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Summary 

 This study include two types of (polymethyl methacrylate-

polycarbonate / indium trioxide - graphene oxide) (PMMA-PC/In2O3-GO) and 

(polymethyl methacrylate-polycarbonate / antimony trioxide - graphene oxide) 

(PMMA-PC/Sb2O3-GO) nanocomposites were prepared by solution casting 

method. The (PMMA-PC) blend was prepared for different concentrations (80 

wt.%)PMMA and (20 wt.%) PC as well indium trioxide, antimony trioxide, and 

graphene nanoparticles were added to (PMMA-PC) blend with different weight 

percentages as (1.4, 2.8, 4.2 and 5.6) wt.%. The effect of indium trioxide, 

antimony trioxide, and graphene nanoparticle additives on structural, A.C 

electrical, and optical properties of (the PMMA-PC) blend were studied. 

Photodegradation and antibacterial activities applications were fabricated. 

 Optical microscope and scanning electron microscope images 

indicate that the indium trioxide, antimony trioxide, and graphene nanoparticle 

additives distribution was homogeneous in the blend.  The XRD patterns of 

the prepared pure Sb2O3, In2O3, and GO nanoparticles show three peaks near 

13.70°, 26°, and 30.8° which were matched to (111), (222), and (400) 

reflections of (Sb2O3) respectively, and three peaks corresponding to (100), 

(400), and (440) directions of the cubic In2O3 crystal structure which is 

corresponding to the positions 2θ = 29.9 o, 34.1 o, and 47.8o respectively. The 

XRD pattern of graphene oxide shows a peak at 2θ = 10.1° (d-spacing of 8.9 Å), 

the (100) diffraction peak at 2θ = 43.0° according to a d-spacing of 2.13 Å. FT-

IR indicates that no change in chemical structures between the blend and the 

additives. 

The optical properties of (PMMA-PC/In2O3-GO) and (PMMA-

PC/Sb2O3-GO) nanocomposites showed that the absorbance, absorption 

coefficient, extinction coefficient, refractive index, and real and imaginary 

dielectric constants of the PMMA-PC blend increased with higher nanoparticle 



                                                                                                                        
    

II 

 

concentrations. Conversely, transmittance and the energy gap decreased with 

increasing concentrations of indium trioxide, antimony trioxide, and graphene 

oxide nanoparticles.  

The A.C. electrical properties of the nanocomposites were studied 

within a frequency range (100Hz-5MHz(, revealing that the dielectric constant, 

dielectric loss, and A.C. electrical conductivity increased with higher 

concentrations of nanoparticles. Additionally, the dielectric constant and 

dielectric loss decreased with increasing frequency, while A.C. electrical 

conductivity increased. Regarding to the applications, the nanocomposites 

exhibited photocatalytic activity, with the ability to decrease the concentration 

of MO dye as the additive concentrations increased. The kinetics of methyl 

orange (MO) dye decay were analyzed using the Langmuir-Hinshelwood 

model, and a minimum half-life period of 38 minutes was observed. The 

nanocomposites also showed antibacterial properties against gram-positive (S. 

aureus) and gram-negative (E. coli) bacteria, with the inhibition zone increasing 

with increasing concentrations of indium trioxide, antimony trioxide, and 

graphene oxide nanoparticles. 
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Chapter One                                            Introduction and Literature Review 

   1 
 

1.1 Introduction  

The science of nanoscale measurement is known as nanoscience. 

Nanotechnology and nanoscience include the ability to regulate the movement 

of atoms and molecules at the nanoscale to form substances, composites, 

components, and devices.Scientists have concluded that materials with nano 

sizes, such as small particles and thin films, can have different properties than 

materials with larger sizes. Nanotechnology applications have been overgrown 

recently, with materials with the most significant potential, followed by 

electronics and medicine .Promises for improved structures, devices, and 

materials. For example, silver may be considered nontoxic,but when converted 

into nanoparticles, it can kill viruses when in contact with them [1]. 

Furthermore, its characteristics, such as colour, electrical conductivity, 

and strength, change when a material becomes nanosized . When metal is 

converted to the nanoscale level, it can become an insulator or a semiconductor 

understanding these various promises for improved structures, devices, and 

materials. Nanomaterials exhibit unique physical, chemical, and biological 

properties that are a result of their small size. One of the most significant 

properties of nanomaterials is their high surface area-to-volume ratio. Because 

of this, nanomaterials have many atoms on their surface compared to their 

interior, which results in enhanced reactivity[2]. This increased reactivity is 

helpful in catalysis and chemical sensing applications. Nanomaterials also 

exhibit size-dependent electronic, optical, and magnetic properties. For 

example, some nanomaterials, such as quantum dots and nanowires, have 

tunable electronic properties that depend on size and shape. This property 

makes them useful in electronics applications such as solar cells, transistors, and 

sensors[3]. Nanomaterials also have unique optical properties, such as 

plasmonic resonance, utilized in sensing and imaging applications. In addition 

to these properties, nanomaterials can also be designed to have specific 
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chemicals and properties. Nanomaterials can also be designed to have 

specific chemical and physical properties by controlling their size, shape, 

composition, and surface chemistr [4].This level of control allows for the 

synthesis of nanomaterials with tailored properties for specific applications. 

Nanomaterials have many potential applications in various fields, such as 

electronics, medicine, energy, catalysis, and environmental remediation. In 

electronics, nanomaterials are being developed to create smaller, faster, and 

more efficient devices. For example, carbon nanotubes have created field-effect 

transistors and memory devices. In addition, quantum dots and nanowires are 

being used to develop solar cells, light-emitting diodes, and sensors. In 

medicine, nanomaterials have been used to create targeted drug delivery 

systems, imaging agents, and sensors [5].These nanomaterials are designed to 

selectively target and deliver drugs to specific cells or tissues, minimizing the 

side effects of the drug on healthy cells. In addition, nanomaterials have been 

used in medical imaging to improve the accuracy of diagnosis and treatment. 

Nanomaterials are also being developed for energy applications such as solar 

cells, batteries, and fuel cells. For example, nanomaterials such as titanium 

dioxide and zinc oxide have been used as photocatalysts in solar cells to 

improve their efficiency. Nanomaterials are also being investigated for use in 

energy storage applications such as batteries and supercapacitors.In catalysis, 

nanomaterials have been used as catalysts in various chemical reactions. 

Nanomaterials high surface area to volume ratio allows for enhanced reactivity 

and selectivity in catalytic reactions. Nanomaterials also used in environmental 

remediation applications to remove pollutants from water and air. Despite the 

numerous potential applications of nanomaterials, their unique properties also 

pose potential risks to human health and the environment[6].
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The small size of nanomaterials allows them to easily enter the body through 

inhalation, ingestion, or skin absorption [7]. Once inside the body, 

nanomaterials can interact with cells and tissues, potentially causing toxicity, 

inflammation, and other adverse effects.The following are some of the potential 

applications of nanotechnology [8]: 

 Highly effective drugs and precisely targeted drug delivery. 

 Microsensors and diagnostic tools for effective health. 

 Dressings and coatings that are antibacterial. 

 Thin protective coatings and nanocomposite polymers for structural and 

electronic applications.  

 Filters for cost-effective water desalination. 

  Barriers to optical and thermal applications. 

 Non-volatile memory, miniaturized computers. 

 Materials that are ultra-lightweight, strong, and precisely forme. 

1.2 The Structure of Polymer  

  The physical characteristics of polymer materials depend on molecular 

weight, shape,  and structure. The different types of polymer chains are shown 

in Figure (1.1): 

1. Linear polymers: Van der Waals bonding between chains. Examples: 

polyethylene and nylon. 

2. Branched polymers: chain packing efficiency is reduced compared to linear 

polymers .       

3. Cross-linked polymers: chain is connected by covalent bonds. Often, it is 

achieved by adding atoms or molecules that form covalent links between chains. 

Many rubbers have this structure.  
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4.Network polymers: 3D networks made from trifunctional mers. Examples: 

epoxies and phenol-formaldehyde [9]. 

 

                     Figure (1.1) Polymer Chains [10]. 

a) Linear polymers           b) Branched polymers                  

c) Cross-linked d) Network polymers 

1.3 Biopolymers 

 Biopolymers are natural polymers derived from plants, animals, and 

microorganisms. These polymers are made up of monomers that are linked 

together to form long chains, just like synthetic polymers. However, 

biopolymers are unique because they are biodegradable, renewable, and 

environmentally friendly [11]. Here are some of the types and applications of 

biopolymers: 

1- Proteins: Proteins are a type of biopolymer made up of amino acids. They are 

found in many living organisms, including animals, plants, and microorganisms. 

As a result, proteins have various applications in various industries, including 

food, pharmaceuticals, and cosmetics. For example, proteins such as collagen 

and gelatin are used in the food industry to improve food products' texture and 

nutritional value [12]. 
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2- Polysaccharides: polysaccharides are a type of biopolymer made up of sugar 

molecules. They are found in many living organisms, including plants, animals, 

and microorganisms[13]. As a result, polysaccharides have a wide range of 

applications in various industries, including food, textiles, and pharmaceuticals. 

For example, polysaccharides such as cellulose and starch are used in the food 

industry as thickeners and stabilizers [14]. 

3- Nucleic Acids: nucleic acids are a type of biopolymer made up of 

nucleotides. They are found in all living organisms and play a crucial role in 

storing and transmitting genetic information. As a result, nucleic acids have a 

wide range of applications in the pharmaceutical and biotechnology industries. 

For example, nucleic acids such as DNA and RNA are used to develop vaccines 

and gene therapy [15]. 

4- Polyesters: Polyesters are a type of biopolymer made up of repeating units of 

ester groups. They are found in many living organisms, including plants and 

bacteria. As a result, polyesters have various applications in various industries, 

including textiles, packaging, and biomedical engineering. For example, 

polyesters such as polylactic acid (PLA) produce biodegradable packaging 

materials [16]. 

5- Polyhydroxyalkanoates (PHAs): PHAs are a type of biopolymer produced by 

some bacteria as a storage material. They are biodegradable and have properties 

similar to petroleum-based plastics. PHAs have various applications in various 

industries, including packaging, biomedical engineering, and agriculture. For 

example, PHAs such as polyhydroxybutyrate (PHB) produce biodegradable 

packaging materials. The biopolymers have a wide range of applications in 

various industries due to their unique properties, such as biodegradability and 

renewability [17]. The ability to produce biopolymers from renewable resources 

such as plants and bacteria has made them an essential part of modern material 



Chapter One                                            Introduction and Literature Review 

   6 
 

science. The biopolymer applications are expected to grow as new materials 

with improved properties are developed. In today's world, biopolymers are a 

promising candidate for mitigating negative environmental effects, which is 

why a variety of industrial fields, such as nanotechnology, are interested in 

biopolymers to develop electrospun nanofibrous membranes for their eco-

friendliness, sustainability, renewable nature, degradability, biocompatibility, 

and, most importantly, they have no detrimental effect on human health and our 

habitat universe[11].Biopolymers are polymers usually created during all 

organisms' growth periods. As a result, they are also known as natural polymers 

[15].Complex metabolic reactions within cells produce them. Cellulose and 

starch are the most exciting materials for material applications. However, there 

is growing interest in more complex hydrocarbon polymers produced by 

bacteria and fungi, particularly polysaccharides like xanthan, pullulan, chitin, 

chitosan, and hyaluronic acid. Biodegradable polymers are becoming 

increasingly important, and current research focuses on developing newer 

biodegradable polymers. Many biodegradable polymers have been synthesized 

or formed typically during all organisms' growth periods [19]. 

1.4 The Polymers Blends  

          The development of polymer blends is essential as it offers a means of 

overcoming the limitations of individual polymers. The properties of the 

polymer blends depend on the chemical structure and molecular weight of 

the polymers, as well as the blend's processing conditions. The use of 

polymer blended allows for the combination of desirable properties of 

different polymers, such as mechanical strength, thermal stability, chemical 

resistance, and optical, leading to the formation of new materials with 

superior properties. The blending of polymers can be done through various 

methods [20]. One of the most common methods is solution blending, which 

involves dissolving them in a common solvent and mixing them together 
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[21]. The resulting solution is then evaporated to obtain the final product. 

Solution blending for blending polymers with different or incompatible 

melting points. Polymer blends have several advantages over individual 

polymers.One of the significant benefits of polymer blends is the ability to 

improve the properties of the resulting material. For example, blending 

polypropylene (PP) with high-density polyethylene (HDPE) results in a 

material with improved mechanical properties, such as impact resistance and 

tensile strength[22].Another method of blending polymers is melt blending, 

which involves mixing the polymers in the melt state. This process is carried 

out by heating the polymers above their melting point and then mixing them 

together. The resulting blend is then cooled and solidified to obtain the final 

product. Melt blending is a simple and cost-effective method of producing 

polymer blends. Adding a small amount of a compatibilizer, a third polymer 

added to the blend to improve the compatibility between the two polymers, 

can significantly enhance the properties of the blend. Polymer blends can be 

classified into three categories: miscible blends, immiscible blends, and 

interpenetrating polymer networks (IPNs). Miscible blends refer to blends in 

which two or more polymers are completely soluble in each other. This 

results in a uniform material with unique properties.Immiscible blends, on 

the other hand, refer to blends in which the polymers are not soluble in each 

other. This results in a material with distinct phases, each with its properties. 

IPNs refer to blends in which two or more polymers are cross-linked to each 

other, resulting in a material with unique properties. Miscible polymer 

blends have several advantages over immiscible blends. For example, 

miscible blends result in a material with uniform properties and a single 

glass transition temperature (Tg), making it easier to process[23]. On the 

other hand, immiscible blends have distinct phases that can result in poor 

mechanical properties, such as reduced impact strength[24]. However, 

immiscible blends have unique properties that can benefit specific 
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applications. The properties of polymer blends are determined by various 

factors, including the chemical structure and molecular weight of the 

polymers, the compatibility of the polymers, and the processing 

conditions[25]. 

1.5 Nanocomposites 

  Nanocomposites are materials made by combining a polymer 

matrix with nanoparticles or nanofibers. These materials have unique properties 

that make them useful in various applications. The most common type of 

nanocomposite is the polymer nanocomposite, a polymer matrix reinforced with 

nanoparticles. Nanoparticles can be made from various materials, including 

metals, metal oxides, carbon nanotubes, and graphene [26]. These nanoparticles 

are typically less than 100 nm in size, and when incorporated into a polymer 

matrix, can significantly improve the material's properties. For example, adding 

nanoparticles to a polymer matrix can increase the material's strength, stiffness, 

thermal stability, and electrical conductivity [27]. 

There are several types of nanocomposites, including: 

1. Carbon Nanotube Nanocomposites: Carbon nanotubes are long, cylindrical 

structures made of carbon atoms. When added to a polymer matrix, they can 

significantly improve the material's mechanical properties, including strength 

and stiffness. Carbon nanotube nanocomposites are used in a variety of 

applications, including aerospace, automotive, and electronics [28]. 

2. Metal Oxide Nanocomposites: Metal oxide nanoparticles, such as titanium 

dioxide and zinc oxide, can be added to a polymer matrix to improve the 

material's properties. Metal oxide nanocomposites are used in various 

applications, including coatings, sensors, and biomedical implants [29]. 

3. Ceramic Nanocomposites: in ceramic nanocomposites, the matrix material is 

a ceramic, and the nanoparticles are typically ceramic or metallic. The 

addition of nanoparticles improves the mechanical, thermal, or electrical 
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properties of the ceramic matrix [27]. 

4. Polymer Nanocomposites: These are nanocomposites in which the matrix 

material is a polymer. The nanoparticles dispersed within the polymer matrix 

can be metal nanoparticles, such as silver or gold, or inorganic nanoparticles, 

such as clay or silica nanoparticles [28]. 

1.6 Polymer Nanocomposite   

    Polymer nanocomposites have been widely investigated not for their 

 numerous fields but to understand their physical properties. In light of these 

Studies, it was observed that adding a small fraction of the nanoparticles to 

the polymer matrix develops considerable properties for several 

applications. Polymer nanocomposites have attracted great interest of 

scientific communities due to their encouraging properties and widened 

applications, such as conductive coatings, sensors, energy storage devices, 

microwave absorbers and other devices [29]. Mostly, polymer composites with 

excellent dielectric characteristics are highly desirable for designing 

supercapacitors and electronic devices [30]. Generally, the properties of the 

polymers are modified by adding nanofillers into the polymer matrix. The 

properties of polymer nanocomposites (PNCs) depend primarily on the particle 

size, shape, concentration, and the method by which the nanofillers are 

dispersed. Further, much attention has been given to the PNCs due to their 

unique properties which can be attained by employing these materials. 

Polymers can be selected as excellent host materials for the nanoparticles 

(NPs), which shows the outstanding properties[31] . 
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    1.7 Polymer Used in the Study  

    1.7.1  Poly (methyl methacrylate) (PMMA) 

         Poly (methyl methacrylate) is one of the earliest and best-known 

polymers. It is an essential and exciting polymer because of its attractive 

physical and optical properties and broad application. It is a polymer with 

several interesting biological properties, as shown in Table (1.1). PMMA is 

a non-biodegradable polymer with good transparency, mechanical strength, 

less weight, and chemical resistance [35].Thermoplastic material with good 

tensile strength and hardness, high rigidity, transparency, colourlessness, 

resistance to weathering corrosion, and sound insulating properties. Poly 

(methyl methacrylate) has disadvantages, such as brittleness and low 

chemical resistance, which can be eliminated by chemical or physical 

modification. PMMA contains both hydrophobic (ethylene) and hydrophilic 

(carbonyl) groups in each unit. The additional polymerization of methyl 

methacrylate produces poly (methyl methacrylate). PMMA is the most 

commonly used polymer among the methacrylate family and has 

tremendous applications in automotive. A chemical structure of the 

repeating unit of PMMA polymer [35], as shown in Figure (1.2). 
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Figure (1.2) Chemical structure of PMMA [36]. 

        

 

Table (1.1) Physical and chemical properties of Poly (methyl methacrylate) 
[37]. 

 

Properties  PMMA 

Chemical formula CH2=C(CH3) COOCH3 

Tg  105
 o
 C  

Refractive index 1.49 

Density  1.19 g/cm
3
 

Melting point 180 
o
 C  
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1.7.2 Polycarbonate (PC) 

   Polycarbonate (PC) is a thermoplastic polymer with excellent temperature, 

impact, and transparency properties. In addition to its superior optical qualities, 

it possesses a high elastic modulus and mechanical strength. Medical 

applications, including optical lenses, CDs, DVDs, and electronic instruments, 

frequently employ PC. Polycarbonate, one of the most popular technical 

polymers, is amorphous, transparent, entirely recyclable, and derived from 

natural resources. As a result, it has received a lot of attention [38]. In addition, 

it is capable of withstanding a variety of harsh and extreme environmental 

conditions.Additionally, it aids in reducing carbon impact [39]. 

 The global polycarbonate market is expected to be worth more than 4,100 

kilotons in 2021, with an average annual rate of more than 2% in revenue 

during the forecast timeframe (2022-2027). The global polycarbonate market is 

divided into end-user applications: automotive and transportation, electrical and 

electronics, construction, medical, and others. Most use cases in the electronics 

industry are for optical media storage discs. Compared to conventional recycled 

sources, waste optical discs manufactured with top-grade high-quality PC can 

be considered a low-cost source of superior-quality PC. A large volume of CDs 

comes from industrial waste (about 1% of total production) and unsold optical 

media that must be destroyed. Polycarbonate is chemically resistant enough for 

single use with dilute or weak acids, bases, oxidizing agents, aqueous solutions, 

and detergents/surfactants [40].The Characteristics of the Polycarbonate 

nanoparticles as shown in Table (1.2). 
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Table (1.2) Characteristics of the Polycarbonate nanoparticles [41]. 

 

Appearance 

 

PC 

PH (9-11) 

Bulk density 1200 kg/m
3
 

Specific gravity 1.20 

Thermal conductivity, W/(m.K) 0.19 

Thermal Expansion (K
−1

 ) 6.75 × 10
−6

 

Melting point (unplasticized) 110 

Tensile Elastic Modulus (GPa) 2.38 

Hardness (Rockwell) M70 

Refractive Index 1.586 

Water Absorption, % 0.15 

Stability to sunlight Excellent 

 

1.8 Nanomaterial Used in the Study 

1.8.1. Antimony Trioxide (Sb2O3) 

Antimony trioxide (Sb2O3) has wide applications as an effective catalyst, 

retardant, conductive materials, functional filler, and optical materials. 

In addition, Sb2O3 is very useful as a conductive material , with high-efficiency 

flame-retardant synergist in plastics, paints, adhesives, and textile back 

coating. Antimony trioxide (Sb2O3) is a semiconducting material and an 

an excellent catalyst for the production of PET plastic used in the packaging 

of mineral water and soft drinks [42]. Its safe use in the production of PET 

the world health organisation has confirmed bottles and 

the european food safety authority. Sb2O3 greatly increases 

flame retardant effectiveness when used as a synergist in combination 
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with halogenated flame retardants in plastics, paints, adhesives, sealants, 

rubber, and textile back coatings.Sb2O3 nanoparticles have been 

successfully synthesized under a controlled atmosphere using. ray 

radiation–oxidation route method or chemical method and recently via 

hybrid induction and laser heating (HILH).In addition Sb2O3, nanorods 

have been synthesized using microemulsion, while Sb2O3 fibrils and 

tubules have been prepared using vapour–solid mechanism. Antimony Trioxide 

(Sb2O3) has a crystal structure typically described as rhombohedral, but it can 

also be viewed as a distorted cubic structure. The space group of 

AntimonyTrioxide is R-3c. The unit cell of antimony trioxide is rhombohedral, 

with lattice parameters a = b = c and angles alpha = beta = gamma ≠ 90 degrees. 

The rhombohedral angle is approximately 60.3 degrees. The conventional unit 

cell of antimony trioxide contains six formula units or 18 atoms.The 

rhombohedral unit cell of AntimonyTrioxide has six antimony atoms and nine 

oxygen atoms [43].The antimony atoms are located at the corners of the 

rhombohedron, while the oxygen atoms are located at the center of each face of 

the rhombohedron. Each antimony atom is surrounded by six oxygen atoms, 

forming an octahedral coordination geometry as show in figure (1.3). 

 

Figure (1.3) The lattice structure of Sb2O3 [44]. 
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Table (1.3) Characteristics of the Antimony Trioxide nanoparticles [45]. 

Properties  Sb2O3 

Molar mass 291.518 g/mol 

Appearance white solid 

Density 
5.2 g/cm

3
, α-form 

5.67 g/cm
3
, β-form 

Melting point 656 °C (1,213 °F; 929 K) 

Solubility in water 
370 ± 37 µg/L between 20.8°C and 

22.9°C 

Solubility soluble in acid 

Magnetic susceptibility (χ) -69.4·10
−6

 cm
3
/mol 

Refractive index (nD) 
2.087, α-form 

2.35, β-form 

Energy gap  1.2 ev 

 

1.8.2 Indium Trioxide ( In2O3)  

  Indium trioxide nanocrystals are individual n-type semiconductors that 

have drawn attention among other semiconductor photocatalysts because of 

their excellent electrical and physical properties. In addition to their high 

exciton binding energy, Indium Trioxide exhibits a direct and broadband gap 

(3.7 eV). In addition to their excellent stability and room temperature 

luminescence, they also have strong oxidizing power and good UV emission 

properties [46] . These characteristics make them highly appealing and 

promising materials for a variety of devices, including ultraviolet  photo 

detectors, photovoltaic devices, and other electronic devices photocatalysts, 

laser diodes, sensors, and solar cells . Additionally, because In2O3 nano-objects 

are made of biocompatible, low-toxic materials, they may be employed in a 
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variety of biological applications .In addition to their great stability and room 

temperature luminescence, they also have strong oxidizing power and good UV 

emission properties [47] .These characteristics make them highly appealing and 

promising materials for various devices, including ultraviolet photodetectors, 

photovoltaic devices, other electronic devices, photocatalysts, laser diodes, 

sensors, and solar cells. The crystal structure of Indium Trioxide (In2O3) is 

cubic, specifically in the bixbyite structure. The unit cell of Indium Trioxide is 

cube-shaped, with eight indium atoms located at the corners and six oxygen 

atoms at the faces of the cube [48]. Each indium atom is surrounded by six 

oxygen atoms, forming an octahedral coordination geometry.The lattice 

parameter, or the length of one edge of the cube, is approximately 10.12 

Angstroms. The space group of Indium Trioxide is Ia-3, and the symmetry 

operations within the unit cell include a three-fold rotation axis and inversion 

centers located at the center of each face of the cube [49],as shown in figure 

(1.4). 

 

Figure (1.4) The lattice structure of In2O3 [50].  

Table (1.4) Characteristics of the Indium Trioxide nanoparticles [51].  
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properties In2O3 

Molar mass 277.64 g/mol 

Appearance Yellowish green odorless crystals 

Density 7.179 g/cm
3
 

Melting point 1,910 C° (3,470 °F; 2,180 K) 

Solubility in water insoluble 

Band gap ~3.7 eV  

Magnetic susceptibility (χ) −56.0·10−6 cm
3
/mol 

 

1.8.3 Graphene oxide GO 

          Graphene oxide (GO) is a promising and valuable material for graphene-

based applications such as electronics, optics, chemistry, energy storage, and 

biology. GO was a simple and inexpensive step in reducing single and 

multilayer graphene and bulk structural features at the start of graphene 

history. However, further research revealed significant structural imperfections 

in graphene oxide-derived materials due to defects in initial graphite and non - 

completion of the decrease process. Graphene oxide (GO) was regarded as the 

result of chemical exfoliation and oxidizing of layered crystalline graphite 

(natural or artificial) [52].Amazingly, at definite conditions of oxidizing 

graphite, carbon atoms conserve the integrity 2D structure of layers with 

oxygen-containing functional groups attached to both sides of the carbon plane 

and the edges. However, recent results demonstrated that the same structure 
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could also be obtained using the alternative (bottom-up) method by 

hydrothermal treatment of glucose or even by chemical vapour deposition 

(CVD) technique. Therefore today, it is worth giving a more general definition 

based on its structure: single atom carbon layer with both surfaces modified by 

oxygen-containing functional groups.Like any 2D carbon, GO can have a 

single-layer or multilayer structure.Carbon layers in multilayer GO are 

separated by functional groups bonded to each layer of carbon atoms [53].  

  1.9 Literatures Review 

          D . Goyal et al.[54], in (2014), the structural and optical properties of 

ZnO/PMMA nanocomposites thin films have been studied. ZnO nanoparticles 

were synthesized by solvothermal method and then annealed. ZnO/PMMA 

nanocomposites thin films have been prepared by solution casting method. The 

nanomaterials were characterized to find the composition and morphology using 

XRD, TEM, FTIR and UV-Visible spectroscopy techniques. XRD 

characterization of the ZnO powder showed the formation of wurtzite type ZnO 

crystals and the crystallinity of ZnO was more pronounced after annealing. 

FTIR study of these polymer-inorganic composites shows presence of hydroxyl 

groups, symmetrical bending vibration of C=O, C—H stretching and 

characteristic peak of ZnO. It is also observed that ZnO/PMMA polymer film 

shows strong absorption in ultra violet range. It is also observed that properties 

of nanocomposites films can be changed by using nanoparticles of different 

sizes. The TEM image of ZnO/PMMA nanocomposite reveals the presence and 

good dispersion of nanoparticles in polymer matrix. 

          X. Hou et al.[55], in (2015), studied a new polyethylene glycol/graphene 

oxide composite material bonded on the surface of a stainless-steel wire. The 

polyethylene glycol/graphene oxide was characterized by Fourier transform 

infrared spectroscopy and elemental analysis, which verified that polyethylene 

glycol was successfully grafted onto the surface of graphene oxide. The 



Chapter One                                            Introduction and Literature Review 

   19 
 

proposed method exhibited an excellent extraction capacity and high thermal 

stability. Furthermore, the as-prepared fibre was used to determine the model 

compounds in the water and soil samples and satisfactory results was obtained. 

 

      S.Agarwal et al. [56] , in (2016), prepared the  ZnO nanoparticles that are 

uniformly dispersed in a Polycarbonate/Polymethylmethacrylate (PC/PMMA) 

blend nanocomposites simple chemical method has been utilized. The size of 

the nanoparticles has been confirmed to be approximately 11 nm using 

Transmission Electron Microscopy (TEM). X-ray Diffraction (XRD) has been 

employed to verify the formation of the PC/PMMA blend nanocomposites. 

Optical constants, such as band gap, extinction coefficient, refractive index, and 

the real & imaginary parts of the dielectric constant, have been determined from 

the absorption spectra, which were obtained using a UV-Visible 

spectrophotometer. The results demonstrate that the band gap reduces as the 

ZnO weight percentage increases in the blend nanocomposites. Moreover, an 

increase in the refractive index has been observed with the increasing content of 

ZnO. These types of blend nanocomposites have practical applications in UV-

shielding and waveguide technologies. 

 

          M.K.Mohammed et al.[57],in (2017), studied the optical properties for 

of (PVA-PEG-Sb2O3). The results  showed that the transmittance decreases 

with increasing of concentration of Sb2O3. The absorbance, absorption 

coefficient, extinction coefficient, refractive index, and parts of dielectric 

constant of (PVA-PEG-Sb2O3) composites increase with the increasing of 

Sb2O3 concentrations. The energy gap of (PVA-PEG-Sb2O3) composites 

decreases with the increase of the Sb2O3 concentrations. 

 

     L. S. Tang et.al, in (2017) ,studied Polyethylene glycol (PEG)/graphene 

oxide aerogel (GA) composite phase change materials (PCMs) that were 
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prepared using introducing PEG into GAs from graphene oxide (GO) with 

different oxidation degrees via vacuum impregnation. Structural analyses 

confirmed that the oxygenated functional groups increased, and the hydroxyl 

groups were transformed into carboxyl and epoxy groups with increasing 

oxidation levels. Morphology analysis showed that the breakage of the graphene 

sheet became more severe with the oxidation level increasing. When GAs 

prepared with GOs of higher oxidation levels were used, the composite PCMs 

showed excellent shape stability during phase change and thermal repeatability. 

Efficient photo-to-thermal energy conversion and storage were realized in the 

composite PCMs. 

      G. Santhosh, et al.[58], in(2017), studied producing nanocomposites of 

Polycarbonate (PC) with halloysite nanotubes (HNTs) as reinforcement using 

the solution intercalation method. They examined the impact of varying HNT 

content on the resulting films' structural and dielectric properties. The goal was 

to determine the influence of the nano-fillers on the electrical behaviour of the 

PC. The addition of HNTs resulted in a significant improvement in the film's 

electrical conductivity, particularly when the HNT content exceeded 4 wt%. 

Moreover, incorporating HNTs significantly increased the dielectric permittivity 

of the composite films, while also lowering dielectric loss. As a result, these 

nanocomposites could be suiTable for use in electrical devices, electrical 

packaging, and capacitors. The study also investigated the structural aspects of 

the nanocomposites using techniques such as X-ray diffraction, Fourier 

transform infrared spectroscopy, and scanning electron microscopy to evaluate 

the dispersion of nanofillers in the PC matrix. 

       F. J. Hamood  et al. ,[59]    in(2018) conducted a study on the AC electrical 

properties of a composite material containing PVA, PEG, and Sb2O3, across 

different frequencies. Their findings indicated that as frequency increases, both 

the dielectric constant (ɛ) and dielectric loss (δ) decrease. Conversely, the 

addition of AntimonyTrioxide (Sb2O3) to the composite material resulted in an 
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increase in both ɛ and δ. In terms of electrical conductivity (ζ), an increase in 

frequency resulted in an increase in ζ, while an increase in Sb2O3 content led to 

a decrease in ζ in the (PVA-PEG-Sb2O3) composites. 

      G. Evingür, et al.[60] , in(2018), studied the '' Optical energy band gap of 

PAAm-GO composites'. UV-Vis Spectroscopy characterized the PAAm-

Graphene oxide (GO) composites''. The optical band gap of PAAm-GO 

composites has been monitored and tested as a function of GO material. The 

Tauc model and the 7Absorption Spectrum Fitting (ASF) technique, which 

shows the band tail width for composites, explained the operation of the gap in 

the optical band. It is crucial to note that the optical bandgap of the composite is 

substantially bigger for low GO (below 8μ l of GO) and high GO (above 8μ l of 

GO) material regions, providing a critical value at 8μ l of GO content, Because, 

as we know from the μ calculation, the strength of the composite is much 

greater for the low GO (below 8μl of GO) and high GO (above 8μl of GO) 

material regions of the composite, the decrease in the bandgap (Eg) for low GO 

material, 0-8μ l, can be explained as a result of an increase in the degree of 

disorder in the structure of the composite. 

   Y. Liu, et al. [61], in (2018), the authors investigated the production of self-

assembled nanocomposites consisting of PVA/PAA/GO-COOH@AgNPs using 

electrospinning as an eco-friendly and efficient technique. The resulting 

nanofibers exhibited enhanced stability and acted as a good support for AgNP 

loading, effectively preventing agglomeration. The GO nanosheet contained 

highly negatively charged carboxyl groups, enabling targetless diffusion and 

dyes enrichment through electrostatic solid interactions with the adsorption sites 

on the GO surface.The PVA/PAA/GO-COOH@AgNPs nanocomposite 

membranes showed significant catalytic activity for the degradation of MB at 

room temperature, even after eight cycles. This study presents a novel method 

for designing and producing composite materials containing Ag nanoparticles 

for efficient catalytic applications in the treatment of wastewater. 
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 Abdulhadi Kadhim et al.[47] ,in (2018), studied ‘Optical and Structural                                                                                                                                                

Properties of (In2O3:ZnO:Au) Nanocomposite Thin Films Prepared by Spray 

Pyrolysis Method’.The (In2O3:ZnO: Au) nanocomposite thin film was 

successfully synthesized by the spray pyrolysis method. X-ray pattern for 

samples indicates the formations of the crystalline structure of (In2O3:ZnO: Au) 

nanocomposite thin film is cubic spinal structure phase of In2O3 and Au, and 

Hexagonal Structure phase of ZnO. When the gold content increases in 

concentration the lattice parameter increases. The transmittance and the optical 

energy gap of (In2O3:ZnO:Au) nanocomposite thin film with different 

concentrations are decreased with increasing gold nanoparticle content. The 

absorption coefficient, extinction coefficient, refractive index, and real and 

imaginary dielectric constant of (In2O3:ZnO: Au) nanocomposite thin film with 

different concentrations increase with increasing gold nanoparticles content. 

The optical band gap reduces with the increase in gold concentration. The high 

extinction coefficient and the high magnitude of optical conductivity promote 

the presence of a very high samples photo response. 

        AM. Patki et al.[62],in (2019), fabricated polycarbonate/h-BN composites 

were using the solution method followed by hot pressing at 230 °C and 45 MPa. 

The experimental density of the composites was found close to the theoretical 

density indicating pores-free samples. XRD did not show a change in the 

morphology of the PC. SEM revealed uniform dispersion and distribution of the 

h-BN particles in the matrix. FTIR and SEM indicated better interaction 

between the h-BN particles and the matrix. The dielectric constant of pure PC is 

2.9 (at 1 MHz) which was increased marginally to about 3.9 for 44.4 vol% 

composites. Interestingly, the dispersion in the dielectric constant of the 

composites with increasing frequency was reduced significantly and the 

dissipation factor, of the filled composite was reduced to below 0.007. 

      O. Büşra et al. [63], in (2019) studied 'Effect of Temperature and Graphene 

Oxide on the Swelling of PAAm-GO Composite Gels' The findings of this work 
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suggest that the fluorescence approach can be utilized to trace the kinetics of the 

PAAm-swelling GO composite in water at various temperatures and GO 

content. This technique was utilized to calculate the swelling time constants and 

cooperative diffusion coefficients, for composite gels made with PAAm and 

various GO contents. Cooperative diffusion coefficients were calculated using 

Li Tanaka's model supplemented with Stern Volmer's Equations. It is important 

to note that the GO component may work as a multifunctional cross-linker, 

forming more PAAm- GO composite junctions and increasing crosslink density, 

lowering swelling power. 

 Ü. Alveret et al. [64] , in (2019), studied incorporated α-Fe2O3-ZnO 

mixed particles into the poly methyl methacrylate (PMMA) matrix using a 

solvent casting process. To create a powder mixture, they utilized the 

mechanical milling process. They synthesized α-Fe2O3 through a precipitation 

method and mixed it with ZnO nanoparticles in equal amounts. The resulting 

mixture was milled for one hour using a planetary-type ball milling machine. 

The powders were examined for morphological and structural properties using 

scanning electron microscopy (SEM) and X-ray diffraction (XRD). In addition, 

the optical and dielectric properties of composite materials were analyzed using 

UV-Vis spectrophotometry and a vector network analyzer (VNA) for different 

levels of reinforcement . The researchers observed that the optical transmittance 

decreased as the reinforcement amount increased. They also examined the 

dielectric properties of produced pellet composites with a thickness of 4 mm 

between 70 and 110 GHz. The results showed that the real and complex 

permittivity and dielectric loss values of PMMA/α-Fe2O3 were higher than those 

of neat PMMA, PMMA/ZnO, and PMMA/α-Fe2O3-ZnO. 

         N. Guo  et al.[65] ,in (2020) ,studied ''Preparation of Fe2O3 nanoparticles 

doped with In2O3 and photocatalytic degradation property for rhodamine B''The 

objective of this study was to create a photocatalyst utilizing Fe2O3 

nanoparticles with In2O3 doping, which could be utilized to decompose 
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rhodamine B. The efficacy of the photocatalyst in breaking down rhodamine B 

was analyzed under varying conditions, such as the amount of In2O3 doping, 

dosage of the photocatalyst, H2O2 concentration, and pH level. The highest 

degradation rate of 94% was achieved under optimal conditions. Furthermore, 

the mechanism by which rhodamine B was degraded was explored by analyzing 

the intermediate products obtained from HPLC and LC-MS.These results 

illustrated that Fe2O3 nanoparticles doped with In2O3 had great potential as a 

photocatalyst to remove rhodamine B in the environment and offered ways for 

photocatalytic degradation of organic toxicants. 

       K. M. Abu Hurayra et al.[26] ,  in (2021), investigated the GO-based 

PVA nanocomposites: tailoring of optical and structural properties of PVA with 

a low percentage of GO nanofillers. They found that The incorporation of GO 

reduced the optical band gap of the nanocomposite both for the direct and 

indirect transition. 

       A . Omar et al.[66] , in (2022) , studied 'Enhancing the Optical Properties 

of Chitosan, Carboxymethyl Cellulose, Sodium Alginate Modified with Nano 

Metal Oxide and Graphene Oxide'. The solution casting method was utilized to 

synthesize nanocomposite films of chitosan (Cs)/CuO, Cs /graphene oxide 

(GO), carboxymethyl cellulose (CMC)/TiO2, CMC/GO, sodium alginate (Na 

Alg)/TiO2, and Na-Alg/GO owing to their various applications. The influence 

of CuO, TiO2 and GO concentration on the optical properties of Cs, CMC and 

Na-Alg films was studied by UV-Vis Spectroscopy. The absorbance of Cs, 

CMC and Na-Alg increased with increasing the filler content, thus reflecting the 

dependence of Cs, CMC, and Na-Alg properties on the nanofiller content, and 

confirming the interactions between individual polymers and CuO, TiO2, and 

GO nanoparticles. The obtained absorbance values were then used to calculate 

the absorption coefficient and, hence, the optical band gap values. The 

characteristic absorption bands of CuO and TiO2 underwent a redshift by 
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increasing the filler content. The results showed that the optical band gap of Cs, 

CMC, and Na-Alg decreased with filler content. 

  G Ramalingam et al.[67], in (2022) ,stuided the review of graphene-based 

semiconductors for photocatalytic degradation of pollutants in wastewater. An 

extensive overview and detailed investigations on the photocatalytic activity of 

graphene-based nanocomposites in the field of wastewater treatment have been 

carried out and are presented.  it is found that the incorporation of graphene in 

transition metal oxides, metal ions, polymer, and mxene can greatly boost the 

photocatalytic efficiency against the elimination of organic azo dyes in 

wastewater by increasing the adsorption capacity of organi pollutants. 
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1.10 The Aims of The Study 

1. Preparation new types of (PMMA-PC/In2O3-GO) and (PMMA-PC/Sb2O3-

GO) nanocomposites. 

2. Studying the structural, optical and A.C electrical properties of (PMMA-

PC/In2O3-GO) and (PMMA-PC/Sb2O3-GO)nanocomposites. 

3. Studying the applications of the (PMMA-PC/In2O3-GO) and (PMMA-

PC/Sb2O3-GO) nanocomposites as photocatalytic and antibacterial activity. 
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2.1 Introduction 

     This chapter contains a general explanation of the theoretical portion of this 

study, as well as relationships, physical principles, scientific clarifications, and 

laws used to interpret the study's findings. 

2.2 Optical Properties 

    The study of polymer optical properties expands our understanding of the 

type of polymer internal structure, the nature of the bonds, and the potential 

scope of polymer application. Knowing a polymer's absorption and 

transmittance spectrums aids in identifying many optical properties over a wide 

range of wavelengths [67]. Conducting an examination of the ultraviolet 

spectrum range enables us to know the type of bonds, orbital, and energy 

beams. The visible spectrum study provides sufficient information about a 

matter's behavior for optical applications [68]. 

 2.2.1 Absorbance (A) 

      Absorbance can be defined as the ratio between absorbed light intensity (IA) 

by material and the incident intensity of light (Io) [70] : 
 
 

A= IA/Io                                                                                           (2-1) 

2.2.2 Transmittance (T) 

      Transmittance is the transmission mode's equivalent to reflectance. That is a 

transmittance is a dimensionless quantity described by the ratio of the radian 

flux It transmitted to the incident radiant flux Io [71]: 

T = It / Io          (2-2)               

  2.2.3 Fundamental Absorption Edge 

      The fundamental absorption edge is the rapid increase in absorptance when 

the absorbed energy radiation is almost equal to the band energy gap; thus, the 

fundamental absorption edge represents the less energy difference between the 

up point in the valance band and the bottom point in the conduction band . 
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There are three types of absorption regions[72]. 

A. High Absorption Region: The nature of electron transport in this zone is 

direct.The absorption coefficient does have a magnitude greater than or 

equal to 10
4
cm

-1
 

B. The xponential Region: represents the transition from extended levels in the 

valence band to concentrated levels in the conduction band. Additionally, 

from localize levels in the top conductive band to extended levels in the 

bottom conduction band. The absorption coefficient has a magnitude of 

(1<α<10
4
) cm

-1
. 

C. Low absorption region : the absorption coefficient α in this region is very 

low, around (1cm
-1

). As shown in Figure (2.1), the transition occurs in this 

region as a result of state density inside space motion caused by structural 

faults (C). 

 

 Figure(2.1) Areas of absorption edge. A- High absorption region. B-  

Exponential region C- Low absorption region [73]. 
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2.2.4 Electronic Transitions 

 There are two kinds of electronic transitions. 

 2.2.4.1  Direct transitions  

 When the conduction band and valance band bottoms out at the same 

point in space (∆k =0). The absorption will appear at (hυ=Eg) in this case. This 

type occurs when there is no discernible change in momentum. There are two 

types of direct transitions: those that occur between the top and bottom points of 

the valance and conduction bands in sequence, known as allowed direct 

transitions, and those that occur between neighboring points for the top and 

bottom points, known as forbidden direct transitions[74]. As illustrated in 

Figure (2.2).  

2.2.4.2  Indirect transitions 

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

The electron distances from (V.B.) to (C.B.) are not perpendicular, where the 

value of the wave vector (k) of the electron before and after the transition is not 

equal (∆k ≠ 0). For the preservation of energy and momentum law, this 

transition type occurs with the support of a particle known as a "Phonon." There 

are two types of indirect transitions when the transformation is between the 

peak of the valance band(V.B.) and the lesser point of the conduction 

band(C.D.), which is located in various zones of a space (k) so that (allowed 

indirect transition) as shown in figure (2.2), while when transitions occur 

between near points in the top of (V.B.) and near points in the bottom of (C.B.) 

these called (Forbidden indirect transitions). as shown in figure (2.2). The 

quantum mechanical transition probability from (V.B) to (C.B) is used to 

determine the absorption coefficient. The density of occupancy states at (V.B) 

from which electrons are excited and the density of left empty states in the 

(C.B). Thus (α) is dependent on the joint density of states at (V.B) and (C.B), 

and we must integrate this joint density of states appropriately[75]. Near the 
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band edges, the density of states can be approximated by a parabolic band, and 

the absorption coefficient(α) is obtained as a function of photon energy as : 

The optical energy gap for direct transitions determind by [74] : 

            (      )
    

 (2-3a) 

Where: Eg energy gap between direct transition. 

             B: Constant depended on the type of material.  

             m: exponential constant, its value depended on type of transition.          

             m =1/2 for the allowed direct transition. 

             m =3/2 for the forbidden direct transition 

For indirect transition equation(2-3a) become  

            (          )
m
   (2-3b) 

 Where Eph  energy of the photon  

 

Figure (2.2)  Direct and indirect transitions caused by band filling [76]. 
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2.2.5  Optical Constants   

2.2.5.1 Absorption Coefficient ( α ) 

   The absorption coefficient is a ratio decrement in incident ray energy flux 

relative to the distance unit in the direction of incident wave diffusion. The 

absorption coefficient (α) is affected by incident photon energy (h) and 

semiconductor characteristics (n or p). The following equation gives photon 

energy [77] : 

E = h                                                                                                         (2-4) 

   When the incident energy of the photon is less than the forbidden gap in 

energy, the photon is transmitted, and transmittance is defined as follows [78]: 

T = (1-R)
2
. exp (-αd)                                                                                  (2-5)  

If the intensity of the incident ray (Io) incident on a material of thickness (d) and 

the intensity of the transmittance ray (IT) are equal, the integration procedure 

will yield the following results [79] : 

   dxαIdI                                                                                                (2-6) 

 If intensity of incident ray (Io) which incident on a material of thickness (x), 

and the intensity of the transmittance ray (IT), then the integration procedure 

will obtain [80]:  

  

  
T

o

I

I

x

o

αdx
I

dI                                                                      (2-7)                                                               

 T= exp ( - α x)                                                                                  (2-8) 

       
x)(αexp

T

1
                                                                                     

         2.303  log (1 / T) =αx                                                                   
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  A= log   ( 1 / T )                                                                             

  2.303  A = αx                                                                                 

    α  = ( 2.303 A ) / x                                                                                  (2-9)                                

2.2.5.2 The Refractive Index and Extinction Coefficient  

          Refractive index of the material is the ratio of the velocity of light in a 

vacuum to the velocity of the light in the sample [79] : 

n= c/v                                                                                                           (2-10)
 

     
 
Where c: is the velocity of the light in vacuum and v: is the velocity of the 

light in the sample  [80] : 

n*= n- ik                                                                                                      (2-11)                                                                          

n* : is the complex refractive index, n : is a real part of the refractive index and 

k : is an imaginary part of the refractive index (extinction coefficient). 

The relation between absorption coefficient and the extinction coefficient (k) is 

[81]: 

                                                                                                       (2-12) 

λ: wavelength of photon.  

The real part of the refractive index (n) can be determined by [82]: 

    √ 

  √ 
                                                                                                    (2-13) 

Where R is the reflectance to estimate the nature of absorption. 

2.2.5.4 Optical Dielectric Constant  

        The optical dielectric constant represents the ability of a matter for 

polarization. The matter can respond to different frequencies in a complex 

manner, at optical frequencies represented by light waves the electronic polarity 

is dominating above other remaining types of polarization. The real and 

imaginary dielectric constant can be calculated by the following equation [83] : 

4π

λ α
k 
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        ɛ=ɛ1 -iɛ2                                                                                             (2-14) 

  Where (   is the complex dielectric constant, (ɛ1, ɛ2) are the real and 

imaginary parts of the dielectric constant, respectively.The dielectric constant 

can be calculated by calculating the refractive index. The relation between the 

complex dielectric constant and the complex refractive index (n*) is expressed 

in the following equation [84]: 

        ɛ=n*
2
                                                                                                 (2-15) 

 From the equations (2-11),(2-14) and (2-15), it can be concluded that  

        (n-ik)
2
 =ɛ1-iɛ2                                                                                       (2-16)                                 

 From the equation (2-14), the real and imaginary complex dielectric constant 

can be expressed by the following equation :    

       ɛ1=n
2
-k

2
                                                                                             (2-17) 

       ɛ2=2nk                                                                                               (2-18( 

2.2.5.5 4. Optical Conductivity (σopt) 

   The optical conductivity (ζopt) depends directly on the refractive index (n) and  

extinction coefficient (k) by the following relation [83]: 

ζopt =  2nko                                                                                           (2-19) 

Where  is the angular frequency, εο is the permittivity in the free space.  

By substituting (2-12) in (2-18) with simplified, the optical conductivity can be 

expressed by the following equation [85]:                                       

                                                                                              (2-20)                                                                                       

 

 

 

4π

cn  α
optσ 
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2.3 Electrical Dielectric Properties 

     When the electron distributions around constituent atoms or molecules are 

polarized by an external electric field, insulating materials can be used to save 

electrical energy in the form of charge separation. A material's complex 

permittivity is given by [86]: 

   ba
j

*                                                                       (2-21)  

 Where a
and b

are the real and imaginary parts of the complex permittivity 

and    √   

 The real part of the permittivity can be expressed by [87] : 





0a

                                                                                             (2-22)       

  

   The magnitudes of  a
 and  b

 depend on the angular frequency (ω) of the 

applied electric field. The magnitude of  a
 (or the dielectric constant) refers to 

the material's ability to store energy from the applied electric field The 

capacitance of a capacitor consists of two parallel plates given by relationship 

[88] : 

  
t

Aεε
Cp




                                                                                         (2-23)         

       Where t is the thickness of the sample, 

ε  is a vacuum permittivity and  έ  is 

dielectric constant. The dielectric constant is defined as the ratio between the 

capacitance of the capacitor containing an insulator material between its 

conducting plates to the capacity of the same size with a vacuum between the 

plates [89]. The dielectric constant is given by[90]:   




C

C
ε

p
                                                                                                      (2-24) 
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Where Cp is parallel capacitance and Co is a vacuum capacitor. Due to the 

different polarization of matter under the influence of an electric field, some of 

the applied electric field energy is dissipated by charge migration (i.e. 

conduction) or converted into heat energy (for example, molecular vibration) 

[91]. Ceramic capacitors based on highly polarizable inorganic materials have 

been used to meet the need for pulse power applications. Dielectric loss (ε˝) can 

be expressed by [92]: 

      ε˝= ε D                                                                                                (2-25)     
 

Where: D is the Displacement factor. The dispersion factor measures the 

electrical energy lost in the sample from the applied electric field, which turns 

into thermal energy in the sample. The dissipated power in the dielectric is 

represented by the presence of alternating potential as a function of alternating 

conductivity is given by [89]: 

ζA.C  =   ε˝ ε0                                                                                           (2-26)                                                                             

2.4 Applications of Nanocomposites 

2.4.1 Photocatalysis 

  The catalysis process depends on a substance that increases the rate of 

transformation of the reactants without affecting this substance or depleting it. 

This substance is known as the catalyst. It increases the rate of a reaction by 

decreasing its activation energy. Thus, the photocatalytic process is a reaction in 

which light is used as an activator for the substance that will increase the rate of 

the chemical reaction without having a role in the reaction itself [93]. To clarify 

the idea more, we take an example from nature. For example, chlorophyll in 

plants is a natural photocatalyst. The difference between chlorophyll and the 

industrial catalyst is that the chlorophyll absorbs sunlight to convert water and 

carbon dioxide into oxygen and glucose, but the industrial catalyst gives a very 

strong oxidizing compound that breaks the bonds of toxic organic substances 
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and bacteria when exposed to sunlight or normal light and turns them into 

carbon dioxide and water[94], as shown in the figure(2.3). 

Figure (2.3) Photocatalytic process compared to Photosynthesis of plants [95]. 

This principle can also be used in water treatment and purification, as well as 

the decomposition of toxic nitrogen oxides in the air, air purification in homes 

and workplaces and other useful applications. Semiconductors were chosen as 

the photocatalyst because semiconductor materials possess a small energy gap 

between the valence band and the conduction band.In order for the 

photocatalysis process to take place, the semiconductor material absorbs energy 

from sunlight, for example, or from a source of ultraviolet radiation, at least 

equal to the energy gap, so electrons move from the valence band to the 

conduction band, so there are an electron in the conduction band and a positive 

gap in the valence band. The positive gap is a strong oxidizer that can oxidize 

molecules [96].The adding of polymeric materials to nanomaterials causes 

dispersion and prevents sedimentation, resulting in a reduction in electron-hole 

recombination and a raise in the photocatalytic efficiency of the nanoparticles. 

When the nanocomposite absorbs ultraviolet radiation from the sun's rays or any 

light source operating in the ultraviolet range, the energy of the ultraviolet 
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radiation is sufficient to liberate a negative electron and a positive hole.The 

valence band electron in the semiconductor becomes excited when it absorbs 

ultraviolet radiation, and the e-electron moves to the conduction band, leaving 

behind a positive hole in the h
+
 valence band. In this case, the nanocomposite 

becomes excited. The h
+
 positive hole in a semiconductor, converts a water 

molecule into hydrogen and hydroxyl. The electron interacts with the oxygen 

molecule and gives a strong oxidizing anion. This process continues as long as 

there is light available. The organic molecule will attack these radicals, which 

will then be oxidized to form H2O, CO2, and HCl. Photodegradation processes 

include the following [97] : 

1. Excitons are formed as a result of photon absorption by photocatalyst 

nanocomposites. 

nanocomposites + hν                 h
+
 + e

−
                                                     (2-27) 

In the conduction band, electrons (e
−
) are generated, while holes (h

+
) are 

generated in the valence band. 

Superoxide anion formation (O2
•
) 

2. Formation of superoxide anion (O2
•−

(                                                 (2-28)   

 O₂ + e
−
               O2

• −                                                                               
                             

3. Formation of hydroxyl radicals (OH
•
)

.
 

 H₂O + h
+
              H

+
 + OH

•
                                                                       (2-29)                                   

4. Neutralization of superoxide anion by protons and formation of Hyper oxide 

radical (HO2
•
). 

O2
• −

+ H
+
                 HO2

•
                                                                  (2-30)                          

5. Formation of hydrogen peroxide )H2O  (2 and dismutation of oxygen. 

2HO
•
2                   H2O2 + O2                                                                      (2-31)                         

H2O2+ e
−
                  OH

- 
+ OH

•
                                                                  (2-32)                                                                       

6. Formation of degradation products. 
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R (Organic pollutant) + H₂O₂ + OH
•
+ O2

• −
              CO2 + H2O                (2-33)           

The mechanism of photocatalysis is shown in figure(2.4). 

 

 

 

 

 

 

 

 

 

 

Figure(2.4) Schematic diagram of photodegradation mechanism [98]. 

   The photocatalytic efficiency of the nanocomposite catalyst was tested by 

measuring the photocatalyzed discolouration rate of MO in an aqueous solution. 

So the experiment for photodegradation of MO solution under the near-UV light 

source was first set up. Then, 10 ml of the suspension was degraded by MO 

solutions at different times in order (0min,30min, 60min,90min), and it was 

subjected to centrifugation at 3500 rpm for 20 min to remove 

powder/nanoparticles. Finally, the concentration of residual MO (i.e., 

supernatant liquid) and their absorbance were measured by the UV visible 

Spectrometer at 465 nm. The degradation dye percentage (DP) can be calculated 

by the following equation [99]:  

DP = ( X0 − X1 ) ∕ X0 × 100                                                                  (2-34)            
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X0 and X1 are absorption before and after UV irradiation, respectively. The 

reaction kinetics of MO dye decay using (PMMA-PC/In2O3-GO) and (PMMA-

PC/Sb2O3GO) photocatalysts were investigated using the Langmuir-

Hinshelwood designed kinetics model  [97]: 

 Ln (A/A0) = k t                                                                                     (2-35)                                                                                                          

Where A0 and A are MO dye's starting and temporal concentrations. 

2.4.2 Antibacterial Effect Systems 

  Antimicrobial drug resistance has increased in recent years due to 

antibiotic overuse. Because researchers design and improve nanocomposites as 

a potential antimicrobial method, this microorganism resistance is less likely to 

spread to nanomaterials. Metal oxide-based materials have attracted the 

attention of researchers looking to develop new hybrid systems with enhanced 

antimicrobial properties. The thermally or chemically modified metal oxide can 

also be electrically functionalized, allowing its physicochemical properties to be 

beneficial or create different composites. Furthermore, research on mixed 

antimicrobial agents like metal, metal oxide, and base materials like polymers is 

ongoing [100]. Antibacterial nanocomposites comprise a polymer matrix and an 

active antibacterial additive with antibacterial properties even at low 

concentrations.Nanoparticles of  indium trioxide and antimony trioxide, for 

example. In2O3 nanoparticles are gaining popularity due to various properties 

such as semiconductivity,high adsorption capacity, stability, catalytic 

performance, and antibacterial properties. As a result, it is used as a food 

additive, and Sb2O3 nanoparticles are widely used as an active ingredient in 

dermatological applications such as ointments, lotions, and creams. It has been 

reported that graphene nanocomposites possess antibacterial, antiviral, and 

antifungal properties. The antibacterial activity is believed to arise from various 

mechanisms by which graphene nanocomposites can affect cells, including 
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inducing oxidative stress, disrupting cell membranes through sharp edges, and 

significantly altering the mechanical strength and surface roughness of the core 

structure. In2O3, Sb2O3 and GO nanoparticles are thought to have two 

antimicrobial mechanisms: 

1. Indium Trioxide, antimony trioxide, and graphene oxide nanoparticles 

generate hydrogen peroxide, which, when penetrating the cell membrane, 

leads to injury and inhibits cell growth [101]. 

2. The main factor for antibacterial activity is a convergence between In2O3, 

Sb2O3  and GO nanoparticles and bacterial cells. Therefore, there are several 

necessities of antibacterial filler are the following:  

The following are the basic requirements for antibacterial filler: 

1. It is nontoxic to humans, animals, and the environment. 

2. The application is simple to use. 

3. The long-term effectiveness and storage stability. 

The antibacterial activity of (PMMA-PC/In2O3-GO) and (PMMA-PC/Sb2O3-

GO) nanocomposites can be summarized as the following steps of the prepared 

samples: 

1. Both (PMMA-PC/In2O3-GO) and (PMMA-PC/Sb2O3-GO)nanocomposites 

can generate (e
-
h) pairs. 

2. UV-visible absorption spectra of (PMMA-PC/In2O3-GO) and (PMMA 

PC/Sb2O3-GO)nanocomposites revealed an optical band gap value, 

indicating the presence of intermediate energy levels between the valence 

and conduction bands. 

3. Another mechanism for killing bacteria is the release of indium and 

antimony ions in the bacterial medium[102]. 
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Figure (2.5) Steps of inhibition bacterial [103].
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3.1 Introduction 

  This chapter contains sample preparation for (PMMA-PC/In2O3-GO) and 

(PMMA-PC/Sb2O3-GO) nanocomposites, as well as sample testing and 

measurement steps such as: optical Microscopic, Scanning Electron Microscope 

(SEM), Fourier transformation infrared radiation (FTIR), A.C electrical 

measurements, optical measurements, photocatalysis and antibacterial activity. 

3.2  The Materials Used in This Work 

3.2.1 Polymers 

In this work, two different types of polymers are used: 

1. Polymethylmethacrylate (PMMA): The polymer was used in granular 

form and was procured with high purity (99.99%) from Scientific Polymer 

Products Inc (Origin. Canada) (5000 M.W). 

2. Polycarbonate(PC): the polymer is used as powder . Manufacture: 

Teijin Human Chemistry - Japan company. 

3.2.2 Additive Nanomaterials 

This study employs three types of nanoparticles: 

1. Indium trioxide  nanoparticles ( In2O3): It was obtained as a powder from 

US Research Nanomaterials, Inc., USA, with a grain size of 20-30 nm with 

high purity (99.99%). 

2. Antimony trioxide nanoparticles ( Sb2O3): It was obtained as powder from 

US Research Nanomaterials, Inc., USA company with grain size 20-30 nm. 

3. Graphene oxide nanoparticles (GO): It was obtained as a powder from US 

Research Nanomaterials, with a grain size of 15-20 nm with high purity 

(99.99%). 

 

 

 

 



Chapter Three                                                                  Experimental Part                        

43 
 

3.3 Preparation of (PMMA-PC/In2O3GO) and (PMMA-

PC/Sb2O3-GO) Nanocomposite. 

   The pure (PMMA-PC) blend and nanocomposites of (PMMA-PC/In2O3-GO) 

and (PMMA-PC/Sb2O3-GO) nanocomposite, prepared by dissolving (0.8g) of  

PMMA and (0.2g) of  PC in 30 ml of chloroform with a concentration is 80 

wt.%PMMA and 20 wt.% PC  by using a magnetic stirrer to mix the polymers 

for (20-25)minutes to obtain a more homogeneous solution at room 

temperature.The In2O3, Sb2O3 and GO  nanoparticles were added to the polymer 

blends with concentrations (1.4, 2.8, 4.2, and 5.6) wt.%. as shown in Tables 

(3.1) and (3.2). The nanocomposite samples were prepared using the casting 

method, after which the solution was transferred to a clean petri dish with a 

diameter (10 cm). Then, the samples were left for two days at room temperature 

to dry. The thickness of prepared samples was measured using a digital 

micrometre, and the thickness range was (140) μm. The stages of the 

experimental work and procedure are illustrated in figure (3.1). 

 

Table (3.1) Weight percentages for (PMMA-PC) blend, (PMMA-PC/In2O3-GO).  

PMMA 

wt. 
PC wt. 

In2O3 

wt. 

GO 

wt. 

Con .of 

NPs(wt.%) 

Weight of 

Sample(gm) 

0.8 0.2 0 0 0  

 

1  

0.7888 0.1972 0.0098 0.0042 1.4 

0.7776 0.1944 0.0196 0.0084 2.8 

0.7664 
0. 

1916 
0.0294 0.0126 

4.2 

0.7552 0.1888 0.0392 0.0168 5.6 
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Table (3.2) Weight percentages for (PMMA-PC) blend, (PMMA-PC/Sb2O3-GO) 

nanocomposites. 

PMMA 

wt. 
PC wt. 

Sb2O3 

wt. 
GO wt. 

Con .of 

NPs(wt.%) 

Weight of 

Sample(gm) 

0.8 0.2 0 0 0  

 

1  

0.7888 0.1972 0.0098 0.0042 1.4 

0.7776 0.1944 0.0196 0.0084 2.8 

0.7664 0. 1916 0.0294 0.0126 4.2 

0.7552 0.1888 0.0392 0.0168 5.6 
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Figure (3.1) Scheme of experimental work. 
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3.4 Structural Properties for (PMMA-PC/In2O3-GO) and  

(PMMA-PC/Sb2O3-GO)Nanocomposites 

3.4.1 Optical Microscopic Analysis 

   The optical microscope (supplied from Olympus name (ToupView) type 

(Nikon- 73346) was used to test the samples of (PMMA-PC/In2O3-

GO),(PMMA-PC/Sb2O3-GO)nanocomposites at the University of Babylon / 

College of Education for Pure Sciences. with an enlargement (x10) as shown in 

Figure (3.2). 

 

Figure (3.2): Optical Microscope. 

 

3.4.2 Scanning Electron Microscope (SEM).  

      The surface morphology of  (PMMA-PC/In2O3-GO) and (PMMA-

PC/Sb2O3-GO)nanocomposites for different concentrations was examined by 

using scanning electron microscope (SEM) (Bruker Nano GmbH, company, 
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German origin, type vertex5600 LV SEM). The schematic diagram for scanning 

electron microscopy is shown in figure (3.3). 

 

Figure (3.3) Schematic diagram for scanning electron microscopy. 

3.4.3 X-Ray Diffraction (XRD)  

       All crystal structures of the polymeric preparations were characterized 

using an XRD (6000) diffraction device .Manufacturing and Country/ Tescan, 

France - Model/Xpert. An XRD 6000 X-ray diffraction instrument was used to 

examine the X-ray diffraction mode of the compound. X-ray diffraction (XRD) 

data were collected from (2θ) from (5º - 60º). It has the following 

characteristics, wavelength: 0.154 amperes, voltage: 40.0 (kilovolts), current: 

30.0 (mA), high power: 3 (kilovolts), target: copper, measurement temperature: 

25 °C and the type of X-ray generation tube (copper, Bα) shown in figure (3.4). 

                                                   .                                                                       
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Figure (3.4): X-Ray Diffraction System 

    3.4.4 FTIR Spectrometer  

     One of the instruments based on infrared spectroscopy is the Fourier 

transform infrared  ray spectrometer (FTIR). It is the most recent and preferred 

type of dispersive spectrometer. Its high precision, accuracy, speed, enhanced 

sensitivity, ease of operation, and sample nondestructiveness are all reasons for 

its success. Infrared spectroscopic technology is based on the atomic vibrations 

of a molecule, which only absorbs specific frequencies and energies of infrared 

radiation. Because different molecules have different infrared spectrums, FTIR 

can detect and classify them. Figure (3.5) depicts a block diagram of the FTIR 

working process. The FTIR spectrometer employs an interferometer to measure 

the energy transmitted to the sample. The infrared radiation emitted by the black 

body reaches the interferometer, where signal spectral encoding occurs. The 

interferogram signal is transmitted through or bounces off the sample surface, 

where specific energy wavelengths are absorbed. After passing through the 

detector, the beam is routed to a processing computer for Fourier transformation 

of energy signals. The FTIR spectra of (PMMA-PC)blend,(PMMA-PC/In2O3-

GO) and (PMMA-PC/Sb2O3-GO)nanocomposites were recorded (Bruker 
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company, German origin, type vertex -70). was implemented in the University 

of Babylon /College of Education for Pure Sciences/Department of Physics. 

This study considered the wave number range (500–4000) cm
-1

. 

 

 

Figure (3.5) FTIR processing [15] 

3.5 Optical Properties Measurements for Nanocomposites 

The optical properties of (PMMA-PC) blend (PMMA-PC/In2O3-GO) and 

(PMMA-PC/Sb2O3-GO) nanocomposites were measured with a double beam 

spectrophotometer (Shimadzu, UV-18000A) at (260-860) nm. The figure 

illustrates that it is located at the University of Babylon/College of Education 

for Pure Sciences/Department of Physics (3.6). 
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Figure (3.6) UV Photographic spectrophotometer. 

 

3.6 Measurements of A.C Electrical Properties  

Figure (3.7) illustrates the A.C. electrical measurement system used in the 

study. The dissipated factor and capacity were recorded for all samples at room 

temperature across a frequency range of )100-5x10
6
( Hz. This data determined 

the dielectric constant, dielectric loss, and conductivity.   The Department of 

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

utilized the LCR Hi TESTER, specifically the HIOKI 3532-50 model, to 

measure the A.C. Electrical Conductivity 
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Figure (3.7) Schematic diagram for A.C. electrical properties measurement. 

 

3.7 Photocatalytic Activity Application Measurements  

     To investigate the photocatalytic activity of various nanocomposites, 

including pure (PMMA-PC) blend, (PMMA-PC/In2O3-GO) and (PMMA-

PC/Sb2O3-GO) nanocomposites, a 100ml aqueous solution of Methylene orange 

(MO) dye with a concentration of 20 parts per million (ppm) was placed in a 

pyrex glass container. Each of the prepared samples was introduced into the 

solution while stirring magnetically. The mixture was then exposed to 

ultraviolet light with a power of 135W in a homogenous mixture-illuminated 

ultraviolet light exposure cabinet equipped with a magnetic stirrer. The solution 

was stirred in the dark for 90 minutes to achieve adsorption/desorption 

equilibrium. Then, at intervals of 15 minutes for 1.5 hours, 10 ml samples of the 

Methylene orange solution were taken and centrifuged at 3000 rpm. The 

absorbance of the samples was measured using a double-beam 

spectrophotometer (Shimadzu, UV-18000A) in the wavelength range of 200-

600 nm, with maximum absorption occurring at approximately 660 nm, as 

shown in figure (3.8). 
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Figure (3.8) Experimental set-up.A scheme showing nanocomposites mixed with methyl 

orange (MO) dye 

3.8 Antibacterial Activity Effect Measurements of (PMMA-

PC/In2O3-GO) and (PMMA-PC/Sb2O3-GO)Nanocomposites. 

 A disc diffusion method evaluated the effectiveness of (PMMA-

PC/In2O3-GO) and (PMMA-PC/Sb2O3-GO)nanocomposites against bacterial 

growth. The nanocomposites' antibacterial activities were tested against gram-

positive (Staphylococcus aureus) and gram-negative (Escherichia coli) bacteria. 

The bacteria were cultured in Muller-Hinton Medium, and the nanocomposite 

solutions were added to the media and incubated at 37°C for 24 hours. The 

diameter of the inhibition zone was measured as an indicator of the 

nanocomposites' ability to prevent bacterial growth. 
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4.1 Introduction  

  This chapter presents the findings of various measurements, including 

structural, A.C electrical, and optical characterizations of (PMMA-PC/In2O3-

GO) and (PMMA-PC/Sb2O3-GO) nanocomposites. The impact of adding 

indium trioxide , antimony trioxide and graphene oxide nanoparticles to the 

(PMMA-PC) blend on its structural, A.C electrical, and optical properties are 

also discussed. The chapter also delves into the potential applications of these 

nanocomposites in antibacterial and photocatalytic activity. 

4.2 The Structural Properties of (PMMA-PC/In2O3-GO) and 

(PMMA-PC/Sb2O3-GO) Nanocomposites 

4.2.1 Optical Microscope 

The examination of how nanoparticles are dispersed in a polymer mixture 

is known as the microscopy of nanocomposites. In figures (4.1) and (4.2), the 

arrangements of indium dioxide, antimony dioxide, and graphene dioxide 

nanoparticles in a (PMMA-PC) polymer blend are displayed at a magnification 

power of (40x). The microscope images indicate that the nanoparticles 

aggregate as clusters at lower concentrations [104]. However, as In2O3, GO and 

Sb2O3 nanoparticles' concentration increases form a network of paths within the 

(PMMA-PC) polymer blend[105]. 
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Figure(4.1) photomicrographs for (PMMA-PC/In2O3-GO) nanocomposites (A)for 

(PMMA-PC) blend (B) for 1.4wt% In2O3-GO nanoparticles,(C) for 2.8wt% In2O3-GO 

nanoparticles,(D) for 4.2wt% In2O3-GO nanoparticles, (E) for 5.6wt% In2O3-GO 

nanoparticles 
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Figure(4.2) photomicrographs for (PMMA-PC/Sb2O3-GO) nanocomposites (A)for 

(PMMA-PC) blend (B) for 1.4wt% Sb2O3-GO nanoparticles,(C) for 2.8wt% Sb2O3-GO 

nanoparticles, (D) for 4.2wt% Sb2O3-GO nanoparticles, (E) for 5.6wt% Sb2O3-GO 

nanoparticles. 
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4.2.2 Scanning Electron Microscope (SEM) 

 The surface morphology of (PMMA-PC/In2O3-GO) and (PMMA-

PC/Sb2O3-GO) nanocomposites with varying concentrations of (In2O3 Sb2O3 

and GO) NPs is illustrated in Figures (4.3) and (4.4) through SEM images. The 

figure displays the surface morphology of the nanocomposite. At low 

concentrations of (In2O3 Sb2O3 and GO) NPs, the SEM image reveals randomly 

distributed aggregates or particles on the surface, attributed to the presence of 

1.4% of (In2O3 ,Sb2O3 and GO) NPs that are aggregated in clusters [106]. As the 

concentration of nanoparticles increases, the number and size of white dots on 

the surface also increase, indicating the formation of larger clusters that extend 

to form network paths of aggregates throughout the PMMA/PC blend. The 

surface morphology of the films exhibits a uniform density of grain boundaries. 

The results indicate that nanoparticles tend to form well-dispersed aggregates in 

the (PMMA-PC) blend films, which could indicate a homogeneous growth 

process [107]. The change is due to the strong interfacial interaction of the 

functional groups on the surface of (In2O3 Sb2O3 and GO) NPs nanoparticles 

with the blend polymer. This results in a significant change in the 

nanocomposite morphology and mechanical response [108]. 
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Figure (4.3) SEM images for (PMMA-PC/In2O3-GO) Nanocomposites: (A) for (PMMA-

PC) blend  (B) for 1.4 wt.% In2O3-GO NPs (C) for 2.8 wt.%  In2O3-GO NPs (D) for 

4.2wt.% In2O3-GO NPs (E) for 5.6 wt.%  In2O3-GO NPs. 
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Figure (4.4) SEM images for (PMMA-PC/Sb2O3-GO) Nanocomposites: (A) for pure (B) 

for 1.4 wt.% Sb2O3-GO NPs (C) for 2.8 wt.%  Sb2O3-GO NPs (D) for 4.2wt.% Sb2O3-

GO NPs (E) for 5.6 wt.%  Sb2O3-GO NPs. 
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4.2.3 X-Ray Diffraction Measurement 

Figure (4.5) shows the XRD patterns of the prepared pure Sb2O3, In2O3 

and GO nanoparticles, The figure shows three peaks near 13.70°, 26° and 30.8° 

which are matched to (111), (222) and (400) reflections of (Sb2O3) respectively. 

The XRD spectrum indicated that the sample was in the FCC structure of Sb2O3 

nanoparticles with the lattice parameter: a = 11.138 A˚, which matched the 

literature report (PCPDF Nos: 72-1334 and 75-1565) [109]. The figure also 

shows the obtained three peaks corresponding to (100), (400), and (440) 

directions of the cubic In2O3 crystal structure which is corresponding to the 

positions 2θ = 29.9 
o
, 34.1 

o
, and 47.8

o
 respectively. Also, the XRD 

measurements revealed that the intensity of peak (100) orientation is 

predominant which is in agreement with the JCPDS (card No. 06-0416) 

standard data file of indium trioxide (In2O3) [110]. The observed X-ray 

diffraction peaks match, which indicates the presence of the cubic bixbite 

crystal structure of In2O3. This crystal structure belongs to the Ia-3 space group. 

The XRD pattern of graphene oxide shows a peak at 2θ = 10.1° (d-spacing of 

8.9 Å), the (100) diffraction peak at 2θ = 43.0° according to a d-spacing of 2.13 

Å, confirming the successful GO synthesis[111]. 
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Figure (4.5) XRD pattern of the (In2O3, Sb2O3and GO) nanoparticals. 

4.2.4 Fourier Transform Infrared Radiation of nanocomposites. 

Figures (4.6) and (4.7) illustrate the FTIR spectra of various 

nanocomposites, including (PMMA, PC) blend, (PMMA-PC/In2O3-GO) and 

(PMMA-PC/Sb2O3-GO) nanocomposites with varying concentrations of (In2O3, 

Sb2O3and GO)  in the wave number range of (600-4000) cm
-1.

The interactions 

between atoms in the system have been analyzed using FTIR spectroscopy 

[112]. Such interactions can cause changes in the vibrational modes of the 

molecules in the polymer blend. The presence of peaks around 2878 cm
-1

 of PC 

and at 1655 cm
-1

 of PMMA in the (PMMA-PC) blend suggests that the blend 

components are miscible. The rise observed around 2878 cm
-1

 is characteristic 

of asymmetry CH stretching of the CH2 group. The bands at 1341 cm
-1

 and 

1278 cm
-1

 correspond to CH2 asymmetric bending and CH2 symmetric twisting 
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The peak around 1655 cm
-1

 represents the C=O stretching of the PMMA group. 

The peak at 1465 cm
-1

 was assigned to the CH2 scissoring mode of the PC. The 

strong band observed at 1097 cm
-1

 for all nanocomposite samples was attributed 

to the OH bending mode. The stretching vibration of C-O at 960 cm
-1

 is due to 

PC with CH2 rocking asymmetric vibration. The band at 841 cm
-1

 is due to the 

CH2 rocking mode of PMMA and some C-O stretching in PC [113]. The 

transmittance in the figures decreases with increasing concentrations (In2O3, 

Sb2O3 and GO)  nanoparticles, indicating an increase in nanocomposite 

density[114]. The analysis revealed no new absorption peaks, indicating no 

interactions between the (PC-PMMA) polymer matrix and (In2O3, Sb2O3 and 

GO)   nanoparticles [115]. Also, it can be noticed that there is a decrease in 

transmittance with increasing the proportion of (In2O3, Sb2O3 and GO)   

nanoparticles. The increased density of the films means an increase of atoms 

and ions in the light path and an increase in the absorbance at UV inverse the 

IR, as shown in figures (4.6and 4.7). The results showed that the change in film 

thickness had a slight effect [116]. 
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Figure(4.6) FTIR spectra for (PMMA-PC/In2O3-GO) Nanocomposite 
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Figure(4.7) FTIR spectra for (PC-PMMA/Sb2O3-GO) Nanocomposite. 
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4.3 The Optical Properties of (PMMA-PC/In2O3-GO) and (PMMA-

PC/Sb2O3-GO)  Nanocomposites 

   The purpose of studying the properties of the (PMMA-PC/In2O3-GO) and 

(PMMA-PC/Sb2O3-GO)  nanocomposites is to investigate the effect of adding 

Sb2O3, In2O3 and GO nanoparticles on the optical properties of polymers. The 

researchers aim to characterize the optical properties of the nanocomposites by 

measuring the spectrum of absorbance for the films at room temperature and 

calculating various optical constants, such as absorption coefficient, extinction 

coefficient, and energy gaps. By identifying the types of electronic transitions, 

the researchers can gain insight into the behaviour of the nanocomposites at the 

molecular level [117]. The absorption and extinction coefficients are essential 

parameters describing the absorption and scattering of light by the 

nanocomposites. These properties depend on the size and concentration of the 

nanoparticles and the polymer blend. By measuring these properties, the 

researchers can gain insight into nanocomposites' light absorption and scattering 

mechanisms. The energy gap is another important parameter that characterizes 

the optical properties of materials. The energy gap is related to the material's 

band structure and determines the types of electronic transitions that can occur 

[118]. By calculating the energy gap, the researchers can gain insight into the 

electronic properties of the nanocomposites and how they are affected by the 

addition of nanoparticles. Overall, the study of the optical properties of the 

(PMMA-PC/In2O3-GO) and (PMMA-PC/Sb2O3-GO)nanocomposites is 

essential for understanding the behaviour of these materials and their potential 

applications in optoelectronic devices[119]. 
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4.3.1 The Absorbance of (PMMA-PC/In2O3-GO) and PMMA-PC/Sb2O3-

GO) nanocomposites      

Figures (4.8) and (4.9) depict the changes in absorbance (A) of (PMMA-

PC/In2O3-GO) and (PMMA-PC/Sb2O3-GO)nanocomposites with the 

wavelength (λ) of the incident light. As indicated by the figures, the absorbance 

of all prepared samples of nanocomposites increases with an increase in the 

concentration of (In2O3, Sb2O3 and GO) nanoparticles, owing to the augmented 

number of charge carriers with increasing nanoparticle concentration. At a 

concentration of 5.6% (In2O3, Sb2O3 and GO)  nanoparticles, the absorbance of 

the nanocomposites increased by about 51% and 49% respectively, at λ=560nm. 

This behavior is beneficial for optoelectronics, photocatalysis, and solar cells. 

Generally, the absorbance decreases as the wavelength increases for all prepared 

nanocomposites. This implies that the incident photon cannot excite the electron 

and move it from a lower to a higher energy level, as the energy of the incident 

photon is less than the value of the energy gap of the nanocomposites. In the 

UV region, all samples of nanocomposites have high absorbance values, owing 

to the excitations of donor-level electrons to the conduction band at these 

energies. The high absorbance in the UV region is attributed to the energy of 

photons sufficient to interact with atoms[120]. The absorption spectrum of (the 

PMMA-PC) blend is limited in the UV region, but it is enhanced upon adding 

(In2O3, Sb2O3 and GO)   nanoparticles due to the high energy gap of the blend. 

The curves of (PMMA-PC/In2O3-GO) and (PMMA-PC/Sb2O3-

GO)nanocomposites with high (In2O3, Sb2O3, GO) concentrations show a clear 

peak in the UV region and less absorption in the visible region. The peak of 

high absorption is observed at around 260 nm, owing to the absorption of 

(In2O3, Sb2O3 ,and GO)  nanoparticles due to an increase in the number of 

charge carriers. At the visible and near-infrared regions, the absorbance for all 
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nanocomposites samples decreases with an increase in wavelength, as the 

energy of incident photons is insufficient to interact with atoms, leading to 

photon transmission [121]. The (PMMA-PC/In2O3-GO) and (PMMA-

PC/Sb2O3-GO)nanocomposites with 5.6% concentration of (In2O3, Sb2O3 and 

GO)   NPs have the highest absorbance owing to the high diffusivity of (In2O3, 

Sb2O3 ,and GO)  nanoparticles in the (PMMA-PC) blend [122]. 

 

 

Figure (4.8) The absorbance spectra as a function of wavelength of (PMMA-PC-In2O3-

GO) nanocomposites . 
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Figure (4.9) The absorbance spectra as a function of wavelength of (PMMA-PC/Sb2O3-

GO) Nanocomposites. 

4.3.2 Transmittance of (PMMA-PC/In2O3-GO) and (PMMA-PC/Sb2O3-

GO) Nanocomposites. 

   Figures (4.10) and (4.11) illustrate the changes in transmittance (T) with 

the wavelength (λ) of incident light for (PMMA-PC/In2O3-GO) and (PMMA-

PC/Sb2O3-GO) nanocomposites, respectively. It indicates an ion transfer 

mechanism between (PMMA–PC) blend and (In2O3, Sb2O3 and GO) NPs. The 

transmittance of undoped (PMMA-PC)in the visible region is about 91.6%. 

Such a value indicates an excellent excitation leads to a sharp electron transition 

from the valence band to the conduction band. Interestingly, introducing (In2O3, 

Sb2O3 and GO) NPs into(PMMA-PC) blend leads to a gradual and nonlinear 

decrease in transmittance in the visible region [123]. Our results indicate with 

increasing the concentration of (In2O3Sb2O3 andGO) NPs wt % the 

transmittance of (PMMA-PC/In2O3-GO) and  (PMMA-PC/Sb2O3-GO)  

nanocomposite a decrease to 69% and 61 %  at 560 nm, respectively. The loss 
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of transparency is attributed to scattering by NPs within the polymeric matrix. 

This occurs when the particle size is smaller than the wavelength, or it could 

happen as a result of electron transitions between the (PMMA-PC) blend and 

(In2O3-GO)NPs.In the UV region, the transmittance of the polymer blend and 

nanocomposites exhibits more decrement than in the visible region, and the 

addition of (In2O3, Sb2O3 and GO)  nanoparticles significantly reduces 

transmittance in the UV region, which decreases with increasing concentration 

of (In2O3, Sb2O3 and GO)  nanoparticles in the nanocomposite [124]. The values 

of absorbance and transmittance for the prepared nanocomposites at λ=560 nm 

are listed in Tables (4.1) and (4.2), respectively. 

 

 

 

 

 

 

 

Figure (4.10) The transmittance versus wavelength of (PMMA-PC-In2O3-GO)  

composites at room temperature. 
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Figure (4.11) The transmittance versus wavelength of (PMMA-PC/Sb2O3-GO)  

composites at room temperature. 

Table (4.1) Values of absorbance and transmittance for (PMMA-PC/In2O3-GO) 

Nanocomposites at λ = 560 nm. 

Samples 
Concentrations 

of In2O3-GO 

NPs wt.% 

Absorbance
 

Transmittance 

(PMMA-PC) Blend 0 0.652 0.637 

(PMMA-PC/In2O3-GO) 

Nanocomposites 

1.4 1.054 0.545 

(PMMA-PC/In2O3-GO) 

Nanocomposites 

2.8 1.138 0.517 

(PMMA-PC/In2O3-GO) 

Nanocomposites 

4.2 1.231 0.492 

(PMMA-PC/In2O3-GO) 

Nanocomposites 

5.6 

 
2.121 0.353 
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Table (4.2) Values of absorbance and transmittance for (PMMA-PC/Sb2O3-GO) 

Nanocomposites at λ = 560 nm. 

Samples 
Concentrations 

of Sb2O3-GO 

NPs wt.% 

Absorbance
 

Transmittance 

(PMMA/PC) blend 0 0.781 0.637 

(PMMA-PC/Sb2O3-GO)  

Nanocomposites 
1.4 1.054 0.545 

(PMMA-PC/Sb2O3-GO)  

Nanocomposites 
2.8 1.096 0.532 

(PMMA-PC/Sb2O3-GO)  

Nanocomposites 
4.2 1.254 0.485 

(PMMA-PC/Sb2O3-GO)  

Nanocomposites 

5.6 

 

2.054 

 
0.321 

 

4.3.3 The Absorption Coefficient of (PMMA-PC/In2O3-GO) and (PMMA-

PC/Sb2O3-GO) Nanocomposites. 

Figures (4-12)  and (4.13) as show the absorption coefficient α as a 

function of wavelength for  (PMMA-PC/In2O3-GO) and (PMMA-PC/Sb2O3-

GO)nanocomposites.The absorption coefficient α is calculated by using 

equation (2.9). The absorption coefficient is lowest at high wavelength and low 

energy, indicating that there is no chance of an electron transfer since the 

incident photon's energy is insufficient to pass the electron from the valence 

band to the conduction band. Absorption is more excellent at higher energies, 

implying a greater potential for electron transitions. As a result, the energy of 

the incident photon is sufficient to transfer the electron from the valence band to 

the conduction band [125]. When the absorption coefficient is high (>104) cm
-1

 

at high energies, the incident photon's energy is greater than the forbidden 

energy gap, indicating that the absorption coefficient aids in determining the 
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nature of the electron transition. Direct electron transitions are supposed to 

occur, with electrons and photons maintaining their energy and moment When 

the absorption coefficient is low (104
 cm-1) at low energies, it is expected that 

an indirect transition of electrons occurs, and the electronic momentum is 

maintained with the help of the phonon . Among other results is that the 

coefficient of absorption for the (PMMA-PC/In2O3-GO) and (PMMA-

PC/Sb2O3-GO)nanocomposites is less than 10
4
 cm

-1
 at all concentrations [126]. 

The values of absorbance coefficient for the prepared nanocomposites at λ=560 

nm are listed in Tables (4.3) and (4.4), respectively. 

 

Figure (4.12): The absorption coefficient spectra as a function of wavelength of 

(PMMA-PC-In2O3-GO) nonocomposites at room temperature. 
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Figure (4.13) The absorption coefficient spectra as a function of wavelength of (PMMA-

PC-Sb2O3-GO)  nanocomposites at room temperature. 

Table (4.3) The absorption coefficient of ( PMMA-PC/In2O3-GO )nanocomposites at λ = 

560 nm. 

Samples 

Concentrations of 

In2O3-GO NPs 

wt.% 

Values for absorption 

 coefficient (cm
-1

) 

(PMMA-PC) blend 0 128.5 

(PMMA-PC/In2O3-GO) 

Nanocomposites 1.4 
162.3 

(PMMA-PC/In2O3-GO) 

Nanocomposites 2.8 
187.29 

(PMMA-PC/In2O3-GO) 

Nanocomposites 4.2 
202.3 

(PMMA-PC/In2O3-GO) 

Nanocomposites 
5.6 331.4 

 



Chapter Four                                                           Results and Discussion  

     

73 
 

Table (4.4) The absorption coefficient of ( PMMA-PC/Sb2O3-GO )nanocomposites at λ = 

560 nm. 

Samples 
Concentrations of 

Sb2O3-GO NPs wt.% 

Values for absorption 

 coefficient (cm
-1

) 

(PMMA-PC) blend 0 128.4 

(PMMA-PC/Sb2O3-GO) 

Nanocomposites 
1.4 173.3 

(PMMA-PC/Sb2O3-GO) 

Nanocomposites 
2.8 180.2 

(PMMA-PC/Sb2O3-GO)  

Nanocomposites 
4.2 206.3 

(PMMA-PC/Sb2O3-GO) 

Nanocomposites  
5.6 227.9 

 

4.3.4 Energy Gap of (PMMA-PC/In2O3-GO) and (PMMA-PC/Sb2O3-GO) 

Nanocomposites. 

  The equation (2.3) is utilized to determine the optical energy gap values 

(Egopt) of nanocomposites. This is done by plotting (αhν)
1/2

 as a function of (Eph) 

for all prepared nanocomposites, and finding the intersection with the x-axis to 

obtain the energy gap value. Figures (4.14) and (4.15) show the energy gaps for 

allowed indirect transitions of (PMMA-PC/In2O3-GO) and (PMMA-PC/Sb2O3-

GO) nanocomposites, respectively, while figures (4.16) and (4.17) show the 

energy gaps for forbidden indirect transitions of (PMMA-PC/In2O3-GO) and 

(PMMA-PC/Sb2O3-GO) nanocomposites respectively [127]. The values 

obtained are presented in Tables (4.5)and (4.6). It is observed that the values of 

both allowed and forbidden indirect energy gaps for all prepared 

nanocomposites decrease with increasing concentrations of (In2O3, Sb2O3,GO 
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)nanoparticles [127]. At a concentration of 5.6% and λ=560, the energy gap of 

(PMMA-PC/In2O3-GO) and (PMMA-PC/Sb2O3-GO) nanocomposites decreased 

by approximately 51% and 48% for allowed indirect transitions, and about 77% 

and 80% for forbidden indirect transitions respectively. This behaviour makes 

the nanocomposites suitable for lightweight and low-cost electronics and optical 

devices. The gradual reduction in the energy gap values with increasing 

concentrations of nanoparticles may be due to the formation of localized levels 

in the energy gap. In this case, electron transitions occur in two stages: from the 

valence band to the localized levels in the energy gap and then from the 

localized levels to the conduction band [128]. 

 

Figure (4.14) Variation of  (αhυ)
1/2  

for (PMMA-PC-In2O3-GO) nanocomposites  

with photon energy . 
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Figure (4.15) A plot of (αhν)
1/2

 versus photon energy (hν) of (PMMA-PC/Sb2O3-GO)  

nanocomposites at room temperature. 

 

Figure (4.16) Variation of  (αhυ)
1/3  

for (PMMA-PC/In2O3-GO)   

nanocomposites with photon energy 
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Figure (4.17) Variation of  (αhυ)
1/3  

for (PMMA-PC/Sb2O3-GO)   

nanocomposites with photon energy. 

 

Table (4.5) Energy gap values at different (In2O3-GO) wt.%. 

Sample  E g (e V)/( Allowed)  E g (e V)(Forbidden) 

(PMMA-PC) blend 3.345 2.719 

(PMMA-PC/In2O3-GO) 

Nanocomposites 

2.397 1.294 

(PMMA-PC/In2O3-GO) 

Nanocomposites 

2.234 1.132 

(PMMA-PC/In2O3-GO)  

Nanocomposites 

1.8690 1.100 

(PMMA-PC/In2O3-GO) 

Nanocomposites 

1.650 0.6 

 



Chapter Four                                                           Results and Discussion  

     

77 
 

Table (4.6) Energy gap values at different (Sb2O3-GO) wt.%. 

Sample  E g (e V)/( Allowed) E g (e V)(Forbidden) 

(PMMA-PC) blend 3.345 2.719 

(PMMA-PC/Sb2O3-GO) 

Nanocomposites 
2.2505 1.456 

(PMMA-PC/Sb2O3-GO) 

Nanocomposites 
2.164 0.927 

(PMMA-PC/Sb2O3-GO)  

Nanocomposites 
2.028 0.765 

(PMMA-PC/Sb2O3-GO) 

Nanocomposites 
1.778 0.523 

 

4.3.5 The Extinction Coefficient of (PMAA-PC/In2O3-GO) and (PMAA-

PC/Sb2O3-GO) Nanocomposites. 

  The variance of the extinction coefficient for (PMMA-PC/In2O3-GO) and 

(PMMA-PC/Sb2O3-GO) nanocomposites is displayed in figures (4.18) and 

(4.19), respectively, as a function of wavelength (λ). These figures demonstrate 

that as the wavelength of incident light in the UV region increases, there is an 

increase in the extinction coefficient of (PMMA-PC/In2O3-GO) and (PMMA-

PC/Sb2O3-GO)  nanocomposites due to their high absorption in these regions 

[129]. Moreover, the extinction coefficient of the nanocomposites increases in 

the visible and near-infrared regions, which may be attributed to the nearly 

constant absorption coefficient of the nanocomposites in these regions. As a 

result, the extinction coefficient varies with the wavelength according to 

equation (2.12). The concentration of (In2O3, Sb2O3, GO)  nanoparticles has a 

direct impact on the extinction coefficient of (PMMA-PC/In2O3-GO) and 

(PMMA-PC/Sb2O3-GO) nanocomposites, as it increases with higher 
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concentrations of (In2O3, Sb2O3 and GO) nanoparticles. This can be attributed to 

the increased absorption coefficient of the nanocomposites [130]. The ratio of 

the increase in extinction coefficient for (PMMA-PC/In2O3-GO) and (PMMA-

PC/Sb2O3-GO)nanocomposites was 53% and 54%, respectively. 

 

 

Figure (4.18) Variation of  extinction coefficient for (PMMA-PC/In2O3-GO) 

nanocomposites with wavelength. 
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Figure (4.19) Variation of  extinction coefficient for (PMMA-PC/Sb2O3-GO) 

Nanocomposites with wavelength. 

4.3.6 The Refractive Index of (PMMA-PC/In2O3-GO) and (PMMA-

PC/Sb2O3-GO) Nanocomposites. 

  Figures (4.20) and )4.21) shows the refractive index of (PMMA-

PC/In2O3-GO) and (PMMA/PC-Sb2O3-GO) nanocomposites as a wavelength 

function. The graph illustrates how the refractive index of the nanocomposites 

varies with the wavelength of light.The results demonstrate that the refractive 

index increases with an increase in the weight percentages of the concentration 

of In2O3, Sb2O3 and GO nanoparticles.The ratio of refractive index for (PMMA-

PC/In2O3-GO) and (PMMA-PC/Sb2O3-GO) nanocomposites was 25% and 22%, 

respectively. The observed increase in the refractive index can be attributed to 

the rise in the density of the nanocomposites. As the density of the 

nanocomposites increases, so does the refractive index. Furthermore, the graph 

shows that as the wavelength of light increases, the refractive index of the 

nanocomposites decreases [131]. This phenomenon can be explained by the fact 
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that the velocity of light decreases as the wavelength increases. As the velocity 

of light decreases, so does the refractive index. This relationship between 

wavelength and refractive index is well-established in optics and is known as 

the dispersion of refractive index [132]. 

  The rise in the density of the nanocomposites is thought to be responsible 

for the observed increase in the refractive index. The addition of In2O3, Sb2O3 

and GO nanoparticles to the polymer matrix increases the density of the 

nanocomposites. The increase in density causes a greater number of atoms and 

molecules to be present in the same volume, leading to a higher refractive 

index. The increase in refractive index can also be attributed to the high 

refractivity of the In2O3, Sb2O3 and GO nanoparticles [133]. When the incoming 

light interacts with a sample with a high refractivity in the ultraviolet range, the 

refractive index values tend to increase. The observed relationship between the 

refractive index and the concentration of In2O3, Sb2O3 and GO nanoparticles has 

important implications for the design and fabrication of novel nanocomposite 

materials with desirable optical properties. The ability to control the refractive 

index of nanocomposites through the addition of nanoparticles opens up the 

possibility of tailoring the optical properties of materials for specific 

applications. For example, by adjusting the concentration of In2O3, Sb2O3 and 

GO nanoparticles, it may be possible to develop nanocomposites with refractive 

indices that match those of other materials, which would enable the creation of 

materials with unique optical properties, such as invisibility cloaks[133] [134]. 

.In conclusion, Figures (4.20) and (4.21) presents important information 

regarding the refractive index of (PMMA-PC/In2O3-GO) and  (PMMA-

PC/Sb2O3-GO) nanocomposites.  
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Figure (4.20) Variation of  refractive index for (PMMA-PC/In2O3-GO) nanocomposites 

with wavelength. 

Figure (4.21) Variation of refractive index for (PMMA-PC/Sb2O3-GO) nanocomposites 

with wavelength. 
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4.3.7 The Real and Imaginary Parts of Dielectric Constant of (PMMA-

PC/In2O3-GO) and (PMMA-PC/Sb2O3-GO) Nanocomposites 

  Figure (4.22) and (4.23) display the variation of the real part of dielectric 

constant (ɛ1) with the wavelength for (PMMA-PC/In2O3-GO) and (PMMA-

PC/Sb2O3-GO) nanocomposites, respectively. The behavior of the real part of 

the dielectric constant is similar to that of the refractive index (n), which means 

that the values of both parameters increase with increasing concentrations of 

In2O3,Sb2O3and GO nanoparticles [135]. This decrease can be attributed to the 

reduced scattering of the incident photon, which is caused by the increased 

density of the nanocomposites due to the presence of In2O3,Sb2O3and GO 

nanoparticles. The ratio of increase in the real part of the dielectric constant of 

the nanocomposites was found to be 33% and 29% for (PMMA-PC/In2O3-GO) 

and (PMMA-PC/Sb2O3-GO)nanocomposites, respectively. On the other hand, 

the imaginary part of the dielectric constant of the nanocomposites is essentially 

proportional to the extinction coefficient (k) values, which in turn is related to 

the absorption coefficient of the nanocomposites [136]. The effect of 

In2O3,Sb2O3and GO nanoparticles on the imaginary part of the dielectric 

constant (ɛ1) is shown in figures (4.24) and (4.25) (PMMA-PC/In2O3-GO) and 

(PMMA-PC/Sb2O3-GO) nanocomposites, respectively. As shown in these 

figures, the imaginary part of the dielectric constant of the nanocomposites 

increases with increasing concentrations of In2O3,Sb2O3and GO nanoparticles. 

This increase can be attributed to the increased absorption coefficient of the 

nanocomposites, which in turn leads to an increase in the imaginary part of the 

dielectric constant. At a concentration of 5.6% of In2O3,Sb2O3and GO 

nanoparticles at a wavelength of 560, the imaginary part of the dielectric 

constant increased by about 57% and 50% for (PMMA-PC/In2O3-GO) and 

(PMMA-PC/Sb2O3-GO)nanocomposites, respectively.It is worth noting that the 
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values of optical constants, including refractive index, extinction coefficient, 

and dielectric constant, of the prepared nanocomposites at different wavelengths 

are shown in Tables (4.7) and (4.8). These Tables provide a comprehensive 

overview of the effect of the concentration of (In2O3, Sb2O3 and GO 

)nanoparticles on the optical properties of the nanocomposites. Moreover, the 

figures reveal that both the real and imaginary parts of the dielectric constant of 

the nanocomposites decrease with increasing wavelength of the incident photon 

[137]. This phenomenon can be explained by the fact that the real part of the 

dielectric constant is proportional to the refractive index, which increases with 

increasing wavelength in the ultraviolet range. On the other hand, the imaginary 

part of the dielectric constant depends on the extinction coefficient, which also 

increases with increasing wavelength. Therefore, the values of both parameters 

increase with increasing wavelength of the incident photon.In conclusion, the 

optical properties (PMMA-PC/In2O3-GO) and (PMMA-PC/Sb2O3-GO) 

nanocomposites were investigated by measuring the real and imaginary parts of 

the dielectric constant. The results indicate that the real part of the dielectric 

constant and refractive index decrease. The imaginary part of the dielectric 

constant and absorption coefficient increase with increasing concentrations of 

In2O3, Sb2O3and GO nanoparticles. Additionally, the values of both parameters 

increase with increasing wavelength of the incident photon. These findings 

provide valuable insights into designing and fabricating nanocomposites with 

tailored optical properties[138]. 
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Figure (4.22) Variation of real part of dielectric constant for(PMMA-PC/In2O3-GO)       

             nanocomposites with wavelength. 
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Figure (4.23) Variation of real part of dielectric constant for(PMMA-PC/Sb2O3-GO) 

Nanocomposites with wavelength. 

 

Figure (4.24) Variation of imaginary part of dielectric constant for (PMMA-PC-

In2O3/GO)nanocomposites with wavelength.  
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Figure (4.25) Variation of imaginary part of dielectric constant for (PMMA-PC/Sb2O3-

GO)  nanocomposites with wavelength.  

Table (4.7) Values of optical constants for (PMMA-PC/In2O3-GO) nanocomposites at λ 

= 560 nm. 

Samples 

Concentration

s of In2O3-GO 

NPs wt.% 

n k ɛ1 ɛ2 

(PMMA-PC) blend 0 2.21 0.00057 4.669 0.0027 

(PMMA-PC/Sb2O3-GO) 

Nanocomposites 
1.4 2.43 0.00077 6.529 0.0039 

(PMMA-PC/Sb2O3-GO) 

Nanocomposites 
2.8 2.57 0.00080 6.623 0.0041 

(PMMA-PC/Sb2O3-GO)  

Nanocomposites 
4.2 2.62 0.00092 6.879 0.0048 

(PMMA-PC-Sb2O3-GO) 

Nanocomposites 
5.6 2.84 0.00150 6.907 0.0064 
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Table (4.8) Values of optical constants (PMMA-PC/Sb2O3-GO) Nanocomposites at λ = 

560. 

Samples 

Concentrations 

of Sb2O3-GO 

NPs wt.% 

n k ɛ1 ɛ2 

(PMMA-PC) blend 0 2.32 0.00065 5.122 0.0027 

(PMMA-PC/Sb2O3-GO) 

Nanocomposites 

1.4 

2.55 0.00084 6.529 0.004 

(PMMA-PC/Sb2O3-GO) 

Nanocomposites 

2.8 

2.58 0.00082 6.706 0.0043 

(PMMA-PC-Sb2O3-GO)  

Nanocomposites 

4.2 
2.61 0.00097 6.851 0.0047 

(PMMA-PC-Sb2O3-GO)  

Nanocomposites 
5.6 2.94 0.0014 7.101 0.0056 

 

4.3.8 The Optical Conductivity of (PMMA-PC/In2O3-GO) and (PMMA-

PC/Sb2O3-GO) Nanocomposites. 

The study of a material's optical response is primarily focused on its 

optical conductivity. The (PMMA-PC/In2O3-GO) and (PMMA-PC/Sb2O3-GO) 

were investigated for their optical conductivity as a function of wavelength, as 

shown in figures (4.26) and (4.27). The results indicate that the optical 

conductivity of both nanocomposites increases with an increasing concentration 

of In2O3, Sb2O3 and GO nanoparticles [139]. This is attributed to the formation 

of localized levels in the energy gap, which leads to an increase in the 

absorption coefficient and therefore the optical conductivity of the 

nanocomposite [140].At a wavelength of 560 nm , the optical conductivity of 

the nanocomposites increased by about 48% and 50%, respectively, when the 
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concentration of In2O3,Sb2O3and GO nanoparticles reached 5.6%. The optical 

conductivity of the nanocomposites decreases as the wavelength of the incident 

photon increases, as the optical conductivity strongly depends on the 

wavelength of the incident photon.The nanocomposites show high values of 

optical conductivity in the UV region, with an increase of optical conductivity 

at low wavelengths due to the high absorption of the nanocomposite in that 

region and an increase in charge transfer excitations.The optical conductivity 

spectrum shows that the nanocomposites are transmittance in the visible and 

near-infrared regions[141]. Tables (4.9) and (4.10) display the values of optical 

conductivity for the prepared nanocomposites at a wavelength of 560 nm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4.26): Variation of optical conductivity for (PMMA-PC/In2O3-GO) 

nanocomposites with wavelength 
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Figure (4.27) Variation of optical conductivity for (PMMA-PC/Sb2O3-GO) Nanocomposites 

with wavelength. 

Table (4.9) The optical conductivity values of (PMMA-PC/In2O3-GO)  Nanocomposites 

at λ = 560 nm. 

Samples 

Concentrations of 

In2O3and GO NPs 

wt.% 

Optical conductivity (Ω.cm)
-1 

(PMMA-PC) Blend  0 7.3×10
11 

(PMMA-PC/In2O3-GO)  

Nanocomposites 
1.4 10.5×10

11
 

(PMMA-PC/Sb2O3-GO)  

Nanocomposites 
2.8 11.5×10

11
 

(PMMA-PC/In2O3-GO)  

Nanocomposites 
4.2 12.6×10

11
 

(PMMA-PC/In2O3-GO)          

Nanocomposites 
5.6 14.2×10

11
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Table (4.10) The optical conductivity values of (PMMA-PC/Sb2O3-GO) Nanocomposites 

at λ = 560 nm. 

Samples 

Concentrations of 

Sb2O3- GO NPs 

wt.% 

Optical conductivity (Ω.cm)
-1 

(PMMA-PC) blend 0 7.11×10
11 

(PMMA-PC/Sb2O3-GO) 

Nanocomposites 
1.4 10.6×10

11
 

(PMMA-PC/Sb2O3-GO) 

Nanocomposites 
2.8 11.1×10

11
 

(PMMA-PC/Sb2O3-GO)  

Nanocomposites 
4.2 12.9×10

11
 

(PMMA-PC/ Sb2O3-GO)  

Nanocomposites 
5.6 14.3×10

11
 

 

4.4 The A.C Electrical Properties of (PMMA-PC/In2O3-GO) and 

(PMMA-PC/Sb2O3-GO)   Nanocomposites  

       The A.C electrical properties of (PMMA-PC/In2O3-GO) and (PMMA-

PC/Sb2O3-GO)  nanocomposites are involved dielectric constant, dielectric loss 

and A.C electrical conductivity were studied in frequency rang (100-5×10
6
) Hz 

at room temperature. 

4. 4. 1 The Dielectric Constant of (PMMA-PC/In2O3-GO) and (PMMA-

PC/Sb2O3-GO)  Nanocomposites. 

   The figures (4.28) and (4.29) illustrate the impact of In2O3,Sb2O3and GO 

nanoparticle concentrations on the dielectric constant of (PMMA-PC/In2O3-GO) 

and (PMMA-PC/Sb2O3-GO)  nanocomposites, respectively, at 100Hz. The 
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dielectric constant can be determined using equation (2.14). The figures indicate 

that the dielectric constant of (PMMA-PC/In2O3-GO) and (PMMA-PC/Sb2O3-

GO) nanocomposites increases as the concentration of In2O3, Sb2O3 and GO 

nanoparticles increases [142], as indicated in Tables (4.11) and (4.12), 

respectively. This behavior can be attributed to interfacial polarization within 

the nanocomposites in the applied alternating electric field and the increase in 

charge carriers [143].The dielectric constant of (PMMA-PC/In2O3-GO) and 

(PMMA-PC/Sb2O3-GO) nanocomposites is higher at 5.6wt% of In2O3,Sb2O3and 

GO nanoparticle concentration due to the high dielectric constant value of 

In2O3,Sb2O3and GO nanoparticles. This finding is in agreement with previous 

studied. Figures (4.30) and (4.31) present the variation of the dielectric constant 

of (PMMA-PC/In2O3-GO) and (PMMA-PC/Sb2O3-GO)nanocomposites with 

frequency, respectively [144]. As depicted in the figures, the dielectric constant 

of all prepared nanocomposites decreases with increase in the frequency of the 

applied electric field. This can be explained by the tendency of dipoles in the 

nanocomposite samples to orient themselves in the direction of the applied 

electric field and the reduction in space charge polarization to the total 

polarization [145]. 
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Figure (4.28) Effect of (In2O3 -GO )concentrations on dielectric constant for (PMMA- 

PC)  blend at 100Hz 

Figure (4.29) Effect of (Sb2O3 -GO )concentrations on dielectric constant for(PMMA- 

PC) blend at 100Hz 
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Figure (4.30) Variation of dielectric constants for (PMMA -PC/In2O3-GO)   

Nanocomposites with frequency at room temperature 

 

Figure (4.31) Variation of dielectric constants for (PMMA -PC/Sb2O3-GO 

 nanocomposites with frequency at room temperature. 
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Tables (4.11) Values of dielectric constant for ((PMMA-PC/In2O3-GO)    

Nanocomposites at 100 Hz.  

Electrical 

dielectric 

constant 

Concentrations 

of In2O3-GO NPs 

wt.% 

Samples 

1.63 0 (PMMA-PC/In2O3-GO)  Nanocomposites 

1.905 1.4 (PMMA-PC/In2O3-GO)  Nanocomposites 

3.498 2.8 (PMMA-PC/In2O3-GO)  Nanocomposites 

3.695 4.2 (PMMA-PC/In2O3-GO)  Nanocomposites 

4.134 5.6 (PMMA-PC/In2O3-GO)  Nanocomposites 

 

   Tables (4.12) Values of dielectric constant for (PMMA-PC/Sb2O3-GO)  

Nanocomposites at 100 Hz.  

 

Electrical dielectric 

constant 

Concentrations of 

Sb2O3-GO NPs 

wt.% 

Samples 

1.630 

 
0 

(PMMA-PC) blend 

2.102 

 
1.4 

(PMMA-PC/Sb2O3-GO) Nanocomposites 

2.908 

 
2.8 

(PMMA-PC/Sb2O3-GO) Nanocomposites 

3.051 

 
4.2 

(PMMA-PC/Sb2O3-GO)  Nanocomposites 

3.266 5.6 (PMMA-PC/Sb2O3-GO)  Nanocomposites 
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4.4.2 The Dielectric Loss of (PMMA-PC/In2O3-GO) and (PMMA-

PC/Sb2O3-GO)  Nanocomposites. 

Figures (4.32) and (4.33) display how the concentration of In2O3, 

Sb2O3and GO nanoparticles affects the dielectric loss of (PMMA-PC/In2O3-GO) 

and (PMMA-PC/Sb2O3-GO)nanocomposites at 100Hz. The dielectric loss of 

these nanocomposites can be measured using equation (2-25). The figures 

reveal that the dielectric loss increases with the concentration of In2O3, 

Sb2O3and GO nanoparticles, as depicted in Tables (4.13) and (4.14). The rise in 

the dielectric loss for (PMMA-PC/In2O3-GO) and (PMMA-PC/Sb2O3-

GO)nanocomposites with increasing of In2O3, Sb2O3and GO nanoparticle 

concentration is due to an increase in the number of charge carriers for 

(PMMA-PC/In2O3-GO) and (PMMA-PC/Sb2O3-GO) nanocomposites. At low 

concentrations, nanoparticles cluster together, but when In2O3, Sb2O3and GO 

nanoparticle concentration exceeds 5.6 wt.%, they form a path network in the 

nanocomposites.  Figures (4.34) and (4.35) illustrate how the dielectric loss of 

(PMMA-PC/In2O3-GO) and (PMMA-PC/Sb2O3-GO) nanocomposites varies 

with frequency [146]. For all prepared nanocomposites, the dielectric loss 

decreases as the frequency of the applied electric field increases. This decrease 

in dielectric loss with increasing frequency is due to the reduced contribution of 

space charge polarization. At lower frequencies, the dielectric loss for (PMMA-

PC/In2O3-GO) and (PMMA-PC/Sb2O3-GO) nanocomposites is high, because 

the electric dipoles have sufficient time to align with the applied electric field 

before it changes direction [147].  
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       Figure (4.32): Effect of(In2O3 - GO)  NPs concentrations on dielectric loss for  

(PMMA- PC) blend at 100Hz. 

 

 

Figure (4.33) Effect of(Sb2O3 - GO)  NPs concentrations on dielectric loss for (PMMA- 

PC) blend at 100Hz 
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Figure (4.34 ) Variation of dielectric loss for (PMMA -PC/In2O3-GO)  Nanocomposites 

with frequency at room temperature. 

 

Figure. (4.35 ) Variation of dielectric loss for (PMMA -PC/Sb2O3-GO)  Nanocomposites 

with frequency at room temperature. 
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Tables (4.13) Values of dielectric loss for (PMMA-PC/In2O3-GO) Nanocomposites at 

100 Hz. 

Electrical 

dielectric loss 

Concentrations of In2O3 

NPs wt.% 
Samples 

0.114 0 (PMMA-PC) blend 

0.190 1.4 
(PMMA-PC/In2O3-GO) 

Nanocomposites 

1.224 2.8 
(PMMA-PC/In2O3-GO) 

Nanocomposites 

2.217 4.2 
(PMMA-PC/In2O3-GO)  

Nanocomposites 

4.340 5.6 

(PMMA-PC/In2O3-GO)  

Nanocomposites 

 

      Tables (4.14) Values of dielectric loss for (PMMA-PC/Sb2O3-GO) Nanocomposites.  

Electrical 

dielectric loss 

Concentrations of Sb2O3 

NPs wt.% 
Samples 

0.0256 0 (PMMA-PC) blend 

0.1170 1.4 
(PMMA-PC/Sb2O3-GO) 

Nanocomposites 

0.286 2.8 
(PMMA-PC/Sb2O3-GO) 

Nanocomposites 

0.301 4.2 
(PMMA-PC/Sb2O3-GO)  

Nanocomposites 

0.319 5.6 

(PMMA-PC/Sb2O3-GO)  

Nanocomposites 
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4.4.3 The A.C Electrical Conductivity of (PMMA-PC/In2O3-GO) and 

(PMMA-PC/Sb2O3-GO)  Nanocomposites 

 Equation (2-20) is utilized to measure the A.C electrical conductivity of 

nanocomposites, and the effect of In2O3,Sb2O3and GO nanoparticles on A.C 

electrical conductivity for (PMMA-PC/In2O3-GO) and (PMMA-PC/Sb2O3-GO) 

nanocomposites is displayed in figures (4.36) and (4.37), respectively, at 100 

Hz. The results depicted in Tables (4.15) and (4.16) demonstrate that the 

electrical conductivity of nanocomposites increases with increasing In2O3, 

Sb2O3and GO nanoparticle concentrations [148]. This phenomenon can be 

attributed to the increase in the number of charge carriers due to the doping 

effect of the nanoparticles, which gradually decreases the resistance of 

nanocomposites and increases A.C electrical conductivity. At concentrations of 

5.6 wt.% for (PMMA-PC/In2O3-GO) and (PMMA-PC/Sb2O3-GO) 

nanocomposites, nanoparticles create a path network within the nanocomposite 

[149]. Figures (4.38) and (4.39) exhibit the variation of A.C electrical 

conductivity of (PMMA-PC/In2O3-GO) and (PMMA-PC/Sb2O3-GO) 

nanocomposites with frequency at room temperature, respectively. As 

illustrated, the A.C electrical conductivity of all prepared nanocomposites 

increases with the frequency of the electric field due to space charge 

polarization at low frequencies and the mobility of charge carriers by the 

hopping process. The mobility of charge carriers is boosted in the high-

frequency range, leading to an increase in electrical conductivity for (PMMA-

PC/In2O3-GO) and (PMMA-PC/Sb2O3-GO)  nanocomposites, as reported by 

previous researchers [150]. 
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Figure (4.36)  effect of (In2O3 -GO)concentrations on A.C electrical conductivity for 

(PMMA-PC) blend at 100Hz. 

 

Figure (4.37):effect of (Sb2O3 -GO)concentrations on A.C electrical conductivit for 

(PMMA-PC) blend at 100Hz. 
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Figure (4.38) Variation of A.C electrical conductivity for (PMMA -PC/In2O3- GO)   

nanocomposites with frequency at room temperature. 

Figure (4.39) Variation of A.C electrical conductivity for (PMMA -PC/Sb2O3- GO)   

nanocomposites with frequency at room temperature. 
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Tables (4.15) Values of Electrical Conductivity for( PMMA-PC-In2O3-GO)  

Nanocomposites at 100 Hz. 

Electrical  

Conductivity 

(Ω.cm)
-1

 

Concentrations of 

In2O3-GO NPs wt.% 
Samples 

0.063×10
-10

 0 (PMMA-PC) blend 

0.106×10
-10

 1.4 
(PMMA-PC/In2O3-GO) 

Nanocomposites 

1.42×10
-10

 2.8 
(PMMA-PC/In2O3-GO)  

Nanocomposites 

1.23×10
-10

 4.2 
(PMMA-PC/In2O3-GO) 

Nanocomposites 

2.41×10
-10

 5.6 
(PMMA-PC/In2O3-GO) 

Nanocomposites 

 

  Tables (4.16) Values of Electrical Conductivity for( PMMA-PC-Sb2O3-GO)  

Nanocomposites at 100 Hz. 

Electrical 

Conductivity 

(Ω.cm)
-1

 

Concentrations of 

Sb2O3-GO NPs wt.% 
Samples 

0.634×10
-10 

0 (PMMA/PC) blend 

1.52×10
-10

 1.4 

PMMA-PC/Sb2O3-GO 

Nanocomposites 

2.75×10
-10

 2.8 

PMMA-PC/Sb2O3-GO 

Nanocomposites 

3.05×10
-10

 4.2 

PMMA-PC/Sb2O3-GO 

Nanocomposites 

3.81×10
-10

 5.6 

PMMA-PC/Sb2O3-GO 

Nanocomposites 
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4.5 The Applications (PMMA-PC/In2O3-GO) and (PMMA-

PC/Sb2O3-GO) Nanocomposites. 

4.5.1 Application of Nanocomposites for Photocatalytic Activity 

 Figures (4-40) and (4-41)  show the behaviour of absorbance spectra for 

methylene orange dye with photon wavelength for (PMMA-PC/In2O3-GO) and  

(PMMA-PC/Sb2O3-GO) nanostructures samples is shown.The absorbance of 

MO is used to determine its degradation. Methylene orange dye absorption 

decreases in the UV region [151].The figures (4-42) and (4-43)  depicts the 

impact of Uv light time on Methylene orange absorption through (PMMA-PC) 

,(PMMA-PC/In2O3-GO) and  (PMMA-PC/Sb2O3-GO)nanocomposites at 475 nm 

. The figures show that the absorbance of methylene orangey dye decreases as 

the irradiation period increases. The results show that at 5.6 wt.% In2O3, Sb2O3, 

and GO NPs, the degradation ratio of methylene orange dye reaches 80% in 90 

minutes. The sample of nanocomposites (PMMA-PC/In2O3-GO) and  (PMMA-

PC/Sb2O3-GO) nanocomposites with a concentration of 5.6 wt.% In2O3, Sb2O3, 

and GO NPs in Tables (4-17) and (4-18) are regarded as the more excellent 

sample, exhibiting more significant decay in absorption compared to the other 

samples [152]. The degradation percentages of MO dye were used to assess the 

photocatalytic activity of (PMMA-PC/In2O3-GO) and  (PMMA-PC/Sb2O3-GO) 

nanocomposites as illustrated in figures (4.44) and (4.45). The figures clearly 

shows that as the irradiation time increases, the degradation percentages 

increase; this behaviour is due to a rise in electron-hole pairs and a reduction in 

fix replication[153],which causes a surge in the decay percents and, 

consequently, an rises in photocatalytic activity[154] . Figures (4.46) and (4.47)  

shows the plot of 𝑙  A∕A0 vs UV irradiation time for (PMMA-PC/In2O3-GO) and 

(PMMA-PC/Sb2O3-GO) nanocomposites. The reaction kinetics of MO dye 

decay using (PMMA-PC/In2O3-GO) and (PMMA-PC/Sb2O3GO) photocatalysts 
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were investigated using the Langmuir-Hinshelwood designed kinetics model we 

also observed a minimum half-life period (t1/2) of 38 min[155]. Because of the 

exact linear patterns between ln A/A0 and the time, The degradation of MO dye 

for nanocomposites was found to follow quasi-reaction kinetics[156]. 

 

Figure (4.40) Absorbance spectra of MO dye solution for (PMMA-PC/In2O3-GO): 

nanocomposites (A) for (PMMA-PC) blend (B) for 1.4 wt.% In2O3-GO NPs (C) for 2.8 

wt.% In2O3-GO NPs (D) for 4.2 wt In2O3-GO NPs )E( for 5.6 wt.% In2O3-GO NPs. 
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Figure (4.41) Absorbance spectra of MO dye solution for (PMMA-PC/Sb2O3-GO): 

nanocomposites (A) for (PMMA-PC) blend (B) for 1.4 wt.% Sb2O3-GO NPs (C) for 2.8 

wt.% (D) for 4.2 wt Sb2O3-GO NPs )E( for 5.6 wt.% Sb2O3-GO NPs. 
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Figure (4.42) Behavior of absorbance spectra of MO dye with UV irradiation time for 

(PMMA-PC/In2O3-GO) nanocomposites: (A) for (PMMA-PC) blend (B) for 1.4 wt.% 

In2O3-GO NPs (C) for 2.8 wt.% In2O3-GO NPs (D) for 4.2 wt In2O3-GO NPs )E( for 5.6 

wt.% In2O3-GO NPs. 
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Figure (4.43) the MO dye absorbance spectra activity with UV irradiation time in 

(PMMA-PC/Sb2O3-GO) nanocomposites: (A) for (PMMA-PC) blend (B) for 1.4 wt.% 

Sb2O3-GO NPs (C) for 2.8 wt.% Sb2O3-GO NPs (D) for 4.2 wt Sb2O3-GO NPs )E( for 5.6 

wt.% Sb2O3-GO NPs. Sb2O3-GO) NPs (D) for 4.2 wt Sb2O3-GO NPs (E) for wt.% 

Sb2O3-GO NPs. 
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Figure (4.44) Effect of UV-irradiation time on degradation percentage of MO dye 

solution for (PMMA-PC/In2O3-GO) nanocomposites  at 475 nm. 



Chapter Four                                                           Results and Discussion  

     

109 
 

 

Figure (4.45) Effect of UV-irradiation time on degradation percentage of MO dye 

solution for (PMMA-PC/Sb2O3-GO) nanocomposites  at 475 nm. 
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Figure (4-46) Shows the plot of 𝑙  A⁄A0 vs UV irradition time for (PMMA-PC/In2O3-

GO) nanocomposites 

 

Figure (4-47) Shows the plot of 𝑙  A⁄A0 vs UVirradition time for (PMMA-PC/Sb2O3-

GO) nanocomposites. 
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Table (4.17) Degradation percentage of (PMMA-PC) blend, and (PMMA-PC/In2O3-GO) 

Nanocomposites at 475 nm. 

Duration 

(min). 

MO  degradation % 

MO 

dye 

(PMMA-PC) 

blend 

(In2O3-GO)  Nanoparticles 

1.4 2.6 4.2 5.6 

0 0 0 0 0 0 0 

30 8 10 18 21 22 23 

60 7 15 29 34 45 55 

90 6 21 33 49 59 70 

 

Table (4.18) Degradation percentage of (PMMA-PC) blend and (PMMA-PC/Sb2O3-GO) 

Nanocomposites at 475 nm. 

Duration 

(min). 

MO  degradation % 

MO 

dye 

(PMMA-PC)  

     blend 

(PMMA-PC / Sb2O3-GO) 

Nanocomposites 

1.4 2.8 4.2 5.6 

0 0 0 0 0 0 0 

30 3 14 18 22 27 30 

60 4 19 29 36 52 61 

90 5 25 33 51 65 80 
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4.5.2 Application of Nanocomposites for Antibacterial Activity  

         Figures (4.48 to 4.53) show that both (PMMA-PC/In2O3-GO) and 

(PMMA-PC/Sb2O3-GO)  nanocomposites possess antibacterial properties 

against Staphylococcus aureus and Escherichia coli. The size of the inhibition 

zone increases with an increase in the concentration of Indium trioxide , 

antimony trioxide , and graphene oxide nanoparticles in the nanocomposites. 

The possible mechanism for this antibacterial activity is that the positively 

charged nanoparticles of the nanocomposites attract the negatively charged 

bacterial cells through electromagnetic forces [157]. This interaction leads to the 

oxidation of the bacterial cells, causing their instant death. Another possible 

mechanism for the antibacterial activity of the nanocomposites involves the 

release of electron-hole pairs from Indium trioxide , antimony trioxide , and 

graphene oxide nanoparticles upon exposure to visible or ultraviolet light [158] . 

Water molecules can interact with these electron-hole pairs, generating 

hydroxide ions (OH
-
) and hydrogen ions (

+
H). Oxygen molecules can also react 

with the nanocomposites to produce peroxide anions (O·
ˉ2

) which can react with 

hydrogen ions (
+
H) to form hydrogen peroxide (·HO2). This hydrogen peroxide 

can further react with hydrogen ions (
+
H) and electrons (e) to produce hydrogen 

peroxide (H2O2) molecules [159]. The concentration of H2O2 molecules 

generated depends on the surface area of the Indium trioxide , antimony trioxide 

, and graphene oxide nanoparticles. These reactive oxygen species (ROS) can 

penetrate the bacterial cell wall and cause damage, leading to their death. This 

process is referred to as ROS Generation by (PMMA-PC/In2O3-GO) and 

(PMMA-PC/Sb2O3-GO) nanocomposites [160]  : 

NCs +hυ → eˉ+h
+
 

H2O+h
+
 →OH

·
+H

+
 

eˉ+O2 →·Oˉ2 
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O
·-2

 +H
+
 →OH

·
 

2OH
·
+H

+
+eˉ→H2O2 

Hydrogen peroxide (H2O2) can only penetrate and destroy the bacterial 

membrane. Since the membrane carries negative charges, superoxide anions 

(O·
ˉ
2) and hydroxyl radicals (OH

·
) cannot penetrate and remain on the 

membrane surface. However, the interaction between illumination and these 

radicals generates oxidative stress, inhibiting bacterial proliferation[161]. 

 

 

 

 

 

 

 

 

 

 

Figure (4.48) Antibacterial activity of (PMMA-PC-In2O3-GO) and (PMMA -PC/Sb2O3- GO) 

nanocomposite. Zone of inhibition of (PMMA-PC-In2O3-GO) and (PMMA -PC/Sb2O3- GO) 

against Escherichia coli. 
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Figure (4.49) Antibacterial activity of (PMMA-PC-In2O3-GO) and (PMMA -PC/Sb2O 

GO) nanocomposite. Zone of inhibition of (PMMA-PC-In2O3-GO) and (PMMA –

PC/Sb2O3- GO) nanocomposite against Staphylococcus. 

 

Figure (4-50) Variation of inhibition zone diameter with (In2O3-GO)NPs concentrations 

against Staphylococcus for (PMMA-PC/ In2O3-GO) nanocomposites. 
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Figure (4-51) Variation of inhibition zone diameter with (In2O3-GO)NPs concentrations 

against Escherichia coli for (PMMA-PC/ In2O3-GO) nanocomposites. 

 

 

 

 

 

 

 

 

 

 

Figure (4-52) Variation of inhibition zone diameter with (Sb2O3-GO) -GO)NPs 

concentrations against Escherichia coli for (PMMA-PC/ Sb2O3-GO) nanocomposites 
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Figure (4-53) Variation of inhibition zone diameter with (Sb2O3-GO) -GO)NPs 

concentrations against Staphylococcus for (PMMA-PC/ Sb2O3-GO) nanocomposites. 
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4.6 Conclusions 

  In our study, the following results were obtained: 

1- The distributions of indium trioxide ,antimony oxide and graphene oxide 

nanoparticles additives are improved at (4.2 and 5.6) wt.% concentrations by 

forming a path network inside the (PMMA-PC) blend 

2- The XRD patterns of the prepared pure Sb2O3, In2O3, and GO 

nanoparticles show three peaks near 13.70°, 26°, and 30.8° of (Sb2O3), 

and three peaks of the cubic In2O3 crystal structure which is 

corresponding to the positions 2θ = 29.9
o
, 34.1

o
, and 47.8

o
 

respectively.The XRD pattern of graphene oxide shows a peak at 2θ = 

10.1° (d-spacing of 8.9 Å), the (100) diffraction peak at 2θ = 43.0° 

3- The optical properties of (PMMA-PC/In2O3-GO) and (PMMA-PC/Sb2O3-

GO) nanocomposites are enhanced as the weight percentages of (In2O3, 

Sb2O3, and GO) nanoparticles increase.When 5.6% (In2O3, Sb2O3, and 

GO) nanocomposites nanoparticles are added, , while the optical 

conductivity increases by 48% and 50%, respectively.  

4- The energy gaps for allowed transition decreased by 51% and 48%, 

respectively, and the indirect forbidden energy gaps reduced by 77% and 

80%, respectively. Additionally, the refractive index increases by 25% and 

22%, respectively.  

5- A.C electrical properties  of nanocomposites is increased with an increase in 

concentration of nanapartical. 

6- As the irradiation time increases, the absorbance of methylene orange dye 

solution in (PMMA-PC/In2O3-GO) and (PMMA-PC/Sb2O3-GO) 

nanocomposites decreases. the optimal photocatalytic activity occurs at a 

concentration of 5.6 %wt nanoparticles. The photodegradation percentage 

of MO dye is 10% within 30 minutes and 67% within 90 minutes. 
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7- The (PMMA-PC/In2O3-GO) and (PMMA-PC/Sb2O3-GO)nanocomposites 

have higher inhibition zone for S. aureus and E. coli bacteria at (4.2 and 

5.6) wt.% concentrations.  

 4.7  Suggestions for Future Work  

1- Studying the effect of In2O3, Sb2O3 and GO nanoparticles on the thermal 

conductivity of the (PMMA-PC) blend. 

2- Studying the mechanical properties of (PMMA-PC/In2O3-GO) and  (PMMA-

PC/Sb2O3-GO)  nanocomposites. 

3- Studying the D.C electrical conductivity at different temperatures of 

(PMMA-PC/In2O3-GO) and  (PMMA-PC/Sb2O3-GO)  nanocomposites. 

4-  Studying the presser sensors, swelling degree and contact angle /wettability 

application of (PMMA-PC/In2O3-GO) and (PMMA-PC/Sb2O3-GO)  

nanocomposites.
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 الخلاصة

 (PMMA-PC-In2O3-GO)كباث انُإَٚتاشخحغؼٛش َٕػٍٛ يٍ انً  انذساست حؼًُج ْزِ

and (PMMA-PC-Sb2O3-GO).  ٘ٔانبٕنٙ  انبٕنٙ يٛزٛم يٛزاكشٚلاث ) يٍعؼش انخهٛؾ  انبٕنًٛش

ٔاكسٛذ انزلارٙ ٔكسٛذ الاَخًٌٕٛ ٔا انزلارٙ انًٕاد انُإَٚت يٍ اكسٛذ الاَذٕٚو  ( ٔقذ حى اػافتكشبَٕاث

دساست حأرٛش انًٕاد  كًا حى يخخهفت يٍ انًٕاد انًؼافت. ٛتبُسب ٔصَ ٔبطشٚقت طب انًغهٕل    انكشافٍٛ

افت إنٗ انًؼافت ػهٗ انخظائض انخشكٛبٛت ٔانكٓشبائٛت ٔانبظشٚت نهًشكباث انُإَٚت ، بالإػانُإَٚت 

ٔقذ اظٓشث طٕسانًضٓش انؼٕئٙ ٔطٕس انًاسظ  َشاؽٓا انخغفٛض٘ انؼٕئٙ ٔانًؼاد نهبكخٛشٚا.

حخٕصع بشكم يخضاَس فٙ   انُإَٚت ٔانكشافٍٛ انزلارٙ  ٔالاَخًٌٕٛانزلارٙ اكاسٛذ الاَذٕٚو اٌ الانكخشَٔٙ 

 انخهٛؾ انبٕنًٛش٘ .

 13.30رلاد قًى قشٚبت يٍ  Sb2O3  ٔIn2O3  ٔGOنهضسًٛاث انُإَٚت انُقٛت  XRDأًَاؽ  ٔػغج

( Sb2O3( اَؼكاساث نـ )400( ٔ )222( ٔ )111دسصت ٔانخٙ حخٕافق يغ ) 30.4دسصت ٔ  22دسصت ٔ 

 In2O3( يٍ انٓٛكم انبهٕس٘ انًكؼب 440( ٔ )400( ٔ )100ػهٗ انخٕانٙ ، ٔرلاد قًى حقابم احضاْاث )

 29.9  ٔانز٘ ٚخٕافق يغ انًٕاػغ 
o

لأكسٛذ  XRDػهٗ انخٕانٙ. ٚظُٓش ًَؾ  43.4˚ٔ  34.1˚ ٔ 

 .( Å 4.5ٚبهغ  dدسصت )حباػذ  2θ = 10.1انضشافٍٛ رسٔة ػُذ 

ٕٚصذ حفاػم كًٛٛائٙ بٍٛ انخهٛؾ  اَّ لا كًا اظٓشث يُغٛاث حغٕٚلاث فٕسٚش نلاشؼت حغج انغًشاء

كباث اشخانبظشٚت نهً نهخظائض ػغج انُخائش انخضشٚبٛتبًُٛا ٔ. انبٕنًٛش٘ ٔانضسًٛاث انُإَٚت انًؼافت

الايخظاطٛت ، ٔيؼايم الايخظاص ، ٔيؼايم الاَقشاع ، ٔيؼايم الاَكساس ، ٔرٕابج  صٚادةانُإَٚت  

ٔفضٕة انطاقت نلاَخقال غٛش  انؼضل انغقٛقٙ يغ صٚادة حشاكٛض انضسًٛاث انُإَٚت ، بًُٛا حقم انُفارٚت 

ٔ حى دساست انخٕاص انكٓشبائٛت انًخُأبت ُإَٚت . انًباشش)انًسًٕط ٔانًًُٕع( بضٚادة حشكٛض انضسًٛاث ان

عٛذ اظٓشث انُخائش انخضشٚبٛت اصدٚاد كم يٍ رابج انؼضل ٔفقذاٌ  100Hz-5MHz) )  اثفٙ يذٖ حشدد

بضٚادة حشاكٛض   (PMMA-PC)نهخهٛؾ انبٕنًٛش٘ انؼضل انكٓشبائٙ ٔانخٕطٛهٛت انكٓشبائٛت انًخُأبت

 .انضسًٛاث انُإَٚت

 ٔ PMMA-PC/In2O3-GO))نًخشاكباث انُإَٚت ا ْزِاٌ  هخغفٛض انؼٕئٙ انخضشٚبٛت ن ُخائشان ٔبُٛج

  ((PMMA-PC/Sb2O3-GO انًزٛم انبشحقانٙ طبغت لاَغلالكبٛشة كًغفضاث ػٕئٛت  نٓا كفاءة 

MO  عٛذ ، ًٔٚكٍ حغسٍٛ َشاؽٓا انخغفٛض٘ انؼٕئٙ ػٍ ؽشٚق انخغكى فٙ حشكٛض انضسًٛاث انُإَٚت , 

يغ صٚادة ٔقج انخشؼٛغ ، يًا ٚشٛش إنٗ أٌ َشاؽ انخغفٛض انؼٕئٙ  MOُٚخفغ ايخظاص يغهٕل طبغت 

. ٔٚشصغ رنك إنٗ صٚادة َسبت انخغهم انؼٕئٙ نظبغت بضٚادة حشاكٛض انًٕاد انُإَٚت نهًشكباث انُإَٚت ٚخضاٚذ



 

 

MO ٔقذ حى دساست ػًش انُظف نخغهم  . انخغفٛض انؼٕئٙ انز٘ ٚغذد ارُاء ، ٔانخٙ حغذد َخٛضت حفاػم

حى حغهٛم يٍ بذء انخشؼٛغ .  34طبغت انًٛزٛم انبشحقانٙ ٔٔصذ اٌ ػًش انُظف نخغهم انظبغت ػُذ انذقٛقت 

 Langmuir-Hinshelwood( باسخخذاو ًَٕرس MOطبغت بشحقال انًٛزٛم ) اَغلالعشكٛت 

 PMMA-PC/Sb2O3-GO),(PMMA-PC/In2O3-GO)) انًخشاكباث انُإَٚتاخخبشث كًا،

)الاششٚشٛا(  ٔسانبت انضشاو )انًكٕساث انؼُقٕدٚت انزْبٛت(نهضشارٛى ػذ انبكخٛشٚا يٕصبت انضشاو اثًؼادك

 .انُإَٚتانضسًٛاث  يُطقت انخزبٛؾ يغ صٚادة حشكٛض صادث عٛذ
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