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Summary 
     This study found on the effect of the film thickness on the optical and electrical 

properties of (PMMA-PbO) nanocomposites.  (PMMA-PbO) nanocomposites were 

prepared by casting method, with an average particle size 66 nm and weight percentages 

of lead oxide nanoparticles (0,1,2, and 3) wt%, micrometer was used to determine the 

thickness of the samples, and found to be within (60, 120, 220) μm. 

      The optical microscope images showed that lead oxide nanoparticles form a 

continuous network inside the polymer at 3wt.%. The FTIR displacement spectra appear 

in some ranges and change in intensity, and this indicates the absence of a chemical 

reaction, but rather the occurrence of physical interconnection. The surface morphology 

of the (PMMA-PbO) nanocomposite films is revealed by using scanning electron 

microscopy (SEM), which reveals several aggregates randomly distributed on the top 

surface, which are homogeneous and coherent.  

       The optical properties show that the absorbance, absorption coefficient, extinction 

coefficient, refractive index, and dielectric constant (real, imaginary) increased with the 

increasing film thickness, and concentrations of (PbO) nanoparticles. The energy gap 

decreased with the increasing of film thicknesses and the concentration of the lead oxide 

nanoparticles. 

       The dielectric constant, dielectric loss, and A.C electrical conductivity for (PMMA-

PbO) nanocomposites increased with the increasing the films of thicknesses and the 

PbO nanoparticles concentration. While, the dielectric constant, and dielectric loss for 

(PMMA-PbO) nanocomposites are decreasing with the increase of frequency of the 

applied electric field, on the other hand, the A.C electrical conductivity increased with 

the increasing of the frequency.  

      Since these nanocomposites absorb well at high frequencies, they are used to 

attenuate radiation such as gamma rays. (PMMA-PbO) nanocomposites show good 

linear attenuation coefficients for gamma ray radiation.                                              
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1.1  Introduction  

        Polymers are defined as macromolecules composed of one or more 

chemical units (monomers) that are repeated throughout a chain. 

Polymers are of profound interest to society and are replacing metals in 

diverse fields of life, which can be further modified according to modern 

applications. They are more desirable than traditional materials in such 

areas as packaging, construction, and medical applications.The 

processing of polymeric materials depends on applied heat and pressure 

etc… [1].  

      Today, it is possible to create polymers from different elements with 

almost any quality desired in an end product. Some polymers are similar 

to existing conventional materials but with greater economic values, some 

represent significant improvements over existing materials, and some can 

only be described as unique materials with characteristics unlike any 

previously known to man. Polymer materials can be produced in the form 

of solid plastics, fibers, elastomers, or foams. They may be hard or soft or 

maybe films, coatings, or adhesives. They can be made porous or 

nonporous or can melt with heat or set with heat. The possibilities are 

almost endless and their applications fascinating [2,3].  

       The polymer compound is a one-phase rigid multi-phase compound 

with separate polymer matrices in two or three dimensions. In addition, 

polymer compounds can be used as high-performance components, as the 

reinforcement properties differ considerably and are better than the 

matrix properties. Polymer composites have excellent mechanical 

strength and stiffness, and are corrosion resistant [4]. A particular feature 

of polymers is the possibility of linking together separate chains to form 

networks. Such cross-links can be introduced by copolymerizing a 
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monofunctional monomer such as styrene with a dysfunctional monomer 

such as divinylbenzene [5]. Polymers, such as polymethyl methacrylate, 

have excellent attention in many applications because of their unique 

properties:" low density, ability to form intricate shapes, and low 

manufacturing cost" [2].               

1.2 Structure of polymer 

      The physical characteristics of polymer materials depend not only on 

molecular weight and shape but also on molecular structure. The different 

types of polymer chains, as shown in Figure (1-1) [6]:  

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 - lower density. 

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. 

4. Network polymers: 3D networks made from trifunctional mers. 

    Examples: epoxies and phenol-formaldehyde. 

 

Figure (1-1): Polymer Chains  

a) Linear polymers,  b) Branched polymers , c) Cross-linked , and d) Network polymers 

[6]. 
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1.3 Polymerization: 

       Polymerization is the process of transforming low molecular weight 

(monomers) to high molecular weight matters without making any 

change to the basic structure of molecules. Carothers (1940) and Flory 

(1953) divided polymerization processes into two groups [7]:   

1.3.1 Additional polymerization 

     It is also called chain-growth polymerization. The bearer of the chain 

is an ion or a substance that is charged with a single electron called a free 

radical [8]. 

     A free radical is formed by the decomposition of an unstable molecule 

of matter (initiator). It can react by opening the double bond to form 

another molecule that contains a single electron. In a very short time 

monomer molecules are added to the second chain, the process ends with 

the formation of two free radicals that eradicate each other, resulting in 

the formation of one molecule or more of the polymer. In this process, a 

polymer is formed in the first stages [8]. 

1.3.2 Condensation polymerization 

         It is also called step-growth polymerization. It takes place in 

compounds with low molecular weight, in this type of polymerization, 

two molecules that contain multi-functional groups react with each other, 

resulting in a bigger molecule that also contains multi-functional groups. 

In this process, a molecule of water may be eliminated. This process 

continues until the entire depletion of one of the reactants. In contrast 

with the additional polymerization, the polymer in the condensation 

polymerization is formed at the last stages of the polymerization process 

[9]. 
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1.4 Thermal classification of polymers:  

       Polymers are classified according to the effect of temperature in to :  

a. Thermoplastic polymers  

     The properties of these polymers are changed by the effect of 

temperature. When the temperature increases, they become flexible and 

sticky. By lowering the temperature, these polymers return to their 

original solid state. This is because the molecules in a thermoplastic 

polymer are connected by relatively weak intermolecular forces (Vander 

Vales forces). When heated, these molecules can slide over each other as 

in polystyrene, polyethylene, polypropylene and polyvinyl chloride, as 

shown in Figure (1-2 a) [10].  

b. Thermoset polymers  

     These polymers are chemically changed when heated. Thermosets are 

usually three-dimensional networked polymers in which there is a high 

degree of cross-linking between polymer chains, as shown in Figure (1-2 

b). After being heated, these polymers become insoluble, non-conductive 

of heat and electricity and hard because molecules of these polymers are 

connected by strong covalent chemical bonds. Phenol formaldehyde resin 

and urea-formaldehyde resin are examples of this type of polymer [11]. 

 

Figure (1-2): Schematic representation of (a) thermoplastic polymer,(b)thermosetting 

polymer [12]. 

  

b a 
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1.5 Composite materials 

       The word composite in the term composite material signifies that two 

or more materials are combined on a macroscopic scale to form a useful 

third material. The key is the macroscopic examination of a material 

where the components can be identified by the naked eye. Different 

materials can be combined on a microscopic scale, such as in alloying of 

metals, but the resulting material is for all practical purposes, 

macroscopically homogeneous, the components cannot be distinguished 

by the naked eye and essentially acts together. The advantage of 

composite materials is that, if well designed, they usually exhibit the best 

qualities of their components, and often some qualities that neither 

constituent possesses [13], they are engineered materials made from two 

or more constituent materials, with significantly different physical or 

chemical properties, which remain separate and distinct on a macroscopic 

level within the finished structure [14]. Polymer matrix-ceramic filler 

composites receive increased attention due to their interesting electrical 

and electronic properties, integrated decoupling capacitors, angular 

acceleration accelerometers, acoustic emission sensors, and electronic 

packaging is some potential applications fields [15]. 

1.6  Nanomaterials:   

       A material with dimensions below ''100 nm'' they have at least one 

unique property that is different from the bulk material and the 

characteristics can be applied in different fields such as nanoelectronics, 

pharmaceutical, and cosmetics. Several methods have been studied in 

fabricating these nanostructures which include laser ablation, chemical 

vapor deposition (CVD) [16], and template-directed growth [17].  

         Nanomaterials can be classified according to different approaches 

such as; according to the X, Y, and Z dimensions, according to their 



Chapter One                                  Introduction & Literature Review                         

  6  

shape, and according to their composition. A nanomaterial is an object 

that has at least one dimension in the nanometer scale [18]. 

Nanomaterials are categorized according to their dimensions into four 

classes [19] : 

1. Zero-dimension (quantum dot). 

2. One-dimension (quantum wire). 

3. Two-dimension (quantum well). 

4. Three-dimension (bulk). 

1.7 Nano composites 

      Nano composite polymers are defined as homogenous or 

heterogeneous, two-phase systems that consists of polymers and fillers 

with at least one dimension within the nano-range (1-100) nm. The fillers 

can be Nano fibers, two-dimensional clay platelets, one dimensional 

nanotube, or three-dimensional spherical particles. Polymers are the most 

popular materials used in the manufacturing of nanocomposites such as 

thermoplastics, thermosets or elastomers [20].  

       Over the past decades, polymer nanocomposites have drawn 

significant attention in both academia and industry, and they have 

become a crucial factor in the production of innovative advanced 

materials suitable for a range of uses, including electrical engineering 

[20]. Nano-composites are composed of synthetic and natural polymers, 

and nano materials, which refer to materials with nano sizes or are 

comprised from nano-sized building components [21]. The mechanical, 

electrical, thermal, electronic, and electro-chemical properties of 

nanocomposites can vary greatly from those of their component materials 

[22].  
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1.8 Materials Used in this Study 

1.8.1 Poly(methyl methacrylate) (PMMA) 

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

polymers. It is a significant and fascinating polymer due to its appealing 

physical and optical features, which determine its wide applicability. 

PMMA is a non-biodegradable polymer with good transparency, 

mechanical strength, less weight, and chemical resistance. Thermoplastic 

material with good tensile strength and hardness, and high rigidity. If it is 

polymerized between the float glass panels, it has a high shine on the 

surface [23]. Besides being polishable, it is weatherproof and resistant to 

weak acids and alkalis, non-polar solvents, fats, oils, and water without 

sacrificing its structural integrity. As a result of its outstanding light 

transmission and the fact that it can be colored to a high degree of 

saturation, (PMMA) is widely used in the lighting sector [24]. The 

PMMA (acrylic) polymer exhibits high levels of light transmission, 

making it an excellent choice for optical applications. PMMA enables 

more light to travel through it than glass or other polymers, allowing 92 

% of light to pass through. Table (1.1) shows the most important 

properties of PMMA polymer. These plastics can be easily thermoformed 

without any loss of visual clarity compared to polystyrene and 

polyethylene [25]. (PMMA) has been successfully utilized to freeze 

enzymes, build micro-locked devices, precipitate minerals, and freeze 

proteins and DNA [26]. Figure (1.3) shows the chemical structure of the 

PMMA polymer's repeating unit.  
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Figure (1.3): Chemical Structure of PMMA [27]. 

  Table (1.1) : A most important characteristics of PMMA [28].            

 

 

1.9  Nanomaterial used in this study 

1.9.1  Lead Oxide (PbO): 

       Lead monoxides are TCOs (transparent conducting oxides) with 

the dielectric constant of έ =25.9 PbO was seen as a surface modification 

layer in inverted cells of the polymer solar. α-PbO is sufficiently applied 

in photovoltaic uses because of their low band gap, whereas β-PbOs are 

applicable as a surface modification layer for lowering work functions 

[29]. The orthorhombic β-PbOs or tetragonal α-PbOs are found to be 

essential industrial raw materials. Well known for its bright color good 

PMMA Parameters 

C5O2H8)n) Chemical formula 

106 
ₒ
C Tg(

ₒ
C) 

1.49 Refractive index 

1.2 g/cm
3

 Density (g/cm
3
) 

160 
ₒ
C Melting point( 

ₒ
C) 
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photoconductivity and easy chemical conversion as a result, it has been 

widely used as the pigments for making coatings, paints and glasses, the 

key materials for fabricating electron tubes, television picture tubes and 

x-ray detectors and the raw materials for producing lead metal and its 

derivative [30]. The strong electro-chemical efficiency of PbO and its 

stability in the medium of acid have remarkably increased the amount of 

attention towards it in research [31]. The common properties of PbO are 

listed in Table (1.2). 

Table 1.2: Physical and chemical properties of lead oxide [32]. 

Property Value 

Molecular formula PbO 

Density (g/cm
3
) 11.34 (g/cm

3
) 

Melting temperature (Tm) 
o
C 327.5 

o
C 

Melting point 888
 o
C 

Boiling point 1477 °C 

Molecular Weight 223 g/mol 

PH Strong base 

  

1.10 Literature Review: 

     P. P. Jeeju et al. in (2013) [33], prepared films of ZnO/PS/PMMA 

nanocomposites by using the spin coating technique to enhance the 

optical properties of these nanocomposites. They found that the 

ZnO/PS/PMMA nanocomposite films with 10 wt.% ZnO content exhibits 

shielding in the UV region and, high transparency in the visible region. 

They found these results indicated optical limiting type nonlinearity in the 

films due to two-photon absorption. They also found that the minimum 

transmittance of around 0.25 has been observed in the ZnO/PS/PMMA 
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nanocomposite films which is much lower compared to that in 

ZnO/PMMA and ZnO/PS nanocomposite films. 

      K. Al-Ammar et al. in (2013) [34], studied the optical properties of 

CrCl2/PMMA composites, the samples were prepared with different 

concentrations of CrCl2 and with different thicknesses. They found that 

the optical constants were increased and the forbidden energy gap was 

decreased when the particles of CrCl2 increased inside the polymer. 

     W. A. Musa et al. in (2013) [35], studied the thickness effect on the 

optical constants of polymethacrylate (PMMA) doped by Potassium 

Iodide. They found that the transmission intensity decreases with 

increasing the film thickness, and the reflectance increases with the 

increasing film thickness. The dielectric constant (real and imaginary) 

was also found to be increasing with increasing the film thickness. 

      S. Sugumaran and C. S. Bellan in (2014) [36], studied the Al/PVA–

TiO2/Al and Al/PMMA–TiO2/Al sandwich structures were prepared to 

study the dielectric behavior. The presence of metal–oxide (Ti–O) bond 

in the prepared films was confirmed by Fourier transform infrared 

spectroscopy. X-ray diffraction pattern indicated that the prepared films 

were predominantly amorphous in nature. Scanning electron micrographs 

showed a cluster of  TiO2 nanoparticles distributed over the film surface 

and also there were no cracks and pin holes on the surface. The 

transmittance of the films was above 80% in the visible region. The 

determined refractive index (n) values were between 1.6 and 2.3.  

       N. G. Hamed and M. Rahem in (2014) [37], studied the optical and 

electrical properties of Ag/PMMA composite, they prepared the samples 

as films with different concentrations by using the casting method. They 

found that there was a nonlinear proportion between the optical constants 

and the concentration ratio, which was attributed to their incompatibility. 
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Also, they found an increase in the absorption spectra with an increase in 

the silver concentration in Ag/PMMA composites, they refer it to the 

increase in localized states. They also found the best conductivity was at 

a 9%Ag ratio and the lowest receptivity. 

       B. H. Rabee and B. A. Al-Kareem in (2015) [38], studied the 

optical properties of (PMMA-CuO) nanocomposites by using the casting 

method for preparing these nanocomposites with different concentrations 

of CuO, they found that the absorption coefficient, extinction coefficient, 

refractive index, and real and imaginary dielectric constants of 

(PMMA/CuO) nanocomposites increased with the increasing of the 

copper oxide nanoparticles concentrations and the energy band gap of 

(PMMA/CuO) nanocomposites was decreased with the increase of the 

copper oxide nanoparticles concentrations. 

      R. T. Abdul Wahid et al. in (2016) [39], studied the structural and 

optical properties of (PVA-PbO) polyvinyl alcohol of solid polymer 

nanocomposites based on polyvinyl alcohol leads oxide. The results have 

shown that the refractive index and absorption coefficient of polyvinyl 

alcohol rose whenever the concentration of lead oxide nanoparticles 

increased, while the energy band gap was reduced with a rise in 

concentration. 

     P. Maji et al. in (2016) [40], studied the structural, dielectric, optical, 

and A.C conductivity properties of PMMA–ZrO2 polymeric 

nanocomposite films. They prepared these films by the casting technique. 

They found by using XRD that the polymeric PMMA–ZrO2 

nanocomposite films appeared to a crystalline nature, by the UV–VIS 

spectroscopy they found that the nanocomposite films had highly visible 

with light transparency and high UV shielding efficiency, and the 

dielectric permittivity and dissipation factor decreased with frequency 

and increased with temperature. In addition, the values for dielectric 
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constant found relatively high at low frequency (100 Hz) they attributed it 

to the existence of interfacial polarization. 

      j. k. Ahmed et al. in (2019) [41], studied the interactions between 

poly (methyl methacrylate) (PMMA) and poly (vinyl alcohol) (PVA) 

biopolymers with the natural polymer chitosan showing a clear 

depression in the glass transition temperature (Tg) in both biopolymers 

except with 7% chitosan shows an elevation in the Tg of (PVA). This can 

explain due to the ability of both (PVA) and chitosan to make hydrogen 

bonding with each other while (PMMA) can only accept acidic hydrogen 

whilst (PVA) has the ability to accept and donate acidic hydrogen with 

chitosan. Thus Tg begins to increase. From Tg values calculation of the 

energy accompanied with the addition of chitosan to the polymers was 

done. 

                A. A. Abid et al. in (2020) [42], studied the polymer mixture of PVA-

PVP-C. B (Carbon Black) nano-composites. The casting method was 

used to prepare these nanocomposites. Optical properties, FTIR, and 

optical microscope were examined as well. The absorbance of these 

nanocomposites increased with the rising rates of (C.B) nanomaterial 

concentrations. The energy bandgap of the nano-composites has 

decreased with the increase in carbon black (C.B) concentrations. These 

nanocomposites refractive index, absorption coefficient, extinction 

coefficient, and (real, imaginary) dielectric constants increased in 

proportion to the increase in carbon black concentrations. 

       A. A. Abid et al. in (2021) [43], studied the polymer blend (PVA-

PVP)-Carbon black (C.B) nanocomposites. The (PVA-PVP-C.B) 

nanocomposites were prepared by casting method. The optical 

microscope, FTIR, and electrical properties had been studied. The 

constant of dielectric with the dielectric loss of the samples were reduced 
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with increasing the value of frequency during the application of electric 

field, while an increase in the A.C electrical conductivity results existed 

with the rising the value of the frequency. The electrical conductivity 

(A.C), dielectric loss, and constant of all the samples were increased with 

the increase of the carbon black concentrations. 

       M. S. Toman and S. H. Al-nesrawy in (2021) [44], studied new 

fabrication (PVA-CMC-PbO) nanocomposites structural and electrical 

properties. They found that –the dielectric constant, dielectric loss and the 

A.C electrical conductivity for (PVA-CMC-PbO) nanocomposites are 

increasing with the increase of the lead oxide rate. The dielectric loss and 

dielectric constant are decreasing, with the increase of frequency.   

      M. A. Kadhim and E. Al-Bermany in (2021) [45], studied the 

mixed PMMA- dissolved in dimethylformamide (DMF) with PVA 

dissolved in distilled water (DW) and DMF. New (PMMA-DMF)-(PVA-

DW-DMF)/GO nanocomposite was successfully fabricated with various 

loading ratios of GO nanosheets for the first time. Several factors were 

applied to get fine desperation and homogeneous using the acoustic-

solution casting method. Optical Microscope, Fourier-transform infrared 

spectroscopy, X-ray diffraction,  and UV–visible spectrophotometer were 

applied to investigate the structure and optical properties of the PMMA-

PVA-GO nanocomposite. The OM images confirmed the fine 

homogenous matrix and GO distribution in the nanocomposites. These 

results could grow for better and wide applications such as radiation 

shielding, specific optoelectronic applications, and filters ultraviolet also 

could use in landfilling the chemical, nuclear, and radioactive waste. 

       O. B. Fadil and A. Hashim in (2022) [46], studied the fabrication 

and tailored optical characteristics of CeO2/SiO2 Nanostructures doped 

PMMA for electronics and optics fields. They discovered that the 
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absorbance of PMMA at the wavelength (λ) = 240 nm rose about 33.5% 

and transmission decreased about 53.7% when the CeO2/SiO2 NPs 

content reached (5.4 wt.%). The energy band gap of PMMA dropped 

from 4.14 eV for pure PMMA to 2.14 eV when the concentration of 

CeO2/SiO2 nanoparticles (NPs) reached  (5.4 wt. %). The optical 

parameters of PMMA, including refractive index, optical conductivity, 

and dielectric constants, increased with the addition of CeO2/SiO2 NPs. 

1.11 The Aims of the Study: 

         The aims of this study can be summarized in the following points: 

1. Preparing (PMMA-PbO) nanocomposites. 

2. Study of the structural, optical, and alternating current electrical 

characteristics of (PMMA-PbO) nanocomposites. 

3. Studying the attenuation of gamma rays by (PMMA-PbO) 

nanocomposites.
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2.1 Introduction: 

       This chapter involves a general description of the theoretical part of 

this study, physical concepts, scientific clarification, relationships, and 

laws used to interpret the study results of structural, optical, and electrical 

properties. Structural properties used in this study are given by (optical 

microscopic, Fourier Transform Infrared spectrometer (FTIR), Scanning 

Electron Microscope (SEM),optical properties of nanocomposite (the 

optical constants, fundamental absorption edge, electronic transitions), 

electrical properties (dielectric loss, dielectric constant, A.C electrical 

conductivity).  This explanation can be considered as a gateway to access 

scientific knowledge of polymer nanocomposites.                                       

2.2 Morphology and Structural Properties 

  2.2.1  Optical Microscope  

          A compound optical microscope is an optical instrument that 

magnifies an object (or specimen) and transmits the magnified image to 

the retina of the eye or to an imaging device through visible light, perhaps 

produced in its current form during the seventeenth century. While many 

elaborate designs strive to increase the resolution and contrast between 

samples, basic optical microscopes are sometimes rather simple. 

Historically, optical microscopes were simple to construct and remain 

popular owing to their use of visible light, which allowed the naked eye 

to observe materials directly [47]. Microscopy would be most frequently 

used to examine microscopic light-diffracting specimens such as diatoms, 

bacteria, and bacterial flagella, isolated organelles, and polymers such as 

flagella, cilia, microtubules, and actin filaments, as well as silver and gold 

grains in histologically labeled cells and tissues.  It is crucial to have an 

adequate quantity of scattering elements in the specimen, since an excess 
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may obscure fine detail by brightening the backdrop [48], as shown in 

Figure (2-1). 

 

Figure (2-1). Optical Microscope [49]. 

2.2.2 Fourier Transform Infrared Spectrometer (FTIR)  

         The Fourier Transform Infrared (FTIR) Spectroscopy is a non-

destructive chemical characterization method. This spectral region is 

classified into three regions far-infrared, near-infrared and, mid-infrared 

which are between (4~400) cm‐1, between (400~4,000) cm‐1 and lastly, 

between (4,000~14,000) cm‐1, respectively. FTIR spectroscopy is a 

vibrational spectroscopic method that can be used for the optical study of 

molecular shifts. The allowable existence of this technology relies on the 

identification of vibration in the sample by the chemical functional group. 

Wherever an interaction takes place between infrared light and matter, the 

chemical bonds will stretch. Infrared radiation is absorbed by the 

chemical functional group at a specific wavenumber frequency, 

independent of the rest of the molecule composition [50]. 

     The FTIR spectroscopy form is advantageous in several advanced 

areas, such as microanalysis (whereby higher sensitivity is needed), in the 
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dark, solid state samples or analysis of aqueous solutions that involve the 

focus on quantitative assessment, and in studies whereby study time is a 

limiting factor, such as in quality control measurements or processing 

[51], as shown in Figure (2-2).Various spectroscopic techniques are 

applied in studying the different samples. However, FT-IR spectrometers 

are becoming increasingly common because they deliver, speed precision 

and sensitivity which were previously difficult to obtain through 

dispersive spectrometer wavelengths. This technicality enables micro 

samples to be analyzed rapidly to reach for nano-gram levels. Given that 

FT-IR is a crucial tool for solving issues within various fields of study, it 

still needs more research, as its concepts vary from those dispersive 

spectroscopy techniques which use interferometers within spectrometers 

[52].     

 

Figure (2-2). Schematic Illustration of the FTIR System [53].  

 

2.2.3 Scanning Electron Microscope. 

         One of the most significant advancements in the field of electron 

beam technology throughout the twentieth century was the scanning 

electron microscope. Since the early 1960s, when the first commercial 
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equipment was introduced, the design of the scanning electron 

microscope has been constantly evolving and improving [54]. Electron 

microscopes operate on the same fundamental principles as light 

microscopes but magnify objects by focusing beams of powerful 

electrons rather than photons [55], as shown in Figure (2-3). 

 

Figure (2-3). Ray Diagram for a system of SEM [56]. 

2.3  Optical Properties:  
         
        The optical absorption spectroscopy technique is a very efficient 

method for examining electronic changes induced by light. Additionally, 

they investigate the energy gap and band structure of crystalline and 

amorphous materials theoretically. According to this idea, photons with 

an energy level greater than the band gap energy are collected by the 

absorption and transition of ultraviolet and visible light [57,58]. 

In recent years, the search for optical properties has increased due to 

their use in integrated optics, such as optical data storage and optical 
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information. Research on the optical and electrical properties of polymers 

has also received a great deal of interest in the light of their application in 

similar apparatus. Electrical conduction in polymers was examined with a 

view to understanding the characteristic features of the load transport 

prevailing in these materials, whereas optical properties are developed to 

enhance reflective and anti-reflective interference and polarization 

properties [59]. 

2.3.1 Absorbance (A) 

           Absorbance is defined as the intensity of the absorbed light (IA) by 

the materials to the incident intensity of light (Io) as a ratio, which is 

given in the following equation [60].  

A = 
  

  
 ……………………………………………………..(2.1) 

2.3.2  Transmittance (Tr)  

          The intensity of transmitted rays from the film (IT) over the 

intensity of incident rays on the film (Io) is called the transmittance (Tr) 

and can be obtained as follows [61].  

Tr=IT/Io   ……….…………….……………………………..(2.2) 

  
2.3.3 The absorption coefficient (α)  

         An absorption coefficient can be described as the ratio at which 

incoming radiation decreases proportionately to the unit length of the 

medium in the direction of wave propagation [62]. It depends on the 

photon energy (hυ) Photon energy created by Planck  s relationship [59]:  

E = hυ = 
  

  
 ………………………………………………………… (2.3) 

Where (c) represents the speed of light, and (λ) represents the wavelength 

of light. The absorption coefficient can be calculated by using Lambert's 

law which states that the absorbance of a material sample is directly 
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proportional to its thickness (path length) (t), and it can be written as the 

following [63]: 

 

  
  =      ………………………………………………………. (2.4) 

Where 
 

  
 the ratio of the transmittance intensity of the incident wave to 

the incident intensity of the same wave which represents the 

transmittance of the electromagnetic wave (T) and because the 

absorbance (A) is written as A= Log (
 

  
), then by doing some 

mathematical steps the absorption coefficient can be written as [63]: 

 𝛼 = 
     

 
A ……………………………………………………….(2.5) 

Where: 𝛼 is the absorption coefficient. 

2.3.4  Fundamental Absorption Edge  

          The fundamental absorption edge can be defined as the rapid 

increasing in absorbance when absorbed energy radiation is almost equal 

to the band energy gap; therefore, the fundamental absorption edge 

represents the less difference in the energy between the up point in the 

valance band to the bottom point in conduction band [64]. 

2.3.5 Absorption Regions 

         Absorption regions can be classified into three regions, as seen in 

Figure (2-4): 

A) High absorption region   

      In this area, the absorption coefficient is about (α ≥ 10
4
 cm

-1
) [65]. 

B) Exponential region  

      The value of absorption coefficient ( α ) is equal to (1 cm
-1

 < α < 10
4 

cm
-1

 ). It indicates the transition from the extended level at the top of the 

valence band towards the localized level at the conductive band and vice 

versa, from the local level at towards the extended level at the bottom 

from conductive band [66]. 
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C) Low absorption region   

       The absorption coefficient (α) in this region is very small, it is about 

(α<1cm
-1

). The transition happens in this region because of state density 

inside space motion resulted from faults structural [67]. 

 

 
Figure ( 2.4 ): The absorption regions [68]. 

 

2.3.6  Electronic Transitions 

           The electronic transitions can be classified basically into two 

types: 

2.3.6.1  Direct Transition 

          This transition occurs in semiconductors when the bottom of the 

conduction band (C.B.) is exactly over the top of the valence band (V.B.)                                                                                                 

indicating that they have the same wave vector value, i.e. Δ K=0; 

absorption occurs in this state when (hυ = Eg
opt

). The conservation of 

energy and momentum was needed for this transition form [69]. Direct 

transitions are classified into two kinds: 

A- Direct Allowed Transition :  

      This transition happens from the top points in the valance band and 

the bottom point in the conduction band [70], as shown in Figure (2-5 a). 
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B- Direct Forbidden Transitions:  

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

and the bottom points of the conductive band, as shown in Figure (2-5 b).  

The absorption coefficient for this transition type is given by [71]:  

αhυ = B (hυ -Eg
opt

)
r
 ………………………………………………….(2.6)  

Where: Eg
opt

. the energy gap between direct transition.  

B: constant depended on the type of material.  

r: exponential constant, its value depended on the type of transition,  

r =1/2 for the allowed direct transition.  

r =3/2 for the forbidden direct transition. 

2.3.6.2. Indirect Transitions  

        As for the electronic optical indirect transition, the bottom of the 

conduction band and the top of the valance band are in various regions of 

space (k). This type of transformation happens with the aid of the phonon 

to maintain the motion arising from variation in the electron wave vector. 

Two types of indirect transition exist, namely whenever the transition is 

between the top point of the valance band and the lower point of the 

conduction band, which is located in the various regions of the space (k) 

called allowed indirect transition as shown in Figure (2-5 c), and when 

these transitions happen between near points in the top of valance band 

and near points in the bottom of a conductive band called forbidden 

indirect transitions, as shown in Figure (2-5 d) [72]. As seen in Figure (2-

5), the coefficient of absorption for a transition with phonon absorption 

can be obtained through the following equation:  

αhν = B(hν - Eg
opt

 ± Eph )
r
…………………………………………… (2.7) 

Where (Eph) is the energy of phonon. The value is (-) when the phonon is 

absorbed, whereas it is (+) in case the phonon is emitted. The value of (r) 

is (2) and (3) for the allowed and forbidden indirect transitions, 

respectively. 
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   Figure (2-5): The Electronic transitions types of (a) Allowed direct, (b) Forbidden 

direct transition, (c) Allowed indirect, and (d) Forbidden indirect transitions [73]. 

2.3.7  The refractive index (n)  

           It is the ratio of light speed in a vacuum to its speed in a medium. 

This index shows how far a matter is affected by electromagnetic waves. 

It can be expressed by the following equation [74]: 

n = c/v ….………………………………………………………… (2.8)  

where (n) is the refraction index, (c) is the light speed in a vacuum, and 

(v) is the light speed in the matter. The reflectance (R) was calculated 

from the transmission (T) and absorbance (A) values through the 

following equation [75]:  

R+T+A=1 ……………………………………………………….. (2.9) 

The refractive index (n) can be calculated using the following equation  

[76]. 

  √   
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2.3.8 Extinction Coefficient (ko)  

          The extinction coefficient (Ko) presents the amount of attenuation 

of the electromagnetic wave that passes through a material. Its value is 

determined by the density of the free electrons within the material and its 

structure, and expresses by the following relationship [77]:                        

ko = αλ/4π …………………………………………………………(2.11)  

Where (k) is the extinction coefficient, and (λ) is the wavelength of the 

incident light.                                                                                         

2.3.9 The Dielectric Constant (ԑ)  

         The dielectric constant demonstrates matter's polarization 

capability; it may react exceedingly poorly to different frequencies, and 

electronic polarity dominates other forms of polarization at optical 

frequencies represented by light waves, both real and imaginary parts of 

dielectric constants (ε1, and ε2) are calculated as follows [78]:  

ɛ1 = (n
2
 - k

2
) …………………………………………………… (2.12)  

ɛ2 = (2nk) .…... ………………………………………………….(2.13) 

2.4 Electrical Properties  

       The electrical properties of a material are determined not only by the 

chemical composition but also by the arrangement of atoms in the solid, 

and the existence of defects when giving rise to the electron states in the 

energy gap which influence the electrical properties of a material. This 

defect can be reduced by many processes such as the annealing process 

[79]. Polymers are not entirely free of conduction mechanisms, a limited 

amount of charge carriers may have low-level conduction, and basically, 

insulating polymers may take a range of types. Conduction is very often 

caused by impurities that involve low concentrations of charge carriers 

that take form of electrons or ions [80]. Materials can be classified 
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according to their conductivity to insulators, conductors, semiconductors, 

and superconductors [76], whose conductivity ranges are 10
-18
–10

-8
 (Ω 

.cm)
 -1

, 10
-8
–10

3
 (Ω.cm)

-1
, over 10

3
–10

8
 (Ω .cm)

 -1
, and 10

8
–10

20
(Ω .cm)

- 1
, 

respectively [81]. Figure (2-6) described the conductivity of materials. To 

understand the electrical properties of the matter and how electrical 

conductivity takes place, it is necessary to know more about the energy 

levels of atom and the electronic distribution in these levels of energy gap 

in metals, semiconductors, and insulators electrons closer to the nucleus 

closely are connected to the atom. The more electrons are distanced from 

the nucleus, and the less is the connection of electrons to the nucleus. 

Consequently, an electron that occupies the orbital, which is the most 

distant from the nucleus, is the least connected to the nucleus. These 

electrons are called valence electrons. Valence electrons are distributed 

among many levels of energy, which are called valence band [82].  
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Figure (2-6): The Classification of Material Conductivity [83]. 

 

2.4.1 The A.C electrical conductivity   

          A.C conductivity affects the frequency of the electrical field [84]. 

Dielectric spectroscopy is based on the calculation of current and voltage 

phases and the amplitude A.C system. It is commonly used for the study 

of dielectric properties of polymers e.g. (ɛ', and tanδ) [85]. The electrical 

conductivity of isolation polymer materials can be improved through 

adding certain conductive fillers [86]. The dielectric constant is the ratio 
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of a condenser's capacitance with an insulator material between its 

conductive plates to the capacitance of a condenser of the same size with 

vacuum between its plates. Its value varies from material to material 

based on the amount of polarization that occurs in the material [87]. 

      When an alternating potential V = Vm      [87] is applied through  a 

capacitor (C) loaded with an insulator, the current going through the 

capacitor will precede the potential by  /2 [88] : 

                                              …….  (2.14) 

      Where (ω) is the applied angular frequency of the filed (ω=2πf), (j) 

refers to the number of imaginary and is equal to 1 ,  (C) is the 

capacitance of a capacitor, and (Vm ) is the highest voltage. The angle 

between electric current and voltage is less than π/2, as seen in Figure (2-

7). The sum of the conduction current (Ip) is assumed to be electric 

current. This is in the same phase with voltage, whereas the capacitates 

current (Iq) is with the phase variation (π/2). The current can be obtained 

through the equation below:  

                                             …….  (2.15) 

      The capacitance of a condenser consisting of two parallel plates can 

be defined through the following equation [89]:  

C =    
  

 
        ……. (2.16) 

where      is the area, and (d) is the thickness. 

By substituting equation (2.16) in (2.14), the following relation is 

obtained: 

I = j   ɛ ɛoV   /d                               ..….(2.17)        
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    The dielectric constant is then viewed as a complex quantity (ɛ). The 

difference of the real and imaginary components of the complex dielectric 

constant is defined as follows [90]: 

ɛ =  ɛ' - j ɛ''                                         ……(2.18) 

Where: ɛ'' is the dielectric loss.So,get:   

I =  j  ɛo 
  

 
 (ɛ'- j ɛ'') V                       ……(2.19) 

By comparing equation (2.19) to (2.15), the following can be obtained:  

Ip =   ɛo ɛ''  
  

 
 V                                …….(2.20) 

Iq =   ɛo ɛ'  
  

 
 V                                 …….(2.21) 

Figure (2.7) shows that the loss factor (tanδ) is [91]: 

tan δ = Ip / Iq = ɛ''/ ɛ'                               .…..(2.22) 

 

     The capacitor can be represented by an ideal capacitor connected in 

parallel with a resistance RP at low frequencies, so [88]: 

 

I = Ip + jIq = 
 

  
 + j  Cp                          ..….(2.23) 

After that, the impedance z is determined by:                     

 

 
 = 

 

  
 + j ω Cp                                     ..….(2.24) 

From equations (2.20), (2.21) and (2.23), one can write : 

RP = d /    ɛo ɛ''                                ……(2.25) 

  ɛ'' = 1 /    RP Co                               ……(2.26) 

  CP =  ɛo ɛ'    /d                                 ……(2.27) 

   ɛ' = CP / Co                                   ...…(2.28)    
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    The dissipated power in the insulator is represented by the existence of 

alternating potential as a function of the alternating conductivity, as 

explained in the following equation [92]: 

ζA.C    =   εo ɛ''                                …… (2.29) 

ζA.C represents the measurement of the temperature produced by the 

insulation material arising from the vibration of the charges or rotation of 

the dipoles in their positions. This is the result of the alternation of the 

field [93]. 

 

Figure (2.7): The circuit equivalent to a non-ideal capacitor [94].  

2.6 Gamma ray shielding application 

           The advent of nanocomposites has contributed to developing a 

novel generation of nanocomposite materials that have different 

approaches in engineering, military industrialization, and medicine [95]. 

Industrial, science, and technological instruments and communication 



Chapter Two                                                          Theoretical Part 

  31  

techniques have been used on a comprehensive scale [96]. However, 

electro-magnetic interference remains a big concern as it decreases the 

life and performance of the instruments [97]. A sufficient number of 

studies have been conducted on the effects rays of gamma radiation 

produced by gamma sources, nuclear reactors, and even nuclear medicine 

on non-and living systems. High density materials composed of high-

atom-number elements, such as lead or tungsten are the most effective 

shields for gamma-ray attenuation [98].  Interference electromagnetic 

shielding is the process in which electromagnetic radiation is absorbed or 

reflected by a material that acts as a barrier to radiation penetration 

through a shield [99].  

      With the use of active gamma ray isotopes in industry, agriculture, 

and medicine, researching the attenuation index of different materials has 

become significant both biologically and technologically [100]. The 

following equation shows the properties of the radiation attenuation: 

N = Nₒexp (−μt)                        …….   (2.30) 

Where (Nₒ) represents the number of radiation particles counted at a 

given time. The period shall be without any absorber. (μ) is the 

attenuation coefficient of gamma radiation. (N) is the amount of counted 

radiation particles at the same time, with the thickness of the sampled 

[101].                                               .
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3.1 Introduction: 

      This chapter discusses the processes involved in the preparation of 

samples, the use of instruments, and measurement methodologies. A 

general description of the materials (Polymethyl methacrylate (PMMA) 

and lead oxide (PbO)).  This study makes use of a variety of microscopy 

methods, including optical microscopy, Fourier Transform Infrared 

(FTIR), and scanning electron microscopy (SEM), as well as pictures and 

schematics of several electrical circuits. Additionally, it comprises the use 

of gamma ray shielding.                                                                 .              

                                               

3.2 The Utilized Materials  

3.2.1 Poly (methyl methacrylate) (PMMA)    

         The polymer was used as granular form and was obtained from 

Apha Co, India (5000 M.W) with high purity (99.99 %).  

3.2.2 Lead oxide nanoparticles (PbO) As  Additive nanomaterial 

        Lead oxide (PbO) was used as a powder with particle average 

diameter (66) nm from EPRUI USA company with high purity (99.9%). 

  3.3 Preparation of (PMMA-PbO)  Nanocomposites: 

      The following method is used to produce the (PMMA-PbO) 

nanocomposites , as shown in Figure (3.1):                                             

1. The nanocomposites were prepared by dissolving PMMA in 30 ml 

of chloroform and mixing the material with a magnetic stirrer to 

create a more uniform solution at room temperature.  
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2. The PbO nanoparticles were added to poly(methyl methacrylate) in 

various weight percentages (0,1, 2, and 3) wt.%, as shown in Table 

(3-1) and stirred for 1 hour to achieve a more uniform solution.                

3. Placing the mixture in a template (a 9cm diameter Petri dish) was 

well washed with distilled water many times.                                            

4. The casting method is used to produce the nanocomposites on the 

template Petri dishes, which are then allowed to dry (7 days).           

5. Micrometer was used to determine the thickness of the samples, 

and found to be within (60, 120, 220) μm. 

6.  Finally, the samples are ready for the procedure than necessary 

measurements.                                                        

Table (3-1): Weight percentages for (PMMA-PbO) nanocomposites. 

PbO (gm) PMMA(gm) 

0          1  

0.01 0.99 

0.02 0.98 

0.03 0.97 

                  

         To obtain different thicknesses of the prepared films, the amount of 

polymer added to the nanomaterial is doubled and then tripled. 
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Figure (3.1): Scheme of Experimental Part 

 

3.4 Structural Properties for (PMMA-PbO) nanocomposites 

3.4.1 Optical Microscope (OM) 

      The sample of (PMMA-PbO) nanocomposites is examined by using 

the optical microscope, which is supplied from Olympus name (Toup 

View) type (Nikon -73346) and equipped with light intensity automatic 

controlled camera. Under magnification (10x) , this measurement was 

   PMMA PbO nanoparticles  

Mixing by a magnetic stirrer 

PMMA-PbO) Nano-Composite) 

Measurements 

Electrical Properties Optical 

Properties  
Structural Properties 

Gamma Ray Shielding 

  

Casting method 
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implemented in University of Babylon / College of Education for Pure 

Sciences , Department of Physics. 

3.4.2 FTIR Spectral Characterization  

  FTIR spectra were recorded by FTIR ( Bruker company, German 

origin, type vertex -70). The considered wavenumber range is (4000-

1000) cm
-1

. This inspection was conducted at the University of Babylon 

/College of Education for Pure Sciences. 

3.4.3 Electron Scanning Microscope (SEM) 

         SEM is an electron microscope that employs a high-energy electron 

beam to take raster scan images of the sample surface. Following sample 

preparation, the part of each sample with dimensions (5 mm x 10 mm) 

was cut and pleased into the SEM sample holder for examination. The 

surface morphology of (PMMA-PbO ) composites is observed using 

(INSPEC F50 FE-SEM. fei company, made in Netherlands) used SEM is 

existent at the  ALKHORY COMPANY SEM LAB-BAGHDAD-IRAQ. 

 

3.5 Optical Properties Measurements  

       The optical characteristics of films of (PMMA-PbO) nanocomposites 

were determined using a double beam spectrophotometer (Shimadzu, 

UV-18000A) operating at wavelengths (200-1100) nm. This inspection 

was conducted at the University of Babylon /College of Education for 

Pure Sciences. 

3.6   A.C Electrical Conductivity of (PMMA-PbO) Nanocomposites. 

             A.C Electrical Conductivity was determined at the University of 

Babylon/College of Education for Pure Sciences. Using  (LCR) meter 

type HIOKI 3532-50 LCR Hi TESTER (Japan). The dispersion factor and 

capacitance of all samples were determined electronically at a frequency 
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between (100HZ - 6MHZ) at room temperature. These variables were 

used to compute the dielectric constant, dielectric loss, and conductivity. 

 

3.7  Gamma Ray Shielding Application Measurements of   

Nanocomposites 

        Gamma ray shielding measurements of (PMMA-PbO)  

nanocomposites have been performed to examine attenuation properties 

of gamma rays for the specimens with various concentrations of (PbO) 

nanoparticles and different thicknesses. Test specimens with varying 

concentrations and thicknesses were ordered in front of the parallel beam 

emanating from the gamma ray exporter (Cs-137). The nanocomposite 

(PMMA-PbO) sample is placed at a distance of 1 cm from the gamma ray 

exporter and for one minute. The emitted gamma ray influxes through the 

specimens are determined by the Geiger counter which used for an 

estimate the linear attenuation coefficients. 
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4.1 Introduction 

          This chapter showed the results of the study and discussion the 

results; structural, optical, and A.C electrical measurements were 

discussed in this chapter. The effect of the thickness of films and the 

effects of nanoparticle additive (PbO) were studied by optical 

microscope, Fourier Transform Infrared Spectrometer (FTIR). 

4 .2 Structural Properties of (PMMA-PbO) nanocomposites. 

4.2.1 The Optical Microscope (OM)   

         The OM images of the pure PMMA polymer surface and its 

nanocomposites film at magnification strength (10X)with different 

concentrations of PbO, and different thicknesses of films were seen in 

Figures (4-1), (4-2), (4-3), and (4-4). It is indicated good homogeneity 

and fine incorporation of PbO particles in the polymer films, which was 

improved with the increasing the proportions level. This  presented a 

successful preparation method that forms suitable conditions and used to 

prepare these composite films [102]. 

 

 

Figure (4-1): Photomicrographs (10X) for PMMA, with different thicknesses (A=60, 

B=120, C=220)μm. 

A 

A B C 
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Figure (4-2): Photomicrographs (10X) for (PMMA-PbO), with different 

thickness(A=60, B=120, C=220)μm, at 1wt% of PbO. 

 

Figure (4-3): Photomicrographs (10X) for (PMMA-PbO), with different 

thickness(A=60, B=120, C=220)μm, at 2wt% of PbO. 

   

Figure (4-4): Photomicrographs (10X) for (PMMA-PbO), with different 

thickness(A=60, B=120, C=220)μm, at 3wt% of PbO. 

4.2.2 Fourier Transform Infrared Radiation (FTIR) of(PMMA-PbO )                                                                            

Nanocomposites. 

       FTIR spectroscopy used to analyze the interactions among atoms or 

ions in (PMMA-PbO) nanocomposites, these interactions can include 

changes in the vibrational modes of the nanocomposites [103]. 

A B C 

A B C 

A B C 
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Figures (4.5),(4.6),(4.7), and (4.8) show the FTIR spectra of (PMMA-

PbO) nanocomposites at different concentrations (0,1,2 , and 3) wt% of 

(PbO), and different thicknesses (60,120, and 220)μm. It has been 

registered in the range ( 4000-1000) cm
−1

. In Figure (4.5) (A), the FT-IR 

range of nanocomposites is shown peak  at 2950.08 cm
-1

, this peak is 

recognized as stretching vibrations of (C-H), the absorption band at 

1721.14 cm
-1

 is characteristic of C=O stretching vibration from PMMA. 

The band at 1434.92cm
-1

 attributed to C-H bending  while, the absorption 

band at 1240.18 cm
-1 

represents C- C also from PMMA. The absorption 

band at 1143.79 cm
-1 

represents C-O stretching vibration in PMMA, and 

Figure (4.5) (B), was presented various peaks such as, 1239.78, 1143.36 

cm
-1

 that were belong to CH2 bending, )C-O   ( stretching, and peak at 

2360.91 cm
-1

, stretching vibrations were attributed to (O-H), the peak at 

1719.71cm
-1 

C=O stretching, and FT-IR spectrums of Figure (4-5) (C), 

shown stretching vibrations of (C-H) at 1435.02cm
-1

, and peak at 1720.76 

cm
-1

 of (C=O), and two peaks at 1240.18, 1143.73 cm
-1

 of  CH2, C-O 

bonds, respectively [104]. In the case of (PMMA-PbO) with different 

PbO ratios , and different thicknesses, when compared to a pure PMMA 

film, the FT-IR spectrum reveals a shift in the location of the peaks, as 

well as changes in the form and intensity of the peaks and bands. Using 

this example, we can see how the interaction of  PbO nanoparticles with 

the polymer results in a decoupling of the associated vibrations [105], and 

it was observed that when the amount of lead oxide nanoparticles 

increased, the transmittance decreased. The increased density of the films 

results in a rise in the number of atoms and ions in the light path, as well 

as an increase in the UV absorbance inverse the IR absorbance, as seen in 

Figures (4.6), (4.7), (4.8). ( A-B-and C) , these findings are similar to 

previous study findings [106].  
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Figure(4.5): FTIR spectra of pure PMMA with different thickness (A=60, B=120, 

C=220)μm. and 

A 

B 

C 
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Figure (4.6): FTIR spectra of (PMMA-PbO) nanocomposites at 1wt% of PbO 

with different thicknesses (A=60, B=120, and C=220) μm.   

B 

A 

C 



                        Results, and Discussion                       Chapter Four           

  40  

 

 

 

 Figure (4.7): FTIR spectra of (PMMA-PbO) nanocomposites at 2wt% of 

PbO with different thicknesses (A=60, B=120, and C=220) μm.  

C 

B 

A 



                        Results, and Discussion                       Chapter Four           

  42  

 

 

 

Figure (4.8): FTIR spectra of (PMMA-PbO) nanocomposites at 3wt% of PbO,  

with different thicknesses (A=60, B=120, and C=220) μm. 

C 

B 

A 
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4.2.3 Scanning Electron Microscopy (SEM)  

          SEM technique is used to quantify the dispersion of 

nanocomposites particles inside the polymer matrix and to conduct a 

complete investigation of the influence of lead oxide nanoparticles 

material.  SEM images of the (PMMA-PbO) nanocomposites films with 

various concentrations of  Lead Oxide nanoparticles content are shown in 

Figure (4.9). Since image (A) is found in Figure (4.9), the polymer is 

softer, homogeneous, and cohesive, and as shown in the figures below, 

the inclusion of Lead Oxide nanoparticles in the compounds makes the 

polymer softer, homogeneous, and cohesive ( PMMA- PbO). They lead 

to changes in surface morphology. It is clear from the picture that the 

grain clumps with an increase in the lead oxide nanoparticles. as seen in 

the picture. The findings would demonstrate the membranes' surface 

morphology (PMMA-PbO).The number of aggregates or fragments 

randomly distributed on the upper surface of nanoparticles increases as 

the concentration of lead oxide nanoparticles increases [107,108].  
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(B)  A)) 

     

                             (C) (D) 

Figure (4.9):  FE-SEM images for (PMMA-PbO) nanocomposites (A) for  pure 

PMMA ( B) for 1wt.% PbO , (C) for 2wt.% PbO , (D) for 3wt.% PbO. 

 

4.3 The Optical Properties  

4.3.1 Absorbance (A). 

         The absorbance of (PMMA-PbO) nanocomposites was recorded for 

different thickness films for a range of wavelengths (180-1100) nm at 

room temperatures. Figure (4.10) shows the difference in absorbance of 

the nanocomposites (PMMA-PbO)  with the wavelengths of the incident 

light. Therefore, it gets high absorbance of samples for nanocomposites in 

the UV zone due to photon energy enough to interact with the atoms. By 

absorbing the photon with known energy variations, the electron is 

excited from a lower to a higher level of energy. Variations in the 
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absorbed and transmitted radiation can determine the types of possible 

electron transitions. Fundamental absorption of the absorbance spectra 

refers to the band or to the transition of the excitation [109]. In near-

infrared and visible regions, the absorption of all specimens for 

nanocomposites has a low value, and this behavior is caused by the 

energy of the incident photons; there is insufficient energy to interact 

with the atoms, so photons will be emitted as the wavelength increases. 

The figure showed that  increasing the film thickness increased the 

absorbance, this is because incoming light is absorbed by free electrons 

[110]. Additionally, increasing the weight proportions of lead oxide 

nanoparticles results in an increase in absorbance [111]. As shown in the 

figure, the absorbance has a higher value at 3wt% of PbO nanoparticles. 
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Figure (4.10): The absorbance variation of (PMMA-PbO) nanocomposites as a function 

of wavelength at different thicknesses.With different loading (A=0, B=1, C=2, and D=3) 

wt% of PbO nanoparticles.  
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4.3.2 The transmittance of (PMMA-PbO) Nanocomposite. 

          Figure (4.11) shows the optical transmittance spectrum as a 

function of the wavelength of incident light on (PMMA-PbO) films of 

different thicknesses and at different concentrations (0,1,2, and 3) wt% of 

lead oxide. The figure showed that the transmittance increases gradually 

according to the increase in wavelength and for all films due to a decrease 

in the absorbance with the wavelength, while the transmittance decreases 

with increasing thickness, the reason for the decrease in transmittance 

with increasing thickness is that it depends largely on the thickness factor. 

The reason for this is that the large thickness leads to the occurrence of 

the phenomenon of optical absorption, thus attenuating a large part of the 

radiation falling on the film [112]. Additionally, the figure illustrates the 

transmittance decrease with the increased concentration of (PbO) 

nanoparticles, this is caused by added (PbO) nanoparticles contain 

electrons in it are outer orbits can absorb the electromagnetic energy of 

the incident light and travel to higher energy levels, this process is not 

accompanied by the emission of radiation because the traveled electron to 

higher levels has occupied vacant positions of energy bands, thus part of 

the incident light is absorbed by the substance and does not penetrate 

through it [113].  
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Figure (4.11): Transmittance spectra (PMMA-PbO) Nanocomposites as a function of 

wavelength at different thicknesses, with different loading (A=0, B=1, C=2,  and D=3) 

wt% of PbO nanoparticles. 
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4.3.3  Absorption Coefficient (α). 

  

  The absorption coefficient(α) is calculated by using Equation (2.5) 

Figure (4.12) shows the absorption coefficient (α) as a function of photon 

energy for (PMMA-PbO) nanocomposites. It can be seen that the 

absorption coefficient is the smallest at high wavelength and low energy, 

this means that the possibility of electron transition is little because the 

energy of the incident photon is not sufficient to move the electron from 

the valence band to the conductive band (hv < Eg
opt

) [114]. At high 

energies absorption is bigger, this indicates that there is a high likelihood 

of electron transitions. As a result, the incident photon's energy is 

sufficient to transfer the electron from the valence band to the conduction 

band, indicating that the incident photon's energy exceeds the forbidden 

energy difference. This demonstrates how the absorption coefficient can 

help determine the nature of an electron transfer, when the values of the 

absorption coefficient are high (α >10
4
) cm

-1
 at high energies it is 

expected that direct transition of an electron occurs, the energy and 

moment are maintained by the electrons and photons, on the other hand, 

because the values of the absorption coefficient are low (α <10
4
)cm

-1
 at 

low energies, it is expected that indirect transition of an electron occurs, 

and the electronic momentum is maintained with the assistance of the 

phonon [115], among other results is that the coefficient of absorption for 

the (PMMA-PbO ) nanocomposites is less than (10
4 

cm
-1

), this explain 

that the electron transition is indirect. The figure shows that the 

absorption coefficient of the (PMMA-PbO) has a higher value at 3wt.% 

of PbO nanoparticles. 

 

 

 



                        Results, and Discussion                       Chapter Four           

  51  

 

 

 

 

 Figure (4.12): The absorption coefficient variation of (PMMA-PO) nanocomposites 

with the photon energies. With different loading (A=0, B=1, C=2, D=3) wt% of PbO 

nanoparticles.  
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4.3.4 Energy gaps of the (allowed and forbidden) indirect transition 

           Both the permitted and prohibited indirect transition band energy 

gap is determined using Equation (2.7). When the value of r =2 the 

permitted indirect transition band energy gap is calculated, but when the 

value of r =3 the prohibited indirect transition band energy gap is 

calculated. Figure (4.13) clarifies the energy gap for the allowed indirect 

transition (αhυ)
1/2

 (cm
-1

.eV)
1/2

 versus photon energy of (PMMA-PbO) 

nanocomposites, to calculate the energy gap, drawing a straight line from 

the upper part of the curve in Figure (4.13) to the (x) axis for the allowed 

indirect transition [116]. Figure (4.13) demonstrated a reduction in the 

energy gap as the thickness of the films increased, and this energy gap 

reduction might be a result of the presence of unstructured defects, which 

increase the density of localized states in the energy gap, hence 

decreasing the energy gap [117].  It is obvious that as the proportions of 

lead oxide nanoparticles increase the energy gap's values decrease. This is 

due to site levels are being created inside the restricted energy gap. 

Because of the increase in the ratio of lead oxide nanoparticles, a 

transition occurs in which electron transfers from the valence band to the 

local conduction belt, which explains the reduction in the energy gap with 

the increase in lead oxide nanoparticles [118].  Similarly, the prohibited 

transition of the indirect energy gap is determined. Figure (4.14) shows 

the prohibited transition of the (PMMA-PbO) nanocomposites' indirect 

energy gap. The value in Table (4.1) indicates that the  (PMMA-PbO ) 

nanocomposites have a lower value for energy gap at 3wt% of PbO 

nanoparticles the more we get a lower energy gap, the better the work 

will be and the closer we get to the semiconductor.    
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Figure (4.13):  The energy gap for the allowed indirect transition (αhυ)
1/2

 (cm
-1 

.eV) 
1/2 

versus photon energy of Eph(ev)  (PMMA-PbO) nano-composite with 

different thickness. With different loading (A=0, B=1, C=2, D=3) wt%of PbO 

nanoparticle.  
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Figure (4.14): The Energy gap for the forbidden indirect transition (α hυ) 
1/3

 (cm
-1.

 

eV) 
1/3

versus photon energy Eph(ev)  of (PMMA-PbO) nano-composite  

with different loading (A=0, B=1, C=2, and D=3) wt% of PbO nanoparticles. 
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Table (4.1): Energy Gap Values for Allowed and Prohibited Indirect Transitions 

in (PMMA-PbO) Nanocomposites.          

 

Prohibited 
Indirect 

Transition(ev ) 

Permitted 
Indirect 

Transition (ev) 

(PbO)wt% 
Nanoparticles  
concentration 

Thickness (μm) 

 

4 4.6  
 
0 

60 

 

3.6 4.4 120 

3.3 4.3 220 

3.2 4.1  
 
1 

60 

3 4 120 

 

2.9 3.9 220 

2.8 3.8  
 
2 

60 

2.7 3.7 120 

2.6 3.6 220 

 

2.5 3.5  
 
3 

60 

2.4 3.2 120 

2.2 3 220 

 

4.3.5 Refractive Index (n) 

         The refractive index was determined using the values of reflection 

(R) in Equation (2.10). Figure (4.15) shows the relationship between 

wavelength for nanocomposites (PMMA-PbO) and refractive index.  

From the figures the increase in the thickness of the film led to an 

increase in the refractive index, and, this behavior may be due to 

improvement in the structure of the film, reduction of dangling bonds and 

defects like vacancy sites, it yields more packing density [119], and the 

figure also shows that the refractive index increases with the increase in 

the concentration of nanoparticles (PbO) due to the increase in the density 

of nanocomposites in the UV region, and in visible and near IR region, 

low values are noted due to high transmittance [120]. The Figure (4.15) 
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showed that the refractive index has a higher values at 3wt% of PbO 

nanoparticles. 

 

 

 

  

Fig (4.15): Relationship between refractive index(n) for (PMMA-PbO) nano- 

composites with the wavelengths(nm), at different thicknesses with different loading 

(A=0, B=1, C=2, D=3) wt% of PbO nanoparticles. 
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4.3.6 Extinction Coefficient (K0)   

         Extinction coefficient (k) can be calculated by using Equation 

(2.11). Figure (4.16) illustrates the variation in the extinction coefficient 

with wavelength for (PMMA -PbO) nanocomposites. The figure indicates 

that as the thickness of the film increases, so does the extinction 

coefficient, the reason for this increase is attributed to the fact that the 

increase in thickness led to an increase in the number of photon collisions 

with the material, and thus the absorbance of the material will increase, 

and then the extinction coefficient will increase [35]. Also, it can be noted 

that the extinction coefficient increases with the increase of (PbO) 

nanoparticles. This is attributed to the increased absorption coefficient 

with the increase of weight percentages of  Lead oxide nanoparticles. 

This result indicates that the atoms of (PbO) nanoparticles will modify 

the structure of the host polymer [34]. Figure (4.16)  noted that the 

extinction coefficient has a higher values at 3wt% of PbO nanoparticles.  
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Fig (4.16): The relationship between the extinction coefficient and wavelength for 

different thickness (PMMA-PbO) nanocomposites, with different loading (A=0, B=1, 

C=2, and D=3) wt% of PbO nanoparticles. 
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4.3.7 The Real and Imaginary Parts of Dielectric Constant (ԑ1, and ԑ2). 

 The real and imaginary parts of dielectric constants (ɛ1, and ɛ2 ) can 

be represented as shown in Figures (4.17), and (4.18) for films (PMMA-

PbO)  nanocomposites. From these figures, it is noticed that the behavior 

of ɛ1 was the same as the refractive index due to the small values of k
2
 

compared to n
2
, whereas ɛ2 basically relies on the values of k, that is 

connected to the variety of absorption coefficient. Also, it is seen that the 

maximum values of the ɛ1 and ɛ2 were reached in the low wavelength 

region (absorption region) and the values of ɛ1 are higher than that of ɛ2. 

The real and imaginary dielectric constants (ɛ1, ɛ2 ) for (PMMA-PbO) 

nanocomposites have been calculated from Equations (2.12) and (2.13), 

respectively [121,122].  
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Fig (4.17): The real part ԑ1 of the dielectric constant of (PMMA-PbO) nanocomposites 

versus with wavelength (nm),  at different thicknesses, with different loading (A=0, B=1, 

C=2, D=3) wt% of PbO nanoparticles. 
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Fig (4.18): Imaginary dielectric constant as a function of wavelength for (PMMA-PbO ) 

nanocomposites with different thicknesses, and (A=0, B=1, C=2, 

D=3) wt% of PbO nanoparticles. 
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4.4 The A.C Electrical Properties.  

       The A.C electrical properties of (PMMA-PbO)  nano-composites 

include (dielectric constant, dielectric loss, and A.C electrical 

conductivity) with a frequency range (100Hz-6MHz) at room 

temperature. 

4.4.1 The Dielectric Constant.  

         Figures (4.19) and (4.20) illustrate the influence of film thickness 

on the dielectric constant. The figures show that the dielectric constant 

increase with increasing the film thickness. As seen in the figures, the 

dielectric constant increase with the increase of the concentration of lead 

oxide nanoparticles. This is attributed to the formation of a continuous 

network of lead oxide nanoparticles inside the nanocomposite. This was 

well shown in the microscopic photos taken for samples of (PMMA-PbO)  

nanocomposites. At a low concentration of 1wt.% of the lead oxide 

nanoparticles take the form of clusters or separated groups; hence, the 

dielectric constant becomes approximately low. On the other hand, at 

high concentrations (3wt.%), lead oxide nanoparticles form a continuous 

network inside the nanocomposite and so the value of the dielectric 

constant increase with the volumetric rate of the lead oxide nanoparticles 

[123]. It is apparent from the figures that the dielectric constant decreases 

with increasing applied frequency, due to the forms of polarization (ionic 

and electronic, dipolar, space charge), at low frequencies, the polarization 

of the space charge plays a significant role in increasing the dielectric 

constant. Becomes less contributing to the rise in frequency and more 

contributing of polarization, and this action induces the decrease in the 

dielectric constant values for all samples with an increase in the 

frequency of the electrical field, the other types of polarizations occur at 

subsequent frequencies. This is because the mass of the ion is greater than 
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that of the electron, as a result of which the electrons respond to even the 

high frequency of the field vibrations, which makes the electronic 

polarization the only type of polarization at higher frequencies [124].  

      However; dipoles will barely be able to orient themselves in the 

direction of the applied field in the high-frequency range, hence the value 

of the dielectric constant is almost constant. Figures (4.19), and (4.20) 

show that the dielectric constant has a higher value at 3wt% of PbO 

nanoparticles. 
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Figure (4.19): Variation of dielectric constant (ɛ') for (PMMA-PbO) nanocomposites 

with the frequency, at different thicknessesm, with different loading (A=0, B=1, C=2, 

and D=3) wt% of PbO nanoparticles. 
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Figure (4.20): Variation of dielectric constant ( ɛ') with the thickness  

of film (PMMA-PbO) nanocomposites. 
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         Figure (4.21) shows the dielectric loss of nanocomposites as a 

function of frequency. It is obvious from the figure that the values of 

dielectric loss are high at low applied frequency but they decrease with 

increasing frequency. This attributed to the decrease of the space charge 

polarization contribution when increasing the frequency. The highest 

value of the dielectric loss at f=100Hz for (PMMA-PbO) 

nanocomposites, this value represents the highest dielectric loss at a 

certain frequency, that is the highest absorption of an applied field [125]. 

The absorption happens due to the Maxwell-Wagner phenomenon which 

is caused by A.C current due to the difference of dielectric constant and 
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increasing to 2MHz, the dielectric loss is approximately constant for 

(PMMA-PbO) nanocomposites. This is attributed to the mechanism of 

other types of polarization that occurs at high frequencies [126]. By 

increasing the thickness of the film, the dielectric loss increases.  

Additionally, the dielectric loss value increases as the concentration of 

(PbO) nanoparticles rises due to the increase in charge carriers created by 

the rising  PbO nanoparticle concentration, as shown in Figure (4.22). 
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Figures (4.21) and (4.22) show that the dielectric loss has higher value at 

3wt% of PbO nanoparticles. 

 

 

 

 

Figure (4.21): Dielectric loss (ɛ") variation with the frequency for (PMMA-PbO) 

nanocomposites, at different thicknesses. With different loading (A=0, B=1, C=2, D=3) 

wt% of PbO nanoparticles. 
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Figure (4.22): Dielectric loss (ɛ") variation with the thickness of the films for (PMMA-

PbO) nanocomposites. 
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nanoparticles increase the conductivity of nanocomposites rises, as a 

consequence of a rises in ionic charge carriers and the formation of an 

internal network of (PbO) nanoparticles at the composites [128]. Figures 

(4.23) and (4.24)  show that the conductivity has a higher value at 3wt% 

of PbO nanoparticles.  

 

 

 

 

Fig(4.23):  Electrical conductivity (s/cm) variation with frequency (Hz) 

for (PMMA-PbO) nanocomposites. 
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Figure (4.24): Variation in the alternating current conductivity (s/cm) of (PMMA-PbO) 

nanocomposites with different thicknesses. 
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concrete because of its mobility, less electrical properties and the ability 

to avoid neutron emission [134].             

 

Figure (4.25): Variation of (N/Nₒ) for (PMMA-PbO) nanocomposites  

at different films thicknesses. 
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5.1 Conclusions:    

 

       From the obtained results and discussions, the following points are 

concluded:  

1- The optical microscope images show that Lead Oxide 

nanoparticles form a continuous network inside the polymer when 

the proportion of 3wt.%.  

2- FT-IR spectra show shifts in some bands and changes in the 

intensities of other bands compared with pure PMMA films. 

3- SEM shows the surface morphology of the (PMMA-PbO) 

nanocomposites films many aggregates or chunks randomly 

distributed on the top surface, homogeneous and coherent.  

4- The extinction coefficient, refractive index, and dielectric constant 

(real, imaginary) increase as the thickness of the film and the 

concentrations of PbO nanoparticles rise. these properties can be 

used for films in coatings, microsensors, and the manufacture of 

food and drug preservation boxes. 

5- The energy gap for indirect transition (allowed, forbidden) 

decreases with the increase of the film thickness and with the 

increasing concentrations of (PbO) nanoparticles. 

6- As the frequency of the applied electric field increases, the 

dielectric constant and dielectric loss of the (PMMA-PbO) 

nanocomposites reduce, while electrical conductivity (A.C) of 

(PMMA-PbO) increases as the frequency is increased, these 

properties can be used for films in capacitors, transistor, and 

electronic circuits. 

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

dielectric loss of (PMMA-PbO) nanocomposites for all 
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concentrations increase with increasing concentrations of lead 

oxide nanoparticles. 

8- The maximum absorbance is in the UV region then this film can be 

used in attenuation of high-frequency radiation. 

9- As the thickness of the film increases, the attenuation coefficients 

for gamma radiation increase. 

 

5.2  Future Works : 

  
1. Studying the mechanical and thermal properties of the (PMMA-

PbO)  nanocomposites.  

2. Study of the pressure sensors application of the (PMMA-PbO) 

nanocomposites. 

3. Effect of loading ratio of  PbO nanoparticle on optical and 

electrical properties of (PMMA-PbO) nanocomposites. 

4. Morphological and electrical properties of (PMMA-Ferrite 

material) nanocomposites and application.  

5. Study of the humidity sensors application of the (PMMA-PbO) 

nanocomposites.  

6. Study the effect of gamma rays on some physical properties of                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           

(PMMA- PbO) composite films.  
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الخلاصة 
 ٔانبظزٚت انكٓزببئٛت انخٕاص ػهٗ انغشبء سًك حأثٛز إنٗ انذراست ْذِ حٕطهج         

( PMMA-PbO) انُبَٕٚت كببثازخانً ححضٛز حى(. PMMA-PbO) انُبَٕٚت كببثازخنهً

 انزطبص كسٛذٔأ جشٚئبث يٍ ٔسٌ َٔسب َبَٕيخز 66 جشٚئٙ حجى بًخٕسظ ، انظب بطزٚقت

 حذٔد فٙ أَٓب ٔٔجذ ، انؼُٛبث سًك نخحذٚذ يٛكزٔيخز اسخخذاو حى ،  %wt(3 ,2 ,1 ,0) انُبَٕٚت

mµ(6011201220.) 

 شبكت حشكم انُبَٕٚت انزطبص كسٛذٔأ جشٚئبث أٌ انضٕئٙ انًجٓز طٕر أظٓزث              

 فٙ حغٛزٔ انُطبقبث بؼض فٙ إساحّ FTIR  أطٛبف حظٓز. wt.%3 ػُذ انبٕنًٛز داخم يسخًزة

 حىٔقذ . انفٛشٚبئٙ انخزابظ حذٔد إنٗ ٚشٛز بم ، كًٛٛبئٙ حفبػم ٔجٕد ػذو إنٗ ٚشٛز ْٔذا ، انشذة

 انًجٓز طزٚق ػٍ( PMMA-PbO) انُبَٕٚت كببثازخانً لأغشٛت انسطحٙ مٛشكخان ػٍ انكشف

 ػهٗ ػشٕائٛب   انًٕسػت انًجبيٛغ يٍ انؼذٚذ ػٍ ٚكشف ٔانذ٘ ،( SEM) انًبسح الإنكخزَٔٙ

 .ٔيخًبسكت يخجبَست حكٌٕ ٔانخٙ ، انؼهٕ٘ انسطح

 انخًٕد ٔيؼبيم الايخظبص ٔيؼبيم الايخظبطٛت أٌانبظزٚت  انخٕاص أظٓزث             

 حزاكٛشٔ الأغشٛت سًك سٚبدة يغ حشداد( ٔانخٛبنٙ ، حقٛقٙان) انؼشل ٔثببج الاَكسبر ٔيؼبيم

 انُبَٕٚت انجسًٛبث حزكٛشٔ انغشبء سًك سٚبدة يغ انطبقت فجٕة حقم(. PbO) انُبَٕٚت انجسًٛبث

 .انزطبص كسٛذٔلأ

-PMMA) انُبَٕٚت كببثازخنهً انكٓزببئٙ ٔانخٕطٛم انؼبسل ٔفقذ انؼشل ثببج ٚخشاٚذ         

PbO )انُبَٕٚت انجسًٛبث ٔحزكٛش الأغشٛت سًك سٚبدة يغ PbO . انؼشل ثببجبًُٛب ُٚبقض 

 شذة سٚبدة يغ( PMMA-PbO) انُبَٕٚت كببثازخنهً انكٓزببئٙ انؼشل فقذأٌ ، انكٓزببئٙ

  .انخزدد سٚبدة يغ AC انكٓزببئٛت انًٕطهٛت حشداد ، أخزٖ َبحٛت يٍ ، انًسهظ انكٓزببئٙ انًجبل

فأَٓب حسخخذو بًب أٌ ْذِ انًخزاكببث انُبَٕٚت حًخض بظٕرة جٛذة ػُذ انخزدداث انؼبنٛت            

يؼبيلاث  ( PMMA-PbO) حظٓزانًخزاكببث انُبَٕٚت فٙ حٍْٕٛ الأشؼبػبث يثم أشؼت جبيب.

 ٍْٕٛ خطٛت جٛذة لإشؼبع أشؼت جبيبح



 

   

  جوهـىرٌت العراق  

 وزارة الخعلٍن العلً والبحث العلـوً

 بابلجاهعت 

 كلٍت الخربٍت للعلىم الصرفت  

 قطـــن الفــٍسٌاء

  

   
               

 

حأثٍر الطوك على الخىاص البصرٌت و الكهربائٍت 

 –للوخراكب النانىي )بىلً هثٍل هٍثا اكرٌلٍج 

 أوكطٍذ الرصاص( وحطبٍقاحها

 رضالت هقذهت

 هخطلباث إلى هجلص كلٍت الخربٍت للعلىم الصرفت فً جاهعت بابل كجسء هن

 الفٍسٌاء/ نٍل درجت الواجطخٍر فً الخربٍت 

 

 قبل  هن

 هطرود بشائر عاٌذ كاظن

 بكالـىرٌىش حربٍت فـٍسٌاء

 م2109جاهعت كربلاء 

 

 بأشراف

 النصراوي هادي حطن أ.د.ضوٍر
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