          Polymers cannot be classified under one category because of their  complex 

structures, different behaviors and vast applications. We can, therefore, classify 

polymers based on the following considerations. 

 

1.3.1Classification of polymers based on source 

       Polymers may be divided into two types[18]: 

 

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 

 

1.3.2 Classification Based on the Structure of the Polymers: 

There are three different types based on the structure: 

1.Linear polymers: these polymers are linearly organized. Only a bifunctional 

monomer can form linear polymers. They are usually thermoplastic polymers and, 

except for very high molecular weight materials, are soluble in solvents. These 

polymers have the ability to crystallize more than other polymers[19]. 

 

2.Branched Polymers: The reaction between polyfunctional molecules results in 

structural units that can be connected in such a way as to form non-linear 

structures. In certain situations, the side growth of each polymer chain can be 
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stopped before the chain has a chance to link up with another chain. The resulting 

polymer molecules are said to be bundled. Branching can produce several physical 

properties in a polymer, such as a decrease in solvent solubility, a rise in the 

softening point and also a decrease in thermoplastic properties[20]. 

 

1.3.3 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)[21]. 

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)[22]. 

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

homogenous polymers by including new materials and formulas[23]. 

 

 

 
1.4 Nanocomposites and their Applications 

                  
      Nanocomposites are a combination of two or more phases containing different 

compositions or structures, where at least one of the phases is in the nanoscale 

regime. These materials exhibit behavior different from conventional composite 

materials with microscale structures[24], which are one of the most important 

materials of modern technology, Composites are generally divided into three basic 

classes according to the size of the reinforcement in the structures. These are 

macro composites, micro composites, and nanocomposites[25]. nanocomposites 
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with d<100 nm, which represent a new generation of materials.The second group 

of materials exhibits new physical, functional and service properties[26]. The size-

induced properties of nanoparticles enable the development of new applications or 

the addition of flexibility to existing systems in many areas, such as catalysis, 

optics, microelectronics, and so on[27].Nanotechnology is defined as the 

understanding and control of matter at dimensions between 1 and100 nm where 

unique phenomena enable novel applications[28].Nanotechnology encompasses the 

nanomanufacturing, nanomaterials, and application of physical, chemical, and 

biological systems at scales ranging from individual atoms or molecules to 

submicron dimensions, as well as the integration of the resulting nanostructures 

into larger systems. It spans scientific fields, including chemistry, physics, material 

science, engineering, and manufacturing[29] Some of the potential applications of 

nanotechnology are as follows[30]. 

• Antibacterial dressings and coatings 

• Micro sensors and diagnostics for more effective treatment 

• Barriers for thermal and optical applications 

• Miniature thin film photovoltaic solar cells for cost effective power 

generation for applications ranging from laptop to automobiles 

 

1.5 Nanomedicines 

                   
     A new era of nanomedicine that uses devices of nanoscale size to address 

urgent needs for improved diagnosis and therapy of diseases is being etched in the 

21st-century[31]. Targeted drug delivery is one of the greatest challenges in 

medicine [32].   Drugs are conventionally administered in the patient orally in 

capsule or liquid forms. However, this approach is not always effective in targeting 

specific cells for treatment, diagnosis, or imaging[33].The field of nanomedicine 
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aims to use the properties and physical characteristics of nanomaterials for the 

diagnosis and treatment of diseases at the molecular level[34].Nanoparticles have 

the potential to revolutionize is a medicine; nanomedicine could provide new 

technological advances in not only developing new and novel drugs but also 

reformulation of already existing drugs to increase their efficacy, improve delivery 

and lower side effects [35]. To date, various nanomedicines have been developed 

and commercially applied in clinical and non-clinical areas. Nano medicines have 

shown essential characteristics such as efficient transport through fine capillary 

blood vessels and lymphatic endothelium, longer circulation duration and blood 

concentration, higher binding capacity to biomolecules (e.g. endogenous 

compounds including proteins). These characteristics differ from those of 

conventional medicines depending on physiochemical properties (e.g.; particle 

surface, size and chemical composition) of the nano-formulations[36]. Due to the 

nano size, they are normally composed of thousands of atoms with a high surface 

area so that a higher therapeutic payload (e.g.,radioactive isotopes or chemotherapy 

drugs) can be carried to or encapsulated in the nanostructure. Once delivered and 

recognized by a receptor, the high-dose therapeutic load can cause more 

devastating damage to cancer cells at the targeted site[37].  

 

The long-term goal of nanomedicine research is to characterize quantitative 

molecular-scale components known as nanomachinery, as well as to precisely 

control and manipulate nanomachinery in cells to improve human health, 

understand the cellular mechanisms in living cells and develop advanced 

technologies for early diagnosis and treatment of various diseases[38]. 

 

The key objectives when designing NPs as a cargo system for carrying the 

pharmacological active agents is to avoid the clearance by the biological barriers 
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and to reach the impaired cells and delivering the drug at a therapeutically 

optimum rate with the appropriate dosage. Figure (1.1) shows nanoparticles based 

targeted drug delivery[39]. 

 

 Figure (1.1). Nanoparticles based targeted drug delivery[39] 

 

 1.6 Polymethylmethacrylate (PMMA) 

        polymethylmethacrylate (PMMA) is a the linear thermoplastic polymer with 

the chemical formula (C5H8O2)n. It has a melting point equal to 160 C° and a glass 

transition the temperature of 115 C° [40]. PMMA exhibits excellent material 

properties such as exceptional mechanical strength, hardness, high rigidity, 

transparency, and good insulation properties [41].  Additionally, it possesses very 

good optical properties with a refractive index ranging between 1.3 and 1.7 .Owing 

to its high impact strength, lightweight, and shatter resistance, the PMMA is one of 

the best organic optical materials, and it is widely used as a substitute for inorganic 

glass[42]. poly methyl methacrylate (PMMA) is a polymer that is most commonly 

used in dental laboratories (to make orthodontic retainers and dentures and for 

repair), dental clinics(for relining dentures and temporary crowns), and industry 

(such as fabrication of artificial teeth) [43]. Polymethyl methacrylate is still being 
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used as base material or clip carrier material, but it is hard and heavy so acrylic 

resins are used for the fabrication of prosthetic eyes in ocular or orbital 

prostheses[44]. Figure (1.2) shows molecular formula of PMMA[45]. Table (1.1) 

shows important properties of PMMA polymer[46,47]. 

 

 

                             

  

 

 

 

                            

 

 

 

 

Figure (1.2). Molecular formula of PMMA[45] 
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                      Table (1.1): important properties of PMMA polymer[46,47] 

 
Property                                                         PMMA 

 
 

Chemical formula  

 

CH2=C(CH3)COOH3 

 

Density (g/cm3) 

 

1.18 

Boiling point  200Co 

 

Glass Transition Temp. (Tg) (Co) 

 

110 to 120 

 

Melting Point (C) 

 

220–240 

 

Water Absorption (%) 

 

0.3 

 

Surface Hardness (Rockwell) 

 

M92, M90-M100 

 

1.7 Polyethylene glycol (PEG) 

         The general formula H (OCH2CH2)n OH, where n is the average number of 

repeating oxyethylene groups and it is commonly found in many household 

products. Because of its low toxicity and low hazard risks, it is approved for use in 

different laxatives[48]. PEG earns it is important because of its high structure 

flexibility, biocompatibility, amphiphilicity, devoid of any steric hindrances, and 

high hydration capacity[49]. Polyethylene glycol (PEG) is a faculty of water 

soluble polymers with many different molecular weights that exhibits useful 
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properties such as protein resistance, low  toxicity and immunogenicity [43], that is 

usually employed in many industries, including cloth, rubber, textiles, wood, 

metal, pharmaceuticals, coatings and cosmetics. PEG is also obtainable in different 

geometric shapes. Figure(1.3) gives the chemical structure of PEG[50]. Table (1.2) 

shows important physical properties of PEG polymer[51]. 

 

 

 

 

 

 

 

 

 

 

 

Figure (1.3). Part of the chemical structure of PEG[50] 
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         Table (1.2): The most important physical properties of PEG polymer[51] 

 

                            Properties                                                                Description 

 

 

Average Molecular Weight  

 

20000(g/mol) 

 

Flash point  
 

182–287 ◦C 

 

Appearance 

 

Clear liquid or white solid 

 

Density 

 

1.1–1.2 

 

Melting point 

 

54–58 C
◦
 

 

Degradation temperature 

 

234 C
◦
 

                          

                           Toxicity 

 

Non-toxic and non-immunogenic 

 

Stability 

Stable under ordinary conditions of use 

and storage 

 

Odor 

 

Mild 

 

 

1.8 Silicon nitride (Si3N4) 

      Silicon nitride (Si3N4) is a nitrogen compound of highly covalent bond[52]. the 

bonding in Si3N4 can be estimated to be 70% covalent in character[53].Silicon 

nitride is a material of great technological interest due to its mechanical and 

electronic properties that make it suitable for several applications. Silicon nitride 

has high density, high melting temperature, low mechanical stress, and strong 

resistance against thermal shock. Due to its superior mechanical properties at high 
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temperatures, it has been considered as a prototypical material for uses in engine 

components and cutting tools. It has high dielectric constant [54], other 

engineering applications are also under consideration, such as (energy conversion) 

systems, industrial heat exchangers, as wear-resistant material in metals processing 

and as material for ball and roller bearings[55]. Si3N4 has also been considered as a 

material for nuclear fusion reactors in high-temperature gas-cooled reactors and 

very high-temperature reactors[56]. The wear resistance and chemical inertness of 

Si3N4 also make it useful as a protective coating for magnetic thin films in disk 

drives[57]  .Table (1.3) shows physical and mechanical properties of Si3N4 [58].             

                   Table (1.3): physical and mechanical properties of Si3N4[58]. 

 

            Properties                                                                      Si3N4                  

 

 

Melting point (C°) 

 

1900 

 

Density (g cm−3 ) 

 

3.17–3.20 

 

Hardness (GPa) 

 

18 

 

Thermal Conductivity (Wm−1 K−1 ) 

 

10–162 

 

Fracture Toughness (MPa m1/2) 

 

Crystal Structure 

 

Crystal Structure 

 

Hexagonal 
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1.9 Literature Review 

(B. H. Rabee et al.) in 2015 [59], prepared the composite of (PEG/PVA-Ag) with 

different weight percentages of Ag mamoparticels.The effect of addition of Ag on 

some optical properties of (PEG/PVA) was studied in the wavelengths (from200 to 

1100) nm.The extinction coefficient, absorption coefficient, and energy gap of the 

indirect allowed and forbidden transition have been determined. Results showed 

that the extinction coefficient and absorption coefficient increase while the energy 

gap of the indirect allowed and forbidden transition decreases with the wight ratios 

of Ag. 

(R. G. Kadhim) in 2015[60], studied the effect of adding TiO2 nanoparticles on 

the electrical properties of the PMMA polymer. The samples were prepared by 

casting with weight ratios of TiO2 (0,3,5,7) wt.%. The electrical insulation 

constant, electrical loss, and alternating electrical current conductivity of the 

nanocomposite (PMMA-TiO2) increased with increasing nanoparticle 

concentrations (TiO2). The dielectric constant and dielectric loss of the (PMMA-

TiO2) nanocomposite decrease as the frequency of the applied electric field 

increases, but the A.C electrical conductivity increases. 

(B. H. Rabee and B. A. Al-Kareem) in 2016[61], studied the effect of adding 

copper oxide nanoparticles on the optical properties of polymethyl methacrylate. 

The samples were prepared by using the casting method. At wavelengths ranging 

from 300 to 1000 nm, the absorption spectra were recorded. They found that, as the 

concentration of copper oxide nanoparticles increases, the (absorption coefficient, 

extinction coefficient, refractive index, and real and imaginary dielectric constants) 

of (PMMA-CuO) nanocomposites increase. As the concentration of copper oxide  
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nanoparticles increase, the energy band gap of (PMMA-CuO) nanocomposites 

decreases. 

  (M. A. Habeeb ) in 2016 [62], studied the effect of adding  the nanoxide particles 

of yttrium  on the electrical and optical properties of the (PVA-PAA-PEG) 

polymer blend . The results showed that as the concentration of yttrium oxide 

nanoparticles increased, the dielectric constant, dielectric loss, and A.C electrical 

conductivity increase. As frequency increases, the dielectric constant and dielectric 

loss decrease.  

(H. M. Shanshool et al.) in 2016  [63], prepared four types of polymers (PMMA-

PS-PVDF-PVA) that are used as polymer matrices, while different concentrations 

of ZnO nanoparticles are used as fillers. The UV-visible transmittance spectra 

showed low transmittance in the UV region, which is inversely proportional to 

ZnO nanoparticle concentration. The energy gap values in all samples decreased as 

the weight percentage of ZnO nanoparticles in nanocomposites increased. 

(H. M. Mohssin) in 2017[64], investigated the effects of addition of Ag 

nanoparticles on optical properties of polyvinyl alcohol (PVA) and Polyethylene 

glycol (PEG-4000) blend. The results were showed that the optical constants 

increase as the concentration of silver nanoparticles increases. The energy gap 

shrank as the weight percentages of silver nanoparticles increased. 

 (I. R. Agoo et al.) in 2017[65], made (PVA–PEG–PVP–ZrO2) nanocomposites. 

They found that, the conductivity of (PVA–PEG–PVP–ZrO2) nanocomposites is 

increased with the increase of zirconium oxide nanoparticles concentration, and 

have higher attenuation coefficients for gamma radiation. 

 (S. Devikala et al. ) in 2018[66], prepared the (PMMA/TiO2) composites by using 

the sol-gel method. The composite samples were characterized by XRD, FTIR, 
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DSC and SEM. The addition of TiO2 improved the composite's structural, 

morphological, and conductivity properties. The dielectric and A.C. conductivity 

of the samples increased with increasing TiO2 concentration and temperature. The 

polymer composites created were suitable for a variety of technological 

applications. 

(K. Kannan et al. ) in 2018 [67], fabricated (PEG-PVP/Ag2S) polymer 

nanocomposites by solvent casting. The vibrational nature of the bond presented in 

the prepared material was investigated using FTIR. The results showed that the 

SEM image confirms the sample's surface smoothness. 

(M. H. Suhail ) in 2019[68], prepared polymer films of (PEG-PVA) with different 

concentrations of MnCl2 (0, 2, 4, 6, and 10 %wt.)  using the casting technique. 

Absorption coefficient (α), refractive index (n), extinction coefficient (ko), and the 

dielectric constants (real and imaginary parts) increase with increasing the 

concentration of MnCl2. 

(M. Bafna et al.)    in 2019 [69], examined the optical parameters of (PMMA-

K2CrO4). They added nanoparticles (K2CrO4) to the PMMA polymer in different 

weight ratios. The optical results showed the absorption coefficient, extinction 

index, refractive index, and real and imaginary of the dielectric constant 

improvement when potassium chromate was added. 

(P. Rani et al ) in 2020 [70], prepared polyvinyl alcohol (PVA) and polyethylene 

glycol (PEG) blend nanocomposite films reinforced with various loadings of 

carbon black nanoparticles (CBNPs). FTIR spectroscopy was used to investigate 

the structural properties of PVA/PEG/CBNPs nanocomposites, revealing a strong 

interaction of CBNPs with the polymer blend. The addition of CBNPs improved 

the dielectric properties.  



 Chapter One                                               Introduction and Literature Reviews                   

                                                                                        

 
17 

 

(J. Q. M. Almarashi and M. H. Abdel-Kader) in 2020 [71], synthesized  

(PVA/PEG-CuS) nanocomposite by using the casting technique. The optical 

transmittance revealed an apparent decrease (more than 40% for films doped with 

5% CuS). Optical constants and dispersion parameters proved to be directly 

affected by nanoparticle concentrations. The optical energy gap values of polymer 

films decreased from 5.3 to 3.3 eV with the CuS nanoparticles' incorporation  

(P. Dhatarwal et al. ) in 2021 [72], studied the polymer nanocomposite (PNC) 

films comprising alumina (Al2O3) and silica (SiO2) nanoparticles (1, 3, and 5 wt%) 

dispersed in poly(methyl methacrylate) (PMMA) matrix. The results showed that 

the UV-Vis absorbance, transmittance, and reflectance spectra of these PNCs 

changed gradually as the Al2O3 and SiO2 content of the films increased. With 

increasing filler concentration, the energy bandgap decreases while refractive 

indices and optical conductivity improve. 

(S. S. Al-Abbas et al.) in 2021[73], fabricated the polymer compounds (PEG-

PVA-GO)  with different molecular weights from PEG and PVA using developed 

mixing-sonication-solution methods. With the increasing frequency of the electric 

field, the effect of graphene oxide on the alternating electrical properties revealed a 

decrease in the dielectric constant and isolation loss of the polymer compounds 

(PVA-PEG-GO). It was also demonstrated that electrical conductivity increased. In 

addition to the contribution of GO, increasing the polymer molecular weight 

revealed an extraordinary improvement in the electrical properties, bringing 

promising and performance materials for electronic, photovoltaic devices, 

heterojunction, solar cells, and energy storage systems, among other significant 

applications 
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(Z. K. Heiba et al.) in 2022 [74], studied the optical parameters of polyvinyl 

alcohol/polyethylene glycol blend (PVA/PEG) and added Nano gadolinium oxide 

(Gd2O3). The results showed that the optical bandgap of the PVA/PEG blend was 

decreases, while the values of refractive index and extinction coefficient were 

enhanced as the amount of Gd2O3 increased in the blend  

(F. S. Jaber et al.) In 2022 [75], designed the silicon nitride (Si3N4) and silicon 

bromide (SiBr4) doped polyvinyl alcohol (PVA) as promising semiconductors 

materials which can be used in various electronics and optical fields. The results 

showed that the (PVA/Si3N4/SiBr4) new structures have excellent optical and 

electronic properties. The (PVA/Si3N4/SiBr4) structures have wide absorption 

spectra and an energy gap of about (0.35 eV) which makes it appropriate for 

various electronics and photonics fields. 
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1.10 The Aim of the work 

     The aim of this work can be summarized in the following points: 

1. Preparation of (PMMA-PEG/Si3N4) which is a new nanocomposites to use 

in biomedical applications. 

2. Studying the structural, dielectric and optical properties of (PMMA-

PEG/Si3N4) nanocomposites. 

3. Study the antibacterial activity and radiation shielding applications of 

(PMMA-PEG/Si3N4) nanocomposites. 
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2.1 Introduction  

      This chapter includes a general description of the  theoretical component, as 

well as physical concepts, scientific clarifications, relationships, and rules used to 

comprehend the findings. 

2.2 The Structural Properties 

2.2.1 Optical Microscope 

      Imaging is a valuable tool for determining the microstructure of materials. The 

characterization of a material necessitates measurements of the size and shape of 

material features, which are frequently accomplished using an automated image 

analysis method. As a result, image-based characterization of a material's 

microstructure can be viewed as a collaboration between the imaging system and 

the image analysis method. Some imaging modalities, such as optical microscopy 

(OM) and scanning electron microscopy (SEM), show the imaged sample's surface 

directly. In general, there are two types of microscopy: optical microscopy (OM) 

and scanning electron microscopy (SEM). For the last two centuries, OM has been 

used in the form of a simple device with limited capabilities. Unlike SEM, which is 

based on electron emission, the main principle of work in OM is light. Simple OM 

has one lens, whereas compound OM has two.  

The lenses work by bending light to magnify images. The magnification of modern 

OM is 400–1000 times the original size, which is very low when compared to 

SEM, which has a magnification of 300,000x. OM can examine both living cells 

and solid materials. However, only a few small organics and solid pieces can be 

seen. This is due to the OM's ability to handle small and thin samples. SEM, on the 

other hand, provides a more detailed field with gray-scale images. As a result, 
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SEM is more expensive than OM and cannot be easily maintained. OM images 

display the true colors[76]  . Figure (2.1) shows Optical microscopy, and SEM 

Quanta device. 

 

 

 

 

 

 

 

                           Figure (2.1). (a)  Optical microscopy, (b)  SEM Quanta device [76] 

 

2.2.2 Fourier Transforms Infrared (FT-IR) Spectroscopy 

        A spectrophotometer is an instrument that determines the absorption spectrum 

of a compound. When compared to a traditional spectrophotometer, a Fourier 

transform spectrophotometer provides the IR spectrum much faster. The main 

component of a simple FTIR spectrophotometer is depicted schematically in Fig. 

(2.2). The instrument generates an IR radiation beam from a glowing black-body 

source. Following that, the beam passes through an interferometer, where spectral 

encoding occurs. In an interferometer, the recombination of beams with different in 

path lengths produces constructive and destructive interference, which is referred 

to as an interferogram. The beam now enters the sample compartment, where the 

a 
b 
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sample absorbs specific frequencies of energy that are unique to the sample as 

determined by the interferogram. The detector then measures the special 

interferogram signal as energy versus time for all frequencies at the same time. 

Meanwhile, a beam is superimposed as a reference (background) for instrument 

operation. Finally, the desired spectrum was obtained after the interferogram used 

Fourier transformation computer software to automatically subtract the background 

spectrum from the sample spectrum[77].        

Figure (2.2). Basic component in Fourier transform infrared spectrometer[77] 

2.3 The Optical Properties 

       The optical properties can be interpreted in light of the interaction between 

incident photons and samples. Furthermore, the optical properties of the sample 

can change or affect the incident light spectrum that passes through the sample by 

modifying its propagation vector or the intensity of the incident waves. The 

incident light spectrum of the film surface provides an overview of physical 

processes that can be used to investigate any sample. To discuss optical properties, 

optical and dielectric constants are used. Because these constants are regarded as 
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the most important optical parameters, their investigation is critical. The 

transmission and reflection measurements will be used in this study to calculate the 

absorption coefficient, from which the optical energy gap, electronic transition, and 

other parameters can be calculated [78]. 

2.3.1 Absorbance (A) and Transmittance (T)  

a. Absorbance(A) : the absorbance is defined as the ratio of absorbed light 

intensity 

(IA) by material to incident light intensity (Io). It is provided by the following 

relationship[79]: 

A=IA/Io                                                                                                                         (2.1)                   

b. Transmittance(T): Transmittance (T) is defined as the ratio of the intensity of 

the transmitting rays (IT) through the material to the intensity of the incident rays 

(Io) on it, and is determined by the following relationship[80]: 

T = IT / Io                                                                                                                         (2.2)                                                             

2.3.2 The electronic transitions 

Electronic transitions are divided into two types [81, 82]: 

1. Direct Transition      

 This transition occurs in semiconductors when the bottom of (C.B.) is exactly over 

the top of (V.B.), indicating that they have the same wave vector value, i.e. (K = 

0). In this state, absorption appears when (hʋ = Eg
opt.) in this transition type 

required the Law's conservation of energy and momentum. There are two kinds of 

direct transitions[81, 82]. 
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a. Direct allowed transition: 

This transition occurs between the top and bottom points in the (V.B.) (C.B.). 

b. Direct forbidden transitions: 

This transition takes place between the near top points of (V.B.) and the bottom 

points of (C.B.). The absorption coefficient for this type of transition is given 

by[81, 82]: 

αhʋ=B( hʋ - Eg
opt )r       (2.3) 

where Eg
opt is the energy difference between direct transition. 

 B: constant that varied depending on the material. 

 ʋ: incident photon frequency. 

 r: exponential constant whose value varied depending on the type of transition. 

r = 1/2 for the allowed direct transition.  

r = 3/2 for the forbidden direct transition. 

2. Indirect Transitions 

In these transitions, the bottom of (C.B.) is not over the top of (V.B.), the electron 

transits from (V.B.) to (C.B.) not perpendicularly, and the value of the electron's 

wave vector is not equal before and after the transition of the electron. (ΔK ╪ 0), 

For the conservation of energy and momentum law, this type of transition occurs 

with the assistance of a particle known as a "phonon." Indirect transitions are 

classified into two types[81, 82]: 

a. Allowed indirect transitions: 

These transitions occurred between the top of (V.B.) and the bottom of (C.B.), both 
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of which are located in a different region of the graph (K-space). 

b. Forbidden indirect transitions:  

These transitions occurred between near points at the top of (V.B.) and near points 

at the bottom of (C.B.), and the absorption coefficient for a phonon absorption 

transition is given by: 

αhʋ=B( hʋ - Eg
opt ± Eph)

r                                                                                  (2.4) 

where Eg denotes the energy gap for indirect transitions and Eph denotes the phonon 

energy, which is (+) when phonon absorption and (-) when phonon emission, (r = 

2) for the allowed indirect transition and (r = 3) for the forbidden indirect 

transition. Figure (2.3) shows Types of electronic transfers[83] 

Figure (2.3). Types of electronic transfers,(a)Allowed direct, (b)Forbidden direct, (c) 

Allowed indirect,  (d) Forbidden indirect [83] 
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2.3.3 Optical Constants 

1. Optical absorption coefficient (α) 

    It is the reduction in the radiation energy incident on the material, and it is 

determined by the energy of the incident rays as well as the nature of the material 

that falls on it. The absorption coefficient is affected by the energy of the photon 

"hv" as well as the properties of a semiconductor, such as the type of electronic 

transitions and the energy gaps. The absorption coefficient is small in high 

wavelength and low energy, implying that the possibility of electron transition is 

low because the incident photon's energy is insufficient to move the electron from 

the valence band to the conduction band "hv> Eg. Absorption is greater at higher 

energies, implying that electron transitions are more likely. As a result, the incident 

photon's energy is sufficient to move the electron from the valence band to the 

conduction band, and the incident photon's energy exceeds the forbidden energy 

gap. The light absorption law was used to calculate the absorption coefficient[84, 

85]: 

I = Io e
-αt                                                                                                                    (2.5) 

Where (Io) and (I) are the incident ray's intensities before and after passing through 

the material, respectively, (α) is an absorption coefficient, and (t) is the thickness 

of the film. It can be get after reworking the equation (2.5) above 

α=2.303log (Io/I)                                                                                                (2.6)                                                                                          

 

α = 2.303 A/t                                                                                                      (2.7) 

 

1. Extinction coefficient (k) 

     The extinction coefficient represents the amount of energy lost due to 

scattering or absorption by molecules and particles in the material. The extinction 

coefficient (k) is related to the interaction of incident light with material and is 
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associated with the absorbing power of the material, as shown by the equation[86, 

87]  

k = αλ/4π                                                                                                       (2.9) 

Where λ is the wavelength of incident light. 

2. Refractive index (n) 

      It is the ratio of the speed of light in a vacuum to the speed of light in a 

medium. This index indicates the extent to which electromagnetic waves affect 

matter. The refraction index has two components: real and imaginary. The 

following equation can be used to express it[88]. 

n = c / v                                                                                                (2.10) 

where (n) is the refraction index, (C) is the vacuum light speed, and (v) is the 

matter light speed. Refractive index can be expressed by the following 

equation[89]. 

n = [4R/(R −1)2 −k 2 ]1/2 + (R+1)/(R−1)                                                (2.11) 

Reflectance (R) is also defined as the ratio of the incident ray to the reflected 

ray relation at the boundary line between two mediums. The following equation 

depicts the relationship between reflectivity and refractive index[88]. 

R = (n −1)2 + k2 /(n+1)2 + k2                                                                                                  (2.12) 

where (k) is the extinction coefficient. Reflectance is calculated from 

absorptance and transmittance by using eq [90]: 

(R)=1-(A+T)                                                                                       (2.13) 

When R is reflectance, A is absorbance and T is transmittance. 
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4. Dielectric constant (ℰ) 

    The dielectric constant, which represents the responsiveness of electrons in 

the matter to the incident electromagnetic field, is frequency-dependent. Its real 

part 1, which represents the polarization term, and imaginary part 2 can be 

calculated using equation [91]: 

ℰ1 = n2 - k2                                                                                                                                                                     (2.14) 

ℰ2 = 2nk                                                                                                    (2.15) 

 

2.3.4 Optical conductivity 

    The optical conductivity (σop) is the electric conductivity that causes charge 

carriers to move due to the alternating electric field of incident electromagnetic 

waves, as defined by the equation below[92]. 

σop=αnc / 4π                                                                                                   (2.16) 

Where (σop) the optical conductivity, (α) is the absorption coefficient, (n) the 

refractive index, (c) the velocity of light. 

 

2.4 Electrical Properties 

        Polymer dielectric properties have grown in importance as they provide 

insight into the movement of molecular chains and their applications in electrical 

and electronic engineering. Polymers are non-conductive because they have a very 

low concentration of free charge carriers. When working with sensitive electronic 

devices, polymers cannot provide electrostatic discharge protection. Because of 

this disadvantage, electrically conductive polymers, such as inherently conductive 

polyanilines or polymers filled with conductive particles, have been developed. 

The polymer becomes conductive above a critical filler concentration[93]. 
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2.4.1 A.C electrical conductivity 

      When the electron distributions around constituent atoms or molecules are 

polarized by an external electric field, dielectric materials can be used to store 

electrical energy in the form of charge separation. When the electron distributions 

around constituent atoms or molecules are polarized by an external electric field, 

the complex permittivity (ε*) of a material can be expressed as energy in the form 

of charge separation. A material's complex permittivity (ε*) can be expressed as 

[94]:  

ℰ* = ℰa - j ℰb                                                                                                                                                  (2.17) 

where ℰa and ℰb are value real and the imaginary parts of complex permittivity and 

Permittivity and j imaginary number equal √-1. The real part of the permittivity is 

given by [95]: 

 

ℰa = ℰo ℰ'                                                                                                                 (2.18) 
 

The magnitudes of ℰa and ℰb are affected by the angular frequency (ω) of the 

applied electric field. The magnitude of ℰa (or the dielectric constant ℰ') indicates a 

material's ability to store energy from an applied electric field. The equation gives 

the capacitance (C) of a capacitor made of two parallel plates[95]: 

C = ℰ' ℰo A/x                                                                                                 (2.19) 

Where ℰ' is the constant of dielectric, x is the sample thickness and ℰo is 

Permittivity in vacuum. Dielectric constant is given by the relation[96]: 

ℰ' = CP / Co                                                                                                                                                            (2.20) 

Where Cp denotes parallel capacitance and Co denotes vacuum capacitance, which 

can be calculated by using[96]: 

Co= ℰo a / t                                                                                                    (2.21)                                                                                                              
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Where ε is vacuum permittivity, a: is the area of the capacitance plate, t: is the 

distance between two plates. Dielectric loss Ԑ˝ can be calculated by the 

relation[97]: 

ℰ'' = ℰ' D                                                                                                      (2.22) 

Where D is the dispersion factor, The a.c. conductivity (σa.c) was calculated 

according to the following relation[98]: 

 
σA.C = 𝜔 ℰo ℰ''                                                                                                    (2.23) 

where 𝜔 is an angular frequency (𝜔 = 2π𝑓). 

2.5 Antibacterial Application 

        The ability to integrate nanotechnology with biotechnology ensures the 

greatest impact in biology and biomedicine because the convergence of these two 

fields gives rise to a combinatorial field of nanobiotechnology. Nanomaterials have 

sparked interest due to their distinct optical and electronic properties. when 

compared to bulk states, these novel properties of this class of materials make them 

extremely promising for a wide range of industrial, technological, and biomedical 

applications. Antibacterial materials are increasingly in demand in a variety of 

industries, including textiles, food, water disinfection, medicine, and food 

packaging. The resistance of some bacteria to antibiotics and the toxicity of some 

organic antimicrobial substances to the human body have increased interest in the 

development of inorganic antimicrobial substances [97, 98]. Metal and metal oxide 

compounds have gotten a lot of attention because of their broad-spectrum 

antibacterial properties. Metal oxides with antibacterial properties, such as TiO2, 

SiO2, and ZnO, have been deposited on transparent substrates using various 

coating methods. Bacterial resistance to antibacterial drugs develops through a 

variety of mechanisms, necessitating a new approach to developing new 
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bactericidal drugs. The search for new antimicrobial agents or modifications to 

existing ones to improve antimicrobial activity has become essential. 

Nanotechnology provides an excellent platform for modifying the physicochemical 

properties of various materials in comparison to their bulk counterparts, which can 

then be used for biomedical applications. Nanomedicine, an offshoot of 

nanotechnology, has made significant advances in disease diagnosis, monitoring, 

drug delivery, and control[99].  

 

 

2.5.1 The antibacterial mechanisms of nanomaterial 

          Although the exact mechanism of  nanoparticles’ antibacterial effects has not 

been entirely clarified, various antibacterial actions have been proposed 

nanoparticles can continually release  ions, which may be considered the 

mechanism of killing microbes. Owing to electrostatic attraction ,  ions can adhere 

to the cell wall and cytoplasm. membrane. The adhered ions can enhance the 

permeability of the cytoplasmic membrane and lead to disruption of the bacterial 

envelope. After the uptake of free ions into cells, respiratory enzymes can be 

deactivated, generating reactive oxygen species but interrupting adenosine 

triphosphate production. Reactive oxygen species can be a principal agent in the 

provocation of cell membrane disruption and deoxyribonucleic acid (DNA) 

modification. As sulfur and phosphorus are important components of DNA, the 

interaction of ions with the sulfur and phosphorus of DNA can cause problems in 

DNA replication, cell reproduction, or even result in the termination of the 

microorganisms. Moreover,  ions can inhibit the synthesis of proteins by 

denaturing ribosomes in the cytoplasm[100]. 
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In addition to being able to release ions, nanoparticles can themselves kill bacteria. 

Silver nanoparticles can accumulate in the pits that form on the cell wall after they 

anchor to the cell surface. The dissolution status of nanoparticles in exposure 

media strongly affects their antibacterial effect and mechanism. The dissolution 

efficiency depends on synthetic and processing factors, such as intrinsic silver 

nanoparticle characteristics and surrounding media[100]. 

 

2.6 Gamma ray shielding application 

      Metals have traditionally been used as materials for electromagnetic shielding, 

but they have drawbacks such as high cost, large weight, poor adhesion, corrosion 

in extreme environments, and poor processability. Conducting polymers differ 

from metals in that they not only reflect but also selectively absorb electromagnetic 

radiation. Because of these properties, conducting polymers are useful in radar or 

microwave-absorbing formulations used in military and civil applications such as 

stealth technology[101]. The absorption of radiation is characterized by the 

equation[102]: 

N=N0 exp (−μx)                                                                                                  (2.24) 

where N0 is the number of particles of radiation counted during a certain time 

duration without any absorber, N is the number counted during the same time with 

a thickness x of absorber between the source of radiation and the detector, and μ is 

the attenuation coefficient of gamma radiation. With the increased use of active 

gamma-ray isotopes in industry, medicine, and agriculture, it is now necessary to 

investigate mass attenuation coefficients in a variety of materials of technological 

and biological significance. There is always a need to develop a material that can 

be used as a shield under the harsh conditions of nuclear radiation exposure. 
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Because nuclear radiation shielding necessitates a greater quantity of shielding 

material, the study of radiation flux propagation in shielding materials is an 

essential requirement for shield design[103]. Many research efforts have been 

made to develop more efficient shielding materials that may be capable of 

attenuating gamma as well as being lightweight, cost-effective, portable, and 

adaptable. Polymeric nanocomposites with a controlled microstructure on a 

nanometer to sub-micron scale have a high potential for producing highly 

functional materials with unusual physical properties. Polymer composites are 

suitable candidates for solving traditional shielding problems [79]. To create 

effective radiation shields, nanomaterials dispersed in a polymer matrix can be 

used. The attenuation is achieved through the combination of nanoparticles and 

polymers. Polymer-based composites are particularly appealing as radiation-

shielding materials for a variety of reasons. They are lighter than their metal 

counterparts and can be processed to achieve effective shielding for specific 

industrial radiations. Polymer nanocomposites combine nanoparticles' excellent 

functional properties[104]. 
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3.1 Introduction 

    This chapter covers sample preparation, processing, and measurement stages 

such as optical microscopy, FTIR, SEM, optical measurements, A.C electrical 

property measurements, and antibacterial activity measurements. 

 

3.2 The Materials Used in this Work 

3.2.1 Matrix Material 

3.2.1.1  Poly (methyl methacrylate) PMMA 

Poly (methyl methacrylate), also known as acrylic, is a transparent thermoplastic as 

shown in figure (3.1). It has a melting point of about (220-240) Co and a density 

(1.18) g/cm3. 

 

 

 

 

 

 

 

 

   

 

Figure (3.1). Poly (methyl methacrylate) Polymer 
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3.2.1.2 polyethylene Glycol (PEG)  

Polyethylene glycol (PEG) is used in a variety of applications. It has a melting 

point of about (54–58 Co) and its density is about (1.1–1.2 ) g/cm3 . Figure (3.2) 

shows polyethylene glycol. 

 

 

 

 

 

 

 

 Figure (3.2). Polyethylene glycol Polymer 

 

3.2.2 Additive Material 

One type of additive nanomaterial is used in this work is: 

Silicon nitride )Si3N4) 

Silicon nitride is used as a powder additive for polymer matrix, as shown in Figure 

(3.3). The silicon nitride (Si3N4, 15-30 nm, purity 99.9 % ) was obtained from 

Nanoshel, Wilmington, DE- 19808 USA. It has a melting point of about (1900 Co) 

and its density is about (3.17–3.20) g/cm3. It is used in a variety of applications. 
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 Figure (3.3). Silicon nitride 

 

3.3 Preparation of (PMMA-PEG-Si3N4) Nanocomposites 

        The nanocomposite (PMMA-PEG/Si3N4) were prepared by (1 gm) of the 

polymeric material (0.85 gm of polymethyl methacrylate and 0.15 gm of 

polyethylene glycol) was dissolved in (30) ml of chloroform alcohol, and the 

solution was thoroughly mixed for one hour with a magnetic stirrer. The Si3N4 

nanoparticles are added to the (PMMA-PEG) with varying concentrations 

(1.6,3.2,4.8, and 6.4) wt%. The casting method is used to prepare samples of 

(PMMA-PEG/Si3N4) nanocomposites in a template (a Petri dish with a diameter of 

10 cm) and allow them to dry . Figure (3.1) shows the outline for  the practical part            
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Figure (3.4) The outline represents the practical part            

 

 

3.4 Measurements of Structural Properties for Nanocomposites 

3.4.1 Optical Microscope (OM) 

Samples of nanocomposites (PMMA-PEG/Si3N4) were examined by using the 

optical microscope named Olympus (top view) type (Nikon 73346) under 

magnification (10x). This measurement was made at the University of 

Babylon/College of Education for pure sciences. 
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Figure (3.5). Optical Microscope used in the work 

3.4.2 FTIR spectrometer 

FTIR spectra of (PMMA-PEG/Si3N4) were recorded by FTIR (Brucker Company), 

German origin, type vertex-70) Fourier transform infrared spectrometer in the 

wavelength range (500-4000) cm-1, in the College of Education for Pure Sciences, 

University of Babylon 

 

 

 

 

 

Figure (3.6). Fourier transform infrared spectroscopy device used in the work 
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3.4.3 Scanning Electron Microscope (SEM) 

The surface morphology of (PMMA-PEG/Si3N4) nanocomposites was tested using 

a scanning electron microscope, at the Shahrud University of Technology, Iran, It 

is characterized by magnifying the image with a high accuracy of about 100,000 

times, as a beam of electrons is directed to the surface and gives black-and-white 

images of the sample surface because it does not depend on light waves but on 

electronic emission. 

3.5 Measurements of Optical Properties for Nanocomposites 

      The optical properties of (PMMA-PEG/Si3N4) nanocomposite samples were 

measured using a double-beam spectrophotometer (Shimadzu, UV-18000A) at 

wavelengths (240-840) nm. This measurement was implemented in the University 

of Babylon College of / Education for Pure Sciences as shown in Figure (3.7). 

 

 

 

 

 

 

 

 

 

Figure (3.7). UV–Visible Spectrophotometer (Shimadzu-1800). 
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3.6 Measurements of A.C Electrical Conductivity Properties for (PMMA-

PEG-Si3N4) Nanocomposites 

 

      The A.C electrical conductivity was measured with a frequency ranging 

(100Hz- 5 MHz) LCR meter (HIOKI 3532-50 LCR Hi TESTER (Japan)) located 

in the University of Babylon/College of Education for Pure Sciences/Department 

of Physics. Capacitance (CP) and dispersion factor (D) were recorded for all 

samples. The dielectric constant, dielectric losses, and conductivity were measured 

at room temperature. Figure (3.8) shows a diagram for the A.C electrical 

measurement system 

 

 

 

 

 

 

 

 

Figure (3.8). Diagram for system of A.C electrical measurement system 

3.7 Measurements of Anti-bacterial Activity for Nanocomposites 

        The antibacterial activity of (PMMA-PEG/Si3N4) nanocomposites samples 

was tested by diffusion method. Antibacterial activities were carried out using 

Gram-positive (Staphylococcus aureus) and Gram-negative (Escherichia coli) 

organisms. Bacteria (Staphylococcus aureus and Escherichia coli) were cultured in 
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Muller-Hinton Medium. Discs (PMMA-PEG/Si3N4) were placed on media and 

incubated at (37°C) for 24 hours. The diameter of the damping zone was measured. 

 

3.8 Gamma Ray Shielding Application Measurements of   Nanocomposites 

     Gamma-ray shielding measurements of (PMMA-PEG/Si3N4) nanocomposites 

have been performed to examine the attenuation properties of gamma rays for the 

specimens with various concentrations of (Si3N4) nanoparticles. Test specimens 

with varying concentrations were ordered in front of the parallel beam emanating 

from the gamma-ray exporter (Cs-137). The gamma-ray exporter is situated at a 

distance of (3) cm from the detector. The emitted gamma ray influxes through the 

specimens are determined by the Geiger counter which is used for an estimate the 

linear attenuation coefficient. This measurement was implemented in the 

University of Babylon College of / Education for Pure Sciences as shown in figure 

(3.9) 

 

 

 

 

 

 

 

 

                                             Figure (3.9). Gamma-ray shielding 
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4.1 Introduction 

     This chapter includes the results and discussion of the structural, optical, A.C 

electrical properties and applications for antibacterial activity and gamma sheliding 

of (PMMA-PEG/Si3N4) nanocomposites. 

4 .2 Structural Properties of (PMMA-PEG/Si3N4) nanocomposites 

4.2.1 Optical Microscope (OM) and Scanning Electronic Microscope (SEM) of 

(PMMA-PEG-Si3N4) 

Figure (4.1) shows the image of the optical microscope for (PMMA-PEG /Si3N 4) 

nanocomposites at magnification power (X10) for all the samples. The figure 

shows the nanoparticle Si3N4 arrangements in (PMMA/PEG-Si3N4) 

nanocomposite, where at lower concentrations, the Si3N4 nanoparticles form a 

clusters. When the concentrations of Si3N4 nanoparticles in the (PMMA-PEG) 

blend increase, the nanoparticles form a network of paths inside the (PMMA-PEG) 

blend which charge carriers can pass, leading to a change in the material 

properties. This behavior agrees with the researchers' results [105, 106]. SEM 

analysis was used to investigate the structure and distribution of Si3N4 

nanoparticles in a polymer blend (PMMA-PEG). Figure (4.2) shows the SEM 

images of the (PMMA-PEG-Si3N4) nanocomposite in various concentrations of 

Si3N4 NPS.  SEM images of pure (PMMA-PEG) blend show that the surface is 

relatively rough. The nanocomposite contains numerous Si3N4 particles that are 

finely dispersed without aggregates and are widely distributed across the surface. 

Nanoparticles are distributed in spherical form, similar to grain, and are randomly 

distributed on the surface. This behavior agrees with the researchers' results  [107, 

108] . 
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Figure (4.1). Microscope images (X10) for (PMMA-PEG/Si3N4)   nanocomposites:(A) for 

blend, (B) 1.6 wt.% ,(C) 3.2 wt.%, (D) 4.8 wt.% and (E) 6.4 wt.% 

A B 

C 

E 

D 
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 Figure. (4.2). SEM images for (PMMA-PEG/Si3N4) nanocomposites 

A. for blend, B 1.6 Wt.%, C. 3.2 Wt.%, D. 4.8 Wt.%, E. 6.4 Wt.% 

A B 

C D 

E 
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4.2.2 Fourier Transform Infrared Radiation (FTIR) of (PMMA-PEG/Si3N4) 

Nanocomposites 

FTIR analysis of the (PMMA-PEG/Si3N4) nanocomposite at wavenumber ranges 

(1000-4000) cm-1 are shown in figure (4.3). The peak at around (2950.01) cm-1, can 

be customized for an asymmetric stretching mode of the CH2 group associated with 

PMMA. The distinctive peak at around (1723.96) cm-1 resulting from carbonyl 

stretch vibration C=O essentially represents the PMMA and PEG interference. The 

peak at wave number (1435.15) cm-1 is due to C-O groups in the polymer matrix. 

The bands at (1238.52) are associated with the C-C-O expansion in the ester group. 

The distinctive bands at (1143.52- 985.74) are due to the -CH2. In addition, all the 

FTIR curves of the Si3N4 complexes present clear characteristic absorption peaks 

near  (952 and 447) cm−1, owing to the incorporation of Si3N4 nanoparticle. FTIR 

studies show no interactions between the polymer matrix (PMMA-PEG) and Si3N4 

nanoparticles. When the  concentrations of Si3N4 NPs content increase, "the 

transmission"  decreases  due to  the increased density of 

nanocomposites[95,109,110].  
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C D 
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A B 

 

 

 

  

 

 

 

 Figure (4.3). FT-IR spectra (PMMA-PEG/Si3N4) nanocomposites: 

(A) for blend, (B) 1.6 wt.%, (C) 3.2 wt.%, (D) 4.8 wt.% and (E) 6.4 wt.% 
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4.3 The Results of Optical Properties 

4.3.1 Absorbance and transmittance of (PMMA-PEG/Si3N4) nanocomposites 

Figures (4.4) and (4.5) show the absorbance and transmittance spectra of (PMMA-

PEG/Si3N4) nanocomposites as a function of incident light wavelength. It is 

obvious that the addition of silicon nitride (Si3N4) to (PMMA-PEG) blend lead to 

increase the intensity of the absorbance in the short wavelength region and shifts 

the position of the absorption edge towards red wavelengths for all Si3N4 

concentrations. The fact that Si3N4 atoms absorb incident light can explain the 

increase in absorbance with an increasing Si3N4 NPS content[103,104]. 

Furthermore, a slight shift in the absorption edge toward the high-wavelength 

region indicates that the optical band gap has shrunk. In addition to the absence of 

an absorption band in the visible region, this means the samples are transparent, 

this behavior agrees with the researchers' results[111,112]. The transmittance 

decreases as the concentration of Si3N4 NPS increases, this is due to the silicon 

nitride Si3N4 NPS that contains electrons in its outer orbits, which absorb the 

electromagnetic energy of the incident light, resulting in electron transition to 

higher energy levels, because the electrons that moved to higher levels occupied 

vacant positions of energy bands, part of the incident light is absorbed by the 

substance and does not penetrate through it[113]. On the other hand, (PMMA-

PEG) blend has high transmittance because there are no free electrons (i.e 

.electrons are linked to atoms by covalent bonds ), this behavior agrees with the 

researcher results [113]. 
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Figure (4.4). Variation of absorbance for (PMM-APEG /Si3N4) nanocomposites with 

Wavelength 

Figure (4.5). Variation of transmittance for (PMMA-PEG/Si3N4) nanocomposites with 

wavelength 

  



 Chapter Four                                                                  Results and Discussion 

 

 
49 

 

4.3.2 Absorption coefficient (α) of (PMMA-PEG/Si3N4) nanocomposites 

The variation of the absorption coefficient for (PMMA-PEG/Si3N4) 

nanocomposites with photon energy is shown in Figure (4.6). It can be seen that 

the absorption coefficient is the smallest at low energy, indicating that the 

possibility of an electron transition is low because the energy of the incident 

photon is insufficient to move the electron from the valence band to the conduction 

band (hʋ<𝐸𝑔). Absorption is greater at higher energies, implying that electrical 

transitions are more likely. As a result, the incident photon's energy is sufficient to 

move the electron from the valence band to the conduction band, and the incident 

photon's energy exceeds the forbidden energy gap. This demonstrates that when 

the absorption coefficient is high (α>104 cm-1), it is aide in determining the nature 

of the electron transition. However, when the absorption coefficient is low (α<104 ) 

cm-1 ,this mean the indirect transition of electrons is expected to occur, and the 

electronic momentum is maintained with the help of the phonon  [114,115]. As a 

result, the coefficient of absorption for the (PMMA-PEG/Si3N4) nanocomposites is 

less than 104 cm-1 at all concentration. The absorption coefficient of 

nanocomposites increases with increasing concentrations of (Si3N4) nanoparticles, 

which is attributed to an increase in the number of charge carriers, resulting in an 

increase in absorbance and the absorption coefficient for the nanocomposite. This 

behavior agrees with the researchers' results  [114,115]. 
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 Figure (4.6). Variation of absorbance coefficient (α) for (PMMA-PEG/Si3N4) 

nanocomposites with photon energy 

4.3.3 Extinction coefficient (k) of (PMMA-PEG/Si3N4) nanocomposites 

The extinction coefficient of (PMMA-PEG/Si3N4) nanocomposites as a function of 

photon wavelength is depicted in Figure (4.7). The extinction coefficient represents 

When an electromagnetic wave propagates through a material, the amount of 

absorption loss, which is a measure of the fraction of light lost due to scattering 

and absorption per unit distance of a penetration medium. The decrease in the 

extinction coefficient with increasing photon energy represents an increase in the 

fraction of light lost due to scattering and absorbance. Furthermore, as photon 

energy increases, the loss factor decreases. because the Si3N4 NPS  absorbed the 

photon [116,117].The extinction coefficient of nanocomposites increases as the 

concentration of Si3N4 nanoparticles increases, this is due to increased optical 
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absorption and photon dispersion in the (PMMA-PEG) polymer matrix[110]. This 

behavior agrees with the researchers' results [116, 117]. 

 

Figure (4.7). Variation of extinction coefficient for (PMMA-PEG/Si3N4) 

nanocomposites with wavelength 

 

4.3.4 Refractive index (n) of (PMMA-PEG/Si3N4) nanocomposites 

Figure (4.8) depicts the change in refraction index as a function of wavelength for 

(PMMA-PEG/Si3N4). The refractive index of (PMMA-PEG/Si3N4) 

nanocomposites decreases with increasing wavelength. The refractive index is 

primarily determined by reflectance. As a result, it can be observed that the 

increase in refractive index by increasing the concentration of Si3N4 because the 

reflectance increases, this behavior is attributed to an increase in density with 

increasing concentration[81]. The refractive index is high in the ultraviolet region 
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due to the low transmittance in this region, but low in the visible and near IR 

regions due to the high transmittance in this region, this behavior agree 

with[81,118]. 

Figure (4.8). Variation of refractive index for (PMMA-PEG/Si3N4) nanocomposites 

with wavelength 

  

4.3.5 Energy gap of (PMMA-PEG/Si3N4) nanocomposites 

Figures (4.9) and (4.10) show the energy gap values of (PMMA-PEG/Si3N4) 

nanocomposites for allowed and forbidden indirect transitions. The allowed and 

forbidden indirect transition optical energy gap, when r=2, the optical energy gap 

of the allowed indirect transition is calculated, when r=3, the optical energy gap of 

the forbidden indirect transition is calculated. It can be seen that the optical energy 

gap values decrease as the content of (Si3N4) nanoparticles increases. This is 

attributed to the formation of site levels in the forbidden optical energy gap; in this 
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case, the transition is carried out in two stages, with electrons transitioning from 

the valence band to the local levels to the conduction band as the Si3N4 

nanoparticle content increases[119]. This behavior is attributed to the fact that 

nanocomposites are heterogeneous (i.e., electronic conduction depends on added 

concentration), the increase of silicon nitride nanoparticles provides electronic 

paths in the polymer, facilitating the crossing of electrons from the valance band to 

the conduction band, which explains the decrease of optical energy gap with the 

increase of Si3N4 nanoparticles. This behavior agrees with the researcher's results 

[120].  

Figure (4.9). Variation of (αhv)1/2 for (PMMA-PEG/Si3N4) nanocomposites with Eph 
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Figure (4.10). Variation of (αhʋ)1/3
 for (PMMA-PEG/Si3N4) nanocomposites with Eph  

 

4.3.6 The Real and imaginary parts of dielectric constant (ε1 and ε2) 

 Figure (4.11) shows the behavior of the real part of the dielectric constant with 

wavelength for (PMMA-PEG/Si3N4) nanocomposites. Figure (4.12) depicts the 

effect of Si3N4 nanoparticles concentrations on the imaginary part of the dielectric 

constant. The figures show that the real and imaginary parts of the dielectric 

constant of the (PMMA-PEG) blend increase as the concentration of Si3N4 

nanoparticles increases. This behavior is attributed to an increase in electrical 

polarization due to the contribution of Si3N4 nanoparticle concentration in the 

sample, i.e., the increase in the dielectric constant of (PMMA-PEG) blend 

represents a fractional increase in charges within the polymers. As shown in the 

figures, the real and imaginary parts of the dielectric constant of a (PMMA-

PEG/Si3N4) nanocomposite change with wavelength. This is because the real part 

of the dielectric constant is affected by refractive index[121]. The imaginary part 
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of the dielectric constant is dependent on the extinction coefficient, particularly in 

the visible and near-infrared wavelength regions where the refractive index is 

approximately constant while the extinction coefficient increases with wavelength 

increase. This behavior agrees with the researcher's results [122]. 

 

 

 

Figure (4.11). Performance of real part of dielectric constant for (PMMA-PEG/Si3N4) 

nanocomposites with wavelength 
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 Figure (4.12). Performance of imaginary part of dielectric constant for (PMMA-

PEG/Si3N4) nano composites with wavelength 
 

4.3.7 Optical conductivity (σ) of (PMMA- PEG/Si3N4) nanocomposites 

Figure (4.13) shows the variation of optical conductivity for (PMMA-PEG/Si3N4) 

nanocomposites with photon wavelength. As shown in this figure, the optical 

conductivity of (PMMA-PEG/Si3N4) nanocomposites decreased as the wavelength 

increased,. The increase in optical conductivity at low photon wavelengths is due 

to the high absorbance of all composite samples in this region, because of the 

increased excitation charge transfer[123]. Furthermore, the addition of silicon 

nitride nanoparticles improved the optical conductivity, this phenomenon is 

associated with the formation of localized levels in the energy gap; which is an 

increase in the concentration of Si3N4 NPS. The density of localized states in the 

band structure is increased by increasing the nanoparticles. This behavior agrees 

with the researcher's results  [124]. 



 Chapter Four                                                                  Results and Discussion 

 

 
57 

 

 

Figure (4.13). Variation of optical conductivity for (PMMA-PEG/Si3N4) nanocomposites 

with wavelength 

 

4.4 The Results of A.C Electrical Properties 

4.4.1 Dielectric constant (ɛ') and dielectric loss (ɛ'') of (PMMA-PEG/Si3N4)  

Nanocomposites 

Figures (4.14) and (4.15) depict the frequency dependence of the dielectric 

constant and dielectric loss of (PMMA-PEG/Si3N4) nanocomposites. The figures 

show that the dielectric constant ɛ' and dielectric loss ɛ'' are higher in the lower 

frequency range and decrease with increasing frequency for all samples, this is due 

to the Maxwell-Wagner polarization, which causes higher dielectric constants and 

dielectric losses. This type of polarization is caused by insulator-conductor 

interfaces. This interfacial polarization is caused by the accumulation of space 
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charges or dipoles at the interfaces. The space charges have plenty of time to react 

to the applied electric field in the lower frequency region, whereas in the higher 

frequency range, changes in the electric field are too quick for the space charges to 

react and the polarization effect does not exist, hence the increase of the frequency 

lead to the decrease of the dielectric constant ɛ' and dielectric loss ɛ''. This behavior 

agrees with the researchers' results [125,126]. 

Figure (4.14). Performance of dielectric constant for nanocomposites against frequency 
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Figure (4.15). Performance of dielectric loss for nanocomposites against frequency 

 

Figures (4.16) and (4.18) show the change of dielectric constant and dielectric loss 

of (PMMA-PEG) blend with (Si3N4) nanoparticles concentration at 100 Hz. The 

figures show that the dielectric constant and dielectric loss increase with the 

increase in the Si3N4 NPS content. This is due to atomic, ionic, and electronic 

influences, as well as space charge influences. This behavior agrees with the 

researcher's results [127] 
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Figure (4.16). Performance of dielectric constant for (PMMA-PEG) blend with 

concentration of (Si3N4) nanoparticles 

Figure (4.17). Performance of dielectric loss for nanocomposites with concentrations of 

(Si3N4) nanocomposites 
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4.4.2 A.C Electrical conductivity of (PMMA-PEG/Si3N4) nanocomposites 

Figure (4.18) shows the variation of A.C electrical conductivity for (PMMA/PEG-

Si3N4) nanocomposites with electric field frequency at room temperature. Because 

of space charge polarization, the AC electrical conductivity increases with 

frequency, as shown in the figure. Both charge carrier stimulation of higher states 

in the conduction band and low-frequency space charge polarization cause 

this[128]. The increase of conductivity at high frequencies due to electronic 

polarization and hopping charge carriers. The two variables that affect A.C. 

conductivity are the main chain motion and ion movements[129]. Figure (4.19) 

shows the effect of Si3N4 NPS concentration on the electrical conductivity of 

(PMMA-PEG) blend at 100 Hz. Because the charge carrier density in the polymer 

medium increases with the concentration of Si3N4 nanoparticles, the A.C electrical 

conductivity increases. '[128,130]. 

Figure (4.18). Performance of A.C conductivity of (PMMA-PEG/Si3N4) nanocomposites 

with frequency 
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 Figure (4.19). Performance of A.C conductivity for (PMMA-PEG) blend 

with concentrations of (Si3N4) nanoparticles 

 

4.5 Application of (PMMA-PEG/Si3N4) Nanocomposites for Antibacterial 

Activity 

 

     Figures (4.20) and (4.21) show images of the inhibition zone for 

Staphylococcus and Escherichia coli. The antibacterial properties of the (PMMA-

PEG/Si3N4) nanocomposites were tested against gram-positive (Staphylococcus 

aureus) and gram-negative (Escherichia coli) are presented in figures (4.22) and 

(4.23). These figures show that the diameter of the inhibition zone increases as the 

concentration of Si3N4 nanoparticles increases[131,132].  The presence of reactive 

oxygen species (ROS) generated by various nanoparticles may be the cause of 

nanocomposites' antibacterial activity. The main mechanism causing the 

antibacterial properties of nanocomposites caused by nanoparticles could be 

oxidative stress caused by ROS. ROS includes radicals such as superoxide radicals 
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(O2), hydroxyl radicals (-OH), hydrogen peroxide (H2O2), and singlet oxygen (1O2) 

may be the cause of protein and DNA damage in bacteria. The metal oxide could 

have produced ROS, resulting in the inhibition of most pathogenic bacteria. On the 

other hand, nanoparticles inside nanocomposites have a negative charge, creating 

an electromagnetic attraction between the nanoparticles and the microbes. When 

the attraction is formed, the microbes oxidize and die[133]. Table (4.1) shows the 

inhibition zone diameter of (PMMA-PEG/Si3N4) nanocomposites. 

 

 Figure (4.20). Images of inhibition zone for Staphylococcus 
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 Figure (4.21). Images of inhibition zone for Escherichia coli 

 

Table (4.1). inhibition zone diameter of (PMMA-PEG/Si3N4) nanocomposites 

 

concentrations (Si3N4) 

wt% 

Inhibitions zone 

diameter(mm) of 

Staphylococcus 

Inhibitions zone 

diameter(mm) of 

Escherichia coli 

 

pure 

 

0 

 

0 

 

1.6 

 

21 

 

19 

 

3.2 

 

22 

 

20 

 

4.8 

 

23 

 

20 

 

6.4 

 

23 

 

22 
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Figure (4.22). Inhibition zone diameter of (PMMA-PEG/Si3N4) nanocomposites against 

Staphylococcus bacterial  

Figure (4.23). Inhibition zone diameter of (PMMA-PEG/Si3N4) nanocomposites against 

Escherichia coli 
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4.6 Application of (PMMA-PEG/Si3N4) Nanocomposites for Gamma Ray 

Shielding 

     Figure (4.24) shows the variation of (N/N0) for the (PMMA-PEG) blend with 

different concentrations of Si3N4 nanoparticles. The transmission radiation 

decreases with the increasing concentrations of Si3N4 nanoparticles, which is 

attributed to the increase of the attenuation radiation. Figure (4.25) shows the 

variation of attenuation coefficients of gamma radiation with the Si3N4 

nanoparticles content ratio. The attenuation coefficients increase with 

concentrations, due to the absorption or reflection of gamma radiation by 

nanocomposite shielding materials. The (PMMA-PEG/Si3N4)  nanocomposites 

have highest attenuation coefficients, which is due to the high atomic number of 

Si3N4 nanoparticles[134,135]. 

 Figure (4.24). Variation of (N/N0) for (PMMA-PEG/Si3N4) nanocomposites 
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Figure (4.25). Variation of attenuation coefficients of gamma radiation for (PMMA-

PEG/Si3N4) nanocomposites 
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4.7 Conclusion 

1- The optical microscope images revealed a homogeneous distribution of 

nanoparticles in the polymer blend and the appearance of network paths as 

the concentration of silicon nitride, Si3N4, increased. In the surface 

morphology, the SEM images revealed homogeneity and good 

distribution.SEM images show that the best distribution of the material and 

the sample is smooth at a concentration of 4.8 wt%. 

The FTIR measurements indicate vibration bands for the polymer blend 

before and after the addition of silicon nitride (Si3N4) nanoparticles and we 

conclude that the polymer after addition may have formed chains networks 

of polymer nanocomposites and their effects appeared in electrical and 

optical properties 

2- The absorbance, absorption coefficient (α), extinction coefficient (k), 

refractive index (n), real and imaginary dielectric constants of (PMMA-

PEG/Si3N4) nanocomposite increase with increasing the Si3N4 

nanoparticles concentrations. The Transmittance and energy gap decreases 

with increasing concentration of the additive. The (PMMA-PEG/Si3N4) 

nanocomposites have high absorbance in the U.V region. These 

compounds can be used in optical applications and UV-shielding 

3- The dielectric constant, the dielectric loss, and A.C electrical conductivity 

of the (PMMA-PEG/Si3N4) nanocomposites decrease with an increase in 

the frequency of the applied electric field. The dielectric constant, dielectric 

loss and A.C electrical conductivity of (PMMA-PEG/Si3N4) 

nanocomposites increase with increasing (Si3N4) nanoparticles 

concentrations, which can be useful for different electrinos applications.  
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4- The results of antibacterial application for (PMMA-PEG/Si3N4) 

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

increases with increasing concentrations of Si3N4 nanoparticles. The 

attenuation coefficients for gamma radiation increase as the concentrations of 

nanoparticles increase. The results showed the (PMMA-PEG/Si3N4) 

nanocomposites have good antibacterial activity and high attenuation 

coefficients at concentration 6.4wt% 

 

 

4.8 Future Works 

1- Studying the D.C electrical properties of (PMMA-PEG/Si3N4) 

nanocomposites. 

 

2- Study of mechanical properties of (PMMA-PEG/Si3N4) nanocomposites. 

 

3- Studying the effect of Gamma-ray radiation on optical properties of (PMMA 

-PEG/Si3N4) nanocomposites. 

4- Investigating the thermal properties of (PMMA-PEG/Si3N4) 

nanocomposites. 

5- Study the effect of temperature on certain physical properties   of (PMMA-

PEG/Si3N4) 
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 الخلاصة 

 

 

 

بولي    ( النانوية  المركبات  تحضير  ميثاكريلات  تم  اثيلين    -مثيل  السيلكون(/  كلايكولبولي  بطريقة    نتريد 

التي تمت دراستها والتي   التركيبيةالخصائص    الصب بتراكيز مختلفة من جسيمات نتريد السيلكون النانوية.

البصري المجهر  الإلكتروني(OM) تشمل  والمجهر  تحت و ،  (SEM)   الماسح  ،  للأشعة  فوربيه  تحويل 

النانوية   FT-IRالحمراء   للمركبات  والكهربائية  البصرية  الخصائص  دراسة  الفحص  ,  تمت  أظهرت صور 

تتشكل   النانوية،  الجسيمات  تركيزات  زيادة  مع  أنه  الضوئي  المصفوفة المجهري  داخل  الشبكة  مسارات 

توزيعًا جيداً ومتجانسًا في مورفولوجيا  SEM البوليمرية التي تعمل كحاملات شحنة. وأظهرت نتائج قياس

نتائج تشير  بين   FT-IR السطح.  مادي  تداخل  نتائج    وسطإلى  أظهرت  بينما  النانوية.  والجسيمات  البوليمر 

البصرية   الامتصاص    4N3PEG/Si-(PMMA(ة  النانوي  ات لمركبلالخصائص  ومعامل  الامتصاص  أن 

الع  الخمود ومعامل   وثوابت  الانكسار  وال  بائيةالكهر  زلومعامل  الخيالية  الحقيقية  البصرية    توصيليةوكذلك 

الجسيمات   ز، بينما تنخفض فجوة الطاقة مع زيادة تركي 4N3Siتزداد مع زيادة تركيزات الجسيمات النانوية

منطقة في  حدث  للطيف  امتصاص  أعلى  أن  إلى  أشارت  كما  الخصائص   .U.V . النانوية  نتائج  أظهرت 

تركيز   زيادة  مع  يزدادان  الكهربائي  العزل  وفقدان  الكهربائي  العزل  ثابت  أن  النانوية  للمركبات  الكهربائية 

زيادة   مع  وينخفضان  النانوية  المطب  تردد الجسيمات  الكهربائي  الكهربائيةالمجال  الموصلية  تزداد  بينما   ق. 

A.C  وترك تردد  زيادة  نتائج  .  4N3(Si(   يزمع  المركبات   4N3PEG/Si-(PMMA)    تطبيقات أظهرت 

تزداد معاملات والنانوية ضد البكتيريا أن منطقة قطر التثبيط تزداد مع زيادة تركيزات الجسيمات النانوية،   

 .مع زيادة تركيزات الجسيمات النانوية لأشعة كاما  التوهين

 

 

 

 

 



  

 

البصرية والكهربائية   ‘نانوي على الخصائص التركيبية ال السيلكونتأثير نتريد 

 وتطبيقاته لخليط بوليمري 
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