
 

 

 Republic of Iraq  
Ministry of Higher Education & Scientific Research 
University of Babylon 
College of Education for Pure Sciences 
Department of Physics 

 

 

Silicon dioxide nanoparticles impact on the Physical 

Properties of Polymer Nanocomposites 

A Thesis 

Submitted to the Council of the College of Education for Pure Sciences, 

University of Babylon in Partial Fulfillment of the Requirements for the  Degree 

of Master in Education / Physics 

By 

Athar Iqbal Alawi abd alshahid 

B.Sc. in physics 

(University of Babylon, 2009) 

Supervised by 

 

Prof. Dr. Ehssan Dhiaa Jawad Al-Bermany 

 

2023 A.D.                                                                                    1445 A.H . 



 

 

 

 بسم ا الرحمن الرحيم 

  

 ﴿    كَان ٱ قُل لَّو رحلْب   اددا  م   ٰت قَبلَ أنَ    لْبحر ٱ   لنَفد   ربى   لِّكلَمـ

هْثلِا بمجِئْن َلوى وبر ـٰتمَكل ۦتَنفَد    ددا م    ﴾  

 

 صدق الله العلي العظيم

)١٠٩ة ( ي آ كهف:سورة ال   

 

 

 



 

 

 



 

 

 



 

 

 



I 
 

Acknowledgments 

      Thankfulness, praise be to Allah, the grace that befits his holy self, and 

peace and blessings be upon our messenger, Muhammad Bin Abd Allah, May 

Allah’s prayers and peace be upon him and his family and companions. After 

completing this work, it is my pleasure to extend my sincere thanks and 

appreciation to the owner of the generous hands, who contributed with his 

abundance of knowledge, his valuable time, and his sincere help in helping in 

my preparation of this letter, Professor Dr. Ehssan Dhiaa Jawad Al-Bermany.  

       Thanks to the Deanery of the College of Education for the Pure Sciences/ 

University of Babylon and the Department of Physics for allowing me to 

complete my letter. I also would like to thank all the teachers, instructors, and 

students of the Department of Physics for their assistance. Finally, many thanks 

go to those who supported me and alleviated the difficulties I have faced during 

my work and to everyone who helped me in one way or another while preparing 

this letter.  

 

 

 

 

 

Athar 

 



II 
 

Dedication 

To the best man in the universe, my father 

To the best woman in the universe, my mother 

To who gave me the endurance to complete my road, 

my husband 

To my brother and my sister 

To my close friends 

My beloved country Iraq 

The martyrs of Iraq with all the love and 

appreciation 

 

 

 

Athar 

   

 



III 
 

Summary 

      Silicon oxide nanoparticles (SiO2 NPs) attracted nanomaterials for tuning the 

structure, characterizations, band gap, and dielectric properties. This investigation 

focused on the impact of the SiO2 on newly ternary blend polymers to fabricate 

new nanocomposites. Polyacrylamide (PAAm), polyvinyl alcohol (PVA), and 

polyvinyl pyrrolidone (PVP) were mixed with different ratios and loaded with 

different ratios of SiO2 (x = 0.00, 0.01, 0.03, and 0.05) wt. % applying green-easy 

solution-casting procedure.  

 The study was divided into five chapters, chapter one focused on the introduction 

and literature survey, chapter two explained the thermotical parts, chapter three 

explained the experimental part, chapter four presented and discussed the results, 

and finally, chapter five summarized the conclusions and future works. 

Different characterizations used to investigate these new nanomaterials’ X-

ray diffraction (XRD), infrared Fourier transform spectrometer (FTIR), optical 

microscopy (OM), field emission scanning electron microscope (FE-SEM), UV 

visible light spectrometer (UV visible light spectrometer), AC ammeter and anti-

efficacy used for bacteria to examine samples and a Giger counter to detect 

susceptibility to ionizing radiation absorption.  

FTIR spectra showed a significant interaction between the polymer mixture and 

the nanomaterial. X-ray diffraction (XRD) patterns of the samples showed a wide 

peak between10 o- ~50o. The OM and FE-SEM images showed a homogeneous 

surface and an excellent distribution of nanoparticles in the mixture. 

The optical properties showed enhancement absorption from 0.73 to 0.91 

at 200 nm, and the energy gap improved from 4.8 to 3.4 eV for allowed indirect 

transition and from 4.2 to 3.1 eV for forbidden indirect transition. The absorption 

coefficient refractive index, extinction coefficient, real and imaginary dielectric 

constant, and optical conductivity improved with increasing the concentration of 
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SiO2 NPs, while the transmittance reduced with increasing concentration of SiO2 

NPs. The dielectric constant and loss improved from 0.20 to 0.53, and outstanding 

enhancement was presented in the electrical conductivity.  

 SiO2 nanoparticles have shown significant improvement in the inhibition 

zone of antibacterial activity from 0.00 to 24 mm of S. aureus and 23 mm of coli 

strip compared to the triple mixture of polymers. These nano compounds are 

promising for different applications and the results of gamma radiation shield 

applications for nano compounds have emerged in low transport radiation with 

increased SiO2 concentrations. Attenuation factors increase with the increased 

concentration of SiO2 nanoparticles. These nanocomposites are promising for 

solar cells, optoelectronics, biology applications, and light shielding applications. 
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1.1 General Introduction 

Triple blending polymers used that showed better absorption optical range 

and can be easily expanded. This impact comes from additional absorption of the 

third material that can be more expeditiously get donor acceptor interfaces 

through the transfer of the long-range energy    ]1[ . Compared to binary blend 

counterparts, there is a significant enhancement to the photocurrent generation of 

ternary blend polymer solar cells  [1,2]. Recently, a ternary structure has been a 

promising strategy to enhance the performances in binary polymer, fullerene, and 

bulk heterojunction polymer devices [3]. To boost the achievement in the material 

properties, incorporating the nanostructures such as SiO2 nanoparticles in these 

ternary blend’s polymer can play a unique role in improving the emission of the 

large band gap polymer by a mechanism, which is named charge trapping [2].  

Silicon is a promising material with significant advantages, such as a 

melting point (1700 °C), high chemical stability. These important features make 

silicon an essential insulator in electronic technology and a good thermal and 

electrical insulator [4]. In addition, most of the standard fiber optic connection 

current is made of silicon [5]. Nanoparticles can be created by depositing a 

silicon-rich material first, followed by thermal processors that cause excess 

silicon deposition [5]. silica or Silicon dioxide is the most common silicon 

dioxide in nature such as quartz [1]. silicon dioxide (SiO2)  a widespread 

adsorption material that is usually resistant to high temperature, low  cost and 

non-toxic [6]. The evolution of small ranges and the subsequent expansion of the 

impact range gap results from the drop in the diameter of silicon particles to the 

nanometric scale. Modern electronics rely heavily on crystal Silicon dioxide to 

produce nanocomposite materials for semiconductors and microelectronics [2,5]. 

These nanomaterials can benefit from beneficial features of both parts to 

manufacture polymer nanomaterials [8].  
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Generally, the use of most polymers was limited to the  manufacture of 

cheap products used for simple  purposes. However, rapid technological 

development has  required replacing some materials used in industry with others 

for better specifications [7,8]. Later, the development of polymer started to 

increase by leaps and bounds. Nowadays, scientists seek to produce cheap, 

flexible, and multi-purpose polymers. it is used in housing, automobiles, and 

different industrial applications. when these materials have developed, they have 

played a distinguished role in the evolution of electrical components and 

equipment [11]. Since most electrical properties are determined largely by 

primary chemical structure and are relatively insensitive to microstructure, 

consequently, the electrical behavior of polymers is generally less disparate than 

its mechanical behavior  [12]. Similarly, optical properties also govern a variety 

of engineering end uses. Polymers as a class have the very high electrical 

resistivity characteristic of insulators. Conduction in the surface layers of a 

polymer material is often sensitive to humidity and surface contamination. The 

surface resistivity is determined from the flow of current between two electrodes 

in contact with one surface of a thin specimen of polymer material [12]. 

Additives are constituents added to polymers to provide them with specific 

characteristics and improve basic properties. These constituents are added in a 

granular form or as small particles [13]. Nanocomposites can be defined as a 

composite material in which at least one of the phases (Mostly the filler) shows 

dimensions in the nanometer range, as the filler, size reaches the nanometer level, 

the interactions at the interfaces become considerably large with respect to the 

size of the inclusion and thus the final properties show significant changes [14]. 

A nanocomposite has two parts, filler and the matrix, a traditional composite 

typically uses a fiber such as carbon fiber or fiberglass as the filler. The host 

matrix's crystallinity, polymer chemistry, nature as a thermoplastic or 
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thermosetting material, surface treatment, interfacial qualities, fill grade, degree 

of dispersion, and agglomeration are all important factors that affect the 

properties of nanocomposites. Relative arrangements and subsequent synergy 

between constituents and synthesis methods [15]. The characteristics of polymer 

nanocomposites are affected by: the nature of the polymer matrix and filler ,etc 

dispersion state of the particles, filler- matrix interaction, filler size, surface 

modification of the filler [16]. Nanocomposites are a major factor in the formation 

of novel advanced materials suitable for a variety of different applications, such 

as electrical engineering, nanocomposites have attracted considerable interest in 

both academia and industry [17].  

To understand more the effect of silicon oxide on polymeric materials, we review 

some of the sources that studied these materials in previous studies. 

1.2  Literature Survey 

In (2016) M. Shahbazi, et. al. [18] deposited poly Vinylpyrrolidone-silicon 

 dioxide- 3-trimethoxysilyl propyl methacrylate thin films on p-type Si  

substrates using spin coating technique. X-ray diffraction analysis revealed an 

amorphous structure for all the samples, which was approved by scanning 

electron microscopy images. On the other hand, the surface morphology of (PVP -

SiO2- trimethoxysilyl propyl methacrylate) was examined using atomic 

force microscopy (AFM) and scanning electron microscopy (SEM) techniques. 

The effects of dielectric constant (ἑ), dielectric loss (ε"), loss tangent (tan δ) as 

well as the real component of electric modulus (M’), imaginary component of 

electric modulus (M"), and alternating current (AC), electrical conductivity (δAC) 

on PVP-SiO2-TMSPM hybrid thin films were investigated with wide range 

frequency from 0.1 KHz to 1 MHz. It was found that the values of ἑ, ε", tan δ 

were reduced with increasing frequency. 
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In (2016), Z.  Li, et. al. [19] fabricated Poly Vinylidene fluoride /silicon 

 dioxide - Graphene oxide nanohybrid  membranes via thermally induced 

phase separation (TIPS) method. The results indicate that the (Polyvinylidene 

fluoride) PVDF/SiO2@GO nanohybrid membranes experience liquid-liquid 

phase separation mechanism, and exhibit bi-continual and asymmetric structure. 

The included SiO2@GO nanohybrid is uniformly dispersed in the membrane 

matrix. The addition of SiO2@GO, the top surface becomes denser and the pore 

size decreases; but overhigh SiO2@GO addition for membrane M-5 triggers in 

the adverse trend. The XRD patterns and FTIR spectra of membranes verify the 

exclusive α-phase of polyvinylidene fluoride, and the melting temperature (Tm) 

and crystallinity(xc) evidently increase with the addition of SiO2@GO 

nanohybrid up to 0.9 wt.% in the dopes.  

In (2017), Z. Haeri, et. al. [20]  synthesized SiO2-GO nanohybrids via one- 

Step sol-gel route using a mixture of Tetraethylorthosilane (TEOS) and 3-

Aminopropyl triethoxysilane (APTES). The SiO2-GO nanohybrids were prepared 

at various hydrolysis times of 24, 48 and 72 h, then 0.2 wt.% of GO, SiO2-GO 

nanohybrids were separately incorporated into the epoxy coating. Results revealed 

that amino functionalized SiO2 nanoparticles with particle size around 20-30 nm 

successfully synthesized on the basal plane of GO. Results showed significant 

improvement of dispersion and interfacial interactions between nanohybrids and 

epoxy composite arising from covalent bonding between the SiO2-GO and the 

epoxy matrix. It was found that the thermal resistance of SiO2-GO nanohybrids 

and SiO2-GO/Epoxy nanocomposite was noticeably higher than GO and epoxy 

matrix. 

      In (2018), P. Paik, et. al. [21] synthesized Upconverting nano@SiO2– 

            GO through a bioconjugation approach and used for drug delivery 

applications to counter the lack of quantum efficiency of the up-conversion 
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process and control sustained release. A model anticancer drug (doxorubicin, 

DOX) was loaded to UCNPs, UCN@SiO2 NPs and the UCN@SiO2–GO 

nanocomposite. The photosensitive release of DOX from the UCN@SiO2–GO 

nanocomposite was studied with 980 nm NIR laser excitation and the results 

obtained for UCNPs and UCN@SiO2 NPs were compared. It is revealed that the 

increase in the NIR laser irradiation time from 1 s to 30 s leads to an increasing 

in the amount of DOX release in a controlled manner. In vitro studies using model 

cancer cell lines perform to check the effectiveness of materials for controlled 

drug delivery and therapeutic applications. 

In (2019), Gaaboura, [22] prepared nanocomposite films based   on chitosan                                                                       

(     (Cs) and polyacrylamide (PAAM) embedded with silica nanoparticles (SiO2) 

via solution casting method. The films were studied and characterized using 

different techniques. The X-ray diffraction revealed the presence of the semi-

crystalline nature of Cs/PAAM blend. The main   characteristic Infrared-bands to 

the vibrational groups for Cs/PAAM were observed. No changes in the position 

of IR bands are seen after incorporation of SiO2 nanoparticles. The UV–vis 

spectra show an absorption band at 253 nm with a sharp absorption edge, which 

indicates the semi-crystalline nature of Cs/PAAM matrices. The spectra optical 

parameters were measured and characterized as a function of photon energy. The 

value of optical energy gap (Eg) is estimated using indirect transition model and 

explained due to local cross linking in the amorphous regions of Cs/PAAM. The 

plot of dielectric loss and dielectric constant with the frequency was gradually 

decreases with the increase of the frequency and reaches to constant values at 

higher frequencies due to polarization effects.  

In (2019), S. A. Haddadi, et. al.  [23] modified Hummer method was used in   

the preparation of graphene oxide (GO) nanosheets, and then SiO2 decorated GO 

[GO(SiO2)] nanosheets using the sol–gel method. Ultrahigh-molecular-weight 
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polyethylene (UHMWPE) nanocomposites loaded with 0.5, 1, 1.5, and 2 wt. % 

of GO-SiO2, which were prepared using magnesium ethoxide/GO-SiO2 supported 

Ziegler–Natta catalysts via the in-situ polymerization. Morphological study of the 

prepared polymer powders is assessed using field emission scanning electron 

microscopy, which shows that GO-SiO2- nanohybrids have uniformly dispersed 

and distributed into the UHMWPE matrix. Also, the characterization of the 

UHMWPE nanocomposites indicates that many characterizations, including the 

mechanical, thermal, and tribological properties of UHMWPE, are significantly 

improved by incorporation of these new nanosheets in spite of the molecular 

weight reduction of the polymeric matrix and the improved flowability and 

processability of the produced nanocomposite.  

     In (2019), R. Dong, et. al [24] prepared of (SiO2- GO) by surface Modification             

0    of graphene oxide (GO) by the hydrolysis of the tetraethoxysilane (TEOS) 

and then the SiO2- GO is added into acrylic resin as reinforcement to prepare 

acrylic nanocomposites. X-ray diffraction, Fourier transform infrared, Raman, 

XPS, scanning electron microscopy, and Transmission electron Microscopy 

results indicated that SiO2 is well dispersed on the surface of GO. Compared with 

GO, SEM and TEM results revealed that SiO2– GO dispersed more uniformly in 

acrylic resin and had less agglomeration. 

In (2020), O. H. Sabr, et. al. [25] prepared poly Vinylalcohol (PVA)/ silica    

nanoparticles (SiO2 NPs) nanocomposite by solution casting method.  The 

morphological, and optical properties of (PVA/SiO2) nanocomposite were 

investigated. The AFM, image show the surface of pure PVA that was smooth 

and homogenous. The roughness of surface of sample increases after adding of 

SiO2 nanoparticles.  The optical properties showed that all these properties 

increase linearly by adding of 5% of silica nanoparticles except the transmittance 

and indirect energy gap have versus behavior of absorbance. 
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In (2020) Alsaad AM, et. al [26] prepared polymethylmethacrylate (PMMA)          

000and poly Vinyl alcohol (PVA) doped with silica nanoparticles (SiO2 NPs) by 

the dip-coating technique. The optical and structural properties, such as Fourier-

transform infrared spectroscopy and thermal properties, were determined.  The 

optical bandgap of un-doped PMMA-PVA thin film isestimated to be 4.069 ev. 

Additionally, refractive indices (n) of undoped PMMA-PVA polymeric thin films 

are calculated to be in the range (1.48–1.72). The result from FTIR obtained are 

useful for a better understanding of the lattice dynamics. Moreover, thermal 

stability of thin films is investigated using thermogravimetric (TGA) technique. 

Remarkably, TGA reveal that doped thin films are thermally stable below 110 Co. 

Consequently, investigated thin films may have the potential to be key candidates 

for real time optical and optoelectronic devices. 

In (2021), Ahmed Hashim [27], fabricated PVA/SiO2/SiC nanostructures by0             

12   using casting method. The structural, optical, and dielectric characteristics of 

PVA/SiO2/SiC films have studied to be used in flexible, lightweight, high 

sensitivity, and low-cost pressure sensors compared with the other types of 

pressure sensors. The results indicates that the optical characteristics which 

included the absorbance and energy gap of PVA enhances with the rise of SiO2–

SiC NP ratios. The dielectric characteristics shows that the dielectric parameters 

of PVA improved with the rise in SiO2–SiC NP ratios. The pressure sensor results 

of PVA/SiO2/SiC nanocomposites shows that the dielectric parameters increase 

with the increasy in pressure for various ratios of SiO2–SiC NPs. Finally, the 

increasy in sensitivity is 50.18%, 52%, and 53.46% at 1 kHz, 100 kHz, and 1 

MHz, respectively, when the SiO2–SiC NPs, content reached 3.6 wt.%, which 

makes it suitable to be used in different electronic, optical, and electric fields. 

 In (2022), T. S. Soliman, et. al. [28], prepared PVA/SiO2 nanocomposite         0    

prepared through a sonication technique followed by a solution casting method. 
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The structure of PVA/SiO2 films is evaluated using the experimental results 

attained by X-ray diffraction (XRD), Fourier transform infrared (FTIR), and 

scanning electron microscope (SEM) examinations. A thermal stability studies of 

the nanocomposite films was performed. UV-vis spectra were used to investigate 

the optical properties of PVA/SiO2 nanocomposite films. The XRD results 

confirmed the semicrystalline nature of the PVA. The SEM results ascertained 

the homogeneity of the SiO2 nanoparticles in the polymer matrix. From the study, 

a simultaneous increase of SiO2 nanoparticle content decreases the direct optical 

band gap and Urbach energy; however, the refractive index and extinction 

coefficient are increased.  

In (2022), karar Abdali, [29] studied  the impact of incorporation SiO2 on the   0     

structural, optical, electrical properties , and relative humidity sensor feature of 

PVA/ Dextrin polymeric blend using traditional casting procedure .the obtained 

films were investigated using different common techniques like XRD ,FTIR OM, 

UV-Vis ,LCR meter and humidity meter. The SiO2NPs were well diffused in host 

blend, and up to 97% of UV rays were blocked by the produced films at 

λ = 270 nm. the absorption edges decreased from 4.05 to 3.80 eV. The values of 

the allowed and forbidden energy gap (Eg) decreased from 4.18 to 3.75 eV and 

from 3.98 to 3.73 eV, respectively. The use of SiO2 was highly improved dielectric 

features in the 100Hz -106Hz frequency range.  

 

In (2023) Al-Bermany, Ehssan , et. al. [7] used it environmentally friendly and 

0     straightforward process to create silver and silica nanoparticles a core-shell 

structure (Ag@SiO2). After that, the core-shell nanoparticles that had created 

strengthened the blended polymer matrix and allowed for the creation of new 

nanocomposites. Nanoscale core particles are inserted into the nanocomposites 

made of poly Vinyl-mixed polymer (PVA
ie

) and ultra
ei

-molecular
ie

-weigһt
e
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i

polyetһylene
e

 oxide (UHMW
ie

-PEO
ie

). The optical properties of the spectrum made 

a major contribution to the enһancement of the UV-vis absorption and the reduced 

the band gap.         

                                                                                                               

In (2023),  N. Karim and M. Habeeb [30] , employed the solution casting         

0       method to fabricated nanocomposite films using polystyrene (PS) as the host 

matrix and antimony trioxide (Sb2O3) and silicon carbide (SiC) nanoparticles (0, 

2, 4, 6 and 8 wt.%) as fillers in the PNCs materials' advancements. The 

morphology of the nanocomposite was examined using an optical microscope 

(OM), which demonstrated that polystyrene is exceptionally miscible due to its 

finer form and smooth, homogeneous surface, as well as the additive concentration 

SiC and Sb2O3 NPs, which are evenly distributed on the surface of the polymer 

nanocomposite film. The surface morphology of (PS/SiC/Sb2O3) films is revealed 

by field emission scan electron microscope (FE-SEM) to be uniform and coherent, 

with a significant number of aggregates or fragments randomly dispersed over the 

top surface. The results of the optical properties for (PS/SiC/Sb2O3) 

nanocomposites demonstrated that the absorbance, coefficient of absorption, 

index of refractive, coefficient of extinction, and conductivity of optical of 

(PS/SiC/Sb2O3) nanocomposites increases with increase of SiC/Sb2O3 NPs, while 

the transmittance decreased. The optical energy gap decreased from (4.19 eV to 

2.69 eV) and from (3.5 eV to 1.45 eV) for allowed and forbidden indirect 

transition respectively when concentration reaches 8 wt.%. By raising the 

SiC/Sb2O3 NPs ratio in polystyrene, Klebsiella and Staphylococcus 

microorganism inhibition zone values rose to 24 and 25 mm.  

1.3 Aims of the Work 

1- Investigate the impact of silicon dioxide nanoparticles on the morphology, 

optical and electrical properties for the newly ternary blend polymers 
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fabricated nanocomposites. 

2- Revealed the ability of theses nanocomposites for antibacterial activity and 

shielding applications.  
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2.1 Introduction 

       This chapter covers the general idea of some theoretical aspects of the 

investigation, such as physical concepts, scientific clarifications, relationships, 

laws, raw materials and characterizations  

2. 2 Polymers  

      Polymers were first discovered in the 1920s, Many synthetic polymers can be 

listed; some are well-known, such as polyesters,  while others are less well-

known, such as those used in medical applications for organs and degradable 

sutures [31]. The term "polymer" refers to units of high molecular mass molecules 

that are made up of numerous isolated structural elements and is derived from the 

Greek terms poly (many) and mars (parts). In other terms, polymers are 

enormous, highly molecularly weighted molecules, or macromolecules. that are 

connected together from a variety of little molecules, or monomers. The process 

of monomers reacting to create polymers is known as polymerization. In a 

chemical reaction known as polymerization, two or more substances combine 

with or without the addition of another substance, such as heat, water, or another 

solvent, to create a high-molecular-weight molecule [32]. 

2.2.1 Preparation of Polymers 

     Polymers can be divided into two groups based on their polymerization 

mechanism [31, 32]. 

1. Addition polymerization: it is the process of repeatedly adding monomer 

molecules with double or triple bonds to make addition polymers, which are  

polymers created without the removal of byproducts. For instance, polypropene 

and polyethylene are both derived from propane [33]. 
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2. Condensation polymerization: It occurs when two monomers are combined 

after small molecules like water, alcohol, or NH3 have been eliminated. nylon 6, 

6, nylon 6, and so forth are a few examples. Hexamethylenediamine and adipic 

acid, for instance, are combined to create nylon 6.6 [33]. 

2.2.2 Polymer Structure  

     The physical properties of polymer materials are not determined only by their 

molecular weight but also by their molecular structure. Polymer chains come in 

a variety of shapes and sizes that can be listed below and shown in Figure (2-1) 

[35]. 

1. Linear polymers: represent the van der Waals bond between the chains. 

Examples: Polyethylene and Nylon. Figure (2-1A) 

2. Branched polymers: have a lower density than linear polymers and have a 

lower chain packing efficiency. Figure (2-1B) 

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. Figure (2-1C) 

 .4 Network polymers: made of three-functional layers in the form of three-

dimensional networks. Examples include phenol-formaldehyde and epoxy. 

Figure (2-1D) . 
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Figure (2-1). Polymer chains in a variety of shapes and sizes (A) linear 

polymers(B) branched polymers, (C) cross-linked, and (D) network 

polymers [35]. 

2.2.3 Crystallinity of Polymers 

      The process of polymer crystallization involves the partial alignment of the 

polymer's molecular chains. Lamellae is ordered areas that make up larger 

spheroidal structures .it is created when these chains fold together. Polymers may 

crystallize following melting, mechanical stretching, or solvent evaporation. 

Crystallization has an impact on the polymer's chemical, mechanical, thermal, 

and optical characteristics  [36]. The crystallinity of the polymer refers to how 

closely the chains of the polymer are aligned with one another. However, for this 

to occur, there must be some degree of stereoregularity. so, because the crystalline 

regions are produced by the stereoregular blocks of the polymer chain. When a 

polymer is melted, the long polymer chains entangle with one another in erratic 

coil-like formations. Some polymers' chains are highly irregular, and as the 

melted polymer cools to a solid state, it retains its tangled, chaotic configuration 

(stereo random). These polymers are known as amorphous polymers. 
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Additionally, if the chain has any branching regions, there won't be any 

stereoregularity, which will preclude [37]. 

 

 

 

  

 

 

  

 

Figure (2-2). The crystallinity region in the polymers [37]. 

Layered crystalline structures develop in precise systems with strongly 

interacting functional groups even at high melt temperatures, and they play a role 

in self-assembly, which affects their uniaxial tensile deformation behavior [38]. 

2.3 Nanomaterial’s  

       The field of nanotechnology has substantially developed throughout the last 

century. Nowadays, nanotechnology is a major topic in a wide variety of study 

fields. The development, production, characterization, and use of materials and 

devices by changing their size and shape at the nanoscale can be classed as 

nanotechnology [39] . 

Every flow uses the prefix "nano" as a term, even in product advertising. Due to 

the fact that nano is a combination of physics, chemistry, materials science, solid-

state, and biological sciences, and that the name "nano" is derived from the Greek  
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 Nanotechnology has many uses in both science and technology. Nanotechnology 

is intriguing, although the general some is unaware of its existence in practically 

all disciplines of engineering.it has broad application in medicine, the 

environment, electronics, defense, and security. Although a lot of work has been 

done using this technology, there is still room for the development of new 

nanomaterials in various fields for the advancement of mankind [40]. 

2.4 Nanocomposites  

       A nanocomposite is a polyphase solid substance with one, two, or three 

dimensions of less than 100 nm in one of the phases. Nanocomposites have a high 

surface-area-to-volume ratio. The physicochemical qualities may vary depending 

on the size and shape. Nanocomposites  come in a variety of forms, including 

nanomaterials  [40]. The three primary forms of nanocomposites are polymer 

matrix nanocomposites (PMNC), metal matrix nanocomposites (MMNC), and 

ceramic matrix nanocomposites (CMNC). The nanoparticles characterize 

nanomaterials by exhibiting various physicochemical features. As their size and 

even a tiny dimension at the nanoscale changes, they display shifting properties 

[17] . 

In order to determine the properties of nanoparticles, they must be characterized 

using a variety of tools, including a UV spectrophotometer, Fourier transform 

infrared (FTIR) spectroscopy, atomic force microscopy (AFM), transmission 

electron microscopy (TEM), scanning electron microscopy (SEM), vibrating 

sample magnetometer (VSM), energy dispersive x-ray spectroscopy (EDS), XRD 

photoelectron sect (T𝑔) [40] , etc. Due to their small size and correspondingly 

higher surface area, nanoscale fillers differ from bulk materials and traditional 

micronize fillers. The incorporation of nanoparticles into polymers is anticipated 

to result in a previously unheard-of level of control over the electrical 
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characteristics of filled polymers  [41]. One-dimensional nanotubes and 

nanowires, two-dimensional nano clays and silicon and three-dimensional 

spherical and cubical nanoparticles are the three categories into which nanofillers 

fall [42]. 

2.5 The Raw Materials 

2.5.1. Polyacrylamide (PAAm) 

        The molecular weight of polyacrylamide (PAAm)  is about 71.07 g/mol  

which is a water-soluble polymer, this polymer stands out because it is distinct 

from a monomer, non-toxic due to the 19.7 % nitrogen content, and the  3.6  % of 

molecules are hydroxyl groups[43].  

It is a chemical substance that takes on the shape of a gel and has a high-water 

absorption rate. Because it has a high water absorption rate, it is typically 

employed in the production of soft contact lenses to raise the viscosity of water 

(i.e., making the solution thicker)[44]. This polymer can be  used in a variety of 

applications, including water treatment, mining, and oil  recovery. Recently, it has 

been used in surface grafting polymerization. Also,  PAAm is used as a thickening 

agent for materials and as a flocculant. In the field  of soft tissues and artificial 

corneas, and in the manufacture of tissues for covering  burn [37]. Figure (2-3) 

shows the chemical formula of polyacrylamide. and there are some physical and 

chemical properties as shown in Table (2-1) [43]. 
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Figure (2-3). The chemical formula of polyacrylamide(PAAm)[44]. 

Table (2-1). Physical and chemical properties of Polyacrylamide (PAAm)  

[43] 

Property Value 

Appearance crystal granular 

Glass transition temperature (Tg) 161 Co 

Molecular formula (C3H5NO) n 

Solution pH 3.5 - 6.8 

Density  1.13 g/cm3 

Refractive index 1.45 

Solubility Stable. Incompatible with strong 

oxidizing agents 

Melting temperature (Tm)  237 Co 
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2.5.2 Polyvinyl pyrrolidone (PVP) 

      Polyvinyl pyrrolidone (PVP), commonly called poly Vidone or povidone, is  

a water-soluble polymer and polar solvents [46]. PVP is a biocompatible, 

compatible synthetic polymer that has been used as a biomaterial for many  years. 

PVP is notable for its ability to interact with a wide range of hydrophilic  and 

hydrophobic materials, and its pyrrolidone structure gives it capabilities  

comparable to those of a protein. This substance has a low immunogenicity, 

antigenicity, and toxicity. PVP has the formula (C6H9NO) n as shown in Figure 

(2-4) [47]. and has some physical and chemical properties as shown by the Table 

(2-2). 

 

 

 

 

 

 

 

Figure (2-4). The chemical structure of polyvinyl pyrrolidone (PVP) [47] 

PVP is amorphous and possesses an elevated glass transition temperature (𝑇𝑔) 

due to the presence of the rigid pyrrolidone group, which is known to form 

various complexes with inorganic salts [46,47]. 

 



Chapter Two                                                             Theoretical Part 

 

19 

 

Table (2-2). Physical and chemical properties of polyvinyl pyrrolidone( 

PVP)[47]. 

Property Value 

Appearance White to creamy-white 

Glass transition temperature (T𝑔) 109 Co 

Molecular formula (C6H9NO) n 

Solution pH 3 -7 

Density  1.25 g/cm3 

Refractive index 1.53 

Solubility Soluble > 10%, Insoluble < 1% 

Melting temperature (Tm)  150-180 Co 

 

2.5.3 Polyvinylalcohol (PVA) 

       Polyvinylalcohol is a synthetic polymer that comes in the form of a white or  

cream-colored granular powder that is odorless, clear, and tasteless [50] .It is one 

of the oldest and most commonly used polymers, with uses in a wide range of  

fields, including semiconductors. formula is (C2H4O)n, as shown in Figure (2-5) 

[51]. Polyvinylalcohol, may be combined in water. that the benefit of being 

resistant to solvents and oils, as well as having outstanding characteristics [52]. 

Polyvinyl alcohol is semi-crystalline and has a good visible light transmission. 

PVA polymeric compounds are well-known for their importance in a variety of 

technical applications [53]. It's made commercially by hydrolyzing polymers 

(vinyl acetate). Many researchers have investigated PVA for usage as fillers or 

crosslinking products, and it has also been widely used as a thermoplastic 
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polymer in living, non-toxic, and innocuous tissues, among other things 

[54].Furthermore, it is very easy to produce the film, making it a good choice for 

mixing natural and synthetic polymers [55,39]. PVA is most commonly used for 

paper packaging as well as in textile sizing due to its biodegradable receptor [56] . 

PVA is used in many applications because it is an incompatibility structure with 

capacity and aqueous properties that help improve the mechanical properties of 

membranes [57,58]. In addition, nanoparticles can be physically entangled or 

chemically bound to PVA [45]. They are widely used in papermaking, textiles, 

and manufacture of oxygen-retardant films, and the coating of photographic film 

[52]. and the coating of photographic films [45]. and there are some physical and 

chemical properties as shown in Table (2-3). 

 

 

 

 

 

 

 

Figure (2-5). The chemical structure of Polyvinyl alcohol( PVA)[51]. 
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Table (2-3). Physical and chemical properties of Polyvinyl alcohol( 

PVA)[51]. 

Property Description 

Appearance White to ivory white granular powder 

Molecular formula (C2H4O) n 

Density  (1.19 - 1.31) g.cm-3 

Solution PH 5- 6.5 

Refractive index 1.55 

Glass transition temperature (Tg)  75-85 °C 

Melting temperature (Tm)  180 – 190 °C 

 

2.5.4 Silicon dioxide (SiO2) 

       Silicon dioxide (SiO2) is widely distributed in the environment, and is present 

in the form of sand on all beaches and deserts. It is the starting material for the 

production of silicate glasses and ceramics [59]. It may occur in crystalline or 

amorphous form, and is found naturally in impure forms, such as sandstone, silica 

sand or quartz. It is specific gravity and melting point depend on the crystalline 

structure [60]. 

 Silicon dioxide is not only one of the most abundant materials on earth as 

mentioned, but also a critical material component of considerable technological 

importance [61]. Today's, modern electronics greatly depends on silicon dioxide 

for the manufacture of semiconductors and microelectronic devices, besides 

crystalline Silicon – properties and uses it is the basic material of which the most 

of common communication optical fibers that are presently made [62]. It is high 
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melting temperature (≈1700 oC) and it is chemical stability make it an excellent 

thermal and electrical insulator and hence the principal dielectric in silicon 

electronic technology [63]. 

the reduction of the silicon dioxide diameter to nanometric size produces the 

formation of minibands with consequent enlargement of the effective band gap 

[64]. The nanoparticles are formed by depositing a silicon rich material, and then 

inducing the precipitation of the excess silicon by thermal treatments[65]. 

 The control of the phenomenon is strictly subordinated to the control of the 

nanoparticle size, which is normally achieved using the multilayer approach [66]. 

formula is (SiO2), as shown in Figure (2-6). and there are some physical and 

chemical properties as shown in Table (2-4). 

 

 

 

 

 

 

 

Figure (2-6). The chemical structure of Silicon dioxide (SiO2)[59]. 
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Table (2-4). Physical and chemical properties of Silicon dioxide[59]. 

Property Description 

Appearance White powder 

Molecular formula SiO2 

Grain size  20-30 nm 

Solubility  widespread 

Toxicity  non-toxic 

 

2.6 Silicon dioxide Nano practical -Based Polymer Nanocomposites   

       Silica is identical in chemical composition, but with different atomic 

arrangements. All forms of silica are odorless solids composed of silicon and 

oxygen atoms. Silica particles become suspended in the air and form non-

explosive dust  [67]. The development of minibands and subsequent widening of 

the effective band gap result from the reduction of silicon dioxide diameter to 

nanometric scale. A silicon-rich substance is deposited to create the nanoparticles. 

sophisticated practical materials that are widely included in rubbers, plastics, and 

polymers [6]. 
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2.7 Characterizations 

2.7.1 Fourier Transforms Infrared Spectroscopy (FTIR) 

        More complex molecules have more than one bond and different types of 

vibrations may occur. Vibrations fall into the two main categories of stretching 

and bending. 

1. Stretching vibrations 

       In this type of vibrations, the bond length is increased or decreased at regular 

intervals. There are two types of stretching vibrations. Symmetrical stretching 

and asymmetrical vibration, as shown in Figure (2-7) [68]. 

a) Symmetrical stretching: in this type of stretching, bond length increases or 

decrease symmetrically. 

b) Asymmetrical stretching: in this type of stretching, the length of one bond 

increases and the other one decreases. 

Figure (2-7). Types of stretching vibrations [68]. 
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2. Bending Vibrations 

      In this type of vibrations, a change in bond angle occurs between bonds with 

a common atom, or there is a movement of a group of atoms with respect to the 

remainder of the molecule without movement of the atoms in the group with 

respect to one another. The bending vibrations are also called as deformation 

vibrations. Deformation vibrations are two types, as illustrated in Figure (2-8) 

[69]. 

a) In-Plane Bending Vibrations 

     In this type of vibrations, there is a change in bond angle and takes place within 

the same plane. In-plane bending, there are two types: 

I. Scissoring: in which bond angle decreases. 

II. Rocking: in which the bond angle is maintained but both bonds move within 

the same plane [69]. 

Out of Plane Bending Vibrations 

      This type of bending takes a plane outside of the plan of the molecule. 

I. Wagging: in which both atoms move to one side of the plane. 

II. Twisting: in which one atom is above the plane and the other is below the plane 

[69]. 
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Figure (2-8). Types of bending vibrations [69]. 

          FTIR spectroscopy is a powerful tool for identifying types of chemical 

bonds in a molecule applying to produce an infrared absorption spectrum as a 

molecular "fingerprint" the principle of this technique is that molecular bonds 

vibrate at various frequencies. Molecular bonds vibrate at various frequencies 

depending on the elements and the type of bonds. Since FTIR provides 

information about the chemical bonding or molecular structure of materials 

without causing destruction, it could be used to identify unknown materials, 

detect the organic and some inorganic additives at the level of a few percent, also 

characterize the chemical structure change and solvent residue [68].  

2.7.2 X-Ray diffraction (XRD) 

       Apply to XRD investigate the crystallization process, unit cell lattice 

parameter detail, crystal structure, crystal orientation, and crystallite size, which 

is a fast and effective approach. The constructive interference of a 

monochromatic beam of X-rays is used to produce the XRD peaks after scattered 

of each set of lattice planes in the sample at specific angles, where the distribution 
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of the atoms determines the peak intensities within lattice. Therefore, the periodic 

atomic fingerprint of materials is represented by XRD pattern [70]. 

 The sample holder, X-ray tube, and X-ray detector are the three basic 

components of an X-ray diffractometer. The cathode ray tube is responsible for 

creating X-rays by burning the filament to create electrons, which are 

subsequently driven toward a target by a voltage and attack the target substance. 

When electrons with sufficient energy displace inner shell electrons of the target 

material, X-ray spectra are produced [71]. When X-ray light of wavelength (𝜆) is 

projected at an angle (𝜃) onto a crystal lattice, the incoming X-rays interact 

constructively with the sample if the circumstances meet Bragg's law, as shown 

in Figure (2-9) [72]. 

2d sin ϴ = 𝑛 λ                                                   (2.1) 

Where: 

θ: is Bragg diffraction angle (degree) and λ: is wavelength forncident X-ray beam 

(Å). d: is  distance, 𝑛 : is  Diffraction rating 

 

 

  

  

 

  

Figure (2-9). Bragg’s Diffraction [72]. 
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       The structural factors of any material are determined by X-ray diffraction, 

which is crucial in explaining many of the material's physical properties. In the 

case of the cubic structure, which represents the dominant pattern of the structure 

(SiO2), (𝑎) represent the lattice constants, and thus it is calculated using the 

equation (2.2) [70]. 

𝑎 = d √ℎଶ + 𝑘ଶ + 𝑙ଶ                                                      (2.2) 

where (h, k, l) represents Miller's coefficients. 

      The lattice constant can be extracted from the following equation [73]. 

ଵ
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௟మ

௖మ                                                (2.3)    

     The size of the crystal (D nm) was calculated using the Schrrer formula (2.4) 

[74]. 

D = kλ/β cos(θ)                                                               (2.4) 

     D: means The size of the Crystal, β: the complete breadth at half the highest 

point (FWHM)and (k = 0.9), The lattice strain (𝜀) can be calculated using 

Equation (2.5) [74] . 

ε = β/4 tan(θ)                                                                 (2.5) 

2.7.3 Field Emission Scanning Electron Microscope (FE-SEM) 

        Field emission scanning electron microscope (FE-SEM) is a type of electron 

microscope that uses electron beem to produce images. Light is replaced by 

electrons in an iron microscope (negatively charged particles). An emission 

source of electrons is used. In a zigzag pattern, electrons scan the element [75]. 
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Figure (2-10). Ray Diagram for a system of FE- SEM [75]. 

2.8 Properties 

2.8.1 The Optical Properties  

      The optical properties of materials composites are being investigated in order 

to better understand the kind of internal structure of polymer and the nature of 

bonds; as well as to expand the spectro of polymer applications. Knowing a 

polymer composite's absorption and transmittance spectrums can help detect a 

variety of optical qualities over a wide range of wavelengths. determine the type 

of bonds, orbits, and energy beams by examining them in the ultraviolet spectrum. 

The visible spectrum research gives enough knowledge about a matter's behavior 

for solar applications. The infrared spectrum is crucial for understanding the 

overall structure of polymer composites and the constituents that make up their 

chemical composition [76]. 
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2.8.1.1 Absorbance (A) 

      In order to get good absorption, the optical depth should be high for energies 

above the band gap, and reflectivity should be small. Absorbance is defined as 

the ratio of absorbed light intensity (IA) to incident light intensity (Io) depending 

on the kind of material [77]. 

A =  𝑙𝑜𝑔
ଵ

்
                                                                   (2.6)  

2.8.1.2 Transmittance (T) 

      The formula for calculating transmittance (T) to split the intensity of 

rays transmitting from the film (IT) by the intensity of incoming rays on it (Io)  

[78] . 

T =  
୍౐

୍౥
                                                                       (2.7) 

2.8.1.3 Absorption coefficient (α) 

      The absorption coefficient is the decrease in energy in the flow of incident 

ray in the direction of wave propagation in relation to the distance unit. (α) 

depends on the photon energy (hν), material characteristics, and forbidden band 

gap. Photon energy is taken from the following Equation (2.8) [79]. 

E = hν                                                                            (2.8)  

The frequency is (), while the Planck constant is (h).  

     The photon will be transmitted if the incident photon energy is smaller than 
the forbidden band gap, and transmittance is given by Equation (2.9) [80].  

T = (1 − R)ଶ . eି஑୲                                                    (2.9)  
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Where, T is transmittance, R, is the reflectance, 𝛼  means the absorption 

coefficient. The intensity of  incident photons is expected to be (dI) in direct 

proportion to both intensity (I) and thickness dt, as shown by Equation (2.10) 

[81]. 

dI =  −𝛼𝐼𝑑𝑡                                                                  (2.10) 

        If the incidence ray's intensity (Io) is incident on a material with thickness 

(t) and transmittance ray's intensity (IT)  

∫
ୢ୍

୍

୍౐

Io
=  ∫ −αdt                                                           

୲

°
(2.11) 

ln I் ି 
ln Io =  −αt                                                        (2.12) 

୍౐

୍o 
=  eି஑୲                                                                         (2.13) 

 

T = eି஑୲                                                                        (2.14) 

ଵ

୘
 =  e஑୲                                                                         (2.15) 

2.303 log (
ଵ

୘
)  =  αt                                                        (2.16) 

A =  log  (
ଵ

୘
)                                                                  (2.17) 

2.303. A = αt                                                               (2.18) 

α = 
ଶ.ଷ଴ଷ .  ஺

௧
                                                                   (2.19) 
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2.8.1.4 The fundamental absorption edge 

      The basic absorption edge is a sudden increase in absorbance that occurs 

when the amount of absorbed energy radiation is about equal to the band energy 

gap; the basic absorption edge shows the energy differential between the up point 

of the valance band and the bottom point of the conduction band. Figure (2-11) 

shows three types of absorption zones [80]. 

A. High absorption region      

      Magnitude (α) in the part A is greater than or equal to 104 cm−1. The 

Magnitude of the prohibited optical band gap (𝐸௚
௢௣௧) can be introduced from this 

area [80].  

B. Exponential region 

      The value of (α) in component B is in the range 1 cm-1 < α < 104 cm-1. It 

refers to the transition from extended levels at the top of the valence band to 

localized levels in the conductive band and vice versa, from local levels in (V.B.) 

to extended levels at the bottom of the conductive band and vice versa (C. B) 

[80].   

C. Low absorption region 

      Value of (α) in component C is relatively tiny. it's around α < 1 cm-1. The 

transition happens in this area as a result of structural faults causing state density 

inside space motion [80].   



Chapter Two                                                             Theoretical Part 

 

33 

 

 

 Figure (2-11) Absorption edge variation with absorption regions [80]. 

2.8.1.5 The Electronic transitions 

Electronic transitions are divided into two categories. 

2.8.1.5.1 Direct transition 

      In semiconductors, this transformation occurs where the bottom of (C.B.) is 

precisely above the top of (V.B.), indicating that they have the same wave vector 

K i.e., ∆K= 0. The absorption appeared in this state when hυ ≥ Eg. This transition 

type required of the Law's conservation in energy and momentum, and has two 

types [82]. 

A. Allowed Direct transition. 

      This transition happens between the top points in the (V.B.) to the bottom 

point in the (C.B.), as shown in Figure (2-12. a) [83].  

B. Direct forbidden transition . 
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      This transition happens between near top points of (V.B.) and bottom points 

of (C.B.), as shown in Figure. (2-12. b) [83]. 

 

 

 

 

 

 

Figure (2-12) The Electronic Transitions Types of (A) Allowed Direct 

Transition (B) Forbidden Direct Transition  (C) Allowed Indirect 

Transition and (D Forbidden Indirect Transition [83]. 

2.8.1.5.2 The indirect transitions 

        Conduction band (C.B) does not have a bottom that is higher than the top of 

valence band (V.B) in an indirect band gap, in other words, the maximum of the 

V.B is found at different k-vectors than the minimum of the C.B. In this case, 

(∆K  0), and this transition type must include the absorption or emission of a 

phonon, for the energy and momentum conservation laws Indirect transitions are 

divided into two categories [84]. 

C. Allowed indirect transitions 

       As illustrated in Figure (2-12.  c), these transitions occur between the highest 

point of the efficiency band and the lowest point of the conduction band in a 

distinct area of Kـــspace. 
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D. Forbidden indirect transitions 

       As illustrated in Figure (2-12. d), these transitions happen between the near 

points at the top of the valence band and the near points at the bottom of the 

conduction band, these transitions happened. To travel in the direction of phonon 

absorption, the absorption coefficient is given by Equation(2.20) [83]. 

𝜶hν = B (hν - 𝐸௚
௢௣௧

±  𝐸௣௛)௥                                                   (2.20) 

         Where (B) is constant depending on the type of material, (Eph) denotes 

phonon energy, (-) denotes phonon absorption, (+) denotes phonon emission, (𝑟) 

denotes the exponential m transition, and (𝑟) = 2 denotes permitted indirect 

transition while(𝑟) = 3 indicates a forbidden indirect transfer. 

2.8.1.6 Refractive index (n) 

         Dividing the speed of light in vacuum by the speed in light inside the 

material, the refractive index is computed. The following formulae are used to 

calculate the film's refractive index (n) [85].  

n =  
ଵା√ୖ 

ଵି √ୖ
                                                          (2.21) 

       The reflectance (R) of the material. 

2.8.1.7 Extinction coefficient (ko) 

        As seen in the Equation (2.22) [86], the extinction coefficient is defined as 

the imaginary component of the complex refractive index( N) . 

𝑁 = n − 𝑖K°                                                                            (2.22) 

      where (n) is the real part of the refractive index. The extinction coefficient 

can be calculated using the following Equation (2.23) [86]. 
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𝐾° =  𝛼𝜆
4𝜋ൗ                                                                           (2.23) 

where (λ) is the incident ray's wavelength. 

2.8.1.8 Dielectric Constant (ɛ) 

      The dielectric constant demonstrates matter's capacity to polarize; it may 

respond to numerous frequencies in a very difficult way, and electronic polarity 

dominates other forms of polarization. The real and imaginary dielectric constants 

may be computed using Equation (2.24) [87]. 

ε =  ε୰ − iε୧                                                                          (2.24) 

           Where ( ε௥ and ε௜ ) are the dielectric constant's real and imaginary 

components. (n) and (K°) numbers are proportional to the real and imaginary 

components of the dielectric constant [87]. 

ε = 𝑁ଶ                                                                                     (2.25) 

(n − i K°)
ଶ =  ε୰ − iε୧                                                        (2.26)     

From equation (2.25), the dielectric constant's real and imaginary can be 

written as following [88]. 

ε୰ = (nଶ − K°
ଶ )                                                              (2.27)  

ε୧ = (2nK°)                                                                       (2.28) 

2.8.1.9 Optical Conductivity (𝝈𝒐𝒑) 

       The optical conductivity (𝜎௢௣) depends directly on the refractive index (n), 

absorption coefficient (α) and (c) is the velocity light in vacuum following relate 

(2.29) [82] . 

σ୭୮ =  αnc
4πൗ                                                                  (2.29) 
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2.8.2 Electrical Properties 

     The electrical properties of the material depend on the chemical composition, 

the arrangement of atoms in the solid and the presence of defects in the energy 

gap. In several ways, such as the annealing, this defect can be reduced. The 

electrical properties are also highly dependent on the preparation technique and 

the deposition conditions [89].  

Matter can be classified according to its electrical conductivity into insulators, 

semiconductors and conductors. Conductivities for some polymers are (~ 10-17 

Ω-1cm-1) for polyethylene, (10-16 Ω-1 cm-1) for polystyrene and (10-12 Ω-1 cm-1) 

for polyamides. The electrical properties are designed to understand the number, 

origins, and actions of a charge. This includes the exact composition of the 

substance, the chemical composition, and the shape of the substance [90]. 

2.8.2.1 Alternating Current  electrical conductivity 

      A.C conductivity differs from D.C conductivity in that the electric field 

frequency during D.C conductivity is constant, but the electric field frequency 

during A.C conductivity is variable. When an insulator is placed in a low 

frequency electric field, the newly created or permanent dipoles can follow the 

change of the applied electric field without leaving any residue, so the value of 

the dielectric constant becomes equal (ohmic conductivity is equal to zero). 

 At the other side, in more calculations, the frequency of the electric field is  

determined by the frequency of electric polarization; complex dielectric constants 

would be available [91].  The dielectric constant is the ratio of a capacitor's 

capacitance with an insulator material between its conducting plates to a 

capacitor's capacitance with a vacuum between the plates of the same size. When 

an alternating potential 𝑉 =  V୫e୧୵୲, is applied across a capacitor c filled with 
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an insulator, the current passing through the capacitor precedes the potential by a 

phase of π/2, as shown (2-13 A) [92]. 

I = iω 𝐶𝑃 𝑉                                                                        (2.30)    

      where (𝛚) is the applied field's angular frequency (w = 2πf),( i) is an 

imaginary integer (i =√−1),(𝐶௉)  Capacity, (  𝑉) is the voltage  and V୫ is the 

voltage maximum [93].  

I = I୔ + iI୯                                                                         (2.31) 

       This demonstrates that the electrical current is equal to the current's amount 

(Ip) in the same phase with (V) and (Iq) with a phase difference (π /2) that is. ( I୔) 

is the capacitate current is short for capacitive charging current or better charging 

current of a capacitor and( I୯) is the conduction current in conductors due to flow 

of electron under applied electric potential. 

 

Figure (2-13) (A). The analogous circuit to a perfect capacitor, and(B). The 

analogous circuit to a non-ideal capacitor [91]. 
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         The Equation (2.33) defines the capacitance of a condenser made up of two 

parallel plates [94]. 

𝐶௉ = ˳
𝐴𝑎

d
                                                                         (2.32) 

      (˳) Vacuum permittivity, 

(𝐴௔) Area, (d)The distance between my widened plates Substituting 

Equation (2.30) in equation (2.28), you get. 

I = iw𝜀 ˳ 𝑉
𝐴௔

𝑑
ൗ                                                                     (2.33)  

        The allowability (ε) has to be a complicated number. The electric current is 

a complicated variable because it has both real and imaginary components, as 

indicated in Equation (2.31) [95] 

                                                                        (2.34)   

       when   is dielectric loss, acquire the following. 

I = iω˳ 
஺ೌ

ୢ
 (ἑ −  ἓ)V                                               (2.35) 

     When we substitute the Equation (2.31) we get . 

I୔ = ωἓ ˳
஺ೌ

ୢ
 V                                                               (2.36)   

I୯ = ωἑ˳  
஺ೌ

ୢ
 V                                                                      (2.37)  

        Figure (2.13 B) shows that the loss tan factor (tan δ) is given Equation (2.38) 

[89].   

tan δ =  
ூು

ூ೜
=  

ἓ

ἑ
                                                                 (2.38) 
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       The electrical energy is lost in the insulator converted into thermal energy. 

In electrical applications, the significance of knowing the power factor is quite 

beneficial. In the high frequency insulator, excessive power factor will cause heat, 

resulting in a power outage [96]. 

      The capacitor (C) can be represented by an ideal capacitor connected in 

parallel with a resistance Rp at low frequencies [90]. 

I = I୔ + iI୯ =
୚

ୖౌ
  + iωC୔V                           (2.39) 

      Obtain the impedance as a result of this [90]. 

1
Zൗ =  1

R୔
ൗ + iωC୮                                                       (2.40)  

(Z)  Total Prohibition,  Equations (2.35) and (2.36), can be written as follows [90]. 

R୔ =  d
ωἓ˳𝐴௔

ൗ                                                                                                   (2.41)  

ἓ =  
ଵ

னୖౌେ° 
                                                                                 (2.42)                   

C୔ =  
ἑ˳஺ೌ

ୢ
                                                                   (2.43)  

஼೛

஼°
(2.44) 

      Dissipated strength in the insulator is expressed by the presence of an 

alternative conductivity (𝜎௔.௖ ) [96].  

௔.௖ ˳                                                            (2.45) 

Alternative conductivity (𝜎௔.௖ ) is a measure of the lost capacity, that is, a measure 

of the heat. It may be generated as a result of the rotation of the dipoles in their 

positions or the vibration of the charges by changing the direction of the 



Chapter Two                                                             Theoretical Part 

 

41 

 

alternating field. Therefore, frequency is the basis on which alternating electrical 

conductivity depends [97]. 

 

2.9 Applications 

2.9.1 Bacterial Isolates Utilized  

2.9.1.1 Escherichia coli (E. coli)    

          E. coli is one of the most common gram-negative bacteria on the planet. E. 

coli is a facultative anaerobic bacterium, which means that it can live both with 

and without oxygen. Lactose fermentation is characterized by a non-spore 

forming, motile, rod-shaped bacterium [98]. E. coli is one of the most prevalent 

bacteria found in the human intestine, and it grows best in 37  °C [86]. At 37  °C, 

a pH of 6.0-7.0 is excellent for growing bacteria in a culture, with a minimum pH 

of 4.4 and a maximum pH of  9.0 required for growth [99]. 

2.9.1.2 Staphylococcus aureus (S. Aureus   )  

        The term was changed to Staphylococcus aureus by Friedrich Julius 

Rosenbach, who was attributed under the official naming process at the time 

[100]. The gram-positive, round-shaped bacteria S. aureus (golden staph is 

another name for it) Gram ــpositive nonmotile, noncore-forming cocci with a 

diameter of 0.5 – 1.0 µm that appear alone, in pairs, and in clusters. It is a 

facultative anaerobe that can grow without oxygen and is typically positive for 

catalase and nitrate reduction. It may be found in the nose, respiratory system, 

and on the skin and is a normal part of the body's flora [101]. 

 S. aureus causes a number of skins problems, including abscesses, respiratory 

infections, and food poisoning. Virulence factors such as powerful protein 

toxins and the synthesis of a cell-surface protein that binds and inactivates 
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antibodies are frequently produced by pathogenic strains to aid infections [102]. 

Pneumonia, meningitis, osteomyelitis, endocarditis, toxic shock syndrome, 

bacteremia, and sepsis are all symptoms of S. aureus, as are pimples, impetigo, 

boils, cellulitis, folliculitis, carbuncles, scalded skin syndrome, and abscesses, 

as well as pneumonia, meningitis, osteomyelitis, endocarditis, toxic shock 

syndrome. It's still one of the top five causes of hospital ـــacquired infections, 

and it is a leading cause of wound infections following surgery [103]. S. aureus 

causes a number of skin problems, including abscesses, respiratory  infections, 

and food poisoning. Virulence factors such as powerful protein toxins and the 

synthesis of a cell-surface protein that binds and inactivates antibodies are  

frequently produced by pathogenic strains to aid infections [104] . 

 

2.9.1.   3  Antibacterial Mechanisms of Nanoparticles 

        Nanoparticles should communicate with bacterial cells for performance 

antimicrobial effect. Electrostatic attraction [105], van der -Waals forces [106], 

receptor ligand interactions [107], finally hydrophobic interactions [108]. 

Nanoparticles enter the bacterial membrane and aggregate throughout the 

metabolic route, altering the cell membrane's shape and function. The NPs then 

interact with DNA, lysosomes, ribosomes, and enzymes in the bacterial cell, 

causing oxidative stress, heterogeneous modifications, changes in cell membrane 

permeability, electrolyte balance issues, enzyme inhibition, protein deactivation, 

and gene expression changes as shown in Figure (2-14) [109]. The most important 

mechanism of nanoparticles toxicity to bacteria is damage to cell membrane, 

besides cell membrane damage, generation of reactive oxygen species, 

disturbance in metal/metal ion homeostasis, protein and enzyme dysfunction and 

Geno-toxicity [109]. 
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Figure (2-14) Overview of Antimicrobial Mechanisms by Metal Oxide 

Nanoparticles. ROS: Reactive Oxygen Species, LPO: Lipid Peroxidation 

[109] . 

2.9.2 Radiation shielding 

      Ionizing radiation is composed of either particles or photons that have enough 

energy to ionize an atom or a molecule by completely removing an electron from 

its orbit, thus creating more positively charged atom. The ionization of matter can 

be divided into two processes, that is, indirect and direct ionization [110]. 

Electromagnetic radiations, such as x-ray and γ-rays, are termed indirect ionizing 

radiation because part or all the photon energy is transferred to the electrons in 

the cell’s molecules, which, then, upon release produce the bulk of ionizations. 

Whereas, charged particles, such as high-energy electrons, protons, α-particles (a 

helium atom nucleus moving at a very high speed), α-particles (a high-speed 

electron or positron), and fast heavy ions, are termed direct ionizing radiation 
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because while they traverse the cell, they ionize numerous molecules by direct 

collisions with their electrons [111]. There are some basic principles for radiation 

shielding depending on distance and time. The type and amount of shielding 

required depend on the type of radiation, the activity of the radiation source and 

the dose rate. However, there are other factors for the choice of shielding material 

such as their cost and weight. An effective shield will result in a large energy loss 

in a small penetration distance without emission of radiation [112]. A number of 

experimental and theoretical works have been performed on radiation shielding 

which has large different application areas with different materials (e.g., concrete, 

semi- conductor, polymer, etc.) [107,108]. 

 

2.9.2.2 Gamma ray shielding 

   A study of absorption of gamma and neutron radiations in shielding materials 

is an important subject in the field of radiation physics. For instance, most of the 

previous studies have been concerned with photon attenuation coefficients 

[104,105]. 

 There are two main methods for radiation shielding materials. First, shielding 

materials are furnished on the wall surface or directly in it (e.g., concrete). 

Second, these materials are covered around the radiation source. Any material 

can be used for radiation shielding, if it has a sufficient thickness to absorb the 

incident radiations to a safe level. In the field of shielding materials and the design 

of some research works have reported different types of glasses as new shielding 

materials [117]. The absorption coefficient in the lead of the gamma radiation 

from a given source [118].The attenuation coefficient µ is approximately 

proportional to the material density and only weakly dependent on the 

chemical composition of the material and its aggregation state (i.e., solid, 
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liquid, or gas). That is why the so-called mass attenuation coefficient, 

where (µ௠) is frequently used instead of (µ). The mass attenuation coefficient 

is obtained by dividing (µ) by the material density (ρ) [119] . 

  µ௠ =  
µ

𝜌
                                                                                    (2.46)            

The value of (µ௠) is approximately constant for all materials. The absorption 

law for gamma particles can be written in the appropriate depending on the 

equation order [119]. 

N =  N୭ eିஜ୶                                                                   (2.47)  

        where (N) is the number of photons passing through the thickness  (x) of the  

absorber [118]   . For radiation protection design, a commonly specified entity is 

the half-value thickness, which characterizes suitable materials for any particular 

type of radiation and the energy involved. As the name indicates, this number 

directly gives the thickness required to reduce the intensity of the incoming 

radiation by half. For calculations, the more fundamental attenuation coefficient) 

µ   ) is preferred, which of course, is related to the half value thickness Equation 

(2.46)  [112]. 

x
ଵ

ଶ     ൗ =
୪୬ ଶ

µ
                                                              (2.48) 

for the x
ଵ

ଶ     ൗ ,( µ) depends on the material of the absorber and the energy 

of the radiation [120]. 
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3.1 Introduction: 

        The used materials, preparation process, devices, and measurement 

techniques were introduced in this chapter.  

3.2 The Utilized Materials 

3.2.1 Polyacryl amide (PAAm) 

      Poly acrylamide (PAAm) with molecular weight of (71.07) g. mol-1color 

(white), appearance (crystal granular), molecular formula (C3H5NO) n. was 

supplied by Ntchito zomasulira sizikupezeka, 

 China. 

3.2.2 Polyvinyl Pyrrolidone (PVP) 

       Poly Vinyl Pyrrolidone (PVP) is a white powder hygroscopic, molecular 

weight = (40.000) g. mol-1 molecular formula is (C6H9NO) n.  that was supplied 

by Alpha chemika company, 

 India. 

3.2.3 Polyvinyl alcohol (PVA) 

       Poly vinyl alcohol (PVA) with molecular weight (160000 g. mol-1), with 

Cas NO. (9002-89-5), molecular formula is (C2H4O) n. was supplied by Dindori, 

Nashik, India. 

3.2.4 Silicon dioxide (SiO2) 

      Silicon dioxide (SiO2) nanoparticle (20-30) nm white color, purity of (99.8%) 

melting point of (1610-1728 C°), and boiling point range 2230 C°, was supplied 

from Hongwu inter National group ltd, China. 
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3.3 preparation of the nanocomposites  

      Polymers were dissolved, independently, and SiO2 nanomaterials were 

distributed in distilled water (DW). The polymer mixture was fabricated using 

different proportions of polymers (0.45:0.10:0.45) for PAAm: PVA: PVP. Firstly, 

0.10 wt.% of PVA/DW was added after dissolving in distilled water to 0. 45 wt.% 

of PAAm/DW and combining the mixture for two hours. where, PVA was added 

in this stage to increase the interaction between the polymers. It is considered a 

factor that strengthens the link between the polymers. Secondly, PVP/DW with 

0.45 wt.% concentration was added to the PAAm-PVA matrix and blended for 

two hours to fabricate PAAm-PVA-PVP using the magnetic stirrer to achieve 

BP1. Thirdly, the nanocomposites were prepared following the same procedure 

by adding their different ratios of SiO2 (0.01, 0.03, and 0.05) wt. %. Finally, the 

samples matrix was placed in a Petri dish (5 cm) and dried in the vacuum oven at 

40 oC for 72 hours until fully dried. Samples were saved in the desecrator till 

characterizations were done. The samples were coded simply according to the 

nanomaterial’s ratios, as shown in Table (3-1), and the procedure is presented in 

Figure (3-1). 

Table (3-1) displays cods mixing weight percentages of samples. 

Sample ID Concentration wt. % 

PAAm PVA PVP SiO2 

BP1 0.45 0.10 0.45 0.00 

NC2 0.45 0.09 0.45 0.01 

NC3 0.20 0.07 0.70 0.03 

NC4 0.70 0.05 0.20 0.05 
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Figure (3-1). Scheme of the experimental work procedures of fabricated 
sample films. 

3.4 Characterizations 

3.4.1 FTIR Spectral  

      FTIR spectra were recorded by FTIR (Bruker Company, German origin, 

type vertex 70). FTIR was implemented at the University of Babylon 

/College of Education for Pure Sciences/Department of Physics. In this study, the 

considered wavenumber range is (400-4000) cm-1, Figure (3-2), shows the 

diagram explain the machine of work of FTIR. 
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Figure (3-2). Fourier Transform Infrared (FTIR) Spectroscopy [121]. 

3.4.2 Optical Microscope (OM) 

      The change of surface morphology of blended polymers samples and 

 its nanocomposites was observed applying the optical microscope. The use of 

OM was provided by Olympus (Top View, type Nikon-73346), Figure (3-3), 

shows the diagram explain the machine of work of OM. It is implemented at the 

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

Physics. 

 

 

 

 

 

 

 

 

Figure (3-3). Optical Microscope [122]. 
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3.4.3 X-Ray Diffraction (XRD) 

       All crystal structures of the polymeric preparations and nanocomposites were 

characterized using an XRD (6000) diffraction device. Manufacturing and 

country/ Tescan, France - Model/Xpert. X-ray diffraction (XRD) data were 

collected of (2θ) from (0º - 80º). It has the following characteristics, wavelength 

of 0.154 nm, voltage of 40.0 kv, current of 30.0 (mA), high power: 3 kv, target: 

copper, measurement temperature: 25 °C and the type of X-ray generation tube 

(copper, Bα). Figure (3-4), shows the diagram explain the machine of work of 

XRD 

 

Figure (3-4). X-Ray diffraction Spectro sample [123].   

3.4.4 Field Emission Scanning Electron Microscope (FE-SEM) 

          the structural properties and nanoparticles size, shape and morphology of 

nanocomposites films were analyzed by field emission scanning electron 

microscope (FE-SEM) (TESCAN Mira3, Company TESCAN, Czech Republic), 

at Mashhad University of Medical Sciences. 
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3.5 Optical Properties Measurements. 

        The absorption spectrum of (PAAm-PVA-PVP/SiO2) nanocomposites were 

recorded in the wavelength range (200-1100) nm using the double beam 

spectrophotometer (Shimadzu, UV-1800 Å). The absorption spectrum was 

recorded at room temperature. A computer program (UV Probe software) was 

used to get absorption. Implemented at Babylon university/college of education 

for Pure Sciences/department of physics. 

3.6 Measurements of A.C. Electrical Conductivity  

        The A.C. electrical conductivity was measured by LCR meter type (HIOKI 

3532-50 LCR Hi TESTER (Japan)) in university of Babylon / college of 

education for pure sciences/ department of physics. Figure (3-5) demonstrates a 

diagram for the system of A.C electrical measurement. Only (1 cm) from each 

one of the samples were taken and put between two electrodes and by different 

frequencies from (100Hz-6MHz) at room temperature. The capacity (CP) and 

dissipated factor (D) were recorded for all samples. Dielectric constant, dielectric 

loss and conductivity was calculated from this data. 

 

Figure (3-5). A.C electrical meter 
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3.7 Applications  

3.7.1 Antibacterial Activity 

3.7.1.1 The preparation of the bacterium inoculum 

        Four- five isolated colonies were selected from an 24h culture and diluted 

in Mueller Hinton broth to a turbidity like to 0.5 Mc Farland turbidity standard. 

3.7.1.2 Antibacterial susceptibility test for nanocomposites  

      The antibacterial susceptibility test of synthesized Nanocomposites was 

made by Agar disk diffusion method. It is implemented at the University of Kufa 

/College of Science/ Department of Physics. 

3.7.1.3 Agar disk diffusion method 

        Antibacterial activity of synthesized nanocomposites was performed by agar 

disk diffusion method. 20 mL of sterilized Mueller Hinton agar was placed in 

Petri dishes. After media solidification, 0.1 mL of each bacterial isolates were 

spread on the surface of media, the Petri dishes were left for 5 minutes, then 6 

mm diameter disk from each NPs were placed in each Petri dish. The polymer 

blend pure was considered as negative control, the Petri dishes then incubated at 

37  Co for 24h. The zones of inhibition were measured and expressed as millimeter 

in diameter, the experiment was performed in triplicate. 

3.7.2 Gamma Ray Shielding Application  

      Gamma ray attenuation measurements of blend polymer and nanocomposites 

were performed to investigate attenuation properties of gamma rays for the 

samples with different concentrations of SiO2 nanoparticles. Test samples with 

different concentrations were arranged in front of a collimated beam emerged 

from gamma ray source (Cs-137, 5μC). The gamma ray source is positioned at 

distance (3) cm from the detector; the sample of nanocomposites is positioned at 
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distance (5) cm from the gamma ray source. The transmitted gamma ray fluxes 

through the samples are measured by the Geiger counter which were used to 

estimate the linear attenuation coefficients. The Geiger counter, would contain a 

Geiger-Müller tube, the element of sense that detects the radiation and the 

electronics that process and would provide the result. The Geiger-Müller tube is 

filled with a gas such as helium, neon, or argon at the pressure being the lowest, 

where there is an application of high voltage. There would be the conduction of 

the electrical charge on the tube when a particle or photon of incident radiation 

would turn the gas conductive by the means of ionization [124], as shown in 

Figure (3-6). 

. 

 

 

 

 

 

 

 

Figure (3-6). Geiger Counter [124]. 
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4.1 Introduction  

      This chapter presents the findings and discussions on and SiO2 nanoparticles 

on some morphology, optical, electrical properties, antibacterial and shielding of 

new blends polymers PAAm-PVA-PVP/SiO2. 

4.2 Structure and Morphology Properties 

4.2.1 FTIR Measurement 

       FTIR spectroscopy is one of the main tools that provide information to help 

recognize the interconnections between the matrix functional groups and their 

interactions to identify the mixture and the nanoparticles at the intermolecular 

level. The FTIR spectrum in pure PAAm in Figure (4-1A), the broad bands 

observed at 3329 and 3182 cm−1, are linked to the asymmetric variation of NH2 

and symmetric vibration of NH2. The two intense peaks at 2917 and 2355 cm−1 

correspond to the CH2 asymmetric stretching and strong O=C=O stretching 

vibration. The two peaks are 1651,1398 cm−1 and 1121 due to the C=O vibrational 

stretching and N-H bending [125]. 

 In the FTIR spectrum for pure PVA in Figure (4-1A), the broad band observed 

at 3278 cm−1 is linked to the stretching O–H from intramolecular hydrogen bonds 

[126]. The two intense peaks at 2908 and 2358 cm−1 correspond to the CH2 

asymmetric stretching and O=C=O stretching vibration. The peak at 1711 cm−1 

is due to the stretching C–O from the carbonyl group, and the peak at 1415 cm-1 

corresponds to the C–H deformation vibration. The peak at 1244 cm−1 is 

attributed to the deformation stretching vibration of the C-N link. Moreover, the 

peaks observed at 1089 cm−1 could be attributed to the twisting vibration of the 

strong C-O stretching vibration band and medium C=C bending [129,130]. 
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 The FTIR spectrum of PVP in Figure (4-1A) had a peak at 3388 cm-1, which 

indicates O-H stretching. The peaks at 2875, 2353, and 1638 cm-1 proved the 

existence of asymmetric stretching of CH2, O=C=O stretching vibration, and 

stretching of C-O, respectively. The C-H bending and CH2 wagging was observed 

at 1419 cm-1 and 1284 cm-1, respectively [102]. 

 In the FTIR spectrum in pure SiO2 in Figure (4-1A), the broad band observed at 

3569 cm−1 is linked to the stretching O–H from intramolecular hydrogen bonds. 

The two intense peaks at 2083 cm−1 correspond to the CH2 asymmetric stretching 

and O=C=O stretching vibration. the peak at 1378 corresponds to the C–H 

deformation vibration and the peak at 1178 cm−1 is attributed to the deformation 

stretching vibration of the C-N link.  Moreover, the peaks observed at 949 cm−1 

could be attributed to the twisting vibration of the strong C-O stretching vibration 

band and medium C=C bending [129]. 

Figure (4-1B) shows the FTIR spectrum of the ternary blend polymers BP1 and 

NC films with (0.01.0.03.0.05) wt. % of SiO2 in range (500-4500) cm-1 

wavenumber. Several peaks were observed in the BP1 spectrum that observed 

peaks at 3343, 2959, 2384, 1648, 1505, 1421, 1288, and 1028 cm-1 and was 

connected with the expansion hydroxyl (O-H) group and methylene oscillations 

(C-H2), strong O=C=O stretching vibration, (C=C) stretching, (N-O) stretching, 

(O-H) bending, (C-O) stretching, and (C-O) stretching. The results of the PAAm-

PVA-PVP/SiO2 vibration pattern (NC2) revealed the same peaks,  

whereas some peaks were shifted to 3311 and 3183, 2960, 2384, 1649, 1509, 

1421,1288, and 1009 cm-1, in addition to present two peaks in the O-H area at 

3311 and 3183 cm-1 than one abroad peak for BP1.  Increasing the SiO2 to 0.03 

wt. % and change the ratios of polymers revealed shifting of the most peaks 

position to 3393, 2959, 1647,1422, 1288, and 1011 cm-1. Additionally, it noted 
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one peak in the O-H area.  The peaks at 2384 and 1509 cm-1 were dispersed, which 

could relate to increasing the PVP ratio of 70 wt. % as a higher ratio in this sample 

NC2. Increasing concentration of SiO2 NPs to 5 wt. % and increasing the ratio of 

PAAm to 70 wt. % in the NC4 showed the same peaks of NC2. Most of the peaks 

were shifted to 2950, 1648, 1502, 1418, and 1019 cm-1, respectively, compared 

with BP1.  

Also, it is noted increasing the intensity of some peaks 2384 and 1502 cm-1 in 
NC4. The FTIR spectrum of these polymer nanocomposite films demonstrated 
the interfacial interactions between the miscible chain architectures and the SiO2 
nanoparticles and PAAm-PVA–PVP blend. The presented functional groups 
approved the fabrication of BP1 ternary blend polymers and NPs, whereas the 
loaded of SiO2 exhibited changes in the position peaks and intensity of such as 
O-H, C-O, and C-H as a result of the network formed between SiO2 and 
oxygenated groups of polymers. These results strongly agreed with other reports 
[5,131]. 

 Figure (4-1) FTIR spectra of (A) pure polymer and SiO2 and, (B)  

nanocomposites. 
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4.2.2 X-Ray Diffraction Measurement 

      The crystallographic structure of polymers and SiO2 was determined using 

XRD patterns, as shown in Figure (4-2 A).  PAAm spectra display an amorphous 

structure with a broad peak between 10 to 50°, where the higher intensity of the 

top peaks was at 2θ = 22° with other small features exhibited at 7°, 50.2°, 68.6° 

in agreement with the literature [130,132]. PVA spectra display an amorphous 

structure with a broad peak where the higher intensity of the top peaks was at 2θ 

=19° and other small features exhibited at 35.8°, 40.2°[133,134]. PVP spectra 

display an amorphous structure with a broad peak where the higher intensity of 

the top peaks was at 2θ =21°. Other small features were exhibited at 11.2° and 

13°[134]. SiO2 spectra display an amorphous structure with a broad peak where 

the higher intensity of the top peaks was at 2θ =21.8°. Other small features 
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exhibited at 31.8°, 42.4°,49.6°, 62.2°, 65° and 75.6° in agreement with other 

report [130]. 

 The crystallographic structure of BP1 polymer blend and its nanocomposite films 

with different ratios of (1, 3, and 5) wt.% SiO2 NPs were determined using XRD 

patterns, as shown in Figure (4-2B).  BP1 spectra display an amorphous structure 

with a broad peak between 10 to 50°, where the higher intensity of the top peaks 

was at 2θ =22.2°. Other small features exhibited at 9.3, 14.2, 25.5, 33.1, and 

54.3°.This behavior is similar to the PAAm-PVP behavior reported in the 

literature [136, 137]. PVA crystallite pattern at 19.9o disappeared, which could 

be overlapped in the abroad peaks, or the lower percentage could assist in this 

disappearing in agreement with the other reports [138,139]. NC2 showed the 

same behavior as BP1, but the contribution of SiO2 exhibited shifting in the top 

abroad peaks from 2θ = 22.2° to 20.1°, and 10.0, 13.9, 25.6 and 30.1o, 

respectively. Whereas NC3 revealed a different behavior than BP1 and NC2, NC3 

exhibited two main peaks at 9.6° and 19.8°. This behavior matched the behavior 

of pure PVP because it consists of 70 wt. % of PVP in strong agreement with the 

literature [139]. It showed a reduction or diapered in the SiO2 peaks presented in 

the NC2. NC4 showed the same behavior as BP1 and NC2. The contribution of 

the increase in the SiO2 nanoparticle concentration to 0.05 wt. % showed a shift 

of the main top peak back from 2θ =22.2° to 23.9°, in addition, another shifting 

of peaks from 9.3 to 11.9°, 25.5 to 26.1°, and 54.3 to 54.6°. Furthermore, it also 

revealed new small peaks at 2θ = 11.9, 36.2, 68.8, and 71.8o compared with BP1.  

NC4 showed an increase in the number of peaks from 5 to 8 compared with NC2 

and from 2 to 8 compared to NC3. The ratios of both polymers and nanoparticles 

showed important factors that affected the behavior of nanocomposites as that 

presented the general behavior turned with the specific behavior of the higher 

ratio of main consist of the polymer as presented in the NC3 and NC4. Notably, 
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incorporating SiO2 nanoparticles considerably changes the crystallinity degree of 

BP1 blended polymers. In addition, presents the small features of crystalline 

peaks after increasing the concentrations of nanoparticles from 0.01 to 0.05 wt. 

%. This behavior is strongly agreed with other researchers who reported the 

impact of SiO2 on the PAAm -PVA- PVP /SiO2 membrane [135]. As the amount 

of SiO2 nanoparticles in the sample structure, the crystal sizes (D) of the samples 

increased. D was raised from 0.834 to 1.253 nm at that site which was calculated 

from the equation (2 .4). Furthermore, as shown in Table (4-1), the contribution 

of the nanoparticles.  

Figure (4-2). XRD patterns of (A) Pure polymer and SiO2 and (B) 

nanocomposites 
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Table (4-1) summarizes the size of the crystallites, typically FWHM, 

diffraction angle, nanocomposite and mixed polymer lattice strain. 

 

Samples 2θ (˚) d (nm) β (°) D (nm) Average 

crystallite size 

average (nm) 

Lattice 

Strain * 

10-³ 

Average 

Lattice 

Strain * 10-³ 

 

 

 

BP1 

9.3 0.894 0.951 7.840  

 

 

7.83  

0.051  

 

 

0.027 

14.2 0.586 1.439 5.158 0.050 

22.2 0.376 1.087 6.753 0.024 

25.5 0.328 0.765 9.538 0.014 

33.1 0.254 1.306 5.491 0.019 

54.3 0.158 0.786 8.470 0.006 

 

 

NC2 

10 0.832 0.822 9.066  

 

10.5 

0.040  

 

0.024 

13.9 0.599 0.846 8.777 0.030 

20.1 0.415 0.689 10.691 0.016 

25.6 0.327 1.502 4.856 0.028 

30.1 0.279 0.649 11.131 0.010 

NC3 9.6 0.866 1.125 6.626 7.16 0.058 0.040 

19.8 0.421 0.956 7.708 0.023 

 

 

 

NC4 

11.9 0.699 0.53 14.038 7.62 0.022  

 

 

 

0.018 

14.1 0.590 0.942 7.881 0.033 

23.9 0.370 1.087 7.592 0.021 

26.1 0.321 1.011 7.208 0.019 

36.2 0.233 1.581 4.497 0.021 

54.6 0.158 1.494 4.450 0.012 

68.8 0.128 1.339 4.610 0.008 

71.8 0.123 1.792 3.382 0.010 
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4.2.3 Optical Microscope 

      The optical images of PAAm-PVA-PVP blended polymers and PAAm-PVA-

PVP/SiO2 at magnification 40X are shown in Figure (4-3). These images 

demonstrate the good homogeneity of BP1 polymers. These images illustrated 

good homogeneity and the distribution of SiO2 with some aggregations into the 

polymer blend, which means a good procedure for preparing the blended 

polymers and PAAm-PVA-PVP/SiO2 nanocomposites. Nanocomposites showed 

a noticeable alteration with an increase in the SiO2 ratios. The influence of SiO2 

revealed several changes in all of these films, with some aggregates in the films 

without effects on the films’ transparency, as shown in the inset images in Figure 

(4-3), in agreement with others finding [141,142]. 

Figure (4-3) Optical Microscopy Images of (40X) and inset images for 

samples. 

BP1 NC2 
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4.2.4 Field emission scanning electron microscopes (FE-SEM)  

        The FE-SEM was used to examine the surface morphology and dispersion 

of the nanoparticles in the polymer matrix, as shown in Figure (4-4). Samples 

presented the nano communications polymers viewed on the sample’s surface 

(left side) with micron-size (right side) nano size images, as shown in Figure (4- 

4)  [142]. Bland polymer films (BP1) (left side) showed homogeneous, grainy, 

coarse surface shapes. The right side shows that the surface suffers from some 

cracks and that the polymer crystals. On the left side, SiO2 nanoparticles with 

0.01 concentration in the NC2 revealed affected the polymer matrix and showed 

good dispersion and granular structure without assemblies. (right side) revealed 

that the surface was rough and homogeneous, but the crack still appeared. 

Increasing the loading ratio of SiO2 nanoparticles to 0.03 and 0.70 wt. % of PVP 

represented the grainy surface of the NC3 (left side). Meanwhile, on the (right 

side), crack numbers and size were generally reduced. The incorporation of 

increasing nanoparticles to 0.05 wt. % and PAAm .0 70 wt. % in the NC4, FE-

SEM images on (the left side) showed a rough, coarse surface. Interestingly, the 

cracks in the NC4 surface were significantly reduced too difficult to recognize 

and became very smooth compared with other samples.  Moreover, the surface of 

NC3 NC4 
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the NC4 showed the type of specific shape order or type of semi-crystalline shape 

of polymer particles existing on the surface. This supported the existence of 

crystalline peaks in the NC4 compared with other samples. Another observed the 

SiO2 appeared on the surface of the samples that started reducing in NC3 and 

diapered in NC4. This could referee good adhesions and stronger interfacial 

interaction of the NC4 in agreement with FTIR results that showed a change in 

the functional peaks and XRD results [143].  

Figure (4 -4). Field emission scanning electron for samples 

BP1 BP1 

NC2 NC2 
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Figure (4 -5). Nanoscale silicon dioxide using image software 

4.3 The optical properties 

4.3.1 Absorbance 

       The optical absorption in the range of wavelength samples (200-1100) nm 

increases and the Figure (4-6) shows this. All samples had higher absorbance 

values in the UV band. The donor electrons were conduction band excitations at 

high energies by taking in a photon with known energy. The donor electrons were 

excited energy level increased from lower to higher. Additionally, the outcomes 

demonstrated a strong photon absorbance by the samples in the UV area. This 

resulted in these photons having sufficient to exert energy on atoms, especially at 

200 nm. At high energies (200 nm), the sharp absorption peak could relate to the 

transition of plasmonic π-π* stacking (C=C) or the covalent bonding that 

indicated the interaction between the component’s matrixes. This result matches 

the functional group with strong (C=C) vibration at 1648 cm-1.   

(A)                                (B) 
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Where increasing the contribution of the loading ratio of nanoparticles from 0.01 

wt. % to 0.0 5 wt. % SiO2 NPs and PAAm from 20 wt. % to 70 wt. % revealed 

an enhancement in the absorbance from 0.73 to 0.91 with 25 %. Whereas, at 

higher wavelength between (340 and 1100 nm), the absorbance values were also 

improved from 0.013 to 0.113 at 1100 nm. Additionally,  the case that the growing 

width of the absorption peak increased absorption from 260 nm to 320 nm.. This 

may be connected with the incident photons’ inability to interact with atoms 

because they lack sufficient energy and the transmitted photon at high 

wavelengths. These findings agreed with the literature [24,143]. 

 SiO2 nanoparticles exhibit an abrupt reeducation in the (0–400 nm) low UV 

region suggesting strong electron transition within the bandgap [26]. The red shift 

toward high wavelengths suggests an electronic transition from n → π* and 

confirms the complexation process between ternary blend polymers and SiO2 

nanoparticles [128]. Ternary blend polymer concentrating does not show a strong 

effect on the results. At the same time, the results demonstrated reduced results 

with boosting the amount of SiO2 in the matrix. Increasing the nanomaterials 

could increase light absorbance [145]. Additionally, the shift indicates an increase 

in the conjugation lengths of the polymers in agreement with the other finding 

[2]. Despite increasing the absorption of light amount, this did not impact the 

transparency of the samples, as shown in the inset optical images in Figure (4-3). 
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Figure (4-6). Absorbance spectra with a wavelength of the sample. 

4.3.2 Transmittance 

The transmittance was calculated from Equation (2.7). Figure (4-7) shows the 

transmittance (T) spectra with the samples' wavelength. The transmittance 

behavior for all samples was rapidly increased with increasing the wavelength at 

about 240 nm, and it was steady after 340 nm. Polymer concentrating does not 

show a strong effect on the results. Whereas the results demonstrated reduced 

results with boosting the amount of SiO2 in the matrix, increasing the 

nanomaterials could increase light absorbance while decreasing transmittance 

[137].  
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Figure (4-7). Transmittance spectrum with a wavelength of samples. 

4.3.3 Absorption Coefficient 

Figure (4-8) displays the impact of SiO2 nanoparticles on the absorption 

coefficient (α) of sample films with photon energy. The absorption coefficient (α) 

was calculated using Equation (2.19). The behavior of the absorption coefficient 

showed a constant increase in values with increasing photon energy to about 4 ev 

of most samples. This may be connected to the electron’s lower transition, where 

to transfer from the electron of the conduction band to the valence band, more 

input photon energy was required. In contrast, the absorption coefficient rapidly 

increases after 4.6, 4.2, 4, and 3.8 eV of BP1, NC2, NC3, and NC4 to reach 340, 

362, 388, and 420 cm-1 at 6.2 eV, respectively. Increasing the SiO2 nanoparticles 

in the polymer matrix is associated with increases in the absorption amount; at 

lower energy (1 to 4 eV), the absorption coefficient enhanced from 23.3 to 53.6 

% and at higher energy (4 to 6.4 eV) 340.2 to 419.4 cm-1.  The increasing 

outcomes result from the strong electron transitions in the conductive band 

[145,131]. 
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Figure (4-8). Absorption coefficient with the photon energy of samples. 

4.3.4 Optical Energy Gap 

Figures (4-9 and 4-10) exhibit the indirect band gap of permitted (αhv)1/2 and 

prohibited (αhv)1/3 of PAAm-PVA-PVP and PAAm-PVA-PVP/SiO2 with the 

power of photons. These values were estimated using the formula (2.20) with (α 

hv)1/2 = 0. Using the intercept of the extrapolated linear portion. To calculate the 

energy gap, draw a straight line from the upper portion of the curve in Figures (4-

9 and 4-10). This Figures shows that the energy gap significantly reduced with 

increasing concentration of SiO2, as shown in Table (4). It is reduced from 4.8 eV 

for PAAm-PVA-PVP blended polymers to 3.4 eV for PAAm-PVA-PVP/SiO2 

nanocomposites for the allow band gap. The forbidden band gap exhibited a 

reduction in the value from 4.2 eV for PAAm- PVA-PVP to 3.1 eV polymer mix 

for PAAm-PVA-PVP/SiO2, as a result of polymer ratio manipulation and 

increased load ratio from 0.01 to 0.05 wt.%. The contribution of SiO2 NPs was 

displayed as an important factor in the adjustable range gap. Additionally, raising 

the load ratio of SiO2. This led to a significant reduction in the energy gap values 
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in non-communications. The energy gap decreases as the concentration of 

nanomaterials increases. This is because of the rise in the positioning levels 

between the parity and delivery packages. In this scenario, the electron moves 

from the parity package to the positioning levels and then to the two stages. The 

positioning levels to the connectivity package [146]. 

 

Figure (4-9). Tauc optical energy gap of the allowed indirect transition with 

the photon energy for samples. 
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Figure (4-10). Tauc optical energy gap of the forbidden indirect transition 

with the photon energy of samples. 

Table (4-2). The optical energy gap of samples. 

Samples Eg of Allowed 

Indirect (eV) 

Eg of Forbidden 

Indirect (eV) 

BP1 4.8 4.2 

NC2 4.1 3.9 

NC3 3.6 3.5 

NC4 3.4 3.1 

 

4.3.5 Refraction index 

Figure (4-11) demonstrates the refraction index curves of samples with the 

desired wavelength. The refraction index (n) was calculated from relation (2.21). 

The refraction index presented a high value at a lower wavelength, which was 

reduced gradually with increasing the wavelength. The loading of SiO2 to the NPs 

nanocomposites increased the samples' refractive indices. The density of 
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nanocomposites  may be increasing, which could explain this phenomenon in 

agreement with other finding [147]. 

 

Figure (4-11). Refractive index against wavelength samples. 

4.3.6 The Extinction coefficient 

 Figure (4-12) illustrates the samples' wavelength-based extinction coefficient 

(K). The extinction coefficient (K) was calculated from the relation (2.23). In the 

UV area, nanocomposites revealed a greater extinction coefficient value, 

connected to the high absorption for every nanocomposite. The same effect also 

exhibits in the visible and near-infrared spectrums. These findings showed that 

adding SiO2 NPs to the polymer mixture considerably improved the behavior of 

the nanocomposites. 
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Figure (4-12). The extinction coefficient against wavelength of samples. 

4.3.7 The real and imaginary dielectric constant 

        The real and hypothetical dielectric constant was calculated from relation 

was calculated using Equation (2.27) and (2.28). The relationship between the 

wavelength and the actual and imaginary dielectric constant of the PAAm-PVA-

PVP/ SiO2 nanocomposites is illustrated in Figures (4-13 and 4-14). These graphs 

demonstrate how raising the ratio of SiO2 to NP concentration enhanced both 

portions' real and fictitious dielectric constants. The nanocomposites ' increased 

electrical polarization is to blame for this.  
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Figure (4-13). The real dielectric constant with wavelength for samples 

 

Figure (4-14). The imaginary dependence dielectric is constant with the 
wavelength for samples. 

 

4.3.8 Optical conductivity 

 Optical conductivity was calculated using Equation (2.29). The σop for the 

samples with a wavelength are demonstrated in Figure (4-15).  From this Figure, 
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the σop enhanced with increasing the content of SiO2 NPs in the matrix, which is 

connected to the formation within the localized energy gap, rising nanoparticle 

content induced rise in the band structure's density of localized phases. Therefore, 

a higher absorption coefficient indicates a higher in σop of the nanocomposites ; 

This outcome is consistent with a previous study [148]. 

 

Figure (4-15). Variation of σop with the wavelength for samples. 

 

4.4 The A.C electrical properties 

4.4.1 Dielectric Constant 

       The dependence dielectric constant was calculated from Equation (2.44) for 

(PAAm-PVA-PVP/SiO2) nanocomposites that are depicted in Figure (4-16 A). 

The graph indicates redaction in the dielectric constant values as the applied 
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the electric field's frequency increases [43]. Where Figure (4-16 B) displays 

constant dielectric changes with increasing the concentration of SiO2 NPs. The 

weight percentages of SiO2 NPs grow together with the dielectric constant, which 

causes the increase. Creating a continuous network of SiO2 NPs ions inside the 

composite and the charge carriers. This action agrees with previous studies 

[5,149]. 

Figure (4-16).  Dielectric constant variation with (A) frequency and (B) the 
concentration of SiO2 NPs for samples. 
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4.4.2 The Dielectric loss 

          The dielectric loss was, which is revealed in Figure (4-17 A). Figure (4-17 A) 

shows the relationship between dielectric loss for samples and frequency. The 

behavior values of dielectric loss showed a redaction with increasing frequency. 

This could be explained by the fact that the space charge polarization contribution 

decreased as frequency rise, where the highest value of the dielectric loss is 

presented at a low frequency of f=100Hz and then reduced with increasing 

frequency. This Figure shows an applied field's highest dielectric loss, or greatest 

absorption, at a particular frequency. Because the phases of nanocomposites have 

different dielectric constants and conductivities, the absorption occurs due to the 

Maxwell-Wagner phenomenon, which is brought on by A.C. current [150]. 

Figure (4-17 B) shows the correlation between silica content and dielectric loss. 

It is obvious from the Figure that the notable increase in values of the charge 

carriers was brought by an increase in SiO2 NPs concentration. This behavior 

follows previous studies [151]. 
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Figure (4-17). Relationship between dielectric loss with (A) frequency and 
(B) concentration of SiO2 NPs for samples. 
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4.4.3 Electrical conductivity 

         The A.C. electrical conductivity was calculated from the Equation (2.45) 

and revealed in Figure (4-18 A) with frequency. As shown in the Figure, the space 

charge polarization at low frequencies and the migration of charge carriers due to 

the hopping process are responsible for the rise in AC conductivity. At high 

frequencies, the conductivity improved with increased SiO2 NPs in the polymer 

matrix, as also presented in Figure (4-18 B). The electronic polarization and the 

charge carriers that move by the hopping process also increase, along with the 

A.C electrical conductivity. The impact of space fees is to blame for this increase 

and the formation of a continuous network from SiO2 inside the (PAAm-PVA-

PVP). This behavior is in agreement with previous studies [151] . 

Figure (4-18). the dependence on A.C. electrical conductivity (A) with 

frequency and (B) the concentration of SiO2 NPs of samples. 
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                                                            (B) 

4.5 Applications 

4.5.1 Antibacterial Activity 

       Figure (4-19) shows the image for inhibition zones of samples against the 

Escherichia coli and Staphylococcus aureus as gram-negative and positive 

bacteria, respectively. The BP1 revealed negative resistance and no killing 

bacteria for both bicriteria. This finding agrees with other researchers proved of 

these polymers, where PAAm exhibited a lack of biological activity [152]. 

Interestingly, the contribution of 0.01 wt. % of nanoparticles with the same 

polymer consecrations of NC1 revealed notable improvements of the antibacterial 

activity from 0 to 20 and 18 mm, respectively, compared to BP1.Meanwhile, 

increasing the SiO2 loading to 0.05 wt. % revealed significant improving the 

inhibition zone up to 24 and 23 mm, respectively, shown in Figure (4-20). 

Reactive oxygen species (ROS) are produced by nanoparticles and cause the 

bactericidal action of nanostructures. The electrostatic interaction between the 

nanoparticles of nanocomposites and the bacteria causes the germs to oxidize and 
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die instantly since the nanocomposites contain positive charges, while the 

microbes have negative charges. Singlet oxygen (O2) may be the culprit for 

destroying the DNA and proteins of bacteria, and ROS, which includes radicals 

like superoxide radicals, Hydrogen peroxide with hydroxyl radicals (OH) (O-2) 

(H2O2), is the primary mechanism causing the antibacterial activity of 

nanocomposites by the nanoparticles. Through the results, it was found that the 

polymer material did not show any activity to kill bacteria, and this activity 

increased with increasing concentrations, and these results show the susceptibility 

of these compounds to be used in the treatment and killing of bacteria as 

antiseptics, as well as biological sensors and other applications in this field 

[41,153]. 

 

 

 

  

  

 

 

 

                               (A)                                                                                 (B) 

Figure (4-19). Image for inhibition zones of (A) S. aureus and (B) E. coli for 
samples 

 



Chapter Four                                              Results and Discussions 

83 
 

 

 

 

 

 

 

 

 

 

Figure (4-20). Antibacterial inhibition zones of S. aureus E. and coli. for 
samples as a function of SiO2 nanoparticle concentrations. 

 

4.5.2 The radiation ray Shielding 

          Absorption of mixed polymer radiation and effect silicon dioxide in this 

absorption is explained. The Figure (4-21) shows the absorption coefficient. 

Through it demonstrates the increased effect of the nanomaterial led to increased 

absorption (attenuation) compared with polymeric mixtures while Figure (4-22) 

shows the ratio between the radiation attenuation (N) with the number of radiation 

particles (No) as(N/No) calculated from Equation (2.48), which increases as the 

concentration of the nanomaterial increases. Figure (4-23) shows the attenuation 

coefficient of the source radiation (µ), which increases with the increasing 

concentration of the nanomaterial .From the results obtained, it turned out that 

the effect of the nanomaterial is important and led to an increase in the attenuation 

of the rays, and the best sample was NC4, and it can be used in shielding as suits 

for laboratory workers, the manufacture of special glasses, protective films and 

others This possibility led to radiation absorption through nano communications 

that have dropped dramatically compared to blended polymers. The scattered 
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shape of the two sides reduces the assimilation of Lambert's law [154].These 

results show promising absorption capacity of these ionizing radiation samples 

which opens the wide application in absorbing ionizing radiation. 

 

 

 

Figure (4-21). The Ln N of radiation attenuation (N) for samples 
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Figure (4-22). The relationship between the radiation attenuation (N) 

with the number of radiation particles (No) as (N/No) concentrations 

of SiO2 for samples. 

 

 

Figure (4-23). Relationship between the coefficient of attenuation of 
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5. 1 Conclusions   

1-The following procedure successfully fabricated new nanocomposites using 

ternary blend polymers PAAm-PVA-PVP reinforced by SiO2 NPs. 

2- The FTIR and XRD present strong interfacial interactions. OM and FE-SEM 

images showed a homogeneous surface, and cracks were significantly reduced in 

the surface with increasing the nanoparticle concentrations. 

3- From the optical properties of the nanocomposite, the absorption was improved 

increased from 0.73 to 0.91 at 200 wavenumber, the refractive index of the 

absorption coefficient, extinction coefficient, real and imaginary dielectric 

constant and optical conductivity improved with increasing concentration of SiO2 

NPS, while the permeability and indirect energy gap decreased with increasing 

concentration of SiO2 NPS. 

4-Dielectric constant improved from (0.20 to 0.53) Hz, loss constant improved 

for nanocomposites were reduced, whereas AC electrical conductivity increases 

for nanocomposites with the increase in the SiO2 contained in the matrix. 

5-  Antibacterial activity for nanocomposites showed enhancement in the inhibition 

zone value from 0.00 to 24 mm of S. aureus and 23 mm of coli concentration of 

SiO2 nanoparticles which may be used for antibacterial application. 

6- gamma ray shielding applications for nanocomposites showed the transmission 

radiation decreased with the increasing of the SiO2 concentrations. The 

attenuation coefficients from 0.5 to 1.4 increase with increase of SiO2 

nanoparticles concentration.  

7- These nanocomposites are promising for various applications, such as solar cells, 

optoelectronic, biology applications. and gamma ray shielding . 

 



Chapter Five                                     Conclusions & Future Works 

 

88 
 

5.2 Future Works 

1- Studying the rheological properties of nanocomposites (PAAm-PVA-

PMMA/SiO2). 

2- Studying the mechanical properties of nanocomposites (PAAm- PVA-

PVP/SiO2). 

3- Preparation of nano communications (PAAm-PVA-PVP/SiO2).and check 

their thermal properties. 

4- Study the ability to predive soler cell and maser their efficacy.  
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  الخلاصه

أ  ت جذب  و  NPs)  2(SiO  النانوي  السيليكون  كسيد وجسيمات  الهيكل  تحسين  و  لتعديل  النانويه  المواد 

على مزيج    2SiOعلى تاثير زيادة تركيز   ركزت هذه الدراسه.الخصائص وفجوة النطاق وخصائص العزل

نانويه جديده.   بتراكيز مختلفة لتصنيع مركبات  بوليمرات  (أكريلاميد)ثلاثة  بولي  ،   (PAAm) تم خلط 

الكحول) (فاينيل  بيروليدون) (PVA) بولي  (فينيل  وبولي   ، (PVP)   و مع سب  بن  تحميلهانسب مختلفة 

  الصب.الاذابه و طريقة  باستخدام  . 2SiO       (x = 0.01, 0.03, and 0.05)مختلفة من

وال  الرسالهوقسمت   للمقدمة  الاستقصائية  الدراسة  على  الأول  الفصل  ركز  فصول،  خمسة  دراسات إلى 

ثم الفصل الرابع عملي  الفصل الثالث الجزء ال  تضمن  ، بينماجزء النظريالفصل الثاني ال  تضمن، والسابقة

مختلفة    خصائص المستقبلية. تم استخدام    دراسات الاستنتاجات والالفصل الخامس  اخيرا  النتائج والمناقشات و

    .الجديدةالنانوية  متراكبات للتحقيق في هذه ال

السينية الأشعة  حيود  استخدام  الحمراء  (XRD) تم  تحت  بالأشعة  فورير  تحويل  ،  (FTIR) ، مطياف 

البصري المجهري  الماسح   (OM) الفحص  الإلكتروني  المجهر  الا،  ،  (FE-SEM)لكتروني للانبعاث 

مقياس التيار الكهربائي المتردد والفعالية  و  ،  )(UVمقياس الطيف الضوئي المرئي للأشعة فوق البنفسجية  

  .  وعداد كايكر لكشف قابلية على امتصاص الاشعه المؤينه المضادة للبكتيريا لفحص العينات 

حيود الاشعة   . أظهرت أنماطالبوليمر والماده النانويه  خليطتفاعلاً بينيًا كبيرًا بين   FTIR أطياف  ت أظهر

واسعةللعينات   XRD)( السينية   أظهرت صورo50-  10بين    قمة  الضوئي ~.  الالكتروني   و المجهر 

  في الخليط البلوليمري. سطحًا متجانسًا وتوزيعًا ممتازًا للجسيمات النانوية 

، nm200 الطول الموجي    عند   0.91إلى    0.73من    اظهرت الخصائص البصريه زيادة في الامتصاصية    

إلى    4.2الكترون فولت للانتقال غير المباشر المسموح ومن    3.4إلى    4.8تحسنت فجوة الطاقة من  كذالك  و

الممنوع.   3.1 المباشر  غير  للانتقال  فولت  معام  الكترون  تحسن  النتائج  بينت  و  كذلك  الامتصاص  لات 

الانكسار الخمود، وثابت العزل الحقيقي والخيالي وكذلك التوصيلية البصرية مع زيادة تركيز الجسيمات 

ثابت العزل الكهربائي    تحسن  . وككذلك  NPS   2SiO, بينما  قلت النفاذية  مع زيادة تركيز2SiOالنانوية  

  الكهربائي.  هتحسن بارز في التوصيل  بالاضافة الى 0.53إلى   0.20الفقدان من و

في المنطقة المثبطة من النشاط المضاد   كبيراتحسنًا    2SiOالجسيمات النانوية   اضافة و زيادة تركيز  أظهرت 

 المزيج الثلاثي بالشريطية القولونية مقارنة  لبكتريا  م  ل م  23و   S. aureus م من لم   24إلى    0.00للبكتيريا من  



 

 

جاما انخفاض إشعاع  مع زيادة تركيزات الامتصاص الاشعاعي لاشعه  نتائج  الظهرت  اكذلك    وليمرات.للب

2SiO    2تزداد معاملات التوهين مع زيادة تركيز الجسيمات النانوية    . حيث لمركبات النانويةفيSiO.   تعد

تطبيقات و علم الاحياء  خلايا الشمسية، والإلكترونيات الضوئية، وتطبيقات  للهذه المركبات النانوية واعدة  

 الحمايه من الضوء و الدروع الخفيقة الشفافة.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 جʸهـʦرȂة العـʙاق 
 وزارة التعليم العالي والبحث العلـمي 

 كلية التربية للعلوم الصرفة  -جامعة بابل 
   قســـم الفــيزياء

 

 

 

على الخصائص  النانويه  السيليكون ثنائي اوكسيد تاثير جسيمات
النانويه   هالبوليمري الفيزيائيه للمتراكبات  

 

 رساله مقدمه

 الى مجلس كلية التربيه للعلوم الصرفه في جامعة بابل وهي جزء من متطلبات  

 نيل درجة الماجستير في التربيه /الفيزياء 

 

الطالبه  قبل من   

عبد الشهيد عليوي اثار اقبال    

 بكالوريوس في الفيزياء  

م   2009ل جامعة باب  

 

 باشراف 

 أ.د احسان ضياء جواد البيرماني 
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